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Abstract
The article discusses the features of the diagnosis of coronary 
blood flow using the cardiometric method. Diagnosis of coro-
nary blood flow is of great importance in cardiology. The caus-
es of incomplete filling of the coronary arteries with blood are 
considered, criteria for rechecking the correctness of the diag-
nosis of the functioning of the coronary blood flow, including 
amount of lactate, stress index and type of adaptation reaction, 
are identified. A possible therapy for the early stage of reducing 
the blood filling of the coronary arteries is given.
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Accurate diagnostics of coronary blood flow is of 
great importance in medicine, and sports medicine 
in particular. The cardiometric method for diagnos-
ing coronary blood flow was tested, including on ath-
letes from the Southern Federal University. The car-
diometric method evaluates the general state of the 

EDITORIAL

hemodynamics of the coronary arteries and does not 
indicate the location of the problem of narrowing of 
the coronary arteries. The starting position in diag-
nostics is based on the assessment of the uniformity 
of the rate of filling of the coronary arteries with blood 
at a strictly defined time in the initial phase of early 
diastole, namely in Tk- Uн. This process is a criterion 
for normal arterial hemodynamics. The slowing of the 
blood flow velocity is the earliest sign for predicting 
the development of the situation. Change can happen 
for so many reasons, so assessing it at an early stage is 
extremely important. This will effectively correct the 
situation and prevent complications in the future, and 
for preventive purposes - to prevent critical situations.

In the diagnostics of coronary blood flow, one cannot 
make a mistake, as this can lead to serious consequences. 
Its consideration requires the analysis of both the ECG 
and the Rheogram in the Tk-Uн segment [1-3]. 

The coronary blood flow is filled with blood at the 
beginning of the early diastole phase, namely in the 
segment from the Tk point to the beginning of the 
Uн wave. From the Tk point, the closure of the aortic 
valve begins and, at the same time, relaxation of the 
myocardial muscles begins. This process promotes 
the absorption of blood into the coronary arteries, be-
cause when the muscles are contracted, blood cannot 
enter the arteries. When the valve closes, the orifices 
of the coronary arteries open and the filling of the cor-
onary arteries begins. At the beginning of wave U, the 
process of complete closing of the valve ends. Simul-
taneously, the muscles of the ventricles relax, which 
contributes to the filling of the coronary arteries with 
blood. The rheogram reflects the process of blood fill-
ing and it is by it that the quality of the filling of the 
coronary arteries is assessed - by a uniform decline in 
the rheogram in the Tk-Uн segment.

Fig. 1 shows the norm of a decline in Rheo.
The method allows only a qualitative assessment of 

the filling of the coronary arteries, but this is enough 
to understand the state of the coronary arteries and 
make an effective decision.

Cause of incomplete filling of the coronary 
arteries with blood

With a decrease in lung function, an imbalance in 
the functioning of the systemic and pulmonary cir-
culation will occur. Subjectively, it manifests itself in 

Submitted: 21.11.2021; Accepted: 25.12.2021; Published online: 23.02.2022
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non-synchronous breathing in relation to heart con-
tractions. As a result, systolic pressure does not reach 
the norm, which often becomes a habit for a person. 

Insufficient systolic pressure is not able to provide 
normal blood volumes to fill the coronary arteries 
(Fig. 2). This begins the natural process of narrowing 

 
a)

 

b)
Fig. 1. The norm of a uniform decrease in Rheo in the Tk-Uн segment: a) Close to the ideal shape of Rheo b) The most common 
shape of Rheo

 
Fig. 2. Rheo shape with full exhalation. The top of the Rheo in the Tk-Uн segment changes shape.
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of the coronary arteries, which subsequently leads to 
their pathological narrowing.

Aortic calcification also leads to insufficient filling of 
the coronary arteries with blood. In both cases, the result 
will be narrowing of the coronary arteries (Fig. 3).

Criteria for rechecking the correctness  
of the diagnostics of the coronary blood flow 
functioning

Once again, we note the importance of assessing 
coronary blood flow. To make a decision, it is necessary 

to be confident in the correct diagnosis and choice of 
therapy. No instructions can achieve this. Confidence 
is formed on the basis of the principle of evidence exist-
ing in the natural sciences, namely: an observed phe-
nomenon is considered to be true if it is connected by 
three cause-and-effect relationships with other observed 
effects. For ECG and Rheo, this is a manifestation of 
several changes in any of the phases, for example, the 
amplitude of the ECG, the metabolic parameter and 
the form of Rheo, and it can also be supported by a 
change in the compensation mechanism - the influ-

 

 
Fig. 3. Shape of Rheo in aortic calcification
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ence of one phase on another, or a systemic parameter, 
the stress index.

Figure 3 shows examples of assessing the quality of 
blood supply to the coronary arteries. The shape of the 
Rheogram in the Tk-Uн segment is the main criteri-
on for a qualitative assessment of the state of coronary 
blood flow. The criterion of the norm is a uniform 
negative decline in the Rheogram in the Tk-Un seg-
ment of the early diastole Tk-Rн phase.

The first additional criterion confirming the 
presence of a problem in the blood filling of the cor-
onary arteries is the amount of lactate (lactic acid) in 
the heart muscles.

The second additional criterion is the stress in-
dex (SI). Normally, its value should be at the level of 
250 c.u. [4] 

The third additional criterion is the type of ad-
aptation reaction. We can talk about an increase in 
the power of the spectrum at lower frequencies in the 
spectral characteristic of the adaptation reaction type.

Taking into account the importance and infor-
mation content of the noted additional criteria, let us 
consider it in more details.

1. Criteria for the quantitative assessment  
of lactate in the heart muscles 

Causes of changes in the amount of lactate in 
the heart muscles 

Lactate is a metabolic product of anaerobic reac-
tions. Its concentration in the muscles characterizes fa-
tigue. The cardiac muscle, like smooth muscles, also ac-
cumulates lactate during rhythmic contractions. With a 
normal rhythm and a sufficient supply of oxygen, the 
accumulated lactate is restored to glycogen due to a 
short rest. If the load was significant or prolonged, then 
this process requires additional methods to reduce lac-
tate levels. In the case of coronary blood flow problems, 
the heart muscles will constantly have elevated lactate 
levels due to the increased workload [3]. 

Increased lactate in the heart muscles
The decrease in oxygen in the muscles with in-

creasing physical activity increases the amount of lac-
tate. Due to coronary blood flow problems, this level 
will be significantly higher than normal, as the mus-
cles will receive less oxygen. Figure 4 illustrates such a 
case. The lactate value is 23.25 c.u. This is well above 
the normal range of 3-7 c.u., indicating an oxygen de-

ficiency due to coronary blood flow problems and a 
large accumulation of lactate. In this case, the amount 
of lactate is modulated by the rhythm of respiration, 
which also indicates the problem of oxygen deficiency.

 

Fig. 4. Increased content of lactate in the heart muscles (c.u.)

Decreased lactate in the heart muscles
A decrease in lactate indicates a decrease in the in-

tensity of muscle contraction: it simply does not ac-
cumulate; in this case, attention should be paid to the 
PV2 parameter, which characterizes the atrial systole. 
In the event of failure of the myocardium, a compensa-
tion mechanism is triggered and the atria take on the 
entire load. PV2 will increase. In the fig. 5 example, 
the average value of lactate is 1.88 c.u. This is a very 
low indicator and can be attributed to a critical level.

 

Fig. 5. Decreased lactate in the heart muscles (c.u.)

2. The value of the stress index (SI)
Taking into account the importance of diagnosing 

coronary arteries, it is necessary to obtain comprehen-
sive information about their condition. It is important 
that it duplicates the main one, thereby confirming it. 
This will allow you to be more confident in making a 
diagnosis.

The second additional criterion is the magnitude 
of the stress index (SI). Let us consider the informa-
tion content of SI as an example.

Coronary angiography performed on a patient 
whose ECG and Rheogram in Figure 6 showed the 
following:

LAD stenosis (medium 1/3) up to 90%;
DV stenosis (mouth) up to 80%
OB stenosis (medium 1/3) on the verge of occlu-

sion
RCA stenosis (proximal 1/3) on the verge of occlu-

sion.
With simultaneous cardiometric examination, the 

following data were obtained, presented in Table 1. 
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It can be seen that the parameters of hemodynamics 
and metabolism are normal. The only parameter that 
draws attention to itself is the stress index SI. When 
moving to a vertical position, it reaches 5556 c.u. The 
reason for such a high index is the low filling of the 
coronary arteries, which was confirmed by both car-
diometry and coronary angiography. The patient un-
derwent coronary bypass surgery.

The use of SI as an additional criterion for assessing 
the state of coronary blood flow is a reliable indicator. 
It is used in addition to the criterion described above, 
thereby enhancing the certainty of the diagnosis.

3. Adaptation reaction type. 
The third additional criterion confirming the 

presence of a problem in the blood filling of the 

 
a) in a lying position

 
b) in a sitting position
Fig. 6. Qualitative assessment of the filling of coronary arteries with blood at the initial stage of the early diastole phase in segment 
Тк-Uн

Table 1
Cardiometric indicators in case of changes in the blood flow of the coronary arteries

Position of the body SV-stroke volume, ml. MV-minute volume,  
l/min. 

RV1 (62) – ejection 
fraction, % 

SI (150 … 300) stress index 
by R.M. Baevsky, c.u. 

lying 54.8 3.3 68 381 
sitting 59 4.0 67 5556 
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coronary arteries is the adaption reaction type. An 
increase in the power of the spectrum at lower fre-
quencies in the spectral characteristic of the adaption 
reaction type. Coronary blood flow problems will 
affect the energy of the heart. An indicator of such 
an influence is the type of the adaption reaction. In 
this case, the important point is the amplitude of the 
spectrum at lower frequencies for the type of reaction 
characteristic of stress (Fig. 7b). A rise at frequencies 
of 0.2 Hz indicates general physical fatigue.

Note that this criterion for assessing general physi-
cal fatigue serves as an additional one, in order to clar-
ify the diagnosis of coronary blood flow pathology.

It is important to know that this criterion charac-
terizes general physical fatigue even with normal cor-
onary blood flow, so it is used as an additional one to 
the main one.

Having, along with the main criterion, three more 
additional confirming criteria, one can be highly con-
fident in the accuracy of the diagnosis. It is import-
ant to assess the patient’s subjective symptoms. In this 
case, it remains to choose the right therapy and moni-
tor its effectiveness.

The elasticity of blood vessels depends to a large 
extent on the level of CO2 in the blood. Consider an 
example showing the effectiveness of vascular treat-
ment with hypoxia.

 
а) Adaptation reaction: calm activation 

 
b) Adaptation reaction: stress 

Fig. 7. Energy state of the heart

Therapy of the early stage of reducing  
the blood filling of the coronary arteries 

The aim of therapy is to normalize coronary blood 
flow. In all the problems noted above, there is one fac-

tor: the state of the coronary arteries, and, first of all, 
their elasticity. The basis of treatment and prevention 
is correct breathing.

1. Use a breathing simulator of the Samozdrav type 
to achieve a balance of O2 and CO2. This will greatly 
help in restoring the elasticity of blood vessels.

2. Use ethylmethylhydroxypyridine succinate 
(Mexicor) to maintain myocardial energy.

3. Apply the drug “Ginkgotropil” to improve mi-
crocirculation.

4. Take L-carnitine (“Elkar” (solution)) to improve 
the energy of mitochondria.

5. In emergency cases, use phenobarbital + ethyl 
ester of α-bromisovaleric acid (Valocordin prepara-
tion). All preparations based on valerian are reliable 
and effective.

6. Drink Nuxen VI tincture (black walnut) con-
taining the following components: black walnut, haw-
thorn flowers, gingko biloba, rose hips, lemon balm 
herb, oregano herb, hop cones, Caucasian rhododen-
dron, purified water, alcohol up to 3% . The effective-
ness of the tincture has been tested in practice.

7. You can drink cedar balm (cedar needles), which 
are a source of dehydroquercetin - a substance that 
stimulates the synthesis and stabilizes the structure of 
collagen fibers.

8. In all cases, acupuncture is indicated in combi-
nation with other therapeutic methods and means.
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Abstract
In this study, five heavy metals (Zn, Fe, Pb, Cu, and Cd) con-
centrations were measured in samples of kerosene (locally 
only) that collected from different of warehouses oils in Iraq. 
The measurements have been done using Atomic Absorption 
Spectrophotometer. Non-cancer risks such as the chronic daily 
inhalation intake (CDIinh), a Hazard Quotient (HQ), and Haz-
ard Index (HI) as well as Cancer Risks (CR) due to inhalation 
of heavy metals in the kerosene samples were calculated. The 
results show that, the average values of concentrations in unit 
ppm (mg/kg) belonging to Zn, Fe, Pb, Cu, and Cd in kerosene 
samples were 8.14±1.74, 0.127±0.025, 0.017±0.007, 0.15±0.064, 
and 0.360±0.022, respectively. While, the average value of Haz-
ard Index (HI) due to all heave metals in the present work was 
0.721± 0.16. Also, the average value of Total Cancer Risk (TCR) 
due to Cd and Pb were 1.12E-03±4.4E-04. When comparing the 
results of inhalation health risk, the present work with World-
wide average, we found that the most samples of kerosene 
samples are safe for using.
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Heavy metals, Kerosene, AAS, Cancer risk, Iraqi markets.
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Introduction
The origin of air pollution on the earth can be traced 

from the times when man started using firewood as a 
means of cooking and heating. With the discovery 
and increasing use of coal, air pollution became more 
pronounced especially in urban areas [1]. It was recog-
nized as a problem 700 years ago in London in the form 
of smoke pollution, which prompted King Edward I 
to make the first antipollution law to restrict people 
from using coal for domestic heating in the year 1273 
[2]. Heay metals, Air pollution began to increase in the 
beginning of the twentieth century with the develop-
ment of the transportation systems and large-scale use 
of petrol and diesel. Most types of air pollution are a 
mixture of many harmful substances, including small 
particles in the air, sulphur oxides, carbon monoxide, 
nitrogen oxides, volatile organic compounds (VOCs), 
benzene, Kerosene, and polycyclic aromatic hydrocar-
bons (PAHs). The International Agency for Research 
on Cancer (IARC) classifies types of air pollutants based 
on their link with cancer. For example, gasoline engine 
exhaust is classified as a possible carcinogen. Kerosene, 
diesel engine exhaust and outdoor air pollution are 
classified as known carcinogens [3]. Pollution results 
in increased exposure to zinc. The main symptoms of 
acute poisoning are nausea, vomiting, diarrhea, coma 
and fever. Zinc is considered [4]. Exposure to lead in 
large quantities causes Reproductive failure, encepha-
lopathy, neurophysiological defects, anemia, renal inju-
ry, and hypertension blood and poisoning [5]. Copper 
deficiency leads to anemia and low blood cells leuke-
mia, as well as neurological disease, osteoporosis, and 
a disorder of the connective tissues [6]. Cadmium tox-
icity causes other problems such as cancer, cardiovas-
cular disease and hypertension. Cadmium is classified 
as a human carcinogen. There is a clear interest in re-
cent years in the impact of the concentrations of heavy 
metals on the in human and knowing whether the con-
centration of these elements causes the malignant dis-
eases i.e., the increase and decrease in them cause a lot 
of damage such as toxicity [7]. The absence of heavy 
metals in an organism causes death or severe malfunc-
tion since they are needed in very small amounts for 
life to continue. In fact, all the essential heavy metals 
can be harmful to both humans and animals if they ex-
posure to materials that have heavy metals such as air, 
water, and food or do so for a lengthy period of time 
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[8]. Heavy metals enter the environment due to human 
activities, especially industrial activities, and its dispos-
al from waste [7]. One of the sources of heavy metal 
pollution is crude oil. Crude oil spills in the oil field can 
contaminate the surrounding soil. Prolonged exposure 
to toxic doses of heavy metals poses a serious risk to hu-
man health. In oil-exporting countries, one of the ma-
jor sources of heavy metal pollution is oil fields and the 
crude oil extraction and refining industries. Data on 
levels of heavy metal contamination are not available 
on petroleum products used in Iraq. This study tends to 
examine the presence and distribution of some of heavy 
metal such as Pb, Cu, Cd, and Cr in local of Kerosene 
samples that available in Iraqi markets with a view to 
comparatively evaluate the concentration levels of these 
metals so as to see if they meet desirable standards or 
otherwise.

Experimental of Methodology 
In the present study, seven samples of kerosene 

types that produced from the governors of Al-Najaf, 
Basra, Al-Diwaniyah, Karbala, Baghdad, Al-Samawa, 
and Babylon was chosen. Table (1) shows the name 
and location of kerosene samples in the present study. 
Thus, five heavy metals such as Pb, Cu, Cd, and Cr 
in kerosene samples were measured using Atomic Ab-
sorption Spectrophotometer technique.

Table (1)
The name and location of kerosene samples in the present 
study.

No.
Name of 
Ware-
house

Name of 
governor-

ate

Sample 
code Data

Type

1 New Najaf Al-Najaf W1 1/7/2022

Locally

2 Al-Shuai-
ba Basra W2 1/7/2022

3 Al-Diwan-
iyah

Al-Diwan-
iyah W3 1/7/2022

4 new Kar-
bala Karbala W4 1/7/2022

5 Dora Baghdad W5 1/7/2022

6 Samawa Al-Sama-
wa W6 1/7/2022

7 Hilla Babylon W7 1/7/2022

5ml of kerosene sample was digested in a covered 
glass beaker containing a 10 ml H2SO4 / HClO4 acid 
mixture (1: 1). The mixture was transferred to a pre-
cleaned 25 ml flask, and the mixture was placed on a 
hot piece (Heater) until the solution was completely 

crushed and removed from the (Heater) and diluted to 
the marker with double distilled water, and stored for 
analysis. The empty solution was treated and prepared 
in the same manner as the samples [9]. Each sample 
and each empty were prepared in three copies, and the 
ratio of the acid mixture to the amount obtained from 
the kerosene of patients.

SHIMADZU model AA-7000 atomic absorption 
spectrophotometer (AAS) was used to determine 
the concentrations of Zinc (Zn), Iron (Fe) Lead (Pb), 
Copper (Cu), and Cadmium (Cd) concentrations. 
The wavelength in nm for Zn, Fe, Pb, Cu, and Cd was 
213.9, 248.3, 283.3, 324.8, and 228.8, respectively. Its 
width is (0.7,0.2,0.7,0.7 and 0.7) nm, respectively, this 
device is located in the Faculty of Pharmacy, as the 
type of flame used is Air-C2 H2.

The concentrations of heavy elements were de-
termined in the laboratories of the faculty of science, 
university of Kufa, using a device atomic absorption 
spectrophotometer, with given the calibration curve of 
each element Zinc (Zn), Iron (Fe) Lead (Pb), Copper 
(Cu), and Cadmium (Cd) concentrations.

Calculation
In this work, non-cancer risks such as the chron-

ic daily inhalation intake (CDIinh), a Hazard Quotient 
(HQ), and Hazard Index (HI) as well as Cancer Risks 
(CR) of heavy metals in oil products in Iraq via inhala-
tion route were assessed for adult participants.

The values of non-cancer risks (CDIinh, HQ, and 
HI) and cancer risks (CR) due to inhalation of heavy 
metals were calculated using as following [10-12]:

 

  × × ×
=  × × 

6. 10
i

i
mg C InhR EF EDCDI

kg day BW AT
  (1)

 = i
i

i

CDIHQ
RfD

  (2)

 =∑ ii
HI HQ   (3)

 = ×i iCR CDI SF   (4)

where, Ci is heavy metals concentration, InhR is the 
inhalation rate, EF is exposure frequency, ED is expo-
sure duration, BW is body weight, AT is average time, 
RfDi is the reference dose, and SFi is the slope factor.

Results and Discussion
The results of the concentrations of Zn, Fe, Pb, Cu, 

and Cd in the samples from kerosene were shown in 
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Tables (2). From Table (2), the lowest concentrations 
of Fe were 1.10 ppm (mg/kg) for the sample W1 (from 
New Najaf warehouse in Al-Najaf), while the highest 
was 14.05 ppm for sample W7 (from Hilla warehouse 
in Babylon), with an average value of was 8.14±1.74 
ppm. The range values of Cu concentrations were 
0.061ppm in sample W3 (from Al-Shuaiba warehouse 
in Basra) to 0.226 ppm in sample W6 (from Samawa 
warehouse in Al-Samawa), with an average value of 
0.127±0.025 ppm. While, the range values of Cd con-
centrations were ND in sample W4 (from new Karba-
la warehouse in Karbala) to 0.059 ppm in sample W5 
(from Dora warehouse in Baghdad), with an average 
value of 0.017±0.007 ppm. But, the lowest concentra-
tions of Pb were ND ppm for the sample W2 (from 
Al-Shuaiba warehouse in Basra), while the highest was 
0.506 ppm for sample W4 (from new Karbala ware-
house in Karbala), with an average 0.15±0.064 ppm. 
Finally, the values of Zn concentrations were ranged 
from 0.284 ppm in sample W2 (from Al-Shuaiba 

warehouse in Basra) to 0.451 ppm in sample W4 (from 
new Karbala warehouse in Karbala), with an average 
value of 0.360±0.022 ppm.

The results of the values of the chronic daily inha-
lation intake (CDIinh) due to five heavy metals in the 
present study (Fe, Cu, Cd, Pb, and Zn) for the samples 
from kerosene were shown in Tables (3). The average 
values of CDIinh for Fe, Cu, Cd, Pb, and Zn (Table 3) were 
8.35E-02±1.7E-02 mg/kg.d, 1.31E-03±2.6E-04 mg/
kg.d, 1.74E-04±7.5E-05 mg/kg.d, 1.54E-03±6.6E-04 
mg/kg.d, and 3.70E-03±2.3E-04 mg/kg.d, respectively.

The results of the values of the Hazard Quotient 
(HQ) and Hazard Index (HI) due to five heavy met-
als in the present study (Fe, Cu, Cd, Pb, and Zn) for 
the samples from kerosene were shown in Tables (4). 
the average values of HQ for Fe, Cu, Cd, Pb, and Zn 
(Table 4) were 0.119±0.02, 0.031±0.006, 0.173±0.07, 
0.385±0.165, and 0.0123 ±0.0006, respectively. The 
Hazard Index (HI) obtained by using the Equation 
(3), the highest value of HI in kerosene samples (Ta-

Table (2)
Results of concentrations of heavy metals in kerosene samples

No. Sample code
Concentrations (ppm)

Fe Cu Cd Pb Zn
1 W1 1.10 0.064 0.022 0.038 0.318
2 W2 2.39 0.073 0.023 ND 0.284
3 W3 6.08 0.061 0.004 0.025 0.448
4 W4 11.22 0.225 ND 0.506 0.451
5 W5 10.25 0.140 0.059 0.038 0.354
6 W6 11.92 0.226 0.001 0.177 0.330
7 W7 14.05 0.105 0.011 0.266 0.340

Minimum 1.10 0.061 ND ND 0.284
Maximum 14.05 0.226 0.059 0.506 0.451
Aveage±Error 8.14±1.74 0.127±0.025 0.017±0.007 0.15±0.064 0.360±0.022

Table (3)
Results of CDIinh from heavy metals in kerosene samples

No. Sample code
CDIinh (mg/kg-day),

Fe Cu Cd Pb Zn
1 W1 1.13E-02 6.60E-04 2.21E-04 3.90E-04 3.26E-03
2 W2 2.45E-02 7.47E-04 2.36E-04 0.00E+00 2.91E-03
3 W3 6.25E-02 6.25E-04 3.70E-05 2.60E-04 4.60E-03
4 W4 1.15E-01 2.31E-03 0.00E+00 5.20E-03 4.63E-03
5 W5 1.05E-01 1.44E-03 6.04E-04 3.90E-04 3.64E-03
6 W6 1.22E-01 2.33E-03 7.19E-06 1.82E-03 3.39E-03
7 W7 1.44E-01 1.08E-03 1.11E-04 2.73E-03 3.49E-03

Aveage±Error 8.35E-02
±1.7E-02

1.31E-03±
2.6E-04

1.74E-04
±7.5E-05

1.54E-03±
6.6E-04

3.70E-03±
2.3E-04
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ble 4) were 0.22 in sample W3 (from Al-Shuaiba ware-
house in Basra) to 1.53 in sample W4 (from new Kar-
bala warehouse in Karbala), with an average value of 
0.721± 0.16. 

The results values of the Cancer Risk (CR) and To-
tal Cancer Risk (TCR) due to Cd and Pb concentra-
tions for samples of kerosene were shown in Table (5). 
The average values of CR due to Cd and Pb for kero-
sene samples 1.06E-03±4.5E-04 and 6.47E-5±2.7E-5, 
respectively. While, the range with average values of 
TCR for kerosene samples were 1.20E-04-3.70E-03 
with 1.12E-03±4.4E-04.

The results of heavy metals in Table (2) for kero-
sene samples show that the values of Fe concentra-
tions in all the studied samples (Figure 1) were higher 
than the recommended value of 0.3 ppm [13]. The 
concentrations of Cu for gasoline samples (Figure 2) 
were lower than standard limits by USEPA 2002 (0.1 
ppm) [13] , except, samples W1, W2, and W3. While, 
Cd concentrations in all samples (Figure 3) were low-
er than standard limits by USEPA 2002 (5 ppm) [13]. 
The concentrations of Pb for kerosene samples (Fig-
ure 4) were less than standard limits by USEPA 2002 

(0.075 ppm) [13] , except, sample W4, W5, and W6. 
But, Zn concentrations in all samples (Figure 5) were 
less than standard limits by USEPA 2002 (5 ppm) [13]. 

The box plot of concentration spread out for Fe, 
Cu, Cd, Pb, and Zn in kerosene samples is given in 
Figure (6). From Figure (6), the values of median for 
Fe, Cu, Cd, Pb, and Zn concentrations (ppm or mg/kg) 
in kerosene samples were 10.25, 0.105, 0.011, 0.038, 
and 0.340, respectively. While, the values of mean for 
Fe, Cu, Cd, Pb, and Zn concentrations (ppm or mg/
kg) in kerosene samples were 8.14, 0.127, 0.017, 0.15, 
and 0.360, respectively. Therefore, the median of the 
Fe was closer to the top bottom of the box, while, other 
heavy metals (Cu, Cd, Pb and Zn) were closer to the 
bottom of the box. This meant that the distribution of 
the data set was skewed.

The relation between the average values of Fe, Cu, 
Cd, Zn, and Pb concentrations in kerosene samples is 
given in Figure (7). The average values of heavy metals 
for kerosene samples were in order as: Fe > Zn > Pb > 
Cu >Cd (Figure 7). 

Table (4)
Results of the hazard quotient and hazard index from heavy metals in kerosene samples

No. Sample code
Hazard Quotient (HQ) Hazard Index 

(HI)Fe Cu Cd Pb Zn
1 W1 0.016 0.016 0.221 0.098 0.011 0.36
2 W2 0.035 0.018 0.236 0.000 0.010 0.30
3 W3 0.089 0.015 0.037 0.065 0.015 0.22
4 W4 0.165 0.055 0.000 1.300 0.015 1.53
5 W5 0.150 0.034 0.604 0.098 0.012 0.90
6 W6 0.175 0.055 0.007 0.455 0.011 0.70
7 W7 0.206 0.026 0.111 0.682 0.012 1.04

Aveage±Error 0.119±0.02 0.031±0.006 0.173±0.07 0.385±0.165 0.0123 ±0.0006 0.721± 0.16

Table (5)
Results of the cancer risk and total cancer risk from heavy metals in kerosene samples

No. Sample code
Cancer Risk (CR) Total Cancer Risk (TCR)

Cd Pb
8 W1 1.35E-03 1.64E-05 1.36E-03
9 W2 1.44E-03 0.00E+00 1.44E-03
10 W3 2.26E-04 1.09E-05 2.37E-04
11 W4 0.00E+00 2.18E-04 2.18E-04
12 W5 3.69E-03 1.64E-05 3.70E-03
13 W6 4.39E-05 7.64E-05 1.20E-04
14 W7 6.77E-04 1.15E-04 7.92E-04

Aveage±Error 1.06E-03±4.5E-04 6.47E-5±2.7E-5 1.12E-03±4.4E-04
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Figure (1). Comparison of the concentrations of Fe in kerosene samples with standard limits by USEPA 2002.

 
Figure (2). Comparison of the concentrations of Cu in kerosene samples with standard limits by USEPA 2002.

 
Figure (3). Comparison of the concentrations of Cd in kerosene samples with standard limits by USEPA 2002.
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Figure (4). Comparison of the concentrations of Pb in kerosene samples with standard limits by USEPA 2002.

 
Figure (5). Comparison of the concentrations of Zn in kerosene samples with standard limits by USEPA 2002.

 
Figure (6). The box plot of Fe, Cu, Cd, Zn, and Pb concentrations in kerosene samples
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Generally, the human health risk due to Fe, Cu, Cd, 
Pb, and Zn contamination in the samples of the pres-
ent study depends on the Average Daily Dose by Inha-
lation (CDIinh), Hazard Quotient (HQ), Hazard Index 
(HI), and Cancer Risk (CR), and Total Cancer Risk 
(TCR). Therefore, the results of human health risk for 
non-cancer risk and for cancer risk were shown in Ta-
bles (3) and (4).

The results of CDIinh (mg/kg-day) for Fe, Cu, Cd, 
Pb, and Zn in all samples under study were found 
below the U.S. EPA permissible limit 0.7, 0.04, 0.001, 
0.004, and 0.3 mg/kg. d-1, respectively [48]. While, the 
results of HQ revealed in all oil products was found 
below the U.S. EPA permissible limit (1) [14]. But, 
the results of HI in each sample were less than EPA 
permissible limit (1) [14-16] , except two samples in 
kerosene group (W4 and W7). So, chronic exposure 
for non-cancer risk in these samples (W4, and W7) 
was high concentration of five heavy metals poses 
health risk due to these metals. The present results 
show that the Cancer Risk (CR) as well as Total Can-
cer Risk (TCR) due to Cd and Pb in most samples in 
the present study were higher than the recommended 
value of the range 10-6-10-4 according to U.S. EPA [13]. 
Therefore, it can cause some kinds of risk of cancer 
incidence for the long term, and for adults.

Conclusions
From the results of research and compare them 

with the higher limit of heavy metals such as Iron (Fe), 
Copper (Cu), Cadmium (Cd), Lead (Pb), and Zinc 
(Zn) from kerosene samples. The Fe concentrations 
in all samples of the present study were higher than 

the allowed limit (0.3 ppm). The Cu and Pb concentra-
tions in most samples of the present study were higher 
than the allowed limit (0.1 and 0.075 ppm). The Cd 
and Zn concentrations in all samples of the present 
study were higher than the allowed limit (5 ppm). The 
chronic daily inhalation intake (CDIinh) in all samples 
were within the allowed limit according to EPA. The 
values of Hazard Quotient (HQ) as well as Hazard In-
dex (HI) in most samples of kerosene indices account 
were less than the recommended value for the heavy 
metals hazard indices given by worldwide average. 
The values of Cancer Risk (CR) as well as Total Can-
cer Risk (TCR) in all samples of the present study were 
higher than the range of the allowed limit according 
to EPA.
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Abstract
It is known that is an ambiguous phenomenon in medicine. 
There is no generally accepted definition of the concept, and 
approaches to the interpretation of the essence of the catego-
ry in question are also different, since polypragmasia, being 
vital for certain diseases, can become extremely dangerous in 
certain conditions of the human body, as well as negatively af-
fect the health of patients of certain age groups. In particular, 
elderly and senile patients, often in a state of comorbidity or 
polymorbidity and taking a significant amount of medications 
(both prescribed by a doctor and without one), are at risk of a 
possible deterioration in their health. Accordingly, the identifi-
cation of problematic aspects of polypragmasia in the devel-
opment of comorbidity in elderly and senile patients, as well 
as the identification of ways to reduce the negative impact on 
the state of health of extended drug therapy is quite relevant in 
modern conditions.
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Introduction
In most countries of the world today, there is an 

increase in people whose age is 60 years and older, and 
the forecast of an increase in the age limits of survival 
is quite favorable [1]. This has become possible thanks 
to the introduction of new medical technologies and 
public health, which enable elderly people to live with 
one or more chronic diseases. The positive aspect of 
the above invariably entails a problem associated with 
demographic changes of this magnitude, which results 
in a change in approaches to providing medical and 
social care taking into account the age of patients.

Multimorbidity is a fairly common phenomenon 
among elderly and senile patients, which results in 
their use of several medications simultaneously [2]. 
In addition to medications prescribed by medical spe-
cialists, elderly patients also use other medications un-
der the influence of numerous recommendations from 
the media and “reputable” acquaintances and friends. 
Accordingly, in this case there is a phenomenon that is 
designated by the medical term “polypragmasia”.

To date, there is no consensus on the definition of 
this term, but attempts are continuing to improve its 
definition and shift the focus from a simple number 
of drugs to their expediency, effects and, ultimately, 
to appropriate clinical outcomes in elderly patients. 
However, in this context, it is very important to under-
stand the following: age-related changes significantly 
transform pharmacokinetics and pharmacodynamics, 
and quite often taking certain medications may not 
only fail to achieve the desired result, but also cause 
irreparable harm to the body of an elderly person. In 
this regard, clinical testing of individual drugs or their 
combinations can play a very important role, but el-
derly people are often excluded from such trials. For 
this reason, there is a lack of evidence of the safety and 
efficacy of many drugs in the population under con-
sideration [3]. 

It is for the above reasons that the expediency of 
using a significant number of medications in comor-
bid patients remains unclear. This entails the inade-
quacy of drug treatment and causes adverse clinical 
outcomes. The scale of the problem is growing from 
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year to year, for this reason, the identification of prob-
lems and clinical consequences of polypragmasia for 
elderly and senile patients with comorbidity is becom-
ing an increasingly relevant and significant approach 
in the light of the provision of specialized medical and 
social services to age-related patients.

Materials and methods
The problem of polypragmasia in the development 

of comorbidity in age-related patients every year be-
comes the focus of research by an increasing number 
of specialists from different countries. Both review 
studies and generalized clinical cases are devoted to 
its consideration. To study the presented problem, we 
carried out a generalization and analysis of the select-
ed information array devoted to the research topic; in 
the process of writing the work, general scientific and 
private research methods were used.

Results
Elderly and senile patients, taking into account the 

state of the body, are known to be susceptible to the de-
velopment of various diseases, while one patient may 
develop two or more diseases at the same time. Ex-
perts call this condition multimorbidity [4]. Diseases 
can cover both physical and psychosocial spheres and 
include conditions such as cardiovascular, metabolic, 
musculoskeletal diseases, mental illnesses, chronic 
pain, sensory deprivation and substance abuse.

It must be said that multimorbidity can develop not 
only in elderly patients, but it is among people who are 
over 60 years old and older that this condition is most 
common due to age-related disorders in the work of 
various organs.

Experts note that people living with multimorbidity 
are at greater risk of incidents, as well as deterioration 
of pre-existing mental health problems, unplanned 
hospitalization, higher levels of polypragmasia and 
adverse drug reactions (ADR), as well as a decrease in 
quality of life [5]. 

The consequences of multimorbidity affect both 
individuals and health systems, as multimorbidity is 
associated with lower quality of life and mental health, 
impaired functionality and increased health care 
costs, which are associated, among other things, with 
increased use of primary health care and, especially, 
inpatient care.

Patients with multimorbidity have an increased 
risk of mortality. Thus, according to the researchers, in 

adults over 60 years of age with ≥2 or ≥3 diseases, the 
risk of death was higher by 1.73 (95% CI: 1.41; 2.13) 
and 2.72 (95% CI: 1.81; 4.08), respectively, compared 
with those who were not multimorbid [6]. Under-
standing the trends of a constant increase in the num-
ber of age-related patients with polypragmasia brings 
to life the need to comprehend the problems arising in 
this regard and find solutions to them.

Researchers note the multifactorial relationship 
between multiple morbidity and poor outcome for pa-
tients. So, there is an opinion that health conditions 
tend to combine and interact with other related dis-
eases and can aggravate the severity of each disease or 
lead to the development of another potentially more 
serious condition. In particular, the metabolic syn-
drome is based on visceral obesity and insulin resis-
tance and can be combined with hypertension and hy-
perlipidemia. The interaction between these diseases 
causes the deterioration of each individual condition, 
while increasing the risk of cardiovascular events, 
such as stroke or myocardial infarction.

Among other similar examples, congestive heart 
failure and dementia should be cited, when patients 
often have several coexisting long-term conditions, 
such as diabetes and hypertension, while their daily 
activity and physical functions are disrupted [7]. 

The literature notes that in clinical practice, the 
healthcare infrastructure is not optimized for the 
simultaneous treatment of several diseases, which 
results in disorganized treatment of patients with 
multiple diseases. Most doctors specialize in the treat-
ment of a certain group of diseases, and often isolated 
treatment of diseases can lead to duplication of med-
ical efforts, as well as fragmented, poorly coordinated 
medical assessments without proper responsibility, ac-
countability and follow-up [8]. 

The so-called “isolated” treatment eliminates the 
need to study the dynamics of clusters of diseases. It 
should also be taken into account that clinical trials of 
new drugs often exclude participants who have an ad-
ditional health problem in addition to the studied one, 
and often exclude elderly people from experimental 
and control groups [9]. At the same time, it is known 
that several groups of drugs are used to treat various 
diseases in such patients and, accordingly, polyprag-
masia takes place.

Polypragmasia is defined as the simultaneous use 
of at least 4-5 drugs, which increases significantly as 
the number of health problems increases and the use 



Issue 25. December 2022 | Cardiometry | 21

of medical services increases [10]. The researchers 
point out that the absolute benefit of each addition-
al medication will decrease if a person takes several 
medications, even if some of them are prescribed for 
preventive purposes. In addition, the risk of harm is 
likely to increase as a person takes more medications.

Although the addition of medication is usually of 
clinical significance and aimed at improving the pa-
tient’s health, it may expose the patient to an increased 
risk of potential drug interaction (PDI) and drug in-
teraction with the disease. Clinically significant PDI 
are manifested by a decrease in the therapeutic effect 
of the drug, an increase in adverse reactions and a de-
terioration in treatment results. Severe potential PDI 
are those that are life-threatening and/or require med-
ical treatment or intervention to minimize or prevent 
serious side effects.

As is known, polypragmasia does not only apply 
to the elderly, however, the greatest prevalence of this 
scenario falls on age-related patients. In particular, ex-
perts conducted studies of the spread of polypragma-
sia among people aged ≥65 years, which showed the 
following:

– in Sweden, the prevalence of polypragmasia 
reaches 44% [11] ;

– in the UK, 20.8% of people with two clinical con-
ditions were prescribed from four to nine medications, 
while 10.1% of them – ten and more medicines [12] ;

– in Poland, polypragmasia is observed in 55.0% of 
citizens aged 80+ [13] ;

– in Scotland, about 35% of people aged 85 and 
older receive more than ten medications [14]. 

The high prevalence of polypragmasia in the el-
derly is also observed outside Europe, for example, in 
countries such as Brazil and the USA.

Thus, the burden of polypragmasia is a direct 
consequence of the demographic problem, which, al-
though observed throughout the world, is especially 
pronounced in Europe. According to Eurostat, people 
aged 65 and over currently make up 19.2% of the Eu-
ropean Union’s population, and this proportion is ex-
pected to rise to 29.1% by 2080, while the proportion 
of people aged over 80 is expected to increase. even 
more sharply – from the current 5.4–12.7% [15]. 

It should be noted that not every polypragmasia 
is unacceptable. Multiple prescriptions are appropri-
ate in cases where medications have been optimized 
for complex conditions according to the best evi-
dence. Problematic polypragmasia occurs when mul-

tiple medications are prescribed, and the risk of harm 
outweighs the benefit, and the subsequent burden of 
taking pills leads to reduced adherence, undesirable 
medications, or the risk of potentially harmful inter-
actions.

Turning to the disclosure of the essence of the con-
cept of “polypragmasy”, as already mentioned above, 
it should be noted that there is no generally accepted 
definition of this scientific category. A report by the 
World Health Organization (WHO) noted that “poly-
pragmasia is the simultaneous use of several medica-
tions. Although there is no standard definition, poly-
pragmasia is often defined as the routine use of five 
or more medications. This includes over-the-counter, 
prescription and/or traditional and complementary 
medicines used by the patient” [16]. 

Approaches to the definition of the concept of 
polypragmasia have different grounds. So, some au-
thors, using the number of medications taken by the 
patient, derive the concepts of mild, moderate, large 
and excessive polypragmasia. However, the threshold 
values of a particular type of polypragmasia vary in 
various sources from 2 or more to 11 drugs, so we can 
say that there are no developed criteria for accurately 
determining the degree of polypragmasia.

The researchers also introduce the following defi-
nitions of variants of polypragmasia:

– necessary polypragmasia, which provides for ad-
ditional medication regimens that can optimize the 
functional state and prevent disability in the elderly. For 
elderly patients receiving regimens as part of the nec-
essary polypragmasia, the benefits outweigh the risks;

high-quality polypragmasia involving the adminis-
tration of five or more medications, including at least 
one drug that is considered potentially unsuitable for 
the elderly;

– psychotropic polypragmasia, which includes the 
simultaneous use of two or more psychotropic drugs 
by one person;

– proper polypragmasia, which is the optimization 
of drugs for patients with complex or multiple condi-
tions, when the use of drugs is consistent with existing 
positive practices [17]. 

Polypragmasia and especially psychotropic and 
anticholinergic drugs have been associated with cog-
nitive impairment in various studies [18]. Japanese 
experts have identified a link between polypragma-
sia and cognitive impairment [19]. According to a 
cross-sectional study of patients with newly diagnosed 
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Parkinson’s disease, participants with polypragmasia 
had significantly lower scores on the mental state brief 
examination scale compared to other patients without 
polypragmasia. It was also revealed that polypragma-
sia is associated with physical disorders in the elderly 
[20]. Accordingly, the risks of polypragmasia in rela-
tion to age-related patients are extremely high, which 
requires the development of various approaches to 
reduce the negative impact of polypragmasia on the 
health of such patients.

Discussion
The aging process is associated with changes in 

the physiological function of organs and changes in 
the body. In geriatric pharmacotherapy, the general 
recommendation is to reduce the dose of medications 
and slow titration based on pharmacokinetic consid-
erations and concerns about adverse drug reactions, 
rather than on clinical trial data.

Due to the unprecedented increase in the propor-
tion of elderly people in the population, understanding 
and studying geriatric pharmacology has become very 
important for drug therapy in elderly patients. Older 
patients experience many treatment-related problems 
compared to younger patients. Examples of such prob-
lems are a decrease in physiological function, a change 
in pharmacokinetics/pharmacodynamics, and suscep-
tibility to adverse drug reactions, polypragmasia and 
low compliance. Understanding the various facts of 
factors influencing the results of reducing the level of 
drug dependence in the elderly requires knowledge of 
basic and clinical geriatric pharmacology.

Aging is associated with changes in pharmaco-
dynamics and the ability to maintain homeostasis in 
the body. A well-known example is the reduction of 
the reactivity of beta-adrenergic receptors in the el-
derly. The proximity and number of beta-adrenergic 
receptors decreases, and, on the contrary, sensitivity 
to neuropsychiatric drugs, including benzodiazepines, 
are usually increased in elderly patients, which leads 
to psychomotor dysfunction at lower drug doses com-
pared to younger people.

The homeostatic response provides important in-
formation to explain the body’s overall response to the 
drug. In the elderly, the homeostatic regulation of the 
body is reduced. For example, the average blood pres-
sure is elevated, but the possibility of orthostatic hypo-
tension increases significantly. Blood glucose levels in-
crease by about 1 mg/dl every year after up to 50 years.

Using this knowledge, attention should be paid to 
providing appropriate drug therapy. It is known that 
organ functions decrease, and pharmacokinetic pro-
cesses differ in the elderly and young people. Simulta-
neous use of more than 5 medications is observed in 
20-40% of elderly patients [21]. Thus, the risk of ad-
verse events caused by medications is associated with 
drug interactions.

Prescribing medications to elderly patients requires 
an understanding of the effectiveness of medications 
in the elderly, an assessment of the risk of adverse 
events associated with taking medications, and careful 
monitoring of the patient’s response.

Clinicians should distinguish between appropriate 
and inappropriate polypragmasia and reduce inap-
propriate polypragmasia and severe PDI. The use of 
appropriate indicators can help in determining the ap-
propriateness of polypragmasia.

The key points of management of elderly people 
living with multiple diseases and polypragmasia in-
clude early detection of people with multiple diseases, 
identification of weakness and patient-centered joint 
decision-making. These points are based on several 
principles of caring for the elderly:

– determining the priorities of treatment of an el-
derly patient;

– solving the psychosocial problems of an elderly 
patient;

– managing the process of drug prescriptions;
– control of thought processes to take into account 

cognitive awareness when making joint decisions;
– monitoring of the patient’s physical condition 

with an integrated approach to the treatment of var-
ious diseases.

Insufficient communication between medical spe-
cialists, as well as between clinicians and patients and 
their caregivers is the most common cause of adverse 
clinical events and complaints about treatment. In this 
regard, patient-centered or priority patient care that 
takes into account the preferences, needs and values 
of the patient ensures that patients will participate in 
clinical decision-making.

Optimization of medicine is defined as a hu-
man-centered, evidence-based approach to the safe 
and effective use of medicines to ensure that patients 
receive the best possible results from drug prescrip-
tions. Drug optimization ensures that there is a spe-
cific and justifiable reason for each drug the patient 
takes, and that it is as optimal as it can be based on 
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evidence. This includes stopping taking medications 
that are not beneficial or cause side effects, updating 
prescriptions for newer medications in accordance 
with current recommendations.

Given the heterogeneity of disease trajectories in 
the elderly, as well as the symptoms and individual 
preferences of patients, the treatment goals will vary 
from person to person. General practitioners are in 
an ideal position to make joint decisions with patients 
and their families about prescribing, canceling pre-
scribing, rationalizing and optimizing medications. 
It should be taken into account that the influence of 
multiple pathology, weakness and polypragmasia ex-
tends to both primary and secondary care. Geriatri-
cians and pharmacists can work closely with general 
practitioners to help set goals, implement the princi-
ples of comprehensive geriatric assessment and pro-
vide patient-centered care within this conditional di-
vision into primary and secondary care.

Patient orientation, elderly-friendly care and man-
agement of polypragmasia are embodied in the basic 
principles of a comprehensive geriatric assessment, 
where a holistic and balanced approach to individual-
ization and prioritization of management opinions is 
central. The study of a person’s personal goals, health 
problems that have the greatest impact on his daily 
life, and the choice of medication regimen allows for 
an individual approach that can help improve the in-
dividual quality of life of elderly and senile patients.

Conclusions
The difficulties associated with the definition of 

the term “polypragmasia” are currently the reason for 
the lack of consideration of its consequences when 
prescribing medications to elderly and senile patients. 
In almost all studies, the prevalence of polypragmasia 
is directly correlated with age.

Inaccurate and heterogeneous definitions of poly-
pragmasia complicate the analysis of its prevalence 
and impact on the corresponding health outcomes. As 
a rule, polypragmasia can only serve as an indicator of 
adverse clinical outcomes, a causal relationship with 
clinical outcomes has not been unequivocally proven, 
since prospective interventional studies of its clinical 
effects are mostly absent.

Polypragmasia, hyperpolypragmasia and severe 
potential drug interactions are very common in el-
derly people with cardiovascular diseases. Clinicians 
should closely monitor patients’ medical histories and 

adjust therapy accordingly to prevent adverse drug re-
actions and negative health consequences.

The best approaches to the study of polypragmasia 
should take into account both excessive and insufficient 
treatment of elderly patients. A number of approaches 
have been developed to improve the adequacy of drug 
therapy, but individualized and appropriate polyprag-
masia is not sufficiently considered in such approaches. 
It must be said that the multimorbidity of elderly and 
senile patients should be taken into account by special-
ists when prescribing medications not only from the 
standpoint of treating one particular disease, but also in 
combination with other medical prescriptions for a dis-
ease other than the one under study. In this regard, it is 
necessary to carry out integrated medical consultations 
for elderly patients with a history of several diseases. All 
this will reduce the risks of the negative impact of poly-
pragmasia on the health of elderly and senile patients 
and will improve the quality and duration of their life.
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Abstract
The relevance of this research work lies in the fact that at present 
the EU policy standards are aimed at creating an ecosystem of 
digital (electronic) healthcare (eHealth). Digital medicine resourc-
es can radically transform healthcare, providing effective medical 
care, and improving diagnostics/treatment/rehabilitation methods.
The aim of this article is to identify the main trends in the de-
velopment and regulation of eHealth in the EU.
Methods: A comprehensive review of trends and an analysis of 
key areas of digital health development in the EU based on the 
application of comparative law studies.
The practical significance of the article is to identify some 
existing specific difficulties in the EU digital health infrastruc-
ture: those in their policy, those in accordance with regulatory 
requirements, in cybersecurity and exclusive rights to medical 
(personal) data, in the compatibility of national digital health 
platforms across Europe, in the principles of medical informa-
tion handling, in digital therapy etc. 
Conclusions: Digital health in the EU is an area with an in-
creased activity. In the EU, a common digital market is emerging, 
including digital health services within digital health, facilitated 
by the regulation and standardization of electronic prescriptions, 
patient data protection, digital identity and information security.
The European digital health infrastructure, along with its 
achievements, is experiencing some difficulties, obsolete health 
regulations among them. At the same time, new approaches 
are now required to focus on digital tools and resources in or-
der to provide full intelligent automation.
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Introduction
In recent decades, the countries of the European 

Union have shown a vivid example of a post-industri-
al transition to an information society and a knowl-
edge society. The EU policy standards used as a basis 
for most of the national digital infrastructures in the 
healthcare sector are aimed at creating an ecosystem of 
digital (electronic) healthcare (eHealth/digital health-
care), which provides a wide range of data, informa-
tion and infrastructure services to enable information 
and communication (network)) security, confidential-
ity and safety.

The digitalization of healthcare has been dynami-
cally gaining momentum over the past decade, driven 
by the emergence and adoption of mutually comple-
menting innovations such as the Internet of Medical 
Things (IoMT), telemedicine (telehealth/telemedi-
cine), and artificial intelligence (AI) based medical 
algorithms and resources. All this not only indicates 
positive progress in this area, but also suggests the for-
mation of a new paradigm for improving the public 
healthcare system, including an emphasis on health 
care personalization.

Digital medicine resources can fundamentally de-
liver the up-to-date information and tools to health-
care, pharmaceutical, insurance, and state/municipal 
entities and institutions they need to manage their 
healthcare systems. Digital health technologies en-
able medical clinics to apply advanced technologies 
in the field of telemedicine, covering remote patient 
diagnostics. The indisputable advantages are the time-
liness factors and an increase in the accuracy of di-
agnostics, diagnosing the state of health using virtual 
reality, artificial intelligence or big data.

The main trends in the field of digital health
The World Health Organization has defined the 

concept of digital health as follows: the use of informa-
tion and communication technologies (ICT) while “it 
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refers to forms of prevention and education, diagnos-
tics, therapy and care delivered through digital tech-
nology, independently of time and place” [14]. 

The digitalization of healthcare has gained mo-
mentum over the past two decades, especially with 
the appearance of innovations such as the Internet of 
Medical Things, telemedicine, and AI-based medical 
tools.

The role of digital technologies is defined as a 
means of promoting and consolidating the public in-
terests of affordability, cost effectiveness and equity in 
health care systems [4]. 

The eHealth, among other things, includes the fol-
lowing innovative areas:

• Internet of medical things (IoMT);
• electronic prescription systems and electronic 

record management as tools for making clinical deci-
sions to provide medical care servicing;

• artificial intelligence (AI) and machine learning 
(ML);

• nanotechnologies and medical robotics;
• mobile health applications (mHealth apps) used 

for the purposes of monitoring and prevention;
• services providing integration and interoperabil-

ity of medical information systems (fast healthcare in-
teroperability resource/FHIR);

• telemedicine (telehealth/telemedicine) and re-
mote monitoring of patient health parameters;

• cloud data technologies (data computing and 
storage);

• electronic prescription systems, other medical 
documentation.

Let us take a closer look at some of these areas.

Internet of medical things (IoMT)
The IoT systems generate a constant stream of data 

that uses continuous monitoring for medical care in 
diagnosing diseases, notifying directly responsible 
caregivers or doctors through a remote timely alert 
system, providing medical assistance in decision mak-
ing with automated decision support systems (DSS), 
i.e. certain diseases can be detected and treated before 
they progress.

Artificial Intelligence (AI) in healthcare
While evidence of the potential benefits of AI 

applications in healthcare is growing, a number of 
challenges remain on the agenda, connected with the 
widespread adoption of AI tools and resources. First, 

the current level of digitalization of healthcare re-
mains poor. Secondly, there are certain problems with 
financing. Thirdly, there are currently some problems 
related to the quality of the AI medical services. Ob-
taining clinical evidence of quality and effectiveness is 
a challenge that AI faces in healthcare nowadays.

Telehealth and telemedicine
The terms “telehealth” and “telemedicine” refer to 

the remote provision of medical services. “The great-
est relevance and demand for the remote method of 
providing medical services via the capabilities of tele-
medicine technologies are for those patients who may 
experience difficulty in accessing stationary institu-
tions (hospitals and clinics)” [8] , for example, persons 
on sea/ocean vessels, individuals residing on isolated 
islands / archipelagos and in some other hard-to-reach 
areas. As telehealth and the technologies that support 
it have become increasingly popular in recent years, 
the Member States in the WHO European Region are 
testing various methods to find the best ways to ex-
pand and improve health services, as well as increase 
the efficiency and quality and reduce the cost of med-
ical care [9]. 

Mobile Health
The term “mHealth” refers to the use of mobile 

technologies to support the transfer of health informa-
tion and the implementation of medical practice [9]. 

Mobile health is a component of eHealth [13]. To 
date, mHealth does not have a well-established, stan-
dardized definition. For the study purposes, Mobile 
Health, or mHealth, was defined by the Global Ob-
servatory for eHealth as medical and public health 
practices supported by mobile communication de-
vices such as mobile phones, patient health monitors, 
personal digital assistants (PDAs) and other wireless 
devices. 

Mobile health includes the use and capitalization of 
the core mobile phone tools of voice and short message 
service (SMS), as well as more sophisticated features 
and applications, including the General Packet Radio 
Service (GPRS) of the 3rd and 4th mobile communi-
cation system generations (the 3G and 4G systems), 
global navigation satellite system (GPS) and Blue-
tooth technology. Mobile healthcare offers a number 
of advantages over traditional methods of rendering 
medical and preventive services, since it provides a 
convenient and, most importantly, a real-time access 
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to information and services using portable mobile de-
vices.

Electronic health records
Electronic health records (EHRs) support health-

care decision making, promote efficient delivery of 
healthcare, and provide quality and safety. “In Russian 
national practice, in accordance with Federal Law No. 
242 “Amendments to Separate Legislative Acts of the 
Russian Federation on the Application of Information 
Technologies in the Area of Health Care” related to 
Federal Law No. 323 “The Fundamentals of Protect-
ing the Health of Citizens in the Russian Federation” 
dated November 21, 2011, EHR is an important com-
ponent of eHealth, which is integrated and referred to 
the Unified State Health Information System (USHIS), 
taking into account the fact that all the information 
contained in the EHR is also contained in the com-
mon system, which serves for them as a kind of digital 
platform.” [8] 

The use of the DLT technology, including block-
chain, allows for high standards of privacy and cy-
bersecurity, with an advantage of almost unlimited 
scalability. A machine learning (ML) system looks at 
available data and compares them to expected results, 
quickly alerting clinicians to any potential health risks.

It is worth noting that telemedicine, which has 
been developing for about two decades, has been rea-
sonably given a serious impetus under the stressful 
conditions of the COVID-19 lockdown restrictions. 
The application of new digital technologies has pro-
vided new opportunities in the field of monitoring, 
diagnostics and treatment, and it has also triggered 
many start-ups.

1) The National Diabetes Registry was first estab-
lished in 2000 in Croatia. The registry, called CroDi-
ab, is a web-based system for collecting information 
about patients with diabetes that allows healthcare 
professionals to focus on their individual needs and 
select the best treatment options.

2) In Slovakia, their new technology allows reduc-
ing the average time spent by a radiation oncologist 
in planning patient radiotherapy at least by thirty per-
cent [9]. 

3) Many people with chronic diseases find it im-
portant to get support by other people who face the 
same problems that is of great significance. Recogniz-
ing this fact, the Elsa Science app has been developed 
in Sweden to connect patients who want to share their 

experiences, get informed about their condition and 
take an active part in their care [9]. 

Technologically advanced countries are improving 
and approving digital-related regulations and stan-
dards as a matter of priority.

Recognizing the important role in rendering dig-
ital medicine services in terms of access to medical 
records of patients, regulation at the legislative level 
of maintaining a medical record in electronic form is 
important, too. The experts note “the achievements of 
the practice of using electronic health records in Den-
mark, which allows medical organizations within the 
country to access patient documents from many de-
vices within the network” [11]. 

Denmark is implementing one of the greatest dig-
ital health strategies in Europe, with the government 
investing through the country’s technology invest-
ment fund in creating a World-Class Digital Service 
(WCDS) platform to access aggregated data on Danish 
citizens. Sharing IT infrastructure with other govern-
ment services, such as citizen identification systems, 
can speed up the process of developing a common 
platform that motivates patients to switch to digital 
services: in Estonia, an electronic health record is a 
part of a common health information exchange plat-
form in the country [10]. 

In many respects, it is just the state that becomes a 
pioneer of innovations in the healthcare system. For 
example, “the initiator of the introduction of electron-
ic health records for patients is the Ministry of Health 
of the Netherlands” [12]. 

European model of regulation  
of digitalization in medicine

Already at the very beginning of the 1990s, most 
of the European university health care providers cre-
ated their own medical databases, and the next signifi-
cant task of harmonization was an attempt to combine 
them.

The European legislative acts on digital health stem 
from the 1999 initiative of the European Commission 
“eEurope: Information Society for All” [5]. The initial 
document submitted by the European Commission 
has identified three main objectives: to transfer all 
subjects of law into the digital age and provide them 
with an online access; to introduce in Europe a digital 
culture based on an entrepreneurial spirit, favorable 
for financing and the development of new ideas; make 
sure that the entire process is aimed at social integra-
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tion, gaining consumer confidence and strengthening 
social cohesion. These interrelated programs have 
made it possible to analyze the collected health data. 
That is followed by new opportunities in health data 
management, which allows developing new medical 
services, new organizational and business models. 

“The regulation of digital health in the EU can be 
divided into standards in the field of information ser-
vices, the transfer of personal data and the provision of 
medical services” [6]. 

Let us especially note the Directive 2000/31/EC of 
the European Parliament and the Council of the Euro-
pean Union of June 8, 2000 “On certain legal aspects 
of information services in the internal market, in par-
ticular, on electronic commerce” [2]. 

The rules and regulations applicable to medi-
cal services are given in the relevant Directive [1]. It 
is also important to note that the patients in the EU 
Member States are not discriminated against on the 
basis of nationality.

On the territory of the EU states, three types of pa-
tient data storage models are relevant, distinguished 
by the method of centralization, which are as given 
below: the centralized model, the decentralized model 
and the patient-oriented model [8]. 

This was followed in 2012 by the adoption of the 
European health policy “Health 2020”, which was ap-
proved by the WHO Regional Committee for Europe 
in 2012 and which was aimed to analyze the reasons 
that could in any way slow down the development of 
eHealth.

On 14 September 2020, health ministers and pub-
lic healthcare leaders from the 53 Member States of 
the WHO European Region, in Copenhagen, Den-
mark, approved a new five-year vision, the European 
Program of Work (EPW) 2020–2025 - United Action 
for Better Health in Europe [3] , which identified the 
ways to improve by WHO/Europe and their Member 
States health care in Europe. Within the framework of 
the EPW, the European Member States are adhering to 
their three main priorities: guaranteeing the right to 
universal access to quality healthcare without fear of 
financial hardship; protection from healthcare emer-
gencies; creating healthy communities where public 
health actions and related government policies pro-
vide a better life in a welfare economy.

The latest pandemic has forced to solve this sort of 
problems very rapidly. Thus, the WHO Regional Of-
fice for Europe has identified four flagship initiatives 

that complement the EPW, which defines the health-
care priorities for the next five years, among which of 
importance is expanding digital health capabilities: 
the Empowerment Through Digital Health initiative, 
in the context of the research topic [7]. 

As a part of the Empowerment Through Digital 
Health initiative, the following steps are to be taken:

- to analyze the use, gaps and effectiveness of dig-
ital healthcare solutions employed in response to the 
COVID-19 crisis;

- to complete the European Roadmap for the Digi-
talization of Health Systems as a blueprint for design-
ing digital architectures for health and social care; as 
a basis for targeting and measuring digital health in-
vestments and reforms; and as a catalyst for funding, 
research and engagement with digital health partners;

- to develop a European Health Data Management 
System based on the European Charter for Health 
Data Management, which states a set of the European 
values, principles and methods for accessing, manag-
ing, guiding and using health data to ensure the ef-
fectiveness of healthcare systems and public health-
care actions. This will enhance the existing efforts to 
protect data rights and individual privacy and pro-
vide a description of the elements and processes that 
make up good data management as an integral part of 
well-functioning national health information systems. 
This framework will support the use of quality health 
data for decision making at all levels of the health-
care system, strengthen public health forecasting and 
actions, and facilitate the reuse of health data for re-
search and development of new clinical interventions;

- to support countries in using digital technolo-
gies to improve interactions between individuals and 
health service entities; improve the functioning of the 
healthcare system; and strengthen key public health-
care functions, including disease surveillance, early 
warning and risk assessment.

This flagship initiative complements and opera-
tionalizes the draft WHO Global Digital Health Strat-
egy by filling gaps in the Region’s overarching digital 
framework that are holding back the rapid deploy-
ment of innovative digital solutions emerging across 
countries.

Analysis of healthcare digitalization 
problems in the EU states

In addition to achievements, there are also some 
challenges in the European digital health infrastruc-
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ture found in politics, in compliance with regulatory 
requirements, in cybersecurity and exclusive rights 
to medical (personal) data, in the interoperability of 
national digital health platforms across Europe, in the 
principles of health information (data) circulation, in 
digital therapy, in European electronic health records, 
as well as in the perception of digital health by the EU 
public healthcare concerned parties.

In this connection, we should note the main trends 
as given below:

a) An active digital health policy is required at this 
stage, as even the most recent European initiatives of-
ten rely on obsolete regulatory practices.

b) Transition to automated, possibly tokenized 
matching. Most of the regulatory requirements in 
healthcare originated when obsolete procedures were 
computerized. New approaches are required, focusing 
on digital tools to achieve full automation with inher-
ent interoperability. A future automated compliance 
could be tokenized to implement decentralized man-
agement based on so-called smart contracts.

c) Focusing on data security. Cybersecurity threats 
to medical data and digital health infrastructure are 
exacerbated with the rise of the Internet of Medical 
Things (IoMT) and support by some government ac-
tors due to the implied privacy of medical (personal) 
data. In addition, the burden on existing networks 
causes new digital features to depend on older com-
munication networks, making new features useless or 
costly. 

d) Simple and smart electronic health records are 
not accepted throughout Europe. Some EU countries 
have switched to electronic health records, while other 
states still support predominantly conventional hard-
copy-based systems. Therefore, the full coverage is not 
available and is expected to be generated in the com-
ing years. National systems have limited compatibility, 
so there is no interoperability available. Telemedicine 
and clinic interactions suffer as patients move within 
the EU, and a fully open, secure access is being expect-
ed throughout Europe. 

e) Virtual medical recording as medical docu-
mentation management. Intelligent clinical support 
systems currently belong to the previous generations, 
where their role is limited to the referents, and it is 
expected that they will be transformed to full-fledged 
assistants to doctors. Virtual nurse assistants are also 
expected. AI and machine learning are supposed to 
become a standard feature of such tools. 

Conclusions
To date, digital health in the EU is an area with an 

increased activity, undertaken both by public authori-
ties and national healthcare entities and social protec-
tion organizations, local health care providers, repre-
sentatives of start-ups, medical and nursing personnel, 
allied healthcare staff, as well as managerial and engi-
neering IT staff, data experts and analysts.

The Covid-19 pandemic has certainly given an 
additional impetus to the development of the market 
for remote medical services, and especially telemed-
icine.

The European digital health infrastructure, along 
with its achievements, is also experiencing some dif-
ficulties, among which obsolete regulatory require-
ments in healthcare can be found. New approaches 
are required to focus on digital tools in order to pro-
vide its full automation with inherent interoperabil-
ity.
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Abstract 
Objective: In this study, copper oxide nanoparticles are pro-
duced using the probiotic Saccharomyces boulardii in order to 
assess their biological activity. The biological method of pro-
ducing nanoparticles is gaining popularity due to its benefits 
over chemical and physical ways of synthesis in terms of afford-
ability and environmental friendliness. Methods: To biosynthe-
size CuO NPs, copper sulfate was introduced at a concentration 
to S. boulardii’s cell-free supernatant. Results: The color change 
of the reaction mixture from light to dark after 150 rpm incu-
bation, as well as the color change and antibacterial behavior, 
were indicators of S. bularedii’s biosynthesis of CuO NPs. The 
characterization completed by UV-visible spectroscopy, Atom-
ic force microscopy, Energy Dispersive Spectroscopy, Fourier 
Transform Infrared Spectroscopy, Scanning Electron Micros-
copy, and X-ray diffraction (AFM). The CuO NP absorption 
spectra in the reaction mixture’s UV-visible spectroscopy were 
(537.93 nm). The XRD showed that CuO NPs’ crystal size was 
(14.65 nm). The SEM was provided; the shape was uniform and 
spherical, and the average size (16.03 nm). EDS was used to 
analyze the presence of elemental CuO NPs. The CuO NPs’ 
three-dimensional structure was seen by the AFM, and their av-
erage diameter was (41.11 nm). The FTIR spectrum reveals a va-
riety of functional groups that are present at various locations. 
Gram positive and gram negative bacteria that were isolated 
from diabetic foot infections were multidrug resistant (MDR), 
and biosynthesized CuO NPs demonstrated antibacterial action 
against these bacteria (Staphylococcus aureus, Escherichia coli, 
Klebsiella pneumoniae, Pseudomonas aeruginosa and Proteus 
mirabilis). In the form of biofilm using a microtiter plate and 

treated by nanoparticles, all of the examined bacterial isolates 
demonstrated their capacity to form biofilm. The harmful bac-
teria when treated with CuO NPs this capacity was inhibited 
and eradicated. The concentrations of CuO NPs (1 mg/ml, 0.5 
mg/ml, 0.25 mg/ml, and 0.12 mg/ml) revealed their antioxidant 
activity in vitro by scavenging DPPH free radicals; the mixture 
of DPPH and biogenic CuO NPs at this concentration had the 
highest inhibition titer (72.44%). 
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INTRODUCTION 
For diabetic patients, diabetic foot infections 

(DFIs) are a significant clinical and cost burden (Veve 
et al 2022). One of the most dreaded effects of diabe-
tes are DFIs, which can develop quickly into perma-
nent septic gangrene and need foot amputation. Up 
to 70% of all limb amputations are performed on dia-
betics, who also have a 25 times higher risk of losing 
a leg than persons without the condition (Singh et al 
2005). Non-pathogenic yeast Saccharomyces boulardii 
has been used for a long time as a probiotic agent to 
prevent or treat a number of gastrointestinal diseas-
es in humans, including antibiotic-associated diar-
rhea. (Dahiya & Nigam, 2022). Nanobiotechnology 
combines biological ideas with physical and chemical 
processes to produce nano-sized (1–100 nm) parti-
cles with specific functionalities. It offers a more af-
fordable option to chemical and physical methods of 
producing nanoparticles. Based on fundamental traits 
including scale, distribution, and shape, nanoparticles 
can have new or changed properties. Applications for 
NPs and nanomaterials are being developed more of-
ten (Begum et al 2022). Due to its numerous uses in 
biotechnology and bioengineering as antioxidants, an-
tibacterial, antifungal, and biofilm-prevention agents, 
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copper oxide nanoparticles (CuO NPs) have drawn 
significant attention (Zhang et al 2022). Therefore, 
the goal of the current study is to biosynthesize CuO 
nanoparticles utilizing S. boulardii species, and to in-
vestigate their antioxidant, antibacterial, and antibio-
film activities. 

EXPERIMENTAL 

Preparation supernatant of S. boulardii 
Saccharomyces boulardii was carefully selected from 

a variety of yeast species based on its resistance to ex-
tracellular synthesis of CuO NPs (supernatant) and its 
capacity to resist commercial CuO NPs. S. boulardii was 
injected into Sabouraud dextrose broth (SDB), which 
was then incubated for 24 hours at 37°C. To separate the 
S. boulardii supernatant from the culture, the centrifuge 
was run at 6000 rpm for 25 minutes at 4°C. In order to 
use cell-free supernatants in the biosynthesis of copper 
oxide nanoparticles (Sahib et al 2017).

Biosynthesis of CuO NPs using cell  
free supernatant 

S. boulardii used copper sulfate as the precursor 
for the production of CuO NPs. To the cell free super-
natant, which had already mixed, copper sulfate was 
added at a concentration of 1mM. The resulting solu-
tions were incubated for 24 hours at 37° C in a shaking 
incubator at 150 rpm. After incubation, the reaction 
mixture was centrifuged at 6000 rpm for 25 min. at 
4°C to remove the supernatant. The supernatant was 
then replaced with deionized distill water, and the 
centrifugation process was repeated three more times 
under the same conditions to remove any remaining 
supernatant. The pellet-shaped collection of nanopar-
ticles was then dried in an oven at 40°C for 18 to 24 
hours. The dried powder was carefully gathered and 
kept in storage for additional analysis. (Harishchan-
dra et al 2021).

Characterization of CuO nanoparticles 
CuO NPs were characterized using X-ray diffrac-

tion and UV visible spectroscopy. In the electron mi-
croscopy unit, SEM was utilized to characterize the 
morphology of nanoparticles. The microscope func-
tioned with variable magnifications, low vacuum, a 
spot size of 4, and working distances of 5–10 mm at an 
accelerated voltage of 15 KV (Shafaghat, 2015). Utiliz-
ing Bruker EDS coupled with SEM, elemental analysis 

of a single particle was performed. EDS was utilized to 
do a point analysis with an accelerating voltage of 10 
KV, a spot size of 5, and working distances of 10 mm 
(Shirley & Jarochowska 2022). The CuO NPs were 
characterized using AFM. The FTIR spectrophotome-
ter was used to measure the synthesized formulations’ 
transmittance.

Antibacterial activity of CuO nanoparticles 
Biogenic CuO NPs’ antibacterial activity was deliv-

ered via agar well diffusion against several pathogenic, 
multi-drug resistant gram positive and gram negative 
bacteria isolated from diabetic foot infections. Each 
tested bacterium was suspended to the McFarland stan-
dard (0.5N) and then swabbed separately onto sterile 
Muller-Hinton Agar (MHA) plates. Agar was pierced 
with a 7 mm sterilized cork borer, and 100 l of biogenic 
CuO NPs were added to each well at various concentra-
tions (50, 100, and 200 g/ml), which were then incubat-
ed for 24 hours at 37 °C. The inhibitory zones were then 
quantified (Rajeshkumar and Malarkodi, 2014).

Antibiofilm activity of CuO nanoparticles 
For a quantitative evaluation of biofilm production 

and antibiofilm activity by nanoparticles, the Tissue 
Culture Plate Method or Microtiter Plate Method was 
employed as the gold standard test for biofilm detec-
tion. (Barapatre et al 2016).

Antioxidant activity of biogeneic copper 
oxide nanoparticles in vitro 

The ability of the extracts to scavenge free radicals 
was assessed using the DPPH (2,2-diphenyl-1-picryl-
hydrazyl). In methanol, the DPPH solution (0.006% 
w/v) was created. 96-well plates are used. 200 L of 
freshly made DPPH solution was added to the control 
well, 200 L of methanol was added to the blank well, 
100 L of ZnO NPs (1 mg/ml, 0.5 mg/ml, 0.25 mg/ml, 
0.12 mg/ml) were added to each well’s DPPH solution, 
and the final volume was 200 L. After 30 minutes of 
incubation in the dark, discoloration was measured 
at 517 The control was DPPH solution.Using the fol-
lowing equation, the percentage of DPPH free radical 
scavenging was determined: 

DPPH scavenging impact (%) = (Ao –A1) / Ao X 100

where A1 represents the absorbance in the presence of 
the CuO NPs and Ao represents the absorbance in the 
control. (Goyal et al 2010).
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RESULTS AND DISCUSSION

Biosynthesis of CuO NPs
The extracellular production of CuO NPs by Sac-

charomyces boulardii was demonstrated utilizing cell 
free supernatant and zinc acetate (1Mm) as a precur-
sor. The free cell supernatant of S. boulardii has the 
capacity to alter the color of the reaction mixture after 
24 hours of shaking incubation at 37°C and 150rpm, 
which indicates as an indicator for the biosynthesis of 
the CuO NPs. The microbial cell secretes reductases 
that are used in the bio reduction of metal ions into the 
appropriate NPs during the extracellular creation of 
nanoparticles. (Ovais et al., 2018). The antibacterial 
behavior and the reaction mixture’s color change from 
light to dark after 150 rpm incubation were indicators 
that S. bularedii was responsible for the CuO NPs’ bio-
genesis. Because of its reproducibility and adaptabili-
ty, the biological technique was used. This process is 
quite controlled since it enables some degree of sur-
face charge and particle size control (Yien et al., 2012). 
Numerous investigations have suggested that the cre-
ation of metal nanoparticles involves NADH and NA-
DH-dependent enzymes. It appears that the reduction 
was initiated by the NADH-dependent reductase act-
ing as an electron carrier to transfer electrons from the 
NADH (Ranganath et al., 2012; Joerger et al., 2000). 
The morphology depends on a number of chemical 
and physical factors, including incubation time, pH, 
composition of the culture medium and growth in the 
light or dark (Durán et al., 2011). 

UV-visible Spectroscopy
In the analysis of CuO NPs with Uv-vis spectro-

photometry, absorption peak was observed at 537.93 
nm wavelength, indicating the presence of CuO NPs 
in the reaction solution, figure (1).

Visual inspection and UV-vis spectroscopy mea-
surements of the surface plasmon resonance (SPR) 
band can both attest to the biosynthesis of nanopar-
ticles. Nanoparticles’ single SPR band demonstrates 
their spherical shape. (Abdulhassan, 2016).

XRD analysis of nanoparticles 
The XRD showed that, S. boulardii produced CuO 

NPs with average crystal size 14.65 nm, Figure (2).
X-ray diffraction pattern of CuO NPs synthesized 

extracellularly by S. boulardii showed intense peaks at 
2θ corresponding to around the lattice planes indexes, 
Table (1).

Table (1
Lattice planes resulted by the CuO NPs that correspond to the 
Tenorite, CuO syn, Monoclinic standard card (PDF#45-0937).

h k l index
Source of CuO NPs

S. boulardii
002 35.091 (2θ)
111 40.999 (2θ)
020 53.842 (2θ)
202 56.55 (2θ)
113 67.945 (2θ)
004 75.433 (2θ)

 
Figure (1): UV-visible spectroscopy analysis of CuO NPs synthesis by S. bularedii
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Their crystalline structure is revealed by the peaks’ 
sharpness in the XRD spectrum (Yallappa et al 2013). 
Raza et al. (2016) used the concept of active facets to 
describe the shape-dependent antibacterial activity of 
nanoparticles. They discovered that facets with a high 
atom density, such those with a 111, have a high anti-
bacterial activity. The outcome of the current study is 
in excellent accord with the nanoparticle XRD finding. 

CuO NPs have a noticeable peak with 111 facets. The 
sample’s shaped nanoparticles have a large number of 
facets (111), which boosts their antibacterial activity.

SEM analysis of CuO NPs 
The SEM results showed well-dispersed nanoparti-

cles and homogenous with size average (16.03 nm) for 
CuO NPs, with spherical form, Figure (3).

 
Figure (2) reveals the XRD pattern and quantitative analysis of the sample CuO NPs as synthesized by S. boulardii. The XRD of the 
NPs formed diffraction peaks that correspond to the Tenorite, CuO syn, Monoclinic standard card (PDF#45-0937).

 
Figure (3): SEM micrograph of biogenic CuO NPs. Size average (16.03 nm).
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The SEM used to define the shape and size of bio-
genic nanoparticles, CuO NPs irregular tiny spherical 
shape, this result agreement with the results of Zhao 
et al (2022)

EDS analysis of nanoparticles 
CuO NPs made with S. bularedii underwent EDS 

spectroscopy investigation, which proved the exis-
tence of elemental copper based on the signals. The 
nanoparticles showed a peak in the EDS spectrum as 
a result of the absorption of copper oxide nanocrys-
tallites that correspond to SPR. The element that was 
seen was copper, and other elements including oxy-
gen, sodium, chloride, sulfur, and carbon were also 
taken into consideration. This imply that they were 
combined precipitates from the centrifuged superna-
tant/metal solution and comprise an essential com-
ponent in the structural proteins of microorganisms 
(Bukhari et al 2021). Cu’s weight percentage of the ele-
ments was 13.9%, and oxygen’s weight percentage was 
16.4%. Figure (4), Table (2).

 
Figure (4): EDS analysis (point and mapping) of biogenic CuO 
NPs: the optical absorption peak of Cu was observed at 3Kev, 
the weight percentage of copper (13.9%) and oxygen was 
(16.4%).

Table (2)
Elemental analysis of CuO NPs nanocomposite

Elements Wt %
C 46.4
O 16.4
Cu 13.9
Na 9.0
Cl 8.7
S 5.5

AFM analysis of nanoparticles 
Atomic force microscope (AFM) analysis seemed, S. 

boulardii produced CuO NPs with average diameter 41.11 
nm and average roughness 10.19 nm, Figures (5, 6).

 
Figure (5) AFM analysis shows three-dimension image, and to-
pography of biogenic CuO NPs synthesis by S. bularedii 

 

Figure (6) Granularity and accumulation distribution chart of 
biogenic CuO NPs synthesis by S. bularedii

CuO NPs were shown in three dimensions by AFM 
analysis, and the typical diameter of CuO NPs derived 
from S. boulardii was 41.11 nm. This result may be 
attributed to differences in the bio-reduction that may 
be return to the qualitative and quantitative of extra-
cellular protein/enzyme and other biomolecules that 
offered in the culture of each microorganism, in ad-
dition to their ability of interaction with precursor for 
synthesized nanoparticles. Nanoparticles amalgama-
tion was better in terms of quality; minimum size and 
less polydispersity, with S. bularedii (copper sulfate) 
(Chaudhari, et al 2012).

FTIR analysis of nanoparticles 
The FTIR spectrum shows various functional 

groups present at different positions, the wavenum-
ber started from 400 cm-1 to 4000 cm-1 and peaks 
below 1500 cm-1 called fingerprinting region, peaks 
above 1500 cm-1 called diagnostic region (Onysz-
ko et al 2022). The CuO NPs synthesized by S. bu-
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laredii exhibited prominent peaks at 3428 cm-1,  
2933 cm-1, 1654 cm-1, indicate the presence of 
O-H stretching, C-H stretching vibration of alkane 
groups and C=C stretching (alkene) respectively, 
figure (7). These results agreement with (Zhao et 
al 2022).

Antibacterial activity 
The results demonstrated that both gram positive 

and gram negative bacteria can grow more slowly when 
exposed to CuO NPs. Gram negative bacteria had a 
larger inhibitory zone than gram positive bacteria. At 
a concentration of 200 g/ml, CuO NPs produced by 
S. bularedii exhibited the strongest inhibition against 
P. mirabilis (240.8) and the lowest inhibition against 
S. aureus (180.4). This supports (Ali et al 2021). The 

investigation also revealed notable variations between 
the various doses at (P ≤ 0.05), Table (3).

By way of an adsorption process, metal oxide NPs 
typically permeate into bacterial cells and release met-
al ions that cause DNA damage and produce ROS ox-
ide NPs. As a result, the surface area of bacterial cells 
considerably increased and interacted with intracel-
lular enzymes (Siddiqi & Husen 2018). According to 
Wang et al. (2018) and Fein et al. (2019), biopolymer 
comprises carboxyl and amine groups, and copper 
typically interacts with those functional groups on the 
bacterial cell surface (Sharma et al 2012). CuO NPs 
have strong antibacterial activity because of the ionic 
nature and surface charge of Cu (Azam et al. 2012), 
which interacts with several functional groups on the 
cell surface. (Shirzadi‐Ahodashti et al 2020).

 

 Figure (7): Fourier-transform infrared spectroscopy (FTIR) spectra of CuO NPs synthesized by S. bularedii

Table (3)
Antibacterial activity of the CuO NPs synthesis by S. bularedii against the tested bacteria as demonstrated by diameters of the 
inhibition zone (mm).

(A) (D)
 (B)

(C)(µg/ml) 

Inhibition zone (mm) (Mean±S.D)
S. bularedii

50 100 200

CuO NPs

S. aureus 16±1.6 17±0.4 18±0.4
E. coli 17±1.4 20±0.2 22±1.1
P. aeruginosa 10±1.0 18±1.1 23±1.6
K. pneumonia 16±1.6 18±0.7 22±1.3
P.mirabilis 18±1.2 20±1.3 24±0.8

LSD(0.05)(A*B*C*D)=1.992
A: type of nanoparticles
B: S. bularedii used for synthesized nanoparticles
C: Concentration of nanoparticles
D: pathogenic bacteria
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Antibiofilm activity of copper oxide 
nanoparticles 

The quantitative measurement of biofilm produc-
tion is done using the microtiter plate method (Peer-
zada et al 2022). We selected one isolate from Gram 
positive bacteria and one from Gram negative bacteria 
from earlier research since all of the isolates produced 
biofilm. Different doses of Biogenic CuO NPs were in-
vestigated for anti-biofilm action against two bacterial 
strains, including (S. aureus and P. mirabilis). Based 
on earlier studies (Panda et al. 2016; Sultan & Nabiel, 
2019), biofilm formation was computed and classified 
as strong, moderate, or non/weak. In this study, the 
production of biofilms decreased with increasing con-

centrations of CuO NPs, with (1024 g/ml) concentra-
tion showing the maximum inhibition and (4 g/ml) 
showing the lowest inhibition., Table (4,5).

Additionally, the study demonstrated that there 
were differences in biofilm formation caused by S. bu-
laredii-produced nanoparticle concentration and their 
impact on S. aureus and P. mirabilis at a significant 
level of (P 0.05). table (6).

Nanoparticles may be altered gene the expression 
relating to biofilm formation, as consequence they af-
fect on microcolony formation and biofilm maturation 
.This lead to nanoparticles could be used for prevention 
and treatment of biofilm-related infections (González 
et al 2015; Schmidt et al 2017; Hassan, 2018).

Table (4)
Effect of CuO NPs from S.bularedii on S. aureus biofilm

 

ODcontrolinhibition%ODstrongeinhibition%ODmoderateinhibition%ODnon/weak
0.268control0.070.2674 μg/ml33.970.17716 μg/ml98.650.0041024 μg/ml

0.000.2682 μg/ml29.930.1888 μg/ml96.490.009512 μg/ml
94.360.015256 μg/ml
85.580.039128 μg/ml
80.010.05464 μg/ml
66.550.0932 μg/ml

Table (5)
Effect of CuO NPs from S.bularedii on P.mirabilis biofilm

 

ODcontrolinhibition%ODstrongeinhibition%ODmoderateinhibition%ODnon/weak
0.280control1.140.2768 μg/ml50.460.13964 μg/ml98.140.0051024 μg/ml

0.290.2794 μg/ml41.130.16532 μg/ml97.820.006512 μg/ml
0.290.2792 μg/ml32.190.19016 μg/ml94.030.017256 μg/ml

73.710.074128 μg/ml

Table (6)
Prevention of multiple drug resistant bacterial biofilm formation by action of CuO NPs synthesis by S. bularedii.

(A)
(B)

Inhibition biofilm formation (%) Mean±S.D
S. bularedii

 (D)
(C) (µg/ml) S. aureus P. mirabilis

CuO NPs

Control 0.00±0.0 0.00±0.0
2 0.04±0.001 0.14±0.01
4 0.07±0.002 0.29±0.02
8 29.90±2.5 1.14±0.1
16 34.00±2.1 32.20±0.3
32 66.60±3.8 41.10±0.7
64 80.00±3.4 50.50±2.6
128 85.60±1.6 73.70±2.2
256 94.40±1.7 94.00±3.7
512 96.50±2.0 97.80±3.9
1024 98.70±1.3 98.10±4.1

LSD(0.05)(A*B*C*D)=0.909
A: type of nanoparticles
B: S. bularedii used for synthesized nanoparticles
C: Concentration of nanoparticles
D: pathogenic bacteria
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Antioxidant activity of biogenic CuO NPs
The ability of nanoparticles to scavenge DPPH free 

radicals was demonstrated in the study by examining the 
transformation of DPPH from its original (purple) hue 
to its current (yellow) color. With higher concentrations, 
CuO NPs become more effective at scavenging DPPH 
free radicals. The lowest inhibition was at a dosage of 
0.12 mg/ml, whereas the highest inhibition was at 1 mg/
ml. Additionally, the study found that there were sub-
stantial variations in the amounts of CuO NPs produced 
by S. bularedii (p 0.05). According to the table (7).
Table (7)
Antioxidant activity of CuO NPs nanoparticles synthesized by  
S. bularedii, and influence of different concentration.

(A)
 (B)

(C) mg /ml

Scavenging percentage (%) 
Mean±S.D
S. bularedii

CuO NPs

Control 0.00±0.00
1 72.44±4.71
0.5 71.76±5.09
0.25 70.80±3.00
0.12 69.16±2.75

LSD(0.05)(A*B*C) =0.429
A: type of nanoparticles
B: S. bularedii used for synthesized nanoparticles
C: Concentration of nanoparticles

Inhibition titer it varies from one type of nanopar-
ticles to another, due to a donated electron and ac-
cepts by DPPH (Kanipandian et al 2014; Bhakya et 
al 2015).
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Abstract 
Objective: Saccharomyces boulardii, a probiotic, is used in the 
current study’s manufacture of zinc oxide nanoparticles with 
the aim of assessing their biological activity. Due to its advan-
tages over the chemical and physical techniques of synthesis 
in terms of affordability and environmental friendliness, the 
biological way of creating nanoparticles is becoming increas-
ingly relevant. Methods: Zinc acetate was added at a dose 
necessary to biosynthesize ZnO NPs from S. boulardii’s cell-
free supernatant (1 mM). Results: An evidence that S. bularedii 
was responsible for the reaction mixture’s color change from 
light to dark after 150 rpm of incubation was the color change 
and antibacterial behavior. Atomic force microscopy, scanning 
electron microscopy, energy dispersive spectroscopy, ultravi-
olet-visible spectroscopy, and X-ray diffraction (XRD) all con-
tributed to the completion of the characterisation (AFM). The 
spectra of the ZnO NPs produced in the reaction mixture using 
UV-visible spectroscopy were (343.75 nm). The XRD showed 
that ZnO NPs’ crystal size was (13.31 nm). The SEM was provid-
ed; the shape was uniform and spherical, and the average size 
(24.61 nm). EDS was used to analyze the presence of elemental 
ZnO NPs. ZnO NPs’ three-dimensional structure was seen us-
ing AFM, and their average diameter was (62.89 nm). The FTIR 
spectrum reveals a variety of functional groups that are present 
at various locations.
Gram positive and gram negative bacteria that were isolated 
from diabetic foot infections were multidrug resistant (MDR), 
and biosynthesized ZnO NPs demonstrated antibacterial action 
against these bacteria. (Staphylococcus aureus, Escherichia coli, 
Klebsiella pneumoniae, Pseudomonas aeruginosa and Proteus 
mirabilis). All of the studied bacterial isolates showed the ability 
to produce biofilms in the form of nanoparticle-treated biofilms 
on microtiter plates. When pathogenic bacteria were treated 

with ZnO NPs, this ability was stopped and eliminated. The 
ZnO NPs (1 mg/ml, 0.5 mg/ml, 0.25 mg/ml, and 0.12 mg/ml)  
demonstrated their antioxidant ability in vitro by scavenging 
DPPH free radicals. The combination of DPPH and biogenic 
ZnONPs at concentration 1 mg/ml showed the highest inhibi-
tory titer (73.79%).
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Antimicrobial, Antioxidant Activity.
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INTRODUCTION 
For diabetic patients, diabetic foot infections 

(DFIs) are a significant clinical and cost burden (Veve 
et al 2022). One of the most dreaded effects of diabe-
tes are DFIs, which can develop quickly into perma-
nent septic gangrene and need foot amputation. Up 
to 70% of all limb amputations are performed on dia-
betics, who also have a 25 times higher risk of losing 
a leg than persons without the condition (Singh et al 
2005). Non-pathogenic yeast Saccharomyces boulardii 
has been used for a long time as a probiotic agent to 
prevent or cure a number of gastrointestinal diseases 
in humans, including antibiotic-associated diarrhea 
(Dahiya & Nigam, 2022). In order to manufacture na-
no-sized particles, nanobiotechnology combines bio-
logical principles with physical and chemical methods 
(1-100nm) It offers a practical substitute for expensive 
chemical and physical ways of producing nanoparti-
cles with precise functionality. Based on fundamental 
traits including scale, distribution, and shape, nanopar-
ticles can have new or changed features. Applications 
for NPs and nanomaterials are being developed more 
often (Begum et al 2022). Because of its numerous 
uses in biotechnology and bioengineering as antibac-
terial, antifungal, antioxidant, and tools for preventing 
the formation of biofilms, zinc oxide nanoparticles 
(ZnO NPs) have drawn significant interest (Zhang et 
al 2022). In order to explore the antibacterial, antibio-
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film, and antioxidant properties of ZnO NPs utilizing 
S. boulardii species, the current study was created.

EXPERIMENTAL 

Preparation supernatant of S. boulardii 
Saccharomyces boulardii was carefully select-

ed from a variety of yeast species based on its resis-
tance to industrial ZnO NPs and its capacity to pro-
duce ZnO NPs extracellularly (in the supernatant). S. 
boulardii was injected into Sabouraud dextrose broth 
(SDB), which was then incubated for 24 hours at 37°C. 
For 25 minutes at 4°C and 6000 rpm, the culture was 
centrifuged to separate the S. boulardii supernatant. 
It was decided to create cell-free supernatants for the 
production of zinc oxide nanoparticles. (Mohd Yusof 
et al 2020).

Biosynthesis of ZnO NPs  
using cell free supernatant 

S. boulardii used zinc acetate as the precursor for 
the production of ZnO NPs. To the cell-free super-
natant, zinc acetate was added at a concentration of 
1 mM and stirred. The resulting solutions were incu-
bated for 24 hours at 37° C in a shaking incubator at 
150 rpm. After incubation, the reaction mixture was 
centrifuged at 6000 rpm for 25 min. at 4°C to remove 
the supernatant. The supernatant was then replaced 
with deionized distill water, and the centrifugation 
process was repeated three more times under the 
same conditions to remove any remaining superna-
tant. The pellet-shaped collection of nanoparticles 
was then dried in an oven at 40°C for 18 to 24 hours. 
The dry powder was carefully gathered and kept in 
storage for additional investigation. (Ramesh et al 
2021).

Characterization of ZnO nanoparticles 
Visible UV ZnO NPs were characterized using 

X-ray diffraction and spectroscopy. In the electron 
microscopy unit, SEM was utilized to characterize the 
morphology of nanoparticles. The microscope func-
tioned with variable magnifications, low vacuum, a 
spot size of 4, and working distances of 5–10 mm at an 
accelerated voltage of 15 KV (Shafaghat, 2015). Utiliz-
ing Bruker EDS coupled with SEM, elemental analysis 
of a single particle was performed. EDS was utilized 
to do a point analysis with an accelerating voltage 
of 10  KV, a spot size of 5, and working distances of 

10 mm (Shirley & Jarochowska 2022). The ZnO NPs 
were characterized using AFM. The FTIR spectropho-
tometer was used to measure the synthesized formula-
tions’ transmittance.

Antibacterial activity of ZnO nanoparticles 
Biogenic ZnO NPs’ antibacterial activity was deliv-

ered by agar well diffusion against several pathogenic, 
multi-drug resistant gram positive and gram negative 
bacteria isolated from diabetic foot infections. Each 
tested bacterium was suspended to the McFarland 
standard (0.5N) and then swabbed individually onto 
sterile Muller-Hinton Agar (MHA) plates. Agar was 
pierced with a 7 mm sterilized cork borer, and 100 l of 
biogenic ZnO NPs were added to each well at various 
concentrations (50, 100, and 200 g/ml), which were 
then incubated for 24 hours at 37 °C. The inhibitory 
zones were then quantified. (Rajeshkumar and Ma-
larkodi, 2014).

Antibiofilm activity  
of zinc oxide nanoparticles 

As the gold standard test for biofilm formation 
detection, we employed the Tissue Culture Plate Ap-
proach or Microtiter Plate Method. This method 
allowed us to quantitatively evaluate biofilm devel-
opment and antibiofilm activity by nanoparticles. 
(Barapatre et al 2016).

Antioxidant activity of biogeneic  
zinc oxide nanoparticles in vitro 

The capacity of the extracts to scavenge free radicals 
was assessed using the DPPH (2,2-diphenyl-1-picryl-
hydrazyl). In methanol, the DPPH solution (0.006% 
w/v) was created. 96-well plates are used. 200 L of 
freshly made DPPH solution was added to the control 
well, 200 L of methanol was added to the blank well, 
100 L of ZnO NPs (1 mg/ml, 0.5 mg/ml, 0.25 mg/ml, 
0.12 mg/ml) were added to each well’s DPPH solution, 
and the final volume was 200 L. After 30 minutes of 
incubation in the dark, discoloration was measured at 
517 The control was DPPH solution.

Using the following equation, the percentage of 
DPPH free radical scavenging was determined: 

 DPPH scavenging impact (%) = (Ao –A1) / Ao X 100

Where Ao was the absorbance of the control and 
A1 was the absorbance in the presence of the ZnO NPs 
(Goyal et al 2010).
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RESULTS AND DISCUSSION

Biosynthesis of zinc oxide nanoparticles 
The extracellular production of ZnO NPs by Sac-

charomyces boulardii was demonstrated utilizing cell 
free supernatant and zinc acetate (1Mm) as a precur-
sor. The free cell supernatant of S. boulardii is able 
to alter the color of the reaction mixture after being 
incubated for 24 hours at 37°C and 150 rpm while 
being shaken, which serves as an indication for the 
biosynthesis of ZnO NPs. The microbial cell secretes 
reductases that are used in the bio reduction of metal 
ions into the appropriate NPs during the extracellu-
lar creation of nanoparticales (Ovais et al., 2018). The 
antibacterial behavior and the reaction mixture’s col-
or change from light to dark after 150 rpm incubation 
provided as evidence that S. bularedii was responsi-
ble for the ZnO NPs’ production. In contrast to the 
cell, where the components in the cytoplasm would 
strive to maintain a steady environment and call for 
more purification, the environment of the culture su-
pernatant may be simply improved. Therefore, rather 
of using cells themselves, supernatant may be utilized 
to make zinc oxid nanoparticles (Bahrulolum et al., 
2021). Numerous investigations have suggested that 
the creation of metal nanoparticles involves NADH 
and NADH-dependent enzymes. It appears that the 
reduction was initiated by the NADH-dependent re-
ductase acting as an electron transporter to transfer 
electrons from the NADH (Ranganath et al., 2012; 
Joerger et al., 2000). The morphology depends on a 
number of chemical and physical factors, including 
incubation period, pH, the makeup of the culture me-

dia, and whether the organism grows in the light or 
the dark. (Durán et al., 2011). 

UV-visible Spectroscopy
When ZnO NPs were analyzed using UV-vis spec-

trophotometry, an absorption peak at 343.75 nm 
wavelength was seen, showing that ZnO NPs were 
present in the reaction solution. figure (1).

Visual inspection and UV-vis spectroscopy mea-
surements of the surface plasmon resonance (SPR) 
band can both attest to the biogenesis of nanoparticles. 
Nanoparticles’ single SPR band demonstrates their 
spherical form. (Abdulhassan, 2016).

XRD analysis of nanoparticles 
S. boulardii formed ZnO NPs with average crystal 

sizes of 13.31 nm, according to the XRD, figure (2).
Intense peaks at 2 corresponding to about the 

lattice plane indices were seen in the X-ray diffrac-
tion pattern of ZnO NPs produced extracellularly by 
S. boulardii, Table (1).
Table (1)
Lattice planes resulted by the ZnO NPs that correspond to the 
ZnO, Hexagonal standard card (PDF#36-1451).

h k l index
Source of ZnO NPs

S. boulardii
100 31.409 (2θ)
002 34.055 (2θ)
101 35.916 (2θ)
102 47.218 (2θ)
110 56.271 (2θ)
103 62.578 (2θ)
112 67.66 (2θ)

 
Figure (1): UV-visible spectroscopy analysis of ZnO NPs synthesis by S. bularedii
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Their crystalline structure is shown by the peaks’ 
sharpness in the XRD spectrum (Yallappa et al 2013). 
The ZnO NPs biosynthesized from S. boulardii were 
13.31 nm in size, which is different from the typical 
size ranges shown in (Loganathan, et al., 2021) by 
64.74 nm.

SEM analysis of ZnO NPs 
The SEM findings revealed well-dispersed nanopar-

ticles and homogeneous ZnO NPs with an average size 
of 24.61 nm and spherical shape (Figure) (3). 

In accordance with the findings of Dobrucka & 
Dugaszewska, biogenic ZnO NPs were agglomerated 

 
Figure (2) reveals the XRD pattern and quantitative analysis of the sample ZnO NPs as synthesized by S. boulardii. The XRD of the 
NPs formed diffraction peaks that correspond to the ZnO, Hexagonal standard card (PDF#36-1451).

 
Figure (3): SEM micrograph of biogenic ZnO NPs. The shape of ZnO NPs was spherical and homogenous, Size average (24.61 nm).
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with a spherical shape using the SEM to define the 
shape and size of the nanoparticles.

EDS analysis of nanoparticles 
The presence of elemental zinc oxide indicated that 

S. boulardii supernatant had reduced the zinc ions in 
the mixture. Strong signals from the Zn atoms, medi-
um signals from oxygen, and weaker signals from oth-
er elements were seen in the EDS spectrum that was 
captured in point and map mode. Zn had an elemental 
component weight percentage of 82.9% and an oxygen 
content of 9.8% (Figure (4), Table) (2).

 

Figure (4): EDS analysis (point and mapping) of biogenic zinc 
oxide nanoparticles: Illustrated strong signals from the Zn, me-
dium signal from O2, the optical absorption peak of Zn was 
observed at 3Kev, the weight percentage of zinc (82.9%).

Table (2)
Elemental analysis of ZnO NPs nanocomposite

Elements Wt %
Zn 82.9
O 9.8
C 6.4
S 0.8

The incident ZnO NPs were measured using (EDS) 
analysis by looking at the optical absorption peaks of the 
zinc oxide components. The presence of elemental zinc 
demonstrated that ions were reduced throughout the 
microorganism’s response. Strong signals from the NPs 
atoms were seen in the EDS spectra when it was captured 
in spot-profile mode, compared to medium signals from 
oxygen and weaker signals from other atoms. The out-
come was comparable with (Caroling et al 2013).

AFM analysis of nanoparticles 
S. boulardii generated ZnO NPs with an average di-

ameter of 62.89 nm and an average roughness of 6.025 
nm, according to atomic force microscope (AFM) ex-
amination (Figure) (5, 6).

 

Figure (5) AFM analysis shows three-dimension image, and to-
pography of biogenic ZnO NPs synthesis by S. bularedii 

 

Figure (6) Granularity and accumulation distribution chart of 
biogenic ZnO NPs synthesis by S. bularedii

ZnO NPs’ three-dimensional forms were revealed 
by AFM examination, and the average diameter of 
ZnO NPs derived from S. boulardii was 62.89 nm. 
This result may be attributed to differences in the 
bio-reduction that may be return to the qualitative 
and quantitative of extracellular protein/enzyme and 
other biomolecules that offered in the culture of each 
microorganism, in addition to their ability of inter-
action with precursor for synthesized (Zinc acetate). 
Nanoparticles amalgamation was better in terms of 
quality; minimum size and less polydispersity, with 
S. bularedii (Chaudhari, et al 2012).

Fourier Transform Infrared Spectroscopy 
(FTIR) analysis of nanoparticles

The FTIR spectrum displays distinct functional 
groups at various places; the wavenumber ranges from 
400 cm-1 to 4000 cm-1, and the peak areas below and 
above 1500 cm-1 are referred to as the fingerprinting 
region and diagnostic region, respectively (Onyszko 
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et al 2022). Figure 7 shows the diagnostic area for the 
ZnO NPs produced by S. bularedii, which includes 
broad band peaks at 3448 cm-1 for O-H stretching, 
2923 cm-1 for C-H stretching vibration of alkane 
groups, 2343 cm-1 for C-C stretching, and 1637 cm-1 
for C-C stretching (alkene). These findings are consis-
tent with (Kaschner et al 2002)

Antibacterial activity 
The results demonstrated that both gram positive 

and gram negative bacteria can grow more slowly 
when exposed to ZnO NPs. Gram negative bacte-
ria had a larger inhibitory zone than gram positive 
bacteria. At a concentration of 200 g/ml, ZnO NPs 
produced by S. bularedii exhibited the maximum in-
hibition against P. mirabilis (22 2.8) and the lowest 
impact against P. aeruginosa (17 3.1). These results 

are in accordance with (Dobrucka & Dugaszewska 
2016). The investigation also revealed (P 0.05), Table 
significant differences between the various concen-
trations (3).

ZnO nanoparticles, according to (Divya et al 
2013), damage bacterial membranes most likely by 
producing reactive oxygen species including super-
oxide and hydroxyl radicals. This is dependent on the 
type of surface that certain bacteria have. Additionally, 
according to reports, the antibacterial activity is influ-
enced by the kind of surfactant utilized as well as the 
ZnO nanoparticle concentration. Additionally, ZnO 
nanoparticles may have caused bacterial cell mem-
brane disruption and expulsion of cytoplasmic con-
tents, which led to the death of the bacteria (Divyapri-
ya et al 2014).

 
Figure (7): Fourier-transform infrared spectroscopy (FTIR) spectra of ZnO NPs synthesized by S. bularedii

Table (3)
Antibacterial activity of the ZnO NPs synthesis by S. bularedii against the tested bacteria as demonstrated by diameters of the 
inhibition zone (mm).

(A) (D)
 (B)

(C)(µg/ml) 

Inhibition zone (mm) (Mean±S.D)
S. bularedii

50 100 200

ZnO NPs

S. aureus 16±1.1 16±1.9 20±0.4
E. coli 17±0.6 18±1.8 20±0.2
P. aeruginosa 12±0.8 16±0.2 17±3.1
K. pneumonia 17±0.3 18±0.7 20±3.0
P.mirabilis 15±0.7 18±1.1 22±2.8

LSD(0.05)(A*B*C*D) =1.992
A: type of nanoparticles
B: S. bularedii used for synthesized nanoparticles
C: Concentration of nanoparticles
D: pathogenic bacteria
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Antibiofilm activity  
of zinc oxide nanoparticles 

The quantitative measurement of biofilm produc-
tion is done using the microtiter plate technique (Peer-
zada et al 2022). We selected one isolate from Gram 
positive bacteria and one from Gram negative bacte-
ria from earlier study since all of the isolates produced 
biofilm. Different doses of biogenic ZnO NPs were in-
vestigated for anti-biofilm action against two bacteri-
al strains, including (S. aureus and P. mirabilis). Based 
on earlier studies (Panda et al. 2016; Sultan & Nabiel, 

2019), biofilm formation was computed and classified 
as strong, moderate, or non/weak. In this study, the de-
velopment of biofilms decreased as ZnO NP concentra-
tion increased; the strongest inhibition was at a concen-
tration of (1024 g/ml), and the lowest inhibition was at 
a concentration of (4 g/ml), Table (4, 5).

Additionally, the study demonstrated that there 
were variations in biofilm formation caused by S. bu-
laredii-produced nanoparticle concentration and their 
impact on S. aureus and P. mirabilis at a significant 
level of (P 0.05), as shown in the table (6).

Table (4)
Effect of ZnO NPs from S.bularedii on S. aureus biofilm

 

ODcontrolinhibition%ODstrongeinhibition%ODmoderateinhibition%ODnon/weak
0.245control0.000.2452 μg/ml50.220.12264 μg/ml97.190.0071024 μg/ml

48.590.12632 μg/ml96.250.009512 μg/ml
35.300.15916 μg/ml95.070.012256 μg/ml
23.970.1878 μg/ml51.730.118128 μg/ml
5.300.2324 μg/ml

Table (5)
Effect of ZnO NPs from S.bularedii on P.mirabilis biofilm

 

ODcontrolinhibition%ODstrongeinhibition%ODmoderateinhibition%ODnon/weak
0.270control0.000.2702 μg/ml52.710.12864 μg/ml97.700.0061024 μg/ml

35.320.17532 μg/ml95.440.012512 μg/ml
30.870.18716 μg/ml91.070.024256 μg/ml
13.900.238 μg/ml65.790.092128 μg/ml
13.570.2334 μg/ml

Table (6)
Prevention of multiple drug resistant bacterial biofilm formation by action of ZnO NPs synthesis by S. bularedii.

(A)

(B)
Inhibition biofilm formation (%) Mean±S.D

S. bularedii
 (D)

(C) (µg/ml) 
S. aureus P. mirabilis

ZnO NPs

Control 0.00±0.0 0.00±0.0
2 0.00±0.0 0.00±0.0
4 5.30±0.3 13.60±1.2
8 24.00±1.6 13.90±1.3
16 35.30±2.2 30.90±1.1
32 48.60±2.8 35.30±2.1
64 50.20±3.1 52.70±2.2
128 51.70±4.5 65.80±2.4
256 95.10±2.9 91.10±2.9
512 96.20±2.8 95.40±3.4
1024 97.20±2.1 97.70±3.1

LSD(0.05)(A*B*C*D) = 0.909
A: type of nanoparticles
B: S. bularedii used for synthesized nanoparticles
C: Concentration of nanoparticles
D: pathogenic bacteria
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Nanoparticles have the potential to change the ex-
pression of genes related to biofilm formation, which 
has an impact on the development of microcolonies 
and biofilms. The usage of these nanoparticles to cre-
ate biofilm-related illnesses might be prevented and 
treated (González et al. 2015; Schmidt et al. 2017; Has-
san, 2018).

Antioxidant activity of biogenic ZnO NPs
The capacity of nanoparticles to scavenge DPPH 

free radicals was demonstrated in the study by ex-
amining the transformation of DPPH from its orig-
inal (purple) hue to its current (yellow) color. With 
higher concentrations, ZnO NPs become more effi-
cient at scavenging DPPH free radicals. The lowest 
inhibition was at a dosage of 0.12 mg/ml, whereas the 
maximum inhibition was at 1 mg/ml. Additionally, the 
study found that there were substantial variations in 
the amounts of ZnO NPs produced by S. bularedii (p 
0.05). According to the table (7).

Table (7)
Antioxidant activity of nanoparticles synthesized by S. bularedii, 
and influence of different concentration.

(A)
 (B)

(C) mg /ml

Scavenging percentage (%) 
Mean±S.D
S. bularedii

ZnO NPs

Control 0.00±0.00
1 73.79±6.11
0.5 73.04±4.32
0.25 71.22±3.99
0.12 69.58±2.06

LSD(0.05)(A*B*C) =0.429
A: type of nanoparticles
B: S. bularedii used for synthesized nanoparticles
C: Concentration of nanoparticles

The level of inhibition changes from one type of 
nanoparticle to another owing to an electron dona-
tion and DPPH acceptance (Kanipandian et al 2014; 
Bhakya et al 2015).
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Abstract
Objective: This study evaluated the role of two-dimensional 
speckle tracking echocardiography (2D-STE) in evaluation of 
the LV systolic function in patients had CTO of LAD at 1 day as 
well as at 3 months after revascularization
Methodology: This prospective observational study included 100 
patients diagnosed by coronary angiography to have a chron-
ic complete occlusion of the left anterior descending artery. Per-
cutaneous coronary intervention (PCI) was performed. When the 
residual stenosis was less than 30% of the intraluminal diameter 
and thrombolysis in myocardial infarction (TIMI) grade III flow was 
achieved without any major complications, the operation was con-
sidered a success. Using speckle-tracking echocardiography was to 
measure global longitudinal strain and left ventricular functions. Fol-
low-up of patients was done at day 1 and 3 months later after PCI.
Results: Global longitudinal strain (GLS) and wall motion score 
index (WMAI) difference at baseline and follow-up shows a 
positive correlation with left ventricular ejection fraction (LVEF) 
changes at baseline and follow-up (p˂0.001). Mean baseline 
left ventricular end systolic volume (LVESV) was 58.22±11.65 
and follow-up LVESV was 50.60±14.07 with statistical difference 
(p=0.047). Mean value of baseline GLS (-14.26±0.93) and fol-
low-up GLS was (-15.66±0.92) (p˂0.001). Periprocedural com-
plications were contrast induced nephropathy in 3 %, cardiac 
tamponade 1 % and Emergency re-PCI 1 %
Conclusion: Revascularization via PCI to CTO of LAD can im-
prove LV function. These results of the study provide evidence 

to support the clinical use of 2D-STE to assess the early chang-
es of LV function. 
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Chronic Total Occlusions; Left Ventricular ejection fraction; Per-
cutaneous Coronary Intervention; Speckle tracking echocardi-
ography

Imprint
Mahmoud Shawky Abdelmoneum, Ahmed Mahmoud Sabry, 
Antoine Saad Anis, Heba Abdel Kader Mansour. Evaluation of 
Left Ventricular Function after Revascularization of Coronary 
Chronic Total Occlusion using Speckle Tracking Echocardiogra-
phy. Cardiometry; Special issue No. 25; December 2022; p. 51-
59; DOI: 10.18137/cardiometry.2022.25.5159; Available from: 
http://www.cardiometry.net/issues/no25-december-2022/eval-
uation-left-ventricular-function

Introduction
Chronic total occlusion (CTO) is a common finding 

in patients with coronary artery disease and is one of 
the most challenging targets of lesion recanalization for 
percutaneous coronary interventions (PCIs). [1] CTO is 
defined as the complete occlusion of a coronary artery, 
exhibiting TIMI 0 or TIMI 1 flow, with an occlusion 
duration of more than three months. The rationale for 
the revascularization of a coronary CTO is the possible 
improvement of left ventricular (LV) function via the 
recovery of hibernating myocardium. Revasculariza-
tion of CTO lesions by PCI reportedly lead to beneficial 
effects on symptoms, long-term survival, and incidence 
of coronary artery bypass grafting (CABG). However, 
mechanism of the beneficial effects of revascularization 
of CTO needs more studies and still remains unclear. 
An angle-independent assessment of myocardial strain 
is possible using two-dimensional speckle tracking 
echocardiography (2D-STE), which also gives in-depth 
knowledge of left ventricular (LV) myocardial con-
tractility. That’s why 2D-STE is the gold standard for 
detecting subtle deteriorations of contractility. These 
advantages of 2D-STE are useful for the detection of 
subclinical recovery of dysfunctional but viable myo-
cardium after revascularization of CTO – LAD. [2] 

Methodology
This prospective study included 100 patients and 

was conducted over 1 year period from December 
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2020 and December 2021 and was performed in Car-
diology Departments at Benha university Hospital 
and Maadi Military Hospital . All patients who had 
ischemic heart disease and diagnosed with coronary 
angiography as having chronic total occlusion of LAD 
vessel. Informed consent was taken from patients after 
full explanation of the purpose and nature of the study.

A chronic total occlusion (CTO) is defined as the 
complete occlusion of a coronary artery, with an oc-
clusion duration of more than three months. Patients 
with CTO with an estimated duration of less than 3 
months or an MI during the previous 30 days, patients 
had chronic kidney disease, Patients who has CTO 
of coronaries other than LAD, Patients with lost fol-
low up, Patients with non viable myocardium at the 
territory of LAD and patients who had CABG were 
excluded from the study. All patients included in the 
study were subjected to full medical history evalua-
tion with special focus on history of Diabetes melli-
tus (DM), Hypertension, dyslipidemia and Cigarette 
smoking.Clinical examination on admission with 
special focus on heart rate and rhythm, Systolic and 
diastolic blood pressures at the time of the study. 12-
lead resting surface electrocardiogram was done to all 
patients. Laboratory evaluation with special focus on 
Creatine phosphokinase (CK), Creatine phosphoki-
nase-myoglobin binding CK-MB and Troponin, Lipid 
profile, and Kidney function tests.

Conventional echocardiography examination was 
performed by an investigator according to the Ameri-
can Society of Echocardiography (ASE). [3] Two dimen-
sional transthoracic echocardiographic and Doppler 
studies evaluation was performed before discharge. 
Imaging was performed using 2.5MHz comprehensive 
two-dimensional cardiac ultrasound unit equipment; 
LV dimensions were measured with M-mode from 
the parasternal projections. Measurements included 
Intraventricular Septal thickness, posterior wall thick-
ness, LV diameter in end-systole and end-diastole. LV 
relative wall thickness (RWT) was calculated as (In-
traventricular Septal thickness + posterior wall thick-
ness)/LV diameter in end diastole. M-mode, 2-di-
mensional, and Doppler images were acquired during 
breath hold. Systolic LV function was assessed by trac-
ing the LV end-systolic volume and end-diastolic vol-
ume in the apical 4- and 2-chamber views. LV ejection 
fraction (LVEF) was calculated by using the biplane 
Simpson’s method. [3] Each patient’s Wall Motion Score 
Index (WMSI) was recorded as follows: 1 for normal, 

2 for hypokinesia, 3 for akinesia, and 4 for dyskine-
sia. We were able to calculate the overall wall motion 
score by adding up the scores of all of the individual 
segments (WMS). By dividing the total score for wall 
motion by 16, we were able to calculate the wall mo-
tion severity index. [4] 

Percutaneous coronary revascularization was per-
formed by highly experienced operators in the treat-
ment of CTO according to their standard practices via 
the femoral approach. The operation was considered 
successful when the residual stenosis was ≤30% of the 
intraluminal diameter, with TIMI grade III flow and 
no in hospital complications (death, acute myocardial 
infarction, or emergency coronary surgery). Dual anti-
platelet therapy (DAPT) was prescribed to all patients 
for at least 1 year after LAD stenting . PCI was done 
through antegrade technique: Antegrade wire esca-
lation technique (AWE) was done via drilling using 
pilot, Gaia, Fielder and miracle group of wires. AWE 
either done by sliding technique with Fielder group of 
wires or penetrating technique with ASAHI conquest 
and conquest pro wires. Antegrade dissection reentry 
was done with pilot and miracle wires.

Speckle tracking echocardiography was done ac-
cording to the American Society of Echocardiography 
(ASE). Strain is defined as the percentage change in 
the original dimensions of an item, strain rate (SR) de-
fined as the speed at which deformation occurs. [5] SR 
is calculated from the difference in velocities in two 
myocardial sites (v1 and v2) and divided by the dis-
tance (D) between them. When applied to left ventri-
cle, left ventricular deformation can be defined by the 
three normal strains (longitudinal, circumferential, 
and radial). Using (2D-STE) was to measure global 
longitudinal strain .The percentage of the LVEF was 
calculated by Simpson’s biplane method of discs. The 
2D echocardiography images were obtained from mul-
tiple views with frame rates of 30–90 frames/s. Digital 
data were stored and analyzed off-line. LV endocardial 
surface was traced manually, and the speckle tracking 
width was modified to cover the whole LV wall thick-
ness so as to obtain curves for the peak longitudinal 
strain (PLS) of: the inferior septum and lateral wall 
in the apical four-chamber view (4C-PLS); the inferi-
or and anterior walls in the apical two-chamber view 
(2C-PLS); and The inferior lateral and anterior septum 
in the apical three-chamber view (3C-PLS). LV glob-
al longitudinal systolic strain (GLS) was calculated by 
averaging the peak systolic values of the six LV walls. 
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All the echocardiographic studies were performed 
by one echocardiographer. Follow-up of patients was 
done at day 1 and 3 months later after PCI.

Ethics: Official permission was obtained from the 
Faculty of Medicine, Benha University, and Maadi 
military hospital. Approval from the ethical commit-
tee in the faculty of medicine (Institutional Research 
Board IRB).

Statistics: When applicable, data was statistically 
characterized using measures such as range, mean SD, 
median, number of instances, and percentages. The 
independent-samples Mann-Whitney U-test was used 
to compare quantitative variables between the research 
groups. The Chi square (2) test was used to compare 
the two sets of category variables. When the anticipat-
ed frequency was less than 5, an exact test was applied 
instead. To find optimal thresholds, ROC curves were 
produced. Since these were not normally distributed 
variables, we used the Spearman rank correlation equa-
tion to determine the degree of association between 
them. Values of probability (p values) lower than 0.05 
were regarded to be statistically significant. Microsoft 
Excel 2010 (Microsoft Corporation, New York, USA) 
and SPSS (Statistical Package for the Social Science) 
version 15 (SPSS Inc., Chicago, Illinois, USA) were 
used to compile all statistical data and results.

Results

General characteristics in both groups
The research comprised 100 patients, whose ages 

varied from 47 to 79 (with a mean of (58.55±7.98). The 
group consisted of 82% men and 18% women. Every 
patient had at least one risk factor, with diabetes being 
the most common (55.5%), followed by hypertension 
(53%), and smoking (52%). Patients had mean values 
of (184.85± 56.50), (54.1 ±11.66), (132.25± 22.17), and 
(193.07± 81.36) mg/dl for cholesterol, high density li-
poprotein (HDL), low density lipoprotein (LDL), and 
triglycerides (TG), respectively, according to their lip-
id profiles. At follow-up, the patients’ mean creatinine 
levels were 0.90 ±0.24, and they were using the same 
medications as before. (Table I) 

Characteristics of angiographic data
Most lesions were found in two vessels (51%) fol-

lowed by lesions in several vessels (26%) and a single 
vessel (23%). The LAD artery was completely blocked 
in every instance. The average J-CTO score in CTO 

vessels was 1.77±1.02. Antegrade wire escalation 
(AWE) was used in 87 cases, while antegrade dissec-
tion and reentry (ADR) was used in 13 cases. Time 
spent performing procedures averaged 77.2±5 18.22 
minutes. (Table II)

Clinical follow up of patients after 3 monthes
Continuing care for patients in the clinic after 3 

months, 8 patients were readmitted to the hospital 
for treatment of chest discomfort that had not been 
caused by any new angiographic abnormalities. Par-
oxysmal atrial fibrillation was found in 3 individuals, 
and one patient showed symptoms of heart failure. Pa-

Table (I)
Baseline Characteristics of Study Patients.
Baseline Characteristics of 

Study Patients 
n (%) Mean ±SD

Age (years) 58.55±7.98
Body Mass Index (BMI) 30.09±2.73
Male (82 %)
Female (18 %)
Risk factors for CAD
Smoking (52 %)
Dyslipidemia (48 %)
DM (55%)
Hypertension (53 %)
family history (22 %)
Past history of CAD (25%)
Canadian Cardiovascular classification 
score (CCS)
CCS ≥2 (61 %)
Medications
Aspirin (100%)
Clopidogrel (75%)
Beta Blockers (87 %)
Calcium Chanel Blockers (8 %)
ACEI or ARBS (90%)
Statins (84 %)
Laboratory investigation
Total cholesterol (mg/dl) 184.85±56.50
HDL (mg/dl) 54.1±11.66
LDL (mg/dl) 132.25±22.17
TG (mg/dl) 193.07±81.36
Creatinine (mg/dl) 0.90±0.24

ACEI, Angiotensin converting enzyme inhibitors; ARBs, Angio-
tensin receptor blockers; CAD, Coronary artery disease; CCS, 
Canadian cardiovascular classification score; DM, Diabetes mel-
litus; HDL, High density lipoprotein; LDL, Low density lipopro-
tein; TG, Triglycerides
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tients in the study did not suffer from any major ad-
verse events such as MI, stroke, or death. (Table III)
Table (III)
clinical follow-up after 3-months follow-up across groups

Clinical follow-up n=40 %
Readmission for ACS 8 8%
Arrythmias 3 3%
Heart failure 1 1%
Stroke/TIA 0 0
New Myocardial Infarction 0 0
Cardiac mortality 0 0

ACS, acute coronary syndrome; TIA, transient ischemic attack

Conventional echocardiography parameters 
at pre – procedural, day 1  
and after 3 months follow up

The outcomes of the echocardiographic examina-
tion showed that the pre-procedural mean LVEDV 
was 104±32.17 and the day 1 post-procedural mean 
LVEDV was 105±38.85, with no significant difference 
between the two results. Although there was no sig-
nificant difference between the pre-procedural mean 
LVESV of 61.52±15.14 and the day 1 post-procedural 
mean LVESV of 58.22±11.65.

Results demonstrate no significant change be-
tween the pre- and post-procedural mean LVED-
Vs (105±38.85 and 104±32.17, respectively) after 3 
months. The average LVESV before the procedure 
was 61.52±15.14, while after treatment was just 
50.60±14.07, a significant drop (p=0.047).

There was a statistically significant difference 
(p0.001) between the pre-procedural WMSI mean 
value of (1.48±0.31) and 3 months post-procedur-
al WMSI mean value of (1.20±0.13). The average EF 

before the procedure was 53.8814.30%, and after the 
procedure it was 55.548.19%, with no statistically sig-
nificant difference between the two. (Table IV & V)
Table (IV)
Conventional echocardiography results at pre-procedural & 
day 1 follow up

Variables Preprocedural Day 1 P-value
Mean±SD Mean±SD

LVEF, % 
LVEDV, ml 
LVESV, ml
WMSI

53.88±14.30
104±32.17

61.52±15.14
1.48±0.31

54.85±7.63
105±38.85

58.22±11.65
1.41±0.17

0.12
0.46
0.32
0.11

EDV, end-diastolic volume; ESV, end-systolic volume; LVEF, left 
ventricular ejection fraction; WMSI, wall motion score index.

Table (V)
Conventional echocardiography results at preprocedural & 3 
monthes follow up 

Variables Preprocedural 3 months follow-up P-value
Mean±SD Mean±SD

LVEF, % 
LVEDV, ml 
LVESV, ml
WMSI

53.88±14.30
104±32.17

61.52±15.14
1.48±0.31

55.54±8.19
101±45.22

50.60±14.07
1.20±0.13

0.76
0.18

0.047
˂0.001*

EDV, end-diastolic volume; ESV, end-systolic volume; LVEF, left 
ventricular ejection fraction; WMSI, wall motion score index.

Global longitudinal strain parameters  
at pre – procedural, day 1  
and after 3 months follow up

There was a statistically significant difference 
(p0.001) between the pre-procedure and 3 months 
post-procedure GLS means (-14.22±0.91 and 
-18.66±0.92) (Table VI) 

Table (VI)
GLS at preprocedural, day 1 and 3 monthes follow up 

Vari-
able 

Pre- pro-
cedural

Day1
Mean±SD

P-value 3 mon-
thes

Mean±SD

P-value

GGLS -14.22±0.91 -14.26±0.93 0.39 -18.66±0.92 ˂0.001*

GLS, global longitudinal strain

Correlations between changes in LVEF  
by echocardiographic parameters  
and JCTO score, changes in GLS and WMA

The difference in GLS and WMAI between base-
line and follow-up demonstrates a positive association 
with the changes in LVEF that occurred between base-
line and follow-up, and this correlation is supported 
by a significant statistical difference (p 0.001). (Table 
VII), figure (1, 2)

Table (II)
Characteristics of angiographic data

Characteristics of angiographic data %
Single vessel n (%)
2 vessels n (%) 
Multivessels 

 (23%)
(51%)
(26 %)

CTO vessel
LAD n (%) (100 %)
J-CTO score mean±SD 1.77±1.02
Antegrade approach only n (%)
Antegrade wire escalation (AWE) n(%)
Antegrade Dissection and Reentry (ADR) n(%)

 (100%)
(87 %)
(13 %)

Procedure time (minutes) mean ± SD 77.25±18.22

ADR, Antegrade dissedction and reentery; AWE, Antegrade 
wire escalation; CTO, Chronic total occlusion;:LAD, Left anterior 
descending .
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Table (VII)
Correlations between changes in LVEF by echocardiographic 
parameters and JCTO score, changes in GLS and WMA

Variable R p-Value
Difference GLS 0.496 0.001*
WMA difference 0.599 ˂0.001*

GLS, global longitudinal strain; LVEF, left ventricular ejection 
fraction; WMA, wall motion abnormality.

 
Figure (1):Correlations between changes in LVEF by echocardio-
graphic parameters and JCTO score, changes in GLS.

 
Figure (2):Correlations between changes in LVEF by echocar-
diographic parameters and JCTO score, changes in WMSI.

Roc curve for GLS and WMSI difference  
to predict improved LVEF

Left ventricular ejection fraction (LVEF) improve-
ment was used to produce the ROC curve (figures 3 
and 4), which shows the accuracy of the GLS differ-
ence as a predictor. Confidence interval (CI) and area 

under the curve (AUC) were 82%. (0.677- 0.962). 
With a sensitivity of 95%, specificity of 40.7%, and a 
statistical significance of 0.001, the optimum cut off 
value of GLS for predicting improved left ventricular 
EF was 1.025. We determined the ROC curve for the 
difference in WMSI scores to predict better left ven-
tricular ejection fraction. The AUC and CI were both 
79%. (0.638 – 0.941). Table 6 shows that a GLS cutoff 
value of 0.10% (sensitivity = 100%, specificity = 55%) 
and (P=0.002) is optimum for predicting enhanced 
left ventricular ejection fraction. (Table VIII)

 
Figure (3): Roc curve for GLS difference to predict improved left 
ventricular EF

 
Figure (4): Roc curve for WMSI difference to predict improved 
left ventricular EF
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Table (VIII)
Roc curve for GLS and WMSI difference to predict improved 
left ventricular EF

Vari-
able 

AUC CI 95% Cut-
off

Sensi-
tivity

Speci-
ficity

P-val-
ue

GLS 0.82 0.677- 0.962 1.025 95% 40.7% 0.001*
WMSI 0.79 0.638 – 0.941 0.10 100% 55% 0.002*

AUC, area under curve; GLS, global longitudinal strain; WMSI, 
wall motion score index.

Peri-procedural Complications
Periprocedural complications were contrast in-

duced nephropathy in (3%), Cardiac tamponade (1%) 
and Emergency re-PCI (1%). (Table IX)

Table (IX)
Peri-procedural Complications

Peri-procedural Complications %
Cadiac tamponade n (%)
Emergency re-PCI n (%)
Contrast induced nephropathy n (%)

(1%)
(1%)
(3%)

PCI, percutaneous coronary intervention

Discussion
Ischemia is the cause of decreased ventricular re-

laxation and diastolic dysfunction, which followed by 
reduced systolic function. This sequence of events is 
the outcome of a chain reaction that starts with met-
abolic and biochemical changes. A temporary im-
pairment in ventricular relaxation is brought on by 
ischaemia. Even in cases when there are coronary col-
laterals present, the majority of patients who have a 
CTO still have some degree of LV dysfunction. It is a 
technically complex treatment that is performed in the 
hope of a functional recovery, which has been found 
to enhance the possibility of survival. Recanalizing a 
CTO is done in order to improve the patient’s chances 
of survival. [6] 

It was expected that in people who had CTO, the 
distal arterioles of the CTO area would dilate to their 
greatest extent, which would result in an increase in 
the amount of myocardial perfusion that received 
blood from the donor artery. In order to provide blood 
to the CTO area, the precapillary arterioles and arte-
riolar capillaries of the donor region need to constrict 
so that they can maintain an adequate perfusion pres-
sure. In addition, the subendocardium is the part of 
the heart that is the most prone to ischemia. The com-
ponent of cardiac deformation known as the longitude 
component will be focused in this particular portion 
of the myocardium. The longitudinal strain analysis 

provided by two-dimensional speckle tracking echo-
cardiography, often known as 2D-STE, is a sensitive 
and suitable technology for evaluating this element of 
heart motion. [7] 

After recanalization of CTO lesions by percuta-
neous coronary intervention (PCI), there have been 
reports of beneficial improvements on symptoms, 
long-term survival, and the rate of CABG surgery 
(CABG). The positive benefits of recanalizing CTO 
are well-documented, however the underlying process 
remains unknown. [2] 

Previous studies reporting enhanced LV function 
after CTO revascularization typically used the LV 
ejection fraction measured by ventriculography [8] 

or 2D echocardiography. [9] The improvement in LV 
function following CTO PCI has been validated by 
more recent, more accurate non-invasive technologies 
including cardiac MRI and 2D STE. [10] Each of the 
echocardiographic measures, including LV ejection 
fraction, WMSI, global LS, and CS, improved signifi-
cantly after successful CTO revascularization in the 
present research. [11] 

The goal of this study was to investigate wheth-
er or not it is possible to use 2D speckle tracking to 
evaluate the systolic performance of the left ventricle 
(LV) in patients who had undergone PCI for the re-
vascularization of CTO of the left anterior descending 
(LAD) artery either one day or three months after the 
procedure. Our goal was to determine the prevalence 
of chronic complete blockage of the Left anterior de-
scending artery, and we did so by conducting a pro-
spective observational research on 100 patients with 
ischemic heart disease and a positive diagnosis from 
coronary angiography. 

After 3 months, patients who had percutaneous 
coronary revascularization for chronic complete oc-
clusion were evaluated for left ventricular function re-
covery using 2D echocardiography and speckle track-
ing. Patients’ ages varied from 47 to 79 in this research, 
with a mean of 58.55±57.98 years. The group consist-
ed of (82% male) men and (18%) women. There was 
a statistically significant difference (p0.001) between 
the mean values of GLS at baseline (-14.22±0.91) and 
at 3 months follow-up (-18.66±0.92) in this investiga-
tion. The mean WMSI at baseline was 1.48±0.31 and 
the mean WMSI at 3 months follow-up was 1.20±0.13, 
with a statistically significant difference (p0.001). 

Myocardial contractile function was improved, as 
measured by strain analysis, and this is reflected in the 
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greater improvement of GLS and WMSI. Research by 
Choi et al. (2009) and others has shown that longitu-
dinally stress measurement using 2D-STE is a precise 
and acceptable method for evaluating this component 
of cardiac motion. Because of this, strain enhance-
ment during CTO-PCI in patients with preserved LV 
ejection fraction would be a reflection of the relief 
from the first stage of ischemia. The potential benefit 
of percutaneous coronary intervention in individuals 
with CTO has been shown in many retrospective in-
vestigations. [7] 

Effective therapy reduces angina pain and increas-
es exercise capacity and left ventricular (LV) function. 
Revascularization of a CTO is linked to improved an-
gina symptoms and a lower risk of cardiac mortality, 
myocardial infarction (MI), and the requirement for 
coronary artery bypass graft surgery (CABG) during 
the next 12 months, This is what the TOAST-GISE 
study found. [6] 

Three months following percutaneous revascu-
larization, patients with CTO who had their LVEF 
evaluated exhibited a tendency toward improvement. 
Consistent with these findings, Wang et al. 2019 dis-
covered that GLS was recovered as fast as 1 day af-
ter CTO-PCI, and LVEF improved for up to 3 and 6 
months using 2D-STE. Evidence from their study sug-
gests that 2D-STE is a reliable method for monitoring 
LV changes before they become clinically apparent. [12] 

Functional recovery after percutaneous coronary 
intervention for CTO vessels was assessed in 2017 by 
Nakachi et al. After coronary thrombolysis and angio-
plasty (CTO PCI), it was shown that the change in lon-
gitudinal strain (LS) was more responsive for ischemia 
resolution. [13] Both ejection fraction and global lon-
gitudinal strain measures were shown to be effective 
in detecting the restoration of left ventricular function 
after coronary revascularization. [14] 

The researchers concluded that revascularization 
of a CTO improves regional systolic function as evalu-
ated by WMSI and lessens angina. There is a tendency 
for a reduced LS in the treated segments after surgery, 
but no significant change in global indicators of car-
diac function. Variations in GLS and WMAI between 
baseline and follow-up were positively correlated with 
variations in LVEF between baseline and follow-up, 
and this correlation was statistically significant. [15] 

As shown by Staron et al. in 2013, GLS correlates 
strongly with echocardiographic EF and is a stronger 
predictor of outcome than LVEF. [16] This conclusion 

makes sense given that longitudinal subendocardial fi-
bers are more vulnerable to myocardial ischemia and 
fibrosis. The longitudinal axis is often the first to show 
signs of systolic dysfunction. The current study indicat-
ed that the average LVESV at baseline was 61.52+15.14 
and at 3 months follow-up it was 50.60+14.07. This 
difference was statistically significant (p=0.047) and 
no statistically difference detected between LVEDV at 
baseline and at 3 months follow up. 

This result was against the research by Baks et al. 
that published at 2006 and indicated that effective re-
vascularization of a CTO improved both end-systolic 
and end-diastolic volumes, which is consistent with 
our findings with respect to ESV. They demonstrated 
a correlation between the amount of defective but still 
viable myocardium present before revascularization 
and subsequent increases in end-systolic volume and 
left ventricular ejection fraction. [17] 

The GLS difference predicted an increase in left 
ventricular ejection fraction and wall motion score 
index, and the area under the ROC curve was calcu-
lated. Improvements in left ventricular ejection frac-
tion and wall motion score (P=0.002) are strongly 
correlated with increases in GLS, indicating that GLS 
may be valuable as a prognostic predictor. Takeuchi 
et al. (2006) demonstrated that strain and strain rate 
recorded by tissue Doppler or speckle tracking may 
be used as prediction tools in CAD patients. Reason 
being, they can pinpoint changes in mechanical per-
formance that occur only in certain layers. [18] 

Furthermore, the high sensitivity of LS to detect 
functional impairment due to moderate ischemia 
may be explained by the prevalence of longitudinal 
orientation of subendocardial myocardial fibers, 
which are more susceptible to ischemia Carasso et 
al,. [19] According to Henriques et al. (2016), they did 
not find an overall benefit for CTO-PCI in terms of 
LVEF or LVEDV, which is not consistent with the 
current findings. LVEF stands for left ventricular 
end-diastolic volume, while LVEDV is for left ven-
tricular end-diasto. [20] 

According to research that was published in 2018 
by Mashayekhi and colleagues, CTO-PCI did not have 
any impact on segmental wall thickening, LVEF, or the 
ejection fraction of the left ventricle. [21] According to 
the findings of Chimura et al., there were no statis-
tically significant variations in LVEF or LVEDV be-
tween the successful and failure PCI groups during the 
course of the 9-month follow-up period. [22] 
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However, CTO-PCI has been shown to have a low-
er risk of severe adverse coronary events at 12 months 
compared with best medical care. A lack of statis-
tical power or a difference in study outcomes might 
account for these variations. The present study’s fol-
low-up time is shorter than the average in the afore-
mentioned research. In this research, 3% of patients 
had contrast-induced nephropathy, 1% experienced 
cardiac tamponade, and 1% required emergency re-
PCI due to complications. Several research’ conclu-
sions were substantially identical to these. 

There were 3.8% cases of contrast nephropathy and 
0.3% cases of cardiac tamponade, according to 2013 
research published by Patel et al,. [23] Out of 3,482 pa-
tients who had retrograde CTO PCI in 2014, 1.4% had 
tamponade. Tamponade is unlikely to occur (risk is 
about 0.5%). [24] The use of large, compliant balloons 
(balloon-to-artery ratio>1.2), moderate-to-high infla-
tion pressure, and hydrophilic, stiffer wires, particu-
larly in calcified, tortuous arteries, were all associated 
with an increased risk of perforation. [25] 

Conclusion
Revascularization of CTO LAD lead to improve-

ment of LV function. The results of this study support 
the importance of clinical use of 2D-STE to assess the 
early changes of LV function. In patients undergoing 
CTO revascularization of LAD, changes in LS and GLS 
were more accurate and sensitive predictors for im-
provement of LV function after 3 months follow-up. 
Limitations of the study include limited duration of 
the study and small sample size.
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Abstract
Objective: To evaluate if switching therapy from an angioten-
sin converting enzyme inhibitors (ACEI) or angiotensin II receptor 
blockers (ARB) to sacubitril/valsartan induces incremental left ven-
tricular (LV) reverse remodeling and the effect of switching on quality 
of life (QOL) in heart failure with reduced ejection fraction (HFrEF).
Methodology: This prospective multicenter study included 
100 patients with HFrEF. The patients were subdivided into two 
equal groups: Group one included patients who were switched 
to sacubitril/valsartan and group two included patients con-
tinued on ACEIs or ARBs as control group. The patients were 
subjected to medical history taking, clinical examination, heart 
failure related data, New York Heart Association (NYHA) func-
tional classification, blood samples and chemistry, transthoracic 
echocardiography (TTE) and quality of life assessment.
Results: There was marked improvement in all two dimensional 
(2D) echocardiography parameters, as left ventricular end-systolic 
volume (LVESVI), left ventricular end-diastolic volume index (LVED-
VI) and left atrium volume index (LAVI) which significantly reduced 
after 3 months of therapy with significant improvement in LV func-
tion (P-value < 0.05). Moreover, mitral regurgitation (MR) severity 
significantly decreased (P-value < 0.05). Regarding quality of life, 
there was a significant improvement in QOL. KCCQ score was sig-
nificantly improved after 3 months of treatment (P-value < 0.05).
Conclusion: In HFrEF patients, sacubitril/valsartan significantly 
improves LV function; furthermore, it induces incremental LV 
reverse remodeling as well as improves QOL. 
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Introduction
Heart failure (HF) is not a single pathological di-

agnosis, but a clinical syndrome consisting of cardinal 
symptoms (e.g., breathlessness, ankle swelling, and fa-
tigue) that may be accompanied by signs (e.g., elevat-
ed jugular venous pressure (JVP), pulmonary crackles, 
and peripheral oedema). It is due to a structural and/
or functional abnormality of the heart that results in 
elevated intra-cardiac pressures and/or inadequate 
cardiac output at rest and/or during exercise [1]. 

Echocardiography plays a central role in the diag-
nosis and management of patients with HF. It is the 
primary method for assessment of left ventricular 
ejection fraction (LVEF). Echocardiography can also 
help to distinguish among the different types and the 
potential etiologies of HF. Moreover, dilatation of the 
heart itself results in functional mitral regurgitation, 
which is both a marker of HF severity and may itself 
be amenable to therapeutic intervention. In addition, 
right ventricular (RV) function and left atrial (LA) size 
have incremental prognostic value in HF and assess-
ing these chambers has become crucial to the assess-
ment of the HF patient [2]. 

Health-related quality of life (HRQL) is a key target 
of therapy in the management of patients with chron-
ic HF [3]. The HRQL of HF patients is more impaired 
than age matched patients without chronic illnesses 
and those with other comorbidities, and HRQL per-
ceptions are predictive of future risk for morbidity and 
mortality [4]. 

Several medication classes including beta block-
ers, angiotensin converting enzyme inhibitors (ACEI), 
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and aldosterone receptor antagonists have been shown 
to reduce mortality in HFrEF. The most recent ther-
apy to demonstrate a mortality benefit in HFrEF is 
sacubitril–valsartan, an angiotensin receptor block-
er-neprilysin inhibitor (ARNI) which is currently rec-
ommended as a replacement for an ACEI or ARBs in 
patients with New York Heart Association (NYHA) 
Class II or III symptoms [5]. 

Sacubitril/valsartan, a novel complex of the ARB: 
valsartan with an inhibitor of neprilysin: sacubitril, 
was superior to enalapril in reducing the risks of death 
and of hospitalization for HF in symptomatic patients 
with a reduced ejection fraction [6] , and was recent-
ly approved as a replacement for ACE inhibitors or 
ARBs in these patients [7]. As the neprilysin inhibitor 
has vasodilating effects and facilitates sodium excre-
tion [8] , combined inhibition of the renin-angiotensin 
system and neprilysin has greater hemodynamic and 
neuro-hormonal effects than ACEI or ARB alone. 
However, the effect of therapy with sacubitril/valsar-
tan on cardiac function and its effect on quality of life 
remains uncertain [9]. 

Therefore, aim of this study was to evaluate if 
switching therapy from an ACEI or ARB to sacubitril/
valsartan induces incremental LV reverse remodeling 
and the effect of switching on quality of life in HFrEF.

Methodology
This prospective multicenter study was conduct-

ed at the echocardiography unit of Benha University 
Hospital & the HF clinic at Al Mokattam Health In-
surance Hospital during the period from March 2021 
to January 2023. 

The study was done after being approved by the 
institutional ethical committee, and informed consent 
was obtained from all participants included.

A total of 100 patients with HFrEF were evaluat-
ed. Inclusion criteria were: symptomatic HF defined 
as NYHA class II-IV, LVEF below 35% measured by 
echocardiography and pretreatment with an individ-
ual optimal dose of ACEI or ARB for at least 4 weeks. 

Exclusion criteria were: concomitant initiation of 
a therapy known to induce reverse remodeling (e.g., 
Cardiac Resynchronization therapy [CRT] ) during 
study follow-up or in the previous 6 months, insuf-
ficient echocardiographic image quality to allow reli-
able offline assessment, symptomatic hypotension, a 
SBP of less than 100 mmHg, glomerular filtration rate 
(GFR) below 30 mL/min per 1.73 m2, a serum potas-

sium level of more than 5.0 mmol/L, or a history of 
angioedema, patients had any evidence of structural 
mitral valve disease, percutaneous coronary interven-
tion within 3 months and substantial myocardial isch-
emia requiring coronary revascularization, an indica-
tion for cardiac resynchronization therapy, a plan of 
coronary revascularization, mitral valve intervention, 
or heart transplantation during the trial.

The patients were subdivided into two equal groups: 
Group one included patients who were switched to 
sacubitril/valsartan and group two included patients 
continued on ACEIs or ARBs as control group.

The following data were collected: Patients char-
acteristics: All of these data were assessed at day zero 
and after 3 months of treatment. Full medical history 
included age, gender, cardiovascular risk factors e.g., 
hypertension (HTN), DM, smoking, dyslipidemia, 
chronic kidney disease (CKD), symptoms suggestive 
of cardiac disease and current medications. Full clini-
cal examination included assessment of body weight, 
height, body mass index (BMI) and vital signs includ-
ing blood pressure, pulse and respiratory rate.

Heart failure related data: Etiology of the disease 
either ischemic or dilated and duration of HF before 
starting Sacubitril/valsartan therapy, the NYHA Func-
tional Classification which places patients in one of 
four categories based on how much they are limited 
during physical activity (Class I means no limitation 
of physical activity, ordinary physical activity does not 
cause undue fatigue, palpitation or dyspnea, Class II 
means slight limitation of physical activity but ordi-
nary physical activity results in fatigue, palpitation, 
dyspnea (shortness of breath), Class III means marked 
limitation of physical activity, less than ordinary activ-
ity causes fatigue, palpitation, or dyspnea and Class IV 
means unable to carry on any physical activity without 
discomfort moreover, symptoms of HF at rest), dose of 
oral diuretics, hospitalization with HF manifestations 
and clinical features of volume overload (Pulmonary 
rale, elevated JVP > 6 cm, lower limb edema and asci-
tes) were also recorded.

Blood samples and chemistry: Complete blood 
count (CBC), serum creatinine, blood urea and glo-
merular filtration rate (GFR) and Potassium (K) level.

Transthoracic Echocardiography (TTE): Com-
prehensive transthoracic echocardiographic exam-
inations were performed using a Philips, Epic 7C 
machine, with the 5.5 X transducer S5-1 probe with 
simultaneous ECG signal. Patients were examined 
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in the left lateral decubitus position. All echocardio-
graphic examinations were obtained and recorded of-
fline.

The following was evaluated: LV end-diastolic 
and end-systolic volumes were used to calculate LVEF 
using modified biplane Simpson’s method in the api-
cal four chamber and apical two chamber views [10]. 
Evaluation of LVEDVI and LVESVI. Evaluation LAVI. 
Assessment of MR severity using effective regurgitant 
orifice area (EROA) determined by dividing the regur-
gitant flow rate, calculated as 2πr2 × aliasing velocity, 
where r is the proximal isovelocity surface area (PISA) 
radius, by peak MR velocity [11]. 

Quality of life assessment: Patient’s function-
al capacity & quality of life was measured through 
the score change in the the Kansas City Cardio-
myopathy Questionnaire–12 (KCCQ) which is a 
HF disease-specific questionnaire consisting of 12 
questions. It is divided into several domains in-
cluding physical and social limitations, symptoms, 
self-efficacy and QOL, each transformed to score 
range between 0 and 70. The clinical summary score 
combines measures of symptoms and social factors, 
while the overall summary score brings together all 
the domains. A higher score is representative of a 
better health status.

Statistical analysis
Analysis of data was performed using software 

MedCalc v. 20.110. Description of variables was pre-
sented as follows: Description of quantitative variables 
was in the form of mean, standard deviation (SD), min-
imum and maximum. Description of qualitative vari-
ables was in the form of numbers (No.) and percent 
(%). Data were explored for normality using Kolmog-
orov-Smirnov test of normality. The results of Kolmog-
orov-Smirnov test indicated that most of data were nor-
mally distributed (parametric data) so parametric tests 
were used for most of the comparisons. Comparison 
between quantitative variables was carried out by One 
way analysis of variance (ANOVA) which was used to 
test the difference between the means of several sub-
groups of a variable. Comparison between qualitative 
variables was carried out by Chi-square test, which was 
used to test the statistical significance of differences in a 
classification system (one-way classification) or the re-
lationship between two classification systems (two-way 
classification). A two tailed P-value less than 0.05 was 
considered statically significant.

Results
The demographic and clinical history between the 

studied groups are illustrated in Table 1.

Table 1
Demographic and clinical history between studied groups

Demographic &clinical history Group 1
(n=50)

Group 2
(n=50) P-value

Males
Females

N (%)
N (%)

46 (92%)
4 (8%)

47 (94%)
3 (6%) 0.6966

Age (y) Mean ± SD
Range

64.4±9.3
41-83

63.3±8.6
41-82 0.541

Weight (kg)
Initial Mean ± SD

Range
84.9±16.5

54-138
84.9±13.9
.58-138 0.990

Follow up
(3 months)

Mean ± SD
Range

84.6±15.9
55-132

85.3±13.4
64-132 0.817

BSA
Initial Mean ± SD

Range
1.9±0.2
1.2-2.5

1.9±0.1
1.6-2.5 0.715

Follow up
(3 months)

Mean ± SD
Range

1.9±0.2
1.2-2.4

1.9-0.1
1.6-2.5 0.595

DM N (%) 22 (44%) 18 (36%) 0.4166

HTN N (%) 29 (58%) 30 (60%) 0.8397

Dyslipidaemia N (%) 18 (36%) 27 (54%) 0.0719

COPD N (%) 4 (8%) 6 (12%) 0.5071

CKD N (%) 10 (20%) 6 (12%) 0.2776

IHD N (%) 32 (64%) 32 (64%) 1
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Regarding initial laboratory results and the follow 
up laboratory results, there was no significant differ-
ence of urea, creatinine, GFR and K levels between 
group 1 and group 2 (P >0.05). Table 2

Regarding initial echocardiographic measure-
ments: for group 1: the mean LVEF was 25.06% ± 6%, 
the mean LVEDVI was 89.14 ± 24.77, the mean 
LVESV was 66.76 ± 19.2 and the mean LAVI was 35.81 
± 14.67. For group 2: the mean LVEF was 25.82% ± 
5.99%, the mean LVEDVI was 84.65 ± 26.33, the 
mean LVESV was 63.77 ± 20,41 and the mean LAVI 
was 35.81 ± 14.67. There was no significant difference 
of EF, LVEDVI, LVESVI and LAVI between group 1 
and group 2 (P.>0.05). Regarding follow up echocar-
diographic measurements at 3 months, there was sig-
nificant increase of EF in group 1, in comparison to 
group 2 (P.≤0.05). No significant difference of LVED-
VI, LVESVI and LAVI between group 1 and group 2 
(P.>0.05). Table 3

Regarding initial mitral regurgitation grades, there 
was no significant difference in mitral regurgitation 
grades between group 1 and group 2 (P.>0.05). At fol-
low up, group 1 was significantly associated with no 
MR (12%) and less severe grade (2%) than group 2 
(2%, 16% respectively) (P.≤0.05). Table 4

Comparing echocardiographic measurements 
between initial and follow up in group 1: Within 
group 1, at follow up, there was significant increase 
of EF and significant decrease of LVEDVI, LVESVI 
and LAVI, in comparison to initial measurements 
(P.≤0.05). Table 5

Table 2
Comparing initial laboratory results and follow up laboratory 
results between two groups

Initial laboratory
Group 1 
(n=50)

Group 2 
(n=50) P-value

Mean SD Mean SD

Urea 36.03 10.20 37.06 9.96 0.612

Creatinine 1.20 0.32 1.22 0.30 0.759

GFR 77.38 27.97 74.58 24.57 0.596

K 4.01 0.45 4.11 0.36 0.224

Follow up laboratory 
(3 months)

Urea 40.10 11.43 38.56 11.09 0.496

Creatinine 1.25 0.37 1.27 0.36 0.761

GFR 75.60 26.98 75.46 27.28 0.979

K 4.26 0.59 4.23 0.59 0.840

Table 3
Comparing initial and follow up echocardiographic measure-
ments between two groups

Initial Echocardiog-
raphy

Group 1 
(n=50)

Group 2 
(n=50) P-value

Mean SD Mean SD
EF 25.06 6.09 25.82 5.99 0.531
LVEDVI 89.14 24.77 84.65 26.33 0.382
LVESVI 66.76 19.20 63.77 20.41 0.453
LAVI 35.81 14.67 44.91 44.71 0.175

Follow up Echocardi-
ography

EF 32.10 6.63 27.08 6.12 < 
0.001*

LVEDVI 81.44 20.70 82.23 25.21 0.864
LVESVI 58.50 16.02 61.01 18.61 0.472
LAVI 33.07 14.43 37.17 15.82 0.179

Table 4
Comparing initial and follow up mitral valve regurgitation 
grades (MRG) between two groups

Initial MRG
Group 1  
(n=50)

Group 2 
(n=50)

N % N %
Trivial 7 14 6 12
Mild 17 34 20 40
Moderate 16 32 12 24
Severe 5 10 11 22
No MR 5 10 1 2
Chi square 5.808
P-value 0.2139
Follow up MRG
Trivial 20 40 12 24
Mild 14 28 17 34
Moderate 9 18 12 24
Severe 1 2 8 16
No MR 6 12 1 2
Chi square 11.735
P-value 0.0194*

Table 5
Comparing echocardiographic measurements between initial 
and follow up in group 1

Echocardiography
(Group 1)

Initial Follow up
P-value

Mean SD Mean SD
EF 25.06 6.09 32.10 6.63 < 0.0001*
LVEDVI 89.14 24.77 81.44 20.70 < 0.0001*
LVESVI 66.76 19.20 58.50 16.02 < 0.0001*
LAVI 35.81 14.67 33.07 14.43 < 0.0001*

*P ≤ 0.05 is considered significant
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Within group 2, at follow up, there was no signif-
icant difference of EF, LVEDVI, LVESVI, and LAVI 
between initial and follow up measurements (P.>0.05). 
Table 6

Table 6
Comparing echocardiographic measurements between initial 
and follow up in group 2

Echocardiography
(Group 2)

Initial Follow up
P-value

Mean SD Mean SD
EF 25.82 5.99 26.03 4.12 0.0702
LVEDVI 84.65 26.33 83.13 24.21 0.0811
LVESVI 63.77 20.41 62.15 17.61 0.0612
LAVI 44.91 44.71 37.17 15.82 0.2024

Within group 1, at follow up, moderate (18%) and 
severe MR (2%) were significantly lower in compar-
ison to initial MR (32%, 10% respectively) (P.≤0.05). 
Table 7

Table 7
Comparing mitral valve regurgitation grades (MRG) between 
initial and follow up in group 1

MRG (Group1)
Initial Follow up

N % N %
Trivial 7 14 20 40
Mild 17 34 14 28
Moderate 16 32 9 18
Severe 5 10 1 2
No MR 5 10 6 12
Chi square 11.267
P-value 0.0237*

*P ≤ 0.05 is considered significant

Within group 2, at follow up, no significant differ-
ence of MR grades in comparison to initial MR grade 
(P.>0.05). Table 8

Table 8
Comparing mitral valve regurgitation grades (MRG) between 
initial and follow up in group 2

MRG (Group 2) Initial Follow up
N % N %

Trivial 6 12 12 24
Mild 20 40 17 34
Moderate 12 24 12 24
Severe 11 22 8 16
No MR 1 2 1 2
Chi square 2.717
P-value 0.6063

KCCQ was significantly higher at follow up in 
group 1 in comparison to initial KCCQ (P.≤0.05), while 
in group 2 there was no significant difference of KCCQ 
between initial and follow up (P.> 0.05). Table 9

Table 9
Comparing between initial and follow up KCCQ

KCCQ
Initial Follow up

P-value
Mean SD Mean SD

Group 1 26.36 6.42 41.10 7.10 <0.0001*
Group 2 28.52 7.37 29.11 4.20 0.073

*P ≤ 0.05 is considered significant

Discussion
Recently the MI survival rates increased resulted in 

an increase in the incidence of HF, which is an eco-
nomic burden due to the decrease of the functioning 
capacity and high treatment costs. HF is the leading 
cause of inpatient admissions in the US for adults aged 
over 65 years and accounts for more than $17 billion 
in medicare expenditures annually. Optimization of 
medical therapy will have a great impact on the econ-
omy and will improve the functional capacity of pop-
ulation.

In the current study, LVEDVI, LVESVI and LAVI 
were significantly reduced after treatment with signif-
icant improvement in LVEF. Quality of life was sig-
nificantly improved which was calculated by modified 
KCCQ score. 

In the same aspect, the PRIME (Pharmacological 
Reduction of Functional, Ischemic Mitral Regurgita-
tion) prospective randomized study by Kang et al. [12] 

has demonstrated that an angiotensin receptor nepri-
lysin inhibitor is more effective in improving func-
tional mitral regurgitation associated with HF than an 
angiotensin receptor blocker. The authors found that 
in comparison with valsartan, sacubitril/valsartan fur-
ther reduces the ERO, LVEDVI, LAVI, and the ratio 
of mitral in- flow velocity to mitral annular relaxation 
velocity (E/E´).

However, Schmieder et al. [13] showed that no ben-
efit was observed in LVEF but the authors excluded 
the more severe patients with LVEF ≤ 25% and only 
patients with significant mitral regurgitation. This in-
consistency may affect the judgment of ARNI effects. 
Furthermore, the results in terms of different doses 
and follow-up periods remain inconclusive. 

On the other hand, Vecchis et al. [14] a retrospective 
cohort study demonstrated that the use of sacubitril/
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valsartan for HFrEF patients, extended for a mean 
duration of 14 months, yields a significant improve-
ment in the echocardiographic parameters of systolic 
function along the transverse (LVEF) and longitudinal 
(GLS) axis.

This comes in harmony with results of Bayard et 
al. [15] prospective study on 41 patients using PARA-
DIGM-HF criteria: Class II, III, or IV HF; ejection 
fraction (EF) of 40% or less; hospitalized for HF with-
in the previous 12 months, TTE Echo evaluation was 
performed before initiating sacubitril/valsartan and 3 
months after optimal dose adjustment. (Based on pre-
vious studies, patients with (absolute) improvement 
in LVEF ≥ 5% were considered significant sacubitril/
valsartan responders. 

Similarly, Chang et al. [16] study on chronic HF pa-
tients with LVEF less than 40% who received sacubi-
tril/valsartan and results showed that approximately 
one third of patients would have LVEF improved at 
least 10% points from baseline, and a total of 17.6% 
patients achieved complete restoration of their LVEF 
to 50% or greater after sacubitril / valsartan treatment 
within one year.

This finding was consistent with Chang et al. [16] 

who showed that after 1 year therapy with sacubitril/
valsartan there was a significant decrease in LA diam-
eter, end diastolic volume, end systolic volume. Bayard 
et al. [15] showed a significant decrease in left ventric-
ular end diastolic volume after treatment with sacu-
bitril/valsartan than before, although the end systolic 
volume change was of no significance.

In contrast, Mazzetti et al. [17] results showed that 
there were non-significant differences in the size of 
the left atrium, RV function, and pulmonary pressures 
were found at 6 months.

Similar concepts were presented in published 
manuscripts of percutaneous mitral-valve repair for 
HFrEF patients with secondary mitral regurgitation. 
In Obadia et al. [18] trial, percutaneous mitral-valve re-
pair therapy failed to show any survival benefit over 
medical therapy during the one-year follow-up.

However, in Stone et al. [19] trial, patients receiving 
the percutaneous mitral-valve repair had 47% lower 
risk of HF hospitalization and 38% lower risk of all-
cause mortality than patients receiving medical thera-
py alone within 2 years of follow-up. 

The current study results, there was a marked re-
duction of PISA and ERO area after 3 months with P 
value 0.02. 

This was in accordance with Bayard et al. [15] who 
reported that sacubitril/valsartan responders had less 
significant mitral regurgitation compared to non-re-
sponders, Sacubitril/valsartan responders displayed 
less severe LV remodeling and less significant mitral 
regurgitation, Accordingly, sacubitril/valsartan could 
be used at an earlier time in HFrEF patients in order 
to further limit LV remodeling. Prior studies on sacu-
bitril/valsartan remodeling properties showed an im-
provement of LV volumes and mass as Almufleh et al. 
[20] and Liu et al. [21] studies.

Conclusion
In HFrEF patients, sacubitril/valsartan significant-

ly improves LV function; furthermore, it induces in-
cremental LV reverse remodeling as well as improves 
quality of life in HF patients. Moreover MR severity 
significantly decreased.
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Abstract
The relevance of the research work lies in the fact that a significant 
number of surgical patients are at risk of intra- or postoperative 
complications, or both, which is associated with prolonged stay in 
the hospital, costs and mortality. Reducing these risks is import-
ant for each individual patient, as well as for health care planners 
and managers. Insufficient tissue perfusion and cellular oxygen-
ation due to hypovolemia, cardiac dysfunction, or both, are one 
of the primary causes of perioperative complications. Adequate 
perioperative management, guided by effective and timely hemo-
dynamic monitoring, can contribute to a reduction of the risk of 
complications and thus potentially improve outcomes.
This article discusses the technique of visualization of the car-
diovascular system during the study of patients with perioper-
ative myocardial injury.
The purpose of this article is to identify ways to reduce the 
risk of complications using a specific technique for imaging the 
cardiovascular system during the study of patients with periop-
erative myocardial injury. The practical significance of the article 
implies that the results of the research can be used in the work 
of medical staff responsible for monitoring patients with myo-
cardial injury in the perioperative period.
To determine the most effective imaging technique for the car-
diovascular system, an analysis of the existing imaging tech-
niques, their advantages and disadvantages was used.
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Topicality. Myocardial injury is a common cause 
for patients seeking emergency medical care, as well 
as a cause of death in the perioperative period [1]. 
Prevention of perioperative consequences of myocar-
dial damage has always been one of the most pressing 
problems in the field of research of patients with car-
diovascular diseases.

The aim hereof is to determine an effective tech-
nique for imaging the cardiovascular system during 
the study of patients with perioperative myocardial 
damage.

Materials and methods. The methodological basis 
of our research work was a retrospective analysis of 
patients with myocardial injury in the perioperative 
period.

Results and Discussions
Myocardial injury has long been considered as a 

dangerous complication both in surgery and in the 
postsurgery period. Every year, more than 1 million 
people who undergo non-cardiac surgery experience 
cardiovascular complications. Although the number 
of patients with recorded acute myocardial infarction 
within 30 days after surgery is small, an increase in 
the number of patients who experience latent and 
undetected myocardial damage in surgery and in the 
post-surgery period is alarming [2]. 

The most important behavioral risk factors for 
myocardial injury are unhealthy diet, low physical ac-
tivity, tobacco use, and alcohol abuse. Exposure to the 
behavioral risk factors can manifest itself in individu-
als in form of high blood pressure, high blood glucose 
level, high blood lipid concentrations, as well as in-
creased BMI values and obesity. These “intermediate 
risk factors” can be measured in primary care settings 
and indicate a higher risk of heart attack, stroke, heart 
failure, and other complications [3]. 

There is evidence that quitting tobacco use and 
alcohol abuse, reducing table salt consumption, ad-
hering to a diet high in fruits and vegetables, regular 
physical activity are capable of lowering risks of car-
diovascular diseases [8]. 
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Perioperative myocardial injury (PMI) is a factor 
in mortality after non-cardiac surgery. Since the vast 
majority of PMIs are asymptomatic, the PMIs usually 
remain not detected due to lack of systematic screen-
ing in this sort of patients [7]. 

Among patients aged 45 years and older who have 
undergone in-hospital non-cardiac surgery, compli-
cations in the form of cardiac death, non-fatal myo-
cardial infarction (MI), heart failure or ventricular 
tachycardia are found in 5% of the cases. Considering 
the above complications, perioperative MI is the most 
common incidence.

In addition, there is a large group of patients who 
have an increase in the troponin concentration, a bio-
marker of heart damage, but who do not have any 
symptoms or signs of myocardial ischemia on their 
electrocardiograms. They are recorded as patients 
having myocardial injury after non-cardiac surgery 
when there is no evidence of a non-ischemic etiology 
(eg, sepsis, pulmonary embolism, rapid atrial fibrilla-
tion, chronic elevated troponin level) [6]. 

The main methods of monitoring/assessment in-
clude general examination, auscultation and palpa-
tion. They provide important objective and subjective 
data not available with advanced monitoring methods 
and can alert you to hidden problems in individual pa-
tients.

The examination of the patient can provide in-
formation about the adequacy of oxygen supply and 
carbon dioxide removal, fluid requirements, and the 
location and alignment of the body structures [4]. 

Auscultation is used to verify the correct placement 
of airway devices such as endotracheal intubations and 
laryngeal masks, to assess blood pressure, and to con-
tinuously monitor heart sounds and airflow through 
the pulmonary system. Palpation can help in assessing 
the quality of the pulse and the degree of relaxation 
of the skeletal muscles, as well as in determining the 
main vascular structures when placing central venous 
lines or performing regional anesthesia techniques.

For the most effective monitoring of the condition 
of patients with perioperative myocardial injury, it 
is necessary to study the patient’s vital signs in more 
depth [5]. So, the technique should include, in addi-
tion to the manipulations listed above, the following:

1) measurement of brain natriuretic peptide (BNP) 
or N-terminal fragment of proBNP (NT-proBNP) be-
fore surgery to improve the assessment of the periop-
erative cardiac risk in patients aged 65 years and over, 

as well as in those aged 45-64 years with a significant 
risk of cardiovascular diseases;

2) in addition to preoperative echocardiography, as 
well as tomographic angiography at rest, it is necessary 
to study the same indicators when performing physi-
cal exercises or cardiopulmonary exercises in order to 
increase the effectiveness of assessing the periopera-
tive cardiac risk [9] ;

3) measurement of the daily troponin concentra-
tion after surgery in patients with elevated levels of 
NT-proBNP/BNP;

4) an assessment of changes in the indicators after 
acetylsalicylic acid and statins treatment in patients 
with myocarditis.

An accurate assessment of a cardiac risk has sev-
eral objectives. A reliable assessment of the risks and 
benefits of surgery may assist in making an informed 
decision on the appropriateness of surgery. An accu-
rate cardiac risk assessment can also support in proper 
decision making on further treatment or surgery (e.g., 
either endovascular or surgical intervention) and in-
formed decisions via monitoring (e.g., troponin mea-
surements) after surgery [10]. 

Conclusions
Over the past two decades, large-scale clinical tri-

als and observational studies have improved the health 
professionals’ understanding of the importance of risk 
predicting and managing, as well as monitoring and 
managing perioperative cardiac complications.

Despite these advances, cardiac complications after 
non-cardiac surgery remain a significant problem in the 
public healthcare. There is a need to continue research 
to evaluate promising areas for monitoring and imaging 
of the cardiovascular system in patients with perioper-
ative myocardial injury. Thus, methods should include 
the use of remote, automated, continuous, non-invasive, 
hemodynamic and ischemic monitoring to prevent or 
minimize the risks of developing the disease.
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Аbstract
The urgency of the problem. The prevalence of background 
diseases of the cervix (CC) today has the character of an epi-
demic. According to data published in the scientific and med-
ical literature, cervical intraepithelial neoplasias account for up 
to 70% of all gynecological patients.
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Introduction
The problem of pathological conditions of the cer-

vix attracts great attention of doctors of many special-
ties, which is due to the ambiguity of the prognosis of 
this pathology. The detection of gynecological patholo-
gy, including cervical pathology, depends on the use of 
screening diagnostic methods, improvement of preven-
tive and therapeutic measures carried out in an outpa-
tient setting. In modern medical practice diseases of the 
cervix uteri occupy a leading position due to the high 
the frequency of their occurrence, frequent transforma-
tion into precancerous conditions, which in turn can be 
the cause of cervical cancer. Today, both in world prac-
tice and in Uzbekistan in the structure of oncological 
diseases of the genital organs in women cervical can-
cer is the second most common disease, causing high 
mortality of patients. WHO identifies as countering 

cancer mortality such main directions as prevention, 
screening and early diagnosis of precancerous diseases 
and early stages. Conditions of the cervix that exist for 
a long time against the background inflammatory pro-
cesses, belong to the risk group for the occurrence pre-
cancer [1, 2]. According to research data, the incidence 
of pathological processes on the cervix is about 15% in 
the structure gynecological diseases, and cervical can-
cer ranks second among oncogynecological pathology 
in women [3, 6]. In recent years, significant progress 
has been made and opportunities in terms of diagno-
sis and treatment of cervical pathology as the basics of 
prevention of malignant lesions of a given localization. 
It should be noted that, in general, the tactics of patient 
management has become more forgiving. The applied 
methods of treatment of pathology of the cervix with 
using coagulation methods (chemical, cryo- and laser 
destruction, as well as diathermocoagulation and dia-
thermoexcision of the cervix) are associated with rela-
tively long-term medical rehabilitation sick. The works 
of a number of authors have confirmed that, along with 
convincing the effectiveness of the above methods of 
treatment takes place a long (up to 12 weeks) the pro-
cess of regeneration of the epithelium, which causes the 
possibility of infection, pathological proliferation and 
metaplasia epithelium and connective tissue [4,5]. Par-
ticularly time-consuming process regeneration is noted 
after diathermocoagulation, excision, cryo- and laser 
destruction of extensive benign foci of pathology epi-
thelium against the background of ectropion and cic-
atricial changes in the cervix. Such observations have 
a high percentage of subepithelial endometriosis (8 to 
40%), syndrome “Coagulated neck of womb”, bleeding, 
exacerbation of chronic inflammatory processes (up to 
30%), the formation of cervical stenosis channel, isth-
mic-cervical insufficiency [4, 2, 6]. Relevance problems 
prompts the search for better treatments background 
processes of the cervix, allowing to accelerate epithe-
lization cervix and avoid complications after treatment. 
It must be remembered that the ablation technique can 
be applied only if the transformation zone is complete-
ly visualized during colposcopy, there is no malignant 
invasive process and atypia of the glandular epithelium 
of the canal and there is no discrepancy in the data of 
cytological and histological studies [4, 7]. Generally ac-
cepted indications for the use of this technique are:
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 – Diseases of the cervix in the form of superficial le-
sions (ectopia, persistent chronic cervicitis, endo-
metrioid heterotopias, hyperkeratosis, mild CIN);

 – stopping bleeding after biopsy, removal of neo-
plasms and conization.
An important factor is the adequate treatment of 

this pathology. When taking a biopsy, excision or con-
ization of the cervix, autopsy retention cysts, surgical 
treatment of ectropion, removal various neoplasms 
of the cervix, vagina or vulva, very important are the 
safety of electro surgical technology, regulation the 
depth of tissue burn injury and cosmetological effects. 
hus, the issues of correct choosing a method of coag-
ulation or ablation of the affected areas of the cervix, 
especially in women with ongoing fertility. 

The purpose of this study was to study the com-
parative efficacy and safety of argon plasma coagula-
tion and other methods of destruction of pathological 
foci of the cervix with benign background and precan-
cerous processes. 

Materials and methods
The object of the study was 67 women reproduc-

tive age with various pathologies of the cervix. V the 
main group included 37 patients, in whose treatment 
was used radio wave biopsy and argon ablation. In the 
treatment of 30 women traditional diathermoelectro-
coagulation was used using apparatus K57.

Radio wave biopsy and argon plasma coagulation 
procedures were carried out with the apparatus “Fo-
tek EA-141” in the first phase menstrual cycle - 5-9 
days. Ablation was performed under the condition 
complete colposcopic visualization of the transfor-
mation zone and absence of discrepancy between the 
data of the conducted surveys. For for this, an argon 
plasma flow was used in the “Spray” mode and power 
of 36–38 W (soft, smooth argon plasma ablation). A 
radio wave passing through the patient’s body from an 
active electrode with a small size to a receiving plate 
of a relatively large size causes heating of the tissues 
at the point of contact of the active electrode. The use 
of a cutting working electrode (knife type) of appro-
priately selected radio wave power allows simulta-
neous cutting and coagulation of tissues. The active 
electrode is blown with Argon gas. With the passage 
of a high-frequency current, the gas is ionized and an 
argon plasma torch appears between the electrode and 
the tissue, which causes tissue coagulation. The meth-
od is non-contact, the depth of coagulation is -3 mm, 

in connection with which the subsequent scar tissue is 
tender and does not lead to subsequent deformations 
of the cervix. Tissues with large vessels are clamped 
with bipolar clamps. The effect of “brewing” of tissues 
is achieved by a combination of mechanical and ther-
mal effects. Another of the positive properties of argon 
plasma coagulation of tissues is the absence of smoke, 
which will facilitate the work of the surgeon. At the 
same time, collagenate is formed in the tissues, which, 
like a “filling”, closes the lumen of the vessels. A so-
called “thermo-suture” is formed, which subsequently 
gradually resolves.

Anesthesia was not routinely performed. 

Results
The study of the features of the reproductive his-

tory was carried out according to a single method: the 
gynecological pathology suffered by women in the an-
amnesis was studied, as well as gynecological diseases 
registered at the outpatient appointment at the time 
of the examination. The age of the examined women 
with various pathologies of the cervix ranged from 20 
to 45 years. The mean age at the time of the examina-
tion was 29.8±5.13 years. When analyzing outpatient 
records, it was revealed that in 78.3% the duration of 
observation of the patient in the consultative polyclin-
ic ranged from 1 to 3 years, in 13.0% - from four to six 
years, in 3.7% - 7-9 years and only 5% - for 10 years or 
more. The number of visits per year in 87% was one 
or two. The frequency of cervical disease depended on 
the early onset of sexual activity and a large number of 
sexual partners. When analyzing the onset of sexual 
activity, it can be seen that at present, the early onset 
of sexual contacts prevails: in the group under 20 years 
old, the onset of sexual intercourse occurred in 47.9% 
of cases, in the group of 20-29 years old - 75%. At the 
same time, diseases of the cervix were encountered in 
the anamnesis in almost half of the women - 48.2%.

Most of the women who applied were employees 
(49.6%), and 12.6% were students. Noteworthy is the 
high percentage of officially unemployed women - 
37.7%. From the anamnesis it was found that more 
than half of the women - 56.5% - suffered from in-
flammatory diseases of the genitals. The second most 
common disease was the pathology of the cervix (in 
particular, complicated ectopia or erosion and ectro-
pion of the cervix and other diseases - 29.3%). Pol-
yps of various localization were in the anamnesis in 
3.3% of the total number of patients examined, and 
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1.7% of them were cervical polyps. It was revealed that 
among all diseases and conditions of the cervix, 43.6% 
accounted for ectopia with its various causes. In dif-
ferent age groups, ectopia and pathology of the cervix 
occurred with approximately the same frequency.

In the structure of viral infection, HPV types 16 
and 18 accounted for 37.9% and 33.3%, respectively, 
other oncogenic HPV types - 28.8%. Herpetic infec-
tion was in 28.8% of the examined. Koilocytosis in 
smears was found in 88.1% of the study participants. 
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Figure 1. Associated gynecological diseases

Vaginal dysbiosis was diagnosed in 59.6% of pa-
tients, more often in the severe stage of dysplasia than 
in the mild one (76.5% and 50.0%, respectively). Con-
comitant gynecological diseases occurred in 61.5% 
of the study participants: genital warts of the vagina 
and vulva (38.5%), inflammatory diseases of the uter-
us (19.3%) and uterine appendages (14.7%), multi-
follicular ovaries (14.7%), uterine fibroids (8.2%), 
endometriosis (9.1%), endometrial hyperplastic pro-
cesses (25.0%), cervical canal polyps (37.5%), diffuse 
mastopathy (56.2%). The diagnosis of mastopathy 
was made on the basis of the clinical picture and ul-
trasound data. Infertility was in 12 (11.0%) women, 
including primary in 8 (7.3%). Menstrual disorders 
were detected in 59.4% of the examined, including: 
dysmenorrhea - in 53.0% of them, abnormal uterine 
bleeding - in 18.8%. Before applying the methods of 
argon plasma tissue coagulation and other methods of 
destruction of pathological foci in for this pathology of 
the cervix, all 67 patients were selected after conduct-
ing a comprehensive examination: cytological, general 
clinical examination, extended colposcopy, diagnos-
tics by polymerase chain reaction (PCR), bacteriolog-
ical and bacterioscopic examination of discharge from 
the cervical canal and vagina, excluding infectious and 
inflammatory processes. At colposcopic studies re-
vealed the following diseases: ectopia of columnar epi-
thelium - in 21 patients (37%), benign transformation 

zone - in 12 women (21%), a combination of the listed 
processes were diagnosed in 17 cases (30%), subepi-
thelial endometriosis - in 7 (12%) women. 

In world practice, various methods of treating dys-
plasia are used, but none of them has 100% efficiency 
[7, 11]. Most modern treatment regimens are based on 
the destruction of the affected epithelium using elec-
trosurgical excision, laser or cryodestruction. More 
than half of the patients experience relapses of the dis-
ease, which are difficult to treat, and the possibilities 
for repeated surgical intervention are limited [3, 9]. 

Often, with insufficient examination of patients 
(without studying the biocenosis of the vagina and the 
hormonal background on which dysplasia occurred), 
as well as inadequate sanitation of the partner, the pa-
tient is re-infected, and even with good treatment re-
sults, relapses of the disease occur [9, 11]. 

In our study, we applied in the practice of treating 
cervical dysplasia a new method of treatment using in-
novative technologies - a device for wide-band argon 
plasma energy. The results of treatment were com-
pared with the results of traditional therapy for cer-
vical dysplasia using diathermocoagulation. The list-
ed pathological processes of the cervix with the same 
frequency were distributed in both groups of patients. 
The examined patients were divided into 2 groups. 
Group I consisted of 37 women who coagulation of 
pathological foci was performed using argon plasma 
coagulation of tissues using the device “FOTEK-ЕА 
141” in the scattering mode at a power of 36-38 Wt, 
gas consumption -7 liters per minute. Coagulation 
was carried out with an argon plasma torch in a circu-
lar motion from the periphery to the center with par-
tial grip of healthy tissue, until the formation of a light 
yellow area of the treated epithelium. Before carrying 
out the procedure for the purpose of local anesthesia, 
the cervix was treated with lidocaine spray. 

II group covered 30 women who underwent elec-
trodiathermocoagulation of cervix. The groups were 
matched for the age of the patients, anamnestic data 
and the results of a comprehensive study. The in-
tervention was carried out on an outpatient basis. If 
necessary sanitation of the vagina, anti-inflammatory 
therapy was prescribed. Usually in during the opera-
tion, the patient noted slight discomfort in the lower 
abdomen or a “tingling sensation” that did not require 
application of medicines. The duration of the opera-
tion was 10-15 minutes. There were no complications 
during and after the procedure. At the end of the in-
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tervention, the patients were discharged home with 
recommendations to refrain from sexual intercourse 
until the control examination after 1.5 months, lim-
it physical activity, exclude bathing and, if necessary, 
use panty liners. The clinical efficacy of therapy was 
assessed by the positive dynamics of clinical symp-
toms, colposcopic and cytological picture. As a result 
of the poll after the execution procedure, it was found 
that in the 1st group of women pain in the form of 
moderate tingling or burning sensation was noted by 
30% of patients. Complaints in duration were within 
2-5 minutes, later the feeling of discomfort was not 
manifested. In women of the II group, pain sensations 
of varying severity were present in 15 (79%) patients 
that involved the use of injecting the cervix 2% - 1 ml 
lidocaine or ultracaine or treatment of the cervix with 
a drug lidocaine spray and various pain relief medica-
tions after procedures. Painful sensations were noted 
for 2-4 hours. In the postoperative period, the wound 
exudate was presented by scanty serous or smearing 
secretions that lasted 6-11 days. When the scab is re-
jected from the wound surface the cervix on the 7-10th 
day in all cases did not require excretion therapeutic 
measures. In group II, where diathermodestruction 
was used pathological foci, abundant watery discharge 
were observed in all 100% of patients within 20 days, 
then the intensity gradually decreased, completely 
disappeared after 28-30 days. When conducting con-
trol colposcopy 28-30 days after the treatment it was 
noted that in group I, after argon plasma coagulation 
of tissues complete epithelialization of the cervical tis-
sue occurred in 90% of patients, the average period 
of complete epithelialization was 35 days (25-45 days 
earlier, than in the comparison group. In the group of 
patients after diathermodestruction cervix with col-
poscopy after 35 days complete epithelialization was 
found only in 38.8% of women, and the average pe-
riod of full epithelialization was 3 months. Cicatricial 
changes were present in 22% of cases. Re-intervention 
after diathermodestruction 4 women had to perform 
the method of argon plasma coagulation. Control ex-
amination and extended colposcopy were performed 
after 1.5–2 months after surgery and, if necessary, fur-
ther in dynamics.

It was found that the average duration of healing 
of the cervix after procedures were 42 ± 2.5 days. De-
layed epithelialization (50-60 days) noted in 3 cases, 
and in all these situations the procedure argon plasma 
coagulation of the neck was carried out after sanitation 

vagina due to bacterial vaginosis and / or STIs -myco-
plasma, ureaplasma and human papillomavirus infec-
tions; after examination, such patients were prescribed 
dexpanthenol vaginally (in candles) and Actovegin (in 
pills) orally in standard course dosages.

Conclusions
Our observations have shown that in recent years 

the incidence of pathological conditions of the cervix 
has been increasing, and also, from year to year, the 
number of precancerous diseases is increasing - from 
2019 to 2021. Their incidence rate has increased by 
1.5 times. Moreover, in the age aspect, the incidence 
of the latter is recorded mainly in the age period of 
37-45 years, which requires special vigilance during 
this period of life. In accordance with the results ob-
tained, a number of conclusions can be drawn about 
the expediency of using the method of argon plasma 
coagulation in treatment of pathology of the cervix. 
The advantages of this method are:

 – the possibility simultaneous and quick removal of 
pathological tissues from a large lesion focus; 

 – minimal discomfort during the operation, which 
allows you to refuse anesthesia in most cases; 

 – absence of physical contact of the working part of 
the tool with tissues of the patient negates the pos-
sibility of infection and formation of carbon depos-
its on the electrode, provides the ability to control 
depth and area of coagulation;

 – the bloodlessness of the intervention and the ab-
sence of smoke ensures the doctor good visualiza-
tion and the ability to produce fast and accurate 
manipulations;

 – the sterilizing effect of radio waves allows you to 
use it when treatment of persistent chronic cervici-
tis; - preservation of the shape of the cervix and the 
absence of rough scarring allow to apply this meth-
od to nulliparous and planning repeated pregnan-
cy to women; 

 – short time of postoperative wound healing.
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Abstract
India’s reputation as a country with strong abstinence culture, par-
ticularly when it comes to alcohol, is under appreciated. In recent 
years, the country has experienced a tremendous development 
of metropolitan pubs and nightclubs, and it is quickly losing its in-
hibitions about drinking as a lifestyle choice. This circumstance has 
sparked fears of an unreported surge in alcohol misuse, not only 
among the poorer classes, but even among hitherto dry portions 
of society. Drink-related disorders have already emerged as a se-
rious public health concern in India due to increased production, 
distribution, and promotion of alcohol, and there has been a rapid 
change in patterns of alcohol consumption in India. Counseling 
focuses on helping people stop drinking alcohol and is followed 
up with life skills and social support to assist them avoid relapsing. 
The chance of developing an alcohol consumption disorder was 
considerably lowered when people were resilient. The link be-
tween resilience and alcohol use disorder was shown to be mostly 
due to shared genetic and environmental variables. Counseling 
assists persons who are addicted in setting short-term goals that 
are attainable and empowering, as well as long-term goals that 
may include repairing damaged relationships, accepting respon-
sibility for acts, and letting go of guilt. 

Keywords
Alcohol, Alcohol abuse, Alcohol use disorder, Counselling, Re-
silience
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INTRODUCTION
Every year, 3 million people die as a result of prob-

lematic alcohol use around the world, accounting for 
5.3 percent of all deaths. More than 200 diseases and 
injuries have been linked to the inappropriate use of 
alcohol. Alcohol is responsible for 5.1 percent of the 
worldwide burden of disease, assessed by disabili-
ty-adjusted life years (DALYs) [1]. Alcoholism, often 
known as alcohol use disorder (AUD), is a medical 
illness marked by a diminished ability to cease or 
regulate harmful alcohol consumption despite nega-
tive consequences. This illness can lead to mental and 
physical health concerns, as well as social challenges 
and everyday problems.

When an individual engages in drinking pattern 
that pulls him at risk of developing adverse health out-
comes, alcohol intake becomes a problem. [3] There 
are a variety of effective evidence-based therapy tech-
niques to assist a person recover from alcoholism, in-
cluding a mix of rehabilitation treatment, counselling, 
behavioural treatments, and medications to lessen or 
eliminate the impulse to drink. [4] 

Resilience has also been defined as a measure of 
stress coping abilities and long-term competency in 
the face of adversity. [5] Resilience is defined as not 
just the ability to recover from hardship, but also the 
ability to grow and strengthen as a result of it.It is peo-
ple’s mental reserve of strength that allows them to get 
through difficult situations without breaking down 
[6]. Resilient people, according to psychologists, are 
better equipped to deal with adversity and rebuild 
their life after a setback. [7] 

Although formal psychological treatments for 
problematic drinking are suggested as first-line rem-
edies, counselling provides the necessary support 
and advice to address the emotional origins of al-
coholism [8]. and to assist people in learning how 
to minimise their drinking, develop a solid support 
system, and set attainable goals in order to gain re-
silience. They may be driven to unhealthy, destruc-
tive, or even dangerous activities as a result of dis-
appointment or failure.These people recover more 
slowly from setbacks and are more likely to experi-
ence psychological anguish.Resilience is a complex 
combination of internal and environmental factors, 
including genetics, physical fitness, mental health, 
and environment [9]. 



76 | Cardiometry | Issue 25. December 2022

REVIEW OF LITERATURE
Kim Foster [2019] - Mental health nurses work 

in demanding and potentially stressful environments. 
Consumer, family, including work environment and 
organisation, can all be sources of stress. Burnout and 
poor physical and mental health can result from the 
cumulative effects of stress and professional obstacles 
for mental health nurses. The goal of this integrative 
review was to look at different viewpoints on resil-
ience, as well as analyse and synthesise the current 
state of knowledge in mental health nursing. Twelve 
papers were chosen after a thorough search, screening, 
and data extraction process. The coping and capaci-
ty to manage thoughts and emotions with self-effica-
cy are increased in Mental health nurses’ as a result 
of a resilience programme, which also helped them 
establish resilient practise. Future research on resil-
ience-building approaches for mental health nurses in 
the individual, work space, and organisational levels 
are needed. [10] 

Aline Alves Dos Santos Dullius [2018] aims to in-
vestigate alcohol consumption/dependence and resil-
ience in older persons with high blood pressure, as well 
as the factors that influence these variables.a descrip-
tive, cross-sectional, quantitative research involving 
300 older adult patients with high blood pressure from 
Family Health Strategy units in Minas Gerais, Brazil 
The Alcohol Use Disorder Identification Test and the 
Resilience Scale were utilised as part of a semi-struc-
tured questionnaire. Pearson's chi-square test, Fisher’s 
exact test, Cronbach’s alpha, odds ratio, and logistic re-
gression were used to examine the data. The consump-
tion of alcoholic drinks was low-risk for 89.3 percent 
of the respondents. Gender, age, smoking, and illness 
duration were all found to be significant predictors of 
alcohol consumption/dependence. Alcohol intake and 
resilience can impact with the physical and emotional 
health of older persons with high blood pressure, ac-
cording to 36.7 percent of those surveyed. [11] 

The empirical research have generally focused on 
quantitative data to identify the individual and envi-
ronmental aspects related with the lifestyles, develop-
mental trajectories, and growth of children of alco-
holics and other drug users, according to Jerry Moe 
and Jeannette (2007). Many of these studies concen-
trate on their drawbacks, while only a few focus on 
their advantages. Furthermore, just a few research 
have collected data using qualitative methods. While 
quantitative studies have provided us with a wealth of 

information, we might be able to learn a lot more if 
we used data collection methods that actually provid-
ed us with the child’s perception of their strengths, or 
resilience, and what they believe it takes to grow into 
happy, healthy adults. [12] 

Brid Corrigan [2016] - For the close relatives of 
problem drinkers, alcoholism can have serious and 
long-term consequences. The role of Al-Anon (a 12-
step mutual-help organisation for family) in build-
ing resilience among its members was investigated in 
this study. Interpretative phenomenological analysis 
is used to examine the data from two focus groups  
(n = 5 and n = 3), as well as two individual interviews. 
In terms of personal growth and improved function-
ing, participants reported increased positive adaption. 
According to the findings, Al-Anon helps members 
to become more resilient by providing protective ele-
ments. The consequences were examined in the con-
text of improving clinical interventions [13]. 

STATEMENT OF THE PROBLEM
An experimental study was conducted to deter-

mine the impact of coping strategy counselling in pro-
moting resilience among alcohol addicts admitted to a 
specific hospital in Chennai.

OBJECTIVES OF THE STUDY
1. To determine the level of resilience in the re-

search and control groups prior to the pre-assessment.
2. To differentiate the level of resilience in the study 

and control groups before and after pre- and post-as-
sessment.

3. To compare the effectiveness of coping strategy 
counselling in promoting resilience for alcoholism in 
the study and control groups.

4. To link the level of resilience after the exam with 
a demographic component.

MATERIALS AND METHODS
The usefulness of counselling regarding Coping 

methods to increase self-esteem among alcohol-de-
pendent people was studied using a quantitative eval-
uative research approach [14]. 

The study was conducted using an experimental 
research design [14]. The participants ranged in age 
group from 18 - 60 years old who met the inclusion 
criteria. This tool comprising three elements, demo-
graphic variables, [14] , Connor Davidson resilience 
scale [15] , and counselling interventions, were used 
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with the probability simple random sample tech-
nique [14]. 

RESULTS AND DISCUSSION
The pretest level of resilience score in the Experi-

ment and control groups [16] of alcohol dependence is 
compared in Table 1.
Table 1
PRETEST [16] LEVEL RESILIENCE SCORE

Level of 
resilience

Experiment Control Chi-square test
n % n %

Poor 8 66.67% 6 50.00% χ2=0.69P =  
= 0.41 (NS)Mild 4 33.33% 6 50.00%

Moderate 0 0.00% 0 0.00%
Good 0 0.00% 0 0.00%
 Total  12 100.00%  12 100.00%

Before counselling, 66.67 percent of those with al-
coholism in the Experiment group had a bad level of 
score, 33.33 percent had a mild level of score, none of 
them had a moderate level of score, and none of them 
had a good level of score. In the control group, 50.00 
percent of those suffering from alcoholism have a bad 
level of score, 50.00 percent have a mild level of score, 
none have a moderate level of score, and none have a 
good level of score. There is no statistically significant 
difference between the Experiment and the Control 
groups. The chi-square test was used to analyse the lev-
els of resillence in the Experiment and control groups.
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FIGURE - 1: PRE TEST LEVEL OF RESILIENCE

Table 2 compares the post-test [17] level of re-
silience score between the Experiment and control 
groups of those who had alcoholism. 

After counselling, none of the alcohol dependents 
in the Experiment group had a poor level of score, 
with 16.67 percent having a mild level of score, 50.00 
percent having a moderate level of score, and 33.33 

percent having a good level of score. In the control 
group, 33.33 percent of those suffering from alcohol-
ism have a bad level of score, 66.67 percent have a mild 
level of score, none have a moderate level of score, and 
none have an excellent level of score. There is a statis-
tically significant difference between the Experiment 
and the Control groups. The chi-square test was used 
to analyse the resilience scores of the Experiment and 
control groups.
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FIGURE 2. POST TEST LEVEL OF RESILIENCE SCORE

Table 3
COMPARISON OF MEAN RESILIENCE SCORE BETWEEN EX-
PERIMENT AND CONTROL GROUP

Group N Mean SD Mean 
gain 
score

Student in-
dependent 

t-test
Pre-test Experi-

ment
12 40.08 9.88 0.75 t=0.23 

p=0.81(NS)
Control 12 39.33 5.21

Post-test Experi-
ment

12 64.00 5.98 22.50 t=10.05 
p=0.001*** 

(S)Control 12 40.25 5.21

Experiment al group alcohol dependence has a 
pre-test score of 40.08 and a post-test score of 39.33, 
therefore the difference is 0.75, which is modest and 
statistically insignificant. Experiment al group alcohol 

Table 2
POSTTEST LEVEL [17] RESILIENCE SCORE

Level of 
resilience

Experiment Control Chi-square test

n % n %
Poor 0 0.00% 4 33.33% χ2=17.60P = 

= 0.001** (S)Mild 2 16.67% 8 66.67%
Moderate 6 50.00% 0 0.00%
Good 4 33.33% 0 0.00%
Total  12 100.00%  12 100.00%
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dependence has a score of 64.00 on the pre-test and a 
score of 40.25 on the post-test, a difference of 22.50. 
This difference is big and statistically significant.

Student independent t-test [17] was used to calcu-
late the statistical significant difference between pre-
test and post-test.

 

FIGURE 3 COMPARISION LOF MEAN RESILIENCE SCORE

The impact of counselling on the Resilience Gain 
Score is seen in Table 11.

TABLE 4
EFFECTIVENESS OF COUNSELING AND GENRALIZATION OF 
RESILIENCE GAIN SCORE
Group Test Maxi-

mum 
score

Mean 
score

With a 95% 
confidence 
interval, the 
mean dif-
ference in 

resilience gain 
score

With a 95% 
confidence 
interval, the 
difference in 

resilience gain 
score is shown 

as a percentage.
Ex-
peri-
ment

Pre-
test

100 40.08 23.92  
(16.74 – 31.10)

23.92%
(16.74%–31.10%)

post-
test

100 64.00

Con-
trol

Pre-
test

100 39.33 2.16
(-0.61 – 1.72)

2.16%
(-0.61% –1.72%)

post-
test

100 41.50

The experimental group received a score of 23.92 
percent, whereas the control group received just 2.16 
percent.

Table 5 illustrates the relationship [19] between 
the post-test level of Resilience score and alcohol de-
pendency demographic characteristics. 40-60 years 
old and businessmen/others who are alcoholics have 

Table 5
ASSOCIATION BETWEEN POSTTEST LEVEL OF RESILIENCE SCORE AND ALCOHOL DEPENDENCE DEMOGRAPHIC VARIBLES 
(Experiment group)

Demographic variables [17] Post-test level resilience score n Chi square test/Yates 
corrected chi square 

test {18] Upto/Moderate Good

n % n %

AGE IN YEARS 18 -40 years 6 100.00% 0 0.00% 6 χ2=8.00 p=0.01**(S)

41 -60 years 2 33.33% 4 66.67% 6

RELIGION Hindu 6 85.71% 1 14.29% 7 χ2=2.74p=0.10(NS)

Muslim/christian 2 40.00% 3 60.00% 5

TYPE OF FAMILY Nuclear family 6 66.67% 3 33.33% 9 χ2=0.00 p=1.00(NS)

Joint family 2 66.67% 1 33.33% 3

MARITAL STATUS Married 6 66.67% 3 33.33% 9 χ2=0.00 p=1.00(NS)

Unmarried 2 66.67% 1 33.33% 3

OCCUPATION Cooley/Driver 6 100.00% 0 0.0% 6 χ2=8.00p=0.01**(S)

Business men/
others

2 33.33% 4 66.67% 6

MONTHLY INCOME Rs 5000 – 15000 3 75.00% 1 25.00% 4 χ2=0.18p=0.66(NS)

Rs 15000 and above 5 62.50% 3 37.50% 8

PRESENCE OF FAMILY 
MEMBERS WITH THE HABIT 
OF SUBSTANCE ABUSE

Yes 6 66.67% 3 33.33% 9 χ2=0.00 p=1.00(NS)

No 2 66.67% 1 33.33% 3

DURATION OF TAKING 
ALCOHOL

<4 years 3 75.00% 1 25.00% 4 χ2=0.19 p=0.67(NS)

>4 years 5 62.50% 3 37.50% 8
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a higher level of resilience than others. The Chi square 
test/Yates corrected chi square test was used to deter-
mine statistical significance. The mean difference with 
95 percent confidence intervals and percentage with 
95 percent confidence intervals were used to deter-
mine differences and generalization [19] of the Resil-
ience gain score between pretest and post test scores.

CONCLUSION
Globally, policy must take into account various sit-

uations in different societies in order to limit the harm 
caused by alcohol. Two aspects of alcohol consumption 
that must be considered in efforts to lessen the burden 
of alcohol-related issues are average quantities drank 
and drinking patterns. National monitoring methods 
must be devised to measure alcohol consumption and 
its impacts, as well as to enhance public awareness and 
policymakers’ understanding. Although alcohol abuse 
is a primary cause of death and disability, its overall re-
lationship with health is complicated due to the poten-
tial beneficial effects of adequate treatment. Whether 
it’s a desire for socialisation or counselling that moti-
vates you to build resilience, medical help can help you 
avoid the negative effects of alcohol. Resilience and al-
cohol consumption can have impact on physical and 
psychological health. Because resilience is a dynamic 
notion that can be learnt and improved, resilience-en-
hancing programmes may be useful in improving the 
quality of life of those who are addicted to alcohol.
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Abstract
Schizophrenia is a severe type of mental illness that is both per-
sistent and burdensome. Because they are under a lot of stress 
coping with caring for schizophrenia patients, family members 
of these patients often have a negative attitude and a wide 
spectrum of expressed emotion towards them. The quality of 
interaction patterns and the type of family ties among family 
caregivers and individuals with schizophrenia and other psy-
chiatric conditions are classified as an unfavorable family en-
vironment. [1] Large volumes of emotion directed directly at a 
person or within a family environment are referred to as “high 
expressed emotion.”One or more parents’ critical or emotion-
ally over-involved attitudes and behaviors toward their schizo-
phrenia offspring are referred to as expressed emotion. [2]. Any 
aberrant processes inside a family, such as conflict, communica-
tion problems, cold parenting, criticism, control, and excessive 
amounts of expressed emotions, are referred to as family dys-
function.. These could be risk factors for schizophrenia onset 
and maintenance. Schizophrenics who returned home to such 
a family were more prone to relapse than those who returned 
home to a family that expressed little or no emotion. While not 
on medication, returning to a high expressed emotion family 
resulted in a large rate of recurrence. [20] Family members of 
schizophrenia patients require psychosocial nursing care to as-
sist them cope with their stress. [21] 
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INTRODUCTION
An adverse family environment is defined as the 

quality of interaction patterns and the type of family 
ties involving family caregivers and individuals with 
schizophrenia and other psychiatric diseases. The 
impact of expressed emotion has been discovered to 
be one of the most reliable indicators of schizophre-
nia relapse. [1] The practice of expressing one’s feelings 
through both vocal and nonverbal behaviour is known 
as emotional expression. Emotional expressiveness is a 
crucial aspect of emotion management and can have a 
negative impact on one’s health. Emotional expression 
is a subset of emotion regulation, which is described 
as how people influence, experience, and express 
their emotions, whether consciously or unconscious-
ly. Emotion regulation occurs at different times in a 
situation, either before, during, or after an emotional 
experience. [7] 

WHAT IS EXPRESSED EMOTION?
In mental health, the term “expressed emotion” re-

fers to the intensity with which a variety of emotions 
are exhibited within the context of a family. Emotional 
expression can be either high or very low. This feel-
ing can be characterised as either ‘negative’ (hostility, 
wrath, etc.) or ‘positive’ (joy, happiness, etc.). ‘High 
expressed emotion’ refers to large volumes of emotion 
directed directly towards a person or within a family 
environment.’ [1] Emotion regulation occurs in a cer-
tain situation across time, either before, during, or af-
ter an emotional event [7]. 

The majority of people who have been diagnosed 
with psychiatric problems will need to go through re-
habilitation in order to heal. People with these condi-
tions, on the other hand, can easily revert to the old 
patterns they are seeking to change.One factor that 
contributes to such a relapse after therapy is expressed 
emotion from the relatives with whom they live. Fami-
ly members’ expressed emotion relates to their feelings 
regarding the sickness and the individual who is suf-
fering.Close relatives’ pressure leads the person back 
into previous ways of thinking, and the criticism is 
too hard to bear as they try to completely rehabilitate. 
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When a patient has a psychological issue, expressed 
emotion plays a key part in relapse. [22] 

LINK OF EXPRESSED EMOTION  
WITH PSYCHOSIS

In a vulnerable individual, the presence of High Ex-
pressed Emotion in the familial setting can be a trau-
matic experience that can intensify or even induce an 
episode of psychosis. Expressions of emotion that have 
no effect on other people can have a negative impact on 
persons who are suffering from or at risk of developing 
schizophrenia. The good news is that by being aware 
of this, families and caregivers can implement adjust-
ments to promote their loved ones’ mental health.

In one way or another, a person who is experienc-
ing, recovering from, or at danger of psychosis will 
have a lot going on both mentally and emotionally. 
They will have a harder time processing and dealing 
with inputs. Consider the following scenario to get a 
sense of what this may be like: When you have a bad 
headache, for example, a high-stimulus environment 
with plenty of noise and demands may be unbearable. 
Normal expectations, such as those of work or family 
life, may be significantly more difficult to manage, and 
you may realize that your threshold for dealing with a 
variety of stimuli and demands has decreased. Similar-
ly, someone suffering with, recovering from, or at risk 
of psychosis may have a lower threshold for coping 
with High Expressed Emotion than others, which can 
exacerbate or create psychotic symptoms. Similarly, a 
person suffering with, recovering from, or at risk of 
psychosis may have a lower threshold for coping with 
High Expressed Emotion than other people, and as a 
result, psychotic symptoms may be initiated or inten-
sified. [1] 

THREE FACTORS TO BE COSIDERED  
IN EXPRESSED EMOTION

People who have been diagnosed with psychiatric 
disorders need to express their emotions in order to 
recuperate. Hostile, critical, and emotional over-in-
volvement are the three attitudes associated with ex-
pressive emotion. Relatives’ negative comments and 
nonverbal acts have an effect on the disorder’s out-
come. As a result of the family’s pressure on him to 
heal and cease doing certain things, the patient’s dis-
ease relapses. Because of the criticism and pity from 
others, they don’t know what else to do during this 
delicate moment of rehabilitation. [2]. Family members’ 

antagonism makes it difficult for the family member 
to improve their health.

HOSTILITY
The stated emotion’s hostile sentiments are aimed 

at the person with the disorder. This person is blamed 
by the family members for the problem. The family 
considers the person to be in command of the illness’s 
progression. Because the sickness implies an inside 
battle, the relatives feel the family member is being 
selfish by refusing to become healthier. The patient 
is frequently considered responsible for the family’s 
troubles and is blamed for any unpleasant occurrences 
that occur inside the family. They have a tough time 
settling family conflicts because the bulk of issues are 
settled by blaming the disorder. [3] 

CRITICALNESS
Over-involvement in a harsh and emotional man-

ner .A blend of hostile and emotional over-involve-
ment characterizes critical expressed emotion atti-
tudes. Other elements that influence mental illness 
and behaviour are more readily considered by family 
members. Because they identify numerous roots of 
the problem, these attitudes are more open-minded 
than the previous one. [3] Despite the fact that other 
contributions are viewed and appreciated by the fam-
ilies, there is still harsh criticism. Siblings and parents’ 
critical expressions of emotion are the source of the 
patient’s future and growing difficulties.(4)

OVER-INVOLVEMENT IN EMOTIONS
Relatives show their feelings about the mental ill-

ness by emotional over-involvement. Instead of blam-
ing the ill, the family members blame themselves. 
They believe it is their fault for everything and become 
overly attached to the person who is ill. Any unfavor-
able occurrence is perceived to be their fault rather 
than the disorders; they believe the disorder is be-
yond the patient’s control. The attitude demonstrates 
that the relative is open-minded about the problem, 
but it also causes the relative to become too concerned 
out of sympathy for the family member. Emotional 
over-involvement may not appear as violent or criti-
cal as aggressive or critical views, but it has the same 
relapse-causing effect. The patient can no longer cope 
with the pity stress and returns to their illness as a cop-
ing method because the relative has become so over-
bearing. [5] 
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When relatives of a psychological patient are not 
present, expressed emotion is a measure of how suc-
cessfully they convey their feelings toward them. [6] 

The family is interviewed to see how much emotion 
they are expressing, and their facial expressions and 
comments while answering questions are closely ob-
served. The Camber Well Family Interview is the 
name given to this interview. The family is videotaped 
so that someone who knows how to code the attitude 
being transmitted may figure out what type of emotion 
is being shown. The tape is thoroughly studied, with a 
focus on determining how significant the statements 
are of the rehabilitation process and anything linked 
to the patient’s problem. A relative’s viewpoint can be 
expressed in one of two ways: with strong emotion or 
with little passion. The quantity of critical remarks 
made by the relative is used to determine this record. 
When a relative has a strong emotional reaction, he 
or she will make at least six critical comments during 
the interview. Less than six critical statements are con-
sidered low exhibited emotion. [6]. Many of those who 
express a lot of emotion are more likely to be negative 
than individuals who don’t.

THE LINK BETWEEN EXPRESSED  
EMOTION AND THE FAMILY

One or more parents’ critical or emotionally 
over-involved attitudes and behaviours toward their 
schizophrenia offspring are referred to as expressed 
emotion. Family bonds are a strong but debatable 
predictor of relapse of positive symptoms, accord-
ing to research into expressive emotion. According 
to further research, patients who stayed with family 
members who had high levels of expressed emotion 
(EE), which was determined by three criteria, had 
greater relapse rates (Brown et al., 1962).Criticism, 
antagonism, and emotional over-involvement are all 
examples of emotional over-involvement. [23] A recent 
meta-analysis found that in a high-expressed emo-
tion context, the median relapse rate is 48 percent, 
compared to 21 percent in a low-expressed emotion 
situation. 

Although the exact methods of action and impor-
tance of high expressed emotion in the progression of 
schizophrenia are unknown, it is obvious that families 
play a role in the disease’s progression.
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Etiological, Responsive and biogenic Models for the involvement of high expressed emotion and relapse in 
schizophrenia 
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EXPRESSED EMOTIONS ACROSS 
CULTURE

Findings from Western countries 

The United Kingdom
Vaughn and Leff (1976) followed up on 37 and 30 

patients in each group of 43 patients with schizophre-
nia and 32 patients with ‘depressive neurosis.’ Patients 
from households with high levels of expressed emo-
tion had a 50% relapse rate, whereas those from homes 
with low levels of expressed emotion had just a 12% 
relapse rate. [2] 

The USA
Vaughn and her colleagues discovered that 33 

percent of Californian families had low expressed 
emotion, compared to 52 percent of British house-
holds, using the identical procedures. There were 
no cultural variations in emotional over engage-
ment, but the Californian sample was consider-
ably less likely than the London sample to make no 
critical comments, and the Californian group had 
higher hostility evaluations.. Patients who exhibit-
ed a lot of expressive emotion were more likely to 
relapse (56 percent compared with 17 percent for 
low expressed emotion). In addition, those in the 
non-medicated high expressed emotion group had 
a significant recurrence rate (68 percent), but those 
in the medicated low expressed emotion group had 
none. [10] 

AUSTRALIA
Vaughan et al. (1992) found that 59 percent of indi-

viduals in the high expressed emotion group relapsed, 
but only 36% of those in the low expressed emotion 
group. High contact (more than 35 hours per week) 
was associated with a 68% greater risk of relapse, 
compared to only 13% in the low expressed emotion 
groups. [11] 

RESULTS FROM COUNTRIES  
OTHER THAN THE WEST

INDIA
104 relatives were interviewed as part of a Chan-

digarh-based sub-study of the World Health Organi-
zation’s research on first-onset schizophrenia (Wig, 
Menon and BediWig et al, 1987b). Among the three 
centers tested, the Chandigarh sample had the lowest 
scores on all of the following measures: mean number 
of critical comments, proportion of relatives display-
ing hostility, positive remarks, mean score on warmth, 
and degree of parental over engagement (Chandigarh, 
Aarhus, and London). Only 23% of relatives in the 
Chandigarh group showed high expressive emotion, 
compared to 54% in the two European cities.

EGYPT
Kamal (1995) found that 55 percent of relatives of 

schizophrenia patients had high expressive emotion in 
an Egyptian study. Before relapsing, Egyptian patients 
were more tolerant of criticism than patients in West-

Family and cultural characteristics that may have an impact  
on the patient’s outcome through expressed emotion [19] 
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ern studies. These levels, they argued, included con-
structive criticism. [15] 

ISRAEL
Similarly, it has been shown that wrath is shown 

more overtly and quickly in Israel than in Western 
countries, and that not expressing one’s anger is seen 
as a sign of weakness (Heresco-Levy, Greenberg, and 
Dasberg).). As a result, expressed emotion false-posi-
tive rates in both hostility and critical comments made 
in the context of anger are likely to be high. According 
to Heresco-Levy et al., it is critical to adjust expressed 
emotion ratings in relation to normative levels of overt 
emotion expression, which vary by culture.. [17] 

HOW TO RECTIFY IT
Families frequently feel condemned and blamed 

when the topic of high expressed emotion in the 
home is discussed. It can be quite tough to support a 
loved one who is suffering from a mental illness. It’s 
only natural for emotions to boil over at home under 
such situations. Understanding the impact of high ex-
pressed emotion on a person suffering from or at risk 
of psychosis, and adjusting behaviour to reduce ‘high 
expressed emotion’ in the home, can improve the indi-
vidual’s mental health and, as a result, reduce stress for 
family and carers.

In order to detect instances of High Expressed Emo-
tion in the home, family counselling may be effective. 
Understanding psychosis symptoms will also assist 
family members and caregivers in reducing feelings of 
hostility, frustration, anger, worry, grief, and guilt.

CONCLUSION:
Most persons who have been diagnosed with psy-

chiatric disorders will require rehabilitation in order 
to recover. People with these conditions, on the oth-
er hand, can easily revert to the old patterns they are 
seeking to change. One factor that contributes to such 
a relapse after therapy is expressed emotion from the 
relatives with whom they live. Family members’ ex-
pressed emotion relates to their feelings regarding the 
sickness and the individual who is suffering. Close 
relatives’ pressure leads the person back into previous 
ways of thinking, and the criticism too hard to bear 
as they try to completely rehabilitate. When a patient 
has a psychological problem, expressed emotion plays 
a key part in relapse. A patient’s personality profile, 
caregivers’ attribution factors for patient symptoms, 

and the patient’s vulnerability to stress are all elements 
that influence the expressed emotion. High expressed 
emotion and symptom relapse can be reduced with 
psychosocial assessments and interventions, partic-
ularly those that focus on family psychoeducation. 
On the other hand, the expressed emotion hypothesis 
casts doubt on caregivers’ favorable attitudes toward 
patients. Future studies should focus on both protec-
tive and vulnerable factors within the concept of ex-
pressed emotion in schizophrenia in order to provide 
comprehensive care. [1] 
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Abstract
Elevated level of blood glucose hyper glycemia leads to spillage 
of glucose in t urine, hence that terms sweet urine. Minority 
populations are disproportionately affected by diabetes. Self 
care for diabetes is of an utmost importance for prevention. 
Diabetes mellitus is a group of metabolic diabetes character-
ized by the elevated levels of glucose in the blood (hypergly-
cemia) resulting from defects in insulin secretion, insulin action 
or both. Insulin a hormone produced by the pancreas controls 
the level 0f glucose in the blood by regulating the production 
and storage of glucose. HbA1c levels improved more with com-
bined exercise compared with either supervised aerobic or su-
pervised resistance exercise alone. Diabetes self-management 
is the cornerstone of diabetes control and averting complica-
tions. If not treated properly, it can lead to a variety of chronic 
problems, including irreparable disability and death. Majority 13 
(43.3%) of them were secondary, 9 (30%) of them were moder-
ate, 8(26.6%) of them were heavy working pattern. 
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INTRODUCTION
Type 2 diabetes is notoriously under diagnosed, 

however, and the notation of per operative hyper glyce-
mia may be the first indication of its presence. Diabetes 
is at increased risk for cardiac vascular disease. Appro-
priate risk stratification for cardiac complication of sur-
gery is vital to the perioperative evaluation of patients. 

[1] Diabetes mellitus commonly referred to as diabetes 
was first identified as a disease with” sweet urine”. [2] 

Long-term consequences from diabetes can impair the 
kidneys, eyes, heart, blood vessels, and nerves. Diabet-
ic ketoacidosis a life-threatening condition that occurs 
due to decreased or missed insulin dose leading to hy-
per glycemia. Hyper glycemia a serious condition that 
can be fatal if not treated immediately. [3] the age adjust-
ed prevalence of diabetes is increasing among all gender 
and race groups, but compared to Caucasians, Africans, 
Americans and members of other racial ethnic groups 
are more likely to develop diabetes are at greater risk for 
many of the complications and have higher death rates. 

[4] Genetic pre disposition and environmental factors 
are implicated in the pathogenesis of diabetes mellitus. 
The pattern of inheritance and interaction between ge-
netic and environmental factors differ in both type I 
&TYPE II. [5] DM is considered as a heterogeneous a set 
of illnesses, a characteristic of chronic hyper glycemia, 
polyuria, polyphagia, polydipsia caused by absolute or 
relative deficiency of hormone insulin either by action 
or production or both, which controls carbohydrate fat 
and protein metabolism. [6] self care for diabetes is of an 
utmost importance for prevention. The client should be 
given health education on various aspect of health care. 

[7] Diabetes mellitus a chronic disease which is charac-
terized by a state of chronic hyperglycemia. A number 
of factors are responsible for causing diabetes mellitus. 

[8] Diabetes is an increasing problem in India, with an 
estimated 8.7% of the population between the ages of 
20 and 70 suffering from the disease. Self care for di-
abetes is of an utmost importance for prevention. [11] 

HbA1c levels improved more with combined exercise 
compared with either supervised aerobic or supervised 
resistance exercise alone. [12] [13]. Rapid urbanization, 
sedentary lifestyles, bad diets, cigarette use, and in-
creased life expectancy are all contributing to the ris-
ing prevalence of diabetes and other non communica-
ble diseases. [14] Regular screening programs should be 
done in such areas, and it should be formulated in such 
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a way that all the major risk factors like, advancing age, 
positive family history, increased BMI, smoking and al-
cohol consumption should be rigorously screened. [15] 

REVIEW OF LITERATURE
H. M. M Herath, N. P. Weerasinghe, H. Dias & T. 

P. Weerarathna (2017) In the Galle district of southern 
Sri Lanka, a study was undertaken on diabetes mellitus 
The general public’s understanding, attitude, and prac-
tice. As a community-based cross-sectional study, this 
research was conducted in Galle district. The study’s 
participants were previously healthy, educated individ-
uals who had not previously attended a diabetes teach-
ing programme in the preceding 2 years. A total of 277 
people took part in the research. Greater part (77%) 
had either moderate (39%) or above moderate (38%) 
understanding of diabetes mellitus. The gender and 
age connections with knowledge were not important, 
despite the fact that education level was strongly and 
absolutely associated with knowledge (p = 0.001).Noth-
ing like knowledge, the majority of people (90 percent) 
had a negative attitude regarding diabetes, and educa-
tion had no bearing on this. In terms of habits, more 
than half of the study participants never had their blood 
sugar checked, over 65 percent ate a lot of refined sugar, 
and the majority (80 percent) did not engage in regu-
lar exercise. The survey found that, despite the fact that 
the majority of people (77 percent) had intermediate or 
above-moderate knowledge of diabetes, their attitudes 
toward the disease were negative (88 percent).The in-
creased understanding about diabetes does not appear 
to have translated into better habits, as more than half 
of the research participants did not participate in any 
preventative activities. As a result, more focus should be 
placed on addressing the issue of the general public’s bad 
approach and behavior concerning DM in Sri Lanka.

Over the course of three months, a descriptive 
research was undertaken in the Karnal region of 
Haryana to examine the prevalence of diabetes. In 
the Karnal district, there were 70 males and 51 fe-
males among 121 diabetic patients, with a prevalence 
rate of 10.20 per 100,000. Male patients have a higher 
prevalence than female patients, and the urban pop-
ulation has a higher incidence than the rural popula-
tion, according to the research (Sanjay Karla, 2010).

MATERIALS AND METHOD
Descriptive research was done among 30 diabet-

ic patients in a selected urban community to test the 

study’s relevance and feasibility. The data was analyzed 
to see if the statistics were appropriate. [9] 

OBJECTIVES: 
1. To assess the knowledge of the self care manage-

ment of diabetic mellitus.

RESEARCH DESIGN
Non experimental research design

RESEARCH APPROACH
Descriptive study was adopted

SELECTION OF AREA:
The area selected for the study was anagaputhur 

(urban). 

SELECTION OF SAMPLES:
30 samples were taken the research study was 

Anagaputhur (urban).

SAMPLING TECHNIQUE 
Convenient sampling techniques was adapted for 

this study . [10] 

The knowledge was assessed as follows:
LEVEL OF KNOWLEDGE SCORE 

Adequate knowledge >75%
Moderate knowledge 50-74%
Inadequate knowledge <50%

PERCENTAGE DISTRIBUTION  
OF WORKING PATERN 

 

26,6%

43,3%

30%

0,0%
5,0%

10,0%
15,0%
20,0%
25,0%
30,0%
35,0%
40,0%
45,0%
50,0%

heavy sedentary moderate

WORKING PATTERN

The above figure represents the percentage distri-
bution of working pattern.

Majority 13 (43.3%) of them were secondary, 9 
(30%) of them were moderate, 8(26.6%) of them were 
heavy working pattern. 
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PERCENTAGE DISTRIBUTION  
OF KNOWLEDGE

 

10%

23,3%

66,6%

0% 10% 20% 30% 40% 50% 60% 70%

adequate knowledge

moderate knowledge

inadequate knowledge

LEVEL OF KNOWLEDGE

The above figure represents the percentage distri-
bution of knowledge.

Majority 20 (66.6%) of them had inadequate 
knowledge, 7 (23.3%) of them had moderate knowl-
edge 3(10%) of them had adequate knowledge. 

CONCLUSION
Self-care, such as food, exercise, medication, 

self-monitoring of blood glucose levels, and foot and 
skin care, can effectively control diabetes and prevent 
complications. Genetic pre disposition and environ-
mental factors are implicated in the pathogenesis of 
diabetes mellitus. If the client is aware of his or her 

FREQUENCY AND PERCENTAGE DISTRIBUTION OF DEMOGRAPHIC DATA
Demographic variables Number of Diabetic patients %

Age 20-30 yrs 10 33.3%
31-40 yrs 12 40%
41-50 yrs 5 16.6%
>50 yrs 3 10%

Sex Male 13 49.3
Female 17 56.6

Religion Hindu 13 43.3%
Christian 12 40%
Muslim 5 16.6%
Others 0 0

Education Illiterate 12 40%
Primary school 8 26.6%
 High &Higher school 5 16.6%
Graduate 5 16.6%

Occupation Government employee 1 3.3%
Private employee 12 40%
Self employed 7 23.3%
Daily wages 6 20%
Unemployed/housewife 4 13.3%

Marital status Married 23 76.6
Single 6 20%
Widow/widower 1 3.3%

Socio Economic Status 10000 7 23.3%
10001-20000 12 40%
21000-300000 8 26.6%
Above 30,000 3 10%

Family type  small family 10 33.3%
combined family 12 40%
Large extended family  8  26.6%

Duration of illness 1 yrs- 5 yrs 7  23.3%
6 yrs – 10 yrs 8 26.6%
10 yrs -15 yrs 5 16.6%
More than 15 yrs 10 33.3%

Working pattern Sedentary worker 13 43.3%
moderate worker 9 30%
Heavy 8 26.6%
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problem and treatment options, he or she can put 
the instructions into practice to avoid further issues. 
Clients must be properly trained in self-care manage-
ment in order to perform these responsibilities, and 
their knowledge and practice should be verified on a 
regular basis. Self care for diabetes is of an utmost im-
portance for prevention. Diabetes mellitus a chronic 
disease which is characterized by a state of chronic hy-
perglycemia. A number of factors are responsible for 
causing diabetes mellitus. The client should be given 
health education on various aspect of health care. Ma-
jority 20 (66.6%) of them had inadequate knowledge, 
7 (23.3%) of them had moderate knowledge 3(10%) of 
them had adequate knowledge. 
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Abstract
This study focuses on cardiac patients’ knowledge of high 
blood pressure. Blood pressure (BP) beyond 140/90 mm Hg is 
considered to be hypertension. It is closely linked to unfavor-
able conditions like heart diseases, renal disease and vascular 
diseases. Since there will be 1.6 billion adults affected by hy-
pertension globally by 2025, It is anticipated that the difficulties 
in managing hypertension and preventing the appearance of 
these latter consequences would persist. According to projec-
tions, cardiovascular disease would account for the majority of 
fatalities and disabilities in India, killing 2.6 million people by the 
year 200, or 54% of all cardiovascular deaths.

Keywords
Knowledge, Blood Pressure, Cardiac Disease, Primary Hyper-
tension
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INTRODUCTION
There are still a lot of obstacles to overcome in 

treating hypertension. First off, because hypertension 
develops slowly, it commonly goes untreated, and 
it is difficult to identify it in the early stages before 
end-organ damage occurs. Second, despite receiving 

an accurate diagnosis of hypertension, many patients 
fall short of the therapy goals advised by recommen-
dations. This emphasizes the significant difficulties in 
implementing risk factor modification and ensuring 
proper long-term adherence to antihypertensive treat-
ments. Third, there is still debate over the ideal Blood 
Pressure management goal for high risk individuals. 
When a goal, blood pressure of 140/90 mm Hg is gen-
erally advised, patients with high CVD risk, such as 
those having increased blood pressure, should have a 
decrease of 130/80 mm Hg. It’s unclear whether such 
drastic BP decrease results in better outcomes. Fourth, 
despite taking many medications, some individuals 
still resist therapy, even among those who receive the 
proper care. The risk of negative outcomes is very high 
for these people with resistant hypertension. The de-
velopment of renal artery de-innervation may mark 
the beginning of a cutting-edge and successful thera-
peutic approach for these individuals.

Globally, it is estimated that by the year 2020, car-
diovascular disease will be the top cause of disease 
burden worldwide. Cardiac disease is one of main rea-
son for deaths in many nations around world. 

India has 118 million people with high blood pres-
sure and more than 30 million people with chronic 
heart disease, and is going through a dramatic health 
change as a result. Tamil Nadu has the highest death 
rate due to lifestyle disease such as cardiac disease its 
deaths rate for in chemic the national & Alzheimer’s is 
also higher than the national average, according to a 
report India Health Of Nations State’s.

Urban In 49 years, there has been a four-fold in-
crease in the reported prevalence of coronary heart 
disease in adult surveys, and over the previous 30 
years, the frequency has doubled in rural regions as 
well. Urban areas have coronary heart disease preva-
lence studies report there to four percent in rural ar-
eas & eight mortality coronary heart diseases in India 
accounts to 21 percent. Rural has the two percentage 
of India resided in the village recently there is also 
evidence that cardiac disease is becoming the major 
cause of death even in rural India. 

LITERATURE REVIEW
Flavio D Fuchs and Paul K Whelton (2019) Heart 

disease with high blood pressure. Fragmented research 
has obscured the full picture of cardiovascular disease 
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causes (CVD). Significant hypertension is one of the 
main reasons for cardiac diseases, and there is a high 
prevalence of exposure to it. In research and clinical 
practice, normal blood pressure levels have often been 
described as being far higher than what is considered 
to be biologically normal. We suggest that a right-sid-
ed change in the population’s distribution of BP is what 
predominantly contributes to CVD. Our belief that hy-
pertension is one of the main reasons for cardiac dis-
eases is supported by theoretical hypotheses that have 
been put to the test in observational studies and clinical 
trials. As lower values for normal blood pressure have 
been used more frequently in multivariate modeling, 
the supposed attributable risk of high blood pressure for 
stroke and coronary heart disease has gradually grown. 
In conjunction with thorough treatment of existing hy-
pertension, preventing age-related increases in blood 
pressure would greatly lessen the vascular effects often 
associated with ageing and would completely eliminate 
the burden of BP-related CVD on the population.

Shikha Singh (2017) In order to ascertain the prev-
alence of hypertension and its risk factors, a cross-sec-
tional study was carried out in urban Varanasi. Due to 
its great incidence worldwide, hypertension is a sig-
nificant public health issue. High blood pressure is a 
factor in about 7.5 million fatalities annually, or 12.8% 
of all deaths worldwide. In 2025, there will likely be 
1.56 billion adults who have hypertension. For this 
investigation, a multistage sampling technique was 
adopted. There were three steps, and a new sample de-
sign was utilized for each stage. Comparatively to the 
prevalence reported in other research, the prevalence 
of hypertension in the current study (32.96 percent) 
was greater. Only a few research produced results that 
matched those of the current analysis. In India, the 
prevalence of hypertension was 23.5 percent overall 
and 24.2 percent and 22.7 percent, respectively, for 
men and women, by WHO (2015).

MATERIALS AND METHOD:
In a chosen hospital in Chennai, 30 patients with 

pre-hypertension and cardiac patients participated in 
this descriptive research. to evaluate the study’s appli-
cability and significance.

AIM 
The aim of this study was to assess the Knowledge 

regarding Blood Pressure control among cardiac pa-
tients in selected hospital, Chennai.

OBJECTIVE
• Assess the knowledge level regarding high blood 

pressure among Cardiac Patients
• To determine the knowledge level regarding high 

blood pressure among cardiac patient in selected 
hospital.

METHODOLOGY
Research study’s methodology is an important 

component that helps one develop a blueprint of the 
work that was done.

RESEARCH APPROACH 
Descriptive study and purposive sampling tech-

nique was used.

AREA 
Sree Balaji Medical Hospital, Chrompet, was se-

lected for data collection.

SAMPLES 
Ischemic heart disease patients with primary hy-

pertension.

TOOL DESCRIPTION
Multiple choice questionnaire (MCQ) was used as 

tool.

CONSTRUCTION OF QUESTIONNAIRE
The study’s basic multiple-choice questionnaire 

(MCQ) was taken into consideration when creating 
the interview schedule to gauge participants’ knowl-
edge of blood pressure control.

SCORING 
Mark given to correct answer - 1
Marks given to wrong answer - 0

THE KNOWLEDGE IS ASSESSED AS FOLLOWS 
LEVEL OF KNOWLEDGE PERCENTAGE %

ADEQUATE ABOVE 80%
MODERATELY ADEQUATE 51-75%
INADEQUATE BELOW 50%

INCLUSIVE SAMPLE CRITERIA
It includes, characters that each sample must pos-

sess 
1. Ischemic Heart Disease (IHD) patients with pri-

mary hypertension age between 30 and above years.
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2. The patients who are previously diagnosed as 
Ischemic Heart Disease (IHD). 

EXCLUSIVE SAMPLE CRITERIA:
1. Ischemic Heart Disease (IHD) patients with 

Secondary hypertension are excluded.
2. The Ischemic Heart Disease (IHD) patients who 

are critically ill and mentally ill
3. Ischemic Heart Disease (IHD) patients with 

other chronic illness
4. Ischemic Heart Disease (IHD) patients who are 

not willing for the study

COLLECTION OF DATA PROCESS
After obtaining their agreement, the investiga-

tor conducted an interview with each member of the 
sample after explaining the goal and process of data 
collecting to them.

DATA ANALYSING PLAN 
• Number and percentage to evaluate the distribu-

tion of demographic information
• Number and percentage to evaluate the level of 

blood pressure control knowledge among cardiac 
patients.

ANALYSING DATA 
Tabulation is the process of summing up raw data 

and displaying it as a complete form for further anal-
ysis. Data analysis encompasses a variety of closely 
linked processes that are carried out with the goal of 
summarizing the acquired data and organizing those 
in such a way that they give.

The data which collected from the sample are an-
alyzed as 
• Demography data distribution- Number and per-

centage
• Distribution of knowledge on blood pressure con-

trol- Number and percentage

Table 1
DEMOGRAPHIC DATA

SI. 
NO DEMOGRAPHIC DATA NUMBER PERCENTAGE

1. AGE 
   a. 30 – 40 years 2 6.67 %
   b. 41 – 50 years 6 20 %
   c. 51 – 60 years 9 30 %
   d. 61 and above 13 43.33 %

SI. 
NO DEMOGRAPHIC DATA NUMBER PERCENTAGE

2. SEX 
   a. Male 14 46.67 %
   b. Female 16 53.33 %

3. RELIGION 
   a. Hindu 20 66.67 %
   b. Muslim 6 20 %
   c. Christian 4 13.33%

4. TYPES OF FAMILY 
   a. Joint family 9 30 %
   b. Nuclear family 21 70 %

5. EDUCATIONAL STATUS 
   a. Primary education 15 50 %
   b. Secondary education 11 36.67 %
   c. Under Graduate 3 10 %
   d. Postgraduate 1 3.33 %

6. FAMILY INCOME PER MONTH
   a. 10000 19 63.34 %
   b. 20000 7 23.33 %
   c. 30000 3 10 %
   d. Above 30000 1 3.33 %

7. MARITAL STATUS 
   a. Married 20 6.67 %
   b. Unmarried 10 33.33 %

8. SOURCE OF INFORMATION 
   a. Television 12 40 %
   b. Radio 7 23.33%
   c. Mobile 7 23.33 %
   d. News paper 4 13.34 %

9. OCCUPATION 
   a. Coolie 6 20 %
   b. Government 8 26.67 %
   c. Private 15 50 %
   d. Business 1 3.33 %

10. HOW LONG YOU ARE TAKING 
HYPERTENSIVE TREATMENT 
   a. Since 1 year 3 10 %
   b. 2 years 7 23.33 %
   c. 3 years 6 20 %
   d. More than 4 years 14 46.67 %

The above table shows that 
Regarding the distribution of demographic factors, 

the majority 13 (43.33%) of them are 63 and older, 9 
(30%) are between the ages of 52 and 62, 6 (20%) are 
between the ages of 41 and 51, and 2 (6.67%) are be-
tween the ages of 30 and 40. In terms of sex, 14 (46.67 
percent) women and 16 (53.33 percent) men were pres-
ent. Regarding faiths, there are 20 Hindus (66.67%), 6 
Muslims (20%), and 4 Christians (13.33%). Consid-
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ering different family types 21 nuclear families (70%) 
and 9 joint families (30%). Regarding educational sta-
tus, there are 15 (or 50%) primary, 11 (or 36.67%) sec-
ondary, 3 (or 10%) graduates, and 1 (3.33%) postgrad-
uate. Regarding monthly family income, there were 
19 families earning less than ₹10,000, seven families 
earning between ₹20,000 and ₹30,000, three families 
earning between $30,000 and $50,000, and one fami-
ly earning more than $50,000. Regarding marital sta-
tus, 20 (6.67%) were married, while 10 (33.33%) were 
single. Regarding informational sources 12 (40%) 
television, 7 (23.33%) radio, 7 (23.33%) mobile, and 
4 (13.34%) newspapers make up the media mix. Re-
garding occupation, there are 8 government jobs and 
15 private jobs (50 percent each). 6 (20%) coolies and 
1 (3.33%) business. 
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FIGURE NO 1. PERCENTAGE DISTRIBUTION OF AGE

The above table shows that majority 13 (43.33%) 63 
and above, 9 (30%) 52-62 years, 6 (20%) 41-51years, 2 
(6.67%) 30-40 year of them belongs to the age group.
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The above table shows that majority sex 16 (53.33%) 
male, 14 (46.67%) female.
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The above table shows that majority religions 
20(66.67%) Hindu, 6 (20%) Muslim, 4(13.33%) Chris-
tian
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The above table shows that majority types of family 
21(70%) nuclear family, 9(30%) joint family.
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Regarding to educational status 15(50%) prima-

ry, 11(36.67%) secondary, 3(10%) graduate, and 1 
(3.33%) post graduate. 
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Regarding to family income per month 19(63.34%) 

10000, 7(23.33%) 20000, 3(10%) 30000, 1(3.33%) 
above 30000. 
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Regarding to marital status 20(6.67%) married, 
10(33.33%) unmarried. 
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Regarding to occupation 15(50%) private, 8(26.67%) 
government 6(20%) coolie, 1(3.33%) business. 
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Regarding to sources of information 12(40%) 
television, 7(23.33%) radio, 7(23.33%) mobile, and 4 
(13.34%) newspaper

PERCENTAGE DISTRIBUTION  
OF LEVEL OF KNOWLEDGE

KNOWLEDGE FREQUENCY PERCENTAGE
ADEQUATE 15 50%
MODERATELY 
ADEQUATE 10 33.3%

IN ADEQUATE 5 16.7%
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This study revealed that 15(50%) of them were 
having the inadequate knowledge, 10(33.3%) of them 
were having moderate knowledge, and 5(16.7%) hav-
ing adequate knowledge.

SUMMARY
This study evaluated the awareness of cardiac pa-

tients regarding excessive blood pressure. Thirty con-
venient samples were collected, and the samples were 
directly informed of the study’s objectives. After ac-
quiring their information and developing a positive 
rapport with the subjects, questionnaires were created 
and successfully used for multiple purposes. The peo-
ple’s collaboration made it possible to gather the data. 
Data was gathered, examined, and the conclusions 
were interpreted. 

The above table shows that 
• Majority 13 (43.33%) 63 and above, 9 (30%) 52-62 

years, 6 (20%) 41-51years, 2 (6.67%) 30-40 year of 
them fall to the age group. 

• Regarding to sex 16 (53.33%) male, 14 (46.67%) 
female.

• Regarding to religions 20(66.67%) Hindu, 6 (20%) 
Muslim, 4(13.33%) Christian. 

• Regarding to types of family 21(70%) nuclear fam-
ily, 9(30%) joint family. 

• Regarding to educational status 15(50%) prima-
ry, 11(36.67%) secondary, 3(10%) graduate, and 1 
(3.33%) post graduate. 

• Regarding to family income per month 19(63.34%) 
10000, 7(23.33%) 20000, 3(10%) 30000, 1(3.33%) 
above 30000.

• Regarding to marital status 20(6.67%) married, 
10(33.33%) unmarried. 

• Regarding to sources of information 12(40%) tele-
vision, 7(23.33%) radio, 7(23.33%) mobile, and 4 
(13.34%) newspaper. 

• Regarding to occupation 15(50%) private, 
8(26.67%) government 6(20%) coolie, 1(3.33%) 
business. 

• Regarding to how long you are taking hypertensive 
treatment 14(46.67%) more than 4 year, 7(23.33%) 
2 years, 6(20%) 3 years, 3(10%) since 1 year 
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Abstract
Increased Blood Pressure is one of the main causes for ischemic 
heart disease, and effective management of Hypertension as a 
key to preventing both primary and secondary Ischemic heart 
disease. In primary prevention, keeping blood pressure at or 
below 140/90 mmHg is advised; in secondary prevention, levels 
of 130/85 mmHg were previously advised. In addition to acting 
alone to increase Ischemic heart disease (IHD) risk, hyperten-
sion also multiplies the likelihood of negative outcomes when it 
coexists with the other major IHD risk factors mentioned above. 
Numerous research and guideline recommendations had pub-
lished over the past 20 years with the goals of explaining the 
pathophysiology of IHD, identifying an ideal blood pressure (BP) 
threshold at which to start pharmacotherapy, and defining the 
ideal pharmacologic components of a treatment plan. The goal 
blood pressure for IHD patients is generally agreed to be less 
than 140/90 mmHg. The prescribed pharmaceutical class (or 
classes) will vary depending on the coexisting conditions that 
each patient has. It is expected that 1.56 billion adults would 
have hypertension in 2025. In the South-East Asia region, hy-
pertension claims the lives of up to 1500000 people per year; 
consequently, it is the world’s biggest cause of death (WHO). 
The study’s objective is to assess people who have ischemic 
heart disease (IHD awareness of blood pressure control). The 
pre-experimental research design for the project was autho-
rized. Patients with ischemic heart disease (IHD) and stage I 
hypertension made up the study’s sample population. This pilot 
study’s findings demonstrate the effectiveness of lifestyle mod-
ification education on blood pressure control among patients 
with ischemic heart disease (IHD) who have primary hyperten-
sion in particular hospitals.

Keywords
Ischemic heart disease (IHD), Hypertension, Health Information, 
Knowledge, Blood pressure, sample.
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INTRODUCTION
The four main modifiable risk factors for hyperten-

sion and Ischemic Heart Disease are increased Blood 
Pressure (BP), Smoking, Abnormal Lipids, and Diabe-
tes (IHD). High Blood Pressure is one of these that has 
a high prevalence of exposure and is connected with the 
greatest evidence for causation. However, there is a lot of 
evidence suggesting a biologically normal blood pressure 
for humans is much lower than what has historically been 
used in clinical practice and research. Therefore, there is 
a lack of awareness of the significance of Hypertension 
as a cause for ischemic heart disease (IHD). Hyperten-
sion, commonly known as high blood pressure, which 
ups the chance of developing a cardiac disease, is having 
a stroke, having renal failure, and eye problem. This one 
among the primary global causes of infant mortality. The 
pressure that the body’s arteries, or major blood vessels, 
are under while blood circulates through them is known 
as blood pressure. The biggest contributors to the rise in 
blood pressure include unhealthy diets, lack of exercise, 
and cigarette and alcohol usage. 

LITERATURE REVIEW
Pugetawanda et al., (2019) conducted research on 

the knowledge, attitudes, and practises of those living 
in a rural, undeveloped area of southern Zimbabwe 
regarding hypertension. With the consent of the hy-
pertensive clients, a pre-tested and real interviewer-ad-
ministered questionnaire was utilised to collect de-
mographic, awareness, therapy, and control data. The 
study included 304 participants, the majority of whom 
were women (65.4%). 25% of responders who were tak-
ing medication were uninformed of the significance of 
blood pressure control, In comparison to individuals 
with no formal education, those qualified with gradua-



100 | Cardiometry | Issue 25. December 2022

tion were more informed about hypertension (3.68) and 
tertiary education (7.52). In comparison to individuals 
who not adhere to or did not use standard treatments, 
respectively, those who assumed in herbal treatments 
(50.7%) and those who used traditional pharmaceuti-
cals (14.5%) were 53 % and Less likely to be knowledge-
able about hypertension regulation (64%). The general 
public knows nothing about hypertension. This was 
linked to illiteracy and strong community beliefs in tra-
ditional and herbal remedies, which affected attitudes 
and behaviours related to hypertension. They were re-
lated to a lack of understanding of dietary risk factors. 

The prevalence of cardiovascular disease is high in 
India. A significant risk factor that can be changed is 
hypertension (HTN). The prevalence, prognosis, and 
therapies of hypertension (HTN) in India have not been 
thoroughly reviewed, nor has a national sample size been 
determined.In 11 trials, between 20 and 54% and 7.5 and 
25%, respectively, of individuals reported being aware of 
and managing their hypertension (HTN). Growing old-
er, having a higher BMI, smoking, having diabetes, and 
eating more salt were all prevalent risk factors. In con-
clusion, this systematic study shows that the prevalence 
of hypertension (HTN) is rising across all regions and 
genders in India. Hypertension (HTN) is not well under-
stood in India, and control rates are not optimal.

MATERIALS AND METHOD:
Among 35 individuals with Ischemic heart disease 

(IHD) and primary hypertension participated in a pi-
lot research at a selected hospital, Chennai. 

AIM OF THIS STUDY
Assess the Knowledge regarding Blood Pressure 

control among Ischemic Heart Disease (IHD) patients 
in selected hospital, Chennai.

SCOPE OF STUDY
• To evaluate the pre-test knowledge level of patients 

with ischemic heart disease (IHD) regarding blood 
pressure control.

• To evaluate the post-test knowledge level of pa-
tients with ischemic heart disease (IHD) regarding 
blood pressure control.

NULL HYPOTHESIS
The pre- and post-test results on patients with isch-

emic heart disease’s comprehension of blood pressure 
regulation do not statistically differ at the 0.05 level.

RESEARCH APPROACH
An appropriate research method for this topic was 

determined to be quantitative evaluation.

RESEARCH DESIGN
In this study, a pre- and post-test with one group 

was used.

VARIABLES:

Independent Variable 
In this study, the intervention strategies, such as 

health education on lifestyle modification for blood 
pressure control, are referred to as the independent 
variables.

Dependent Variable 
Knowledge was one of the dependent variables in 

the current study.

SAMPLE
The samples for the current study consisted of 

Ischemic heart disease (IHD) patients with primary 
hypertension who matched the inclusion and exclu-
sion criteria. 

SAMPLE SELECTION CRITERIA
1. Ischemic Heart Disease (IHD) patients with pri-

mary hypertension age between 30 and above years 
2. Patients who have had Ischemic Heart Disease 

(IHD)

EXCLUSION CRITERIA
1. Ischemic Heart Disease (IHD) patients with Sec-

ondary hypertension are excluded.
2. Patients with Ischemic Heart Disease (IHD) who 

are severely & mentally ill
3. Ischemic Heart Disease (IHD) patients with other 

chronic illness
4. Patients with Ischemic Heart Disease (IHD) who 

are unwilling to participate 

ETHICAL CONSIDERATIONS
After receiving approval from the institution’s re-

search and ethical council, the intended study was car-
ried out. The institution’s leader granted permission. 
The complete support and Approval of Sree Balaji 
Medical College and Hospital’s dean was given. Before 
beginning the data collection, each subject was given 
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the opportunity to give their informed consent and 
was assured that their identity would be preserved.

RESEARCH TECHNIQUE AND TOOL
Tool I: Demographic Information 
Tool II: Scheduled Structured Interviews on 

Knowledge of Blood Pressure Control among Patients 
with Ischemic Heart Disease (IHD)

Table 1 above lists the demographic characteristics 
of individuals with ischemic heart disease (IHD) who 
took part in the study. The study’s objective is to assess 
knowledge of blood pressure regulation among Isch-
emic Heart Disease (IHD) patients.

Table.2 -The pre-test knowledge level score among 
patients with ischemic heart disease (IHD) is displayed 
above table. In general, 27 (77.14%) of the Ischemic 
Heart Disease (IHD) patients are having inadequate 
knowledge level score, 8 (22.86%) of them having 
moderate knowledge level score and none of them are 
having adequate knowledge level score.

Table 3- The percentage frequency of post-test knowl-
edge score among patients with ischemic heart disease 
(IHD) is displayed in above Table. 35 samples were used, 
with 13 (37.14%) having a moderate knowledge level and 
22 (62.86%) having an adequate knowledge level. no one 
had an inadequate level of knowledge score.

Table 1
DEMOGRAPHIC DATA

 Demographic Data Ischemic Heart Disease (IHD) 
patients

%

Age 30-40 years 7 20%
41-50years 14 40%
51-60 years 8 22.86%
61 and above 6 17.14%

Sex Male 14 40%
Female 21 60.00%

Educational status Illiterate 5 14.2%
Primary education 8 22.86%
Secondary education 7 20%
Higher secondary education 8 22.86%
Degree and above 7 20%

Occupational status Government employee 8 22.86%
Private employee 12 34.29%
Self employed 8 22.86%
Daily wages 3 8.57%
Unemployed 4 11.4%

Marital status Married 32 91.43%
Single 3 8.57%
Divorced/separated 0 0.00%

Socio economic status > Rs.5000 7 20%
Rs.5000 – Rs10000 8 22.86%
Rs.10000 – Rs15000 8 22.86%
Above Rs.15000 12 34.29%

Religion
Hindu 28 80.00%
Christian 2 14.29%
Muslim 5 5.71%

Duration of Illness 1-5 years 16 45.71%
6-10 years 11 31.43%
10-15 years 7 20%
> 15 years 1  2.86%



102 | Cardiometry | Issue 25. December 2022

Table 2
KNOWLEDGE SCORE –BEFORE HEALTH EDUCATION

 Knowledge Level 
Score

Number -Ischemic Heart 
Disease (IHD) patients 

%

Inadequate 27 77.14%
Moderate 8 22.86%
Adequate 0 0.00%
Total 35 100.00%

Table 3
KNOWLEDGE SCORE –AFTER HEALTH EDUCATION

 Knowledge Level 
Score

Number - Ischemic 
Heart Disease 
(IHD) patients

%

Inadequate 0 0.00%
Moderate 13 37.14%
Adequate 22 62.86%
Total 35 100.00%

Table.4 above compares the knowledge levels of 
patients with Ischemic Heart Disease (IHD) about be-
fore and after Health Information

Table 4
COMPARES THE TEST’S PRE- AND POST-TEST KNOWLEDGE 
SCORES.

Knowledge 
Level Score

Pre test Post test Extended Mc-
Nemar’s testN % n %

Inadequate 27 77.14% 0 0.00% χ2=29.73 
P=0.001***(S)Moderate 8 22.86% 13 37.14%

Adequate 0 0.00% 22 62.86%
 Total 35 100.00% 35 100.00%

Very high significant at p<0.001

Table 5 - comparative score for all knowledge be-
fore and after the impact of health education is shown.

Table 5
Comparison of the Mean Knowledge Score from before and 
after Health Information

No. of 
Pa-

tients

Pre-test Post-test Mean
Differ-
ence

Student’s 
paired
t-testMean SD Mean SD

35 6.14 1.82 11.00 1.69 4.86

t=10.85
P=0.001 ***

DF= 34, 
Significant

Figure 1 above shows a simple bar graph compar-
ing the knowledge scores from the pre- and post-test, 
along with two standard error bars.

 

Figure: 1

RESULT AND DISCUSSION:
Based on findings, the post-test knowledge score 

percentage among 35 selected samples, 13 (37.14%) 
having a moderate knowledge level and 22 (62.86%) 
having an adequate knowledge level and no one is 
having inadequate knowledge score and before health 
education 27 (77.14%) of the Ischemic Heart Disease 
(IHD) patients are having inadequate knowledge lev-
el score, 8 (22.86%) of them having moderate knowl-
edge level score and none of them are having adequate 
knowledge level score.

CONCLUSION: 
More than half of the predicted 17 million fatali-

ties per year from cardiovascular disease (CVD) are 
expected to be attributable to essential or primary 
hypertension, the major risk factor for the burden of 
illness globally. In this pilot study, 35 convenient sam-
ples were collected, and the samples were personally 
informed about the study’s objectives. The study’s goal 
was to compare the knowledge scores on blood pres-
sure regulation among IHD patients at particular hos-
pitals before and after health information regarding 
life style changes on blood pressure regulation. After 
developing a trust with each individual, question-
naires were created and given to each one. On aver-
age, individuals with ischemic heart disease improved 
their knowledge score by 34.20 % compared to their 
pre-test score in the post-test following health educa-
tion. This pilot study’s findings demonstrate the value 
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of health education in helping people with ischemic 
heart disease (IHD) learn how to control their blood 
pressure.
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Abstract
Alcoholism affects both adults and children, and it is a major 
medical issue. A high predominance of ailment, insufficiencies, 
and fatalities has been associated to alcoholism. It tends to be in-
fluenced by hereditary, psychological, social, and other elements. 
Misuse of alcohol is a main source of non-communicable diseas-
es and mental illnesses and its all add weight to the alcohol-relat-
ed disease. With regard to alcohol-related issues, medicine and 
public health face a conundrum. Early detection is critical for ef-
fective analysis and management of patients, hence primary pre-
vention should be emphasized in medical care administrations.
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INTRODUCTION:
Alcoholism is a perilous sickness illness based on 

the lack of control over alcohol use, a preoccupation 
with alcohol, and a refusal of the link between liquor 
consumption and healthcare conditions. From a social 
and financial standpoint, alcohol addiction, or alco-
holism, is one of the most significant health crises. 
Alcoholism is an illness, not an indication of other ill-
ness or psychological injury, and it is perceived as a 
multi-etiological peculiarities.

ALCOHOL & ALCOHOLISM:
Excessive drinking is caused by the element alco-

hol, which is seen in wine, brew and beverages. When-
ever yeast sours the glucose in different food products, 
alcohol is produced.

Alcohol use disorder is a condition within which 
one’ ability to prevent or control drinking is hindered. 
Alcohol abuses, alcohol dependence, alcohol addic-
tion, all are coated underneath one umbrella phrase 
“alcoholism “. There are three levels of AUD: mild, 
moderate, and severe.

Excessive alcohol use:
Heavy alcohol consumption has major effects in-

cluding the chance of developing spectrum of ail-
ments. Binge drinking seems to be the most prevalent 
trigger of these symptoms. Excessive alcohol use can 
lead to the development of serious diseases and slew of 
major concerns. Excessive alcohol use includes:
• Binge Drinking: For women, polishing off at least 

four beverages at a time is viewed as over the top. at 
least 5 beverages eaten on a solitary event for guys

• Heavy Drinking: at least 8 beverages each week for 
ladies, at least 15 beverages each week for guys

• Pregnant women who use alcohol
• Anyone under the age of 21 who consumes alcohol

EPIDEMIOLOGY: 
According to WHO (2018), unsafe alcohol utili-

zation causes 3 million fatalities worldwide each year, 
representing 5.3 percent of all deaths. Alcohol is li-
able for 5.1 percent of the worldwide burden of dis-
ease and injury, as assessed in disability-adjusted life 
years (DALYs). Alcohol is answered for around 13.5 
percent of all fatalities in the 20–39 years. In excess 
of 200 illnessand injuries have been connected to the 
inappropriate utilization of alcohol. Aside from health 
repercussions, problematic alcohol consumption has 
substantial social and monetary ramifications for both 
individuals and society as a whole.

EFFECTS OF ALCOHOL  
ON POPULATION GROUPS 

Men: Men are more likely than women to drink 
every day or many times a week, to ingest copious 
quantities of alcohol on a single instance, and to ingest 
lots of alcohol on a routine basis. They are prone to be 
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harmed by their own drinking, to be physically abused 
by alcohol, and to suffer from ill effects of liquor abuse.

Women: Women have more prominent blood alco-
hol levels after consuming the same quantity of alco-
hol as males, and they are defenseless to the pernicious 
and deadly effects of alcohol poisoning. Drinking rais-
es the risk of breast cancer and drinking while preg-
nant doubles the risk of injury to the unborn child.

Young People: Alcohol has a more negative impact 
on children and young adults. Young persons under 
the age of 25 are more susceptible than elderly peo-
ple. Young individuals are at the high danger of injury 
and accidents. Unprotected and undesired sex, abuse, 
convictions, and dire effects on social life, finances, or 
work/study are a few of the problems that young peo-
ple encountered.

Older People: Huge life occasions like the losing 
a friend or family member, isolation, insomnia or en-
during may put old individuals at probability of creat-
ing exorbitant drinking. The impacts of liquor are less 
tolerable to older people. Elderly people who drink 
and drive have a substantially greater chance of being 
implicated in a traffic collision than those who do not.

HEALTH EFFECTS  
OF ACUTE ALCOHOL USE

The connection among alcohol use and certain 
medical problems is confounded. Generally drinking 
is related to more than 60 distinct medical issues, and 
increases the risk of health concerns. Alcohol is the 
only cause of alcoholic liver cirrhosis, foetal alcohol 
spectrum disease, and alcohol-induced pancreatitis. 
Alcohol is a contributing component in a wide range 
of health problems, including cancer and pneumonia.

Alcohol poisoning
Referred as acute intoxication, when an excessive 

quantity of alcohol is ingested, it produces emotional 
changes, poor judgement, or psychosocial adjustment, 
other signs of intoxication, such as slurred speech, dizzi-
ness, poor coordination, hindered awareness, or uncon-
sciousness. The physical repercussion of alcohol poison-
ing ranges from nausea, vomiting, and dehydration, to 
the most serious complication of death among who have 
consumed too much alcohol on a single occasion. 

Hangover
A hangover may occur to anyone after a single bout 

of drunkenness. Some of the symptoms include mi-

graine, nausea, vomiting, exhaustion, unsteadiness, 
light sensitivity, and agitation. Alcohols with fewer 
congeners, such as gin and vodka, may induce few-
er hangover symptoms than those with more, such 
as brandy, whiskey, and red wine. The solution for a 
hungover is time, but thirst and hypoglycaemia can 
be eased by drinking water or fruit juice and ingesting 
plain foods like bread or crisps. 

ADVERSE EFFECTS OF ALCOHOLISM:
Alcohol is a major contributor to society’s illness. 

Chronic alcohol consuming can pose a hazard, each 
intrinsically and extrinsically, as well as have a detri-
mental impact on person’s health. Unintentional alco-
hol-related injuries encompass slips, burn, automobile 
accidents, fights, and drowning.

Systemic Effects of Alcoholism:
Blood and Immune System: 
Chronic excessive drinking produces blood abnor-

malities, such as anaemia and low platelets. It damages 
the immune system, making it tougher to fight infec-
tions. Hepatitis C infection, HIV/AIDS, meningitis, 
TB, and pneumonia are commonly seen in person 
who drinks heavily for a long time.

Musculo- Skeletal System:
Alcohol usage can result in car accidents, assaults, 

and falls in the short term. Cuts, bruises, sprains, and 
fractures are all common ailments. Long-term effects of 
alcohol affect calcium absorption and bone development 
which causes osteoporosis, gout and muscle wasting.

Central Nervous System: 
Impaired judgment, inhibitions, and concentra-

tion are some of the short-term implications of be-
ing intoxicated. Alcoholic blackout can affect both 
occasional and habitual drinkers. Heavy drinking for 
a long period of time will harm the brain and nerves 
which develops weakness, stiffness, loss of sensation, 
inability to move, seizures, sleep difficulties, and men-
tal function impairment. Hemorrhagic stroke is made 
more likely by drinking alcohol.

Cardio Vascular System:
Alcohol use and cardiac disease have a compli-

cated relationship. Consumption of low to moderate 
amounts has been demonstrated to lower the risk of 
ischemic heart disease and stroke. Heavy drinking, on 
either hand, raises the risk of hypertension, coronary 
artery disease, arrhythmias, dilated cardiomyopathy, 
and heart failure.
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Respiratory System: 
Alcohol use has rapid implications, including an 

increased risk of pneumonia. Pneumonia, tb, and 
acute respiratory distress syndrome have all been con-
nected to persistent heavy drinking.. 

Kidneys and fluid balance
Alcohol is a diuretic, which means it induces de-

hydration by helping the body to lose water through 
the kidneys. Alcohol can also cause vital minerals and 
salts to be expelled from the body, like magnesium, 
calcium, phosphate, sodium, and potassium, either di-
rectly or via vomiting.

Reproductive System: 
Impotence, lack of sex desire, testicular atrophy, 

diminished fertility, and sexually transmitted illnesses 
are all more likely in inebriated males.

Chronic drinking in women results in decreased 
fertility and irregular menstruation. Miscarriage, low 
birth weight, stillbirth, and early birth are all risks of 
drinking alcohol while pregnant. It can also result in 
serious birth defects in the unborn child.

Gastro Intestinal System:
Nausea and vomiting, diarrhoea, heartburn, and 

gastritis are all symptoms of intoxication. A higher 
amount of alcohol intake raises the danger exponen-
tially and causes chronic gastritis, liver cirrhosis and 
pancreatitis. Regular consumption of alcohol raises 
the risk of tumors of the mouth, throat, and trachea, 
as well as cancers of the intestines and rectum. 

Pancreas: 
Acute and chronic pancreatitis can both be caused 

by prolonged alcohol use. It produces stomach pain, 
losing weight, hyperglycemia, and malnutrition. 
There is a two-pronged link between alcohol use and 
diabetes. Moderate alcohol use is linked with lower 
risk of type 2 diabetes, while the exact cause for this 
is unclear.

Cancer: 
Colorectal, female breast, larynx, liver, esopha-

geal, oral cavity, and pharyngeal cancers have all been 
linked to alcohol intake. The more the alcohol use, the 
greater the risk of various cancers: even two drinks per 
day increases the cancer risk, such as breast cancer.

Psychological Effects of Alcoholism:
Many individuals use liquor to unwind stress and 

anxiety. Alcohol, on the other side, might create stress 
rather than alleviate it in certain people by elevating 
stress levels.

Immediate effects of alcohol: 
Alcohol has a number of effects on mood, includ-

ing making individuals feel joyful, depressed, as well 
as causing mood swings. It impacts forms of speech 
in a variety of ways, such as making them more socia-
ble, chatty, unreserved, comfortable, or contentious. 
Alcohol use raises the chances of violent, aggressive, 
hostile, slurred, and confused speech.

Long-term effects of alcohol use
Alcohol can develop to dependence, in which a 

person continues to use the substance and has with-
drawal symptoms if it is not consumed. Shaking of the 
hands is a typical symptom that arises the morning af-
ter a drinking session and can be eased by more alco-
hol. ‘Delirium tremens’ is the most severe withdrawal 
condition. Excessive alcohol use leads to despair, ner-
vousness, and psychotic. People with history of mental 
health issues are more likely to be abused and get de-
pendent on alcohol.

Conclusions
There is a complicated relationship between alco-

hol use and health. In people of any age, alcoholism 
can beget physical and mental issues. Alcohol con-
sumption comes at a high price for the drinker, people 
around him or her, and society as a whole. Accidents, 
injuries, poisonings, heart illnesses, lung TB, liver cir-
rhosis, malignant diseases, and suicide were all linked 
to higher mortality in those who drink heavily. People 
with AUD will establish and maintain recovery with 
treatment that combines therapy, peer support groups, 
and/or medications. Early diagnosis is important for 
effective treatment of alcoholism and related prob-
lems, thus health-care services should be acquainted 
toward primary prevention and early intervention.
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Abstract
The most life-threatening illness that is the primary cause of 
female morality is Breast cancer. Breast cancer research has 
led to extraordinary breakthroughs in our understanding of 
the illness over the last two decades, leading in more effective 
medicines. Now days, In most Of all malignant diseases, one of 
the most deadly occurring cancer are those cancers occurring 
in the breast, accounting for 23 percent of all cancer fatalities. 
It is now a global issue, yet it is still detected in its advanced 
stages due to women’s neglect in self-inspection. The greater 
parts of people learn from their disease is thorough practice 
of screening procedures. Others may come with a breast lump 
that was discovered by accident, a change in breast shape or 
size, or nipple discharge, although mastalgia is not unusual. To 
diagnose breast cancer, a physical examination, imaging, par-
ticularly mammography, and tissue biopsy are required. Early 
detection increases the chances of survival. 

Keywords
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INTRODUCTION
The leading cause of female morality and is a 

life-threatening disease is Breast cancer [1] It is the 
world’s second biggest cause of cancer death among 
women. The breast glands that produce milk are posi-
tioned in front of the chest wall. Ligaments that con-
nect the breast to the chest wall and reside on the pec-
toralis major muscle support them. The breast is made 
up of fifteen to twenty lobes arranged in a circular 
pattern; the size and form of the breast is determined 
by the quantity of fat covering the lobes. Each lobe 
is made up of lobules, which contain the milk-pro-
ducing glands that respond to hormone stimulation. 
Breast cancer grows unnoticed at all times. Routine 
screenings are how the majority of people learn about 
their condition. Others may manifest themselves as 
an unnoticed breast lump, a change in breast form or 
size, or nipple discharge. The tumour [1] is prone to 
lymphatic and haematological dissemination, which 
might lead to distant metastases and a poor prognosis. 
This article explains and emphasises the need of breast 
cancer screening programmes. [1] A breast lump is the 
most common heat symptom in women with breast 
cancer, and it has a high predictive value for malig-
nancy. In women who are subsequently diagnosed [1] 
with breast cancer, non-lump breast symptoms may 
be ascribed to various non-malignant reasons such as 
hormonal changes, trauma, or breast feeding.

NEED FOR THE STUDY:
• [7] The International Agency for Cancer Research 

estimates this on a global scale. Breast cancer is 
one of every four cancers diagnosed in women 
throughout the world. Breast cancer is responsible 
for 209 million cases and 627000 deaths world-
wide, according to the World Health Organization.

• [7] The most common kind of cancer among wom-
en is breast cancer. Breast cancer is the most com-
mon cancer in Indian women, accounting for 14% 
of all malignancies. [5] In 2020, 1.38 million new 
instances of breast cancer will be diagnosed, with 
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458000 deaths due to breast cancer per year. An In-
dian woman is diagnosed with breast cancer every 
four minutes. Breast cancer claims the life of one 
woman.

• In India, a cancer case is diagnosed every 13 
minutes, with breast cancer cases in Tamil Nadu 
increasing by 4% per year. As per the data tak-
en from the national cancer registry programme 
TamilNadu is estimated to have the fifty highest 
number of breast cancer case in the country. It 
is the only state in south India to feature in the 
top five lists. As per the registry TamilNadu and 
around 10,269 breast cancer cases in 2020 in 2018 
the state had 9,486 cases which went up to 9,870 
in 2019.
In Chennai alone the [20] occurrence of breast can-

cer in every 1 lakh women in increasing by 2% breast 
cancer has been increasing every year.

STATEMENT OF THE PROBLEM:
“A STUDY ON ASSESS THE KNOWLEDGE 

AND ATTITUDE TOWARDS WARNING SIGNS OF 
BREAST CANCER AND PREVENTION AMONG 
THE 4TH YEAR B.SC NURSING STUDENT FROM 
SBCN”.

OBJECTIVES OF THE STUDY:
The findings have been organized and discussed 

according to the objectives.
• To assess the knowledge level regarding Warning 

signs of breast cancer and prevention among the 
nursing students in selected Nursing College at 
Chennai.

• To find the association of demographic variables 
with level of knowledge regarding infection control 
protocol breast cancer among nursing students in 
selected College at Chennai.

OPERATIONAL DEFINITIONS:

ASSESSMENT:
The collecting of data to characterize or better un-

derstand a research is referred to as assessment. 

KNOWLEDGE:
 [14] Breast cancer is the most frequent malignan-

cy among women, according to statistics. The partic-
ipants [17] felt that early detection of breast cancer 
enhanced treatment results by 82.1 percent. 

WARNING:
A warning is something that informs you that there 

is a potential risk or problem, especially one that will 
occur in the future. 

 [10] BREAST CANCER:
Breast cancer is a malignant tumor of the breast 

that develops from the epithelial lining of the lobule, 
ducts, or nipple.

WARNING SIGNS OF CANCER  
IN THE BREAST (7-SIGNS):

1. Pain in the breasts or in the chest
2. Itching in the breasts area
3. Shoulder and neck pain in the upper hack
4. Changes in the shape of the breasts
5. Dimensions and appearance
6. A change in the look or sensitivity of the nipple
7. Armpit swelling or lumps, as well as red, swollen 

breasts 

 [13] PREVENTION: 
Prevention is the process of preventing, removing, 

or reducing the effects of illness and disability. 

REVIEW OF LLITERATURE
Ranjankumar Prusty., et., al., (2020) Breast can-

cer is the most common cancer among Indian women, 
accounting for 27% of all malignancies. Factors that 
concern policymakers and the public health system 
include an increase in the prevalence of breast can-
cer in India, as well as high death rates among breast 
cancer patients. As a result, the current study sought 
to learn more about breast cancer symptoms and risk 
factors among women in a Mumbai neighborhood 
with a poor socioeconomic status.

Rejip John., et.,al., (2020) Understanding aware-
ness is a higher degree of awareness than knowledge, 
which is more comprehensive and particular. Our 
findings are consistent with the conclusion that living 
in poverty and in disadvantaged areas may be the ma-
jor cause of lack of awareness of any breast symptom 
or risk factor.

Pravina Shyamkant Mahadalkar., et.,al.,(2018) 
Breast cancer is a serious health problem for women 
in both developed and developing nations. It is the 
worlds and Bangladesh’s second biggest cause of mor-
tality for women. To focus on this rapidly developing 
health problem, we must first understand the whole 
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condition in terms of incidence, prevalence, risk 
groups, diagnosis, treatment, survival, and death rates 
in order to develop a comprehensive policy to address 
the breast cancer situation in Pune.

A.Gupta et.al., (2017) Breast cancer was the sub-
ject of a literature study to determine the level of 
knowledge of breast cancer risk factors among Indi-
an women and health professionals. The structural 
searches were limited to studies that had already been 
published. A total of 7066 women aged 15 to 70 years 
old exhibited varying levels of risk factor knowledge.

[2] METHODOLOGY
Methodology is an important part of any research 

study because it allows the project to serve as a blue-
print for future research.

RESEARCH DESIGN:
Descriptive Study.

[2] AREA SELECTION:
The area which was selected for the research study is 

Sree Balaji College of Nursing – for the BSc (N) Students.

[3] SELECTION OF SAMPLES:
30 samples from Nursing Students were selected 

from the Sree Balaji College of Nursing For the study.

SAMPLING TECHNIQUE:
Convenient sampling technique. 

[2] STUCTURE OF QUESTIONNARIE:
Keeping in mind the study’s main goal, an interview 

schedule was created to elicit nursing students’ aware-
ness of infection control methods for breast cancer.

SCORING:
Make given to right answer =1
Make given to wrong answer =0

ASSESSMENT OF KNOWLEDGE
LEVEL OF KNOWLEDGE PERCENTAGE

Adequate 75% and above
Moderately adequate 51-74%

Inadequate 50% and below

[3] METHODS OF DATA COLLECTION:
The samples were given an explanation of the data 

collecting technique by the investigator. Their content 

was retrieved, and the investigator conducted individ-
ual interviews with the samples.

DATA ANALYSIS PLAN:
The plan for data analysis is as follows:

• Number and percentage to examine the distribu-
tion of demographic variables.

• Number and percentage to assess the distribution 
of degree of knowledge related breast cancer warn-
ing signs and prevention among 4thyr b.sc nursing 
students. 

 [4] ANALYSIS AND INERPRETATION OF 
DATA

The data acquired from a selected set of sample is 
analysed and interpreted in this chapter. [4] The infor-
mation gathered is collated, evaluated, and presented 
in accordance with the objectives.

Tabulation of the process of summarizing a raw 
data and displaying it is the complete form for furthers 
analysis.

The data which is collected from the samples and 
analysis as,

[3] Demographic data distribution by number and 
percentage

The number and percentage distribution of knowl-
edge levels 

[4] DEMOGRAPHIC DATA FREQUENCY 
AND PERCENTAGE DISTRIBUTION

S.NO DEMOGRAPHIC VARIABLES NUM-
BERS

PER-
CENTAGE

1.  [15] AGE IN YEARS
a) 17 to 18 
b) 18 to 19 
c) 19 to 20 
d) Above 20 

0
12
17
31

-
20%
28%
52%

2. [4] SEX
a) man
b) woman

-
30

-
100%

3. RELIGION
a) Hindus
b) Christians 
c) Muslims 

35
24
1

58%
40%
2%

4. CLASS
a)  [9] B.Sc (N) I year
b) B.Sc (N) II year
c) B.Sc (N) III year
d) B.Sc (N) IV year

-
12
10
38

-
20%
17%
63%

5. [4] TYPE OF FAMILY
a) Single family
b) Combined family

46
14

77%
23%
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S.NO DEMOGRAPHIC VARIABLES NUM-
BERS

PER-
CENTAGE

6. FAMILY INCOME
a) Below [4] 10000 Rupees
b) 10000 to 20000 Rupees
c) 20000 to 30000 Rupees
d) Above 30000 Rupees

3
20
19
18

5%
33%
32%
30%

7. EDUCATION [4] POSITION  
OF PARENTS

a) Degree
b) Montessori
c) secondary
d) senior secondary 

17
6
11
26

28%
10%
18%
4%

8. OCCUPATIONOF PARENTS
a) Farmer 
b) Employees
c) Daily wages
d) others

10
13
15
22

17%
22%
25%
36%

9. [18] LIVING PLACE
a) City
b) municipality
c) Village 

35
13
12

58%
22%
20%

DESCRIPTION OF DEMOGRAPHIC 
WARNING SIGN OF BREAST CANCER 
AND PREVENTION AMONG  
THE NURSING STUDENT

Regarding to description of demographic variables 
(0%) of sample were of 17-18 years age group, (20%) 
of sample were of 18-19 years age group, (28%) of sam-
ple were of 19-20 years age group and (52%) of sample 
were of above 20 years age.

Regarding to the sex (0%) of sample were of male 
and (100%) of sample were of female.

Regarding to the religion (58%) of sample believes 
in Hindu religion, (40%) of sample believes in Chris-
tian religion, (2%) of sample believes in Muslim.

Regarding to the class (0%) of sample are BSc (N) 
I year, (20%) sample are BSc (N) II year, (17%) sample 
are BSc (N) III year, (63%) sample are BSc (N) IV year.

Comparing the knowledge among infection con-
trol protocol is, 0% is adequate, 33% is moderate ade-
quate and 67% are inadequate about covid-19.

Based type of family (77%), student belong to Nu-
clear family (23%) student belong to joint family. 

Based on income (51%) student father belong to 
below Rs. 10,000/- as monthly income, (33%) student 
father belong to Rs. 10,000-20, 000/- as monthly in-
come, (32%) student father belong to Rs. 20,000-30, 
000/- as monthly income, (30%) student father belong 
to above 30,000 as monthly income. 

Based on education status of parents (28%) are 
literature, (10%) are primary school, (18%) are High 
school, (4%) are Higher secondary school. 

Based on occupation of parents (17%) are farmers, 
(22%) are employees, (25%) are daily wages, (36%) are 
other. 

Based on living place (58%) are Urban, (22%) are 
semi-urban, (20%) are rural.
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FIGURE 1: FREQUENCY AND PERCENTAGE DISTRIBUTION OF 
AGE

Based on the age 0(0%) students belong to 17-18 
year of age, 12(20%) student belong to 18-19 years 
of age, 17(28%) student belong to 19-20 years of age, 
31(52%) of student belong to above 20 years of age.
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FIGURE 2: FREQUENCY AND PERCENTAGE OF SEX

Based on sex 0 (0%) students belong to male and 
30(100%) student belong to female. 
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FIGURE 3: FREQUANCY AND PERCENTAGE DISTRIBUTION  
OF RELIGION
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Based on Religion 35(58%) student belong to Hin-
du, 24(40%) student belong Christian, 1(2%) student 
belong to Muslim. 
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FIGURE 4: FREQUENCY AND PERCENTAGE DISTIBUTION OF CLASS

Based on the class 0(0%) student belong to BSc(N) 
1st years, 12(20%) student belong to BSc(N) 2nd years, 
10(17%) student belong to BSc (N) 3rd years, 38(63%) 
student belong to BSc (N) 4th years. 

PERCENTAGE DISTRIBUTION  
OF KNOWLEDGE OF STUDENTS  
WARNING SIGNS OF BREAST  
CANCERAND PREVENTION AMONG 
THE STUDENT.

LEVEL OF KNOWLEDGE NO. PERCENTAGE
ADEQUATE KNOWLEDGE 0 0%
MODERATE KNOWLEDGE 20 33%
INADEQUATE KNOWLEDGE 40 67%

Among the sample, 0(0 percent) [2] of them had 
good knowledge of breast cancer warning signals and 
prevention, [6] 20 (33%) of them had a fair understand-
ing of breast cancer warning signals and prevention. 40 
(67 percent [6] ) of them had insufficient understand-
ing of [1] breast cancer warning signals and prevention.

 

0%

33%

67%

0%

KNOWLEDGE (%)

ADEQUATE MODERATE INADEQUATE

Among the participants, 0(0 percent) [2] had ap-
propriate knowledge about breast cancer warning sig-
nals and prevention. [6] 20 (33%) of them had a fair 
understanding of breast cancer warning signals and 
prevention. 40. (67 percent) [6] of them have insuffi-
cient understanding about [16] breast cancer warning 
signals and prevention.

SUMMARY:
The study’s goal was to assess nursing students’ 

[21] understanding of breast cancer warning signs and 
prevention at a particular nursing college in Chennai. 
30 samples were gathered using a convenient sampling 
method. Questionnaire was prepared and adminis-
tered to every individual after obtaining their consent. 
Establishing good rapport with people the investigator 
performed the interview schedule successfully.

With the cooperation from the samples the inves-
tigator was able to collect the data. The data collected 
was analyzed and the findings were interpreted..

CONCLUSION:
Among the participants, 0(0 percent) [2] had ap-

propriate knowledge about breast cancer warning sig-
nals and prevention. [6] 20 (33%) of them had a fair 
understanding of breast cancer warning signals and 
preventative methods. 40 (67 percent) [6] of them 
had insufficient understanding of [1] breast cancer 
warning signals and prevention. Breast cancer preven-
tion requires both early detection and risk reduction. 
Screening can discover noninvasive malignancies early 
and treat them before they become invasive, as well as 
early detection and treatment of invasive tumors. As a 
result, increased focus on breast cancer warning signs 
and prevention techniques is required. Early detection 
and risk reduction are two critical parts of breast cancer 
prevention. Screening can detect noninvasive cancers 
early and treat them before they become invasive, or it 
can detect invasive tumors at an early stage and treat 
them. However, screening does not prevent cancer in 
and of itself. As a result, having a thorough understand-
ing of illness early warning indicators and screening 
methodologies is essential for creating and implement-
ing early detection programmes in a community.
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Abstract
Effectiveness of Nursing Care on Patients with Osteoarthritis 
.Osteoarthritis (OA) is a condition that results in joint inflam-
mation. It’s caused by the wear and tear of cartilage, the tissue 
protecting the ends of your bones and joints. OA is the most 
common form of arthritis and is degenerative, getting worse 
with age. Without treatment, chronic pain from OA can lead to 
other complications and can significantly affect your quality of 
life. Assess the intervention on patients with osteoarthritis (10) 
was evaluated using a descriptive study methodology. A sim-
ple sampling approach was adopted in this investigation. There 
are three sections to the checklist. Part 1 contains data on de-
mographic characteristics such peer group, faith, employment, 
learning, salary, and behaviors. Portion 2 consists of a ranking 
scale to keep track of the patient’s fitness. There were a total 
of ten variables. The observational checklist to determine the 
efficiency of nursing intervention of clients with osteoarthritis 
in part three. There are a total of ten variables. The descriptive 
numerical study technique to determine t-test,mean, standard 
deviation, % of the score in this study. Conclusion: From the 
intervention revealed that 6(60%) is were behind fitness com-
plaint an no one in worthy fitness complaint beginning the 
assessment of clients with Osteoarthritis after comprehensive 
nursing care as per protocol showed that majority 7(70%) pa-
tients with Osteoarthritis client in worthy health state. A p<0.05 
significant development in wellbeing, after the intervention for 
Osteoarthritis client.
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Introduction
The most prevalent kind of arthritis is osteoarthri-

tis, often known as degenerative joint disease. Joints 
lose cartilage, the slippery substance that cushions the 
ends of bones, as osteoarthritis progresses. (1) Osteo-
arthritis is a chronic disease of the cartilage and bone 
of the joints that is commonly assumed to be caused by 
“wear and tear.” Joints seem swollen, stiff, and painful, 
and they generally become worse as the day progresses. 
(2)As a result, the bone beneath the cartilage is subject-
ed to more stress. Bony overgrowth occurs along the 
joint’s margin. The joint’s lining tissue might become 
inflamed, ligaments can relax, and the muscles that sur-
round the joint can weaken. (3)The person feels pain 
and has limited movement when using the joint. Os-
teoarthritis (OA) is a condition that results in joint in-
flammation. It’s caused by the wear and tear of cartilage, 
the tissue protecting the ends of your bones and joints. 
(4)OA is the most common form of arthritis and is de-
generative, getting worse with age. Without treatment, 
chronic pain from OA can lead to other complications 
and can significantly affect your quality of life.(5)

Review of literature:
Alfen et al., (2017) showed a survey to calculate 

the generality of osteoarthritis .two hundred eighty 
eight women and two hundred eighty eight men over 
the period of 40 were considered in relationship with 
three collective base actions: crouching, knee flexible, 
and bow. (6) Actions stood noted and analysed . Squat-
ting and resting on one’s side increased the chance of 
moderate to severe knee discomfort in osteoarthritis 
patients, according to the findings.(7)

Wafser.M (2020) conducted a survey to determine 
the danger of osteoarthritis correlating through the 
incidence of breakage in the middle of Belgian in-
habitants. (8) this study thousand two hundred thirty 
three clients are included, with seventy percentage of 
clients having a breakage connected with osteoarthri-
tis (N=989) and experiencing struggle with ligament 
bend in the primary periods. Furthermore, endemic 
revisions also revealed a link among osteoarthritis of 
the knee ligament and break. (9)
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Materials and Mathods
A nursing intervention on clients with osteoarthritis 

(10) was evaluated using a descriptive study methodology. 
A simple sampling approach was adopted in this inves-
tigation. There are three sections to the checklist. Part 1 
contains data on demographic characteristics such stage, 
faith, employment, learning, salary, and customs. Part 2 
consists of a ranking measure that stood use to keep track 
of patient’s fitness. (10)There were a total of ten variables. 
The observational checklist use to determine the nursing 
intervention to the osteoarthritis client in part three. There 
are a total of ten variables. The descriptive statistical analy-
sis approach was employed in this study to determine the 
mean, standard deviation, percentage of the score. ’t’ test 
was utilised to analyse the health progress findings of pa-
tients with Osteoarthritis. (11)

Marks and argument
The efficacy of nurturing precaution for osteoar-

thritis clients. The results of the investigation were an-

alysed using descriptive and inferential statistics. The 
patients are assessed with demographic variables and 
vital parameters based on our inclusion criteria. Each 
client comment mark on the calculation measure re-
vealed that the majority of patients (60%), were in a 
delayed health state, 40% were in a moderate state, 
and none were in a good state. (12)On assessment day, 
the overall health condition of patients with osteoar-
thritis was 18.2, with a standard deviation of 3.11, and 
the overall health condition of males was 27.2, with 
a standard variation of 3.18. After extensive nursing 
treatment, the health state of the patient with Osteo-
arthritis improved statistically significantly on the as-
sessment score. (13)

Part-1: the client have a variety of demographic 
characteristics.

In this demographic category, 50 percent of them 
were between the ages of 35 and 44 and had osteoar-
thritis. Osteoarthritis is a disease that affects 70% of 
guys. 50 percent musilims, 40 percent illiterates, 50 
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percent sedentary employees, 80 percent nuclear fam-
ilies, and 50 percent smokers.(14)

Part-2: The rating scale is used to score the progress 
of people with osteoarthritis in terms of their health.

 Days Level Of Improvement In Wellbeing 
 Assessment Day Late Adequate Worthy 

No % No % No %
30 60 20 40 - -

 Evaluation Day 10 10 20 20 20 40

On the day of the assessment, 40-60% of respon-
dents in this study had a mild to modest fitness state, 
with no one in worthy state.(15)

Part-3: An health status of osteoarthritis patient is 
compared to the assessment and evaluation score.

s.no Days Mean S.D ‘t’-value
1 Assessment day  18.2  3.11 11.39
2 Evaluation day  27.2 3.18

 
The general health state of patients with osteoar-

thritis was investigated in this study. The mean score is 
18.2, with a standard deviation of 3.11, and the mean 
score for patients with osteoarthritis is 27.2, with a 
standard deviation of 3.18 and a t-value of 11.39. After 
thorough nursing management, insignificant progress 
in the wellbeing state of clients with osteoarthritis.

Conclusion: 
The majority of patients with Osteoarthritis pa-

tients are in worthy state, according to assessment of 
patients with arthritis. Sixty percent of patients with 
Osteoarthritis are in poor health, and nobody in wor-
thy state. The assessment of clients with arthritis after 
the complete nursing intervention for patients with 
osteoarthritis, there is a statistically significant im-
provement in health status (p0.05). Implications for 
nursing education: This research aids nursing students 
in learning how to assess older patients and how to 
do isometric exercises. This research encourages stu-
dents to consider all aspects of a treatment strategy for 
osteoarthritis complications. This research aids nurse 
educators in developing lesson plans for students 
learning about geriatric care. The curriculum, as well 
as geriatric care, including disability prevention and 

management, might be incorporated. This study in 
nursing research encourages others to perform further 
research in this area. This research paves the path for 
more research into alternative therapeutics for osteo-
arthritis pain relief.

Reference:
1. Alindran. M. (2008) “Exercise perception for knee 
Osteoarthritis”; Journal of American Physiotherapy, 
101: 479 – 481 August.
2. Angela Hoyle (2003) “Acupuncture in Osteoar-
thritis knee pain”, Journal of Physiotherapy 89: 10 Oc-
tober. 
3. Barker K. (2003) Exercise for knee Osteoarthritis 
London: Curr opin Rheumatol Company. 
4. Basavanthappa. B.T (1993) Nursing Research, (Ist 
ed), Bangalore: Jaypee brothers.
5. Burns. S (1993) The Practice of Nursing Research, 
(4th ed), Philadelphia: W.B. sounders Company.
6. Espen. H (2008) “Physical therapy interventions 
for patients with Osteoarthritis of the knee”, Journal of 
Physical Therapy, 1: 12 January. 
7. Gupta. S.P. (2000) Statistical Method, (5th ed), 
New Delhi: Sulthan Chand and Sons.
8. Krishner, Carolyn (2002) Therapeutic Exercise, 
Foundation and Technique, (4th ed), New Delhi, Jay-
pee Brothers. 
9. Kothari, C.R. (2000) Research Methodology (2nd 
ed), New Delhi, Wishva Prakasan publishers. 
10. Kozier. B. Erb. G. Berman. A (2006), Fundamen-
tals of Nursing (7th ed) New Delhi, Pearson education.
11. Lone, A.R. (2003) “Analgesic efficacy of tanscuta-
neous electrical nerve stimulation compared with pi-
clofinac sodium in Osteoarthritis of the knee”, Journal 
of Physiotherapy, 89: 8 August. 
12. Robin Son . V (2003) “Thermo therapy for treat-
ment of Osteoarthritis”, Nightingale Nursing Times 
12: 10 December. 
13. Schumacher.H.R, (1994) “Effect of yoga in arthri-
tis “ Asian Medical Journal, 72 8 March. 
14. Thomas .K.S, “ Benefits of exercise in old age peo-
ple “ Asian Medical Journal, 83: 4 April 
15. Tomey. A.M. And Alvigood. R.M. (2002) Nursing 
Theorist and Their Work, (5th ed) St. Lousise Mosby 
publications. 



Issue 25. December 2022 | Cardiometry | 117

ORIGINAL RESEARCH Submitted: 21.11.2022; Accepted: 11.12.2022; Published online: 25.12.2022

Effectiveness of holistic approach 
to reduce anxiety among obsessive 
compulsive disorder-pilot analysis

SARADHADEVI S.*1, V. HEMAVATHY2

1DEPARTMENT OF PSYCHIATRIC NURSING  
SREE BALAJI COLLEGE OF NURSING 
BHARATH INSTITUTE OF HIGHER EDUCATION  
AND RESEARCH CHENNAI TAMILNADU
2PRINCIPAL SREE BALAJI COLLEGE OF NURSING 
BHARATH INSTITUTE OF HIGHER EDUCATION  
AND RESEARCH CHENNAI TAMILNADU

*Corresponding author:
saisaradha10@gmail.com

Abstract
Anxiety disorders, obsessive-compulsive disorder and have lifetime 
prevalence rates of 22.8%, 1.7 percent, and 7.9%, respectively and 
are linked to a lower quality of life.Anxiety disorders are the most 
frequent emotional difficulties for children, In the United States, 7.1 
percent of youngsters (aged 3-17 years) are obese. having been 
diagnosed with one. 2 When lifetime prevalence is taken into ac-
count, up to one-third of the population will develop an anxiety 
condition at some point in their lives. 3 Obsessive compulsive dis-
order and anxiety disorders have different symptoms from child to 
child, making it difficult to distinguish between the many anxiety 
disorders and Obsessive compulsive disorder. While anxiety disor-
ders and obsessive compulsive disorder commonly co-occur and 
have similar symptoms, there are a few key differences that might 
aid in diagnosis. Anxiety generates incorrect or disproportionate 
responses to perceived hazards, resulting in anxiety disorders’ per-
sistent and intrusive symptoms, such as panic attacks, phobias, and 
compulsive behaviours, which can be debilitating.
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INTRODUCTION
Anxiety is characterised by In anticipation of a fu-

ture anxiety, muscle tension and avoidance behaviour 
are displayed. Fear is an emotional response to an ap-
proaching threat that is most typically associated with 
the fight or flight response, which involves continuing 
to fight or flee in order to avoid danger. [2] [ [

Pharmacology and psychotherapy are the two most 
common types of effective therapies for anxiety dis-
orders Inhibitors of serotonin reuptake are commonly 
used as “first-line” medications, and they are useful for 
a wide range of illnesses. In terms of therapy, evidence 
shows that some types of therapy, particularly cogni-
tive and behavioural therapies are at least as helpful as 
medicine and have superior long-term effects. Expo-
sure with reaction prevention, cognitive restructuring,  
and relaxation training are the three main approaches 

[2]. Because of their genes, upbringing, and life expe-
riences, some people are more sensitive to acquiring 
anxiety than others. Anxiety problems are more prone 
to develop in these folks. Triggers bring their anxiety 
tendency to the surface.

REVIEW OF LITERATURE
Melinda Smith et al [2021] anxiety disorders are so 

varied, your therapy should be tailored to your specific 
symptoms and diagnosis. If you have obsessive-com-
pulsive disorder (OCD), for example, your treatment 
will be different than if you need help with anxiety at-
tacks. The kind and severity of your anxiety condition 
will also impact the length of your therapy. On the 
other hand, many anxiety therapies are only utilised 
for a short time.

Kelly et al [2017] Based on best practises, a therapy 
was devised in which patients attended four sessions in 
which they were taught non-pharmaceutical anti-anx-
iety techniques such as deep breathing, mindfulness, 
and muscle relaxation. This small-scale programme 
demonstrated that using a comprehensive approach to 
anxiety management was a good idea. [3] 

Materials and Methods
Quantitative evaluative research approach was 

used to assess the effectiveness of holistic approachto 
reduceanxiety among OCD Persons.The study em-
ployed an experimental research design. Obsessive 
compulsive disorder was the subject of the study. [4] 
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people who are between the ages of 18 and 60 and who 
meet the inclusion requirements. The probability was 
calculated using a basic random sampling approach. 
There are three aspects to the tool: demographic vari-
ables, the Hamilton Anxiety Scale, and therapies.

OBJECTIVES OF THE STUDY
1. Determine the pre- and post-assessment levels of 

anxiety in people with obsessive compulsive disorder 
in the research and control groups..

2. To compare the level of anxiety in people with 
obsessive compulsive disorder in the study and control 
groups before and after the assessment.

3. Assess the effectiveness of a holistic strategy to 
reducing anxiety in people with obsessive compulsive 
disorder..

4. To associate demographic variables to the study 
group’s post-test level of scores.

RESULTS

PRETEST LEVEL OF ANXIETYSCORE
Table 1
The pretest level of anxiety score between Experiment and con-
trol group.

Level of 
anxiety

Experiment Control Chi square test
n % n %

Mild severity 0 0.00% 0 0.00% χ2=0.15P=0.69 
(NS)Mild to mod-

erate severity 2 13.33% 3 20.00%

Moderate to 
severe 13 86.67% 12 80.00%

 Total 15 100.00% 15 100.00%

None of the persons in the Experiment group had a 
Mild severity level of score prior to the multi-interven-
tional procedure. 13.33 percent of them rated their in-
tensity as mild to moderate, while 86.67 percent rated 
it as moderate to severe.The control group contained 
no persons with a Mild severity level of score. 20.00 
percent of them rated their intensity as mild to moder-
ate, while 80.00 percent rated it as moderate to severe.

Between the Experiment and Control groups, there 
is no statistically significant difference. To compare 
the levels of anxiousness, the chi-square test was per-
formed.

POSTTEST LEVEL OF ANXIETYSCORE
Prior to the multi-interventional strategy, none of 

the people in the Experiment group had a mild sever-

ity level of score, with 60.00 percent having a mild to 
moderate severity level of score and 80.00 percent hav-
ing a score that ranges from mild to severeNone of the 
people in the control group had a Mild severity level 
of score. 20% of them had a Mild to Moderate severity 
level of score, while 80.00 percent had a Moderate to 
Severe severity level of score..

The difference between the Experiment and Con-
trol groups is statistically significant. The Experiment 
and control groups’ anxiety levels were compared us-
ing the The chi-square test is a statistical method for 
determining whether or not something is true.
Table3 
COMPARISON OF PRETEST AND POSTTEST MEAN ANXIETY-
SCORE

Group N Mean SD Mean 
reduc-

tion 
score

Paired t-test

Experi-
ment

Pre-test 15 29.13 2.61 10.87 t=21.80 
p=0.001*** 

(S)Post-test 15 18.27 1.49

Control Pre-test 15 28.93 2.46 0.40 t=1.85 
p=0.11 (NS)Post-test 15 28.53 2.30

Considering the anxiety score of the Experiment 
group, they had a pretest score of 29.13 and a posttest 
score of 18.27, a difference of 10.87. This difference is 
big and statistically significant.

In the case of the Control group, their pretest score 
was 28.93 and their posttest score was 28.53, a differ-
ence of 0.40. This distinction is minor and statistically 
insignificant.

A student paired t-test was used to determine the 
difference in statistical significance between the pre- 
and post-test.
Experiment group members scored 29.13 on the pretest and 
28.93 on the posttest, a difference of 0.20. This difference is tiny 
and statistically insignificant.

Table 2
illustrates the post test level of anxiety score between Experi-
ment and control group.

Level of anx-
iety

Experiment Control Chi square test

n % n %
Mild severity 0 0.00% 0 0.00% χ2=0.15P=0.69 

(NS)Mild to mod-
erate severity 9 60.00% 3 20.00%

Moderate to 
severe 6 40.00% 12 80.00%

 Total 15 100.00% 15 100.00%
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Table 4 
COMPARISON OF MEAN ANXIETY SCORE BETWEEN EXPERI-
MENT AND CONTROL GROUP

Group N Mean SD

Mean 
gain 
score

Student in-
dependent 

t-test
Pretest Experi-

ment 15 29.13 2.61 0.20
t=0.22 

p=0.83(NS)
Control 15 28.93 2.46

Posttest Experi-
ment 15 18.27 1.49 10.26 t=14.54 

p=0.001*** 
(S)Control 15 28.53 2.30

Experiment group members have an average score 
of 18.27, but posttest participants have an average 
score of 28.53, a difference of 10.26. This difference is 
big and statistically significant.

Table 5 shows the effectiveness of multiinterven-
tional approachon anxietygain score.

Experiment group are gained 19.41% score where-
as control group gained only 0.71% score.

A mean difference with 95 percent confidence in-
terval and a proportion with 95 percent confidence 
interval were used to calculate differences in anxiety 
reduction score between pretest and posttest.

demonstrates the relationship between a person’s 
post-test stress score and their demographic charac-

teristics. Businessmen/others, as well as people who 
sleep for 2- 3 hours every day, profit more than others. 
To evaluate statistical significance, the Chi square test 
corrected chi square test was performed..

DISCUSSION
In this studymore focus might be placed on de-

tecting triggers and giving access to therapy, as well as 
other fitness routines that have been demonstrated to 
be useful in lowering anxiety, such as yoga, based on 
the findings of this programme. Deep breathing exer-
cise approaches would almost certainly necessitate a 

ASSOCIATION BETWEEN POSTTEST LEVEL OF ANXIETY SCORE AND PERSONS DEMOGRAPHIC VARIBLES(Experiment group)
Demographic vari-

ables Post-test level of anxiety
n Chi square test

Mild to moderate 
severity

Moderate to severe

n % n %
AGE 31-40 years 5 62.50% 3 37.50% 8 χ2=0.05p=0.83(NS)

41-50 years 4 57.14% 3 42.86% 7
RELIGION Hindu 8 80.00% 2 20.00% 10 χ2=2.81p=0.09(NS)

Muslim/Christian 1 20.00% 4 80.00% 5
TYPE OF FAMILY Nuclear family 7 63.64% 4 36.36% 11 χ2=0.22p=0.63(NS)

Joint family 2 50.00% 2 50.00% 4
MARITAL STATUS Married 9 60.00% 6 40.00% 15 χ2=0.00p=1.00(NS)

Unmarried 0 0.00% 0 0.00% 0
OCCUPATION Cooley /Drivers 4 40.00% 6 60.00% 10 χ2=5.00p=0.05*(S)

Businessman/others 5 100.00% 0 0.00% 5
SUPPORT SYSTEM Family 5 45.45% 6 54.55% 11 χ2=1.77p=0.19(NS)

Relatives 4 100.00% 0 0.00% 4
DURATION OF SLEP 
PER DAY

2- 3 hours 6 100.00% 0 0.00% 6 χ2=7.00p=0.01**(S)
3- 4 hours 3 33.33% 6 66.67% 9

SLEEP HABITS Listing to music/others 4 66.67% 2 33.33% 6 χ2=0.19p=0.67(NS)
Watching TV 5 55.56% 4 44.44% 9

Table 5 
EFFECTIVENESS OF MULTI INTERVENTIONAL APPROACHAND 
GENRALIZATION OF ANXIETYREDUCTION SCORE
Group Test Maxi-

mum 
score

Mean 
score

Mean Differ-
ence of anx-
iety reduc-
tion score 
with 95% 

Confidence 
interval

Percentage 
Difference of 

anxiety reduc-
tion score with 

95% Confidence 
interval

Experi-
ment

Pretest 56 29.13 10.87  
(9.35 – 12.37)

19.41%
(16.69% –22.09%)Posttest 56 18.27

Con-
trol

Pretest 56 28.93 0.40 
(-0.05 – 0.75)

0.71% 
(-0.09% –1.33%)Posttest 56 28.53
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referral to a qualified practitioner in order to reinforce 
the practise and improve its effectiveness. Allowing 
patients to choose whatever non-pharmaceutical tech-
niques they want to use might have a big impact.

CONCLUSION
A treatment strategy is unlikely to be as effective 

as a holistic approach to care. Implementation of the 
programme has been shown to be beneficial in low-
ering anxiety symptoms and decreasing physiological 
and psychological symptoms. The methodological 
approach, recruiting strategy, intervention provid-
er details, and data analysis techniques should all be 
included in research reports. The use of validated as-
sessment questionnaires and process evaluations will 
aid researchers in comparing intervention impacts in 
various situations, which may be comparable or dif-
ferent.Future research should seek out and report on 
the perspectives of people with obsessive compulsive 
disorder who did not engage in or finish therapies in 
order to determine where more changes are needed. 
Researchers must examine if eligibility screening is ac-
ceptable, as well as how to properly convey the screen-
ing’s objective to potential participants.
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Abstract
Background: In India, Tuberculosis has been mentioned in the 
Vedas and the old Ayurvedic scriptures. Historically speaking, 
fight against Tuberculosis in India can be broadly classified into 
three periods: early period, before the discoveries of x-ray and 
chemotherapy; post-independence period, during which na-
tionwide Tuberculosis control programs were initiated and im-
plemented; and the current period, during which the ongoing 
WHO-assisted Tuberculosis control program is in place.
Tuberculosis incidence is seasonal, with peaks occurring every 
spring and summer. The reasons for this are unclear, but may 
be related to vitamin D deficiency during the winter. There are 
also studies linking tuberculosis to different weather conditions 
like low temperature, low humidity and low rainfall. It has been 
suggested that tuberculosis incidence rates may be connected 
to climate change
Tuberculosis is closely linked to both overcrowding and malnutri-
tion, making it one of the principal diseases of poverty. Those at 
high risk thus include: people who inject illicit drugs, inhabitants 
and employees of locales where vulnerable people gather (e.g., 
prisons and homeless shelters), medically underprivileged and 
resource-poor communities, high-risk ethnic minorities, children 
in close contact with high-risk category patients, and health-care 
providers serving these patients. Factors contributing to this in-
clude higher prevalence of predisposing health conditions and 
behaviours, and overcrowding and poverty. In some Canadian 
aboriginal groups, genetic susceptibility may play a role. 

Methods: Quasi-experimental design (one group pre-test 
post-test design) was recruited by non-probability purposive 
sampling technique used for the present study. Necessary ad-
ministrative permission was obtained from the concerned au-
thority. The Structured interview schedule was used to elicit the 
baseline data.
Result: The study revealed that among 180 Tuberculosis pa-
tients, the Chalder Fatigue scale pre-median was 27.0, Post-test 
I median was 14.0, and whereas post-test II median was 7.0. In 
Michigan Neuropathy scale pre-median was 15.0, the post-test 
I median was 14.0, and post-test II median was 7.0.
Conclusion:-The study concluded that the foot reflexology of 
anti-tuberculosis drug-induced peripheral neuropathy among 
Tuberculosis patients from selected community area, Ra-
managara Taluk & District, Karnataka carried out the study was 
found to be effective in decreasing the fatigue levels among 
peripheral neuropathy in person with Tuberculosis patients 
as evidenced by the significant change between pre-test and 
post-test scores.

Keywords
Effectiveness, foot reflexology, Tuberculosis patients, peripheral 
neuropathy.
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Introduction: 
Tuberculosis (TB) is one of the most ancient dis-

eases of mankind, with molecular evidence going back 
to over 17,000 years. In spite of newer modalities for 
diagnosis and treatment of TB, unfortunately, people 
are still suffering, and worldwide it is among the top 
10 killer infectious diseases, second only to HIV. Ac-
cording to World Health Organization (WHO), TB is 
a worldwide pandemic. It is a leading cause of death 
among HIV-infected people. In India, historically 
speaking, fight against TB can be broadly classified 
into three periods: early period, before the discover-
ies of x-ray and chemotherapy; post-independence 
period, during which nationwide TB control pro-
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grams were initiated and implemented; and the cur-
rent period, during which the ongoing WHO-assisted 
TB control program is in place. Today, India’s DOTS 
(directly observed treatment-short course) program 
is the fastest-expanding and the largest program in 
the world in terms of patients initiated on treatment; 
and the second largest, in terms of population cover-
age. Major challenges to control TB in India include 
poor primary health-care infrastructure in rural areas 
of many states; unregulated private health care lead-
ing to widespread irrational use of first-line and sec-
ond-line anti-TB drugs; spreading HIV infection; lack 
of political will; and, above all, corrupt administration. 
Multidrug-resistant TB (MDR-TB) is another emerg-
ing threat to TB eradication and is a result of deficient 
or deteriorating TB control program. WHO with its 
“STOP TB” strategy has given a vision to eliminate TB 
as a public health problem from the face of this earth 
by 2050.1

Tuberculosis remains a worldwide public health 
problem. India is the highest TB burden country with 
World Health Organization (WHO) statistics for 2011 
giving an estimated incidence figure of 2.2 million 
cases of TB in India out of a global incidence of 9.6 
million cases2. 

Tuberculosis is the second most important cause of 
adult death worldwide due to infectious disease, after 
HIV/AIDS. Roughly 13.2 million (new and old cases), 
new cases 9.2 million every year are affected globally 
(2018). Approximately one in every 10 of these people 
will develop TB disease, which typically consists of a 
chronic cough, severe weight loss, night sweats and 
progressive, irreversible lung damage.3

Peripheral neuropathy (PN) is a serious condi-
tion affecting the nerves that are commonly seen in 
patients with tuberculosis (TB).Causes of PN in pa-
tients with Tuberculosis are multiple and can include 
Tuberculosis itself, other co-morbid conditions, such 
as Human Immune-deficiency virus (HIV) disease, 
malnutrition, or diabetes mellitus (DM), and sever-
al anti-tuberculosis medications. The condition can 
manifest with a variety of symptoms, and a diagnosis 
can usually be made on a clinical basis. Treatment and 
prognosis of PN vary depending on the under lying 
cause, but often the condition can lead to permanent 
disability in individuals with Tuberculosis. For this 
reason, primary prevention is key as is early iden-
tification and management of symptoms. Treatment 
can include withdrawal of possible offending agents, 

vitamin supplementation, physical therapy, analge-
sics, and targeted agents, including tricyclic antide-
pressants, selective serotonin reuptake inhibitors, and 
gabapentin. Additional research is needed to better 
describe the morbidity and disability associated with 
PN in persons with Tuberculosis and to improve man-
agement strategies for persons at risk for and affected 
by this condition4.

Rates of peripheral neuropathy in the general pop-
ulation have been noted to be around 1.1% but as high 
as 6% in the elderly, although most of this data come 
from western countries and there is a need for more 
general baseline data in high-burden TB settings. Sev-
eral studies have assessed the prevalence of neuropathy 
in persons with TB. Among persons with drug-sus-
ceptible TB (DS-TB), rates between 0 and 10% have 
been reported in the literature. In Swaziland, a cohort 
of 250 patients from one hospital with drug sensitive 
tuberculosis revealed a rate of 12%; however male pa-
tients had a higher rate 18% compared to females 7% 
(p < 0.03); the older the patient, the higher the rate 
of neuropathy (20% in those older than 45 years old 
compared to 9.6% in those less than 45 years old (p = 
0.01) but no significant difference was demonstrated 
between those with HIV infection and those without 
(13% vs 11%, p = 0.12) probably because most of the 
HIV infected patients were already on ART prior to 
TB disease and treatment.6

For those with drug-resistant TB (DR-TB) much 
higher rates have been seen, with studies reporting 
rates between 13 and 17% Some of the variation in 
rates may be due to the different drugs used and the 
longer duration of treatment for DR-TB, but a recent 
study found that as many as 25% of patients have PN 
at the time they start treatment for DR-TB.7

Foot reflexology is a systemic practice in which 
a practitioner applies some pressure to any pressure 
points on the feet to stimulate the body and provide 
health benefits to different parts of the body. Foot re-
flexology is commonly practiced as a complementary 
therapy and is one of the non pharmacological thera-
pies to alleviate our mental, emotional, and spiritual 
health, while improving the quality of our life.8

Foot reflexology is a reflexology intervention that 
has been applied in different cultures around the 
world for Evidence-Based Complementary and Alter-
native Medicine thousands of years. It is defined as a 
type of therapy that is based on the stimulation of the 
nerves and circulatory system of the body in which 
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all the reflexology points, corresponding to different 
parts of the human body, are considered.9 

Reflexology reduces fatigue; the work is document-
ed in 27 studies including research showing impact 
on individuals of all ages and health states. Research 
shows that reflexology work helps individuals of all 
ages with 78 health concerns ranging from aggressive 
behavior in children to urinary concerns of the elderly. 
Improves blood flow: Separate studies show that re-
flexology work increases blood flow to the feet, brain, 
kidneys and intestines. Reflexology helps for many 
like phantom limb pain sufferers, neuropathy patients, 
and Tuberculosis and hemodialysis patients to name 
a few.10 

Fatigue is a highly prevalent symptom experienced, 
persons who live with chronic illness, including those 
with tuberculosis patient who are diagnosis as periph-
eral neuropathy patients. Fatigue is a subjective feeling 
of tiredness which is distinct from weakness, and has 
a gradual onset. It describes a physical and / or mental 
state of being tired and weak. Fatigue is a symptom, rath-
er than a sign. Fatigue is a nonspecific symptom. Physical 
fatigue is the transient inability of a muscle to maintain 
optimal physical performance, and is made more severe 
by intense physical exercise. Mental fatigue is a transient 
decrease in maximal cognitive performance resulting 
from prolonged periods of cognitive activity. It can man-
ifest as somnolence, lethargy, or fatigue. Medically, fa-
tigue is a non-specific symptom, which means that it has 
many possible causes. Fatigue is one of the most frequent 
complaints of tuberculosis patients and is associated with 
impaired health-related quality of life. The prevalence of 
fatigue ranges from 60% to as high as 97% in patients on 
long-term DOTS therapy. The importance of fatigue to 
patients with kidney disease is underscored by the ob-
servation that 94% of tuberculosis patients endorsed a 
willingness to complete their DOTS therapy with high 
nutritious diet if there would be an associated increase 
in energy level. Despite the importance of fatigue to pa-
tients, health care providers remain largely unaware of 
both the presence and severity of fatigue among tuber-
culosis patients.11

The use of reflexology by nurses is easy and prac-
tical as noted by one nurse Researcher who writes: 
“Foot reflexology is a way to enhance the nurse-pa-
tient Interrelationship. It offers a strategy to fulfill the 
goals for human touch and holistic nursing care. It can 
be performed at any location, it is non-invasive, and 
does not interfere with patients’ privacy.”12

Reflexology, a complementary approach to pain, 
anxiety and fatigue, is a form of bodywork that focuses 
primarily on the feet. Reflexology has been around for 
along time. There is archeological evidence suggesting 
the use of reflexology in ancient Egypt, China and Ja-
pan. Four centuries later Celsius, a Roman encyclope-
dist, profoundly influenced by Greek medicine, in his 
book, De Medicina, recorded the practice of rubbing 
the limbs and the result obtained by his practice. These 
descriptions are identical to what is known today as 
reflexology and two popular adjuncts to reflexology 
known as referral areas and cross reflexes.13

MATERIALS AND METHODS

Study Design
The research design adopted for the present study 

was Quanitative research approach. The research de-
sign used for the present study was one group pre-test 
post-test design which belongs to the quasi-experi-
mental study. 

Subjects
180 Tuberculosis patients were recruited for the 

present study, who met the inclusive criteria were 
selected through the non-probability purposive sam-
pling technique. The study was conducted in Ra-
managara Taluk & District, Karnataka, India.

Basic demographic data, Chalder fatigue scale, 
Michigan neuropathy scale were used as a research 
tool. Since it is considered to be the most appropriate 
instrument to elicit the response from subjects. The 
validity of the tool was established by experts and then 
proceeding with the main study. Followed by foot re-
flexology.

A letter requesting permission was sent to the con-
cerned authority of the selected Community area, Ra-
managara Taluk & District, Karnataka before the data 
collection, and permission were granted for the same. 
The data was collected in August 2021 at the selected 
Community area, Ramanagara Taluk & District. After 
Ethical clearance from RajaRajeswari Medical College 
& Hospital, IEC Committee, the data was collected 
from 180 Tuberculosis patients by using non-prob-
ability purposive sampling. The purpose of the tools 
was explained to the samples with self -introduction. 
After selecting the samples the study was explained & 
written consent was obtained from each study sample. 
The tools were distributed to the Tuberculosis patients 
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and they took 15-20 minutes to fill up the answers for 
the observational checklist related to Tuberculosis and 
they were very cooperative. In the initial stage the in-
vestigator has assessed the clinical variables for both 
the experimental & control groups followed by the 
Chalder fatigue scale, Michigan neuropathy scale used 
to assessed for peripheral neuropathy then adminis-
ter an observational checklist related to Tuberculosis 
to assess the knowledge of Tuberculosis patients, Later 
foot reflexology was administered for the experimen-
tal group every one-month interval the investigator 
was followed same procedures.

Intervention Details
The purpose of the tools was explained to the 

samples with self -introduction. After selecting the 
samples the study was explained & written consent 
was obtained from each study sample. The tools were 
distributed to the Tuberculosis patients and they took 
15-20 minutes to fill up the answers for the observa-
tional checklist related to Tuberculosis and they were 
very cooperative. In the initial stage the investigator 
has assessed the clinical variables for both the exper-
imental & control groups followed by the Chalder 
fatigue scale, Michigan neuropathy scale used to as-
sessed for peripheral neuropathy then administer an 
observational checklist related to Tuberculosis to as-
sess the knowledge of Tuberculosis patients, Later foot 
reflexology was administered for the experimental 
group every one-month interval the investigator was 
followed same procedures.

Sample Size Calculation
The sample size was calculated assuming 20% im-

provement in the bio chemical parameter with 30% 
standard deviation, 90% power with 5% significance 
level. Predicting a 20% drop out, the sample size was 
rounded off to 60 patients in each group. (Control, 
Exp-I and Exp-II)

Ethical consideration:
This present study was approved by the RajaRajes-

wari Medical College & Hospital, Institutional Eth-
ics Committee (RRMCH-IEC/63/2020-21, Dated: 
04.01.2021). Before data collection, each respondent 
has signed informed consent. Also, the respondents 
were informed about their voluntary participation, 
may partially or wholly withdraw during the study, 
their identity was anonymous, and no personal iden-

tification information was retrieved to ensure confi-
dentiality.

Results:
Table: 1 Analysis, Tables, Graphs and Interpreta-

tion n = 60 each 

Table 1 
Comparative analysis of Control, Experimental 1 and Experi-
mental 2 on Michigan Neuropathy Scale – Subjective and Ob-
jective.

Sl. 
No.

Variable Groups Me-
dian

Per-
centile

Statistics

1 Subjec-
tive

Con-Pre-test 15 14 – 15 Given in 
Figure 01Con-Post-test 1 14 13 – 14

Con-Post-test 2 12 11 – 12
Exp1-Pre-test 14 14-15
Exp1-Post-test 1 9 9-10
Exp1-Post-test 2 7 7-8
Exp2-Pre-test 14 14-15
Exp2-Post-test 1 7 7-8
Exp2-Post-test 2 4 4-5

2 Objective Con-Pre-test 10 10-11 Given in 
Figure 02Con-Post-test 1 9 9-10

Con-Post-test 2 8 8-9
Exp1-Pre-test 8 8-9
Exp1-Post-test 1 7 7-8
Exp1-Post-test 2 5 5-6
Exp2-Pre-test 8 8-9
Exp2-Post-test 1 5 5-6
Exp2-Post-test 2 3 3-4

Con- Control group, Exp-Experimental group

The median values of Michigan Neuropathy Scale 
(subjective) of Control Pre-test, Post-test 1 and Post-
test 2 were 15, 14 and 12 respectively. It was found to 
be statistically significant (P < 0.001). Compared to 
the Pre-test, the Post-test 1 and Post-test 2 showed 
significance. The median values of Experimental 1 
Pre-test, Post-test 1 and Post-test 2 were 14, 9 and 7 
respectively. It was found to be statistically significant 
(P < 0.001). Compared to the Pre-test, the Post-test 1 
and Post-test 2 showed significance. The median val-
ues of Experimental 2 Pre-test, Post-test 1 and Post-
test 2 were 14, 7 and 4 respectively. It was found to be 
statistically significant (P < 0.001). Compared to the 
Pre-test, the Post-test 1 and Post-test 2 showed sig-
nificance. Compared to the Control Post-test 1, the 
Experimental 1 Post-test 1 and Experimental 2 Post-
test 1 Showed statistical significance. Compared to the 
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Control Post-test 2, the Experimental 1 Post-test 2 and 
Experimental 2 Post-test 2 Showed statistical signifi-
cance. Compare to the Control Pre-test, the Post-test 
2 showed 3 score decrease (20.0 % decrease). Com-
pared to the Experimental 1 Pre-test, the Post-test 2 
showed 7 score decrease (50.0 % decrease). Compared 
to the Experimental 2 Pre-test, the Post-test 2 showed 
10 score decrease (71.4 % decrease). This shows that 
Experimental 2 is very effective in decreasing the neu-
ropathy.

Table -2- Analysis, Tables, Graphs and Interpreta-
tion. n = 60 each

The median values of Chalder fatigue scale of 
Control Pre-test, Post-test 1 and Post-test 2 were 27, 
23 and 20 respectively. It was found to be statistically 
significant (P < 0.001). Compared to the Pre-test, the 
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Figure 1: Comparison of Control, Experimental 1 and Experi-
mental 2 on Michigan Neuropathy Scale (MNS) subjective.
The middle red line is the mean (n = 60 each).
The χ2 and ‘P’ values are by Friedman RM ANOVA on ranks 
with Dunnett’s test for comparing with the Pre-test.
a Significantly different from the respective Pre-test (within 
group comparison)
Kruskal Wallis one way ANOVA was used to compare the Con-
trol, Experimental 1 and Experimental 2 with Dunnett’s test.
The ‘H’ and ‘P’ values for Pre-test are 1.640 and 0.440, respec-
tively.
The ‘H’ and ‘P’ values for Post-test 1 are 163.855 and < 0.001, 
respectively.
The ‘H’ and ‘P’ values for Post-test 2 are 163.794 and < 0.001, 
respectively.
b Significantly different from the respective Control (between 
group comparisons).
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Figure 2: Comparison of Control, Experimental 1 and Experi-
mental 2 on Michigan Neuropathy Scale (MNS) Objective.
The middle red line is the mean (n = 60 each).
The χ2 and ‘P’ values are by Friedman RM ANOVA on ranks 
with Dunnett’s test for comparing with the Pre-test.
A Significantly different from the respective Pre-test (within 
group comparison)
Kruskal Wallis one way ANOVA was used to compare the Con-
trol, Experimental 1 and Experimental 2 with Dunnett’s test.
The ‘H’ and ‘P’ values for Pre-test are 142.643 and < 0.001, 
respectively.
The ‘H’ and ‘P’ values for Post-test 1 are 163.975 and < 0.001, 
respectively.
The ‘H’ and ‘P’ values for Post-test 2 are 172.953 and < 0.001, 
respectively.
B Significantly different from the respective Control (between 
group comparisons).

Post-test 1 and Post-test 2 showed significance. The 
median values of Experimental 1 Pre-test, Post-test 
1 and Post-test 2 were 26, 18 and 14 respectively. It 
was found to be statistically significant (P < 0.001). 
Compared to the Pre-test, the Post-test 1 and Post-
test 2 showed significance. The median values of 
Experimental 2 Pre-test, Post-test 1 and Post-test 
2 were 30, 13 and 7 respectively. It was found to be 
statistically significant (P < 0.001). Compared to the 
Pre-test, the Post-test 1 and Post-test 2 showed sig-
nificance. Compared to the Control Post-test 1, the 
Experimental 1 Post-test 1 and Experimental 2 Post-
test 1 Showed statistical significance. Compared to 
the Control Post-test 2, the Experimental 1 Post-test 
2 and Experimental 2 Post-test 2 Showed statistical 
significance. 
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Figure 3: Comparison of Control, Experimental 1 and Experi-
mental 2 on Chalder Fatigue scale.
The middle red line is the mean (n = 60 each).
The χ2 and ‘P’ values are by Friedman RM ANOVA on ranks 
with Dunnett’s test for comparing with the Pre-test.
a Significantly different from the respective Pre-test (within 
group comparison)
Kruskal Wallis one way ANOVA was used to compare the Con-
trol, Experimental 1 and Experimental 2 with Dunnett’s test.
The ‘H’ and ‘P’ values for Pre-test are 164.840 and < 0.001, 
respectively.
The ‘H’ and ‘P’ values for Post-test 1 are 164.692 and < 0.001, 
respectively.
The ‘H’ and ‘P’ values for Post-test 2 are 163.889 and < 0.001, 
respectively.
b Significantly different from the respective Control (between 
group comparisons).

Discussion:
In general, there is correlation between the periph-

eral neuropathy with history of Tuberculosis patients. 
Michigan neuropathy scale act as a parameters for 
identifying the peripheral neuropathy, with Tubercu-
losis patients. In this present study all the participants 
were from rural population and majority of the popu-
lations were females.

For experimental group foot reflexology interven-
tion was given. Foot reflexology will help to reduce 
peripheral neuropathy, especially for drug-induced 
Tuberculosis patients. 

The present study revealed that among 180 Tuber-
culosis patients, the Chalder Fatigue scale pre-medi-
an was 27.0, Post-test I median was 14.0, and whereas 
post-test II median was 7.0. In Michigan Neuropathy 
scale pre-median was 15.0, the post-test I median was 
14.0, and post-test II median was 7.0.

The present study has very limited population and 
duration of intervention was very less and it can be 
overcome by including more sample population and 
increasing the duration of intervention in the future. 

The under diagnosis of PN, especially in primary 
healthcare in SEA, creates a huge burden of hidden 
disease. This has a major impact on the quality of life 
as a result of painful neuropathic symptoms and mor-
bidity due to foot ulceration and amputation, as well as 
increased mortality. Awareness and a sense of urgency 
amongst patients and healthcare providers are required, 
and primary care physicians require access to simple 
tools to help them diagnose peripheral neuropathy.

The reviewed articles showed that, 
The present study was supported by Maria Eliza-

beth, Katharine, (2021)
Factors Predicting Fatigue in Tuberculosis Patients 

Receiving Anti-Tuberculosis Drugs, the sample had a 
mean age of 58.45 years (SD = 15.374) of which 60.8% 
were males and remaining female patients. Overall, 
the mean score of fatigue was a moderate level (Mean 
= 4.90, SD = 2.455). From the multiple regression 
analysis, age, nutritional status, sleep quality, and 
depression could explain the variances on fatigue in 
the sample group as 52.5% (R2 = .525, F = 33.119, p < 
.001). Nutritional status, sleep quality are the variables 
found to be capable in predicting fatigue of tuberculo-
sis patients with statistical significance (β = .316, p < 
.001, β = .226, p < .05 and β = .340, p < .001).

Similarly, another study was supported by M. A. 
G. M. Olimulder, M. A. Galjee, L. J. Wagenaar (2019), 

Table 2
Comparative analysis of Control, Experimental 1 and Experi-
mental 2 on Chalder Fatigue Scale

Sl. 
No

Vari-
able

Groups Medi-
an

Percen-
tile

Statistics

1 Con-Pre-test 27 26-27 Given in 
Figure 3Con-Post-test 1 23 22-23

Con-Post-test 2 20 19-20
Exp1-Pre-test 26 26-27
Exp1-Post-test 1 18 18-19
Exp1-Post-test 2 14 14-15
Exp2-Pre-test 30 29-30
Exp2-Post-test 1 13 12-13
Exp2-Post-test 2 7 7-9

Con- Control group, Exp-Experimental group
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retrospective cohort study was done related to myco-
bacterium tuberculosis infection could lead to the in-
creasing risks of chronic fatigue. The relationship be-
tween Mycobacterium tuberculosis infection and the 
subsequent risk of chronic fatigue syndrome was es-
timated through Cox proportional hazards regression 
analysis, with the incidence density rates being 3.04 
and 3.69 per 1000 person‐years among the non‐Myco-
bacterium tuberculosis infection and Mycobacterium 
tuberculosis infection populations, respectively (ad-
justed hazard ratio [HR] = 1.23, with 95% confidence 
interval [CI] 1.03–1.47). In the stratified analysis, the 
Mycobacterium tuberculosis infection groups were 
consistently associated with a higher risk of chronic 
fatigue in the male sex (HR = 1.27, 95% CI 1.02–1.58) 
and age group of ≥ 65 years old (HR = 2.50, 95% CI 
1.86–3.38).

Conclusion:
PN is a common condition, affecting many people 

with Tuberculosis disease. The cause is likely multifac-
torial, presenting a complex clinical scenario, but the 
consequences can be severe and permanent hence a 
need for vigilance in management. Prevention strat-
egies are key, and all persons being treated for Tuber-
culosis should receive concomitant pyridoxine sup-
plementation and correction of any modifiable risk 
factors. All Tuberculosis patients should be routinely 
screened for PN and have reflexes tested as well as a 
visual inspection of the feet at each exam. The pres-
ence of neuropathic symptoms decreased ankle reflex-
es, and decreased distal sensations, regardless of distal 
muscle weakness and atrophy makes the diagnosis of 
PN likely. Management should focus on halting dam-
age to the nerve although care should be taken not to 
compromise the Tuberculosis regimen and alleviate 
symptoms. Counseling and emotional support may 
be needed in those with severe forms of the disease. 
Better research is needed to determine ideal manage-
ment strategies and to contribute to better health and 
quality of life for all persons who are survivors of Tu-
berculosis.

The under diagnosis of PN, especially in primary 
healthcare in SEA, creates a huge burden of hidden 
disease. This has a major impact on the quality of life 
as a result of painful neuropathic symptoms and mor-
bidity due to foot ulceration and amputation, as well 
as increased mortality. Awareness and a sense of ur-
gency amongst patients and healthcare providers are 

required, and primary care physicians require access 
to simple tools to help them diagnose peripheral neu-
ropathy.
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Abstract
True experimental research study was conducted at Haemodi-
alysis’ Unit at Sree Balaji Medical College and Hospital among 
End stage Kidney disorder patients receiving haemodialysis to 
determine the efficiency of ROM exercise on selected Renal pa-
rameters by using purposive sampling technique 12 patients 
for control group and 12 from experimental were selected for 
the study based on inclusion criteria . Patients’ with heart dis-
ease, cancer and Hb less than 9gms were excluded from the 
study. The experimental group were received intradialytic ROM 
exercise and determined the Renal index measurements like 
Urea,Cr,SGOT and SGPT the findings were In pretest, there is no 
major difference between the experiment and control group, 
where as in post test the calculated student t test value as fol-
lows for Urea, creatinine,SGOT, SGPT t=2.14 p=0.05, t=3.35 
p=0.01, t=2.99 p=0.01, t=2.46 p=0.05 respectively. For con-
trol group calculated values for renal parameters were t=1.22 
p=0.27, t=1.12 p=0.30, t=1.04 p=0.33, t=1.20 p=0.28 respec-
tively found to be non significant.
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ROM, CKD, ESRD, SGOT, SGPT, Heamodilaysis, Renal parame-
ters,
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Brief Introduction of the study topic:
Chronic kidney disease (CKD) is an significant ep-

idemic and public health crisis, which occurs in many 
countries with an escalating prevalence1. Over 50 mil-
lion people throughout the world are known to have 
Chronic Kidney diseases2 (CKD) and of these, more 
than 1 million require renal replacement therapies 
such as dialysis and renal transplantation3, chronic 
kidney do with its elevated prevalence, morbidity and 
mortality, in an essential public health problem4. 

Heamodialysis one of the most important treat-
ments5 of choice for the End stage renal disease at 
the same time it’s a stressful procedure causes many 
physical, psychological and social distress6. Due to 
the heamodialysis procedure patient undertake phys-
ical complications and it turns into major changes in 
Bio chemical parameters7. Physical exercise during 
the heamodialysis procedure makes the dramatical 
changes in dropping the physical and bio physiologi-
cal complications8. Also providing exercise during the 
dialysis doesn’t cost extra time and it will be effective 
and enhancing physical potential to perform their dai-
ly activities9.

Background of the study
Chronic Kidney Diseases is often impulsive and 

patients may not feel as the disease development to 
end stage renal disease (ESRD)10.

Occurrence of end stage renal disease is growing 
with an enormous financial burden on society11. Since 
the treatment option of ESRD are only mandatory to 
take renal replacement or Hemodialysis where renal 
replacement therapy is not affordable for most of the 
Indian population, where as Hemodialysis is the only 
option of ESRD patients12.

Approximately 9-13 % of patients on Hemodialysis 
in India die within 1 year of after diagnosis13.

India has more than 1 billion population; there 
are 7.85 million chronic renal failure patients in In-
dia. One of the foremost challenges for management 
of CKD in India is presentations of patients in front of 
the Nephrologists at later stages14. Indian CKD regis-
try reported close to 48% patients presenting in stage 
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V, nearly 78.9-96.5% patients suffer from anemia in 
later stages.

Continual kidney sickness (CKD) is a completely 
critical epidemic and public health Hassel in World-
wide with an increasing prevalence over 5 crore pop-
ulations, over 1 million needs Dialysis and kidney 
transplantation, In present situation the occurrence 
of DM, Hypertension the most common causes of 
CKD15.

Aims and Objectives:
1. To assess the RENAL INDEX VALUES of Hemo-

dialysis among end stage renal disease patients before 
the intervention.

2. To assess the RENAL INDEX VALUES of Hemo-
dialysis among end stage renal disease patients after 
the intervention.

Review of LITERATURE 
1. Studies related to effectiveness of the intra dialytic 

exercise.
2. Studies related to effectiveness of the intra dialytic 

exercise on Renal index .
Hanan Mohamed Mohamed Soliman Et all.., 

(2015)A randomized control trail was conducted 
in haemodialysis unit for 30 patients with the aim 
of impact of 8 week intradialytic range of motion 
exercise on assessing the level of fatigue, electro-
lytes, BP and HB,intervention administered for 15 
minutes /day for three days in a week for 8 weeks 
administered,Fatique was assessed by using Iowa 
Fatigue scale (IFS),Physiological parameters were 
assessed by using the blood investigations of Sr.Pot-
tasium, calcium, urea, creatinine and Hb. The study 
concluded that there were a significant changes 
between the experimental and control group p val-
ues. A simple form of exercise during the dialysis as 
nursing interventions make effective reductions of 
the intradilaytic complications.

METHODOLGY
RESEARCH APPROACH: Evaluative Research 

Approach
RESEARCH DESIGN- True Experimental Design
STUDY SETTING - Hemodialysis Unit, Sree Bala-

ji Medical College and Hospital. Chennai
STUDY POPULATION-
Target Population: Chronic renal failure patients 

receiving Hemodialysis

Accessible Population: Chronic renal failure pa-
tients receiving Hemodialysis at Sree Balaji Medical 
College and Hospital, Chennai.

SAMPLING METHODS ADOPTED- Non-Prob-
ability with Purposive sampling techniques was ad-
opted to collect the data.

SAMPLE SIZE: It was 24(12 for control group and 
12 for Experimental group)

INCLUSION CRITERIA
• Adult patients who are both male and female pa-

tients receiving Hemodialysis
• Adult patients > 18ys to <60 yrs old
• Minimum Hemodialysis vintage of 3months
• Receiving Hemodialysis 2- 3times /week for 3-4 

hours of duration
• No recent Hospitalization

EXCLUSION CRITERIA
• Acute or chronic conditions like MI, Congestive 

heart failure, unstable during dialysis, risk of frac-
ture.

• Uncontrolled hypertension even with proper anti-
hypertensive drugs

• HB, 10 Mg/Dl
• Recent hospitalization

DATA COLLECTION INSTRUMENTS 
(DATA QUESTONNAIRE, TOOLS,  
EQUIPMENTS)

PART: IA DEMOGRAPHIC VARIABLES (Age, 
Gender, Education, Occupation, Marital Status, 
Monthly Income, Type of living, Supportive group, 
Type of Area, Family history of renal diseases, Type of 
food intake, Body weight (kgs) .

PART: IB CLINICAL VARIABLES (Duration of 
Illness, no. of cycles per week, type of medications tak-
ing, Complications during dialysis, any other exercise 
are doing during the dialysis, Ur, Creatinine levels).

PART: II to assess the renal index parameters 
among Hemodialysis Patients (Hb, Urea, Cr, SGOT 
and SGPT)

Above table shows the selected demographic vari-
ables of end stage renal disease patients those who are 
participated for the following study on “A study to as-
sess the effectiveness of intra dialytic exercise to en-
hance renal index for chronic kidney disease patients 
receiving Hemodialysis at Sree Balaji Medical College 
and Hospital, Chrompet Chennai.
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TABLE 1
DEMOGRAPHIC VARIABLES

Demographic variables Group
Experiment(n=12) Control(n=12)

n % n %
Age 30-40 years 4 33.33% 4 33.33%

40-50 years 3 25.00% 3 25.00%
50-60 years 3 25.00% 3 25.00%
60-70 years 2 16.67% 2 16.67%

Occupation Status Unemployed / Home marker 7 58.33% 7 58.33%
Government Employee 0 0.00% 0 0.00%
Private Employee 5 41.67% 5 41.67%
Business 0 0.00% 0 0.00%

Religion Hindu 10 83.33% 10 83.33%
Christian 2 16.67% 2 16.67%
Muslim 0 0.00% 0 0.00%

Marital Status Married 10 83.33% 10 83.33%
Unmarried 1 8.33% 1 8.33%
Divorced 0 0.00% 0 0.00%
Widow/widower 1 8.33% 1 8.33%

Education Status illiterate 4 33.33% 4 33.33%
Primary 3 25.00% 3 25.00%
Secondary 2 16.67% 2 16.67%
Graduate 3 25.00% 3 25.00%

Occupation Status Unemployed / Home marker 7 58.33% 7 58.33%
Government Employee 0 0.00% 0 0.00%
Private Employee 5 41.67% 5 41.67%
Business 0 0.00% 0 0.00%

Family Income Less than Rs. 3000 4 33.33% 4 33.33%
Rs. 3001/- to Rs. 6000 2 16.67% 2 16.67%
Rs. 6001/- to Rs. 9000 3 25.00% 3 25.00%
Rs. 9001/- and above 3 25.00% 3 25.00%

Type of Area Urban 11 91.67% 11 91.67%
Rural 1 8.33% 1 8.33%

Type of family Nuclear family 9 75.00% 9 75.00%
Joint family 3 25.00% 3 25.00%

Type of food Intake Vegetarian 2 16.67% 2 16.67%
Non vegetarian 10 83.33% 10 83.33%

Body weight 40-50kg 6 50.00% 6 50.00%
50-60kg 4 33.33% 4 33.33%
60-70kg 2 16.67% 2 16.67%
>70kg 0 0.00% 0 0.00%

Support system Relatives 6 50.00% 6 50.00%
Family 6 50.00% 6 50.00%
Parents 0 0.00% 0 0.00%
Others 0 0.00% 0 0.00%

Duration of visit Less than one year 9 75.00% 9 75.00%
1-2year 1 8.33% 1 8.33%
3-4year 0 0.00% 0 0.00%
>4year 2 16.67% 2 16.67%

Previous hospital-
ization

No 4 33.33% 4 33.33%
Yes 8 66.67% 8 66.67%

Period of Dialysis 1-2 years 6 50.00% 6 50.00%
3-4 years 1 8.33% 1 8.33%
5-8 years 5 41.67% 5 41.67%

Source of health 
information

Heath Personnel 10 83.33% 10 83.33%
Radio / TV/Newspaper 0 0.00% 0 0.00%
Friends 2 16.67% 2 16.67%
Others 0 0.00% 0 0.00%
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The Table 2 explains about the selected clinical 
variables among end stage renal disease patients and 
its percentage distribution in selected samples 

Fig1; Simple bar with 2 standard error diagram 
compares the pre-test and post-test haemoglobin 
score among experimental and control group. The 
mean Hb value for experimental group was 9.61 and 
10.92 in pre and post test respectively. Control group 
value was 9.28 and 9.49 in pre and post respectively.

Table 4: compares the lab investigations score be-
tween pre-test and post-test among experiment and 
control group.

In experimental group, in pre-test and post-test 
difference is large and it is statistically significant. It 
was confirmed using student paired t-test. The cal-

Table 2
CLINICAL VARIABLES

Group
Experiment(n=12) Control(n=12)

n % n %
Duration of illness 1 -3 years 4 33.33% 4 33.33%

4 -7 years 3 25.00% 3 25.00%
>7 years 5 41.67% 5 41.67%

Number of cycles per week One 4 33.33% 4 33.33%
Two 8 66.67% 8 66.67%

Table 3
PRETEST AND POSTTEST HAEMOGLOBIN COMPARISON

Group Mean differ-
ence

Student paired t-test
Pretest Posttest

Mean SD Mean SD
Experiment 9.61 1.55 10.92 1.71 1.31 t=2.82 p=0.01**(S)
Control 9.28 1.56 9.49 1.45 0.21 t=1.00 p=0.34(NS)

Table 4
PRETEST AND POSTTEST RENAL PARAMETERS COMPARISON

Group Renal index
Group

Mean 
difference Student paired t-testpretest posttest

Mean SD Mean SD
Experiment Urea 79.58 22.99 62.42 14.04 -17.16 t=2.14 p=0.05*(S)

CR+ 7.08 1.53 5.80 1.28 -1.28 t=3.35 p=0.01**(S)
SGOT 17.17 4.06 11.92 3.73 -5.25 t=2.99 p=0.01**(S)
SGPT 15.58 3.85 11.08 4.10 -4.50 t=2.46 p=0.05*(S)

Control Urea 75.58 22.14 74.75 23.03 -0.83 t=1.22 p=0.27(NS)
CR+ 6.55 1.40 6.46 1.40 -0.09 t=1.12 p=0.30(NS)
SGOT 16.42 4.12 15.92 4.27 -0.50 t=1.04 p=0.33(NS)
SGPT 14.75 3.11 14.42 3.18 -0.33 t=1.20 p=0.28(NS)

 

Figure 1 
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culated value for Urea, creatinine SGOT and SGPT 
were t=2.14 p=0.05*(S), t=3.35 p=0.01**(S), t=2.99 
p=0.01**(S), t=2.46 p=0.05*(S)

In control group, pre-test and post-test difference 
is small and it is not statistically significant. It was con-
firmed using student paired t-test. The calculated val-
ue for Urea, creatinine SGOT and SGPT were t=1.22 
p=0.27(NS, t=1.12 p=0.30(NS), t=1.04 p=0.33(NS), 
t=1.20 p=0.28(NS)

The above calculated value for selected renal pa-
rameters shows the significant difference between the 
experimental and control group.

Above table 5 assess the lab investigations during 
dialysis among end stage renal disease patients before 

and after the intervention. In pretest as well as in post 
test, there is no significant difference between experi-
ment and control group except Hb, SGOT, and SGPT. 
It was tested using student independent t-test.

The above table shows the statistical values for 
comparison of pretest and post values among exper-
imental and control group. The calculated value for 
Hb, SGOT and SGPT were t=2.20 p=0.05*, t=2.44 
p=0.05*, t=2.22 p=0.05*. It shows that the values were 
significant in post test among experimental group.

The figure 3 shows the values of Association be-
tween the demographic varibles with Hb values.It 
shows the the lab values are associated with only Oc-
cupation and Type of food intake.

Table 5
Assess the effectiveness of intra dialytic exercise among end stage renal failure patients undergoing Hemodialysis.

Group MEAN DIF-
FERENCE

Student indepen-
dent t-testExperiment(n=12) Control(n=12)

Mean SD Mean SD
Pre-test HB 9.61 1.55 9.28 1.56 0.33 t=0.52 p=0.60 (NS)

Urea 79.58 22.99 75.58 22.14 4.00 t=0.43 p=0.67 (NS)
CR+ 7.08 1.53 6.55 1.40 0.53 t=0.88 p=0.39 (NS)
SGOT 17.17 4.06 16.42 4.12 0.75 t=0.45 p=0.69 (NS)
SGPT 15.58 3.85 14.75 3.11 0.83 t=0.58 p=0.57 (NS)

Post-test HB 10.92 1.71 9.49 1.45 1.43 t=2.20 p=0.05* (S)
Urea 62.42 14.04 74.75 23.03 -12.33 t=1.58 p=0.12 (NS)
CR+ 5.80 1.28 6.46 1.40 -0.66 t=1.20 p=0.24 (NS)
SGOT 11.92 3.73 15.92 4.27 -4.00 t=2.44 p=0.05* (S)
SGPT 11.08 4.10 14.42 3.18 -3.34 t=2.22 p=0.05*(S)

 

 
Figure 2: Comparison of Renal parameters among experimental and control group
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Conclusion
Intradialytic Range of motion exercise has some 

effects in reducing the Selected Renal parameters of 
Hb, Urea,Cr, SGOT and SGPT. The true experimen-
tal design was conducted in Heamodialysis unit of the 
Sree Balaji Medical college and hospital at Chennai, to 
determine the effects of ROM Excercies on Selecte d 
Renal Parameters. The calculated value for Hb, SGOT 
and SGPT were t=2.20 p=0.05*, t=2.44 p=0.05*, 
t=2.22 p=0.05*. It shows that the values were sig-
nificant in post test among experimental group. As-
sociation between the demographic varibles with Hb 
values.It shows the the lab values are associated with 
only Occupation and Type of food intake. . In sensible 
to the Range of motion exercise might be done in a 
structured setting will be having the more effects in 
reducing the Renal parameters. This study recom-
mend that it can be done in larger population with a 
structured teaching training programmes will be hav-
ing more effcets in reducing other complications too.
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Figure 3: Association between hb gain score and selected demographic variables.
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Abstract:
Hypertension is when blood pressure is too high. Blood pres-
sure is written as two numbers. The first (systolic) number rep-
resents the pressure in blood vessels when the heart contracts 
or beats. The second (diastolic) number represents the pres-
sure in the vessels when the heart rests between beats.(WHO 
2019). Global statistics indicate that only 50% of individuals with 
hypertension are aware that they actually have high BP and 
only 14% are controlled (about 8% in low- and middle income 
countries). The epidemiological evolution for hypertension is 
witnessed in emergingnations, will give clue to an progress in 
the incidence of blood pressure. Hypertension as a effect of 
amplified life suspense and the tension of suburbanization, 
which is developingspeedily in virtually all unindustrializedna-
tions. Domestic history, anxiety, fatness, liquor, a food high in 
saturated fats or sodium, tobacco use, deskbound lifestyle, and 
elderly are all threat causes for hypertension. Pre Experimen-
tal Research design was adopted in this study.Conclusion: This 
pilot study concludes by proving the effectiveness of health 
education on attitude of hypertension among rural adult hy-
pertensive patients .
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Introduction
Hypertension is one of the foremostthreatissues 

for the increase of coronary cerebral and renovascu-
lar diseases and its occurrence in western societies is 
reaching almost endemic proportions. Fortunately, 
the large number of patients involved are not trans-
lated into a high incident of the hypertension emer-
gencies. [1]. World-wide in establishednations nearly 
40% of adults aged 25 and above areassessed to have 
hypertension. Hypertension affects hearts and blood 
vessels and rises workload of heart which indicates to 
hypertrophy of the left ventricle of the heart [2]. There 
is an increasing development of hypertension due to 
sedentary lifestyle and faulty eating habits in India [3]. 

Blood pressure is well-thought-out to be linked with 
age. It increases with age in both sexes . [4]. Hyperten-
sion is a chronic condition of concern due to its role in 
connection of coronary heart disease, stroke and other 
vascular difficulties.It is one of the key risk factors for 
cardiovascular death, which accounts for 20-50% of all 
deaths [5]. Majority of persons suffering from hyperten-
sion are unaware of the disease. In accord with “rules 
of halves”,50% of individuals do not identify about 
their higher blood pressure. Only 50% of cases who are 
conscious of the disease are on medication. [6] Chronic 
disease has a fast epidemiological transition with in-
creased burden in India. Non communicable diseases 
especially diabetes mellitus, hypertension, cardiac vas-
cular diseases, stroke and chronic pulmonary diseases 
are evolving as major health problems due to changes 
in behaviour, lifestyle and environmental factors.. [7] 

Two kinds of risk factors for hypertension have been 
identified;the modifiable and non modifiable. Old age 
and heredity constitute the non modifiable risk fac-
tors.obesity, high salt intake, low potassium intake, 
high saturated fat intake, stress sedentary life, alco-
holism and oral contraceptives are the modifiable risk 
factors [8] Hypertension is essentially a disease without 
symptoms. When symptoms do occur, they are usu-
ally indicative of advanced hypertension. The higher 
the pressure, the greater is the risk of complications 
and lesser life expectancy.. [9] Hypertension is less com-
mon in people living at high altitude .hypertension is 
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less common in population that consume less salt and 
blood pressure does not rise with age in such popu-
lation. [10] Hypertension is high bloodpressure . Blood 
pressure is a force of blood pushing against the walls of 
arteries as it flows through them.. [11] 

Literature review:
NurulFatinBintiBuang et al. (2019) conducted a 

research work on hypertension knowledge, attitude, 
and practise among populations of Selangor, Malay-
sia. Convenience sampling was used to select a total 
of 110 respondents aged 18 and up. According to the 
findings, all respondents were Malay, with a mean age 
of 41 years [Standard Deviation (SD)=11.828]. The 
total mean and standard deviation for knowledge, 
attitude, and practise were 74.33 (SD=6.25), 44.22 
(SD=5.05), and 27.55 (SD=2.86), respectively. Signif-
icant positive correlations were found between knowl-
edge and attitude (r=+0.393; p0.001) and practise 
(r=+0.378; p0.001). There was, however, no significant 
relationship between attitude and practise (r=+0.120; 
p=0.212). There were significant fair positive cor-
relations between age and hypertension knowledge 
(r=+0.402; p0.001), attitude (r=+0.265; p=0.005), and 
practise (r=+0.337; p0.001). [12] 

Shankar Radhakrishnan and ManivananEkam-
baram (2015) revealed the incidence of diabetes and 
hypertension in a ethnic residents at Salem. The pri-
mary objective is to conclude the prevalence of type 2 
diabetes mellitus and hypertension, as well as the pos-
sibility features related with these conditions, between 
the ethnicpopulations in Salem District. Approximately 
525 tribal people over the age of 40 from several ethnic 
places in Yercaud.Totally were screened for hyperten-
sion, body mass index, nutritiveforms, and bodilymove-
ment. Amongst the study individuals, persons who had 
RBS greater than 200 was 28 . and concerning 140 and 
200 were 39 and individuals who were in the pre hy-
pertensive stage was 185 and individuals in the stage 1 
hypertension was 102 and in stage 2 hypertension was 
64 .Among the various risk factors, males were found to 
have a statistically significant association with smoking, 
alcohol, and a positive family history, whereas females 
only had a statistically significant association with fami-
ly history for both diabetes and hypertension. [13] 

MATERIALS AND METHODS: 
For this study 20and above yearsofadult ofboth 

genders(female,male)in the Rural area, ,,padappai 

whomet theinclusioncriteria were selected as assessa-
ble population.35 hypertensive patients were selected 
by purposive method [14] 

AIM 
The aim is to assess the attitude regarding Hyper-

tension among hypertensive patient

THE STUDY’S OBJECTIVES
• To assess the existing attitude score among hyper-

tensive patients.
• To assess the attitude score after the influence of 

the health education.
• To assess relationship between the attitude and cer-

tain demographic variables 

RESEARCH APPROACH
Quantitative evaluative research approach was 

considered as an appropriate research approach for 
this study. [15] 

VARIABLES:
Independent Variable 
Intervention strategies which include health edu-

cation on management of hypertension
Dependent Variable 
In this study attitude was the dependent variables

METHODOLOGY
STUDY DESIGN
One group pretest and post test design was adopted 

in this study.
STUDY AREA
Rural community, padappai.
STUDY POPULATION:
Hypertensive patients
SELECTION OF AREA:
The area selected for the study was padappai (Ru-

ral). 
SELECTION OF SAMPLES:
35 samples were taken
TECHNIQUE OF SAMPLING
Purposive sampling techniques was amended for 

this study
TOOL AND TECHNIQUE
Tool I- Demographic Data
Tool II- 3 Point Likert scale was used toevaluate 

the level of attitude on management of hyperten-
sion
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This Table 2 displaysscore for pretest score of attitude
In general, 71.42% of themare in Unfavourable 

attitude level score, 28.58% of patients were having 
modestattitude level mark and 0% are Favourable atti-
tudescore at the level

The percentage level of post-test attitude score 
among patients shown in table 3. In general, none of 
themare having Unfavourable attitude score, 31.43% 
of their attitude score that is modest and 68.57% of 
theirAttitude score that is favourable.

TABLE 2
THE LEVEL OF ATTITUDE SCORE AT THE TIME OF THE PRE-TEST

Pre test score Number of 
patients

%

Unfavourable attitude 25 71.42%

Moderate attitude 10 28.58%

Favourable attitude 0 0 %

Over-all 35 100%

Table 1
DEMOGRAPHIC VARIABLES 

Demographic variables The number of hypertensive 
patients is on the rise. 

%

Age 20-30 years 6 17.14%
31-40 years 5 14.29%
41-50 years 11 31.42%
51-60 years 8 22.86%
>60 years 5 14.29%

Sex Male 21 60.00%
Female 14 40.00%

Educational status Illiterate 5 14.29%
Primary education 5 14.29%
Secondary education 6 17.14%
Higher secondary education 11 31.43%
Degree and above 8 22.86%

Occupational status Government employee 3 8.57%
Private employee 12 34.29%
Self employed 3 8.57%
Daily wages 3 8.57%
Unemployed 14 40.00%

Marital status Married 26 74.29%
Single 4 11.43%
Divorced/separated 0 0.00%
Widow/widower 5 14.29%

Socio economic status Below Rs.5000 7 20.00%
Rs.5000 – Rs10000 8 22.86%
Rs.10000 – Rs15000 12 34.29%
Above Rs.15000 8 22.86%

Religion Hindu 28 80.00%
Christian 5 14.29%
Muslim 2 5.71%

Family Types Nuclear Family 23 65.71%
Joint Family 10 28.57%
Large Family 2 5.71%

Duration of Illness 1-5 years 10 28.57%
6-10 years 11 31.43%
10-15 years 7 20.00%
> 15 years 7 20.00%
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TABLE 3
THE LEVEL OF ATTITUDE SCORE AT THE TIME OF THE POST-TEST

Post test score Number of Patients %
Unfavourable 0 0.%
Moderate 11 31.43%
Favourable 24 68.57%
Total 35 100.00%

Table number 4 displays pretest and posttest level 
of attitude score comparison .
Table 4
PRETEST AND POSTTEST LEVEL OF ATTITUDE SCORE COM-
PARISON
Scoring level Pretest Posttest McNemar’s 

test was 
extended 

n % n %

Unfavourable 25 71.42% 0 0.00% χ2=30.40 
P=0.001*** (S)Moderate 10 28.58% 11 31.43%

Favourable 0 0.00% 24 68.57%
 Total 35 100.00% 35 100.00%

Prior to health education, 71.42% of the patients 
are inUnfavourable level of attitude score, 28.58% are 
in moderate attitude level score and 0 percent are hav-
ing Favourable level of attitude score. After health ed-
ucation,In post -test,0 percent of patients have an un-
favourable attitude level score.31.43 percent of them 
had a moderate level of attitude and 68.57 percent of 
them have a favourable attitude score.

Table no 5 depicts mean attitude score comparison 
for pre-test and post-test

TABLE 5
MEAN ATTITUDE SCORE COMPARISON FOR PRETEST AND 
POSTTEST

Number 
of Pa-
tients

Pre -test Post-test Differ-
ence in 
Mean

t-test
Mean SD Mean SD

35

20.31 1.84 33.51 2.95

13.20

t=21.10
p=0.001*
DF= 34, 

Significant

In pre-test, patients are having 20.31 attitude score 
and in post-test it is 33.51, mean difference score is 
13.20 attitude score, it is large and significant.

This figure 1 depicts Comparison of the Pre test 
and Posttestattitude mark

Table no 6 depicts the efficacy of a health education
In posttest after having health education, Patients 

improved their attitude by 29.33 percent compared to 
their pre-test score.

 

Figure 1: Compares the pre-test and post-test attitude score

Above table 7 depicts the relationship between the 
posttest level of attitude score and demographic varia-
bles. Senior aged patients and >10000 income patients 
are having more favourable attitude score than others. 
It was confirmed using chi square test and yates cor-
rected chi square test.

Above Figure 2 depicts relationship among post-
test score and age variables of patients. In that above 
50 years has association.
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Figure 2: ASSOCIATION BETWEEN POSTTEST LEVEL OF ATTI-
TUDE SCORE AND AGE OF PATIENTS

Results and discussion
Before health education,in the pre test71.42% had 

Unfavourable level of attitude score, 28.58% had mod-
erate level of attitude score and zero percent had Fa-
vourable level of attitude score. 

After health education, In posttest, zero percent 
had Unfavourablelevel of attitude score, 31.43% had 
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modest level of attitude score and 68.57% had Favour-
able level of attitude score.

Conclusion
Prolonged blood pressure damage the blood ves-

sels heart, kidney,brain and eyes.Global statistics in-
dicate that only 50% of individuals with hypertension 
are aware that they actually have high BP and only 14% 
are controlled It will leads to myocardial infraction and 
death also.soprevention is essential to present these pa-
tient education and theirbehavior modification is every 
essential. Hypertension has been recognized as the im-
portantdangerinfluence for death. The vast majority of 
hypertensive people are completely unaware that they 
have the disease. In accordance with “rules of halves 
“,50% of persons do not know about their higher blood 

pressure.Before health education,in the pre test71.42% 
of the patients had Unfavorable attitude score, After 
health education, in the posttest, zero percent are hav-
ing Unfavorablelevel of attitude score.This pilot study 
concludes by proving the effectiveness of health edu-
cation on attitude of hypertension regarding manage-
ment of hypertension among rural adult hypertensive 
patients who were residing at padapai.
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Table 6
EFFECTIVENESS OF HEALTH EDUCATION AND ATTITUDE GENERALIZATION GET SCORE

Maxi score Mean % of Attitude score The mean difference in Attitude 
Gain score with a 95% confi-

dence interval

Percentage of Attitude Gain with 
a 95% Confidence Interval

Pretest 45 20.31 45.13% 13.20(11.92 – 14.47) 29.33%(26.49% – 32.15%)
Posttest 45 33.51 74.46%

Table 7
THE RELATIONSHIP BETWEEN THE POSTTEST LEVEL OF ATTITUDE SCORE AND DEMOGRAPHIC VARIABLES

Variables related to demographics

Posttest n Chi square test/yates 
corrected chi square 

test
Moderate Favourable 

n % n %
Age 20-50 years 10 45.45% 12 54.55% 22 χ2=5.40 P=0.05*(S)

>50 years 1 7.69% 12 92.31% 13
Sex Male 8 38.10% 13 61.90% 21 χ2=1.08 P=0.29(NS)

Female 3 21.43% 11 78.57% 14
Educational status < Primary 3 30.00% 7 70.00% 10 χ2=0.01 P=0.91(NS)

>Primary 8 32.00% 17 68.00% 25
Occupational status Employed 6 33.33% 15 66.67% 21 χ2=0.19 P=0.66(NS)

Unemployed/housewife 5 35.71% 9 64.29% 14
Marital status Married 9 34.62% 17 65.38% 26 χ2=0.01 P=0.94(NS)

Widow/widower/single 3 33.33% 6 66.67% 9
Socio economic status Below Rs.10000 8 53.33% 7 46.67% 15 χ2=5.89P=0.01**(S)

Above Rs.10000 3 15.00% 17 85.00% 20
Religion Hindu 7 25.00% 21 75.00% 28 χ2=2.68 

P=0.10(NS)Christian/muslim 4 57.14% 3 42.86% 7
Family structure Nuclear domestic 7 30.43% 16 69.57% 23 χ2=0.03 P=0.86(NS)

Joint/extensive family 4 33.33% 8 66.67% 12
Duration of illness 1-10 years 6 28.57% 15 71.43% 21 χ2=0.19P=0.66(NS)

>10 years 5 35.71% 9 64.29% 14
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Abstract
Chronic Renal Failure is a worldwide public health problem with 
an increasing incidence and prevalence, poor outcomes and 
high costs. The health teaching regarding hemodialysis and 
self care is important to improve the health and well being for 
patients with chronic renal failure. The aim of the study was to 
evaluate the effectiveness of video assisted teaching on knowl-
edge and attitude regarding hemodialysis among patients with 
chronic renal failure. Pre experimental one group pretest post 
design was used. The setting of the study were out patient 
department at Dhanalakshmi Srinivasan Medical College and 
Hospital.50 samples were selected by non probability purpo-
sive sampling technique. After self introduction and explana-
tion, the participants were given questionnaire to fill. The post 
test was done after the video assisted teaching, two weeks later. 
Result of the study were mean post test score of knowledge 
level 22.72 (SD±3.81)was significantly higher than the mean pre 
test score 14.31 (sd-3.67) and the mean difference were 8.38. 
Paired‘t’ value 28.28 (table value =2.02) which is significant 
ant p <0.05 level, for attitude, the mean post test score 74.66 
(SD±7.31) was significantly higher than the mean pre test score 
65.82 (sd-6.92) and the mean difference was 8.84. Paired “t” 
value of knowledge and attitude, the finding revealed that the 
mean value of knowledge is 22.72 with SD (3.81) and the mean 
value of attitude is 74.66 with SD (7.31) project ‘r ’ value of 0.329 
(table value=0.273) which shows positively mild correlation. The 
result reveals that there is a significant association between the 
knowledge and the demographic variables of food habits, ed-
ucational qualification and duration of dialysis and significant 
association between the attitude and the demographic vari-
ables of age and educational qualification (table value =3.84, p 
<0.05). The finding revealed that there is a significant improve-
ment in knowledge and attitude after intervention.
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INTRODUCTION
Kidneys are significant organs that contribute to 

your overall well-being. But when kidneys function at 
only below 10 to 15 percent of their normal capacity, 
they cannot effectively do their job, such as remove 
waste or excess fluid from your blood. Because of this, 
wastes from the blood remain in the body and may 
cause other health problems. End stage renal disease 
(ESRD) is the last stage (stage five) of chronic kidney 
disease (CKD). When CKD, develops into ESRD, dial-
ysis or a kidney transplant is necessary to live (Brun-
ner & Suddarth, 2010) .Chronic Renal Failure (CRF) 
is now recognized as a significant and rapidly grow-
ing global health burden, which affects health related 
quality of life not only for the patient but the family 
also. It is up to six times more common in some eth-
nic minority populations and is twice as common in 
females as in male (Joshi, 2010; Kimmel, 2006). He-
modialysis is a treatment option available for patient 
experiencing renal insufficiency, in which a machine 
is used to act out the function of the kidney such as 
filtering the blood and excretion of by-products. Con-
sidering the risks that may occur with the treatment 
options available, may choose to be placed on dialy-
sis. A single-center study states that in India, nearly 
18,000-20,000 patients get renal replacement therapy 
(Veerappan et al,2011).The need for good education 
and preparation of the individual and the family at all 
stages of chronic renal failure, and potentially heading 
towards end stage renal failure, cannot be underesti-
mated. It is essential that the patient and renal staff 
work in collaboration, not only to ensure the best care 
possible for the person, but also for the renal team to 
understand the care out comes the patient has in mind. 
In Canada, a nationally agreed core curriculum for 
patient education in the predialysis period has been 
developed (Smeltzer c. Suzanne, 2004). Chronic Kid-
ney Disease is a global threat to health in general and 
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for developing countries in particular, because therapy 
is expensive and life-long. In India approximately 90/ 
patients cannot afford the cost. Over 1 million people 
worldwide are alive on dialysis or with a functioning 
graft. Incidence of chronic kidney disease (CKD) has 
doubled in the last 15 years (National Kidney Founda-
tion, 2007).

STATEMENT OF THE PROBLEM 
A study to evaluate the effectiveness of video as-

sisted teaching on knowledge and attitude regarding 
hemodialysis among patients with chronic renal fail-
ure at Dhanalakshmi Srinivasan medical college and 
hospital, Perambalur.

OBJECTIVES
1. To assess the level of knowledge and attitude re-

garding Hemodialysis among patients with Chron-
ic Renal Failure.

2. To evaluate the effectiveness of video Assisted 
teaching on knowledge and attitude regarding He-
modialysis among patients with chronic renal fail-
ure.

3. To correlate the level of knowledge and the level 
of attitude regarding Hemodialysis among patients 
with Chronic Renal Failure.

4. To find out the association between post-test 
knowledge and attitude score regarding Hemodial-
ysis among patients with chronic renal failure with 
their selected demographic variables.

HYPOTHESES 
H1: There will be a significant difference between 

the pre and posttest level of knowledge and attitude 
regarding hemodialysis among patients with Chronic 
Renal Failure.

H2:  There will be a significant correlation between 
the level of knowledge and attitude regarding hemodi-
alysis among patients with Chronic Renal Failure

H3: There will be a significant association between 
the posttest level of knowledge and attitude with their 
selected demographic variables.

METHODOLOGY:
There search app roachusedin the study was quan-

titative approach and pre-experimental (one group 
pre-test and post-test) research design was chosen 
for analyze the effectiveness of video assisted teach-
ing on knowledge and attitude regarding hemodial-

ysis among patients with chronic renal failure. The 
conceptual frame work adopted for the present study 
was modified panders’ health promotion model. The 
independent variable of this study was video assisted 
teaching and dependent variable was knowledge and 
attitude regarding hemodialysis. This study was con-
ducted in outpatient department at DhanalakshmiSri-
nivasan Medical College and Hospital.50 samples were 
selected by using non probability purposive sampling 
technique. The Sample of the study was patients with 
chronic renal failure who met the inclusion criteria

Inclusion Criteria 
The patients who were

• diagnosed with chronic renal failure undergoing 
hemodialysis at Dhanalakshmi Srinivasan Medical 
College and Hospital

• with age limit should be above 21 to 70 years
• who speak and understand Tamil and English
• who are willing to participate.

Exclusion Criteria:
The patients 

• with neurological disorders, sensory problems and 
psychological problems.

• who are critically ill 
• who are not cooperative.

DESCRIPTION OF THE TOOLS
An instrument in research refers to the tool or 

equipment used for collecting data. Structured ques-
tionnaire was developed by the investigator in order 
to obtain information from the patients undergoing 
Hemodialysis.

The tool used in this study has three parts

Part I
Demographic Variables
Demographic variables such as age, sex, family his-

tory, food habits, personal habits, education, income, 
duration of illness, duration of dialysis, frequency of 
attending dialysis and associated risk factors.

Part II
Structured Questionnaire for Knowledge
This tool was used to evaluate the patients knowl-

edge related to Hemodialysis, i.e.: knowledge on kid-
ney function, need of dialysis, renal diet, fluid man-
agement, fistula care, compliance of drug therapy, 
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exercise, disease complications and regular mainte-
nance of life. This section contains 27 questions.

Part III
The attitude was assessed with 5 –point likert scale. 

It consists of 20 questions in which 10 items are related 
to positive attitude and remaining 10 items are related 
to negative attitude

Data collection procedure
Rapport was established with the patients and pur-

pose of the study was explained to them. They were as-
sured that all the data would be kept strictly confiden-
tial and used only for study purpose. After obtaining 
the written consent of the patient to participate in the 
study,the tool was issued and collected back after 20 
minutes by the investigator. The video assisted teach-
ing intervention was carried out by the investigator to 
the group of 4-5 patients at a time. The duration of the 
video assisting program was about 30 minutes. The in-
vestigator explained in detail about the disease condi-
tion, importance of diet modification, medicines, flu-
id and diet management, exercise and complications. 
The investigators assessed the post test level of knowl-
edge and attitude regarding hemodialysis among pa-
tients with chronic renal failure by numerical rating 
scale after two weeks.

Results
The frequency and percentage distribution of de-

mographic variables among patients with chronic re-
nal failure revealed that out of 50 samples majority of 
them 17 (34%) belongs to the age group of 41-50 years, 
regarding sex most of the patients were male 44 (88%), 
belongs to family history of renal disease majority of 
them 49 (98%) do not have any history of renal dis-
ease, belongs to food habits most of the patients 36 
(72%) consume non-vegetarian, personal habits re-
veal that 15 (30%) of patients were both smoking and 
alcoholism, regarding educational qualification ma-
jority of them 16(32%) had only primary level of ed-
ucation,regarding occupation majority of the patient 
were 44(22%), were in income most of the patients 
39(78%) less than Rs.5000, 31(62%) of the patients 
were chronic renal failure less than 1 year, regarding 
duration of dialysis 41(82%) patients were undergoing 
hemodialysis for 1-12 months, 50(100%)patients are 
undergoing hemodialysis 2 times per week, regarding 
risk factors which are associated with 22(44%).

Frequency and percentage distribution of pre test 
and post test level of knowledge depicted that 9(18%) 
of them had inadequate knowledge,37(74%) of them 
had moderately adequate knowledge and 4(8%) had 
adequate knowledge in pretest were in post test score 
shows that 41(82%) of them got adequate knowl-
edge,9(18%) had moderately adequate knowledge and 
none of them had adequate knowledge.

Frequency and percentage distribution of pre test 
and post test level of attitude depicted that 49(92%) 
of them had favorable attitude and 4(8%) of them had 
most favorable attitude none of them had unfavorable 
attitude in pre test were in post test 37(74%)of them got 
most favorable attitude and 13(26%) are in favorable at-
titude and none of them had unfavorable attitude.

Table 1 reveals the mean value in the pre test was 
14.34 with SD of 3.67 and the post test mean was 
22.72with SD of 3.81. The mean difference was 8.38, 
shows ‘t’ value as 28.28(table value =2.02) in statis-
tically significant at p<0.05. The findings revealed 
that there is a significant improvement in knowledge 
which showed that video assisted teaching was effec-
tive for patients with chronic renal failure regarding 
hemodialysis.

Table1 2 reveals the mean value in the pre test was 
65.82 with SD of 6.92,and the post test mean was 74.66 
with SD of 7.31. The mean difference was 8.84, shows 
‘t’ value as 10.6(table value =2.02) in statistically sig-
nificant at p<0.05. The findings revealed that there is 
a significant improvement in attitude which showed 
that video assisted teaching was effective for patients 
with chronic renal failure regarding hemodialysis.

Table 3 shows that there is a co relation between 
knowledge and attitude regarding hemodialysis 
among patients with chronic renal failure.

There is a significant association between the 
knowledge and the demographic variables such as food 
habits,educational qualification,duration of illness, du-
ration of dialysis and risk factors (Table value=3.84, 
P<0.05). There is no significant association with other 
variables such asage, sex, family history, personal hab-
its, occupation, income and frequency of dialysis.

There is a significant association between the atti-
tude and the demographic variables of age and educa-
tional qualification. (Table value=3.84,P<0.05).There 
is no significant association with other variables such 
as sex, family history, food habits, personal habits, oc-
cupation, income, duration of dialysis treatment and 
risk factors.
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Table 1 
Show the mean, standard deviation and paired t-value between pre test and post test score of knowledge regarding hemodialysis 
among patients with chronic renal failure.

n=50
Level of 

knowledge 
mean SD Mean% Mean differ-

ence 
Paired ‘t’ value Table value Inference

Pre test 14.34 3.67 53% 8.38 T=28.28 2.02 Significant*
Post test 22.72 3.81 84%

Df =49 p<0.05

Table 2
Shows the mean, standard deviation and paired t-value between pre test and post test score of attitude regarding hemodialysis 
among patients with chronic renal failure.

n=50
Level of 

knowledge 
mean SD Mean% Mean differ-

ence 
Paired ‘t’ value Table value Inference

Pre test 65.82 6.92 65.82% 8.84 t=10.6 2.02 Significant*
Post test 74.66 7.31 74.66%

Df =49 p<0.05

Table 3 
Shows the correlation between the level of knowledge and attitude regarding hemodialysis among patients with chronic renal 
failure.

Test Knowledge Attitude Correlation

Mean SD Mean SD

Pre test 14.34 3.67 65.82 6.92 r=0.329
Table value=0.273Post test 22.72 3.81 74.66 7.31
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Abstract
Malignancy is one of the dangerous sicknesses across numer-
ous nations. In any case, malignant growth can be restored, 
whenever recognized at a beginning phase. Analysts are deal-
ing with medical care for early identification and avoidance of 
malignant growth. Clinical information has arrived at its most 
extreme potential by giving specialists enormous information-
al indexes gathered from everywhere the globe. In the current 
situation, Machine Learning has been broadly utilized in the 
space of malignancy analysis and guess. Endurance exam-
ination might help in the expectation of the beginning stage 
of sickness, backslide, re-event of infections and biomarker 
recognizable proof. Uses of ML and data mining strategies 
in clinical field are as of now the broadest in disease recog-
nition and endurance examination. In this paper, various ap-
proaches to distinguish and foresee cellular breakdown in the 
lungs from the chest X-ray images by utilizing hybrid Machine 
learning calculations which incorporates Support Vector Ma-
chine and ANN (Artificial Neural Networks) and graph theory. 
Near investigation of different ML procedures and advances 
has been done over various kinds of information like clinical 
information, omics information, picture information and so 
forth.

Keywords
Disease Prediction System, IoT, Machine Learning, Supervised 
Learning, Lung Disease, Graph Theory.  
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1. Introduction 
During ongoing years, there has been quick evolve-

ment of medical care administrations for giving re-
mote correspondence media among specialist and 
patient through wearable advances which alludes in 
“telemedicine”. As of late diabetes is the significant 
reason for death for all people [1]. In 2000, 171 million 
individuals were anticipated, which can increment by 
2040 up to “642 million” from one side of the planet 
to the other. This expansion in figure needs to focus 
on this infection [2]. Numerous medical care organi-
zations are across the globe burn through billions of 
dollars on diabetes medical care. In addition, the list 
of illnesses straightforwardly identified with the heart 
is perpetual, according to the worldwide cardiovascu-
lar society there are in excess of 15 kinds of sicknesses 
straightforwardly connected to the heart [3]. These 
sicknesses can be followed straightforwardly and re-
quire least recorded information. Be that as it may, 
infections like diabetes, disease, tuberculosis, and so 
on are named as in a roundabout way identified with 
heart illnesses [4]. These sicknesses require cautious 
recorded perception and observational example ex-
amination of the ECG waveforms [5]. The accompa-
nying advances are by and large executed to play out 
this undertaking, 

Preparing denoised ECG data. ECGs generally lim-
it line and consonant noise, therefore unsophisticat-
ed ECGs may not work well. Thus, the crude ECG is 
denoised to provide a clean waveform. Disease-based 
component extraction analyzes ECG highlights. The 
infection must be examined to remove these compo-
nents. Diabetes may have pinnacle evaluations, where-
as malignant development may have moderate ECG 
waveform force. Although there is no standard for 
every disease, include extraction is done according to 
the illness being studied. Calculations like component 
variety placement reduce dull supplies from the prepa-
ration set. This step improves framework accuracy 
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and removes unwanted components from ECG wave-
forms. The patient’s ECG is examined throughout the 
scheduled results. Then, based on the characterization 
results, the person is assigned an infection type.Ana-
lysts follow all calculations while creating their order 
structure. The next section describes analysts’ esti-
mates and methods for detecting these illnesses and 
suggesting improvements. Also suggested are frame-
work variations that allow for better accuracy.

2. Literature Survey 
Dokyoon Kim presented a diagram-based technique 

for the synchronization of “multi-omics information 
and genetic information” for the purpose of forecast-
ing the consequences of clinical malignant growth [6]. 
Explore was done on clinical and genomic information 
profiles that were collected from the “TCGA informa-
tion gateway” for cellular breakdown in the lung’s data-
set. These profiles were used to do the analysis. The re-
sults showed that this strategy is effective, with an area 
under the curve that was equal to 0.7866.

Denis Bertrand put up the idea of a reconciliation 
method called “Onco IMPACT” to eliminate the pa-
tient’s explicit attributes based on 1000 different genet-
ic profile instances [7]. The trial was carried out, and 
the findings demonstrated that the suggested method 
operated very well by excellently removing the pa-
tient’s specific traits.

For the purpose of design revelation and quali-
ty identifiable evidence, Qianxing Moa designed a 
framework that would exhibit joints in a consistent 
and distinct manner. An illustration using two thou-
sand cancer patients for purposes of performance 
assessment [8]. The findings demonstrated that the 
suggested methodology delivered the highest level of 
precision. In order to classify endurance patients into 
their respective groups of six companions, Kumardeep 
Chaudhary presented a model that came to be recog-
nized as hepatocellular carcinoma (HCC) [9]. There 
were 360 individuals diagnosed with HCC who partic-
ipated in the study. According to the findings, the data 
mining structure accurately divided the sample into 
two subgroups, achieving a p-value of 7.3148*e-6 and 
a concordance list value of 0.68. Zhu used a “multi-bit 
omics AI technique for prediction of cellular break-
down in the lungs on 3328 patients,” according to the 
“Container” journal article. According to the findings, 
the suggested system performed very well, earning a 
“0.86 c-list esteem” [10]. 

3. Proposed System 
The proposed system conveys IoT arrangement 

with different sensors. All the gadgets are wearable 
which naturally sense the information from human 
bodies, the produced information ought to be simple 
information it should have to change over into the 
computerized information [11]. There is a middleware 
design called ADC especially for information trans-
formation. Arduino is the microcontroller and it is a 
main hardware to transfers the information on server 
[12]. The cloud information service gives streaming 
hybrid machine learning algorithm to anticipate lungs 
disease. For the powerful expectation this system in-
corporated SVM and ANN strategies [13]. The test 
examination has been finished with various synthet-
ic and real-time healthcare monitoring dataset.  The 
proposed algorithm provides the lung cancer predict-
ed results in real time environment [14]. The Figure 1 
shows the proposed design which comprises of hybrid 
Machine learning techniques and IoT plat for the pre-
diction of lung disease. 
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Figure 1. Proposed System Design and Architecture.

Following the segmentation process, features are 
retrieved, which are then fed into the networks during 
the training phase. In the architecture that has been 
described, conventional training networks have been 
swapped out for a support vector machine that classi-
fies data by “identifying the hyper plane that maximiz-
es the margin between the two classes.” The vectors 
that define the hyper plane are called support vectors, 
and they are sometimes known as cases. It is a quick 
and trustworthy classification method that uses a lit-
tle quantity of data yet still manages to perform quite 
well. The final output of the SVM is fed into ANN to 
improve the accuracy. The SVM and ANN algorithm 
design is explained as follows

Let’s begin by discussing a handful of the con-
cepts that are presented in the diagram hypothesis. 
A diagram with the notation G = (V, E) has as its 
components a set V of hubs (also known as vertices) 
and a set E of edges connecting these hubs, with each 
edge consisting of an unordered pair of hubs. The 
extent of a diagram may be determined by the num-



Issue 25. December 2022 | Cardiometry | 147

ber of hubs that it contains. Hubs that are connected 
to one another by edges are referred to as neighbors, 
and the number of neighbors that a hub has is re-
ferred to as its hub degree. Indicated in the level of 
the hub v are N (v), which stands for the neighbors 
of v, as well as d(v), which equals |N(v). The diagram 
hypothesis focuses mostly on charts as its major re-
search instrument. On the other hand, schematics do 
address a few true components and connections in-
side them. In many cases, additional factual aspects 
of the diagram are calculated. One example of this is 
the grouping coefficient, which provides an estimate 
of the degree to which hubs will most likely clump 
together. When looking at a chart with the notation 
G = (V, E), the neighborhood grouping coefficient of 
a hub v may be described as
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The above equation is used to analyses the level of 
lung cancer in real time. 

3. Results and Discussions 
The framework is implanted in IoT environment 

with hybrid ML algorithm. The classification accura-
cy and error rate for the proposed framework com-
pared with other existing frameworks. The heart 
disease classification accuracy using a proposed syn-
thetic dataset and multiple algorithm methods such as 
Navies Bayes, Random Forest, Artificial Neural Net-
work, and a combination of SVM+ANN. The current 
classification accuracy system uses a bar chart format 
to show each algorithm as well as the percentage level 
[15]. The exact accuracy of the Nave Bayes algorithm 
is 90%, whereas the Random Forest algorithm is ap-
proximately equal to 91.25 percent. When compared 
to Nave Bayes and Random Forest, the accuracy level 
of ANN is 93.20 percent higher. In comparison to oth-
er algorithms, SVM+ANN achieved the greatest accu-
racy of 98 percent.

Figure 2 shows error rate analysis for heart disease 
prediction using a synthetic dataset. Using several al-
gorithm methods, such as Nave Bayes, Random For-
est, ANN, and SVM+ANN, analyses the error rate. 
When compared to both algorithms, ANN displays an 
error rate of roughly 22%. The maximum mistake rate 
is 25% in Nave Bayes and nearly 24.50 percent in Ran-
dom Forest. The SVM+ANN yielded the lowest error 
rate, which was around 19 percent.
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Figure 2. Error Rate Analysis using Synthetic Dataset of Heart 
Disease Prediction.

The suggested method uses a hybrid deep learn-
ing algorithm with a real-time dataset to compare the 
classification accuracy of different machine learning 
algorithms. The SVM+ANN algorithm achieves the 
highest accuracy of nearly 99 percent, whilst the 
nave bayes algorithm achieves the lowest accuracy 
of 90& precisely. When compared to random forest 
and ANN algorithms, accuracy is almost 92% high-
er. The SVM+ANN reveal that the proposed method 
achieves higher classification accuracy than the ex-
isting method.

From the Figure 3, Figure 4, it is clear that the pro-
posed Hybrid machine learning algorithms outper-
forms other algorithms in terms of classification accu-
racy and Error rate analysis. 
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Figure 3. Accuracy Analysis of Proposed Framework for Real 
Time Dataset.
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4. Conclusion 
This test uses a remote monitoring system. Long 

illness prediction uses several mining methods. ML 
algorithms were used in clinical data gathering, and 
findings were compared to a future ML approach for 
modifying security. Choosing ML calculation and 
avoiding over fitting, damping, hyper boundary tun-
ing, and cross-testing procedures may offer the best 
exhibition, but it may increase cost and calculation 
time. Using this study’s technique, you may classify 
the modal features of various lung diseases. This study 
reviewed studies on lung sickness, IoT, medical imag-
ing, and software applications. There are several apps 
and techniques to combat the pandemic. According to 
these findings, machine learning and enormous vol-
umes of data are needed to understand the epidemic 
and develop countermeasures. Machine learning has 
showed considerable promise in recent years for its 
capacity to extract information in a variety of fields, 
including the medical business. Decision trees, neural 
networks, naive Bayes classifiers, and k-means algo-
rithms assist analyze lung imaging data. Monitoring, 
infection screening, contact tracing, case isolation, 
and post-case therapies and applications all contribute 
to public lung health education. This test has enough 
room for improvement due to most limits, such as in-
crement record, blood vessel stiffness, and increment 
pressure. The suggested hybrid ML method improves 
arrangement and infection prediction precision.
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Abstract
The practicality of distinct vehicular communication tissue 
classifiers is based on lighting training records that replicate a 
place or purchase circumstance. The use of transfer learning 
technologies to address sampling mistakes caused by sparse 
annotations during supervised learning on automated tumour 
segmentation is recommended. The comprehensive record of 
a recognised event might be rather extensive. The suggested 
method is based on a simple and sparse description, and it ef-
fectively corrects systematic sampling mistakes for diverse tissue 
types using domain correction methodologies. A retrospective 
examination of the 2013 challenge data sets and a multimodal 
MR image from 19 malignant gliomas patients verified the pres-
ent strategy. When compared to training on entirely marked 
outcomes, the time to mark and train is reduced by more than 
70 and 180 seconds respectively. This considerably facilitates 
the creation and ongoing extension of annotated large datasets 
in a variety of circumstances and imaging environments; this is 
an important step in the actual deployment of tissue categori-
zation learning algorithms.
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gorithm, Brain CT images.
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Introduction
A sensitive assessment of vast data volumes is made 

possible by automated methods for feature extraction. 
Latest approaches for the automatic segmentation of 
neural network Support Vector Machines (SVM) or 
random forests to learn how tumour tissues appear 
from manually marked training data. The reliance 
on more complete parts of the tumour is a significant 
constraint of having to learn therapies [1]. 

Various factors make the manual segmentation 
of malignant gliomas and generating the necessary 
training data incredibly complex and labour intensive. 
Instead of moving Gliomas penetrate the underlying 
tissue [2]. This results in distorted and ambiguous 
borders, which are made worse by the related appear-
ance in MR images of other forms of tissue including 
inflammation of the gliosis stroke and fluid involve-
ment. However, a total classification of tumour and 
non-tumour tissue is impossible to establish without 
making a massive number of voxels designated as un-
certain. 

This complicated, error-prone work has further 
problems due to tumours, the unusual form pattern. 
As a result, the heterogeneity for gross tumour seg-
mentation recorded 20 per cent and 28 per cent in-
tra- and multi respectively. The same Menze reported 
inter rated differences of 85 8% for the entire tumour 
segmentation and 74 13% for the active segmentation 
of the tumour. This indicates that the normal training 
data and pair wise comparisons are not faulty [3]. 

For these factors, some previous experiments have 
resisted fully supervised learning based on manual 
segmentation, such as the study of brain symmetry 
or atlas details following geometrical and geospatial 
precedents. Parisot et al. used brand research and a 
having to learn tumour annotation. The suggested a 
method to facilitate the marking of glair tumours to 
enhance the consistency of the manual segmentations, 
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which could be utilized to train and test controlled 
approaches. These also showed that using this instru-
ments decreases marking errors and contribute to 
more accurate segmentation. 

The melting of several segments is another way 
to enhance segmentation efficiency. Warfield have 
demonstrated that discusses on the simultaneous 
measurement of reality and efficiency improves seg-
mentation consistency and produces more accurate 
division [4]. While these methods can minimize the 
disparity between parts, the issue of inconsistent im-
age knowledge cannot be solved. There is also some 
confusion about the actual tissue limits for specialists. 
The concern, too, is that these annotations are incred-
ibly employment: a high-grade segmentation requires 
up to an hour. 

The uniform measuring values of MRI per voxel 
are not present. The amplitude of the image is sub-
jective and cannot be measured easily without a cal-
culation of the ground reality. Therefore, there is sig-
nificant variability, both grey images and Ultrasound 
sub-values such as the ADC or voxel-based FA differ-
entiating apparently; a 15-percent discrepancy is not 
unusual. Various internal values, a slightly different 
series implementation, or differing noise features be-
tween scanners or other vendors can be the possible 
sources of difference. 

Consequently, as the scanner/MR sequence set-
tings vary, the annotations necessary to identify the 
training must be replicated. In addition, a new train-
ing set may be required to implement re-configura-
tion. Correct manual marking involves time and it is 
challenging. It is a very costly task that decreases the 
possibility of such approaches being implemented into 
a therapeutic environment. 

Literature Survey
Therefore, incomplete segmentation was imple-

mented in previous works to prevent the training data 
generation from long labelling periods. The almost 
complete segmentation used by ignoring dark areas 
[5]. These conducted a based on inter segmentation 
with Generalized linear models and SVM classifica-
tion for image analysis across these incomplete seg-
ments. 

Brain tumours segmented to incorporate atlases 
and classifiers of the brain. An atlas was registered for 
the first voxel-based segmentation, which was then 
used to refine the clustering [6]. This is replicated, 

or the classifier is taught again and again every time. 
With attached voxels, the whole method has been ini-
tialized. Although these methods have used prelimi-
nary classification to train tumour detection classifi-
ers, none have been examined the effect of inadequate 
type. 

A new approach is presented to learn from labels 
sparingly and guarantee simple voxel allocations [7]. 
The method produces complete annotations of MR 
images but sparsely, unambiguously, and thus firstly 
performs the requisite training annotations compared 
to the full annotations. The subsequent sampling selec-
tion mistake created by the incomplete and unequivo-
cal annotations results in discrepancies between train-
ing and testing data distributions, sampling training 
data as the training region and completes images as 
the testing sector. 

In view of training data from a separate area makes 
it possible to correct the sampling distortion using DA 
techniques that improve output in one field [8]. The 
study is different from our research and research fields, 
as is the case for example for the qualified classifiers 
for the position of ultrasound transducers in the simu-
lated images [9]. In various clinically acquired images, 
our approach yields comparable outcomes as histori-
cally trained classifiers, whereas the conventional clas-
sifiers have been training specifically in gold-standard 
segmentation [10]. 

The proposed model presents the overview of rel-
ative protocol to our previous work. The development 
and constant extension of rule-based data sets for dif-
ferent types of diagnoses and scanning settings is pos-
sible using small annotation as a means for the training 
of automatic classifying systems, thereby allowing for 
a workflow fully incorporated etiquette technique also 
comes with the added benefit that enables several tissue 
groups to be distinguished [11]. Although this paper fo-
cuses on classifying mitochondrial functions with other 
applications may also use the approach presented. 

It could be used in any classification to enhance 
other learning methods. It is recommended that frag-
mented and indisputable domains be noted instead of 
segmenting all images to minimize the labelling time 
required to generate training data for the automated 
segmentation of tumours [12]. Except for learning 
from full annotations, sparse annotations contribute 
to sampling discrepancies. 

It is recommended that by correcting this mistake 
by modifying the domain to the Sparse Annotations 
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Learning environment the various approaches used to 
annotate, sample, and use training data are outlined 
[13]. The scattered descriptions were normally con-
tained in one or two fragments of the image and occu-
pied about 1 percent of both the voxels in the brain. It 
offers several descriptions of official reports and dis-
plays numerous mark-up techniques used to construct 
SURs [14-15]. 

Proposed System
This makes simple weight estimation and reduces 

division criteria, which improve measurement accura-
cy. General linear models with logic function as con-
nection function and public and policy maker’s dis-
tribution for the logical regressor is used. The benefit 
of this approach is that the logistic reverser is param-
eter-free, making it stable and easier to use the entire 
algorithm. Figure 1 shows the Sample image dataset.

Patiently measured weights, e.g. SURs are generat-
ed for each patient and then calculated for that patient. 
Thus, a patient’s weight can be individually applied to 
the training examples without subtracting the weight 
inside the current training data and of other patients. 
No complete classification of the tumour is also ex-
pected. 

During preparation, to monitor the effect of any 
image volume without modifying the relationships 

between voxels that belongs to the same images. The 
sum number of voxels in the brain shield, statistical 
derived. A popular method is to select the number of 
feature vectors in the SURs in c = nTrain. This nor-
malizes the range of training points by the total of all 
weights. 

However mean that the importance of an image to 
the total training depended on the scale of the stars, 
i.e., the final classification would be influenced more 
by an image with large SUVs may provide useful de-
tails. Thus, nTest decides the influence of a image, as 
it would be in a typical classification scenario. The 
ranking is based on random forestry in our key ex-
periments. 

In the case of brain tumour segmentation, ran-
dom forested approaches have already obtained pos-
itive outcomes. Since the actual randomized forestry 
description does not accept weights, a random forest 
implementation-like version in the Python skit mod-
ule is used. The formula of the forecast is not updated 
here. An intangible discovery based on binary tests is 
communicated within each tree node before reaching 
a leaf node. Then a democratic decision of all trees will 
reach the preview. Figure 2 shows the stages of image 
processing

The creation of random forests weighted by obser-
vation is like the original edition. The best division is 

   
 Figure 1. Sample Image Dataset.

   

 
Figure 2. Stages of Image Processing.
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calculated based on an impurity calculation in a ran-
dom collection of features at any node. All data is then 
grouped into two classes used to train children’s nodes. 
It is replicated until the depth of the tree is maximized 
or only one mark form remains. The forests consisted 
of 1,000 trees during our studies. The root quadrant of 
all characteristics determined the variety of factors at 
any node. 

On each leaf node, the smallest sample size was 
set to 1, while the highest plant depth was decreased 
by minimizing noise. This has been done numer-
ous test runs with various optimum varying levels of 
data. When using random forests, it can be used by 
the method with any binary classifier that enables 
measurement weights to be integrated during our 
key experiments. This shows that it can implemented 
further by series of experiments based on exposure is 
governed by form.

Results and Discussions
A randomised trial of 19 high-grade glioma pa-

tients produced this set of data. Each patient had a T1 
image weighted with contrast material, a T2 image, 
and a DTI image reconstruction. Both images were 
acquired on a single 1.5 T Siemens Avanto using a 
standard process that took less than 20 minutes each 
test during the clinical routine. The in-plan resolution 
of the T1C and FLAIR images, as well as each other, 
was 0.55 mm, 0.65 mm, and 6 mm, respectively. In-
cluded are DWI parameters. The training procedure is 
depicted in Figure 3.

 
Figure 3. Training Process.

Echo series with 97 ms echo time, 3.6 s repeat du-
ration, and 0.5 cm slice width and pixel size. Many 
commonly used parameter maps were quantified us-
ing me, including anisotropic fraction (FA), anisotro-
pic axial (AD), and diffusive radiation. All parameter 
images were measured with and without free water re-
moval. We also employed a free-water map (FW) and 

a b0-image (B0). It exposes the image’s differences. For 
the testing, a specific time point was picked for each 
patient, either the last time point before or after the 
activity was chosen.

All images were then resampled in the air at a stan-
dard resolution of 1 1 mm in a rigorous inter patient 
registration of the FLAIR frame. The thickness of the 
slices has been normalised in brain mask to the fre-
quency of the grey value of 1, which reduces the num-
ber of slices to be labelled between resampling objects. 
An skilled radiologist manually divided the GTV into 
T1C and FLAIR. Multiple refinement runs have been 
undertaken to eliminate segmentation errors in the 
edoema area.

Tumour Development Charts are also used to en-
sure segmentation consistency with the other patient 
metrics. TPMs emphasise sites in the tumour outlines 
that change over time. Inconsistencies in segmenta-
tion can be quickly identified and corrected. In a sin-
gle session, segmenting a patient took more than six 
hours. The optimization algorithms are trained and 
tested on segments that are much larger than the ones 
used in the real world.

 

Figure 4. Results of Proposed System.

Three ratters, one radiologist, specialized in radiol-
ogy and two healthcare professionals also segmented 
separate SURs. A highly proliferating tumour part 
active tumour narcotisation and low proliferation of 
tumours have also been identified for one of five dif-
ferent clinically important tissue groups (CSF). The 
ratters’ job was to list small areas characteristic of each 
tissue type. In case these can be recognizable from the 
neighbouring class, regions near the fabric boundary 
should be included. 

The scale, number, relative position or the number 
of annotated slices have not been limited. The tiny 2D 
ROIs, normally in a single or two slices of an image, 
took less than five minutes to make. Example demon-
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strates the complete segmentation of the gross tumour 
and the SURs. In the case of SURs created by ratings 1, 
2 and 3, the average ratio of segmented voxels to brain 
voxels was: 0.53% ± 0.23%, 0.41% ± 0.11%, 0.180% ± 
0.05%, respectively. 

Conclusion
Here it is found that the proposed solution offsets the 

selection bias presented by SURs effectively and delivers 
comparable and time-efficient findings to learn from all 
the annotations. Reducing the time of tagging to more 
than 70 significantly promotes the creation of large an-
notated training classes with fair effort. Our strategy al-
lows for the development and frequent updating of broad 
training sets. This also encourages efficient adaptation to 
improvements in scanners’ hardware, therapies, and pa-
rameters, as it requires far less time to mark new train-
ing databases. In the future, it is believed that this can 
help to incorporate and implement automated tumour 
segmentation procedures more broadly in the healthcare 
environment. A professionally qualified specialist has 
produced additional three samples of SURs employing 
various marking techniques to examine the results of dif-
fering SUR competitive strategies. Each ratter has been 
cuffed to the complete classification of the tumour and 
the other ratter’s SURs.
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Abstract
Mental disorder Autism Spectrum Disorder (ASD) is a neurodevel-
opmental disorder that affects a person’s behaviour and communi-
cation. In today’s world, ASD is gaining energy faster than ever be-
fore, limiting social and cognitive capacities while exhibiting varying 
expressions from one person to the next. Despite the fact that a lot of 
research has been done on ASD using various methodologies, the 
results haven’t shown enough progress in precision and execution. 
Similarly, finding mental imbalance characteristics through screening 
exams is time-consuming and costly. The main goal is to present a 
powerful half breed forecast model using high-level AI approaches 
like as SVM (Support Vector Machine) and NB (Nave Bayes). When 
compared to current models that use a real dataset acquired from 
people, the evaluation findings reveal that the suggested forecast 
model provides higher results in terms of precision, execution, and 
accuracy. Furthermore, if the problem is identified, space-specific 
professionals from designated urban regions are advised.
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1. Introduction 
A neurological ailment (sometimes known as a 

“mental” illness) known as autism spectrum disorder 
is marked by persistent (continuous) communication 
as well as difficulty in social interaction. It is a prob-
lem that arises from infancy and persists into maturity 
and is considered a developmental issue. The problem 
of mental imbalance range has an effect on almost ev-
ery facet of life along the road. The development of a 
person’s intellectual (thinking and language) and so-
cial skills is often formatively delayed when compared 
with their peers who do not jumble [1]. In most cases, 
the unintentional impact becomes more pronounced 
throughout the course of a person’s first two years of 
life. Patients who struggle with substance use disorders 
experience a wide range of challenges, some of which 
include difficulties with concentration and learning, 
as well as issues related to their mental health (such as 
anxiety, depression, and other similar feelings), as well 
as difficulties with tangible and intangible issues, and 
many others [2]. Autism is characterized by difficulties 
in interpreting both verbal and nonverbal commu-
nication, such as gestures and patterns of speech, and 
people with autism have these difficulties. A few people 
have an extremely strict comprehension of language, 
and think an individual consistently implies precisely 
what they say. Some might have restricted discourse, 
dull discourse (echolalia) or not talk by any stretch of 
the imagination yet may have completely working re-
sponsive language. Perceiving or understanding others’ 
aims and sentiments can be testing [3]. 

Essentially, it very well might be hard for these peo-
ple to communicate their own feelings can make it dif-
ficult to frame and construct connections. Assurance 
of synthetic irregularity requires basic proportion of 
time and cost. Earlier recognizable proof of synthetic 
awkwardness can arrive at unbelievable assistance by 
underwriting patients with fitting medicine at a start-
ing stage. However various examinations have been 
done utilizing various procedures, these investigations 
didn’t give adequate improvement in exactness and ex-
ecution and furthermore identifying chemical imbal-
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ance characteristics through screening test is extrav-
agant and tedious. The primary point is to propose a 
viable expectation model by embracing progressed AI 
strategies [4] , for example ADA Boost utilizing which 
chemical imbalance can be anticipated very beginning 
phase for better outcome as far as precision, execution 
and contrasting and the current models utilizing gen-
uine informational index gathered from individuals. 
Further in the event that the issue is identified area 
particular specialists are recommended from the pre-
determined urban areas [5]. 

2. Literature Survey 
The creator [6] advancement of imitation brain-

power Artificial Intelligence-Machine learning chem-
ical imbalance can be anticipated at very creation 
phase. In spite of the fact that several research have 
been carried out using a variety of methods, these 
investigations have not produced any definitive find-
ings in terms of predicting the features of chemical 
imbalance in different age groups. Along these lines, 
the purpose of this study is to offer a reliable pre-
diction model that is based on the machine learning 
technique and to develop a portable application for 
predicting ASD in people of all ages. The proposed 
model was validated by employing the AQ-10 dataset 
in addition to a real-world dataset consisting of 250 
individuals, some of whom had medicinally important 
traits while others did not. The suggested assumption 
model generated results that were superior in terms 
of accuracy, expresses, affectability, exactness, and the 
percentage of false positives created (FPR). The find-
ings of this investigation provide a persuasive and effi-
cient method for addressing the distinguishing mental 
imbalance traits that are associated with different age 
groups. Due to the fact that detecting the mental im-
balance characteristics is a significant, expensive, and 
time-consuming cycle, it is usually postponed because 
of the difficulty in differentiating mental imbalance in 
children and adolescents. 

According to the distributer [7] AI was employed 
to explore the ASD issue as a gathering task in which 
assumption models were collected ward on subsequent 
datasets, and those guides were then used to predict 
whether or not the individual was experiencing ASD. 
As a result, it will be used for decision-making in vul-
nerable situations in general. Early completion of ASD 
can avoid many people from pulverizing their lives in 
the same way that others have. In this work, it used 

data from adults ranging age from 17 to 60 years old 
to try to decipher the autism spectrum disorder using 
data mining techniques. The dataset we used for our 
analysis included a test set of requests. The data of spe-
cific features is converted into numerical attributes in 
this step. The Linear Discriminant Analysis computa-
tion, as a result of its execution, yields the best result, 
for example 72.2024 percent, and is more precise than 
alternative guesses.

The essayists [8] is utilizing the current evaluating 
apparatuses for early identification of chemical im-
balance is costly, lumbering, time intensive, and here 
and there miss the mark in prescient worth. We use 
machine learning in this project to highest quality 
level scientific information got across huge number 
of youngsters in danger for chemical imbalance range 
problems to make a minimal expense, speedy, and 
simple to apply mental imbalance screening apparatus 
performs better compared to most generally utilized 
normalized instrument. One of these screening pro-
cesses is based on shorter, ordered parent-announced 
questionnaires, while the other one is based on classi-
fying important behaviors from short, semi-organized 
home recordings of children. This innovative tool 
integrates these two screening procedures into a sin-
gle evaluation. According to the results of a medical 
report test conducted on 162 youngsters, we demon-
strate a considerable increase in accuracy over that of 
typical screening equipment. More discussion is need-
ed on the experiment of extending AI calculations to 
condition beyond mental instability, and we suggest a 
summed up method for applying AI calculations to si-
multaneously seek for the existence of a broad variety 
of environments.

The Autism Spectrum Disorder (ASD) is currently 
analyzed using a two-dimensional model in the fifth 
edition of the Diagnostic and Statistical Manual of 
Mental Disorders (DSM-5). This model is based on 
social correspondence deficiencies, concentrated in-
terests, and monotonous routines. The research on the 
cause, the diagnosis, the treatment, and the visualiza-
tion all need a solid understanding of heterogeneity. 
Using a few different artificial intelligence techniques 
and a k-dimensional subspace grouping computation, 
we show in this article a gathering that is appropriate 
for dissecting Autism spectrum disease aggregates. In 
addition to this, our group incorporates quantifiable 
research methodologies at various stages of the study. 
In this study, 208 probands from the Missouri Site of 
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the Simon Simplex Collection were analyzed using 
this methodology. The results are as follows. The find-
ings provide important evidence that is helpful in elu-
cidating the overall complexity that is associated with 
ASD. Our approach is adaptable and may be used to a 
variety of problems that exhibit a wide range of levels 
of heterogeneity.

Object identification based on an empirical wave-
let transform technique, in which the classification is 
finished using the K-nearest neighbor [10]. Switched 
Inductor Quasi Z Source Inverter takes use of the reac-
tive factor in the main circuit, which boosts the voltage 
while simultaneously reducing the voltage ripple. The 
solar photovoltaic has applied with highest power point 
traction technique to remove the maximum power from 
the photovoltaic method [11]. Non Linear Feedback shift 
registers are utilized over Automatic Test Pattern to rec-
ognize the Stuck at faults that provides less energy equate 
to the predictable approach with great fault coverage 
[12]. K-Means clustering based segmentation approach 
applying a ship can be segmented and recognized which 
object seen over the sea. Peak Signal to Noise Ratio val-
ues are measured for receiving the function process this 
approach [13]. A glaucoma diagnosis is applying Convo-
lutional Neural Network for detecting the spectral color. 
Here, color modules are divided as red, green, and blue. 
Next, the Green channel is applied for the image analysis 
and detection [14]. Data mining is the idea of collecting 
recent information from vast sets of data [15]. 

3. Methodology 
In this proposed work, an ASD prediction frame-

work must be grown with the goal that it can utilized 
for extricating helpful data based on side effects. Be-
cause of accessibility of immense measure of unstruc-
tured information on various sort of infections the 
data can’t recovered effectively and furthermore infor-
mation mining approaches can’t have any significant 
bearing on all measure of data set. The secret relation-

ship on various infections and their causes are difficult 
to remove from ‘unstructured data’.

3.1. Data source 
UCI datasets comprises of 1080 patients informa-

tion utilized for the experimentation

3.2. Preprocessing 
In preprocessing venture, here “numeric to osten-

sible filtration is applied to sort esteems for example 
it simply take all numeric worth and add them to the 
rundown of ostensible upsides of that trait”.

3.3. Classification 
Classification is a strategy for AI by which it is uti-

lized to foresee the gathering participation of various 
information occasions. It will play out the errand by 
which it will sum up the notable construction in or-
der to apply it on new information. Here “Naïve Bayes 
(NB) [16] classifier has been utilized quality estima-
tion of dataset will be consider based on level of accu-
rately arranged cases. For approval stage we utilize 10 
overlap cross approval strategy. NB classifier helps in 
recognizing the qualities of patient with brain infec-
tions. It gives the likelihood of each chose characteris-
tic for the anticipated state”.

3.4. Hybrid Approach 
The principle challenge of Support Vector Machine 

[17] is to choose a piece of set that has exceptionally 
discriminative characteristics. Gullible Bayes is rely-
ing upon Bayes’ hypothesis with freedom suspicions 
between indicators. The figure 1 shows the proposed 
architecture. In this hybrid methodology “Support 
Vector Machine calculation stores the information de-
pendent on the favored arrangement of characteristics 
and utilizing that model as a query table while making 
the forecasts for the information. Each passage in the 
table has class likelihood related with it. 
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Figure 1. Proposed system design and architecture
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• In the method that has been suggested, the Sup-
port Vector Machine takes care of the contingent like-
lihood table for Naive bayes.

• At each stage of the investigation, the computa-
tion does an evaluation of the characteristics by parti-
tioning the features of the traits into two unique sec-
tions, one for the Naive Bayes method and one for the 
choice table.

• Initially, each and every characteristic is shown by 
the choice table. At each stage, the forward determina-
tion search is used, and the characteristics that are se-
lected from this are worked on by gullible Bayes, while 
the other qualities are chosen using the choice table. 

At each point in this investigation it assesses the 
worth which is related with the properties splitted into 
two sets. The class likelihood gauges should be consol-
idated to create in general class likelihood gauges. Split 
the traits into two gatherings dependent on the look-
ing at each point each chose quality is demonstrated 
utilizing NB and the excess is displayed by DT. The 
aftereffects of each model are assessed and likelihood 
is determined.

4. Result and Discussion
The proposed forecast model gives better outcomes 

as far as exactness, execution, and contrasted and the 
current models utilizing a genuine dataset that is gath-
ered from individuals. Further, assuming the prob-
lem is distinguished, space particular specialists are 
recommended from the predetermined urban areas. 
ASD forecast framework that gives the significant in-
strument to doctors to take choices from this tremen-
dous and dug information for examination dependent 
on past information. The examination embraces an 
analysis on utilization of different information mining 
calculations to anticipate the brain assault and to look 
at the best strategy for forecast.

4.1 Performance Evaluations 
Calculate the accuracy, precision, recall. Compare 

the result for naïve Bayes and hybrid approach. 

 

• TP - It demonstrates the quantity of records named 
valid however they were in reality obvious. For ex-
ample, patients having brain infection effectively 
distinguished as brain sickness. 

• FP - It signifies the quantity of records named valid 
while they were in reality bogus. 

• TN-“It signifies the quantity of records named bo-
gus while they were in reality bogus. For example, 
individuals who are sound are accurately recog-
nized as solid”. 

• FN-It means the quantity of records delegated bogus 
while they were in reality obvious. Patient having 
brain sickness are mistakenly distinguished as solid.

• From Figure 2, Figure 3 and Figure 4, it is clear that 
the proposed hybrid approach outperforms other 
algorithms in terms of accuracy, precision, recall. 

4.2. Results 
A detailed accuracy study of the proposed framework 

is shown in Figure 2, which contrasts it with many other 
current techniques. It demonstrates high-level artificial 
intelligence approaches such as naive bayes, random for-
ests, artificial neural networks, recurrent neural networks, 
support vector machines using naive bayes, and so on. 
According to this diagram, the accuracy of the SVM+NB 
technique is greater than that of the other ways.

  
 Figure 2. Accuracy analysis of proposed framework in compar-

ison with other existing algorithms.

An explanation of a precision analysis of the pro-
posed framework in comparison with other algo-
rithms already in existence may be found in Figure 3. 
This article discusses the sensitivity of several artificial 
intelligence (AI) approaches, including Naive Bayes, 
Random Forest, Artificial Neural Networks (ANN), 
Recurrent Neural Networks (RNN), and Support Vec-
tor Machines (SVM) using Naive Bayes. According to 
this diagram, the accuracy of the SVM+NB technique 
is greater than that of the other ways.
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Figure 4 explains a Recall analysis of proposed 
framework in comparison with other existing algo-
rithms. Here, presents the sensitivity of AI methods 
like Naïve Bayes, Random Forest, ANN (Artificial 
Neural Network), RNN (Recurrent Neural Network), 
and SVM (Support Vector Machine) with NB (Naïve 
Bayes). From this figure, SVM+NB method Recall 
analysis is higher compared to the other approaches.

5. Conclusion and Future Scope 
Step by step medical services information is ex-

panding and having this immense measure of infor-
mation that is being hard to oversee so mining strat-
egies apply on it. This paper proposed aASD forecast 
framework that gives the significant instrument to 
doctors to take choices from this tremendous and 
dug information for examination dependent on past 
information. The examination embraces an analysis 
on utilization of different information mining calcu-
lations to anticipate the brain assault and to look at 
the best strategy for forecast. Diverse characterization 
calculations is utilized to examine on ASD patient 
information, it will really look at every one of the 
manifestations to anticipate the presence of ASD and 

furthermore measure the exact outcome dependent 
on the presentation of the calculation. The prescient 
exactness dictated by Naïve Bayes, Support Vector 
Machine, and Hybrid calculations are estimated and 
tracks down that cross breed furnishes best outcome 
while contrasting and others. 
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Abstract
Depending on technology is a surprisingly easy task for a per-
son since the course of parameter change can be calculated 
intuitively by the consistency of the solution. However, man-
ual parameter modification in many situations is varied. It be-
comes unworkable when specific parameters occur in a crisis. 
The model’s performance was evaluated using generalized 
data throughout the testing step. According to cross-valida-
tion studies, a 5-fold method might successfully hamper the 
overfitting problem. This paper aims to overcome this issue 
and create a system that changes its parameters automatically 
in the way humans do. This concept can be illustrated as an 
optimization-based iterative CT reconstruction model using a 
pixel-savvy regularisation term. A network of parameter-tuned 
policies maps an Image data patch to an output defining the 
position and amplitude of the patch center’s parameter is also 
setup. The PTPN is designed for a complete strengthening 
phase. It can be proved that replicated ct images achieve com-
parable quality or good performance to those reconstructed 
with electronic parameters under the guidance of the profes-
sional PTPN.
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1. Introduction
As optimization challenges, many medical image 

care questions can be formulated. In this type of di-
lemma, multiple words for various purposes are usu-
ally included in the objective function. In order to 
ensure a sufficient solution consistency, the relative 
weights of the terms are regulated using a series of 
parameters. Take a common problem of IT resolution 
of the optimized method with the operator details. As 
problems with optimization, a set of image process-
ing concerns may be formulated. Usually, the target 
function requires many essential words intended for 
numerous purposes. To evaluate the relative value of 
these terms, parameters are used. The consistency of 
the solution depends on the importance in changing 
the parameters. It is essential since R (f) is the first 
data faithfulness for a particular term regularisation 
term to guarantee a balance between f and g [1]. 

Implement solution image quality from a partic-
ular feature, for example piece-specific smoothness. 
β is a parameter used between the regularisation and 
knowledge terms to monitor the trade-off [2]. Ex-
amples of absolute shifts, close frames and non-local 
ways, are not limited to them. While efficient, the opti-
mization’s tuning parameters for these image process-
ing problems are unavoidable. 

In literature, it is not unusual to manually change 
parameters to the optimum image quality [3]. However, 
it is overwhelming since the parameter space must be 
cautiously navigated to find the correct value. True im-
plementations of these new imaging techniques hinder 
needed efforts and human time. In addition, manual pa-
rameter tuning becomes increasingly difficult in some 
problems with multiple control situations. The CT re-
building problem, but with pixel weighting parameters, 
is an extreme example. Obviously, manual system is un-
feasible due to many parameters. Therefore, a system 
for automated parameter correction is highly desirable. 
In recent years, several research interests have attracted 



Issue 25. December 2022 | Cardiometry | 161

this issue. For example, to select regularisation parame-
ters, widespread cross-validation and L curve methods 
were used [4]. A tool for calculating image quality was 
proposed, which can then be used to reference mod-
ification parameters. The extent of data pollution de-
pendent on physics or mathematical concepts may be 
calculated in some cases, such as the problems of CT 
reconstruction. This can be useful knowledge for set-
ting parameter values. A new approach for estimating 
the optimal value of the parameter was also suggested 
to the rebuilding of the incomplete image. Nonetheless, 
there is still no real solution to general problems, which 
calls for further study. 

Though this automation of the parameter tuning 
process is complicated for a computer, this task ap-
pears to be less of a challenge for people. One generally 
has a good understanding of reality.

2. Literature Survey
The parameter shoud be modified as image de-

pends on quality and observed as an example of CT 
reconstruction [5]. When looking at the solution im-
age you are mindful that if the solvent is light or other-
wise diminished, the regularisation intensity has to be 
improved. In this basis, the exceptional intuition and 
the expertise in an intelligence method, of which the 
parameter tuning problem can then be used from a 
different perspective, is of significance and value. 

Recently, a light has been shone on the immensely 
effective Deep Learning (DL) method. In recent years, 
DL in various image techniques with its strength. 
More specifically, the DL systems that make an intel-
ligence at the human level to accomplish certain tasks 
in a human-like manner, or even better than people, 
spontaneously produce this knowledge [6]. A ground-
breaking research has established an artificial intelli-
gence system for manipulating Atari video games on 
a human level. The machine was educated across the 
framework using an art Deep methodology. 

The alternative directional approach of multipliers 
is used in this analysis. The auxiliary variable d is im-
plemented to replace f with the original problem, and 
a limit d=f is applied to ensure equivalence between 
the problem and its roots [7]. Apply Lagrangian in-
tensified to a deep improvement to learn how to com-
municate with the world, i.e., play the atari game. This 
limitation is often combined with the goal feature. The 
findings were striking: the qualified machine could hit 
a standard. 

An efficient interpolation approach for image re-
construction is discussed in [8]. This concept is a recon-
struction issue of colour images. A network to decide 
the position and scale of the parameter environment 
intellectually by analyzing an image input patch is cre-
ated. This method is part of the DL regulatory regime 
that penalizes the L1 parameter of images to ensure the 
smoothing of retained images with edges [9]. 

A general condition is assumed, which applies β to 
a vector. Any entry of μ manages the governed force in 
an image pixel. The standard single-parameter model 
illustrates an integrated tuning parameter framework 
because of the vast number [10]. Alternatively, this im-
proved Lagrange function with the various variables is 
resolved to solve the primary optimization technique. 
Significant steps are described in the ADMM algo-
rithm [11]. The reverse matrix operation is achieved 
in line 2 through the conjugate gradient algorithm be-
cause of the large scale of the restoration question.

3. Proposed System
This method is part of the TV regulatory regime 

that penalizes the linear relation of the gradient of im-
ages to ensure the lightness of images while retaining 
edges [12]. A general condition, which applies β to a 
vector for the second term of the objective function, is 
assumed. Any entry of μ manages the governed force 
in an image pixel. Compared to a standard Solitary TV 
model, this example illustrates the use of an integrated 
parameter tuning framework because of the vast num-
ber of variables. 

This problem formulation with fixed parameters μ 
is solved by various novel computational algorithms 
[13-14]. The alternative directional approach of mul-
tipliers is used in this analysis. The auxiliary variable 
d is added to substitute a limit d = f to ensure equal 
questions. This restriction considers Lagrangian am-
plification: where β is an algorithm parameter.

The doctor may see the exterior morphology of 
each tumour tissue of the patient’s glioma using CT-
based segmentation of gliomas and their surrounding 
aberrant tissues, as well as perform imaging-based 
analysis and therapy. As a result, glioma segmentation 
is regarded a first stage in CT analysis of glioma pa-
tients. Manual segmentation of glioma areas takes a 
long time and a lot of personnel since gliomas have 
varied degrees of degradation and contain many tu-
mour tissue regions, and brain CT is a multimodal and 
many-layer three-dimensional scan image. Further-
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more, for area segmentation, manual segmentation 
is frequently reliant on the brightness of the image 
perceived by the human eye, which is easily impacted 
by the quality of the image creation and the personal 
preferences.

Terminal multiplier ensures algorithm conver-
gence. Alternatively, this improved Lagrange function 
with the various variables is resolved to solve the ini-
tial optimal control problem [15-16]. The main steps 
are illustrated in the ADMM methodology. The re-
verse matrix operation of line 2 is carried out using 
the conjugation gradient algorithm due to the broad 
scale of the rebuilding problem; if you asked a person 
to alter the trial parameter μ(x), let x mean the pixel’s 
location of the input images. 

The image consistency in the form of μ(x) will be 
re-constructed and then determine how to adjust the 
fashion of errors focusing on individual intuition [17]. 
This method will proceed until the image is accept-
able. In this report, it is suggested that creating a meth-
od for parameter modification to replace humanity. 
Denote step k for iteration parameter tuning. The 
machine observes the image fk reconstructed at each 
phase. Notice that fk is not the intermediate image of 
the ADMM iteration but the convergence solution of 
the PSO-based equation. 

The centering of the image patch at this pixel is fed 
to the path and scope of each position x, denoted as 
Sfk (x) by the parameter μk (x). For each position x. 
Here, the parameter tuning method index is directly 
associated with μ(x). The machine then activates the k 

as it switches step by step. Such a phase carries on un-
til the stop conditions are satisfied. The explicit form 
is typically a convolutionary genetic algorithm (CNN) 
Q(s, a; W) in which W is undefined. This analysis uses 
the denotes set Network parameters to parameterize 
this function. This node is called the Policy Network 
for Parameter Tuning. 

The network structure is revealed and the network’s 
input is a condition of the image patch. The five acts are 
equal to five output nodes. The PTPN output value at 
an operation node is the Q function value (s, a; W). By 
strengthening the learning method described in the previ-
ous subsections, parameter collection, will be the W of the 
one above function Q - SA(s; a; W). Tuning parameters 
use PTPN to pick the measurement to optimize the Q-to 
feature value and calculate the output measured value s = 
Sfk (x) and set μk(x) to the operational amplifier.

4. Results and Discussions
A test case that images in steps k = 1, 4, 7 to an-

alyze that process in depth is picked. The restored 
CT estimation increases relative mistake e = f f FOS/
fFOS with various measures tuned parameters. Image 
consistency is not included in the training process. In 
Leaf quantitatively this is plotted. Six (d). There is a 
monotonic tendency to decay, which indicates param-
eter tuning quality. Note that the current configura-
tion takes about 7 seconds for a single reconstruction 
operation. The number of parameter set-up phases to 
no greater than 20 in the proposed scheme is also re-
duced. Figure 1 shows the sample training images.

     

     

                                    (a) Brain Image                          (b) Lung Image                               (c) Abdomen
Figure 1. Sample Training Images.



Issue 25. December 2022 | Cardiometry | 163

Therefore, the maximum time for a maximum 
tuning and restoration parameter is around 140 sec-
onds. The time to run can always be faster. However, 
the grounded theory is used from one step as the ap-
proximation algorithm of the next step that guarantees 
rapid setting processes that stop after 8-11steps with a 
total runtime of 50 seconds. The standard of the quali-
fied PTPN throughout the training phase is obeyed, as 
illustrated. But with some differences, both the overall 
performance of the PTPN and the award is following 
a growing pattern. 

This suggests that the PTPN is increasingly modi-
fied to anticipate behavior with high reward values in 
this enhancement learning phase. Here it is noted that 
the cumulative training time under the current config-
uration is about 20 hours. The absolute value is all but 
redirecting the remaining parameters into the image 
mapping is projected in the model. For both cases, the 
model disregards the image structure of the noise. The 
images show that μ (x) is tiny in the rims. Comparing 
ensures that PTPN can cleverly change the similari-
ties between optimal parameter maps of the respective 
pairs of images. Figure 2 shows the processed images 
using the proposed model.

Notice that the PTPN itself produces this intelli-
gence through improving learning. This cannot spe-

cifically provide details on how to change criteria until 
this has incentives for an activity. The images under 
PTPN be certain attain the least errors and maximum 
PSNRs for all training situations, which show the ef-
ficiency of PTPN. The six test cases have the largest 
PSNR and PTPN-tuned parameters. Variance between 
the tuned manually and the tuned PTPN reconstruct-
ed images are shown in Figure 3. 

PTPN calculates the parameter tuning process 
based upon the observed image patch. In conditions 
different from those in school, qualified PTPN is of-
ten supposed to be relevant to image restoration prob-
lems. In the case of varying projection, sound frequen-
cies, and fantastic data are used in a number of topics 
strongly shown. The profound learning process of 
patient image in these experiments, most supervised 
learning is used to define network parameters. 

A developed network is mapped to clean a low 
dosage noise-contaminated CT image. CT strip ob-
jects were mapped to the artefact image in deep resid-
ual education, which was further separated from the 
original image for the disposition of the artefact. The 
supervised teaching method allowed the exploration 
of algorithm parameters, including filters and thresh-
old values in a study that saw policy tuning network 
algorithm. Analysis is twice as different as these novel 

     

 
Figure 2. Processed Images using the Proposed Model.

     

 
Figure 3. Reconstructed Image from the Learning Model.
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books. Firstly, it is different to use deep learning. Fig-
ure 4 shows the output of the proposed model for var-
ious epochs.

54.82

68.72 78.56

105.8 100.11 95.65
88.75

0

20

40

60

80

100

120

PS
N

R 
in

 d
B

20 40 60 80 100 120 140

Epochs

 Figure 4. Performacne of the proposed model for various ep-
ochs.

The purpose of establishing a PTPN is to foresee 
a complicated policy for image reconstruction. The 
search algorithm’s resultant image is targeted toward 
acceptable accuracy under this guideline instead of 
aiming to forecast what the real answer is or what the 
image is based on. Secondly, the network testing ap-
proach is also distinct from previous supervised train-
ing. The reinforcement learning technique instead of 
using labeled training pairs in a controlled way has 
been used. This approach helps the algorithm make its 
own choices and gain benefits depending on the image 
and the chosen behavior. During The Training Phase, 
the PTPN unexpectedly found a viable technique for 
an income system status. That would be the method of 
producing information.

5. Conclusion
An efficient CT image reconstruction is present-

ed in this paper using an optimization-based iterative 
model. The optimization approach uses an extra pa-
rameter named pixel-savvy regularisation term to op-
timize the network efficiently. To avoid the overfitting 
algorithm, 5-fold cross validation is also employed for 
performance evaluation. In addition, the network pa-
rameters are fine tuned base on the established policies 
that translates an image data patch to an output. This 
output defines the patch canter’s parameter such as 
amplitude and location. The method of reinforcement 
learning has been employed rather than using labelled 
training pairs in a managed setting. Results prove that 
the reconstructed CT scans using the proposed system 
has high quality and provides more detailed informa-
tion. The performance of the system is analyzed for 
different epochs while training the architecture and 

observed that the system provides better performance 
at 80 epochs.

References
1. Bai, H. Yan, L. Ouyang, D. Staub, J. Wang, X. Jia, 
S. B. Jiang, and X. Mou, “Data correlation-based noise 
level estimation for cone-beam projection data,” Jour-
nal of X-Ray Science and Technology, no. Preprint, pp. 
1–20, 2017.
2. Zhang, H. Dang, G. J. Gang, and J. W. Stayman, 
“Prospective regularization analysis and design for 
prior-image-based reconstruction of x-ray CT,” in 
Proceedings of the International Meeting on Fully 
Three- Dimensional Image Reconstruction in Radiol-
ogy and Nuclear Medicine, vol. 14, 2017, pp. 417–23.
3. Wang, “A perspective on deep imaging,” IEEE Ac-
cess, vol. 4, pp. 8914–8924, 2016.
4. Han, J. J. Yoo, and J. C. Ye, “Deep residual 
learning for compressed sensing CT reconstruc-
tion via persistent homology analysis,” CoRR, vol. 
abs/1611.06391, 2016. [Online]. Available: http://arx-
iv.org/abs/1611.06391
5. Kang, J. Min, and J. C. Ye, “Wavenet: a deep con-
volutional neural network using directional wavelets 
for low-dose x-ray CT reconstruction,” CoRR, vol. 
abs/1610.09736, 2016. [Online]. Available: http://arx-
iv.org/abs/1610.09736
6. Li and K. Mueller, “Low-dose ct streak artifacts re-
moval using deep residual neural network,” Proceed-
ings of Fully 3D conference 2017, pp. 191–194, 2017.
7. S. Murugan, B. Anjali and T.R. Ganeshbabu. 
(2015), Object recognition based on empirical wavelet 
transform. International Journal of MC Square Scien-
tific Research.7(1). pp.77-83
8. E.P, Kannan, and T. V, Chitra (2021), “Lagrange 
Interpolation for Natural Colour Image Demosaicing,” 
International Journal of Advances in Signal and Image 
Sciences, vol. 7, no. 2, pp.21–30. 
9. Jaiganesh, V., M. Tech, S. Murugan, and Hardware 
Design Engineer. “PC BASED HEART RATE MONI-
TOR IMPLEMENTED IN XILINX FPGA AND AN-
ALYSING THE HEART RATE.” In Circuits, Signals, 
and Systems (pp. 319-323).
10. Amalarethinam, DI George, and N. Aswin Vi-
gnesh. “Prediction of diabetes mellitus using data 
mining techniques: a survey.” International Journal of 
Applied Engineering Research 10, no. 82 (2015): 2015.
11. G. Prakash. (2019). Deduplication with attribute 
based encryption in E-health care systems. Inter-



Issue 25. December 2022 | Cardiometry | 165

national Journal of MC Square Scientific Research. 
11(4). pp: 16-2483.
12. Ramitha, M.A., and Mohanasundaram, N. “Clas-
sification of pneumonia by modified deeply super-
vised Resnet and Senet using chest X-Ray images,” 
International Journal of Advances in Signal and Image 
Sciences, vol. 7, no. 1 (2021): 30-37. 
13. Chen, Y. Zhang, M. K. Kalra, F. Lin, Y. Chen, P. 
Liao, J. Zhou, and G. Wang, “Low-dose CT with a re-
sidual encoder-decoder convolutional neural network 
(red-CNN),” IEEE Transactions on Medical Imaging, 
vol. PP, no. 99, pp. 1–1, 2017.
14. Xavier FJ. Separation and Classification of fe-
tal ECG Signal By Enhanced Blind Source Separa-
tion Technique And Neural Network. International 

Journal Of Advances In Signal And Image Sciences. 
2019;5(2):7-14.
15. Cheng, S. Ahn, S. Ross, H. Qian, and B. D. Man, 
“Accelerated iterative image reconstruction using a 
deep learning-based leapfrogging strategy,” Proceed-
ings of Fully 3D conference 2017, pp. 715–720, 2017.
16. Kannan EP, Chithra TV. Lagrange interpolation 
for natural colour image demosaicing. Internation-
al Journal of Advances In Signal And Image Science. 
2021;7(2), 21-30
17. Vignesh, N. Aswin, and DI George Amalarethinam. 
“A NEW ITJ METHOD WITH COMBINED SAM-
PLE SELECTION TECHNIQUE TO PREDICT THE 
DIABETES MELLITUS.” International Journal of Ad-
vanced Research in Computer Science 8, no. 9 (2017).



166 | Cardiometry | Issue 25. December 2022

ORIGINAL RESEARCH Submitted: 8.10.2022; Accepted: 28.10.2022; Published online: 25.12.2022

Efficient and Reliable Multihop 
Routing for IoT Healthcare 
Applications
1Nishad Nawaz, 2R.Meenakshi, 3Ramakrishnan Raman, 
 4Abhijit Chirputkar

1Department of Business Management, College of Business Ad-
ministration, Kingdom University, Bahrain. 
2Department of Computer Science Engineering,Chennai Insti-
tute of Technology,Chennai,Tamil Nadu,India.
3Symbiosis Institute of Business Management Pune & Symbiosis 
International (Deemed University), Pune, Maharashtra, India.
4Symbiosis Institute of Digital and Telecom Management & 
Symbiosis International (Deemed University), Pune, Maharash-
tra, India.

Email: 1n.navaz@ku.edu.bh, 2meenakshir@citchennai.net
3director@sibmpune.edu.in, 4director@sidtm.edu.in

Abstract:
A wireless body area network (WBAN) collects several tiny sen-
sor nodes in the human body. They are intended to observe 
data constantly forward and perform as critical structures for 
remote healthcare monitoring and healing. These protect the 
preferred reliability and efficiency of data transmissions of in-
dividual body sensors. However, with the restricted sensor 
energy, unreliable link connection, and complex channel envi-
ronment, the design of efficient routing in Multihop WBANs is 
demanding. This article, Efficient and Reliable Multihop Routing 
(ERMR) for IoT Healthcare Applications, is proposed. The main 
concept is to incorporate a fuzzy-logic system to handle mul-
tiple cross-layer input variables independently. This approach 
uses the fuzzy logic method to select the optimal route in the 
WBAN. The fuzzy input like sensor node distance, link strength, 
energy, and node quality of Service and produce the output is 
a reliable forwarder selection. Simulation results demonstrate 
the proposed approach increases the network throughput and 
minimizes the network delay in the WBAN.
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Introduction:
Over the last several years, a new technology par-

adigm known as the Internet of Things (IoT) has 
gained interest from various study sectors. In future 
healthcare, the Internet of Things will provide a seam-
less connection between patients and medical person-
nel [1]. The WBAN is quickly developing into a new 
area of study all over the globe due to developments 
in technology like low-power integrated circuits 
(IC), wearable sensors, and wireless communication. 
WBAN stands for “wireless body area network,” and 
it is a wireless network that enables health monitoring 
everywhere and at any time all over the human body 
[2]. E-health applications, such as computer-assisted 
rehabilitation, early identification of medical con-
cerns, and emergency notification, may use this infor-
mation to improve patient care. In recent years, porta-
ble electronics, particularly smartphones, have rapidly 
become an increasingly important component of ev-
eryday life [3]. As a result, it is possible to use them as 
the gateway between the WBAN and the IoT cloud, as 
seen in Figure. 1.

 
Figure 1: Healthcare application with IoT

Wearable sensors are an essential part of the 
WBAN because of the data they get from the wearer’s 
body, which may then put to other beneficial uses. Re-
searchers from various fields have presented various 
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wearable sensor devices designed for use with WBAN 
applications [4]. The authors demonstrate a wearable 
photoplethysmography sensor that monitors a per-
son’s heartbeat from the earlobe. The polymer-based 
flexible strain-gauge sensor is used to create an ad-
ditional heartbeat sensor. During the magnetic res-
onance imaging experiment, a wearable sensor pro-
totype capable of sensing heart rate, blood oxygen 
saturation, temperature, and humidity is shown in [5]. 
A middleware solution for the wearable sensor system 
of WBAN that is based on smartphone apps.

The amount of power used by wearable devices for 
their extended usage is one more important concern 
that must be addressed throughout the development 
of WBAN. Energy harvesting, and particularly ener-
gy harvesting equipment that may be worn, is a viable 
option that might make it possible for WBAN to func-
tion over the long run. A versatile energy collecting 
system designed for use in ultra-low-power wearable 
devices. In addition to this, it investigates the perfor-
mance of a flexible solar panel under varying degrees 
of illumination. A piezoelectric and electromagnetic 
energy harvester is integrated into a wearable device 
that collects energy from low-frequency vibrations, 
such as those caused by human motion [6]. 

A wearable bracelet that has a camera and mi-
crophone that run on a tiny amount of electricity is 
demonstrated. It is self-sustaining because it is pow-
ered by hybrid solar cells and thermoelectric gener-
ators (TEGs), and models based on experimental 
data have shown that it is autonomous. To measure 
vital signs, an autonomous wearable system complete 
with an energy harvesting module is being developed, 
built, and tested. The flexible solar panel that powers 
the wearable device that can be affixed to a T-shirt is 
its power source. Another ideal energy harvester uses 
a flexible photovoltaic module in conjunction with a 
maximum power point tracking method that is un-
derpinned by fuzzy logic. It is used to power a sensor 
node that is equipped with a Bluetooth low-energy 
module. This node can detect the subject’s heartbeat 
as well as their blood pressure and communicate the 
data to a smartphone [7]. 

Relate Works:
There is an introduction of a cross-layer fuzzy-rule 

scheduling technique and energy-aware radio activa-
tion regulations. The primary objective here is to im-
plement a fuzzy-logic system in every body sensor so 

that we can independently deal with many cross-layer 
input variables that come from various sources. Be-
cause they are self-aware of their present state, body 
sensors can demand a “collision-free” time window 
anytime they deem it necessary (for example, when 
there is a large system packet delay or emergency). 
They may also choose not to communicate if there is 
a poor channel connection, which would provide an-
other body sensor the opportunity to do so instead. 
This, in turn, contributes to an increase in the system’s 
overall performance [8]. 

A lightweight WBAN authentication uses two 
protocols for authentication and re-authentication to 
secure the nodes’ anonymity and boost the network’s 
efficiency. In addition, this strategy used improved 
key management in conjunction with a high degree of 
randomization in the security parameters to provide 
a greater level of protection as a compromise between 
the level of security and the level of efficiency. The 
demonstration that the system is formal for the

The BAN logic is used to facilitate the process of 
key negotiation and mutual authentication [9]. 

A Highly Reliable Routing that improves the de-
pendability of Internet of Things-based healthcare 
systems. The proposed method takes into account a 
variety of criteria–including residual energy and vari-
ance in the distance from neighbors–to perform the 
routing process. This is necessary due to the nature of 
healthcare systems and the significance of minimizing 
energy consumption [10]. 

A Priority-based and Energy-Efficient Routing 
Protocol for Reliable Data Transmission in the Health-
care Industry Utilizing the Internet of Things This 
technique divides health information into two cate-
gories, emergencies and vital health data, and assigns 
matching priority to each of these categories. The data 
about the Emergency Situation is of the utmost im-
portance, and it must be effectively given as soon as 
the need specifies. The data known as Vital Health 
is the information that physicians require to moni-
tor their patients continuously. The direct commu-
nication method is used to transmit mission-critical 
data, while the multi-hop communication method is 
utilized to deliver crucial health data [11]. A reliable 
routing system that uses a multi-objective genetic al-
gorithm uses a multi-objective optimization strategy 
to locate nearly ideal pathways and relies on depend-
able agents already present in the network to locate al-
ternative routes. The simulation results show that the 
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suggested method, based on the use of an approach 
known as multi-objective optimization, seeks to iden-
tify optimum pathways for transmitting information 
that enhance the primary parameters of the network. 
In the context of healthcare, the use of secure agents 
is what ultimately results in secure information trans-
mission inside the network [12]. 

The healthcare industry extensively uses IoT sen-
sors to collect and transmit real-time information. 
However, these sensors increase the likelihood of se-
curity breaches and threats because of resource lim-
itations in terms of computational power and storage. 
In addition, the energy level of IoT sensors degrades 
over time, which can sometimes result in the loss of 
sensitive patient data. This study aims to increase 
the energy efficiency of resource-constrained wear-
able Internet of Things sensors and offer secure data 
transfer between wearable sensors and base stations. 
According to the findings, the data transmission from 
WISs to BS using the proposed scheme is both se-
cure and efficient concerning the use of energy when 
compared to the methods that are currently in use. In 
addition, the solution offers solutions to several im-
portant problems, such as accessibility, dependability, 
scalability, and restricted patient mobility [13]. Secure 
and energy-efficient framework primary goal is to de-
crease the communication overhead and energy con-
sumption between biosensors. On the other hand, it 
secures the patients’ medical data against unauthentic 
and malicious nodes to improve the network’s privacy 
and integrity [14]. 

Routing Protocol for Low power and Lossy Net-
works - based routing protocols whose goal is to pro-
vide energy efficiency while considering sensor nodes’ 
mobility. These routing protocols aim to provide ener-
gy efficiency while considering the mobility of sensor 
nodes. According to the findings of the simulations, 
the Objective Function (OF) of the proposed routing 
model provides superior performance in comparison 
to the default OFs in terms of duty cycle, energy con-
sumption, and overall control overhead, with only a 
small decrease in the packet delivery ratio [15]. An ap-
plication-specific routing system for health care would 
ensure network lifespan improvement while retaining 
the maximum throughput in data transfer. When com-
pared to some of the more conventional routing pro-
tocols, such as e.g. BGP, the newly suggested routing 
protocol has shown much better performance in terms 
of key metrics such as throughput, network lifespan, 

end-to-end latency, packet delivery ratio, and packet 
loss. Collection Tree Protocol in Addition to the Rout-
ing Protocol for Low-Power and Lossy Networks [16]. 

Proposed Method:
In this approach, we consider the multihop health-

care system for forwarding the elder people informa-
tion from older adults to doctors or nurse. Thus, effi-
cient and reliable route selection is a significant factor. 
This approach uses the fuzzy logic method [17] to se-
lect the optimal route in the WBAN. The fuzzy input 
like sensor node distance, link strength, energy, and 
node quality of Service and produce the output is a 
reliable forwarder selection.

To compute the ith node distance, if the node dis-
tance is less than the communication range, and that 
node is included in the neighbor list. The equation 
computes the node distance of ith node is given below.

 = >Communication Range Node DistanceiD    (1)

During data transmission, the node energy is a sig-
nificant factor since the node lifetime depends on en-
ergy. The node energy level is very low; the node not 
able to forward the data and easily dead. The highest 
remaining energy node is selected for transmitting the 
data to evade this problem. 

The strength of the Link (SL) can be measured by 
applying factors such as Received Signal Strength In-
dication (NRSSI), node connectivity (NC) and node dis-
tance. Strength of the link computation is given below.
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QoS is used for evaluating the performance of the 
network. The Qos computation is given below. 
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The sensor node gathers the patient information 
and then forwards the data to the doctor through 
multi-hop sensor nodes. The fuzzy logic system choos-
es the reliable forwarder by distance, link strength, 
QoS and energy parameters. It provides reliable and 
efficient routing in the network.

Simulation Results:
In ERMR, the performance is measured by the 

network simulator-2. Here, we use 25 sensor nodes 
for measuring the network performance. In this ap-
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proach, we measure and evaluate the proposed ERMR 
and existing PEERP routing approach’s function, in-
cluding throughput ratio, packet loss ratio, and delay. 

Figure 4 shows the packet loss ratio of ERMR 
and PEERP mechanisms based on a number of 
sensor nodes. The fuzzy logic method selects the 
efficient and reliable forwarder; as a result, it min-
imizes the network delay compared to the PEERP 
mechanism. 
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Fig. 4 Loss Packets Ratio of ERMR and PEERP mechanisms

The comparison of delay values between the ERMR 
and PEERP mechanisms is displayed in figure 5. The 
ERMR mechanism reduces the network delay since 
the node distance, energy, QoS, and link strength elect 
the data forwarder node. But, the PEERP mechanism 
can’t execute well in multi-hop communication, rais-
ing the delay. 
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Fig. 5 Average delay of ERMR and PEERP mechanisms

Figure 6 illustrates the throughput of ERMR and 
PEERP mechanisms based on the count of the sensor 
node. Fuzzy logic algorithm selects the reliable and 
efficient routing for transmitting the data. Hence, the 
ERMR mechanism increases the network throughput 
compared to the PEERP approach.
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Fig. 6 Throughput of ERMR and PEERP mechanisms

Conclusion:
With the nonstop growth and innovation of wire-

less sensor technology, it is not surprising that wireless 
sensors have been employed in the healthcare system. 
In WBAN, the greatest issue is the 

reliability and efficiency of data transmission. The 
Efficient and Reliable Multihop Routing for IoT Health-
care Applications mechanism guarantees that all packet 
transmissions with their Quality of Service necessities 
are reliable and efficient without threatening body sen-
sors. This approach uses a fuzzy logic system to achieve 
a more reliable system function. The f sensor node dis-
tance, link strength, energy, and node QoS factors to give 
the input and produce the output is to choose the reliable 
forwarder. Hence, the ERMR mechanism reaches great 
transmission successes in the WBAN. The simulation 
outcomes proved that the ERMR approach enhanced 
the network throughput and minimized the packet loss 
ratio. Furthermore, it reduced the delay from patient to 
doctor during data transmission in the WBAN.
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Abstract:
Wireless Body Area Network (WBAN) is several wearable sensor 
nodes with unstable sensing, storage, computation, and com-
munication capabilities. Heart infection is an essential origin of 
death internationally, and early recognition is vital in avoiding 
the development of the infection. This article presents an En-
semble Learning (EL) method for improving the Healthcare In-
ternet of Things (IoT) System. This approach aims to forecast the 
risk of heart infection. This method involves dividing the dataset 
into subgroups at random using a mean-based split. The data 
is then divided into multiple groups using a classification and 
regression tree. A weighted aging classifier ensemble is used to 
create an ensemble from the many trees used for classification 
and regression. It makes sure an optimal function is reached. 
The experimental outcomes on the datasets reached better 
classification accuracies that outperformed other machine 
learning algorithms like Artificial Neural Network, Naıve Bayes, 
and Support Vector Machine. The outcomes demonstrate that 
the risk of heart infection can be forecasted efficiently through 
ensemble learning. 
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Introduction:
Current technological innovation in WBAN and 

the appearance of data processing methods have fa-
cilitated the feasibility for applications of human-cen-
tered. The wireless network plays a significant part in 
the arrival of IoT and the simplification of the usage 
of the web. The IoT cloud indicates the platforms 
which permit making web services suitable for the 
objects combined on the internet [2]. It utilized the 
chosen methodology for innovative healthcare with 
IoT. This approach recognizes the significant devices, 
network approaches, platforms, processing informa-
tion technologies, and the applicability of intelligence 
with IoT. Smart body sensors combined with IoT can 
offer a new idea in tracking, recognizing, and observ-
ing objects in a situation. This can offer possible as-
sistance leading up to the opportunity of reaching a 
human body and a maintainable routine. IoT permits 
body sensors to attach to other systems via Bluetooth 
or Wi-Fi to forward vast quantities of information to 
the network and allow us to accept better and discover 
appropriate solutions for present issues [3]. 

Generally, the machine learning to supply the best 
feasible forecasting for a specified issues. Though, a sin-
gle form does not build an efficient forecasting and may 
be focus to inaccuracy, for example, variance and par-
tiality. To minimize these inaccuracy and enhance the 
forecasting, It merge several forms into a single form. It 
is called as ensemble learning. This EL approaches can be 
utilized to enhance the machine learning procedure [4]. 

EL represents the models are mutual to take out the 
similar task. The output of EL is a strong learner. thus, 
the projecting ability of models is enhanced [5]. Evalu-
ates a single model, it reached a better function. forecast 
inaccuracy of machine learning models can be explained 
by bias and variance. Bias denotes the difference between 
the output of forecast and the actual. Variance can be de-
picted as the reaction of a model to small fluctuations in 
the training set. It’s preferable to have a model with lesser 
bias and variance, except virtually it’s a dispute to attain 
[6]. EL provide a method to lesser forecasting variance. 
For example, through averaging the function of several 
models, the extend of function is contained [7]. 

Related Works:
Artificial Neural Network: (ANN) It is irritated by 

biological neural networks’ structure and operation-
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al features. To launch classification rules and execute 
analysis of statistics. It is capable of measuring the 
possibility of posterior. It is a significant component 
of healthcare. However, it does not perform well [8]. 

A naive Bayes classifier is a classifier of statistical. It 
is an easy possibility classifier established by applying 
Bayes’ theorem. The naive Bayes method assumes that 
building the computation of the naive Bayes classifi-
ers is more capable. Simply, it works by considering 
that the presence of specific characteristics of a class 
is inappropriate to other features. The naive Bayes 
classifier is regarded as every characteristic separately 
to compute the characteristic goods, which gives the 
possibility of a particular classification output. After 
that, it applies Laplace modification for avoiding great 
encounters of zero possibilities [9]. 

Support Vector Machine (SVM) learner is the best 
classifier and it is an efficient method with incorporat-
ed for both classification and regression. SVM builds 
an perfect hyper-plane for dividing the data into two 
different classes to reduce the hazard. It gets a set of 
input data and forecasts for every specified input that 
the two feasible classes engage the input. Though, a 
predictive model which applies a professional’s diag-
nosis is level to inherent uncertainty because of inac-
curate classification [10]. 

Ensemble Classification Methods. Many learning 
approaches are introduced, and each method contains 
confident benefits and endures certain boundaries. 
Though, many classifiers methods should deal with 
two critical problems: the dependence between the 
potentially mutual classifiers and the reliability of the 
data restricted in every classifier. The classifiers should 
be self-governing of the initial concern since believe 
every classifier is an data foundation [11]. This rep-
resents that every classifier merely works on the input 
characteristic set separately, though the classification 
is established by merging the results of all classifiers 
concurrently. For the next concern, the classifiers may 
have differing outcomes since unusual classifiers are 
predictable in allowing for the present state. To tackle 
such predictable conflict, an efficient method which is 
able to calculate the assurance [12]. 

The ensemble method is generally applied in the 
machine learning group. Its fundamental design can 
be represented as a weak learning technique that ex-
ecutes just vaguely better than arbitrary guessing can 
be ‘boosted’ into an arbitrarily precise strong learning. 
Stimulated from the captivating concept, the ensem-

ble method enhanced the function of the genetic algo-
rithm and introduced a competent hybrid optimiza-
tion method [13]. An ensemble regression approach is 
an efficient tool that improves the results of regression 
algorithms iteratively concerning the simple method 
to a varied set of inputs. In recommender systems, an 
effective ensemble regressor for forecasting the miss-
ing ratings. The ensemble method is an alteration of 
the AdaBoost regression method for suggestion tasks. 
In all iterations, interruption weights for entire nearest 
neighbors are concurrently derivative by reducing the 
root mean squared error [14]. 

Reinforcement Learning makes up an uncom-
plicated non-linear facility that converts from lower 
layer to higher layer to reach a superior resolution. It 
is encouraged via transmission plan and information 
treatment in nerve preparations. The benefit of this 
learning is eliminating great-level features from the 
information; also, it can be qualified to achieve many 
aims. It is applied in many fields such as social net-
works, business intelligence, handwriting recognition, 
Bioinformatics, speech detection, and image process-
ing. This kind of learning has many compact issues 
like routing, data quality evaluation, energy-saving, 
and attacker detection [15]. 

Proposed Method:
This method is used to handle the WBAN by the 

concepts of ensemble learning, IoT devices, and sen-
sor nodes. Here, the sensor nodes collect the body in-
formation from the human and forward them toward 
their programmable devices that can make it easy to 
analyze the obtained data. Figure 1 explains an IoT 
with Healthcare System in WBAN. The devices are 
programmed through ensemble learning techniques, 
and these devices are capable of linking to the internet. 
The introduced system applies the ensemble learning 
method. The ensemble method is a machine learning 
process that is a collection of predictors or classifiers 
that are mutual as an ensemble for a similar task. An 
empirical investigation has illustrated that a better en-
semble can improve the accuracy through disturbing 
the learning set. The ensemble method can resolve 
these optimization issues better than one individual, 
and it improves the function of evolutionary optimi-
zation.

We permit the dataset is represented as DS, here  
Ds = {(xm + ym), m = 1, 2,…., K}. The independent 
variable is denoted as: xm = [xm1, xm2, xm3,…, xmp] (1) 
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And ym indicates the dataset variable dependent, here 
ym  ∈  {0, 1}. Allowing for one different occurrence 
self-determining variable.
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The weighted suggest is improved by the data 
components with a greater weight compared to those 
with a lower weight. This technique covers random-
ly selecting variables from a given set to use for data 
partitioning {1,2, …,p}. This randomization may in-
crease the total number of trees, decrease variation, 
and boost performance. The dataset (DS) is the pri-
mary node since it represents the whole sample that 
may be partitioned into uniform subsets. Pick a value 
at random from the list of variables, {1,2,..,p}, and it 
is known as a j. This piece of information serves as a 
stand-in for the set’s primary purpose of facilitating a 
desirable outcome. You may use the mean-based di-
vider rule to split DS in half: 
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The weighted representation of the variable xn is 
computed by:

Representing each child node individually, viewing 
DS11 and DS12 as parent nodes and concerns (4). DS11 
builds DS21 and DS22, whereas DS12 builds DS23 and 
DS24. Such as partitioning function can go on await-
ing a stopping regulation is met. Here, we activate two 
halting rules to guarantee the dataset is not over divi-
sion. The approach is halted from further over-parti-
tioning the dataset based on the initial stopping rule 
of the largest tree height, Hmax. Since H is now equal 
to Hmax, the tree will no longer grow. Referring to the 
root node, the height of the tree is separate as H = 0, as 
well as H = 1 for DS11 and DS12, etc. Then, the tree stops 
increasing if the division is little sufficient monitor to 
the amount of instances. Presuming N(Dkl) represents 
the amount of instances in node Dkl, the tree-building 
procedure stops while N(Dkl) ≤ Nmin, here Nmin is 
the estimated lesser amount of occurrence in the par-
tition. Thus, the tree stops rising if

 = ≤max min( )klH H or N D N   (3)

Once the data has been partitioned, the classifica-
tion and regression trees may be applied to each subset, 
and the decision tree approaches are discussed in detail 
while exhibiting exceptional interpretability and power 
[19]. In order to get an approximation of the likelihood 

 
Figure.1 IoT with Healthcare System in WBAN
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of an exact variable being incorrectly categorised during 
arbitrary selection, the classification and regression tree 
model uses Gini Impurity. If you have n categories for 
your goods, you may use the Gini Impurity Formula to 
determine how, assume m ∈ {1, 2,…, n}:

 =

= −∑ 2

1

1
n

m
m

Gini P   (14)

Here, Fm represents the feasibility of an object cat-
egorized into a specific class. A forest of Tmax trees 
whole fitted with the classification and regression tree 
method. The precision-established weighted aging 
classifier ensemble is applied to calculate an ensemble 
from the many classification and regression tree mod-
els. Assuming Pa(ϕi) indicates the occurrence of the 
precise forecast of classifier ϕm, and itter ϕm  indicates 
the count of iterations which ϕi  has exhausted in the 
ensemble. The weight of classifier’s ω(ϕm) is denoted 
as: Pa(ϕm) > PΠ

a then ω(ϕm) = Pa(Psii) 
Here PΠ

a indicates the average classifier’s accuracy 
in the ensemble Π. The final prediction of the ensem-
ble ϕ  is received as:

ϕ(x) = m if
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Figure 2 demonstrates an EL method. In order to 
function, this ensemble system conveys weights to 
many classifiers based on the accuracy of the classifier 
and the time spent in the EL. When the classification 
weight of a classifier drops below a certain value, it is 
removed from the ensemble. Using precision guaran-
tees the best ensemble result.

Result and Discussion:
Here, the heart infection dataset is utilized, that 

is, Kaggle’s Framingham dataset. Datasets comprise 
demographic and physical condition reports, for ex-
ample, age, level of cholesterol, sex, alcohol drinking, 
blood pressure, diabetes, etc. For testing, the 70–30 
train-test present corroboration method is utilized; 
this is facilitate to formulate a fair and a superior eval-
uation between the introduced method and the exist-
ing classifier methods, which utilized a related dataset.

Figure 3 formulate the true positive ratio against 
the false-positive ratio for several classifier algorithms. 
From figure 3, the proposed method EL reached better 
than the other classifier learning algorithms. It is uti-
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lized for measuring the predictive capability of several 
ensemble models. Bayes and ANN provide the lowest 
level performance than the proposed EL method.

Figure 4 illustrates the n accuracy ratio of Bayes, 
ANN, SVM, and EL methods based on compression 
ratio. This figure explains a trend in that the accuracy 
rises nearly linearly with the reduction in Compres-
sion ratio. The proposed EL method provides better 
performance than the other methods. Since it can re-
solve the optimization issues and improve the func-
tion of evolutionary optimization, from this figure, 
the Bayes method provides the lowest performance of 
other methods. The ANN and SVM approaches offer 
in-between level performance.

Figure 5 explains an Execution Time of the Naive 
Bayes, ANN, SVM, and EL Methods. From this figure, 
the node count increases the execution time is also 
minimized. The scalability analysis demonstrates that 
the EL method minimizes the execution time com-
pared to the Bayes, ANN, SVM, and EL methods. But, 
the ANN and the Naive Bayes methods have the high-
est execution time compared to the EL method.

Figure 6 explains an accuracy ratio of Naive 
Bayes, ANN, SVM and EL Methods based on fea-
tures. From this figure, the EL method has the high-
est accuracy ratio compared to the other methods. 
The greatest accuracy is reached whilst the amount 
of features is 8, for both the ensembles. ANN and 
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Naive Bayes methods have the very lowest level of 
performance than the other methods. The SVM ap-
proach provides middle-level performance than the 
ANN, Bayes methods. 

Conclusion:
In this work, the EL method for improving Health-

care IoT System is proposed. Heart infection is an im-
portant reason for death internationally. Early analysis 
can assist avoid the evolution of the infection. Thus, 
this approach objective is to predict Heart infection. In 
this approach, We measured the daily action data from 
several sensors that is input to an ensemble learner 
classifier. Dataset is divided into subgroups at random 
using a mean-established splitting approach, categori-
zation, and regression tree. An ensemble is generated 
using a weighted aged classifier with a predetermined 
accuracy threshold. Classification accuracies of 97% 
were achieved using the newly introduced ensem-
ble. The proposed EL method is compared to other 
machine learning classifiers like ANN, naive Bayes, 
and SVM. The proposed approach demonstrated en-
hanced better performance. The execution time per-
formance and accuracy results illustrated that the EL 
method performed efficiently in the WBAN. 
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Abstract
As a result of these promising results, researchers believe that 
gene expression tests are more important in creating more 
accurate and efficient diagnostic and classification tools for 
cancer. In the deoxyribonucleic acid (DNA) system, a gene is 
transcribed over ribonucleic acid (RNA) during transcription, 
which is a process known as gene expression (RNA). The study 
of gene expression data for cancer categorization has recent-
ly emerged as an active research subject. This research uses 
genetic algorithms (GA) to pick a subset of cancer microarray 
data that contains a meaningful set of genes. Then, standard 
classifiers like One-R, Bayesian Network, logistic regression, and 
Support Vector Machine (SVM) are developed based on these 
specific genes. Gene expression data sets are used to test the 
performance of these classifiers. According to the results of ex-
periments, combining the confluence of GA and SVM is the 
most effective approach. In addition, the GA selection process 
is repeatable.
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1. Introduction
Gene expression is the process of converting the 

deoxyribonucleic acid (DNA) sequence of a gene into 
the ribonucleic acid (RNA) sequence of the same gene. 
When a gene’s expression level is high, it means that 
the RNA of that gene is generated in large quantities in 

a cell, and this is linked to the amount of protein pro-
duced by that gene. The advent of DNA microarray 
technology, which can simultaneously measure thou-
sands of genome-wide expression values, has made it 
feasible to control gene sequencewithrecordcondition 
[1]. On this microarray, a glass slide is coated with a 
layer of single-stranded DNA molecules. 

At least a few hundred thousand dots can be seen 
on an array, each representing a different gene. When 
it comes to using microarray technology, data analysis 
and management is becoming a serious challenge [2]. 
To compare the levels of messenger RNA (mRNA) in 
two samples, a microarray experiment is commonly 
utilised (e.g., treatment vs. control). Two separate flu-
orescent labels are used to label the RNA taken from 
the treatment and control cells. For example, the treat-
ment cell RNA is labelled with red dye and the control 
cell RNA with green dye. Both extracts are applied on 
the microarray and allowed to dry [3]. 

The spots contain a corresponding sequence to the 
gene sequences in the extracts [4]. A laser is used to 
activate the array in order to determine the relative 
abundance of the hybridised RNA. It will be red if 
the treatment population’s RNA is plentiful; it will be 
green if the control population’s RNA is abundant. If 
both medication as well asregulatorpredicament even-
ly, the point would glow differently, however uncer-
taintywithbind, this would look black [5]. 

As a result, the relative increased expression of the 
proteins in the control and treatment populations may 
be calculated from the fluorescence intensities and co-
lours for each site [6]. A general gene expression anal-
ysis by data mining is depicted in Figure 1.

2. Existing Work
The advent of DNA microarray technology, 

which can simultaneously measure thousands of ge-
nome-wide expression values, has made it feasible to 
visualize genetic factor countenance with record con-
dition [7]. On this microarray, a glass slide is coated 
with a layer of single-stranded DNA molecules. At 
least a few hundred thousand dots can be seen on 
an array, each representing a different gene. When it 
comes to using microarray technology, data analysis 
and management is becoming a serious challenge. 
Biochemical conditions are taken into consideration 
when gene expression data is analysed [8]. A diagnosis 
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of cancer is a good illustration of this concept since the 
levels of expression of certain genes have been shown 
to change when cancer is present [9]. According to 
current research on tissue categorization at the mo-
lecular level, gene expression tests would play a vital 
role in the creation of efficient cancer diagnostic and 
classification platforms. The linear exclusionary study, 
proportional elective of data genetic factor, AI tech-
niques, k-NN, clustering algorithms, and classifiers 
are only a few of the many suggested cancer classifica-
tion methods [10]. 

The speed of calculation is also looked into, the ac-
curacy of the categorization, and the capacity to un-
cover physiologically relevant gene information when 
evaluating the techniques multiclass classifiers for tis-
sue categorization using gene expression [11]. When 
it came to multiclass gene expression data sets, several 
feature selection approaches and state-of-the art clas-
sification algorithms were tested. In comparison to the 
binary classification problem, the research shows this 
kind problem is substantially furtherhard to solve [12]. 

This included an examination of various important 
algorithms for multicategory classification, as well as 
gene selection approaches, numerous ensemble clas-
sification strategies, and two cross-validation designs 
on 11 datasets. Using gene expression data, for making 
accurate cancer diagnoses Multi-class SVMs are the 
greatest reliable ones was discovered [13]. Due to the 
large number of genes compared to training samples, 
this task is quite difficult. As a result, in order to cope 
up with colossal number of genes that aren’t important 
this has to cope up with. In addition, the existence of 
distortions with dataset creates it is more difficult to 
accurately classify data when the sample size is insuf-
ficient [14]. 

3. Proposed System
Chromosome programming and fitness evaluation, 

selection, crossover, and mutation are major GA pro-
cesses for gene selection using gene expression data. 

An initial vector representation is used to write the ge-
nome [15-16]. In order for a chromosome to survive 
and create kids, it must have the best suited chromo-
somes in the population [16]. Chromosome quality is 
improved, resulting in more accurate solutions to the 
optimization issue. A biased roulette wheel is used to 
choose parents from the population, and individually 
gene in the group comprises opening that is enlarged 
based on to its suitability. The proposed system archi-
tecture is shown in Figure 2. 

 

Figure 2. Proposed System Architecture

The crossover process is used to exchange infor-
mation between two chromosomes that have been 
carefully selected. The two-point gene exchange is 
employed in this study. The points of intersection are 
determined at random. It is then completed by swap-
ping genes with each other based on the crossover 
point in order to produce new children from those 
genes. Mutation happens following a crossover pro-
cedure. This is to avoid a local optimum of all solved 
issues being reached by all solutions in the popula-
tion. Random genetic changes are made to new chil-
dren in this study. Using a set of criteria, OneR con-
structs a single-level decision tree for testing a single 
gene. 
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A single gene is tested, and the results are com-
pared to the rest of the population. The gene’s value is 
represented as a branch, with each branch represent-
ing a distinct value. Using the training data, it is ideal 
to classify each branch according to the class that ap-
pears the most frequently. It’s thus simple to establish 
how many instances of the rules are not containing-
commongroup. A new class of guidelines is generated 
for each gene’s cost, with one rule for each value. Select 
the gene whose rule set has the lowest mistake rate. 

The root node of a decision tree is the highest one 
in the hierarchy. These tests are linked to a criterion 
for separating data sets into subgroups with improved 
class separability, which reduces the chance of mis-
classification. Heuristically pruning the tree to avoid 
overfitting, which might introduce performance of 
the classifier on the test data, is done after the tree has 
been formed from the training data.

4. Results and Discussion
While constructing the tree, this function is used 

to determine which gene should be divided, as well as 
which splitting criteria should be used for that gene. 
Using the purity entropy function, this is done by eval-
uating each unused gene at all of its possible split sites 
and picking the one that yields the best result. Six pub-
licly accessible genomic data sets were taken from the 
literature to examine the effectiveness of the cascade 
of GA and various classifiers. Classifier based accura-
cy analysis is listed in Table 1.

Table 1
Classifier based Accuracy Analysis

Classifier Accuracy
SVM 0.8457
GA 0.8540
Naïve Bayes 0.79568
One R 0.79654

All of them were normalised using the min–max 
method first. Then, a set of important genes was nar-
rowed down using GA. Classifiers based on these 
genes were then built upon. Tenfold cross-validation 
involved hiding single fold of data while using samples 
from the other folds to create a decoder which might 
anticipate the hidden sample’s classification. The accu-
racy and pace of change can be measured.

The entire study was conducted on a personal 
computer (PC) equipped with Microsoft Windows 8, 

an Intel Pentium 4 processor running at 2.0 GHz, and 
one gigabyte of random access memory (RAM). The 
J2SDK 1.6.0 development environment was utilised 
for the Java programming. The University of Waika-
to in New Zealand created the Week-3–4 data mining 
programme. SVM and DT were practically indistin-
guishable in terms of performance. In the case of a 
limited number of genes, DT performed better than 
SVM. In Figure 3, the bar chart for accuracy analysis 
has been depicted.

 

Figure. 3 Accuracy Analysis
In other words, SVM’s performance was supe-

rior to that of DT’s. GA and SVM have an accuracy 
of 88.84 percent (0.03), GA and Bayesian Network 
72.11% (1.04), GA and OneR78.15% (1.02), and DT, 
GA have an accuracy of 88.80% (1.03). Regardless of 
the value of d, the patterns of gene selection are the 
same. Because of this, the GA selection pattern is sta-
ble. Only gene expression levels and Z-scores for the 
Colon information can be found here for the sake of 
brevity and page restriction. Number of genes-based 
accuracy analysis is shown in Figure 4.

 
Figure 4. Number of Genes-based Accuracy Analysis

Whenever the number of genes picked was few-
er than 20, SVM had a poor performance. In spite of 
SVM’s inability to perform well with a small number 
of genes picked, the overall accuracy of SVM outper-
formed that of other methods. In Table 2, based on the 
number of genes, the accuracy values are listed.



Issue 25. December 2022 | Cardiometry | 181

Table 2
Accuracy based on Number of Genes
Number of 

Genes
SVM GA Naïve 

Bayes
One R

10 70.325 79.635 74.083125 83.625875
20 72.35 78.356 76.15875 82.3149
30 71.568 72 75.3572 75.8
40 74.258 73.65 78.11445 77.49125
50 76.35 71.53 80.25875 75.31825

5. Conclusion
One of the leading causes of mortality has been can-

cer for a long time now.There is presently no reliable pre-
ventative medicine available. The authors of this research 
use GA to narrow down a large set of cancer microarray 
data to a manageable set of important genes. Those genes 
are then used to build popular classifiers. Gene expres-
sion data sets are used to test the performance of these 
classifiers. Experiments show that the combination of 
GA with SVM is the most effective strategy for analysing 
data. When there are more than 30 genes involved, the 
accuracy of this method remains consistent. GA’s gene 
selection process is repeatable, since few genes remain-
reliably preferred withevery dataset with different values. 
In the realm of clinical science, the gene expression data 
set of lung malignant development is particularly rele-
vant. Characterization and determination procedures 
are critical in accurately identifying a condition, making 
the analytical process and right diagnosis easier. As the 
number of highlights or features was reduced, the char-
acterisation approaches showed modest improvement.

References
1. Alizadeh, A. A., Eisen, M. B., Davis, R. E., Ma, 
C., Lossos, I. S., Rosenwald, A., Boldrick, J. C., et al. 
2000. Distinct types of diffuse large b-cell lympho-
ma identified by gene expression profiling. Nature, 
403(6769):503–511.
2. Bolshakova, N. and Azuaje, F. 2003. Cluster vali-
dation techniques for genome expression data. Signal 
Processing, 83:825–833.
3. Brown, M. P. S., Grundy, W. N., Lin, D., Cristiani-
ni, N., Sugnet, C. W., Furey, T. S., Ares, M., Jr., and 
Haussler, D. 2000. Knowledge-based analysis of mi-
croarray gene expression data by using support vector 
machines. Proceedings of the National Academy of 
Sciences USA (PNAS), 97(12):262–267
4. Chu, F. and Wang, L. 2005. Applications of sup-
port vector machines to cancer classification with 

microarray data. International Journal of Neural Sys-
tems, 15(6):475–484.
5. Dudoit, S., Fridlyand, J., and Speed, T. P. 2002. 
Comparison of discrimination methods for the classi-
fication of tumors using gene expression data. Journal 
of the American Statistical Association, 97(457):77–87.
6. Golub, T. R., Slonim, D. K., Tamayo, P., Gaasen-
beek, M., Huard, C., Mesirov, J. P., Coller, H., et al. 
1999. Molecular classification of cancer: class discov-
ery and class prediction by gene expression monitor-
ing. Science, 286:531–537.
7. Guyon, I., Weston, J., Barnhill, S., and Vapnik, V. 
2002. Gene selection for cancer classification using sup-
port vector machines. Machine Learning, 46: 389–422.
8. Amalarethinam, DI George, and N. Aswin Vi-
gnesh. “Prediction of diabetes mellitus using data 
mining techniques: a survey.” International Journal of 
Applied Engineering Research 10, no. 82 (2015): 2015.
9. Liu, J., Iba, H., and Ishizuka, M. 2001. Selecting 
informative genes with parallel genetic algorithms in 
tissue classification. Genome Informatics, 12:14–23.
10. Jaiganesh, V., M. Tech, S. Murugan, and Hardware 
Design Engineer. “PC Based Heart Rate Monitor Im-
plemented In Xilinx Fpga And Analysing The Heart 
Rate.” In Circuits, Signals, and Systems (pp. 319-323).
11. Statnikov, A., Aliferis, C. F., Tsamardinos, L., Hardin, 
D., and Levy, S. 2005. A comprehensive evaluation of mul-
ticategory classification methods for microarray gene ex-
pression cancer diagnosis. Bioinformatics, 21(5):631–643.
12. Amalarathinam, DI George, and N. Aswin Vi-
gnesh. “A New Monotony Advanced Decision Tree 
Using Graft Algorithm to Predict the Diagnosis of 
Diabetes Mellitus.” International Journal of Pure and 
Applied Mathematics 118, no. 6 (2018): 19-28.
13. Yip, K. Y., Cheung, D. W., and Ng, M. K. 2004. 
HARP: A practical projected clustering algorithm. 
IEEE Transaction on Knowledge and Data Engineer-
ing, 16(11):1387–1397.
14. Zhang, H., Yu, C. Y., and Singer, B. 2003. Cell and 
tumour classification using gene expression data: Con-
struction of forests. Proceedings of the NationalAcad-
emy of Sciences USA (PNAS), 100(7):4168–4172.
15. G. Prakash. (2019). Deduplication with attribute bas-
ed encryption in E-health care systems. International Jour-
nal of MC Square Scientific Research. 11(4). pp: 16-2483.
16. Balamurugan E, Akpajaro J. Genetic Algorithm 
With Bagging For DNA Classification. Internation-
al Journal of Advances in Signal and Image Sciences. 
2021;7(2):31-39.



182 | Cardiometry | Issue 25. December 2022

ORIGINAL RESEARCH Submitted: 11.01.2022; Accepted: 5.02.2022; Published online: 23.02.2022

Cost efficient oxygen concentrator 
with PSA technology
J.Sofia Bobby1*, Bharath S2, Madhankumar C3, 
Sudharsanam K4, Ummathullah U5, 6P.B. Edwin Prabhakar

1Head, Department of BME, Jerusalem college of Engineering, 
2,3,4,5Students, Department of BME, Jerusalem college of Engi-
neering, Chennai, Tamil Nadu
6Professor, Department of .Computer Science And Engineering, 
New Prince Shri Bhavani College of Engineering & Technology, 
Chennai, Tamil Nadu, India.

*Corresponding author: 
sofiabobbyj@jerusalemengg.ac.in

Abstract
Normally atmospheric air contains mixture of gases like nitrogen 
(78%), oxygen (21%), and small amount of lot of other gases like 
carbon-di-oxide (0.03%), hydrogen. Oxygen concentrator is a de-
vice that concentrate (or) separate oxygen from ambient air by 
specifically removing nitrogen by process of Pressure Swing Ad-
sorption (PSA). Pressure Swing Adsorption is a technique that sep-
arate oxygen from a mixture of gases depending on pressure to 
which molecular characteristics and affinity for a zeolite (Natrolite). 
The proposed output of Oxygen concentrator with Pressure Swing 
Adsorption technology is economical and high-efficient. The ex-
perimental results of the proposed system supplied the oxygen at 
the purity of about 94.7% for the low velocities of 0.5-3 L/min. It 
is concluded that the system provides a good performance when 
considered that a patient with the COPD should take the oxygen at 
the purity of 90% or more for the low velocities of 0.5-3 L/min. On 
comparing with other oxygen concentrator available in the market, 
this proposed system is highly cost effective and comparatively less-
er in weight. As per the experiments conducted using the proposed 
system provides comparatively less noise and works efficiently for 
long time and oxygen purity is also high. Since, this proposed sys-
tem has these many features. This is so much helpful for peoples 
who can’t able to afford market available oxygen concentrator. 

Keywords
Atmospheric air – mixture of gases – oxygen concentrator – 
separating oxygen - Pressure Swing Adsorption – zeolite.
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1. INTRODUCTION
An Oxygen Concentrator is a therapeutic device 

that filters out oxygen from atmospheric air by par-
ticularly removing nitrogen such that oxygen rich 
air supply is produced by the process of pressure 
swing adsorption. Pressure swing adsorption(PSA) 
technology is a process used to separate specific gas 
from a mixture of gases (ambient air) under pres-
sure and molecular properties and affinity of gas to 
an adsorbent material. There are many techniques 
for separation of gas from a mixture such as cryo-
genic distillation etc but PSA technology is widely 
used to separate nitrogen (N2) from the atmospher-
ic air, concentrating the remaining oxygen (O2) to a 
known purity.

C.A.Grande (2012)suggested that fundamentals of 
PSA process while focusing specifically on different 
innovative engineering approaches that contributed to 
continuous improvement of PSA performance.

D.W.Mckee,(1964) quoted that process for separat-
ing an oxygen-nitrogen mixture into its components 
comprising the steps of providing an oxygen-nitrogen 
containing feed gas mixture at a feed pressure between 
0.5 and 5 atmospheres absolute, contacting such feed 
gas with a bed of crystalline zeolitic molecular sieve 
material having apparent pore sizes of at least 4 Ang-
stroms and having lithium as at least one cation con-
stituent at a temperature between about 30 and C. 
thereby adsorbing nitrogen from the gas mixture, and 
discharging an oxygen-enriched product gas.

C.C.Chao and S.J.Pontonio,(2002) suggested that 
a range of operating conditions from which to deter-
mine how to best utilize the zeolite to develop larger 
PSA processes. Also, it was found that this novel zeo-
lite is in fact an enhanced zeolite with a fast adsorption 
rate capable of supporting rapid PSA processes.

2. METHODOLOGY
There are five steps involve in the oxygen concen-

trator process shown in Fig.1
1. Takes air from the atmosphere and compresses 

the air by compressor. 
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2. Coolant system is employed to reduce tempera-
ture.

3. Removal of nitrogen from the air by allowing air 
to pass through sieve adsorbent using PSA technology. 

4. Store the gas from output of sieve canister in ox-
ygen tank.

5. Deliver pure oxygen to patient via oxygen mask.

 

Fig 1 Block diagram of proposed system

3. HARDWARE IMPLEMENTATION
The above Fig 2 clearly describes the process of 

composed set product involve in the oxygen concen-
trators. This can be explained in follows.

 
Fig2 Oxygen Concentrator flow diagram

Oxygen concentrators are medical equipment that 
advise people with low levels of oxygen in the blood. 
They are powered by connecting the appliance in an 
electric outlet or by using a battery. If a battery is used, 
it will need to be recharged by plugging it in an electri-
cal outlet. Most hubs are also equipped with an adapt-
er so you can use the unit while driving.

The oxygen concentrator takes in air, cleans it, and 
disperses the newly formed air. Before entering the 
concentrator, 80 percent nitrogen and 20 percent oxy-
gen. Oxygen concentrators use this air and come out as 
90-95 percent pure oxygen and 5-10 percent nitrogen. 
Since it is difficult to obtain this percentage of oxygen 
without the help of medical devices, nitrogen is separat-
ed to give the patient the highest possible oxygen dose

Compressor
Acompressor is a gaseous device that converts 

power into potential energy stored in high pressure 
air (compressed air). The energy composed in the 
compressed air can be used for a focusing the kinetic 
energy of the air as it is discharged and the container 
depressurizes the air. The compressor absorbs the am-
bient air from the atmosphere and adjust the pressure 
at which it is needed. A compressor is necessary for 
delivering pressurized air to sieve chamber such that 
the adsorbent material adsorbs nitrogen. The power 
of air compressor is measured in horse power (HP). 
The pressurized air as a output of compressor is given 
to coil of copper tube for reducing the temperature. 

Solenoid valve
The solenoid valve is an electrically controlled 

valve that have electric coil with a portable ferromag-
netic core (plunger) in the middle. It has a plunger 
ends off a small cavity. Electric current over the coil 
generates a magnetic field. It is an electromechanical-
ly fulfilled valve. They differ in the component of the 
electric current used the vitality of the magnetic field 
that are created. They can be used in extensive design 
of automated operations, on-off management, and ad-
justment development of control systems.

Sieve materials
Zeolite is a natural chemical material for separating 

oxygen and nitrogen in the ambient air. Zeolites are 
large penetrable beads having a surface area of about 
500 square meters per gram (GSM). At large pres-
sures in the list nitrogen in a compact grasp, chemi-
cally along with the zeolite. Zeolites that are used is 
hydratedaluminosilicate mineral of natrolite that has 
affinity towards nitrogen. The zeolite size used is 13x 
which has diameter of (0.3-1.5) mm. The chemical 
formula for zeolite used here is [Na12 (AlO2)12(-
SiO2)12.27H2O] 8It absorbs nitrogen from the ambi-
ent air to give oxygen as the output.

Pneumatic connection system
Pneumatic tubes (or) Pipes that are used to suck 

and blow air acting as propel cylindrical containers 
system networks. They widely used to carry com-
pressed air. Pneumatic pipes are often made of ex-
truded set of nylon polymer along with polyurethane, 
polyvinylchloride that have ability to withstand high 
pressure.
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Pressure Swing Adsorption
Pressure swing adsorption (PSA) technology is a 

process used to separate gas from a mixture of gases 
(atmospheric air) under pressure and according to 
the specific molecular properties and affinity of gas to 
an adsorbent material. PSA is a technology with large 
enough to separate nitrogen (N2) from the atmo-
spheric air, concentrating the remaining oxygen (O2) 
to a known purity.

The pressure swing adsorption process split into 
oxygen and nitrogen from the air Due to different 
adsorption of oxygen and nitrogen to the zeolite ad-
sorbent Two different pressures near and above at-
mospheric pressure. The high quadrupole moment of 
nitrogen causes a high adsorption affinity for oxygen 
and argon. Zeolite material. PSA cycle operates at am-
bient temperature between supermarkets Atmospher-
ic pressure that becomes a gas due to the large adsorp-
tion of nitrogen from the air.

4. SOFTWARE IMPLEMENTATION:
An IDE for the Arduino microcontroller. Arduino is 

a free software electronics prototyping platform based 
on flexible, easy-to-use hardware and software. It’s in-
tended for artists, designers, hobbyists, and anyone in-
terested in creating interactive objects or environments. 
This IDE allows for program writing, code verification, 
compiling, and uploading to the Arduino development 
board. Libraries and example code will also be installed. 
The Arduino Software (IDE) on computer, according 
to its operating system. Windows, Mac OS x10.1, Linux 
32 bits, Linux 64 bits, Linux ARM etc.

5. APPLICATIONS
1) Oxygen therapy.
2) Critical care device in ambulance.
3) Treatment of COPD patients.

6. ADVANCEMENTS
1. Financially beneficial so that everyone can be 

used.
2. Produce sufficient amount of oxygen required.

7. OUTPUT:
The experimental results showed that the proposed 

system supplied the oxygen at the purity of about 
94.7% for the low velocities of 0.5-3 L/min. It is con-
cluded that the system provides a good performance 
when considered that a patient with the COPD should 

take the oxygen at the purity of 90% or more for the 
low velocities of 0.5-3 L/min. The proposed system 
image is shown in Fig,3 and Fig 4.
 

Fig 3 Proposed system image 1 

Fig 4 Proposed system image 2

8. CONCLUSION:
This proposed system is very much useful for home-

care patients who needs oxygen regularly like asthma, 
bronchitis, emphysema and other breathing related dis-
eases. On comparing with other oxygen concentrator 
available in the market, this proposed system is highly 
cost effective and comparatively lesser in weight. As per 
the experiments conducted using the proposed system 
provides comparatively less noise and works efficient-
ly for long time and oxygen purity is also high. Since, 
this proposed system has these many features. This is so 
much helpful for peoples who can’t able to afford mar-
ket available oxygen concentrator. 
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Abstract
As a result of the fast development of technology, healthcare sys-
tems have rapidly morphed into an all-pervasive environment 
that is replete with a variety of difficulties and possibilities. Threats 
and assaults with severe societal effects have been launched due 
to the increasing popularity of WBANs and their features and 
applications. The data is encrypted using a Ciphertext-Policy At-
tribute-Based Encryption algorithm and signed at the data sink 
in Secure and Efficient data transfer protocol, guaranteeing the 
data’s safety at all times. The computational cost and complexity 
to solve this issue string are both raised by this technique. Se-
curity code that the public may access In WBAN, cryptography 
allows Kerberos-based authentication. Public-key cryptography 
can be used to secure the initial authentication procedure. The 
procedure’s goal is to let the user safely send the required cer-
tificate (including the TGT and session key) to the sensor. The 
simulation results demonstrate that this approach improved the 
detection ratio, and minimized the false positive ratio compared 
to the baseline protocol in the network. 

Keywords
Malicious sensor detection, Public key Cryptography Kerberos 
authentication Protocol, WBAN.
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Introduction:
As a result of the rapid development of wireless 

communication technology, a WBAN is now being put 
to good use in providing healthcare services through 
the internet. One of the WBAN technologies, TMIS is 
capable of delivering a wide range of healthcare ser-
vices to patients in a distant location through telecare 
servers [1]. Within the WBAN, patients have the op-
tion of donning wearable devices that are equipped 
with a multitude of sensors. Patients wear these sen-
sors to continually monitor their vital signs and gather 
private health information. Patients’ mobile devices 
collect their health information and may then trans-
mit it to healthcare providers whenever and whenever 
they want. As a result, taking advantage of the many 
remote healthcare options available may save patients 
both time and money. TMIS can give better health-
care than traditional healthcare methods because of 
these advantages. However, to prevent hostile assaults 
on patients’ sensitive medical information while it is 
being conveyed across insecure networks, this infor-
mation must be encrypted. Therefore, the use of safe 
mutual authentication is necessary for the transfer of 
secure data. Both urgent and routine medical reports 
have been included in the messages that have been 
forwarded. When a sensor in a patient’s body identi-
fies a critical situation, an emergency medical report is 
generated, and this report must be sent as soon as the 
critical situation is identified. 

First- and second-level nodes, as well as a hub node 
in the form of a server, make up the WBAN network 
architecture. The second level of nodes consists of the 
patient’s body sensors and wearable devices; these 
nodes relay information from the first level of nodes, 
which serve as intermediate nodes and have greater re-
sources for processing, transmitting, and storing data, 
to the hub node. This model has three levels: Looking 
at Fig. 1, we can deduce that the first tier is responsible 
for easing conversations between the second and first 
level nodes, the second tier (inter BAN) helps connect 
the first level nodes to the server nodes, and the third 
tier (outside the WBAN) manages conversations be-
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tween the hub node server and medical professionals. 
There is the potential for interaction between nodes 
on the ground level and the second level in this archi-
tecture. The goal of the WBAN system is to facilitate 
communication between patients and the linked serv-
er, or between patients and authorized medical pro-
viders, on their current health state and any pertinent 
medical data. To guarantee the efficacy of the health 
monitoring system, it is necessary to protect the pa-
tient’s right to privacy by preventing the disclosure of 
sensitive information, and the data sent back and forth 
must not be altered or falsified in any manner [3]. 

Because the patient may move freely throughout 
the healthcare facility or their own home, WBAN is 
predicated on wireless communication. This further 
emphasizes the necessity for the underlying commu-
nication protocol to be secure against various attacks 
while also being computationally efficient. An attack-
er may attempt to eavesdrop, abuse the public chan-
nel, and transmit fraudulent information through it 
because of the increased vulnerability of the wireless 
channel [4]. As a result, the solutions offered for oth-
er applications will take time to apply to WBAN sys-
tems because of the power and computing limits that 
exist in second-level nodes or mobile devices. Many 
researchers have proposed different authentication al-
gorithms for WBAN systems; nevertheless, these pro-
tocols all have drawbacks in terms of their security or 
efficiency. In addition, these strategies, together with 
other vulnerabilities in the security system, could not 
satisfy the requirements for anonymous qualities [5]. 

The Ciphertext-Policy Attribute-Based Encryption 
(CPAE) algorithm and signature are used at the data 
sink to save the data in ciphertext format, which en-
sures the data’s safety. Despite this, the computing ef-
fort and complexity required to circumvent this issue 
string are both increased by this technique. Key to the 
public Kerberos-based Authentication is Made Possi-
ble in WBAN Thanks to Cryptography.

Related Works:
The dependability and effectiveness of WBAN 

are directly proportional to the speed and precision 
with which the system can transmit and receive data 
between the nodes. This, in turn, is ultimately deter-
mined by the routing protocols and algorithms that 
are used. Radiation from wireless transceivers, which 
is identical to that produced by WSNs, is included in 
the process of transferring information from either an 
in-body or an on-body sensor node. It has been pro-
posed that WBAN implement the Adaptive Thermal-/
Energy-Aware Routing (ATEAR) protocol. ATEAR is 
based on blockchain technology. The increase in tem-
perature, the amount of energy used, and When eval-
uating how well ATEAR performs as a medium for 
data transmission, throughput is one of the evaluation 
factors that is taken into account. On the other hand, 
transaction throughput, latency, and resource usage 
are the metrics employed to study the result of the 
blockchain system [6]. The performance of the block-
chain system is evaluated with the use of a benchmark-
ing tool called Hyperledger Caliper. The CPU load, 

 
Figure 1: Structure of proposed system
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amount of memory, and amount of memory used are 
performance indicators. According to the findings, it 
is possible to maintain high throughput while simul-
taneously extending the network’s lifespan, provided 
residual energy is conserved and overheated nodes 
are avoided in the role of forwarders. Performance of 
the proposed protocol is analyzed using the simula-
tion software Castalia, and the findings are compared 
to those of the Multipath Ring Routing Protocol, the 
Thermally Aware Routing Algorithm (TARA), and the 
Shortest-Hop Routing Algorithm [7]. 

Authentication protocol model that uses the signal 
from an electrocardiogram (ECG) as a biometric and a 
cryptographic key to guaranteeing that the data being 
transferred came from the necessary WBAN. The sug-
gested model was built to accomplish optimum secu-
rity performance and necessary lightweight methods 
for the resource-limited biomedical sensors. This was 
done because of the one-of-a-kind nature of the ECG 
signal and its feature of permanence [8]. Because the 
authentication process verifies that a user is who they 
say they are, authentication techniques make it possi-
ble for networks to cut down on the number of users 
who aren’t wanted there and significantly cut down 
on the number of deceptions that occur. Authentica-
tion is one of the most important factors to consider 
concerning communication security. Consequently, 
it is essential to build innovative authentication sys-
tems since they provide safe authentication and pro-
tect WBANs from various security threats. There have 
been many different ideas for possible approaches to 
authentication in WBANs [9]. 

A low-overhead, multilayer protocol for PDA-to-
sensor hub communication in wireless body area net-
works (WBANs) that uses one-to-one group authen-
tication and a group key creation process. There are 
not many software requirements for the protocol. This 
example shows how the Elliptical Curve Algorithm 
with Foci computation works in practice. Advantag-
es include low computational cost, high security, and 
seamless integration with the hash function, all of 
which this technique provides [10]. It has been shown 
that a WBAN-based authentication system is suscep-
tible to a session-specific temporary information at-
tack, a key compromise impersonation assault, and a 
session key recovery assault. This article details each 
and every one of these three assaults. After that, we 
present a WBAN-authenticated key agreement system 
that is efficient, safe, and anonymous. This system was 

designed to overcome the issues that were mentioned 
in the preceding method [11]. 

The purpose of this research was to develop two 
WBAN authentication algorithms that are both ef-
fective and secure, and which may be used between 
sensors and a mobile device or controller. It was de-
termined that two protocols would be established. The 
first protocol, Authentication Protocol-I (AP-I), would 
be used for urgent medical records, while the second 
protocol, Authentication Protocol-II (AP-II), would 
be used for regular medical records [12]. There is not 
a user authentication technique that works end-to-end 
and covers all parties involved in communication. In 
addition, most of the user authentication procedures 
that are now available assume that the patient’s mobile 
phone may be relied upon. In point of fact, a patient’s 
mobile phone may be stolen or infected with malware, 
and it will thus act in a harmful manner [13]. A meth-
od that is efficient with energy and prevents data pack-
ets from being dropped by malevolent attackers and 
prevents bogus data from being sent. The technique is 
implemented using the Adhoc On-demand Distance 
Vector (AODV) protocol, even though it is compatible 
with any reactive WBAN routing technology [14]. 

Wireless networks combined with the IoT via the 
preamble of Internet access ability in sensor nodes also 
observe capability in Internet-connected devices. Thus, 
the IoT is offering entrance to the highest amount of 
data gathered through the WSNs, via the internet. More 
particularly, for the application regions in which in-
tegrity, confidentiality, and availability are significant, 
WSNs and talented IoT knowledge might comprise an 
open possibility for attackers. In addition, recent incor-
poration and cooperation with IoT have released new 
challenges and issues in terms of security [15]. There-
fore, this would be terrible for the individuals applying 
these systems and the administrator’s security handling 
these networks. The essential job of the IoT is to inte-
grate as the primary transmission technology. WSN 
facilitates IoTs’ wide-ranging systematic applications 
of their quick and low-cost operation characteristics. 
WSNs will be incorporated into the IoT, and innumer-
able sensor nodes will connect the network. In the near 
future, IoT will interact with humans and the world 
through the increasing exploitation of WSNs [16]. 

Proposed Method:
The primary purpose of this paper is to strength-

en the authentication processes used in the WBAN. 



Issue 25. December 2022 | Cardiometry | 189

The constantly accelerating development of technol-
ogy has resulted in a rapid transformation of health-
care systems into an all-pervasive environment that 
is replete with a rich variety of possibilities and dif-
ficulties. WBAN is an important component of the 
Internet of Things, and sensor nodes play an essential 
role in the provision of health monitoring and enter-
tainment services. Even more unsettling is the fact 
that healthcare systems have many characteristics that 
make them more vulnerable to breaches of patient 
privacy. While forwarding the data over the WBAN 
in a secure method, symmetric key cryptography and 
their variations are utilized broadly. With this, the ma-
jor challenge is distributing the secret key among the 
sender and recipient in a protected system. Traditional 
approaches still need to improve in terms of reliabil-
ity, security, and confidentially in network. But, this 
approach introduce Public key Cryptography enables 
Kerberos-based Authentication approach for secure 
Health Information by applying Kerberos algorithm 
in the WBAN. Here, the Unreliable node is Detected 
by the ECDH algorithm. This strategy involves the ex-
change of the secret key in order to identify the faulty 
node and then exclude it from the routing process, 
hence improving the performance of the network. 

The procedure of the Kerberos algorithm is given 
below.

Initially, the medical sensor node forwards the Re-
quest (REQ) message to the Authenticated Server (AS). 
The signature and certificate computation is given below.

 = ( , , )sensorSIG E PR Nonce TS  (1)

certificate: 

 , , , ,s sensorE ID TS HD PU nonce  (2)

here sID  → ID of the sender node

TS  → Timestamp

HD  → Codename of the node

sensorPR   → Private key of sensor

sensorPU  → Public key of sensor

nonce  → Freshness

Next, the AS verifies the sensor node signature and 
certificate. If the signature is valid, then the AS creates 
the session key, and ticket and it send back to the sen-
sor. This computation is given below.

 ( , , )sensorD PU Nonce TS  (3)

The sensor node gets the session key (SKsensor) and 
extracts it by decrypting the message. The sensor 
node creates the authenticator and the sensor node 
sends REQ to Ticket Granting Service (TGS) for the 
server ticket. The TGS received the REQ message and 
checked the authenticator and ticket information.  The 
TGS computation is given below.

 −= ( ( || || || )TGS C TGS ID TGSTGS E K SK S ID Expire  (4)

If the authenticator and ticket information does 
not match, then the TGS forwards the error message. 
Otherwise, the TGS generates the session key (SKC-TGS) 
and user ticket.

 −( ( ( || || || || || )sensor type C TGS TGS TGSE PU M SK Nonce Ticket ID Valid Expire  

  (5)

AS create a response to the sensor message and AS 
forward the session key and ticket to the sensor; then, 
the Sensor extracts the session key, and the session key 
decrypts the message

 ( , )sensorD PR M . (6)

The sensor creates the authenticator and the sensor 
create a REQ message to the user. This calculation is 
given below.

 ( , , , )user user sensorE SK M ticket authenticator  (7)

Next, the user checks the authenticator and ticket 
information; if it does not match, forward the error 
message. Otherwise, the sensor node decrypts the 
message and shares the information with the user. The 
message decryption is specified below.

 −

( , , )
( , )

user user

c user sensor

D K M ticket
D SK authenticator

 (9)

In this approach, the Kerberos authentication is 
mainly applied for two functions such as

1. Verify the sensor signature to avoid requests 
from masquerading intruders. 

2. Encrypting the TGS and session key in the user 
response so that an eavesdropper cannot obtain the 
sensor certificate. 

Simulation Analysis
In KAHA, the performance is measured by the net-

work simulator 2.35. Here, we use 30 sensor nodes for 
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measuring the network performance. We measure and 
evaluate the proposed KAHA and existing ATEAR 
routing approach’s function in this approach, includ-
ing detection and false positive ratios. 

Figure 2 explains the intruder node detection ratio 
of CPAE and KAHA approaches. From this figure, the 
CPAE approach detection ratio is lesser since it cannot 
check the sensor node authentication. But, the KAHA 
approach raises the intruder node detection ratio 
equated to the CPAE approach because the KAHA 
uses the signature algorithm to detect the intruder 
nodes in the WSN. 
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Figure 2: Detection Ratio of CPAE and KAHA approaches

Figure 3 explains the false positive ratio of the 
CPAE and KAHA approaches. From this figure, the 
KAHA approach false positive ratio is lesser since it 
efficiently verifies the sensor node authentication. But, 
the CPAE approach raises the false positive ratio in the 
WBAN. 
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Figure 3: Detection Ratio of CPAE and KAHA approaches

Conclusion:
Emerging technologies known as WBANs are now 

being used in the medical industry for a variety of pur-
poses. A symmetric key cryptography is used in the 
Kerberos-based authentication protocol. Increasing 

the reliability of authentication at sensor nodes is the 
purpose of this work. Authentication in WBAN is a 
process that enables numerous users to use the net-
work’s services while also providing the ability to ac-
curately identify the individual user who is making 
a request. The purpose of this study is to offer secu-
rity and emergency data transmission for healthcare 
applications in IoT WBAN by using Kerberos-based 
Authentication. A security architecture based on Ker-
beros is implemented for the purpose of providing en-
hanced protection for the user’s data and facilitating 
the well-organized transmission of emergency data. In 
this method, the Kerberos authentication is primarily 
used for two tasks, one of which is to verify the sensor 
signature in order to prevent requests from masked 
intruders. The other role is to validate the user. And 
Encrypting the TGS and Session Key in the User Re-
sponse in Order to Prevent an Eavesdropper from 
Obtaining the Sensor Certificate. When compared to 
the standard protocol used in the network, the results 
of the simulation show that this strategy improves 
the detection ratio while simultaneously reducing the 
number of false positive detections. 
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Abstract 
Introduction: Nutritional support is a fundamental compo-
nent of holistic patient care in the intensive care unit (ICU) and 
therefore warrants diligent consideration. Critically ill patients 
are at a higher risk for developing malnutrition due to nature 
of their illness and their hyper-metabolic state. Enteral nutrition 
is most efficient nutritional support method in intensive care 
unit. The aim of the study is to improve nutritional status by 
using designed nutritional algorithm to implement the care of 
patients in intensive care unit.
Method: The current randomized control trial was performed 
in critical care unit of MGMCRI, Puducherry. Using simple ran-
dom sampling method, 70 enteral feeding patients were select-
ed and randomly divided into control (n=35) and experimental 
(n=35) groups. Control group received routine diet. Experimen-
tal group received Nurse Implemented Algorithm for Nutrition-
al Support (NIANS) for 7 days. Demographic variables, clinical 
variables and NUTRIC score were equally assessed in both con-
trol and experimental group. Data were analyzed using SPSS 
software version 13. 
Results: After intervention, there was a significant difference 
in the nutritional status in experimental group. However, this 
difference was not significant in the control group. 
Conclusion: results indicated that using a follow-up NIANS 
had a positive effect on nutritional status of patient with enteral 
feeding. It is recommended that further studies to minimize the 
risk of malnutrition and improve the better clinical outcome of 
the patients in critical care unit. 
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INTRODUCTION
Nutritional support is a fundamental component 

of holistic patient care in the intensive care unit (ICU) 
and therefore warrants diligent consideration. Various 
factors including patient pathophysiology, underlying 
comorbidities, baseline nutritional status, genetic fac-
tors and severity of illness may influence nutritional 
requirements1. Malnutrition in critically ill patients 
is a global public health problem with a prevalence of 
40% to 60%. Malnutrition affects 50% of patients prior 
to hospitalization and is caused by the pathology of a 
serious illness, while malnutrition affects 70% of pa-
tients while they are in the hospital.2

Enteral nutrition (EN) is the most efficient nutri-
tional support (NS) method in the intensive care units 
(ICUs). It has gained popularity over other methods in 
terms of promoting patient’s immunity and enhancing 
better clinical outcomes in addition to its cost effec-
tiveness.Enteral nutrition is recommended for criti-
cally ill patients who are allowed nothing by mouth 
because of their illness or who are unable to take in 
enough nutrition to meet the body’s needs.

Materials and method: 
The current randomized control trial was con-

ducted in critical care unit of MGMCRI, Puducherry. 
A total 70 patients (30-70 years) with enteral feeding 
were participated in the study. Sampling was done by 
simple random sampling technique. The duration of 
sampling was 6 weeks. The inclusion criteria were age 
group between 18-70 years; patients available during 
data collection period;Patients on enteral feeding from 
day of admission and plan to continue for more than 7 
days. Patient on total parenteral nutrition; Patient who 
were on nil per oral order; Patients on palliative care 
with complication of intolerance; Patient those who 
were not willing to participate were excluded from the 
study. 
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Data collection tools in this research were demo-
graphic variables, clinical variables and NUTRIC 
score. Demographic variables consisted of age, gen-
der, religion, types of worker, monthly income, dietary 
pattern and clinical variables consisted of BMI, pres-
ence of comorbid disease, experience of pain. For the 
validity of the demographic and clinical variables, the 
content validity method was used and questionnaire 
was reviewed by 3 professors from different universi-
ties and their options were taken into consideration 
and it was finally validated and the chronbach’s alpha 
method was used to confirm the reliability of the tool 
correlation test was used (r=0.86). First, the research-
er obtained the permission from institutional human 
ethical clearance. For randomization, sampling frame 
was obtained, Odd number assigned to control group 
and even number was assigned to experimental group.

The informed consent from the samples and caregiv-
ers were obtained. After self introduction, In pretest, a 
tool used in this study was demographic variables such 
as age, gender, religion, type of workers, monthly income 
and dietary pattern and clinical variable which include 
BMI, presence of co morbid disease, experience of pain. 
Another tool used in the study was NUTRIC score for 
assessment of nutritional status. After assessment cate-
gorized the patient such as high risk and low risk of mal-
nutrition. According to level of malnutrition with aid of 
NIANS calculated the nutritional requirement of patient 
with enteral feeding in critical care unit. Diet will be pre-
pared by dietician under supervision of researcher and 
NIANS was implemented in experimental group. Rou-
tine diet was implemented in control group. After 7 days 
post-test was done using same NUTRIC Score.

After collecting the data from the subjects, the data 
were analyzed using statistical software SPSS version 
13 using descriptive and inferential statistics. Descrip-
tive statistics (frequency, percentage, mean, standard 
deviation) were used to describe the demographic 
and clinical variables of study participants. inferential 
statistics (paired ‘t’ test, Mann Whitney test) used to 
compare the effectiveness NIANS.

Results
Table 1 shows the demographic and clinical vari-

ables of control and intervention group obtained from 
the study. 

Table 2 shows that, the mean and standard deviation 
of nutritional status of patient with enteral feeding be-
tween the control and experimental group. In control 

group had not significant difference in the nutritional 
status of patient with enteral feeding (paired ‘t’ test was 
used, P>0.572). Whereas mean and standard deviation 
of nutritional status in experimental group showed a 
highly statistically significant difference in nutritional 
status of patient with enteral feeding in critical care unit 
(paired ‘t’ test value was t=3.371 at p=0.001).

Table 3 indicate that find out the association be-
tween the status of patient with enteral feeding in 
critical care unit and selected demographic variables. 
Clinical variables such as BMI and presence of comor-
bid disease had significant association with nutrition-
al status among patient with enteral feeding p=0.0483 
and p=0.0216 respectively. The remaining demo-
graphic variablesdid not have any significant associ-
ation with the nutritional status among patient with 
enteral feeding.

Discussion 
The following results were obtained from the study. 

Regarding distribution of demographic variables of 
patients with enteral feeding described in Table 1 de-
picts, Majority of samples 13 (34.3%) in experimental 
group and 11(31.4%) in control group were in the age 
group of 30-50 years. Majority of samples 21(60.0%) 
in experimental group and 14(40.0%) in control group 
were male.Majority of samples18(51.4%) in exper-
imental group and 18(51.4%) in control group were 
Hindu. Majority of samples 17 (48.6%) in experimen-
tal group and 15 (42.9%) in control group were mod-
erate workers. Majority of samples 13 (37.1%) in ex-
perimental group and 12 (34.3%) in control group had 
monthly income of Rs. 15000-30000. Majority of sam-
ples, 21(60%) in experimental group and 18(51.4%) in 
control group were mixed diet. Majority of samples 12 
(34.3%) in experimental group and 11 (31.4%) in con-
trol group had a BMI of 18.5-24.9. Majority of samples 
24 (68.6%) in experimental group and 18 (51.4%) in 
control group had comorbid diseases. Majority of sam-
ples 26 (74.3%) in experimental group and 21(60.0%) 
in control group had experience of pain. 

The study finding revealed that effectiveness of 
Nurse Implemented Algorithm for Nutritional Sup-
port (NIANS) on nutritional status among patient with 
enteral feeding in control and experimental group. 
In control group the mean and standard deviation 
among patient with enteral feeding during pre-test 
was 6.03±1.17 and the mean and standard deviation 
of nutritional status among patirnt with enteral feed-
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Table 1
Distribution of the demographic variablesof patients on enteral feeding, level of nutritional status.

S.NO DEMOGRAPHIC  
VARIABLE

CONTROL GROUP EXPERIMENTAL GROUP

Frequency
N

Percentage
%

Frequency
N

Percentage %
1. Age in years

<30 8 22.9 9 25.7

30-50 11 31.4 13 37.1

50-70 11 31.4 7 20.0

>70 5 14.3 6 17.1

2. Gender 

Male 21 60.0 21 60.0

Female 14 40.0 14 40.0

Transgender 0 0 0 0

3. Religion 

Hindu 18 51.4 18 51.4

Christian 6 17.1 9 25.7

Muslim 7 20.0 8 22.9

Others 4 11.4 0 0.0

4. Type of workers

Moderate workers 15 42.9 17 48.6

Heavy workers 12 34.3 7 20.0

Sedentary workers 8 22.9 11 31.4

5. Monthly income 

<Rs.5000 7 20.0 5 14.3

5000-15000 10 28.6 10 28.6

15000-30000 12 34.3 13 37.1

>30000 6 17.1 7 20.0

6. Dietary pattern 

Vegetarian 6 17.1 7 20.0

Non- vegetarian 8 22.9 10 28.6

Mixed diet 21 60.0 18 51.4

7. BMI

<18.5 kg/m2 7 20.0 5 14.3

18.5-24.9 kg/m2 11 31.4 12 34.3

25.0-29.9 kg/m2 9 25.7 10 28.6

>30 kg/m2 8 22.9 8 22.9

8. Comorbid disease

Yes 18 51.4 24 68.6

No 17 48.6 11 31.4

9. Experience of pain 

Yes 21 60.0 26 74.3

No 14 40.0 9 25.7
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ing durring post test was 5.83±1.76 respectively. The 
calculated paired ‘t’ test value was t=0.566 at p=0.572 
which was not significant. In experimental group the 
mean and standard deviation among patient with en-
teral feeding during pre-test was 6.49±1.42 and the 
mean aand standard deviation of nutritional status 
among patirnt with enteral feeding durring post test 
was 5.31±1.28 respectively. The calculated P value was 
<0.001 which was highly statistically significant which 
revealed that the Nurse Implemented Algorithm for 
Nutritional Support (NIANS) was effective.

The study was to find out the association between 
the status of patient with enteral feeding in critical care 
unit and selected demographic variables. The result 
shown that clinical variables such as BMI and presence 
of comorbid disease had significant association with 
nutritional status among patient with enteral feeding 
p=0.0483 and p=0.0216 respectively. The remaining 
demographic variables such as age, gender, religion, 
type of workers, monthly income, dietary pattern and 
clinical variables such as experience of pain did not 
have any significant association with the nutritional 
status among patient with enteral feeding.

One of the limitations of current study is relative-
ly small sample conducted in single center, which 
reduces its generalizability. It is recommended to 
evaluate the effect of NIANS on patient with enter-
al feeding. The short duration of study was another 
limitation of the study. Increases the duration of the 
study and investigating others measure such as du-
ration of hospitalization and mortality could help to 
better clinical outcome of patient with enteral feed-
ing in critical care unit. Critical care unit nurses play 
a major role in implementing nutritional algorithm 
for patient with enteral feeding. By using the NIANS 
can reduces the malnutrition, length of hospital stay, 
and also increases the better prognosis of patient on 
enteral feeding. 

Conclusion
In general, it could be stated that, NIANS was posi-

tive effective on patient with enteral feeding in critical 
care unit. It also improve the nutritional status, reduce 
the length of hospital stays, increases the wound heal-
ing process and better clinical outcome of the patients 
in critical care unit. 

Table 2
Effectiveness of Nurse Implemented Algorithm for Nutritional Support (NIANS) on nutritional status among patient with enteral 
feeding in control and experimental group

GROUP Mean Standard deviation ‘t’ test value P value
Control Group Pre Test 6.03 1.71 3.371 0.572

Post Test 5.83 1.76
Experimental Group Pre Test 6.49 1.42

0.566 0.001***Post Test 5.31 1.28

Table 3
Association between the nutritional status of patients with enteral feeding in critical care unit and selected demographic variables

S.NO DEMOGRAPHIC VARIABLES N NUTRITIONAL STATUS MW/KW TEST P 
Value

CONTROL AND EXPERIMENTAL GROUP
MEDIAN IQR

1. BMI
<18.5kg/m2 12 5.9 3,7 0.6971 0.0483*
18.5- 24.9kg/m2 23 5.5 3,7
25.0-29.9kg/m2 19 6 4,9
>30 kg/m2 16 6.5 4,9

2. Comorbid disease
Yes 42 5.5 6,7 8.7428 0.0216*
No 28 7 5,9
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ABSTRACT
Background: Inadequacy of breast milk after delivery can be 
caused by the ineffective breast milk production and ejection. 
One way that can be done is oxytocin massage to promote 
breast milk secretion. Purpose: The purpose of current study 
was to determine the effectiveness of oxytocin massage on lac-
tation among postpartum mothers. Materials and methods: 
A true experimental research with pre and post test control 
group was conducted in the host institution of Saveetha Medi-
cal College And Hospitals. There were 60 postpartum mothers 
recruited using purposive sampling technique based on the 
inclusion criteria by using lottery method, 30 in experimental 
and 30 in control group. Oxytocin massage was administered 
for the duration of 20 minutes divided in two sessions both 
morning and evening for about 3 days .For the control group, 
routine hospital care was followed. On 3rd postnatal day, the 
study participants were reassessed for the level of breast milk 
secretion by using the same breast pump after one hour of 
the intervention. Results: The study results concluded that, the 
mean difference score in the experimental group was 62.30 and 
the calculated t test + = 14.942 was found to be statistically 
significant at p< 0.001 level which depicted clearly that, there 
was a significant increases in the level of breast milk secretion 
after circulation of oxytocin massage in experimental group 
of post partum mothers. Conclusion: oxytocin massage can 
be promote the production of breast milk among postpartum 
mothers.
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INTRODUCTION
Postpartum phase, is a period of transition follow-

ing pregnancy that begins when the placenta is dis-
charged and lasts up to six weeks. The morphological 
and physiological changes that happened during preg-
nancy are reversed during this time, and the body re-
turns to its Pre-pregnancy state. Lactation alterations 
are the most noticeable physiological changes that oc-
curs commonly during this period [1]. Physiological-
ly, emotionally, and socially, the postnatal period is a 
vital changeover period for a woman and her newborn 
[2]. Every mother must be prepared to breastfeed her 
newborn baby immediately after birth. [3] Breast milk 
is considered as the sole source of nutrition for a new-
born for a minimum of six months as recommended 
by World Health Organization (WHO) and American 
Academy of Paediatrics (AAP) . The amount of breast 
feeding depends on production of breast milk. Dec-
lination in production of breast milk may be due to 
multiple factors including anxiousness and less confi-
dent and inability to breast feed the baby .

Lactation is a process that all mammalian species 
go through. It’s the outcome of evolutionary process 
sculpting an optimal food delivery system that in-
volves moms giving all needed nutrients in sufficient 
amounts to their young [4]. The physiological basis of 
lactation is split into four phases: breast preparation, 
synthesis and secretion from breast alveoli, milk ejec-
tion, and lactation maintenance. The endocrine con-
trol has been portrayed in relation to different stages 
of breastfeeding. Lactogenesis enhances the ability of 
milk secretion by involving the maturation of alveolar 
cells involving two process including secretory initia-
tion and secretory activation. In second half of preg-
nancy, stage I secretory initiation occurs. During 16th 
week of pregnancy, minimal amount of milk will be 
released. Some women can express colostrum by the 
end of pregnancy. Soon after placental delivery, the 
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secretory activation begins with abundant milk pro-
duction leading to declination in the progesterone lev-
el and elevations identified in the levels of prolactin, 
cortisol, and insulin [5]. 

Breast feeding is one of the behavior that encourage 
mother to reduce stress and to improve foster behavior 
towards their infants, and can also maintain a mood . 
one method that can increase the breast- feeding calm 
can improve the production of milk is oxytocin mas-
sage. Oxytocin massage is a massage that runs across 
the spine until costa and an effort to stimulate the hor-
mones of prolactin and oxytocin after child birth [6] 
[7] Prolactin plays a vital role in milk production as 
the prolactin increases during pregnancy it enhances 
epithelial proliferation and prepare the mammary tis-
sue to begin producing milk. Progesterone and oestro-
gen levels drop after placental birth, allowing prolactin 
to take action and release milk. oxytocin is referred to 
as the “let-down” hormone. It aids in the contraction 
of myoepithelial cells surrounding the alveoli, result-
ing in the ejection of previously produced milk from 
the breast [8]. When breastfeeding was experienced as 
smooth, mothers felt a harmony in life when breast-
feeding. Breastfeeding was described as a way to rest 
and calm down as well as a period of relaxation for 
both the mother and infant. In such harmonious 
breastfeeding situations, the mothers also felt a sense 
of wellbeing, tranquillity and security in breastfeed-
ing. The release of breast milk can be inhibited by var-
ious factors including maternal stress and anxiety. It is 
therefore essential to initiate back massage as a nurs-
ing intervention for all postnatal mothers to maintain 
the levels of oxytocin which enhances relaxation of 
body muscles which finally increases the secretion of 
breast milk [9]. The spinal cord is stimulated by oxyto-
cin massage, and the neurotransmitter medulla oblon-
gata sends a message to the hypothalamus. As a result, 
the posterior pituitary will emit oxytocin, causing the 
breasts to make milk. 

The oxytocin massage is an attempt to activate the 
hormones prolactin and oxytocin after birth by mas-
saging down the side of the spine to the fifth and sixth 
costae bones. This massage increases the hormone 
oxytocin, which can soothe the mother and cause 
milk to flow naturally. oxytocin massage is a circular 
massage that lasts 15-20 minutes and is administered 
from the neck, scapula, to the spine (costae 5-6) [10] 
[11] , which promotes comfort, decreases the swollen 
breasts through decreasing blockage of breast milk, 

stimulating the release of oxytocin and maintains 
milk production .The parasympathetic nerve’s action 
to stimulate peripheral sensory nerve endings in the 
back brain to emit the hormone endorphin, which can 
limit the release of adrenal hormones, will be acceler-
ated by oxytocin massage. One of the chemicals that 
can limit the release of oxytocin is adrenaline. The 
endorphin hormone’s release can bring relief, enhance 
blood circulation, and improve the organ system’s per-
formance. This can boost milk production and release 
by stimulating the release of the hormones oxytocin 
and prolactin. [12] 

Oxytocin massage was proved to increase the pro-
lactin levels due to the increase of stimulation of af-
ferents nerve so that the hormone oxytocin increas-
es, which also increase the prolactin levels [13]. It has 
been identified by the researcher that, many postnatal 
mothers had the issues of declined breast milk secre-
tion when working as a midwifery nurse during her 
clinical experience, which made her to take the pres-
ent study as oxytocin massage is found to play a useful 
role in improving the breast milk secretion. Therefore, 
the objectives of current study was to assess the pre 
test level of breast milk secretion among postpartum 
mothers in both experimental and control group, to 
determine the effectiveness of oxytocin massage on 
breast milk secretion among postpartum mothers in 
the experimental group, to compare the post test lev-
el of breast milk secretion among postpartum moth-
ers both in experimental and control group and to 
find out the association between the post test levels 
of breast milk secretion among postpartum mothers 
with their demographic variables.

MATERIAL AND METHODS
Study Design: True experimental pre test post test 

control group design was adopted to investigate the 
effectiveness of oxytocin massage on lactation among 
post partum mothers. Study Setting: This study was 
conducted for the duration of one month from 3rd 
June 2022 till 3rd July 2022 in the postnatal ward of 
host institution . Subjects: Post partum mothers who 
underwent natural labour, assisted vaginal delivery in-
cluding vaccum, forceps, lower segmental caesarean 
section with birth weight of baby more than 2.5 kg with 
normal sucking reflex, and were in the zero postnatal 
or post operative day, with inadequate breast milk se-
cretion of less than 10 ml when assessed using breast 
pump, did not consume herbs or lactation drugs, are 
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Willing to participate in the study and can able to read, 
write, speak and understand Tamil or English were in-
cluded in the present study after getting the informed 
consent from the study participants. Mothers with his-
tory of obstetric complications during intranatal peri-
od, chronic energy deficiency, chronic psychiatric dis-
orders, habit of consuming alcohol, smoking, preterm 
delivery, postpartum mothers having anatomical dis-
orders of breasts, the babies with congenital anomalies 
including cleft lip and cleft palate, having the babies 
who are consuming prelactal feeds, mothers with baby 
who are died were excluded. Randomization: After 
recruiting the postpartum mothers through purpo-
sive sampling technique, all the 60 postpartum moth-
ers were randomly assigned to either the intervention 
group (oxytocin massage) or the placebo group by 
using lottery method. Intervention details: Oxytocin 
massage was administered (a circular massage was 
performed from the neck, scapula, until spine coastae 
5-6) for the duration of 20 minutes divided in two ses-

sions both morning and evening for about 3 days .For 
the placebo group, routine hospital care was followed. 
Outcome Assessment: On 3rd postnatal day, the study 
participants were reassessed for the level of breast milk 
secretion by using the same breast pump.

RESULTS AND DISCUSSION

Demographic And Clinical Characteristics
In the experimental group, with regards to the de-

mographic and clinical characteristics, majority of the 
post partum mothers 9 (30%) had no formal education 
and 9 (30%) had primary and high school education 
respectively, 27(90%) were housewives, 26 (86.7%) be-
longed to nuclear family, 25 (83.3%) had non-consan-
guineous marriage, 27 (90%) were residing in urban 
area, 21 (70%) had an family income of above 20,000 
per month, 20 (66.7%) were aged between 21 – 25 
years, 24 (80%) were non-vegetarian,20 (100%) had 
planned pregnancy and had regular antenatal check up, 
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Figure:1 Consort Flow Chart Depicting The Steps Involved In Sample Recruitment Process
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and 14 (46.7%) had duration of marital status for 1 – 2 
years In the control group, with regards to the demo-
graphic and clinical characteristics, majority of the post 
partum mothers, 9 (30%) had no formal education, 24 
(80%) were housewives, 26 (86.7%) belonged to nucle-
ar family, 25 (83.3%) had non-consanguineous mar-
riage, 24(80%) were residing in urban area, 17 (56.7%) 
had family income of 20,000 to above per month, 16 
(53.3%) were aged between 26–30 years, 30  (100%) 
were non-vegetarian, 30(100%) had planned pregnan-
cy and had regular antenatal check up and 21 (70%) 
had duration of marital status for 1 – 2 years.

Estimation of pre and post test levels 
of breast milk secretion among study 
participants in experimental and control 
group

In both experimental and control group, the pre-
test level of breast milk secretion among postpartum 
mothers, majority had inadequate level of < 10ml 30 
(100%), moderate level of 10-30ml and adequate lev-
el of > 30ml was nil. In experimental group, the post 
test level of breast milk secretion among postpartum 
mothers majority 23 (76.6%) had adequate level of > 
30ml, 7 (23.3%) had moderate level of 10-30ml and 
none had inadequate level of < 10ml whereas in the 
control group, the post test level of breast milk se-
cretion among postpartum mothers, majority had 
21(70%) inadequate level of < 10ml, 9(30%) moderate 
level of 10-30ml and 0 (0%) none had adequate level of 
> 30ml (Table:1 & Figure:2)

The present study findings is supported by a qua-
si experimental study conducted by Siti Farida et al., 
(2021) among 32 postpartum mothers who had inad-
equate breast milk secretion aiming in analysing the 
impact of oxytocin massage for enhancing the lacta-
tion. Oxytocin massage was initiated for about 3-5 
minutes [14] which stimulates the para sympathetic 
nervous system to trigger the posterior pituitary to 
liberate oxytocin [15] and prolactin which increases 
the production and release of milk [16]. Thus, the out-
come of study results revealed that, oxytocin massage 
increases the productivity of breast milk. 

The present study findings is supported by a com-
parative study conducted by Rahaya Budiutami et al., 
(2020) among 24 postpartum mother with inadequate 
breast milk secretion aiming in investigating the effect 
of oxytocin massage for enhancing lactation among 
postpartum mothers .Oxytocin massage was carried 

out on the fifth and sixth rib bones increases the lev-
els of both prolactin and oxytocin thereby, initiates let 
down reflexes, declines the obstruction of breast milk 
and maintains the production of breast milk by con-
tracting the aleveoli cells in the breast and enhancing 
the flow of milk within the breast ducts. The end result 
of the study after the intervention, identified that there 
was a significant increases in the level of breast milk 
secretion. [17] 

The present study findings is supported by a quasi- 
experimental study carried out by Sutisna Sulaeman 
(2016) aiming in analysing the effectiveness of oxyto-
cin massage for enhancing lactation among 60 post-
natal mothers with insufficient breast milk secretion. 
oxytocin massage was initiated for 2-3 minutes twice 
a day for 3days and the study results concluded that, 
oxytocin massage was found to be a simple effective 
measure in promoting lactation among post partum 
mothers. [18] 

Hence, the present study findings and other above 
studies clearly depicts that initiation of oxytocin mas-
sage enhances lactation among postpartum mothers 

Table:1 
Estimation of pre and post test levels of breast milk secretion in 
experimental and control group
(n=60)

Level Of 
Breast Milk 
Secretion

Experimental Group Control Group
Inade-
quate

Mod-
erate

Ade-
quate

Inade-
quate

Mod-
erate

Ade-
quate

F % F % F % F % F % F %

 Pre Test 30 100 0 0 0 0 30 100 0 0 0 0

 Post Test 0 0 7 23.3 23 76.7 21 70 9 30 0 0
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tum Mothers In Experimental Group.
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Effectiveness Of Oxytocin Massage On 
The Breast Milk Secretion Among Study 
Participants In The Experimental Group:

The pretest mean score level of breast milk secre-
tion among post partum mothers in the experimental 
group was 6.10±1.56 and the post test mean score was 
68.40±23.18. The mean difference score was 62.30. 
The calculated paired ‘t’ test value of t=14.942 was 
found to be statistically significant at p<0.001 level 
which clearly shows that there was significant increase 
in the level of milk secretion after the administration 
of oxytocin massage. This clearly infers that, oxytocin 
massage was found to be effective in increasing the 
level of milk secretion among post partum mothers in 
the experimental group.(Table:2, & Figure:3)

Table 2 
Effectiveness Of Oxytocin Massage On Breast Milk Secretion 
Among Study Participants In The Experimental Group:
n = 30

Level Of 
Breast Milk 
Secretion

Mean S.D
Mean 

Difference 
Score

Paired 
‘t’ test & 
p-value

Pretest 6.10 1.56
62.30

t=14.942
p=0.0001, 

S***
Post Test 68.40 23.18

 ***p<0.001, S – Significant

 

Figure 3. Boxplot Showing The Effectiveness Of Oxytocin Mas-
sage On The Level Of Breast Milk Secretion Among Post Partum 
Mothers In The Experimental Group

Comparison Of Pretest And Post Test  
Level Of Milk Secretion Among Post Partum 
Mothers Between The Experimental And 
Control Group.

The pretest mean score level of breast milk secretion 
among post partum mothers in the experimental group 
was 6.10±1.56 and the pretest mean score in the control 

group was 6.63±1.54. The mean difference score was 
0.53. The calculated student independent ‘t’ test value of 
t=1.331 was not found to be statistically significant which 
clearly shows that there was no significant difference 
in the level of breast milk secretion among postpartum 
mothers between the groups. The post test mean score 
of breast milk secretion among postpartum mothers in 
the experimental group was 68.40±23.18 and the post 
test mean score in the control group was 28.30±1.91. The 
mean difference score was 40.10. The calculated student 
independent ‘t’ test value of t=9.442 was found to be sta-
tistically significant at p<0.001 level which clearly shows 
that there was significant difference in the level of breast 
milk secretion among postpartum mothers between the 
groups. This infers that oxytocin massage was found to 
be effective in increasing the level of breast milk secretion 
among postpartum mothers in the experimental group 
than the control group who had undergone normal hos-
pital routine measures. (Table:3 & Figure:4)

Table:3 
Comparison Of Pretest And Post Test Level Of Milk Secretion 
Among Study Paricipants Between The Experimental And Con-
trol Group
N = 60(30+30)

Level Of 
Breast Milk 
Secretion

Experimental 
Group

Control 
Group Mean 

Differ-
ence 
Score

Student 
Indepen-
dent ‘t’ 
test & 

p-value
Mean S.D Mean S.D

Pretest 6.10 1.56 6.63 1.54 0.53
t=1.331

p=0.188, 
N.S

Post Test 68.40 23.18 28.30 1.91 40.10
t=9.442

p=0.0001, 
S***

 ***p<0.001, S – Significant, N.S – Not Significant

 

Figure:4 Boxplot Showing The Comparison Of Post Test Level 
Of Breast Milk Secretion Among Post Partum Mothers Between 
The Experimental And Control Group
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The present study findings is consistent with the 
findings of the quasi experimental study with time 
series design conducted by Nimde Rai Widi Astituti 
(2019) aiming in investigating the improvement of 
lactation among 30 postnatal mothers with inade-
quate breast milk secretion were oxytocin massage 
was initiated after 3 hours immediately after the birth 
of baby followed by that, the intervention was carried 
out once for 2 days for about 14 days .oxytocin mas-
sage stimulates the endorphin hormone thereby en-
hancing oxytocin reflex among the study participants 
which enhanced milk production and reduces the 
milk blockage and swelling [ .The outcome of study 
results reported that, there was a significant increase 
in the breast milk production (p< 0.005 level) among 
these postnatal mothers [19]. 

The results of current study clearly stated that, there 
are differences in the results of pre and post test inter-
ventions. As oxytocin massage arouse the spinal cord, 
passes signals to the neuro transmitters of medulla ob-
longata to reach the hypothalamus and the posterior 
pituitary gland releases oxytocin which initiates the 
breast to produce milk. This may be the physiological 
action that would have taken place in the parasympa-
thetic nervous system which enhanced the production 
of breast milk secretion among our study participants 
in our experimental group and our hypothesis test re-
sults indicated that, after initiation of oxytocin mas-
sage, there was a significant improvement identified 
in the level of breast milk secretion among our study 
participants [20]. 

Therefore, it was concluded that oxytocin massage 
was found to be a simple, effective intervention with 
no side effects which can be included as a part of nurs-
ing care by all the nurse midwives to enhance lactation 
among the postnatal mothers.

Association Between The Post Test Level s Of 
Breast Milk Secretion Among Postpartum Mothers 
With Their Selected Demographic Variables In The 
Experimental Group.

The demographic variable age in years (χ2= 6.162, 
p=0.046) had shown statistically significant associa-
tion with pretest level of breast milk secretion among 
postpartum mothers in the experimental group at 
p<0.05 level and the other demographic variables had 
not shown statistically significant association with 
pretest level of breast milk secretion among postpar-
tum mothers in the experimental group.

LIMITATIONS OF THE PRESENT STUDY
The dietary patterns were subjectively controlled 

only by asking the study participants and the cultur-
al aspects of foods that are eluded after child birth 
were not clarified in detail. As the participants were 
recruited irrespective of the mode of delivery there 
were many postpartum mothers with different phys-
ical condition and perception of pain varied and they 
could not tolerate with pain which might reduce the 
recovery on inhibit the hormone and milk production

CONCLUSION
Based on the findings of the current study, it was 

evident that there was significant effect of oxytocin 
massage that enhance, the breast milk production 
among the postnatal mothers. Therefore, oxytocin 
massage can be used as an alternative treatment by all 
the midwife nurse and other health care profession in 
an effort to promote breast milk production during 
the postpartum period as a part of nursing care for all 
the postnatal mothers.
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Abstract
The present study aim was to assess the effectiveness of breath-
ing exercises using hoberman sphere on respiratory efficacy 
among post operative children aged between 6-12 years in 
Saveetha Medical College and Hospital, Chennai. A quantita-
tive research approach and Quasi experimental research de-
sign was adopted for the present study. Among 60 Respiratory 
Efficacy among Post Operative children selected by convenient 
sampling technique. Structured questionnaire was used to col-
lect the demographic variables and observation schedule to 
assess the respiratory status . Among 60 Respiratory efficacy 
among Post operative children, the pretest mean score of re-
spiratory efficacy among post operative children was 9.90±2.59 
and post test mean score of respiratory efficacy was 4.13±2.56. 
The mean difference score was 5.77. The calculated paired ‘t’ 
test value of t = 30.370 was found to be statistically signifi-
cant at p<0.001 level which clearly infers that the administration 
breathing exercises with Hoberman Sphere among post opera-
tive children was found to be effective in improving the level of 
respiratory efficacy in the post test.
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INTRODUCTION:
A child is an important asset to his family and the 

society and he is a precious gift with lots of potential, 
and they are the best resources for the nation. A child 
is a unique individual; he or she is not a miniature 
adult, not a little man or woman. The childhood peri-
od is vital because children are vulnerable to diseases, 
disability and death owing to their age, sex, place of 
living, socio-economic status and a host of other vari-
ables. Children are major consumers of health care. In 
India, about 35% of total population is children below 
15 years of age. They are not only large in number but 
vulnerable to various health problems. Majority of the 
childhood health problems and death are preventable 
by simple low cost measures (Rajendran Shanthi, 
2016).

Breathing is the relationship between cognizance 
and insentience; a way to personify health and directing 
our vitality to enhance holistic development. Surgery 
is a unique experience for the individual. It is means of 
treating ailments, wounds and malformations by cer-
tain maneuver’s and instrumentation; evolving around 
the patient and health care team members. The sur-
gery may be major or minor and elective or emergen-
cy, but it is a stressful event to the patients. The more 
complex the surgery, the more likely the patient has to 
undergo changes in the body systems. Postoperative 
respiratory complications, such as pneumonia, short-
ness of breath, atelectasis, sputum retention, respirato-
ry failure is of major difficulties after abdominal sur-
gery. In some countries, deep breathing exercises are 
recommended to patients who are unable to take deep 
breaths after abdominal surgery (Pradeep Kumar Ya-
dav and Geeta Vikas Shiroor, 2018). 

Breathing exercises as a play way method can be in-
corporated in routine care for early recovery and ben-
eficial effects on respiratory signs. Farid, F.J Atri et al. 
conducted a study to examine the effects of course of 
aerobic exercise on pulmonary function and tolerance 
of activity in asthmatic patients. Significant changes 
were observed in FEV1, FVC, PEF, PEF 25-75%, MVV, 
RF and 6 MWT between asthmatic patients of the two 
groups (P≤0.05), but FEV1/FVC showed no signifi-
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cant changes. This study showed that aerobic exercises 
in asthmatic patients lead to an improvement in pul-
monary functions (Farid, Azad, et al., 2005).

Breathing techniques are helpful for reducing 
breathing difficulty. The ultimate goal is for children 
to be able to relax quickly when faced with stress-
ful situations. Breathing exercise as an integral part 
plays a significant role in airway clearance. Modified 
breathing exercise is mandatory in children because 
they might not co-operate like adults. The principle 
is to attract children and not to create boredom. It can 
be accompanied by musical tone that would evince in-
terest in a child. Various modified forms of breathing 
exercises like group exercises, running, balloon blow-
ing, abduction, adduction and forward movement of 
upper limbs, blowing air into the water with a straw, 
blowing a trumpet, flute and mouth organ playing are 
found effective in children (Sakshi, Multani and N.K, 
2010).The objectives of the study 1.To assess the level 
of respiratory efficacy among post operative children 
before and after intervention.2.To assess the effective-
ness of breathing exercises with Hoberman Sphere 
among post operative children.3.To associate the post 
test level of respiratory efficacy among post operative 
children with their selected demographic variables.

Methods and Materials:
The study used quantitative research approach and 

Quasi experimental research design with the sample 
size of the study was 60 who has Respiratory Efficacy 
among Post operative children aged between 6 - 12 
years who were selected by convenient sampling tech-
nique and who fulfilled the inclusion criteria. The 
inclusion criteria were Respiratory efficacy among-
Post operative children under 6-12 years residing 
at Saveetha Medical College and Hospital, Children 
who are undergoing post operative care, Children of 
both the gender, Children who are with 6-12 years of 
age, Children who are able to understand Tamil and 
English and the exclusion criteria were Children who 
are not conscious and oriented, Children who are not 
permitted to participate by their parents to partici-
pate in the study, Children who are with previous his-
tory of asthma or any respiratory disorders, Children 
who are on ventilator support, Children who are un-
dergone open- heart, thoracic, cranial and spinal sur-
geries. The study was conducted at Saveetha Medical 
College and Hospital, Chennai District. Structured 
questionnaire was used to collect the demographic 

variables and observation schedule to assess the re-
spiratory status . Demographic variables and pre test 
was conducted on the first day by assessing the respi-
ratory efficacy using respiratory status assessing scale 
and observational checklist for assessing the respi-
ratory status. The intervention of breathing exercise 
in the form of Hoberman Sphere was administered 
to the post operative children. On the 5th day post 
test was done to assess the respiratory efficacy using 
respiratory status assessing scale and observational 
checklist for assessing the respiratory status. The data 
were collected and analyzed by using descriptive and 
inferential statistics.

Results and Discussion:

SECTION A: DISTRIBUTION  
OF FREQUENCY AND PERCENTAGE  
OF DEMOGRAPHIC VARIABLES:

Demographic characteristics Among 60 Post oper-
ative children, the most of the post operative children 
in the experimental group, 12(40%) were aged be-
tween 10 – 12 years, 23(76.7%) were male, 30(100%) 
had mother as primary caregiver, 11(36.7%) had pri-
mary education, 22(73.4%) had monthly income of the 
family below Rs.15000/- and were residing in urban 
area, 24(80%) had appropriate weight and 26(86.7%) 
possessed good health.

Whereas in the control group, 11(36.7%) were 
aged between 6 – 8 years and 10 – 12 years, 25(83.3%) 
were male, 30(100%) had mother as primary caregiv-
er, 10(33.3%) had high school education and higher 
secondary education, 19(63.3%) had monthly income 
of the family below Rs.15000/-, 21(70%) were residing 
in urban area, 26(86.7%) had appropriate weight and 
28(93.3%) possessed good health.

SECTION B: ASSESSMENT OF LEVEL  
OF RESPIRATORY EFFICACY AMONG 
POST OPERATIVE CHILDREN IN THE 
EXPERIMENTAL AND CONTROL 
GROUP.

The above table shows that in the pretest of ex-
perimental group, 24(80%) had moderate respiratory 
problem and 3(10%) had mild and severe respiratory 
problem respectively whereas in the post test after the 
intervention, 39(66.7%) had mild respiratory prob-
lem, 7(23.3%) had moderate respiratory problem and 
3(10%) had no respiratory problem.
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Frequency and percentage distribution of pretest and post 
test level of respiratory efficacy among post operative children 
among post operative children in the experimental and control 
group.
N = 60(30+30)

Respiratory 
Efficacy

Experimental Group Control Group
Pretest Post Test Pretest Post Test
F % F % F % F %

No respiratory 
problem (0)

0 0 3 10.0 0 0 0 0

Mild (1 – 6) 3 10.0 20 66.7 3 10.0 3 10.0
Moderate  
(7 – 13)

24 80.0 7 23.3 26 86.67 26 86.67

Severe  
(14 – 20) 

3 10.0 0 0 1 3.3 1 3.3

The above table shows that in the pretest and post 
test of control group, 26(86.67%) had moderate respi-
ratory problem, 3(10%) had mild respiratory problem 
and 1(3.3%) had severe respiratory problem. 
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SECTION C: EFFECTIVENESS  
OF BREATHING EXERCISES WITH 
HOBERMAN SPHERE ON RESPIRATORY 
EFFICACY AMONG POST OPERATIVE 
CHILDREN.

The above table depicts that in the experimental 
group, the pretest mean score of respiratory efficacy 
among post operative children was 9.90±2.59 and post 
test mean score of respiratory efficacy was 4.13±2.56. 
The mean difference score was 5.77. The calculated 
paired ‘t’ test value of t = 30.370 was found to be sta-
tistically significant at p<0.001 level which clearly in-

fers that the administration breathing exercises with 
Hoberman Sphere among post operative children was 
found to be effective in improving the level of respira-
tory efficacy in the post test.

SECTION D: ASSOCIATION OF POST 
TEST LEVEL OF RESPIRATORY 
EFFICACY WITH SELECTED 
DEMOGRAPHIC VARIABLES.

The above table shows that the demographic vari-
able age (χ2=10.594, p = 0.024) had shown statistically 
significant association with post test level of respira-
tory efficacy among post operative children at p<0.05 
level and the other demographic variables had not 
shown statistically significant association with post 
test level of respiratory efficacy among post operative 
children.

CONCLUSION
The present study assessed the effectiveness of 

breathing exercises using hoberman sphere on respi-
ratory efficacy among post operative children aged 
between 6-12 years in selected hospital.

Based on statistical findings, it is evident that 
breathing exercises using hoberman sphere among 
post operative children improved the respiratory ef-
ficacy. So, In order to reduce the post operative con-
sequences related to breathing and to minimize the 
cost of the treatment modalities and to promote early 
recovery strategies should be planned so as to imple-

Comparison of pre-test and post test level of respiratory effi-
cacy among post operative children within and between the 
experimental and control group.
N = 60(30+30)

Group
Pretest Post Test Mean 

Difference 
score

Paired 
‘t’ test & 
p-valueMean S.D Mean S.D

Experi-
mental 
Group

9.90 2.59 4.13 2.56 5.77
t = 30.370
p=0.0001, 

S***

Control 
Group 9.87 2.39 9.57 2.13 0.30

t = 1.874
p=0.071, 

N.S
Mean 
Difference 
Score

0.03 5.44

***p<0.001
S – Significant

N.S – Not Significant
Student 
Indepen-
dent ‘t’ 
test & 
p-value

t = 0.052
p=0.959, 

N.S

t = 8.947
p=0.0001, 

S***



Issue 25. December 2022 | Cardiometry | 207

ment it in the clinical setting. Breathing exercises can 
cause significant reduction of respiratory signs and 
improvement of respiration among post operative 
children.
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Abstract
Infertility is frequently a secret battle, and depressive symp-
toms are more common in infertility patients than in cancer 
patients. Around 60–80 million couples worldwide have infer-
tility, which has a wide range of effects on many different di-
mensions. Despite this, it is progressive in nature. Traditional 
conceptions of reproductive awareness included understanding 
of female anatomy and physiology and how it relates to fam-
ily planning, as well as the possibility that couples might be 
somewhat exposed to the causes of infertility. The present study 
aims to assess the level of stress and perceived social support 
among women seeking infertility treatment. A quantitative ap-
proach with exploratory design was used to conduct the study 
at selected infertility clinic, Saveetha Medical College &Hospi-
tal with the sample size of 60 using non probability purposive 
sampling technique. The demographic and clinical variables of 
the women were collected by semi-structured questionnaire. 
The perceived stress scale “BDI” was used to evaluate the lev-
el of stress the and Multidimensional scale of perceived social 
support “MSPSS” was used for determination of perceived 
social support. The results the study revealed that the mean 
score of stress among women seeking infertility treatment was 
20.97±6.85 and the mean score of perceived social support 

was 3.72±1.43. The Correlation value of r = -0.447 shows a mild 
negative correlation which was found to be statistically signifi-
cant at p<0.05 level. This clearly infers that when the perceived 
social support among women seeking infertility treatment in-
creases their stress level decreases. Although the infertility clinic 
has formal requirements for psychological counseling for in-
fertility patients, there is acknowledgement that incorporating 
psychological interventions into routine practice at ART clinics 
is beneficial.

Keywords
Depression, Stress, Perceived Social Support, Infertility & Wom-
en
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Introduction
Infertility is frequently a secret battle, and people 

who deal with it have higher rates of despair than 
those who have been diagnosed with cancer. 1 The 
failure to successfully carry a child after 12 or more 
months of frequent, unprotected sexual activity is 
known as infertility. Primary infertility and second-
ary infertility are the two forms of infertility. Primary 
infertility is the inability to become pregnant. And if 
you were pregnant at least once before you met the re-
quirements for infertility, you have secondary infertil-
ity. Additionally, problems that affect men, women, or 
a combination of men and women may be the cause of 
infertility. Both men and women may experience a de-
cline in quality of life as a result of infertility.2Women 
are more impacted than men, however. Around 60–80 
million couples worldwide have infertility, which has 
a wide range of effects on many different dimensions. 
Despite this, it is progressive in nature. Couples may 
be somewhat exposed to the variables causing infertil-
ity, but historically, fertility awareness was thought to 
involve knowledge of female anatomy and physiology 
and its application to family planning.3

Humans are born with an innate desire to procre-
ate. The emotional sorrow of infertility is experienced 



Issue 25. December 2022 | Cardiometry | 209

by subfertile couples. It is widely acknowledged that 
infertility is a problem that affects many facets of life.4 
Many cultures place a high importance on fertility, 
and having children is one of humankind’s fundamen-
tal goals. Despite advancements in medicine, however, 
infertility cases around the world remain unabated, if 
only to a limited extent5. Due to the social stigma as-
sociated with infertility, couples’ interactions and the 
societal impact on them play a significant role. As a 
result, assisted reproductive technology (ART) has 
been steadily improving over the past 30 years6. A 
meta-analysis of infertility in Iran revealed that 26.6 
percent of women and 78.4 percent of men experience 
secondary infertility. Consequently, it’s important to 
evaluate what is known about infertility7.

An infertile couple may experience mental health 
issues at some point. Depending on the cause of in-
fertility, the length of the condition, and the number 
of times different treatments have been tried, the es-
timated prevalence of mental health issues can range 
from 30 to 80 percent. Although the cause is men, the 
psychological effects of infertility may include inferi-
ority complex, stress from interpersonal connections, 
and substantial stress for women.8

Particularly in countries where women are frequent-
ly blamed for a couple’s inability to conceive, where cul-
tural and societal pressures and conventions are among 
the major contributing elements to the development of 
these psychological difficulties, women are more prone 
to experience psychological disturbances9. The female 
partner’s level of education and occupation are further 
determining factors. The infertility further isolates the 
women since they sense less social support than with 
other illnesses in their environment.10

Even if the cause is attributed to their partner, 
some who seek therapy engage in physically taxing 
and emotionally draining medical treatments in an 
effort to become pregnant. Social support, which is 
essential to one’s physical and mental health, might 
play a crucial role in a woman’s ability to cope with 
the unanticipated stress of infertility, especially given 
that more women than men reveal their infertility to 
others. Social support is widely sought after and giv-
en by partners, family, and friends. It is defined as the 
perception of having an available, confident, or expe-
riencing caring attitudes expressed by a certain source. 
These types of social support can lessen the effects of 
a variety of life stressors, including myocardial infarc-
tion and cancer. 11

It has been demonstrated that social support can 
reduce stress brought on by a variety of medical con-
ditions, including infertility. The calibre of the sup-
port people receive has been linked to how they reveal 
information regarding stressors. It is advantageous 
to share facts in a way that best elicits support since 
women with infertility who experience less stress are 
more likely to seek and adhere to treatment.12

The current study fills a gap in the knowledge base 
on infertility by evaluating a model that looks at the 
impact of perceived social support and coping mech-
anisms on stress linked to infertility in a sample of in-
fertile women seeking treatment. The study objectives 
are to assess the level of stress and perceived social 
support among women seeking infertility treatment, 
to correlate the relationship between level of stress 
and perceived social support among women seeking 
infertility treatment and to determine the associa-
tion between level of stress and perceived social sup-
port among with their selected demographic variable 
among women seeking infertility treatment

Material and Methods 
A quantitative approach with exploratory design 

was used to conduct the study at selected infertility 
clinic, Saveetha Medical College &Hospital with the 
sample size of 60 assess the level of stress and per-
ceived social support among women seeking infer-
tility treatment who were selected by non-probability 
sampling technique. After obtaining the permission 
and ethical clearance from the institutional ethical 
committee present study was proceeded. The inclu-
sion criteria for the study are women between age of 
21-40 years of age, who are available at the time of data 
collection, who are able to read and understand Tamil 
and English language& who are undergoing infertil-
ity treatment in selected hospital. Exclusion criteria 
for the study are,Women who are not open to com-
municate and co-operate. The purpose of the study 
was explained by the investigator to each of the study 
participants and a written informed consent was ob-
tained from them.The demographic and clinical vari-
ables of the women include age, educational status, 
occupational status, income, area of residency, type 
of family, duration of marriage, history of pregnancy 
loss, duration of infertility treatment, type of infertility 
&cause of infertility.Perceived stress scale13“BDI” was 
used to evaluate the level of stress related to infertility 
treatment. Multidimensional scale of perceived social 
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support “MSPSS” was used for determination of per-
ceived social support. The data was collected were an-
alyzed using descriptive and inferential statistics. 

Results and Discussion:

Section A: Sample characteristics  
of the women 

The study depicts that most of the women seeking 
infertility treatment, 24 (40%) were aged <20 years, 
36 (60%) had high school education, 50 (83.3%) were 
unemployed, 46 (76.7%) had an income of 20000 and 
above, 38 (63.3%) were residing in urban area, 52 
(86.7%) belonged to nuclear family, 38 (63.4%) were 
married for 1 – 3 years, 50 (83.3%) had no history of 
pregnancy loss, 52 (86.7%) were under infertility treat-
ment for 1 – 5 years, 44 (73.3%) had primary type of in-
fertility and 46 (76.7%) responded as female infertility. 

Section B: Assessment of level of stress and 
perceived social support among women 
seeking infertility treatment.

The above table 1 shows that among women seek-
ing infertility treatment, 44 (73.34%) had moderate 
stress, 14 (23.33%) had high perceived stress and 2 
(3.33%) had low stress.(Figure 1)

Table 1
Frequency and percentage distribution of level of stress among 
women seeking infertility treatment. N = 30

Level of Stress Frequency Percentage
Low Stress (0 – 13) 2 3.33
Moderate Stress (14 – 26) 44 73.34
High Perceived Stress (27 – 40) 14 23.33
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Figure 1: Percentage distribution of level of stress among wom-
en seeking infertility treatment

Smita. (2021)estimated a study to assess the level 
of stress among infertile women, results showed 40% 
have mild stress, 49.50% have moderate stress and 
10.5% have severe stress.14

In a study by W. Jerone Lawrence Benedicta & Sa-
ranya, conducted in 2021 to determine the effectiveness 
of hatha yoga in reducing stress in women seeking treat-
ment for infertility, it was discovered that the majority 
of participants–20 (or 67 percent)–had high stress levels 
prior to the test, while 10 (or 33 percent) had average lev-
els. In the post-test, 10 (33%) had normal stress, while 20 
(67%) had average stress. It revealed that the majority of 
them experienced high and average stress before the test, 
and low and average stress after the test.15

The above table 2 shows that among women seek-
ing infertility treatment, 40(66.67%) had moderate 
support, 12 (20%) had low support and 8 (13.33%) 
had high social support.(Figure 2)

Table 2
Frequency and percentage distribution of level of perceived so-
cial support among women seeking infertility treatment. N = 30

Level of Perceived Social 
Support Frequency Percentage

Low Support (1 – 2.9) 12 20.0

Moderate Support (3 – 5) 40 66.67

High Support (5.1 – 7) 8 13.33
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Figure 2: Percentage distribution of level of perceived social 
support among women seeking infertility treatment

SECTION C: Relationship between stress 
and perceived social support among women 
seeking infertility treatment.

The table 3 depicts that the mean score of stress 
among women seeking infertility treatment was 
20.97±6.85 and the mean score of perceived social 
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support was 3.72±1.43. The calculated Karl Pearson’s 
Correlation value of r = -0.447 shows a mild negative 
correlation which was found to be statistically signif-
icant at p<0.05 level. This clearly infers that when the 
perceived social support among women seeking infer-
tility treatment increases their stress level decreases.

Table 3
Correlation between stress and perceived social support among 
women seeking infertility treatment. N = 60

Variables Mean S.D Karl Pearson’s Cor-
relation ‘r ’ Value

Stress 20.97 6.85
r = -0.447
p=0.013, S*Perceived Social 

Support 3.72 1.43

*p<0.05, S – Significant

SECTION D: Association of level of stress 
and perceived social support with selected 
demographic variables.

The table 4 shows that the demographic variables 
women age (χ2=17.127, p=0.009) and duration of 
infertility treatment (χ2=9.377, p=0.009) had statisti-
cally significant association with level of stress among 
women seeking infertility treatment at p<0.01 level 
respectively and the other demographic variables had 
not shown statistically significant association with lev-
el of stress among women seeking infertility treatment.

Table 4
Association of level of stress among women seeking infertility 
treatmentwith their selected demographic variables. N = 30

Demographic 
Variables

Low Moderate High Chi-Square 
Test & 

p-valueF % F % F %

Women age 
(years)

χ2 = 17.127
d.f=6

p=0.009
S**

<20 2 3.3 22 36.7 0 0
21 – 30 0 0 2 3.3 10 16.7
31 – 40 0 0 10 16.7 2 3.3
>40 0 0 10 16.7 2 3.3
Duration of 
infertility treat-
ment (Years)

χ2 = 9.377
d.f=2

p=0.009
S**

<1 - - - - - -
1 – 5 0 0 21 70.0 5 16.7
6 – 10 2 3.3 2 3.3 4 6.7
10 – 15 - - - - - -
>15 - - - - - -

The study shows that none of the demographic 
variables had statistically significant association with 

level of perceived social support among women seek-
ing infertility treatment.

A study was undertaken in 2020 by Durgun Ozan 
Y and Duman M to assess the relationships between 
perceived social support and coping with infertility in 
women who had undergone unsuccessful infertility 
treatments. The findings indicate a substantial posi-
tive association exists between adjustment to infertil-
ity and perceived social support from family, friends, 
and significant others (r = 0.17, P 0.05; r = 0.35, P 0.01; 
and r = 0.23, P 0.01, respectively).16

In a study conducted in 2019 on women with pri-
mary infertility, Saleem, Qureshi, and Mahmood 
estimated attachment, perceived social support, 
and mental health issues. According to the findings, 
roughly 32% of women identified as secure, 49% as 
ambivalent, and 19% as avoidant in terms of their at-
tachment type to their partner. The findings showed a 
substantial inverse relationship between perceived so-
cial support and mental health issues among infertile 
women.17

Conclusion:
For patients, receiving an infertility diagnosis can 

be extremely stressful. Patients dealing with infertili-
ty experience significant agony and suffering. Patients 
need to be guided and encouraged as they undergo 
treatment. The benefits of introducing psychological 
interventions into regular practise at ART clinics are 
acknowledged, notwithstanding the official require-
ments for psychological counselling for infertility pa-
tients set forth by the infertility clinic. Stress brought 
on by infertility has a long history. There is still some 
debate regarding how stress affects the results of ART. 
However, it is evident that psychological therapies for 
infertile women can reduce anxiety and sadness and 
may even increase pregnancy rates dramatically. How-
ever, the sample size was too small to draw any general 
conclusions, necessitating the conduct of additional 
experiments with bigger participant populations. Ad-
ditionally, to discover the parallels and discrepancies 
between distinct groups of people from various back-
grounds, future studies should include both rural and 
urban samples with different psychological factors.
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Abstract:
Background: The present study aims to assess the uric acid 
levels in first trimester to predict the gestational diabetic mel-
litus. Materials And Methods: The quantitative approach 
with prospective cohort study was conducted in the host in-
stitution of Saveetha Medical College And Hospitals. A total of 
60 study participants were recruited using purposive sampling 
technique based on the inclusion criteria, the demograph-
ic and clinical data was collected by using a self-structured 
questionnaire and the levels of serum uric acid was estimated 
during 0-12 weeks and the study participants were followed 
till 24- 28 weeks of gestation, and the levels of Oral Glucose 
Tolerance Test (Oral GTT) were estimated during 24- 28 weeks 
of gestation. Results: The outcome results identified that, 
among our study participants during 0-12 weeks of gestation, 
10% had uric acid level less than normal,73.3% had normal 
uric acid level, 16.7% had uric acid level more than normal and 
after a follow up till 24- 28 weeks Oral Glucose Tolerance Test 
(Oral GTT) and the results identified that, among our study 
participants 86.67% were not at the risk of developing GDM 
during pregnancy and 13.33% had the risk of developing GDM 
during pregnancy. Conclusion: This study demonstrates a 
positive association between increased first trimester uric acid 
and GDM.
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INTRODUCTION 
GDM is defined as carbohydrate intolerance of 

varying severity that begins or is first recognised 
during pregnancy, whether or not the condition is 
treated with insulin or just diet modification, and 
whether or not the problem persists after pregnan-
cy [1]. According to the World Health Organization 
and the American Diabetes Association GDM is “any 
degree of glucose intolerance with onset or first de-
tection during pregnancy”. Between 1% and 14% of 
all pregnancies have this disorder [2]. In Europe, the 
prevalence ranges from 5.4 percent to 14.0 percent. 
The frequency of GDM in Asia varies from 0.7 to 51.0 
percent. Differences in nationality, diagnostic criteria, 
screening procedures, and population variables may 
account for the large discrepancy in prevalence rates. 
Obesity and a rise in maternal age [3]. In India, esti-
mates of the prevalence of GD range from less than 
4% to approximately 18%. The illness affects up to 5 
million women in India each year [4]. According to 
the World Health Organization, diabetes affects ap-
proximately 180 million people worldwide and is ex-
pected to increase by 2030 [5]. GDM has a complex 
etiology that has yet to be fully determined, while var-
ious risk factors may play a role in its development. 
Some of the proposed risk factors for GDM include 
age, overweight or obesity, ethnicity, family history of 
diabetes, and prior GDM [6]. Excessive weight gain, 
preeclampsia, and caesarean sections are among risks 
associated with GDM. Macrosomia, delivery trauma, 
and shoulder dystocia are all risks for babies born to 
women with GDM [7]. Serum uric acid (UA) is a fre-
quent test for assessing renal function, and greater UA 
levels are linked to chronic kidney disease (CKD). It 
has been discovered that CKD and Type 2 diabetes 
have comparable pathogenetic pathways. In non-preg-
nant women, greater levels of serum UA have been as-
sociated to insulin resistance and an increased risk of 
Type 2 diabetes in several studies [8]. In women who 
have gestational hypertension or diabetes mellitus, 
uric acid levels are linked to insulin resistance during 
pregnancy (GDM). Independent of body mass index, 
uric acid levels are greater in non-pregnant women 
with H/O GDM (BMI) [9]. After the American Dia-
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betes Association recommended screening all women 
without prior known diabetes between the 24th and 
28th gestational week, risk-based screening is being 
phased out around the world. Uric acid has been stud-
ied as a potential risk factor for the onset of GDM [10]. 
According to the HAPO study, there is no threshold 
at which these unfavourable effects in the mother or 
the unborn occur. Medical nutrition therapy, glyce-
mic profile, or insulin therapy remain the mainstays 
of treatment [11]. We expected that increased uric 
acid in the first trimester would be associated with 
the development of gestational diabetes since uric acid 
is linked to insulin resistance and predates the onset 
of type 2 diabetes in non-pregnant people [12]. The 
exact correlations between various oral glucose toler-
ance test (OGTT) parameters and unfavourable preg-
nancy outcomes in GDM patients are yet unknown. 
It’s not known whether one, two, or three abnormal 
glucose readings on the OGTT indicate an increased 
risk of problems [13]. Children of GDM mothers have 
higher blood sugar levels and altered amino acid and 
lipid profiles, which promote the release of insulin and 
growth hormones. Because of this, these kids have a 
6-fold increased chance of developing type 2 diabetes 
during childhood and adolescence [14]. The imple-
mentation of a healthy lifestyle, improved healthcare 
seeking behaviour, and therefore illness prevention 
and early detection will be made easier by prenatal 
women’s knowledge of GDM [15]. Any level of glu-
cose intolerance during pregnancy is harmful to the 
mother and the foetus. The harmful maternal con-
sequences are hypertension, preeclampsia, UTI, hy-
dramnios, increased surgical intervention, and future 
diabetes. It is linked to RDS, macrosomia, congenital 
anomalies, metabolic abnormalities, and other condi-
tions in foetuses and newborns. Obesity in children 
and adolescents [16]. The WHO and most recently 
the International Federation of Gynaecology and Ob-
stetrics have approved the International Association of 
Diabetes in Pregnancy Study Groups (IADPSG) cri-
teria for the diagnosis of gestational diabetes mellitus 
(GDM) (FIGO) [17]. We suggest combining a “early” 
OGTT with information on the mother’s medical his-
tory, current health, and promising novel biomarkers 
such glycosylated fibronectin (glyFn) might make a 
comparable GDM diagnosis, even in the first trimes-
ter [18]. The identification of gestational diabetes in 
pregnant women can be heterogeneous in the lack of 
evidence-based and widely accepted “gold standards”, 

which has an impact on estimates of the prevalence 
of GDM and related health outcomes, as well as their 
health costs and quality of life [19]. Depending on the 
diagnostic criteria used, the prevalence of GDM varies 
greatly. The number of pregnant women diagnosed as 
at risk and the success of the pregnancy may change 
depending on the diagnostic criteria used [20]. The 
objective of current study to assess the pretest uric acid 
level during first trimester of pregnancy is associated 
with subsequent development of GDM by confirma-
tion with oral Glucose Tolerance Test (GTT) among 
antenatal mothers.

METHODS AND MATERIALS
Study Design: Quantitative approach with pro-

spective cohort design was adopted for the current 
study to assess the serum uric acid levels in first tri-
mester to predict gestational diabetes mellitus. Study 
Setting: The study was conducted for the duration of 
8 months from 20th December 2021 till 30th July 2022 
in the antenatal clinic of host institution. Ethical Ap-
proval: After obtaining the ethical clearance from the 
Institutional Ethical Committee (IEC) of Saveetha In-
stitute of Medical and Technical Science and a formal 
permission from the Departmental head of Obstetrics 
and Gynaecology the study was conducted. Study 
Participants: A total of 60 antenatal mothers who ful-
fil and meets the inclusion criteria were recruited as 
study participants. The inclusion criteria includes all 
antenatal mothers who are booked in antenatal clinic 
with 0- 12 weeks of gestation who are willing to par-
ticipate and affirmed to monitor the uric acid levels 
during Ist trimester and followed by that, affirmed to 
monitor the Oral Glucose Tolerance Test (Oral GTT) 
during their IInd trimester and can able to read, write 
English and Tamil. The exclusion criteria for the study 
participants antenatal mothers with other co-morbid-
ities such as history of prior diabetes, hypertension, 
multiple pregnancy, gout arthritis, chronic renal dis-
ease, liver disease, who have the habit of consuming 
alcohol and smoking, who are taking drugs like as-
pirin, phenothiazines and diuretics, who not able to 
communicate and cooperate. Sampling Technique: 
A total of 60 antenatal mothers were recruited based 
on the inclusion criteria by using convenience sam-
pling technique. Informed Consent: The purpose of 
the study was explained clearly in depth to each of 
the study participant and a written informed content 
was obtained from them. Pre- Assessment: The demo-
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graphic and clinical information was collected by us-
ing a self-structured questionnaire after estimating the 
levels of serum uric acid. Post – Assessment: During 
2nd trimester, the levels of Oral Glucose Tolerance Test 
(Oral GTT) were estimated.

RESULTS AND DISCUSSION

Demographic And Clinical Characteristics
Among 60 study participants, with regards to age 

of antenatal mothers 17(28.3%) were aged between 
31 – 35 years. with regards to educational qualifi-
cation 20(33.3%) belongs to higher secondary ed-
ucation. with regards to occupation, 31(51.7%) of 
mothers were homemakers. with regards to resides, 
24(40%) were residing in urban area. with regards 
to the type of marriage, 30(50%) had and had not 
consanguineous marriage. with regards to the type 
of family, 30(50%) belonged to joint and nuclear 
family, with regards to type of food, 30(50%) were 

vegetarian and non-vegetarian. with regards to re-
ligion, 33(55%) were Hindus. With regards to the 
clinical characteristics the antenatal mothers of 
34(56.7%) were multi gravida, 21(35%) had a ges-
tational age of 5 – 8 weeks, 36(60%) had no family 
history of diabetes and family history of gestational 
diabetes, 39(65%) had no past history of GDM for 
mother, 31(51.7%) used to go for a regular walk, 
37(61.7%) had not practiced exercise regularly, 
19(31.6%) had a BMI of ≥25kg/m2 and 35(58.3%) 
had no co-morbid illness.

Estimation Of Uric Acid Levels During First Tri-
mester (0-12 weeks) Of Pregnancy Is Associated With 
Subsequent Development Of GDM: 

The current study identified among our study par-
ticipants are 44(73.3%) of antenatal mothers had nor-
mal uric acid level (2.6 – 6.0 mg/dl), 10(16.7%) had 
uric acid level more than normal (>6.0 mg/dl) and 
6(10%) had uric acid level less than normal (<2.6 mg/
dl). (Table: 1 and Figure:2)
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Figure:1 Consort Flowchart Depicting The Steps Involved In Sample Recruitment Process
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Table 1
Frequency And Percentage Distribution On Level Of Uric Acid 
During First Trimester (0-12 weeks) Of Pregnancy Is Associated 
With Subsequent Development Of GDM:
N = 60

Levels Of Uric Acid Frequency (F) Percentage (%)
Less than Normal (<2.6 
mg/dl) 

6 10.0

Normal (2.6 – 6.0 mg/dl) 44 73.3
>Normal (>6.0 mg/dl) 10 16.7
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Figure:2 Percentage Distribution Of Uric Acid Levels During First 
Trimester (0-12 Weeks) Of Pregnancy Is Associated With Subse-
quent Development Of GDM

Untimely interventions and apt treatment regimen 
in GDM clients will promote benefits and averts the 
unfavourable maternal and foetal consequences and 
will preserve them from abiding complications . In the 
course of pregnancy, there will be a marked declina-
tion of uric acid levels from 8- 24 weeks attributable 
to elevated glomerular filtration rate and diminished 
uric acid reabsorption from renal tubules. During Ist 
trimester of pregnancy period, uncertainly the pre 
conceptional levels of uric acid and raised levels may 
be recognised among women liable to metabolic disor-
ders with an increased possibility of developing GDM 
[21]. In current study, the Study participants with se-
rum uric acid level of <2.6 mg/dl, 2.6 – 6.0 mg/dl, >6.0 
mg/dl were in first, second and third quartile respec-
tively. The findings of the current study is consistent 
with the prospective cohort study conducted by Siv-
asarupa 2021 aiming in investigating the elevated uric 
acid levels during first trimester pregnancy whether 
serves as predictor for ruling out GDM among 106 
pregnant women with less than 12 weeks of gestation. 
The blood samples were collected from these pregnant 
women for serum uric acid and these mothers were 
followed till 24- 28 weeks and oral glucose tolerance 

test was done. Among the pregnant women with in-
creased levels of uric acid there is an increased risk for 
the development of GDM among these women [22]. A 
retrospective case controlled study was done by Aker, 
2016to investigate the association between the levels 
of serum uric acid during first trimester among low 
risk pregnant women population with the GDM de-
velopment. 4812 antenatal mothers were estimated for 
serum uric acid levels and the Oral Glucose Challenge 
Test (OGCT) was done during their 2nd trimester and 
the study results finally identified that, the mean lev-
els of uric acid were significantly higher among GDM 
mothers [10]. 

A prospective observational study was done by 
Rasika in 2014among 70 pregnant women to identi-
fy the association of increased uric acid levels during 
0-12 weeks of gestation with the development of that 
gestational diabetes and the end results of study con-
cluded that, there was a moderate significance identi-
fied with clients with family history of DM, increased 
BMI level were at risk of developing of GDM [2]. 

Hence, the findings of current study and the above 
supportive studies, it has been identified among our 
60 study participants 16.6% of antenatal mothers had 
elevated levels of uric acid during Ist trimester (0-12 
weeks of gestation), there is a possibility of developing 
GDM among these mothers.

The mean score level of uric acid was 4.35±1.42. 
The minimum score was 1.90 and the maximum score 
of 6.80. The median was 4.35. Hence there is possi-
bility of occurrence of GDM among these antenatal 
mothers. (Table:2)

Table 2
Assessment Of Mean And Standard Deviation Of Uric Acid Lev-
el Among Antenatal Mothers:
n = 60

 Levels Of Uric Acid Score
Minimum score 1.90
Maximum score 6.80
Median 4.35
Mean 4.35
Standard Deviation (S.D) 1.42

The current study reported that, among our study 
participants 52(86.67%) were not at the risk of devel-
oping GDM during pregnancy and 8(13.33%) had the 
risk of developing GDM during pregnancy. (Table:3 
and Figure:3)
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Table: 3 
Frequency And Percentage Distribution Of Risk Of Developing 
GDM During Pregnancy Among Antenatal Mothers:
n = 60

Glucose Tolerance Test Frequency (F) Percentage (%)
No risk of GDM (≤140) 52 86.67
Risk of GDM(>140) 8 13.33
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Figure:2 Percentage Distribution Of Risk Of Developing GDM 
During Pregnancy Among Antenatal Mothers

Pregnancy causes continuous changes in the pater-
nal carbohydrate metabolism, as pregnancy proceeds 
there is an increase in both insulin resistance as well 
as diabetogenic stress due to the influence of the pla-
cental hormones and when this mechanism is altered it 
leads to gestational diabetes [23]. Uric acid induces en-
dothelial dysfunction leading to diminished synthesis 
of nitric oxide by endothelial cells. The other possible 
mechanism which causes insulin resistance by uric acid 
may be due to inflammation and oxidative stress [24]. 

A prospective study was conducted by Ramalaksh-
mi 2018 among 100 antenatal mothers to investigate 
the association between the levels of uric acid in first 
trimester and its risk of developing GDM and the out-
come of the study result reported that, increased uric 
acid levels at 0- 12 weeks of gestation serves as a in-
dicator for GDM [9]. A clinical study was conducted 
by Chauhan 2016 among 300 antenatal mothers with 
in 0 -14 weeks of gestation were oral GTT screening 
was carried out to analyse the association between risk 
of developing GDM and first trimester uric acid levels 
and the end results of the study concluded that, there is 
a deranged blood glucose level with the mothers with 
increased level of uric acid of > 5mg/dl .Therfore, first 
trimester uric acid levels serves as biochemical marker 
for developing GDM [25]. 

Hence the findings of our study and the above 
mentioned studies concluded that, the study partici-

pants who had increased level of serum uric acid de-
veloped Gestational Diabetes Mellitus (GDM).So, it 
is necessary to monitor the levels of serum uric acid 
during the first trimester of pregnancy serves a predic-
tor to rule out GDM.

Association Of Uric Acid Levels During 
First Trimester Of Pregnancy Is Associated 
With Subsequent Development Of GDM 
By Confirmation With Oral GTT Among 
Antenatal Mothers With Their Selected 
Demographic Variables.

The demographic variables of consanguineous 
marriage had shown statistically significant associ-
ation with level of uric acid during first trimester of 
pregnancy is associated with subsequent development 
of GDM by confirmation with oral GTT among an-
tenatal mothers at p<0.05 level and the other demo-
graphic variables had not shown statistically signif-
icant association with level of uric acid during first 
trimester of pregnancy is associated with subsequent 
development of GDM by confirmation with oral GTT 
among antenatal mothers.

Association Of Uric Acid Levels During 
First Trimester Of Pregnancy Is Associated 
With Subsequent Development Of GDM 
By Confirmation With Oral GTT Among 
Antenatal Mothers With Their Selected 
Clinical Variables

The clinical variables of past history of GDM for 
mother had shown statistically significant association 
with level of uric acid during first trimester of preg-
nancy is associated with subsequent development of 
GDM by confirmation with oral GTT among ante-
natal mothers at p<0.05 level and the other clinical 
variables had not shown statistically significant asso-
ciation with level of uric acid during first trimester of 
pregnancy is associated with subsequent development 
of GDM by confirmation with oral GTT among ante-
natal mothers.

CONCLUSION
The main focus of implementing an antenatal 

screening test for GDM is to rule out pre-symptomatic 
women who develop pregnancy complications and to 
promote efficacious treatment protocol to decease the 
morbidity and mortality. Presently, pregnancy compli-
cation that arise due to GDM are not ruled out until 
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mid-late gestation. Many health care professionals ad-
vocate the need for an earlier predictive investigation 
for GDM, is estimating “the first-trimester levels of 
serum uric acid.” Any antenatal woman with history 
of obesity, family history of diabetes, prior history of 
GDM, glucosuria, history of intra uterine death, histo-
ry of macrosomia should be diagnosed for gestation-
al diabetes. As the estimation of first-trimester levels 
of serum uric acid serves as a predictor of GDM. It 
is simple, inexpensive, non–invasive, and easy to per-
form and can be used as a screening test for the predic-
tion of GDM. Hence, as a part of antenatal c screening 
first-trimester levels of serum uric acid can be added 
as a screening test for all women, so we can predict 
GDM and diagnosed in time.
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Abstract
AIM: the present study aims to assess the physiological and 
biochemical effects of online gaming among children at 
veepampattu. METHODS AND MATERIALS: A quantitative 
research design was used for the present study. A total 60 sam-
ples were collected using convenience sampling technique. 
The demographic variable was assessed by structured ques-
tionarie, and pretest, posttest of physiological and biochemi-
cal effect was assessed by monitoring the blood pressure and 
blood glucose levels and samples were exposed to cognitive 
reconstructive therapy followed by that data was gathered and 
analyzed . RESULTS: the results the study revealed that there 
is a significant association between level of physiological effect 
with selected demographic at the level of p<0.01 conclusion: 
Thus, the present despites that factors associated with level of 
physiological effect with selected demographic. 
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INTRODUCTION
Video games have transitioned from being a sub-

culture to being a popular entertainment during the 
past 30 years. Concern over how playing video games 

negatively impacts kids’ and teens’ health is growing 
among parents, educators, and the general public(1). 
Online gaming is beneficial because it helps keep peo-
ple, particularly young people, from engaging in risky 
behaviour like using drugs or joining gangs. People get 
excited about playing video games online and become 
more competitive. Additionally, it improves a player’s 
cerebral agility and sharpness(2). The majority of pri-
or research on Internet gaming disorder (IGD) has 
been on the addiction to traditional desktop-based 
online gaming. But according to a new study, there are 
very weak links between the various types of Internet 
addiction (3). Violent video games can trigger ado-
lescents’ observational learning, according to Bandu-
ra’s social cognitive theory (Bandura). They may not 
only copy the aggressive behaviour of the role model 
in this scenario, but their perceptions of aggression 
may also shift as a result. As a result, adolescent vi-
olence and violent video games may potentially be 
mediated by normative attitudes about aggression(4). 
Online games can distract players and interfere with 
crucial responses to actions taken outside of the game, 
such as academic performance, health, and social re-
lationships. This can have a huge negative impact on 
people’s lives, especially those of students(5). When a 
youngster spends a significant amount of time playing 
video games, especially online games where the goal 
is to defeat actual people who are skilled at the game 
rather than merely the computer, their potential in 
school is not fully realised. This is the displacement 
hypothesis. Online gaming can have a negative impact 
on academic performance by taking time away from 
other educational pursuits like reading and home-
work(6).).The link between adolescent video gaming 
and hostility affects classroom conduct (7). Children 
and adolescents today live media-rich lifestyles, ac-
cording to a number of recent studies: They own 83 
to 97 percent of home video game consoles, on which 
they spend a significant amount of time each day(8). 
Obesity in children and adolescents has been linked 
to decreased physical activity, while it is still unclear 
whether obesity is a cause or a result of inactivity(9). 
Park et al. concentrated on analysing changes in glu-
cose metabolism in a sample made up of 11 IGD and 
9 HC. The right middle orbitofrontal gyrus, the left 
caudate nucleus of the striatum (which is thought to 
be strongly associated with addiction and reward pro-
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cessing), and the right insula, which is important in 
the conscious desire to use drugs, all demonstrated 
a significant increase in resting glucose metabolism 
among IGD subjects(10). Stress-related glycemia in-
creases in children with diabetes cannot be adequately 
controlled. Given that wide glycemic swings have been 
identified as one of the many variables contributing to 
the development of microvascular damage, it is cru-
cial to determine the extent to which diabetic adoles-
cents should be more conscious of glycemic variations 
during VG play when selecting an insulin dose(11). 
Children’s cardiovascular reactivity and the onset of 
hypertension were studied by Frank Treiber and his 
colleagues at the Medical College of Georgia, as well 
as by other researchers. They hypothesised that reac-
tivity to stressors in the laboratory may be a long-term 
marker in the development of hypertension and other 
cardiac issues (12). The ability of CBT to target and 
improve maladaptive cognitions that underpin gam-
ing behaviours that cause harm and/or distress sets 
it apart from other therapies, including drug therapy. 
CBT may be more able to address comorbid problems 
in the context of IGD, which is still another advan-
tage(13). The well-known treatment CBT is found-
ed on the idea that thoughts influence moods. Pa-
tients learn new coping mechanisms and techniques 
for avoiding relapse as well as how to monitor their 
thoughts and recognise those that set off addictive 
feelings and behaviours(14).

So the main objective of the study study was to as-
sess the physiological and biochemical effects of on-
line gaming among children. 

MATERIALS AND METHODS 
A quantitative research approach with one group 

pre test and post test research design was used for the 
study. Before commencing the data collection, autho-
rized setting permission was obtained from the higher 
authority of selected community area veppampattu 
village, thiruvallur district the study was conducted. A 
total of 60 mothers and children aged (6 to 17) years 
residing in veepampattu village who met the inclusion 
criteria were selected as study participants by using 
convenient sampling technique.

The inclusion criteria for the study participants 
were children (6 to 17 years) who using smart phone. 
The exclusion criteria for the study participants were 
mothers and children who don’t understand tamil and 
English language. The purpose of study was explained 

by the investigator to each of the study participants 
and a written informed consent was obtained from 
them.the demographic data was collected by struc-
tured questionarie and the pre test and post test level 
of physiological and biochemical effect by monitoring 
the blood pressure and blood glucose. Then cognitive 
reconstructing therapy is given which includes follow-
ing the given schedule and journalising and analyzed 
by using descriptive and inferential statistics.

RESULTS AND DISCUSSION 

SECTION A: Description  
of the demographic variables of mother and 
children

In experimental group maximum of them were in 
the age group of 32-35 years, and had primary edu-
cation, about 43.3% of the had primary education, 
46.7% had business for father, and 56.7%mother also 
had own business .In control group maximum of them 
were in the age group of 32-35 years and 40 and above, 
and had primary education, about 30.0% of mothers 
had primary education, 46.7% had daily wages for fa-
ther, and 56.7%mother also had own business.
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Pictorial representation of age of the child

SECTION B: Assessment of pretest 
and posttest level of physiological and 
biochemical effect of online gaming 

Table 1 depicts that Among the 60 samples in the 
study 30 experimental and 30 control group. In ex-
perimental group the physiological effect (blood pres-
sure) is assessed in the pre test among 0% had mild 
effect, 13(43.33%) had moderate effect, 17(56.7%) had 
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severe effect and in post test 12(40.0%)had mild ef-
fect, 14 (46.67%) had moderate effect, 4(13.33%) had 
severe effect . In the pre test among control group 16 
(53.33%) had mild effect,13(43.33%) had moderate ef-
fect, 1 (3.33%) had severe effect and in post test among 
4(13.33%) had mild effect, 15 (50.0%) had moderate 
effect and 11(36.7%) had severe effect of online game 
addiction.

Table 1
Frequency and percentage distribution of physiological effect 
of online gaming in the experimental and control group 

Group Physiolog-
ical effect 

Mild Moderate Severe 
No. % No. % No. %

Experi-
mental 
Group

Pretest 0 0 13 43.33 17 56.7
Post Test 12 40.0 14 46.67 4 13.33

Control 
Group

Pretest 16 53.33 13 43.33 1 3.33
Post Test 4 13.33 15 50.0 11 36.7

DESCRIPTION OF THE DEMOGRAPHIC 
VARIABLES OF AND CHILDREN

In experimental group, maximum of them were in 
the age group 6-8 years of 36.7%, 63.3% males, 43.3% 
were had primary education, 46.7 of them had few 
times a week and plays 3 to 4 hours a day 

In control group, maximum of them were in the 
age group 6-8 years of 30.0%, 70.0% males, 43.3% were 
had primary education, 46.7 of them had few times a 
month and plays 3 to 4 hours a day 

Table 2
Frequency and percentage distribution of demographic vari-
ables of in the experimental and control group.
N = 60(30+30)

Demographic Variables
Experimental 

Group Control Group

No. % No. %
Age 
6-8 years 11 36.7 9 30.0
9-11 years 5 16.7 5 16.7
12-14 years 6 20.0 9 30.0
15-17 years 8 26.6 7 23.3
Sex 
Male 19 63.3 9 30.0
Female 11 36.6 21 70.0
Education 
Primary 13 43.3 13 43.3
Secondary 9 30.0 5 16.7
Higher secondary 8  26.7 12 40.0

Demographic Variables
Experimental 

Group Control Group

No. % No. %
Frequency of playing 
online game 
Every day 4 133 4 13.3
Few times a week 14 46.7 11 36.7
Few times a month 10 33.3 14 46.7
Less often 2 6.7 1 3.3
Hours of playing 
online game 
2 hours 6 20.0 7 23.3
3 to 4 hours 17  56.7 16 53.3
More than 4 hours 7 23.3 7 23.3

SECTION B: Assessment of pretest 
and posttest level of physiological and 
biochemical effect of online gaming 

Among experimental group,in pretest maximum 
of them had severe physiological effect of online gam-
ing,in posttest maximum of them had mild effect of 
online gaming 

Among control group,in pretest maximum of them 
had mild physiological effect of online gaming,in 
posttest maximum of them had severe effect of online 
gaming.
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Figure 2: Percentage distribution of pretest and post test level of 
physiological effect the experimental group
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Table 3
Frequency and percentage distribution of physiological effect 
of online gaming in the experimental and control group.

Group Blood 
pressure 

Mild Moderate Severe 
No. % No. % No. %

Experimental 
Group

Pretest 0 0 13 43.33 17 56.7
Post Test 12 40.0 14 46.67 4 13.33

Control 
Group

Pretest 16 53.33 13 43.33 1 3.33
Post Test 4 13.33 15 50.0 11 36.7

Table 4 depicts that Among the 60 samples in the 
study 30 experimental and 30 control group. In exper-
imental group the biochemical effect (blood glucose) 
is assessed in the pre test among 1(3.33%) had mild 
effect, 16(53.33%) had moderate effect, 13(43.33%) 
had severe effect and in post test 12(40.0 %) had mild 
effect and 13(43.33%) had moderate effect, 5(16.67%) 
had severe effect . Among control group biochemical 
effect (blood glucose) is assessed in pre test 2(6.67%) 
had mild effect,12(40.0%) had moderate effect, 16 
(53.3%) had severe effect and.

Table 4
Frequency and percentage distribution of biochemical effect of 
online gaming in the experimental and control group

Group Blood 
glucose 

Mild Moderate Severe 

No. % No. % No. %

Experimen-
tal Group

Pretest 1 3.33 16 53.33 13 43.33
Post Test 12 40.0 13 43.33 5 16.67

Control 
Group

Pretest 2 6.67 12 40.0 16 53.3
Post Test 2 6.67 14 46.67 14 46.67

SECTION C: Comparison of pretest and 
posters level of physiological effect after 
cognitive reconstructive therapy 

The table 5 depicts that the pre test mean score of 
physiological effect (blood pressure) was 1.45 with 
standard deviation 0.84. The post test mean score of 
physiological effect (blood pressure) was 0.65 with 
standard deviation 0.78.The calculated paired `t` test 
value of t =8.016 was found that cognitive reconstruc-
tive therapy has significant effect on post test com-
pared to pre test physiological effect

The table 6 depicts that the pre test mean score of 
biochemical effect (blood glucose) was 1.56 with stan-
dard deviation 0.81. The post test mean score of phys-
iological effect (blood glucose) was 0.83 with standard 

deviation 0.69.The calculated paired `t` test value of t 
=4.853 was found that cognitive reconstructive thera-
py has significant effect on post test compared to pre 
test biochemical effect.

This clearly states that cognitive reconstructive 
therapy has significant effect on posttest compared to 
pretest on biochemical effect

SECTION D: Association of level 
of physiological effect with selected 
demographic variables 

This study results shows that the demographic 
variable such as mothers occupation shows signifi-
cant association with the physiological effect at p < 
0.05. Then the study results shows that none of the 
demographic variables had shown statistically sig-
nificant association with post test level of biochem-
ical effect.

Table 7
association of level of physiological effect with selected demo-
graphic variables 

Demo-
graphic 

Variables

Mild Moder-
ate Severe Chi-Square 

Value
No. % No. % No. %

Age 

χ2=7.760
d.f=6

p = 0.256
N.S

28-31 years 4 13.3 4 13.3 0 0
32-35 years 5 16.7 3 10.0 2 6.7
36-39 years 2 6.7 5 16.7 0 0
40 and 
above years 

1 3.3 2 6.7 2 6.7

Table 5
mean an standard deviation of physiological effect of online 
gaming in the experimental and control group.

Physiological 
effect Mean S.D Paired ‘t’ test 

Value
Pretest 1.45 0.84 t = 8.016

p = 0.0001
S***Post Test 0.65 0.78

***p<0.001, S – Significant

Table 6
mean an standard deviation of biochemical effect of online 
gaming in the experimental and control group.

Blood glucose Mean S.D Paired ‘t’ test 
Value

Pretest 1.56 0.81 t = 4.853
p = 0.0001

S***Post Test 0.83 0.69

***p<0.001, S – Significant
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Demo-
graphic 

Variables

Mild Moder-
ate Severe Chi-Square 

Value
No. % No. % No. %

Fathers 
education 

χ2=4.062
d.f=6

p = 0.668
N.S

Primary 5 16.7 4 13.3 2 6.7
Secondary 2 6.7 2 6.7 1 3.3
Degree 3 10.0 2 6.7 1 3.3
Illiterate 2 6.7 6 20.0 0 0
Mothers 
education 

χ2=1.807
d.f=4

p = 0.771
N.S

Primary 6 20.0 6 20.0 1 3.3
Secondary 4 13.3 4 13.3 1 3.3
Degree - - - - - -
Illiterate 2 6.7 4 13.3 2 6.7
Fathers 
occupation 

χ2=2.278
d.f=6

p = 0.892
N.S

Professional 1 3.3 3 10.0 0 0
Business 6 20.0 6 20.0 2 6.7
Daily wages 4 13.3 4 13.3 2 6.7
Unem-
ployed 

1 3.3 1 3.3 0 0

Mothers 
occupation

χ2=10.149
d.f=4

p = 0.038
S*

House wife 5 16.7 1 3.3 0 0
Business 7 23.3 9 30.0 4 13.3
Daily wages 0 0 4 13.3 0 0
Unem-
ployed 

- - - - - -

*p<0.05, S – Significant, N.S – Not Significant 

This study shows that the demographic variable 
such has mothers occupation shows significant asso-
ciation postest level of physiological effect at p <0.005.

Conclusion 
This indicates that cognitive reconstructive thera-

py is effective and easy method to improve children`s 
behaviour. This can be applicable for changing the 
child`s attitude and behaviour which reduces the 
physiological and biochemical changes in the body 
and reduces the stressors faced by the children.
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ABSTRACT
Diabetes Mellitus is one of the most serious health problem 
that arise from poor sleep quality. Objectives of the study 
were to assess the level of sleep quality and glycemic con-
trol among patients with diabetes mellitus. To establish a re-
lationship between sleep quality and glycemic control among 
patients with diabetes mellitus and to associate the level of 
sleep quality and glycemic control among patients with their 
selected demographic variables.A descriptive study was con-
ducted among 100 diabetic patients at SMCH, Thandalam 
Chennai. Subjects were selected using purposive sampling. 
Data were collected by using Tool 1: Structured Questionnaire 
and Tool 2: Pittsburgh Sleep Quality Index and Tool 3: Re-
cent HbA1C Scoring. The result of the study found that there 
is a borderline significance in the mean score of HbA1c was 
6.02±0.92 and the mean score of sleep quality was 9.32±3.68. 
The calculated Karl Pearson’s Correlation value of r = 0.416 
shows a moderate positive correlation between HbA1c and 
sleep quality which was found to be statistically significant at 
p<0.001 level. This clearly infers that when HbA1c increases 
among increases then the sleep disturbances among patients 
with diabetes mellitus also increases.
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INTRODUCTION:
As per the WHO, diabetes mellitus (DM) is de-

fined as a heterogeneous metabolic disorder charac-
terized by common feature of chronic hyperglycemia 
with disturbance of carbohydrate, fat and protein 
metabolism. Diabetes is a chronic disease that occurs 
either when the pancreas dose not produce enough in-
sulin or the body cannot effectively use the insulin it 
produces. Uncontrolled diabetes may lead to serious 
damage to many body systems, especially the nervous 
and blood vessels

Diabetes mellitus is a major public health problem 
with rising prevalence worldwide and in the year 2015 
around 415 million people were known to have diabe-
tes. This estimate is expected to increase to 642 million 
of the population by 2040. Further, it is the 6th leading 
cause of death, attributing to 5 million deaths global-
ly in 2015. According to recent estimates, 69.2 million 
people are affected with diabetes in India (Vibha S.P, 
et al., 2018)

According to the International Diabetes Federation 
(IDF), the number of people globally with type 2 di-
abetes mellitus (T2DM) will increase to 552 million 
by 2030, over twice the number in 2000. Nearly 21% 
of these new cases will be from India, which has the 
highest number of cases in any country.1 India cur-
rently has 61.3 million diabetics, a figure that is pro-
jected to increase to 103 million by 2030 (Nithesh KK, 
Katkuri S, Ramyacharitha I., 2018).

The effects of unhealthy sleep pattern on the body 
are numerous and widely varied, spanning different 
body systems. Accumulated evidence shows that, dis-
turbed sleep is an important factor associated with the 
impairment of the entire spectrum of mental abili-
ties, ranging from simple to more complicated mental 
functions, which can lead to deficits in alertness and 
cognitive performance, and occurrence of accidents. 
Moreover, many adverse physiological effects can oc-
cur due to this disturbance, including high blood pres-
sure, impairment of glucose control, and an increase 
in the body inflammation process (Abdulaziz Darraj, 
et al., 2018).

Evidence shows that poor sleep quality is a common 
problem among people with diabetes mellitus. Globally, 
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47.6% of diabetics were affected by poor sleep quality. 
Sleep is essential for life and maintenance of body func-
tions. During sleep the body secretes many important 
hormones to regulate metabolic and endocrine func-
tions. The main role of sleep is to restore a whole body’s 
balance, including the central nervous system, and it is 
a daily requirement. Good sleep quality has a signifi-
cant clinical importance in diabetes mellitus patients by 
regulating the level of insulin, the build-up of inflam-
matory cytokines, preserving body caloric intake, and 
decreasing the likelihood of unhealthy behavior. 

Poor sleep quality is a leading health problem in the 
diabetic population. It presents as symptoms character-
ized by difficulty in initiating and maintaining sleep, 
excessive somnolence, disturbed sleep-wake schedule 
and dysfunctions associated with sleep and sleep stag-
es. Poor sleep quality is a medical disorder of the sleep 
patterns with higher rates of poor sleep quality, exces-
sive daytime sleepiness, and higher use of sleep medica-
tions. Evidence shows that poor sleep quality is a com-
mon problem among people with diabetes mellitus. In 
Africa, 29.5% of the diabetic population presented sleep 
disturbance. A study done in Ethiopia showed that 
about 55.6% of diabetic patients were affected by sleep 
disturbance. (Tesfamichael Tadesse Birhanu, Mohamed 
Hessen Salih, Haile Michael Kindie Abate, 2020).

MATERIALS AND METHODS
The quantitative research approach and descriptive 

research design was used to assess the association be-
tween sleep quality and glycemic control among pa-
tients with diabetes mellitus. The sample size was 100 
of Diabetes mellitus Patients who met the selected cri-
teria. Data was collected from the sample using a Non 
probability (purposive sampling technique)method. 
The selected criteria were DM patients those who wish 
to participate in this study. Individual who did not 
wish to participate this study were excluded. Data was 
collected using structured questionnaires for demo-
graphic variable and Pittsburgh’s sleep quality index 
for clinical variable. Confidentiality was maintained.
Collected data was analyzed .The project has been ap-
proved by the ethics committee of the institution.

RESULT AND DISCUSSION

SECTION A: DESCRIPTION  
OF THE DEMOGRAPHIC VARIABLES OF 
PATIENTS WITH DIABETES MELLITUS.

The table 1 shows that most of the antenatal 
mothers 17(28.3%) were aged between 31 – 35 years, 
20(33.3%) of mothers had higher secondary education, 
31(51.7%) of mothers were homemakers, 25(41.7%) 
had a family monthly income of Rs.10,001 – 15,000, 
24(40%) were residing in urban area, 30(50%) had and 
had not consanguineous marriage, 30(50%) belonged 
to joint and nuclear family, 30(50%) were vegetarian 
and non-vegetarian and 33(55%) were Hindus.

Table 1
Frequency and percentage distribution of demographic vari-
ables of patients with diabetes mellitus N = 100

Demographic Variables Frequen-
cy (f )

Percent-
age (%)

Age of the patient
Young (18 – 35) 27 27.0
Middle (36 -55) 25 25.0
Older (>55) 48 48.0
Gender
Male 61 61.0
Female 39 39.0
BMI Value
18.5 – 24.9 (Normal) 40 40.0
<18.5 (Underweight) 33 33.0
25 – 29.9 (Over weight) 11 11.0
>30 (Obese) 16 16.0
Occupation
Government employee 13 13.0
Private employee 45 45.0
Self employee 32 32.0
Unemployed 10 10.0
Marital status
Married 72 72.0
Unmarried 28 28.0
Education level
Illiterate 4 4.0
Primary school 39 39.0
Higher secondary 39 39.0
Diploma or Graduate 18 18.0
No. of years with diabetes mellitus
Below 5 years 47 47.0
5 to 10 years 34 34.0
10 to 15 years 15 15.0
More than 15 years 4 4.0
Any family history of diabetes 
mellitus?
Yes 31 31.0
No 69 69.0
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Demographic Variables Frequen-
cy (f )

Percent-
age (%)

Any cardio vascular disorders?
Yes 11 11.0
No 89 89.0
Any Medications used for diabetes 
mellitus, if yes mention the med-
ication
Yes 84 84.0
No 16 16.0
Duration of sleep per day
Less than 6 hours 56 56.0
6 to 8 hours 36 36.0
More than 8 hours 8 8.0
Factors affecting sleep
Usage of mobile 43 43.0
Environmental factors 39 39.0
Inadequate dietary intake 18 18.0

SECTION B: ASSESSMENT OF LEVEL OF 
HBA1C AND SLEEP QUALITY AMONG 
PATIENTS WITH DIABETES MELLITUS.

The above table 2 shows that 40(40%) had predi-
abetes, 31(31%) had diabetes and 29(29%) were nor-
mal.
Table 2
Frequency and percentage distribution of level of HbA1c among 
patients with diabetes mellitus. N = 100

HbA1c Frequency (F) Percentage (%)
Normal (≤5.6) 29 29.0
Prediabetes (5.7 – 6.4) 40 40.0
Diabetes (≥6.5) 31 31.0
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Figure 1: Percentage distribution of level of HbA1c among pa-
tients with diabetes mellitus

The above table 3 shows that 46(46%) had mod-
erate sleep disturbances, 32(32%) had mild sleep 

disturbances and 22(22%) had severe sleep distur-
bances.

Table 3
Frequency and percentage distribution of level of sleep quality 
among patients with diabetes mellitus. N = 100

Sleep Quality Frequency (F) Percentage 
(%)

Mild Disturbance (1 – 7) 32 32.0
Moderate Disturbance (8 – 14) 46 46.0
Severe Disturbance (15 – 21) 22 22.0

 

0

20

40

60

80

100

Mild 
Disturbance 

(1 – 7)

Moderate 
Disturbance 

(8 – 14)

Severe 
Disturbance 

(15 – 21)

32
46

22Pe
rc

en
ta

ge

Level Sleep Quality

Mild Disturbance (1 – 7)
Moderate Disturbance (8 – 14)
Severe Disturbance (15 – 21)

Figure 2: Percentage distribution of level of sleep quality among 
patients with diabetes mellitus

SECTION C: RELATIONSHIP BETWEEN 
HBA1C AND SLEEP QUALITY  
AMONG PATIENTS  
WITH DIABETES MELLITUS.

The above table 4 shows that the mean score of 
HbA1c was 6.02±0.92 and the mean score of sleep 
quality was 9.32±3.68. The calculated Karl Pearson’s 
Correlation value of r = 0.416 shows a moderate 
positive correlation between HbA1c and sleep qual-
ity which was found to be statistically significant at 
p<0.001 level. This clearly infers that when HbA1c 
increases among increases then the sleep distur-
bances among patients with diabetes mellitus also 
increases.

Table 4
Correlation between HbA1c and sleep quality among patients 
with diabetes mellitus N = 100

Variables Mean S.D Karl Pearson’s Cor-
relation Value

HbA1c 6.02 0.92 r = 0.416
p=0.0001, S***Sleep Quality 9.32 3.68

***p<0.001, S – Significant
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SECTION D: ASSOCIATION  
OF LEVEL OF HBA1C AND SLEEP 
QUALITY WITH SELECTED 
DEMOGRAPHIC AND CLINICAL 
VARIABLES.

The table 5 shows that the demographic variable 
factors affecting sleep (χ2=12.868, p=0.012) had 
shown statistically significant association with level 
of HbA1c among patients with diabetes mellitus at 
p<0.05 level and the other demographic variables 
had not shown statistically significant association 
with level of HbA1c among patients with diabetes 
mellitus.

Table 5
Association of level of HbA1c and sleep quality among patients 
with diabetes mellitus with their selected demographic vari-
ables. N = 100

Demographic Variables
HbA1c Sleep Quality

Chi-Square &
p-value

Chi-Square &
p-value

Occupation
χ2=7.008

d.f=6
p=0.320

N.S

χ2=14.113
d.f=6

p=0.028
S*

Government employee
Private employee
Self employee
Unemployed

The table 5 also shows that the demographic vari-
able occupation (χ2=14.113, p=0.028) had shown 
statistically significant association with level of sleep 
quality among patients with diabetes mellitus at 
p<0.05 level and the other demographic variables had 
not shown statistically significant association with lev-
el of sleep quality among patients with diabetes mel-
litus.

CONCLUSION
The findings of the analysis shows that the mean 

score of HbA1c was 6.02±0.92 and the mean score of 
sleep quality was 9.32±3.68. The calculated Karl Pear-
son’s Correlation value of r = 0.416 shows a moderate 
positive correlation between HbA1c and sleep qual-
ity which was found to be statistically significant at 
p<0.001 level. This clearly infers that when HbA1c 
increases among increases then the sleep disturbances 
among patients with diabetes mellitus also increases.
Hence the research hypothesis H1 that stated earli-
er “There is a significant relationship between the 
sleep quality and glycemic control among patients 
with diabetes mellitus” was accepted.
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ABSTRACT
Back ground: Postpartum period is the time that starts right after 
birth and extends for about six weeks. Breast engorgement is a 
problem for many lactating women that must be addressed in the 
client care. Purpose: The purpose of current study was to determine 
the effectiveness of reverse pressure softening technique on level 
of breast engorgement among postpartum mothers. Materials and 
methods: A true experimental research with pre and post test con-
trol group was conducted in the host institution of Saveetha Medical 
College And Hospitals. There were 60 postpartum mothers recruited 
using purposive sampling technique based on the inclusion criteria 
by using lottery method, 30 in experimental and 30 in control group 
.Reverse pressure softening technique was administered for the du-
ration of 10 minutes divided in two sessions both morning and eve-
ning for about 3 days .For the control group, routine hospital care 
was followed. On Dsy -3, the study participants were reassessed for 
the level of breast engorgement by using the breast engorgement 
scale. Results: The study results concluded that, the mean difference 
score in the experimental group was 1.24 and the calculated t test 
+ = 6.495 was found to be statistically significant at p< 0.0001 lev-
el which depicted clearly that, there was a significant decreases in 
the level of breast engorgement after circulation of reverse pressure 
softening technique in experimental group of post partum mothers.. 
Conclusion: Reverse pressure softening technique is a simple and 
safest method in reducing breast engorgement among postnatal 
mothers during postpartum period.
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INTRODUCTION
In this current scenario there is no substitute for 

mother’s milk; it is a mother’s gift to herself, her baby 
and the environment. [1] The benefits of breast feed-
ing extend well beyond basic nutrition. In addition vi-
tamins and nutrients, the breast milk is packed with 
disease-fighting substances that protect the baby from 
illness [2] Breastfeeding has additionally been associ-
ated with cognitive development, preventing obesity 
and Insulin dependent Diabetes Mellitus [3]. 

In focus of the importance of breastfeeding, the Ba-
by-Friendly Hospital Initiative was once launched via 
UNICEF/WHO in 1991 [4] WHO encouraged that, 
globally over one million new born babies could be 
saved every year by initiating breast feeding with in the 
first hour of life each year reducing deaths generally 
due to diarrheal disorders and lower respiratory tract 
infections in children. [5] There are many lactating 
mothers suffering with breast engorgement. [6] Breast 
engorgement is described as the development of hard, 
swollen, and painful breasts when too much breast 
milk accumulates in the milk ducts. Engorged breasts 
can become very large, tight, lumpy, and tender. The 
swelling may additionally go all the way up into your 
armpit, and the veins on the surface of breasts can also 
become more seen or even stick out [7] 

Breast engorgement is seen in 2% of lactating 
mothers [8] On the second and third days after birth, 
lymphatic ponding in the breast tissue, edema around 
the milk ducts, and more milk production in the al-
veoli occur. Engorgement may develop due to insuffi-
cient frequency and insufficient amount of breastfeed-
ing, lack of breastfeeding in an appropriate position, 
excess breast milk, and use of tight bras [9] 

During first two weeks after the birth of baby there 
will be a some degree of breast engorgement but its 
is normal. An increase in blood flow to your breasts 
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along with a surge in your milk supply often results in 
your breasts getting overly full. [10] It regularly peaks 
on the third to fifth day after childbirth and then pro-
gressively subsides with time. However, it may addi-
tionally persist as long as two weeks after childbirth. 
[11] Breast engorgement usually occurs within a week 
of the birth, but can occur later. When the baby is 
born first few days primary engorgement occurs, and 
it occurs when the mother’s body is still trying to alter 
to the quantity of milk that baby demands. Second-
ary engorgement occurs later when the mot her is not 
feeding as frequently as she used to, or the baby re-
moves less milk from the breast. [12] 

The most serious effect of breast engorgement is 
that it prevents the child from maintaining the nipple 
and areola in his or her mouth, therefore stopping ef-
fective breast milk flow [13] The most important rea-
sons breast engorgement manifest consist of the fol-
lowing: (a) lack of direct stimulation to the breast due 
to discontinuance of natural breastfeeding (b) extend 
in breastfeeding(c) insufficient breastfeeding (d) lim-
ited breastfeeding time and frequency and (e) now not 
altering feedings between breasts and indicated that 
breast engorgement entails three elements: congestion 
and expanded vascularity, accumulation of milk, and 
edema secondary to the swelling and obstruction of 
drainage of the lymphatic system by means of vascular 
will increase and fullness of the alveoli. [14] 

Engorgement may even cause body temperature 
to rise round 99-100 degree F, it is also recognized as 
milk fever. According to Academy of Breastfeeding 
Medicine Protocol Committee, breast engorgement is 
described as the swelling and distension of the breasts 
[15] If the baby cannot effectively suck, a negative 
feedback mechanism is activated, and breast milk ex-
cretion is suppressed [16] The factors which may place 
a mother at a higher risk of engorgement are failure 
to prevent or resolve milk stasis resulting from infre-
quent or inadequate drainage of the breasts. [17] 

It found that applying pressure to a one to two-inch 
area around the base of the nipple, around the areola 
area, will in effect, push fluid back inside, upward and 
backward, which can enable the nipple to protrude bet-
ter [18] Reverse pressure softening is performed for a 
shorter duration of 5-10 minutes, RPS technique per-
formed by moving from mild or firmer swelling away 
from under the areola, slightly backward into breast 
for shorter duration of 5-10 minutes. This allows are-
ola to change shape easily and makes latching easier 

as the softened areola helps your nipple extend more 
deeply into your baby’s mouth. Benefits of RPS in-
clude: Steady stimulation of nerves beneath the areola 
mechanically triggers the milk ejection reflex, propel-
ling milk ahead in the breast, nearly constantly inside 
1-2 minutes or less. Excess interstitial fluid is briefly 
moved in the direction of herbal lymphatic drainage. 
Displacing milk slightly backward into deeper ducts 
relieves over-distention of sub areola ducts, reducing 
latch discomfort and facilitating milk transfer. Areola 
elasticity is freed for, extending the nipple more deeply 
into baby’s mouth, responding to the rippling of the 
tongue.(Guyton, AC) [19] 

It has been identified by the investigator that,be-
ing a midwifery nurse during her clinical experience 
came across many postnatal mothers had an issues 
of breast engorgement during postpartum period . 
So, the investigator was interested in treating breast 
engorgement by using non pharmacological mea-
sures and it was found that reverse pressure softening 
technique plays an important role in reducing breast 
engorgement.Therefore the researcher interested to 
evaluate the effectiveness of reverse pressure soften-
ing technique on reduction of breast engorgement 
among postnatal mothers .Therefore, the objectives of 
current study was to assess the pre test level of breast 
engorgement among postpartum mothers in both ex-
perimental and control group, to determine the effec-
tiveness of reverse pressure softening technique on the 
level of breast engorgement in the experimental group, 
to compare the post test level of breast engorgement 
among postpartum mothers both in experimental and 
control group and to find out the association between 
the post test levels of breast engorgement among post-
partum mothers with their demographical variables.

MATERIAL AND METHODS
Study Design: True experimental Pre test post test 

control group design was adopted to investigate the 
effectiveness of Reverse pressure softening technique 
on level of breast engorgement among postpartum 
mothers. Study Setting: This study was conducted 
for the duration of one month from 3rd June 2022 till 
3rd July 2022 in the postnatal ward of host institution 
. Study Participants: Both Primi and multi gravida 
postnatal mothers irrespective of mode of delivery 
who are in the 3rd, 4th and 5th postnatal day reporting 
with symptoms of breast engorgement, who have no 
nipple abnormalities like inverted or cracked nipples, 
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sore nipples, retracted nipple,Who are available at the 
time of data collection, Who are Willing to partic-
ipate in the study and can able to read, write, speak 
and understand Tamil or English were included in the 
present study after getting the informed consent from 
the study participants. Mothers with history of who 
have complications including mastitis, HIV positive 
mothers, breast abscess,Plugged ducts in breast,Malig-
nant breast tumor,Mother undergoing medical treat-
ment for breast engorgement,who had broken skin of 
breast, who were in the 2nd to 5th day of postpartum 
period,who had newborn with congenital anomalies 
including cleft lip and cleft palate,who had Pre-term 
delivery,who’s baby in NICU and still birth Non coop-
erative,mothers with baby who are died were exclud-
ed. Randomization: After recruiting the postpartum 
mothers through purposive sampling technique, all 

the 60 postpartum mothers were randomly assigned 
to either the intervention group (Reverse pressure 
softening technique) or the placebo group by using 
lottery method..Pre-assessment: On Day- 1 Postnatal 
mothers demographic data and obstetrical variables 
data were collected using a self structured question-
naire followed by that, the level of breast engorgement 
were assessed by using a standardized scale introduced 
by H.D.Hill i.e six point breast engorgement scale. In-
tervention details: Reverse pressure softening tech-
nique was administered for the duration of 10 minutes 
divided in two sessions both morning and evening for 
about 3 days .For the placebo group, routine hospital 
care was followed. Outcome Assessment: On Day -3 
the study participants were reassessed for the level of 
breast engorgement by using the same six point breast 
engorgement scale. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Assessed for eligibility  (n=114)  

 Included Criteria (n=60) 
 

 Excluded Criteria (n=54) 
 Not met inclusion (n =47) 
 Other reason         (n=7) 

              Enrolment 
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(Reverse pressure softening technique ) 

Control  group  (n=30) 
 Receiving routine hospital care        Allocation Experimental group   (n=30) 

 Reverse pressure softening technique  

Analysis 
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Analysed (n=30) Analysed (n= 30) 

Figure:1 Consort Flow Chart Depicting The Steps Involved In Sample Recruitment Process
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RESULTS AND DISCUSSION

Demographic And Clinical Characteristics:
In the experimental group 11(36.7%) and 12(40%) 

in the control group had primary and high school 
education, 18(60%) in the experimental group and 
13(43.3%) in the control group were professionals, 
16(53.3%) in the experimental group and 21(70%) in 
the control group belonged to joint family, 10(63.3%) 
in the experimental group and 25(83.3%) in the control 
group had non-consanguineous marriage, 18(60%) 
in the experimental group and 6(20%) in the control 
group were residing in urban and rural areas, 12(40%) 
in the experimental group had an family income of 
Rs.20,000 to 25,000 per month and 10(33.3%) in the 
control group had an family income of Rs.10,000 to 
15,000, 15,000 to 20,000 and 20,000 to 25,000 per 
month respectively.. In the control group, with regards 
to demographic and clinical characteristic, majority of 
the postpartum mothers,15(50%) in the experimental 
group were aged between 26 – 30 years and 11(36.7%) 
in the control group were aged between 26 – 30 years 
and 20 – 25 years respectively, 22(73.3%) in the ex-
perimental group and 27(90%) in the control group 
were non-vegetarian, 18(60.0%)in the experimental 
group and 16(53.3) in the control group had normal 

vaginal delivery,21(70%) in the experimental group 
and 25(83.3%) in the control group were Primi gravi-
da mothers, 28(93.3%) in the experimental group and 
30(100%) in the control group had history of regular 
antenatal check-up, 14(46.7%) in the experimental 
group and 20(66.7%) in the control group had duration 
of breast feeding for 0 – 10 minutes and 28(93.3%) in 
the experimental group and 29(96.7%) in the control 
group had history of Covid-19 positive in their family 
or with their neighbours.

Estimation Of Pre And Post Test Levels 
Of Breast Engorgement Among Study 
Participants In Experimental And Control 
Group

In the experimental group, 12(40%) had severe 
breast engorgement, 10(33.3%) had moderate en-
gorgement and 8(26.7%) had mild engorgement in the 
pretest whereas in the post test, 18(60%) had mild en-
gorgement and 12(40%) had moderate engorgement. 
In the control group, 16(53.3%) had moderate breast 
engorgement, 12(40%) had severe engorgement and 
2(6.7%) had mild engorgement whereas in the post 
test, 16(53.3%) had moderate engorgement, 11(36.7%) 
had severe engorgement and 3(10%) had mild en-
gorgement.(Table:1 & Figure:2)

Table:1 
Estimation of Pre and post test levels of breast engorgement in experimental and control group

Level of breast 
engorgement

Experimental group Control Group
Normal Mild Moderate Severe Normal Mild Moderate Severe
F % F % F % F % F % F % F % F %

 Pre Test 0 0 8 26.7 10 33.3 12 40 0 0 2 6.7 16 53.3 12 40.0
 Post Test 0 0 18 60.0 12 40.0 0 0 0 0 3 10.0 16 53.3 11 36.7
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The present study findings is supported by a 
quasi experimental study conducted by Anantha-
varsheni (2019) among 50 postpartum mothers who 
had engorgement of breast aiming in analysis the 
impact of reverse pressure softening technique .Re-
verse pressure softening technique was initiated for 
about 30 seconds for 2nd and 4th postpartum day [20] 
Which triggered the milk rejection reflex .Thus, the 
outcomes of study results revealed that,administra-
tion of reverse pressure softening technique relieved 
the symptoms of breast engorgement by initiating let 
down reflex.

The present study findings is supported by a com-
parative study by priyank sandeep pednekar [2021] 
among 80 postpartum mothers with breast engorge-
ment aiming in investigating the effect of reverse 
pressure softening technique for enhancing breast 
engorgement among postpartum mothers .Reverse 
pressure softening technique was carried out of 10-
20 minutes or more if needed to reducing the breast 
engorgement by milk rejection reflex .The reduction 
observed in engorgement of breast was more among 
the subjects created in experimental than in the re-
duction observed in engorgement of breast in control 
group .The end results of the study after the interven-
tion identified that there was as significant reduction 
in the level of breast engorgement among postpartum 
mothers. [21] 

Hence, the present study findings and above stud-
ies clearly depicts that initiation of reverse pressure 
softening technique reduces the level of breast en-
gorgement among postpartum mothers 

Effectiveness Of Reverse pressure  
softening technique  
On The level Breast engorgement  
Among Study Participants  
In The Experimental Group:

The pretest mean score breast engorgement 
was 4.47±1.53 and the post test mean score was 
3.23±1.17. The mean difference score was 1.24. The 
calculated paired ‘t’ test value of t = 6.495 which was 
found to be statistically significant at p<0.001 lev-
el. This clearly infers that reverse pressure soften-
ing technique on breast engorgement administered 
among postnatal mothers was found to be effective 
in reducing the level of breast engorgement in the 
post test among the postnatal mothers.(Table:2, & 
Figure:3)

Table:2 
Effectiveness Of Reverse pressure softening technique On The 
level Breast engorgement Among Study Participants In The Ex-
perimental Group:
n = 30

Breast 
Engorge-

ment
Mean S.D

Mean 
Difference 

Score

Paired 
‘t’ test & 
p-value

Pretest 4.47 1.53
1.24

t=6.495
p=0.0001, 

S***
Post Test 3.23 1.17

***p<0.001, S – Significant

 
Figure:3 Boxplot showing the effectiveness of reverse pres-
sure softening technique on level of breast engorge-
ment among postnatal mothers in the experimental group  
(Median: Pretest – 4.5, Post Test – 3.0)

Comparison Of Pretest And Post Test Level 
Of Breast Engorgement Among Postnatal 
Mothers In The Control Group:

The pretest mean score breast engorgement in 
the experimental group was 4.47±1.53 and the pre-
test mean score in the control group was 5.03±0.96. 
The mean difference score was 0.56. The calculated 
student independent ‘t’ test value of t = 1.720 which 
was not found to be statistically significant. This 
clearly infers that there was no significant difference 
of pretest level of breast engorgement among post-
natal mothers between the experimental and control 
group.The post test mean score breast engorgement 
in the experimental group was 3.23±1.17 and the post 
test mean score in the control group was 4.87±1.11. 
The mean difference score was 1.64.The calculated 
student independent ‘t’ test value of t = 5.569 which 
was found to be statistically significant at p<0.001 
level. This clearly infers that reverse pressure soft-
ening technique on breast engorgement adminis-
tered among postnatal mothers in the experimental 
group was found to be effective in reducing the lev-
el of breast engorgement in the post test among the 
postnatal mothers than the postnatal mothers in the 
control group. (Table:3 & Figure:4)
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Comparison Of Pretest And Post Test Level 
Of Milk Secretion Among Study Paricipants 
Between The Experimental And Control 
Group
Table 3 
N = 60(30+30)

Breast 
Engorge-

ment

Experimen-
tal Group

Control 
Group

Mean 
Differ-
ence 
Score

Student 
Indepen-

dent ‘t’ test 
& p-valueMean S.D Mean S.D

Pretest 4.47 1.53 5.03 0.96 0.56 t=1.720
p=0.092, S*

Post Test 3.23 1.17 4.87 1.11 1.64
t=5.569

p=0.0001, 
S***

***p<0.001, S – Significant, N.S – Not Significant

 

Figure:4 Boxplot Showing The Effectiveness Of Reverse Pres-
sure Softening Technique On Level Of Breast Engorgement 
Among Postnatal Mothers Between The Experimental And 
Control Group

In breast engorgement before the visibility of ede-
ma there will be elevation in the level of interstitial 
fluid volume for 30% than that of normal, resulting 
in expansion of areolar tissue ending up with limit-
ed ability for the nipple extension into the newborn 
mouth.Administration of reverse softening tech-
nique is one of the safest intervention that facilities 
higher level of milk transfer, declines the risk of nip-
ple trauma and helps to resolve the breast engorge-
ment.Administration of reverse pressure softening 
technique stimulate the areola nerves by promoting 
the milk ejection reflex by enhancing temporally 
movement of excess interstitial fluid and displaces 
the milk backward and reduces the sub areolar duct 
over distention and minimizes latching discomfort 
and facilitates milk transfer there by reduces en-
gorgement of breast [22] 

Therefore, it was concluded that reverse pressure 
softening technique was found to be a simple,non 
pharmacological measure’s which can be included as a 
part of nursing care by all the midwifery nurses to treat 
breast engorgement among the postnatal mothers.

Association Of Post Test Level Of Breast 
Engorgement Among Postnatal Mothers 
With Selected Demographic Variables In The 
Experimental And Control Group.

In the experimental group, the demographic vari-
able family income per month (χ2=5.001, p=0.025) 
had shown statistically significant association with 
post test level of breast engorgement among postnatal 
mothers at p<0.05 level. The other demographic vari-
ables did not show statistically significant association 
with post test level of breast engorgement among post-
natal mothers in the experimental group.

LIMITATIONS OF THE PRESENT STUDY
Generalization will be better if large sample includ-

ed.The study limited to six weeks.

CONCLUSION
Based on the findings of the current study, it was 

evident that there was significant effect of reverse 
pressure softening technique that enhanced to de-
crease the symptoms of breast engorgement among 
the postnatal mothers. Therefore, reverse pressure 
softening can be used as an alternative treatment by 
all the midwife nurse and other health care profession 
in an effort to reduce breast engorgement during the 
postpartum period as a part of nursing care for all the 
postnatal mothers.
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Abstract
Background: The present study aims to compare and assess the 
blood sugar level among post COVID patients with diabetes patient 
and non diabetic clients in Saveetha Medical College and Hospital. 
Material and Methods: The quantitative approach with com-
parative study was conducted in host institution of Saveetha Med-
ical College and Hospital. A total of 30 participants were recruited 
using Non-probability convenient sampling technique based on 
the inclusion criteria, the demographic and clinical data was col-
lected by using structured questionnaire and the HbA1c test was 
used to assess the blood sugar level among the patients during 
post COVID period of time. Result: The outcome results identi-
fied that the mean score of HbA1c among post COVID diabetic 
patients was 9.82±3.22 and the mean score of HbA1c among post 
COVID non-diabetic patients was 5.83±3.32. The mean difference 
score was 3.99. The calculated Student Independent ‘t’ test value 
of t = 3.345 was found to be statistically significant t p<0.001 level. 
This clearly infers that there was significant difference in the level of 
HbA1c among post COVID diabetic and non-diabetic patients in 
which post COVID diabetic patients had elevated HbA1c level than 
the non-diabetic patients. Conclusion: This study concluded that 
there was significant difference in the blood sugar level among the 
post COVID diabetic patients and non diabetic patients. Overall, 
the understanding of Post COVID Syndrome is improving however 
further research is needed for future references .In particular, pa-
tients with diabetes would require care in glycemic and risk factor 
control to prevent the development and severity of Post COVID 
Syndrome. Data on bidirectional adverse effects of diabetes and 
PCS are clearly needed.

Keywords
Assess, HbA1c variability, Post COVID, Diabetic and Non-Dia-
betic patients.

Imprint
Parimala L, Kishore V. A comparative study to assess the blood 
sugar level of post Covid patients with diabetes patients and non 
diabetic clients. Cardiometry; Special issue No. 25; December 
2022; p. 238-243; DOI: 10.18137/cardiometry.2022.25.238243; 
Available from: http://www.cardiometry.net/issues/no25-de-
cember-2022/comparative-study-assess-blood-sugar

Introduction:
Patients may suffer from several debilitating symp-

toms/signs that develop during or after an infection 
according to COVID-19. These symptoms continue 
for quite 12 weeks after COVID-19 infection, and ar-
en’t explained by an alternative diagnosis. Some of the 
Common symptoms are fatigue, breathlessness, mus-
cle pain, weakness, headache, cognitive blunting etc. 
This conglomeration of symptoms is named “Long 
COVID” or more appropriately as “Post COVID-19 
Syndrome (PCS)” (Raveendran AV, Jayadevan R, 
Sashidharan S., 2021).

These symptoms often occur in clusters, overlap 
with one another, and a have tendency to wax and 
wane. These are often either persisting symptoms 
which occurred during acute COVID-19 infection, or 
new symptoms, and these can involve all organ sys-
tems (Sis-O-Almirall A, et al., 2021)., Aggravation of 
pre-existing symptoms has also been noticed, In pa-
tients with health issues before SARS-CoV-2 infection 
(Florencio LL, et al., 2021). The foremost common 
symptoms is fatigue which is often profound and pro-
longed and shares characteristics with chronic fatigue 
syndrome (CFS) seen with other viral infections. Risk 
of PCS is more likely in those with quite 5 symptoms 
during acute COVID-19 and more in women, elder-
ly, in obese individuals and in patients with diabetes. 
Further, persistent symptoms were more common 
in people with severe disease at presentation and in 
those with increased convalescent antibody titers 
(Blomberg B, et al., 2021). Pathophysiologically, post 
COVID-19 syndrome isn’t a single clinical entity but 
a conglomeration of symptoms and signs due to mul-
tiple biological factors, which require more research. 
Commonly understood factors include organ damage, 
persistently dysregulated inflammatory and immune 
responses, and unrecognized microvascular throm-
bosis and endotheliitis (Ostergaard L, 2021). Many 
other factors are hypothesised; persistent tissue reser-
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voirs of SARS-CoV-2, re-activation of other viruses, 
brainstem and/or vagus dysfunctions and activation 
of autoimmunity due to molecular mimicry between 
pathogen and host proteins (Proal AD, VanElzakker 
MB, 2021). additionally, secondary infections (bacte-
rial or fungal), effects of prolonged hospitalization, se-
quelae of critical illness, post medical care syndrome, 
drug side effects (e.g., corticosteroids), socioeconomic 
and psychological impact of the illness, may contrib-
ute (Unnikrishnan R, MisraA.,2020) Further, protein 
and micronutrient deficiencies thanks to prolonged 
hospitalization and poor oral intake, cause nutrient de-
ficient state in patients with severe COVID-19 (Diabe-
tes India, 2020). These could also be more common in 
Indian patients who have inadequate intake of protein 
and are often Vitamin B12 and Vitamin D deficient. 
Type 2 DM (T2DM) has a bidirectional relationship 
with COVID-19 (Unnikrishnan R, MisraA.,2021). 
Poorly controlled diabetes increases the severity of 
COVID-19 and is related to increased morbidity and 
mortality. COVID-19 pandemic has also resulted in 
poor control of diabetes, progression of pre-diabetes 
to diabetes, increase in number of latest onset diabetes 
and rise of corticosteroid induced diabetes (Misra A, 
Ghosh A, Gupta R., 2021). Theoretically, it’s possible 
that patients with long standing diabetes, which can 
by itself cause debilitation, could predispose to PCS. 
Long duration of uncontrolled diabetes causes organ 
damage, and particularly microvascular injury, and 
these are often exacerbated in patients with SARS-
CoV-2 infection.

Methods And Methodology:
Study Design: The Quantitative research approach 

was adopted for this study and comparative research de-
sign used, population of the study comprised of patients 
with post COVID Diabetic and Non- Diabetic patients 
admitted at Saveetha Medical College & Hospital.

Study Setting: The study was conducted for the 
duration of 1 week in Saveetha Medical College and 
Hospital.

Ethical Approval: After obtaining the Ethical 
Clearance from the Institutional Ethical Committee 
(IEC) of Saveetha Institute of Medical and Technical 
Science and a formal permission from the Depart-
ment Head of Medical Surgical Nursing the study was 
conducted.

Study participants: The sample size of the study 
comprises of 30patients post COVID patients (15 

– Diabetic patients and 15 – Non Diabetic patients) 
who are admitted in Saveetha Medical College & Hos-
pital, Chennai . The Inclusion criteria includes both 
the genders, clients who are willing to participate in 
the study, clients with other co-morbid condition. The 
exclusion criteria includes clients who are absent at the 
time of data collection, clients who are not willing to 
participate in the study.

Sampling Technique: The samples for the pres-
ent study were selected by non probability convenient 
sampling technique method. 

Informed Consent: The purpose of the study was 
explained clearly in depth to each of the study partic-
ipants and a written informed consent was obtained 
from them. 

Results and Discussion:

Demographic and Clinical variables-
The analysis revealed that most of the post COVID 

diabetic patients, 8(53.3%) were aged above 5 years 
and female, 5(33.33%) had middle school education, 
10(66.7%) were unemployed and had family history 
of diabetes mellitus, 10(66.7%) were both vegetarian 
and non-vegetarian, 12(80%) were Hindus, 8(53.3%) 
had monthly income of 10,000-35,000, 12(80%) were 
not interested in physical exercise, 9(60%) were in the 
4 – 12 months period of post COVID, 14(93.3%) had 
no post COVID complication, 11(73.3%) had type 2 
diabetes mellitus, 7(46.6%) had diabetes mellitus for a 
period of 2 – 7 years, 9(60%) had taken oral medication 
and 7(46.6%) had no complication of diabetes mellitus. 
The findings from shows that most of the post COVID 
non-diabetic patients, 5(33.3%) were aged 31 – 40 years 
and above 5 years, 11(73.3%) were female, 9(60%) were 
graduates and employees, 11(73.3%) had family histo-
ry of diabetes mellitus, 10(66.7%) were both vegetarian 
and non-vegetarian, 7(46.7%) were Hindus, 7(46.7%) 
had monthly income of 30,000-60,000, 11(73.3%) were 
interested in physical exercise, 8(53.3%) were in the 4 
– 12 months period of post COVID, 6(40%) had heart 
complication as post COVID complication, 15(100%) 
had pre-diabetes, 15(100%) had no diabetes mellitus, 
9(60%) had taken oral medication and 7(46.6%) had 
no complication of diabetes mellitus.

Section A: Comparison of level of HBA1C 
between the post COVID diabetic and non-
diabetic patients.
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TABLE 1
Comparison of level of HbA1c between the post COVID diabetic 
and non-diabetic patients. n = 30(15+15)

Group Mean S.D
Mean 

Difference 
Score

Student 
Indepen-
dent “t” 

test Value
Post COVID Diabetic 
Patients

9.82 3.22

3.99
t = 3.345
p=0.002, 

S**Post COVID Non-Di-
abetic Patients

5.83 3.32

**p<0.001, S – Significant

The above table 2 shows that the mean score of 
HbA1c among post COVID diabetic patients was 
9.82±3.22 and the mean score of HbA1c among post 
COVID non-diabetic patients was 5.83±3.32. The 
mean difference score was 3.99. The calculated Stu-
dent Independent ‘t’ test value of t = 3.345 was found 
to be statistically significant t p<0.001 level. This 
clearly infers that there was significant difference in 
the level of HbA1c among post COVID diabetic and 
non-diabetic patients in which post COVID diabetic 
patients had elevated HbA1c level than the non-dia-
betic patients.
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Figure 1: Percentage distribution of level of HbA1c among post 
COVID diabetic and non-diabetic patients

Table 2
Association of level of HBA1C with selected demographic and 
clinical variables. n = 30(15+15)

Demographic Variables

Post COVID Dia-
betic Patient

Post COVID 
Non-Diabetic 

Patients
Chi-Square &

p-value
Chi-Square &

p-value
Age χ2=1.659

d.f=3
p=0.646

N.S

χ2=3409
d.f=3

p=0.333
N.S

20 – 30 years
31 – 40 years
41 – 50 years

Demographic Variables

Post COVID Dia-
betic Patient

Post COVID 
Non-Diabetic 

Patients
Chi-Square &

p-value
Chi-Square &

p-value
Above 50 years χ2=2.637

d.f=1
p=0.104

N.S

χ2=1.983
d.f=1

p=0.159
N.S

Gender
Male
Female
Educational status

χ2=1.587
d.f=3

p=0.662
N.S

χ2=0.511
d.f=1

p=0.475
N.S

Primary school
Middle school
Higher secondary
Degree
Occupation

χ2=7.212
d.f=2

p=0.027
S*

χ2=0.937
d.f=3

p=0.816
N.S

Employee
Unemployed
College student
Business
Family history of diabetes 
mellitus

χ2=1.154
d.f=1

p=0.283
N.S

χ2=1.519
d.f=1

p=0.218
N.S

Present
Absent
Food habits χ2=1.442

d.f=2
p=0.486

N.S

χ2=0.170
d.f=1

p=0.680
N.S

Vegetarian
Non-vegetarian
Both
Religion

χ2=2.740
d.f=2

p=0.254
N.S

χ2=1.071
d.f=2

p=0.585
N.S

Hindu
Christian
Muslim
Others
Monthly income

χ2=0.216
d.f=2

p=0.897
N.S

χ2=1.303
d.f=3

p=0.728
N.S

Less than 10,000
10,000 – 35,000
30,000 – 60,000
More than 60,000
Physical exercise χ2=0.577

d.f=1
p=0.448

N.S

χ2=0.008
d.f=1

p=0.930
N.S

Interested

Not interested

Period of post COVID
χ2=9.231

d.f=2
p=0.010

S**

χ2=0.085
d.f=2

p=0.958
N.S

Less than 1 month
2 – 3 months
4 – 12 months
More than 1 year
Post COVID complication

χ2=10.673
d.f=3

p=0.014
S*

χ2=0.390
d.f=1

p=0.533
N.S

Heart complication
Tonic kidney failure
Stroke
Nil
Which type of diabetes is 
present χ2=0.839

d.f=1
p=0.360

N.S

-
Type 1 diabetes
Type 2 diabetes
Prediabetes
Nil
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Demographic Variables

Post COVID Dia-
betic Patient

Post COVID 
Non-Diabetic 

Patients
Chi-Square &

p-value
Chi-Square &

p-value
Duration of diabetes 
mellitus χ2=2.637

d.f=2
p=0.267

N.S

-
Less than 2 years
2 – 7 years
8 – 15 years
Nil
Type of treatment

χ2=0.096
d.f=1

p=0.756
N.S

-
Oral medication
Insulin
Diet and exercise
Nil
Any complication of dia-
betes mellitus is present, 
mention χ2=1.813

d.f=3
p=0.612

N.S

-Foot ulcer
Neuropathy
Nephropathy
Nil

**p<0.01, *p<0.05, S – Significant, N.S – Not Significant

The table shows that the demographic variable oc-
cupation (χ2=7.212, p=0.027), period of post COVID 
(χ2=9.231, p=0.010) and post COVID complication 
(χ2=10.673, p=0.014) had shown statistically signif-
icant association with level of HbA1c among post 
COVID diabetic patients at p<0.05, p<0.01 and p<0.01 
level respectively and the other demographic variables 
had not shown statistically significant association with 
level of HbA1c among post COVID diabetic patients.

The table also shows that none of the demograph-
ic variables had not shown statistically significant as-
sociation with level of HbA1c among post COVID 
non-diabetic patients.
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Figure 2: Percentage distribution of post COVID complications 
among post COVID diabetic and non-diabetic patients.

MAJORITY OF THE FINDINGS:
1. The analysis revealed that among post COVID 

diabetic patients, 13(86.67%) had diabetes and 
2(13.33%) had pre-diabetes whereas among post 
COVID non diabetic patients 9(60%) were normal, 
4(26.67%) had pre-diabetes and 2(13.33%) had di-
abetes.

2. The mean score of HbA1c among post COVID dia-
betic patients was 9.82±3.22 and the mean score of 
HbA1c among post COVID non-diabetic patients 
was 5.83±3.32. The mean difference score was 3.99. 
The calculated Student Independent ‘t’ test value of 
t = 3.345 was found to be statistically significant 
t p<0.001 level. This clearly infers that there was 
significant difference in the level of HbA1c among 
post COVID diabetic and non-diabetic patients in 
which post COVID diabetic patients had elevated 
HbA1c level than the non-diabetic patients.

3. The findings of the analysis shows that the demo-
graphic variable occupation (χ2=7.212, p=0.027), 
period of post COVID (χ2=9.231, p=0.010) and 
post COVID complication (χ2=6.964, p=0.008) 
had shown statistically significant association with 
level of HbA1c among post COVID diabetic pa-
tients at p<0.05, p<0.01 and p<0.01 level respec-
tively.

CONCLUSION:
The present study was undertaken with the main 

purpose to assess the blood sugar level (HbA1c test) 
impact among post COVID Diabetic patient and Non- 
Diabetic patients. A total 30 sample were recruited by 
using non-probability convenient sampling technique 
method. A comparative descriptive research design was 
adopted. Data was gathered and interrupted using in-
ferential statistics. This study concluded that there was 
significant difference in the blood sugar level among 
the post COVID diabetic patients and non diabetic pa-
tients. Overall, the understanding of Post COVID Syn-
drome is improving however further research is needed 
for future references .In particular, patients with di-
abetes would require care in glycemic and risk factor 
control to prevent the development and severity of Post 
COVID Syndrome. Data on bidirectional adverse ef-
fects of diabetes and PCS are clearly needed
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ABSTRACT
Back Ground: The current study aims to estimate the levels of 
β HCG among antenatal mothers during second trimester to 
alert hypertensive disorders during pregnancy. Methods And 
Materials: The quantitative approach with prospective cohort 
study was conducted in the host institution of Saveetha Medical 
College And Hospitals. A total of 100 study participants were re-
cruited using purposive sampling technique based on the inclu-
sion criteria, the demographic and clinical data was collected by 
using a self-structured questionnaire and the levels of serum β- 
HCG was estimated during13-26 weeks and the development of 
gestational hypertension was monitored for all the study partic-
ipants by following them till 27-38 weeks of gestation Results: 
The outcome of study results identified that, the mean score 
of serum β-HCG levels was 99784.51±168540.29.The minimum 
score was 34765.0 and the maximum score of 1383678.0. The 
median was 69056.0. Majority of second trimester mothers with 
elevated Serum β-HCG levels had an elevated levels of protein-
uria, systolic and diastolic pressure associated with pedal ede-
ma during their third trimester of pregnancy. Conclusion: This 
study demonstrates a positive association between increased 
second trimester Serum β-HCG levels and hypertensive disor-
ders during pregnancy.
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Antenatal Mothers, Hypertensive Disorders, Serum β-HCG lev-
els
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INTRODUCTION:
Hypertensive disorders of pregnancy are one of 

the major route of maternal morbidity and mortality 
leading to drastic changes in the life style of maternal 
women causing 10–15% of maternal deaths, especial-
ly in developing world [1]. Hypertensive disorders of 
pregnancy are kindred with an increased risk of ad-
verse complications for both mother and fetus [2,3]. 
In 2017, the American College of Cardiology and 
American Heart Association (ACC/AHA) despite that 
an updated clinical practice guideline for the preven-
tion, detection, evaluation, and management of high 
blood pressure among adult [4]. The prevalence of 
hypertensive disorders of pregnancy in Ethiopia was 
6.07%. The Subgroup analysis by region and year of 
study revealed a higher prevalence of hypertensive 
disorders of pregnancy in 10.13% and drastic reduc-
tion in the rate of HDP from 1990’s to 2010’s, 8.54% to 
5.71% respectively [5]. Preeclampsia was once known 
as deadly disease but research efforts in the past de-
cade have estimated exciting breakthroughs. One of 
the hypothesized etiologies of HDP is placental vascu-
lar remodeling with unstable trophoblastic invasion. 
Various studies have enrolled that placental hypoxia 
may be one of the factor for increased HCG produc-
tion. The fundamental aetiology of preeclampsia is 
uteroplacental insufficiency and a vulnerable maternal 
vascular and metabolic profile. But it is widely known 
that the situation is diverse, with numerous pathways 
leading to end-organ ischemia and vasoconstriction 
[6]. Preeclampsia tends to run in families and recent 
research points to foetal genetic variations close to the 
angiogenesis-related FLT1 gene as a potential risk fac-
tor [7]. Specific reasons of preeclampsia are still un-
known, but contributors are impaired angiogenesis [8] 
, systemic endothelial dysfunction [9] and decreased 
vascular compliance resulting in impaired accommo-
dation of the volume expansion required for healthy 
gestation [10]. Importantly, preeclampsia involves 
multisystem dysfunction. There is evidence of struc-
tural and functional cardiac impairments in women 
during pregnancies complicated by preeclampsia [11]. 
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Biomarkers of cardiac remodeling are also elevated 
during these pregnancies [12]. If GH is a shared phe-
nomena with preeclampsia or if it has a different aeti-
ology, it is uncertain. Similar risk factors for GH and 
preeclampsia include obesity, parity, and a history of 
earlier pre-eclamptic pregnancies. Preeclampsia and 
GH risk factors and prevalence vary by race, with black 
women experiencing a higher prevalence of the illness 
[13]. Notably, compared to GH, preeclampsia carries 
a greater risk of poor neonatal outcomes. According 
to one study, the probability of premature delivery 
was reported to be 7.2% in women with normo ten-
sion, 12.5% in those with GH, and 39.2% in those with 
preeclampsia [14]. In vitro trophoblastic cell culture 
that was developed under hypoxic conditions served 
as the proof. Serum -HCG levels were also elevated in 
the presence of placental anomalies like villitis, infarc-
tion, is chemic alterations, and intervillous thrombosis 
[15]. The intrauterine growth restriction observed in 
severe types of hypertensive disorders of pregnancy 
was caused by the compromised spiral artery vascula-
ture and subsequently decreased blood flow in the pla-
cental villi. It is crucial to comprehend this condition 
and look at the placenta’s pathologic and secretory 

response because it is hypothesized that preeclampsia 
is a trophoblastic ailment and that HCG is produced 
by the trophoblasts [16]. Twin pregnancies and molar 
pregnancies produce higher levels of HCG and they 
are associated with higher incidence of preeclampsia 
than uncomplicated singleton pregnancies [17]. Hy-
perlipidaemia, specifically hypertriglyceridaemia, is 
a well known risk factor for metabolic syndromes. In 
fact, triglyceride levels are consistently higher in the 
first, second, and third trimesters of pregnancy in 
women with GDM/HDP compared to those without 
these metabolic syndromes [18,19]. The objectives of 
the current study was to evaluate the level of serum 
β-HCG among antenatal mothers during second tri-
mester as a predictor of gestational hypertension.

METHODS AND MATERIALS:
Study Design: Quantitative approach with prospec-

tive cohort design was adopted for the current study to 
assess the serum β-HCG levels in second trimester to 
predict gestational hypertension. Study Setting: The 
study was conducted for the duration of 8 months from 
15th December 2021 till 25th July 2022 in the antenatal 
clinic of host institution. Ethical Approval: After ob-

liver disease, who have the habit of consuming alcohol and smoking, who are taking drugs like 

aspirin, phenothiazines and diuretics, who not able to communicate and cooperate. Sampling 

Technique: A total of 100 antenatal mothers were recruited based on the inclusion criteria by 

using convenience sampling technique. Informed Consent: The purpose of the study was 

explained clearly in depth to each of the study participant and a written informed consent was 

obtained from them. Pre-Assessment: The demographic and clinical information was collected 
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Figure:1 Consort Flowchart Depicting The Steps Involved In Sample Recruitment Process
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taining the ethical clearance from the Institutional Eth-
ical Committee (IEC) of Saveetha Institute of Medical 
and Technical Science and a formal permission from 
the Departmental head of Obstetrics and Gynecology 
the Study was conducted. Study Participants: A total 
of 100 antenatal mothers who fulfills and meets the 
inclusion criteria were recruited as study participants. 
The inclusion criteria includes all antenatal mothers 
who are booked in antenatal clinic with 13-26 weeks 
of gestation who are willing to participate and affirmed 
to monitor the serum β-HCG levels during 2nd trimes-
ter and can able to read, write English and Tamil. The 
exclusion criteria for the study participants antenatal 
mothers with other co-morbidities such as history of 
prior diabetes, hypertension, multiple pregnancy, gout 
arthritis, chronic renal disease,

liver disease, who have the habit of consuming 
alcohol and smoking, who are taking drugs like as-
pirin, phenothiazines and diuretics, who not able to 
communicate and cooperate. Sampling Technique: A 
total of 100 antenatal mothers were recruited based 
on the inclusion criteria by using convenience sam-
pling technique. Informed Consent: The purpose of 
the study was explained clearly in depth to each of 
the study participant and a written informed consent 
was obtained from them. Pre-Assessment: The de-
mographic and clinical information was collected by 
using a self-structured questionnaire after estimating 
the levels of serum β-HCG. Post Assessment: post test 
level of selected clinical variables for second trimester 
mothers during third trimester of pregnancy. (pro-
teinuria, systolic blood pressure, diastolic blood pres-
sure, pedal oedema)

RESULTS AND DISCUSSION

Demographic And Clinical Variables
Among 100 study participants, with regards to age 

of antenatal mothers 27(27%) were aged between 26 – 
30 years and 31 – 35 years. With regards to educational 
qualification, 31(31%) of mothers had primary educa-
tion. With regards to the occupational status 39(39%) 
were homemakers. With regards to monthly income 
36(36%) had a family monthly income of Rs.15,001 
– above. With regards to the type of residential living 
37(37%) were residing in urban area. With regards to 
marital type 52(52%) had consanguineous marriage. 
With regards to the family type 50(50%) belonged to 
joint and nuclear family. With regards to the dietary 

pattern 54(54%) were non-vegetarian .with regards to 
the religion 53(53%) were Hindus.

With regards to the clinical characteristics, ma-
jority of the antenatal mothers 53(53%) were primi 
gravida, 40(40%) had a gestational age of 18 – 21 
weeks, 51(51%) had no family history of hyperten-
sion, 59(59%) had no past history of hypertension 
for mother, 78(78%) had systolic BP of >120 mmHg, 
56(56%) had diastolic BP of <80 mmHg, 29(29%) had 
BMI of ≥25kg/m2, 60(60%) had no co-morbid illness 
and51(51%) had no pedal oedema.

Estimation Of B-HCG Levels During Second 
Trimester (13-26 Weeks Of Gestation)  
To Alert Hypertensive Disorders 

Of Pregnancy Among Antenatal Mothers
The current study identified among our study par-

ticipants revealed that24(24%) of antenatal mothers 
having elevated β-HCG had a gestational age of 18 
– 21 weeks and 1(1%) having elevated β-HCG had a 
gestational age of 22 – 26 weeks. (Table:1 and Figure:2)

Table:1 
Frequency And Percentage Distribution On β-HCG Levels 
During Second Trimester To Alert Hypertensive Disorders Of 
Pregnancy Among Antenatal Mothers
(n= 100)

Gestational 
Age in Weeks

SERUM β-HCG LEVELS
Normal Elevated

Frequen-
cy (F)

Percent-
age (%)

Frequen-
cy (F)

Percent-
age (%)

14 – 17 weeks 38 38.0 2 2.0
18 – 21 weeks 2 2.0 24 24.0
22 – 26 weeks 33 33.0 1 1.0
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A prospective study was conducted by Aparna 
Rajesh 2018 among 90 pregnant women with single-
ton foetus were estimated with serum β HCG levels 
during the gestational weeks of 14 to 20 weeks in an 
aim to estimate the serum β HCG levels among ante-
natal mothers to predict gestational hypertension .Out 
of 90 pregnant women, 81 pregnant women were fol-
lowed till 38 weeks and 14.8 % reported with develop-
ment of gestational hypertension .Hence the outcome 
of the current study results concluded that, there is 
an increased risk of developing gestational hyperten-
sion among antenatal mothers with increased serum β 
HCG levels [20]. 

A study was conducted by Kaur Gurmandeep 2012 
among 200 antenatal mothers with 13- 20 weeks of 
gestation in an aim to analyze the impact of associ-
ation between elevated serum β HCG levels and hy-
pertensive disorders during pregnancy. The study 
participants were estimated the levels of β HCG using 
CLIA method and they were followed till the intra na-
tal period for the development of pregnancy induced 
hypertension. The end results of the study reported 
that, out of 200 participants 24 participants with in-
creased levels of β HCG developed Pregnancy induced 
hypertension [21]. 

Hence, the findings of current study and the above 
supportive studies, it has been identified and conclud-
ed that, among our 100 study participants 27 % of an-
tenatal mothers had elevated levels of serum β HCG 
during IInd trimester (13-26 weeks of gestation), there 
is an possibility of developing gestational hyperten-
sion among these mothers.

The mean score of level of serum β-HCG was 
99784.51±168540.29. The minimum score was 
34765.0 and the maximum score of 1383678.0 with 
the median of 69056.0 (Table:3)

Table 3
Assessment Of Mean And Standard Deviation On Levels Of 
Serum β-HCG During Second Trimester To Alert Hypertensive 
Disorders Of Pregnancy Among Antenatal Mothers:

N = 100
Levels Of Serum β-HCG Score

Minimum score 34765.0
Maximum score 1383678.0
Median 69056.0
Mean 99784.51
Standard Deviation (S.D) 168540.29

Assessment Of Post Test Level Of Selected 
Clinical Variables For Second Trimester 
Mothers During Third Trimester  
Of Pregnancy

The current study identified that, maximum of sec-
ond trimester mothers with elevated Serum β-HCG 
had an elevated levels of proteinuria, systolic and di-
astolic pressure associated with pedal oedema during 
their third trimester of pregnancy. The elevated level 
of proteinuria depicted among our study participants 
that, it was estimated that 58.3 % with moderate pro-
teinuria, 42% had severe proteinuria, 92% had high 
systolic blood pressure and 100% had diastolic blood 
pressure, 23% had pedal oedema which clearly shows 
that, all these antenatal mothers had developed gesta-
tional hypertension.

Hypertensive disorders is considered as the greatest 
and fatal complication during the pregnancy period 
leading to preterm labour, intra uterine growth retar-
dation, antepartum haemorrhage, fetal death, mater-
nal mortality and mobidity. Placenta is well known 
to be the initial activator of gestational hypertension. 
Beta HCG is synthesized by the placenta. In case of 
gestational hypertension, the inner layer of tropho-
blast called as cytotrophoblast of the growing placenta 
move through deciduas and myometrium ther by cap-
tures the tunica media of spiral arteries which enhanc-
es the blood supply to the developing fetus [22]. These 
spiral arteries are ineffective to pierce the myometrial 
layer leading to placental hypoperfusion finally ends 
up with placental ischemia and increased synthesis of 
HCG [23]. And therefore in gestational hypertension, 
due to the cytotrophoblastic proliferation there is an 
increase in the mitotic activity and occurrence of cel-
lular necrosis in the syncytiotrophoblast [24,25]. In 
gestational hypertension, elevated blood pressure may 
be due to blood vessels constriction and altered an-
giogenesis leading to hypoxia and trophoblastic cells 
hyperplasia which elevates the synthesis of placental 
hormone mainly β-HCG. GHT is a disorder of tro-
phoblastic cells, increased β-HCG levels may due to 
placental dysfunction [26, 27]. 

Hence, it was identified and reported based on our 
current study findings and the other supportive stud-
ies, it was concluded that, there is a strong relationship 
between gestational hypertension and increased ma-
ternal serum Beta -HCG levels, which indicates that 
there is an abnormal secretory function of the placenta 
among our study participants which ended up symp-
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toms of gestational hypertension with elevated levels 
of proteinuria, systolic and diastolic pressure associat-
ed with pedal oedema during their third trimester of 
pregnancy period.

Association Of Serumβ-HCG Levels During 
Second Trimester Among Antenatal Mothers 
Demographic And Clinical Variables  
Of Antenatal Mothers

In the current study, the demographic and clinical 
variables of our study participants did not show sta-
tistically significant association with serum β-HCG 
levels during second trimester.

CONCLUSION
The main focus of implementing an antenatal 

screening test for gestational hypertension is to rule 
out pre-symptomatic women who develop pregnancy 
complications and to promote efficacious treatment 
protocol to decease the morbidity and mortality. Pres-
ently, pregnancy complication that arise due to hy-
pertensive disorders are not ruled out until mid-late 
gestation. Many health care professionals advocate the 
need for an earlier predictive investigation for gesta-
tional hypertension, is estimating “the second-trimes-
ter levels of Serum β-HCG. ” Any antenatal woman 
with history of obesity, family history of hypertension, 
prior history of gestational hypertension, history of 
bad obstetrical history should be diagnosed for gesta-
tional hypertension. As the estimation of second-tri-
mester levels of Serum β-HCG serves as a predictor 
of gestational hypertension. It is simple, inexpensive, 
non–invasive, and easy to perform and can be used as 
a screening test for the prediction of hypertensive dis-
orders. Hence, as a part of antenatal c screening sec-
ond-trimester levels of Serum β-HCG can be added 
as a screening test for all women, so we can predict 
hypertensive disorders and diagnosed in time.
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Abstract
Faces pain scale and colour analogue pain scale are two meth-
ods to assess the pain of the children. There many method to 
assess the pain of the children but mostly all the hospital is 
using faces pain scale to assess the pain of the children. Pain 
perception in children is a very controversial topic in children 
admitted in hospital. So the present study aims to compare 
faces pain scale and colour analog pain scale in children un-
dergoing therapeutic procedure such as intravenous injection, 
intramuscular injection, postoperative children, venipuncture 
and other invasive procedure in Saveetha Medical College and 
Hospital. A Quantitative research approach with comparative 
research design was adopted to conduct the study among 
60 children added between 6 to 12 years attending pediatric 
ward who were selected by non-probability convenient sam-
pling technique. A semi-structured interview method was used 
to collect demographic data and pain is assessed using faces 
pain scale and colour analogue pain scale in Saveetha medical 
college and hospital. The result of the study shows that among 
60 samples proves that the mean score of faces pain scale was 
4.95±2.50 and the mean score of colour analogue scale was 
4.77±2.83. The calculated paired ‘t’ test value of t = 0.747 was 
not found to be statistically significant which clearly infers that 
there was no significant difference in the pain score measured 

by faces pain scale and colour analogue scale among children 
6 – 12 years attending pediatric ward.
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INTRODUCTION
Pain is defined as “An unpleasant sensory and 

emotional experience associated with actual or po-
tential tissue damage, or described in terms of such 
damage”. Pain is referred to as fifths vital signs and 
is an important reason patient seeks health care. The 
subject of children’s patients’ sense of pain is very 
debatable. Many things, including fear, anxiety, past 
experiences, and parental influences, have an impact 
on it. Even when effective pain reduction techniques 
are employed, procedural discomfort in children who 
have not received proper treatment may result in high-
er pain ratings following a later procedure. Pain can 
be measured by what child say’s (self report, how their 
body react (biological markers), and what child do 
(behavior). because pain is subjective, self report is the 
best if it is available.1

Faces scales depict a series of faces, often created 
by hand, ranging in intensity from no pain to the most 
severe suffering possible. The faces pain scale depicts 
how much it can hurt at times. This chart depicts no 
pain, increased pain, increased pain, and severe pain. 
The expression on your face shows how much you are 
in pain2. The scale is designed to assess how children 
feel on the inside. Because the faces are appealing, 
simple, and simple to use, they are frequently used in 
self-report pain intensity surveys, particularly with 
young children. The CAS is a two-sided plastic in-
strument with a wedge-shaped color-grade figure on 
one side, a numerical scale on the other, and a slide 
that can be moved. 3 “Move the slider to the location 
that displays how much pain you have. The faces scale 
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depicts a succession of hand-drawn faces that are rat-
ed in increasing intensity from no pain to the greatest 
pain possible (chamber and Craig) and color analogue 
pain scale uses colors such as red, yellow and green. 
The color is usually positioned in a line with corre-
sponding numbers or words that describe pain. 4

Children were assessed for their pain using faces 
pain scale and color analogue pain scale. Children 
undergoing selective procedure such as venepunc-
ture, Intravenous cannulation, Intramuscular injec-
tion aged between 6 to 12 years and their parents and 
health care professionals attending the children were 
evaluated for the perception of pain after obtaining in-
formed consent from their parents.5

When developmentally appropriate techniques are 
utilized, most children can offer meaningful reports 
on how much pain they are experiencing. The Faces 
Pain Scale–Revised and Color Analog Scale are two 
widely used self-report pain measures that have been 
researched in clinical and research settings, including 
pediatrics emergency departments.6

However, the Faces Pain Scale–Revised interpre-
tation of reported scores has not been properly char-
acterized in qualitative ways that are meaningful to 
the kid.6 Knowing how to categorize a child’s reported 
pain as light, moderate, or severe is helpful in clinical 
practice and research, as these pain intensity catego-
ries are frequently used to guide treatment options. 
When developmentally appropriate techniques are 
utilized, most children can offer meaningful reports 
on how much pain they are experiencing. The Faces 
Pain Scale–Revised and Color Analog Scale are two 
widely used self-report pain measures that have been 
researched in clinical and research settings, including 
pediatric emergency departments.8

Freund, Debra., et.,al (2020) Conducted a study in 
pediatric to assess the pain effectiveness of is import-
ant to give successful pain management in children. 
The authors describe the three types of assessment 
used to measure the pain in children.9Pain accessed in 
children is challenging. The study suggests to find ap-
propriate pain in children its necessary to understand 
the biological, psychological and sociocultural factors 
that affect a child’s expression of pain.10

Methods and Materials
Quantitative approach was adopted during this 

study and research design non experimental compara-
tive study was used to assess the pain using Faces Pain 

Scale and Colour Analogue Pain Scale in children. 
60 Samples were selected in children admitted in pe-
diatric ward. non probability convenient sampling 
technique was wont to select children with pain. In-
clusion criteria for youngsters aged between 6 to 12 
years, Children with both sex, Children who are will-
ing for the study, Children under therapeutic proce-
dure, Venipuncture, IV cannulation, IM injection and 
other invasive procedure, Children during the time of 
knowledge, Children who can understand Tamil and 
English. Exclusion criteria for youngsters Who are 
absent at the time of data collection, Children those 
don’t have pain, Mentally challenged children, Chil-
dren below 6 years and above 12 years, Children those 
aren’t interested, Children with altered sensorium, 
Post-operative children, Children who have delayed 
development. the info collection period was done with 
prior permission from Saveetha Medical College and 
Hospital and ethical clearance was obtained from the 
institution. the aim of the study was explained to the 
samples and written informed consent was obtained 
from them.

The demographic data were collected using semi 
structured interview questionnaire and youngsters 
who are satisfied the inclusion criteria to collect the 
demographic variables. It include section, paired ‘t’ 
was wont to compare Faces Pain Scale and Colour 
Analogue Pain scale among children 6 to 12 years at-
tending pediatric ward. Chi square test and p- value 
was wont to associate the level of pain using faces pain 
scale and colour analogue pain scale within selected 
demographic variables.

Result and Discussion

Section A: 
Result revealed that Frequency and percentage dis-

tribution of demographic variables of children aged 
between 6 – 12 years attending pediatric ward. shows 
that most of the children aged between 6 – 12 years at-
tending pediatric ward, 16(26.7%) were aged 6 – 7 and 
7 – 8 years respectively, 30(50%) were male and female 
respectively, 34(56.6%) had mild pain, 36(60%) had wor-
ried face, 25(41.7%) had experienced pain for 0 – 1 hour, 
37(61.6%) of children were restless,33(55%) were asleep 
and 28(46.7%) had undergone intravenous therapy.

The present study was supported by DS Tsze, et. 
al, (2018) to assess no pain, mild, moderate and se-
vere pain based on faces pain scale revised and color 
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analogue scale in children with acute pain. The study 
was conducted in pediatric emergency departments of 
aged between 4 to 17 years children. Within the sub-
groups based on age, sex, ethnicity, native language, 
race, and year of age in the younger age group, pain 
intensity for both scales was assessed. The 179 (98.8%) 
were able to respond to FPS and 174 (98.1%) to CAS 
(P= 0.091). The Faces pain scale score was higher (5.06 
+/- 2.77) than color analogue scale score (4.63+/- 2.63) 
(p<0.001).

Section B
Out of 60 samples children 6 – 12 years 16(26.7%) 

had pain which hurts a little bit and hurts a little 
more even, 15(25%) had pain that hurts a little more, 
12(20%) had pain that hurts a whole lot and only 
1(1.7%) had pain that hurts worst.

Table 1
Frequency and percentage distribution of level of pain using 
faces pain scale among children 6 – 12 years attending pediatric 
ward.

Level of Faces Pain Scale Frequency Percentage
No hurts (0) - -
Hurts a little bit (1 – 2) 16 26.7
Hurts a little more (3 – 4) 15 25.0
Hurts a little more even (5 – 6) 16 26.7
Hurts a whole lot (7 – 8) 12 20.0
Hurts worst (9 – 10) 1 1.6
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Fig: Percentage distribution of level of pain using faces pain 
scale among children 6 – 12 years attending pediatric ward

Table 2 depicts that the mean score of faces 
pain scale was 4.95±2.50 and the mean score of co-
lour analogue scale was 4.77±2.83. The calculated 
paired ‘t’ test value of t = 0.747 was not found to 
be statistically significant which clearly infers that 
there was no significant difference in the pain score 
measured by faces pain scale and colour analogue 
scale among children 6 – 12 years attending pedi-
atric ward.

Table 2
Comparison of pain using faces pain scale and colour analogue 
scale among children 6 -12 years attending pediatric ward.
N = 60

Pain Mean S.D Paired ‘t’ test value
Faces Pain 4.95 2.50 t = 0.747

p=0.458, N.SColour analogue scale 4.77 2.83

N.S – Not Significant

This study was supported by Petra Mandysova, 
et.el (2017) conducted a study on comparison of three 
self report pain scales in Czech patients. 80 samples 
were collected to this study. Pain intensity assessments 
for specific patients compared using the three pain 
scales showed that scores differed by 0–1 point and 
2-4 point in 75 (93.8%) and 5 (6.3%) patients, respec-
tively. Between the VAS/NRS and the FPS-R, the NRS 
and the FPS-R, and the VAS and the NRS, Spearman 
correlations were 0.957 (p 0.001), 0.972 (p 0.001), and 
0.997 (p 0.001).

The above table 3 shows that among children 6 – 12 
years all 60(100%) had abnormal level of salivary cor-
tisol among children 6 – 12 years attending pediatric 
ward

Table 3
Frequency and percentage distribution of salivary cortisol level 
among children 6 – 12 years attending pediatric ward N = 60

Level of Salivary Cortisol Frequency Percentage
Normal - -
Abnormal 60 100.0

Table 4 
Association of level of coloured analogue pain scale among 
children 6 – 12 years with their selected demographic variables.
N= 60

Demo-
graphic 
variables

No 
pain

Mild 
Pain

Moder-
ate Pain

Severe 
Pain

Chi-Square 
Test & 

p-valueF % F % F % F %
Age

χ2 = 12.486 
d.f=8

p=0.131 
N.S

6–7 years - - 6 10.0 10 16.7 0 0
7–8 years - - 8 13.3 5 8.3 3 5.0
8–10 years - - 5 8.3 1 1.7 4 6.7
10–11 
years - - 3 5.0 4 6.7 4 6.7

11–12 
years - - 3 5.0 2 3.3 2 3.3

Gender χ2 = 2.923
d.f=2

p=0.232
N.S

Male - - 10 16.7 11 18.3 9 15.0

Female - - 15 25.0 11 18.3 4 6.7
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Demo-
graphic 
variables

No 
pain

Mild 
Pain

Moder-
ate Pain

Severe 
Pain

Chi-Square 
Test & 

p-valueF % F % F % F %
Intensity 
of pain

χ2 = 14.332
d.f=4

p=0.006
S**

No pain - - 0 0 0 0 1 1.7
Mild pain - - 20 33.3 11 18.3 3 5.0
Moderate 
pain - - 5 8.3 11 18.3 9 15.0

Severe 
pain - - - - - - - -

Facial 
expres-
sion

χ2 = 12.321
d.f=4

p=0.015
S*

Happy 
face - - - - - - - -

Worry 
face - - 10 16.7 17 28.3 9 15.0

Angry 
face - - 14 23.3 3 5.0 2 3.3

Neutral 
face - - 1 1.7 2 3.3 2 3.3

Pain du-
ration

χ2 = 14.017
d.f=6

p=0.029
S*

0 – 1 
hours - - 11 18.3 10 16.7 4 6.7

1 – 2 
hours - - 11 18.3 4 6.7 3 5.0

2 – 3 
hours - - 1 1.7 8 13.3 6 10.0

3 – 4 
hours - - 2 3.3 0 0 0 0

Mobility 
of child χ2 = 7.436

d.f=4
p=0.115

N.S

None - - - - - - - -
Thrashing - - 0 0 1 1.7 0 0
Crying - - 5 8.3 11 18.3 6 10.0
Proce-
dure

χ2 = 31.841
d.f=6

p=0.0001
S***

Intra-
venous 
therapy

- - 16 26.7 11 18.3 1 1.7

Intra-
muscular 
therapy

- - - - - - - -

Venipunc-
ture - - 5 8.3 1 1.7 0 0

Intrave-
nous can-
nulation

- - 2 3.3 4 6.7 0 0

Lumbar 
puncture - - - - - - - -

Post oper-
ative - - 2 3.3 6 10.0 12 20.0

***p<0.001, **p<0.01, *p<0.05, S – Significant, N.S – Not Sig-
nificant

The another study was supported by Karl Spiteri, 
et.al (2017) study on school bag and back pain in 
children between 8 to 13 years. School bag weight is 
a problem in school age children which develop an 
back pain in children. The sample was collected from 
134 schools with 20,359 students. Demonstrates the 
one-to-one connections for our binary scale outcome 
between the independent variables and the presence 
of back discomfort. The presence of back discom-
fort was not shown to be statistically related to ath-
letic participation (p = 0.14). All of the other factors 
were connected to the self-reported prevalence of back 
pain. Females, those who carried two or more bags, 
and those who carried their bag on one shoulder were 
more likely to experience back pain. Self-reported 
back discomfort was more common among second-
ary school students and those attending non-public 
schools. Students experiencing back pain also had old-
er average ages, higher BMIs, and higher ratios of bag 
weight to body weight

CONCLUSION
The study found there no statistically significant 

which clearly infers that there was no significant dif-
ference in the pain score measured by faces pain scale 
and colour analogue scale among children 6 – 12 years 
attending pediatric ward.
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ABSTRACT
Introduction: Dyspepsia is a common gastrointestinal (GI) 
condition around the world. Dyspepsia is a symptom complex 
that includes a variety of upper GI symptoms such as epigas-
tric pain or burning, early satiety, and post-prandial fullness. 
Treatment with complementary and alternative medicines, par-
ticularly herbal remedies, is one option for treating dyspepsia 
symptoms.
Objectives: The objectives of the study were to evaluate the 
effectiveness of ginger tea on symptoms of dyspepsia among 
adults 
Methods: A one-group pre-test and post-test research design 
with 30 samples who met the inclusion criteria was used. De-
mographic and clinical data were collected using a self-struc-
tured questionnaire.During the pre-test, a questionnaire (LDQ) 
was used to assess the severity of dyspepsia symptoms using 
an interview method. Following the pre-test, 100ml of freshly 
prepared ginger tea was given once a day, seven days a week, 
in the morning before meals. The same tool was used for the 
post-test after seven days of ginger tea administration. Data 
has been subjected to descriptive and inferential statistics
Result: During the pre-test, 13(43.33 %) of the 30 samples 
had moderate dyspepsia, 9(30%) had severe dyspepsia, and 
8 (26.67 %) had mild dyspepsia, whereas in the post-test, 
14(46.67%) had moderate dyspepsia, 12(40%) had mild dys-
pepsia, and 4(13.33%) had severe dyspepsia. Ginger tea is ef-
fective when the pre-test and post-test values are compared. At 
the p<0.001 level, the calculated paired ‘t’ test value of t = 9.104 
was found to be statistically highly significant. Demographic 
variables such as marital status and clinical variables such as 
dyspepsia duration and smoking history show a significant as-
sociation with post-test dyspepsia level at p<0.05. 
Conclusion: According to the study findings, the overall 

pre-test symptom score was mild to moderate. The post-test 
symptom score of dyspepsia patients who were given ginger 
tea showed a significant reduction in symptom severity. It was 
concluded that ginger had a greater impact on symptom relief 
in dyspepsia patients than other foods.
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INTRODUCTION:
Dyspepsia is a very common gastrointestinal (GI) 

complaint, affecting up to one in every five people 
worldwide. [1] Functional dyspepsia is defined by the 
recently revised Rome IV criteria as follows: Dyspep-
sia that has lasted more than 3 months in the last 6 
months, Endoscopy revealed no evidence of a pos-
sible organic cause of the symptoms and there is no 
evidence that the dyspepsia is relieved solely by defe-
cation or that it is associated with stool irregularities. 
According to the current Rome IV criteria, functional 
dyspepsia is divided into two subgroups based on the 
cardinal symptoms: Epigastric pain syndrome (EPS) is 
characterised by persistent epigastric pain or burning 
and Postprandial distress syndrome (PDS) a feeling 
of fullness and satiation after eating. [2] The cause of 
FD is unknown, but a number of theories have been 
proposed to provide explanations, including delayed 
stomach emptying, genetic factors, infection with the 
bacterium Helicobacter pylori, neurologic-hormon-
al disorders, autonomic disorders, stress and mental 
disorders, visceral hypersensitivity, and altered duode-
num sensitivity to acids and lipids (3).

Functional dyspepsia is a common functional dis-
ease that affects up to 20% of the population and is 
thought to originate in the gastro-duodenum (1). 
Symptoms must have been present for at least three 
days per week for the last three months and be chron-
ic, with an onset at least six months before the diag-
nosis. Most patients have a temporal relationship be-
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tween meal ingestion and the occurrence of symptoms 
during postprandial distress syndrome and epigastric 
pain syndrome, but symptoms are not always associ-
ated with a meal, as pain can be induced or relieved 
by eating or may occur during fasting. Weight loss is 
regarded as an alarm sign in patients with function-
al dyspepsia, prompting additional tests (2). Patients 
who have dyspepsia symptoms but did not have any 
investigations such as upper gastrointestinal (GI) en-
doscopy and are not classified as functional or organic 
in aetiology are classified as having un-investigated 
dyspepsia (UD), whereas those who have investiga-
tions and have no detectable cause for their symptoms 
are classified as having functional dyspepsia (FD) [4]. 
A recent systematic review and meta-analysis found 
that the pooled prevalence of UD was 21 percent, but 
it varied by country (1.8 percent to 57.0 percent) and 
the criteria used to define its presence [1]. Females and 
underlying psychological disturbances contribute to 
FD, while environmental/lifestyle factors such as poor 
socioeconomic status, smoking, increased caffeine in-
take, and ingestion of nonsteroidal anti-inflammatory 
drugs (NSAIDs) appear to be more common. [5] 

Confirmation of functional dyspepsia is based on-
the typical symptoms and the patient’s history, Other 
diseases of the upper gastrointestinal tract and up-
per abdominal organs that may present with similar 
dyspeptic symptoms must be ruled out. [2] Both the 
ACG/CAG and NICE guidelines, as well as the ACFD 
statement, recommend that patients with undiagnosed 
dyspepsia or FD have a non-invasive H. pylori test and 
receive eradication therapy if they test positive. [6,7] 
After a 2-week washout period, NICE recommends 
using either a breath test or a stool antigen test rather 
than serology for those taking PPIs [8]. According to 
NICE guidelines, all patients with undiagnosed dys-
pepsia should be treated with a PPI for four weeks, fol-
lowed by treatment with an H2 blocker. [7] 

In recent years, there has been a surge of interest 
in herbal treatments in general, and herbal treatments 
for FD in particular. Various plants have been studied 
to treat FD symptoms. The majority of the medicines 
obtained in this manner are combinations of several 
plants derived from traditional medicine studies in 
various countries (9). The rhizome of Ginger (Zin-
giberofficinale Roscoe), known as Zanjebil in TIM, 
is one medicinal plant used to treat FD. According to 
TIM, this plant is a stomach tonic that can help with 
digestion issues, bloating, and nausea. This plant pos-

sesses free radical scavenging, antioxidant, antiulcer, 
antibacterial, antispasmodic, and anti-inflammatory 
properties (10, 11).Ginger rhizome (Zingiberoffici-
nale Roscoe, family Zingiberaceae) is one of the most 
widely used medicinal plants in the world. It has long 
been used as a treatment for a variety of ailments, in-
cluding GI issues such as belching, bloating, vomiting, 
indigestion, and constipation. [12,13] There is also 
some scientific evidence that it has gastro protective 
effects, such as improving dyspeptic symptoms. [13] 
Ginger has been shown in animal and human studies 
to promote gastric motility. [14] Hu et al. discovered 
that ginger increased the speed of gastric motility and 
gastric emptying more than the placebo in their study 
on the effect of ginger on gastric motility. These effects 
may be beneficial in symptomatic patient groups (15).

Thus, the study aimed to evaluate the effectiveness 
of Ginger tea among dyspepsia adults.

METHODS AND MATERIALS:
For the current study, a quantitative research ap-

proach is used, with a pre experimental one group 
pre-test and post-test research design. 30 samples were 
chosen using the non-probability purposive sampling 
method for the study. House to house surveys at kon-
dancherry village were conducted to select partici-
pants who met the inclusion criteria of being between 
the ages of 30-55, having un-investigated dyspepsia, 
complaining of at least one of the following symptoms 
such as early satiety, postprandial fullness, bloating, 
and nausea existing for at least 3-6months continu-
ously or intermittently. Patients with extreme anorex-
ia, esophagitis, dysphagia drelevant gastroesophageal 
reflux symptoms (retrosternal pain, burning, or re-
gurgitation), a history of peptic ulcer, major abdom-
inal surgery, pregnant or lactating women, and those 
who were pregnant or lactating were excluded. The 
questionnaire is divided into two sections. The ques-
tionnaire’s first section gathers background data like 
age, gender, religion, education, occupation, earnings, 
and marital status. The clinical variables section of the 
questionnaire asks about the presence of dyspepsia, 
its duration, any current medications or home rem-
edies for dyspepsia, a person’s history of smoking and 
drinking, their BMI, dietary pattern, sleep pattern, 
and any comorbid conditions. The severity of dys-
pepsia symptoms was evaluated using the Leeds Dys-
pepsia Questionnaire (LDQ) [16]. Eight items on the 
Leeds Dyspepsia Questionnaire, each with two stems, 
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were related to the frequency and intensity of dyspep-
tic symptoms over the previous six months, and one 
item was on the patient’s most bothersome symptom.

The LDQ asked questions about epigastric pain, 
retrosternal pain, regurgitation, nausea, vomiting, 
belching, early satiety, and dysphagia and generated a 
score between 0 and 40. The first five questions were 
used to establish whether dyspepsia was present, and 
the final eight questions were used to determine how 
severe it was. Those who did not have dyspepsia ac-
cording to questions 1-5 received a score of 0. LDQ 
scores 1-4 indicated very mild dyspepsia, 5-8 indicat-
ed mild dyspepsia, 9-15 indicated moderate dyspep-
sia, and > 15 indicated severe or very severe dyspepsia. 
After receiving ethical clearance from the Saveetha In-
stitute of Medical and Technical Sciences’ Institutional 
Ethical Committee (IEC), we explained the purpose 
of the study to the participants and obtained their 
written consent. Semi-structured questionnaires and 
interviews are used to collect data. The LDQ pre-test 
was administered via interview and scored according-
ly. Following the pre-test, the patient was given ginger 
tea. Ginger is small yellow ginger that has been sliced, 
and the preparation is a dose of 2g of ginger and 2g of 
tea that has been boiled in 100ml of water for 10 min-
utes and cooled. Add brown sugar to ginger tea, then 
take 100ml ginger tea once a day, seven days a week, 
in the morning before meals. Patients are advised to 
drink ginger tea instead of tea or coffee. All patients 
are permitted to take the normal drugs that their doc-
tors have advised them to take. The post-test was per-
formed with the same tool after seven days of ginger 
tea administration. The data gathered in this manner 
is tabulated in MS Office Excel software and analysed 
using the SPSS trial version. Frequency and percent-
age are used to describe the sample’s characteristics. 
The correlation is used to determine the relationship 
between the effectiveness of ginger tea and post-test 
values. Chi square is used to post-test dyspepsia levels 
with selected demographic variables.

RESULTS AND DISCUSSION

SECTION A: Description of the 
demographic variables of the adults with 
dyspepsia.

The majority of them were between the ages of 35 
and 45, 83.3% were Males, 56.7% had primary educa-
tion, 33.3% earned less than $5,000 per month, 46.7% 

were Hindus, and 66.7% were married. In terms of 
clinical variables, 62% had frequent dyspepsia, 56.5% 
had a history of smoking, 40% had history of drinking 
alcohol, 75% drank tea, 20% only exercised, and 70% 
had comorbidities such as diabetes and hypertension. 
65% have history of Recent Medication use such as 
NSAIDS/Aspirin.

Table 1
Frequency and distribution of self-reported functional gastroin-
testinal symptoms in study population (n=30)

Symptoms N %
Postprandial Fullness 20 66.6%
Abdominal Discomfort 13 43.3%
Early satiation 17 56.6%
Epigastric pain 26 87%
Bloating 15 50%
Belching 17 57%
Nausea & vomiting 12 40%
Heartburn 24 80%

In this study, most frequently encountered symp-
toms were Postprandial Fullness (66.6%) 43.3% had 
Abdominal Discomfort, 56.6% had Early satiation, 
Epigastric pain (87%), Bloating (50%), Belching (57%), 
Nausea & vomiting (40%) and Heartburn (80%).

Similarly, Seid et al. (2018) found that the most 
common symptoms associated with UD were epigas-
tric pain/burning (42.1 %), PPF (26.1 %), ES (22.6 
%), and belching (25.2%) [17]. Similarly, the most 
common presenting complaint among Ugandan pa-
tients with upper GI symptoms was epigastric pain 
(51.6%) [18]. 

SECTION B: Assessment of Effectiveness  
of ginger tea on dyspepsia among adults.

The findings show that in the pre-test, 13(43.33%) 
had moderate dyspepsia, 9(30%) had severe dyspepsia 
and 8(26.67%) had mild dyspepsia whereas in the post-
test 14(46.67%) had moderate dyspepsia, 12(40%) had 
mild dyspepsia and 4(13.33%) had severe dyspepsia as 
shown in Table 1 and figure 1. 

Table 1
Frequency and percentage distribution of pre-test and post-test 
level of dyspepsia among adults. n=30 

Level  
of dyspepsia 

Mild Moderate Severe 

No. % No. % No. %

Pretest 8 26.67 13 43.33 9 30.0
Post Test 12 40.0 14 46.67 4 13.33
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Figure1: Comparison of Pre and Post Test Level of Dyspepsia 
before and after intervention Among Adults.

Table 2
Comparison of pre-test and post-test level of dyspepsia among 
patients n = 30

 Level of dys-
pepsia Mean S.D Paired ‘t’ test 

Value
Pretest 1.83 0.83 t = 9.104

p = 0.0001
S***Post Test 0.73 0.69

***p<0.001, S – Significant

The pre-test mean score was 1.83, with a standard 
deviation of 0.83, and the post-test mean score was 
0.73, with a standard deviation of 0.69, as shown in ta-
ble 2. At the p,0.001 level, the calculated paired ‘t’ test 
value of t = 9.104 was found to be statistically highly 
significant. This clearly indicates that there was a sig-
nificant improvement in patients’ post-test dyspepsia 
levels.

Similar to this, Sanjib Kumar Panda’s et.al (2022) 
conducted a randomised, double-blind, placebo-con-
trolled clinical trial in subjects with functional dys-
pepsia (FD). In the study group, 41% of participants 
reported a statistically significant favourable reaction 
at two weeks into the experiment, and this response 
persisted for the duration of the trial. In comparison to 
the placebo, which was found to be just 21% effective, 
zingiber officinale supplementation was found to be 
successful in 79% of the individuals. (19)

Section C: Association of level of dyspepsia 
with selected demographic and clinical 
variables.

n = 30
Demographic and clinical variables such as marital 

status, smoking history, and NSAID use, as well as tea 
consumption, were found to have a significant associ-

ation with post-test dyspepsia levels in this study. Sim-
ilarly, Talley et al. (2021) found that individuals who 
smoke cigarettes have a significantly higher risk of 
postprandial distress syndrome (FD-PDS) [17]. Like-
wise, Tobacco use was found to be an independent 
predictor of PDS+EPS, but not of PDS or EPS alone. 
The explanation could be related to how smoking in-
teracts with various constitutional and environmental 
factors to produce distinct symptomatology. Cigarette 
smoking raises gastric acid secretion and pepsinogen 
release, relaxes colonic smooth muscles, and increases 
intestinal permeability [18]. Smoking may impair all 
gastrointestinal functions, including those of the oe-
sophagus, stomach, and colon, increasing susceptibili-
ty to disease such as GERD, FD & IBS.

Several studies [20,21] have found similar links 
between smoking and FD. According to Seid et al. 
(2018), NSAID use is statistically associated with UD 
(AOR = 5.29, 95 percent CI 2.82-9.93, p <0.001) [22] 
, which is consistent with findings from British and 
American population-based studies in which NSAID 
use has been identified as an important independent 
risk factor for UD [21]. In Nigeria, Solomon et al. dis-
covered a link between excessive tea consumption and 
UD [23]. 

Conclusion:
The study’s findings demonstrate the usefulness 

of ginger tea in treating dyspepsia symptoms. These 
symptoms resolved after one week and the patient was 
even instructed to continue treatment at home after 
the trial. Empiric antisecretory treatment, the “test-
and-treat” approach for Helicobacter pylori, or a quick 
upper endoscopy are some first care options for un-
investigated dyspepsia. Differentiating between unin-
vestigative and investigated dyspepsia is crucial. Since 
ginger is a common herbal remedy, it is efficient in 
speeding up stomach emptying in indigestion suffer-
ers, cheap, and accessible. Because there is little chance 
of negative side effects, herbal medication is a good 
alternative. It is obvious that these herbs enhance gas-
trointestinal tract motility and stomach emptying. Ac-
cording to the study, ginger tea is one of the best ways 
to lessen the intensity of dyspepsia symptoms. We can 
consider the ginger supplement we used as a valid tool 
for an empirical method to treat dyspepsia sufferers. 
Dietary counselling that makes sense can be beneficial 
for patients who experience symptoms after meals.
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ABSTRACT 
AIM: the present study aims to assess the relationship between 
handgrip strength upper limb, anthropometric characteristic 
and hand disability in adult with type 2 Diabetes Mellitus at 
SMCH. METHODS AND MATERIALS: A cross sectional re-
search design was used for the present study. A total 50 sam-
ples were collected using convenience sampling technique. 
The demographic variable, handgrip and hand disability was 
assessed using structured questioner, followed by that data was 
gathered and analyzed . RESULTS: the results the study re-
vealed that there is a significant association between hand grip 
and hand disability at the level of p<0.01 conclusion: Thus, 
the present despites that factors associated with handgrip and 
hand disability. 
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INTRODUCTION 
According to WHO, Diabetes is a chronic disease 

that occurs either when the pancreas does not produce 
enough insulin or when the body cannot effectively 
use the insulin it produces. Insulin is a hormone that 

regulates blood sugar. In 2014, 8.5% of adults aged 18 
years and older had diabetes. In 2016, diabetes used to 
be the direct purpose of 1.6 million deaths and in 2012 
excessive blood glucose used to be the cause of each 
different 2.2 million deaths. 

Between 2000 and 2016, there used to be as soon as 
a 5% make bigger in untimely mortality from diabe-
tes. In high-income international locations the prema-
ture mortality rate due to diabetes reduced from 2000 
to 2010 then again then accelerated in 2010-2016. In 
lowermiddle-income countries, the premature mor-
tality cost due to diabetes prolonged across every peri-
ods. By contrast, the probability of death from any one 
of the 4 most important non communicable ailments 
(cardiovascular diseases, cancer, persistent respiratory 
diseases or diabetes) between the a while of 30 and 70 
diminished with the aid of 18% globally between 2000 
and 2016 .Diabetes mellitus (DM) is a metabolic ail-
ment regarded as by the hyperglycemia with the tur-
bulences of the carbohydrate, fat and the protein me-
tabolism that reasons deficiencies in insulin secretion, 
insulin action, or both. Insulin, the hormone formed 
by the beta cells of the pancreas is quintessential to 
make use of the glucose from the food disbursed as 
an electrical energy source. DM is a globally huge and 
a existence horrifying metabolic fitness trouble and 
which is classified into three major training especially 
type1, range two and gestational diabetes mellitus. 

Material and methods 
After obtaining and ethical clearance from the in-

stitutional ethical committee of saveetha institute of 
medical and technical science and formal permission 
letter obtained from the head of the study sector, pres-
ent study was conducted. For the present study quan-
titative approach with descriptive research design was 
adopted. The data were collected using a non prob-
ability purposive sampling technique .The inclusion 
criteria for the study, participants, who are available 
during the study period and who are cooperative and 
who understand both Tamil and English. exclusion 
criteria for the study are, samples who not willing to 
participate in the study .The purpose of the study was 
explained by the investigator to each of the study par-
ticipants and a written informed consent was obtained 
from them . the demographic and the factors associat-
ed with infertility data was collected from the samples 
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using semi structured questionnaire by face to face in-
terview .the data were analyzed by biostatistics. The 
sample characteristics were described using frequency 
and percentage, . Chi- square was used to associate the 
level of experience with their selected demographic 
variables 

RESULTS AND DISCUSSION 

SECTION A: Description of the 
demographic variables of adults with type 2 
diabetes mellitus 

The table despites that maximum of the m are 
adults and 46.0% were females, about 36.0% were wid-
ow about 38% were government employees, 36.0% 
were had education up to diploma /graduate, 32.0% 
were hindu, 32.0 % were in extended family, 58.0% 
were falling on monthly income of 15,000, about 
46.0% were non vegetarian, 56.0% were on sedentary 
life style, 48.0% were left hand dominace, 58.0% were 
of moderate hand grip, about 42.0 % were under lira-
glutide medication 

   

Age 

18-35 years 

36-55  years 

aabove 55years 

Frequency and percentage Distribution of age 

SECTION B: Assessment of level of hand 
grip and hand disability 

This table shows that maximum of were in mild 
hand disability that is 52%, and 26% were of moderate 
hand disability, 22% were of severe hand disability 
Table 2
frequency and percentage distribution of hand disability 

Variables Mild Moderate Severe 
No. % No. % No. % 

Level of hand 
disability 

26 52.0 13 26.0 11 22 
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 hand disability 

Percentage distribution on level of hand disability 

SECTION C: comparison of age, upper 
limb anthropometric characteristics, hand 
functional status, dominant and non 
dominant hand grip strength between male 
and female participants 

Participant were only comparable with age, LWrC 
(cm), FBS (mmol-1), HFS and HGS-D (Kgf) at level of 
p<0.001** 

SECTION D: correlation between dominant 
and non dominant hand grip strength and 
upper limb anthropometric characteristics of 
participants 

Majority of the anthropometric characteristics 
shows significant association with dominant and non 
dominant hand grip 

SECTION E: logistic regression analysis 
of association between hand disability, age, 
socio demographic characteristics with poor 
hand grip strength 

Only age variable sshows significant relationshio 
with poor hand grip at p<0.001** 

CONCLUSION 
From the results of the present study shows signif-

icant improvement for researcher . 
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ABSTRACT:
BACKGROUND: As the prevalence of diabetes is high in the 
current scenario, globally it is very much essential to control 
diabetes as a nurse working in the medical profession. Apple 
cider vinegar has been proven to have beneficial effect in re-
ducing hyperglycemia.. PURPOSE: The current study aims to 
evaluate the effectiveness of apple cider vinegar on reduction 
of blood glucose level among diabetic clients. MATERIALS 
AND METHODS: A quasi experimental pre-test and post test 
control group was conducted in the host institution of Saveetha 
Medical And Hospitals. There were 50 diabetic clients recruit-
ed using purposive sampling technique based on the inclusion 
criteria and the clients were divided into 2 groups, 25 in exper-
imental group and control group respectively. A self-structured 
questionnaire method was used to collect the demographic 
and clinical data. The pre-test level of blood glucose was esti-
mated in the laboratory. Followed by that, apple cider vinegar 
oral supplementation was given for one month of about 15ml 
once a day for the study participants in the experimental group 
and the study participants in the control group were contin-
ued with their own medications and the post-test level of blood 
glucose were reassessed after one month in both the groups. 
RESULTS: The results revealed that, pre-test mean score of 
fasting blood sugar is 159.36 with standard deviation 81.37, in 
post-test mean score 122.28 with SD 53.66, calculated paired t 
test value t= 4.501 at level of p<0.001. The pre-test mean score 
of post prandial sugar is 248.44 with standard deviation 102.05, 
in post-test mean score 187.36 with SD 57.28, calculated paired 
t test value t= 3.983 at level of p< 0.001. This clearly infers ad-
ministration of apple cider vinegar was found to be effective in 
reducing blood glucose among diabetic clients 
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INTRODUCTION
According to W.H.O 2016 globally Diabetes is a 

huge and growing burden, which had drastic impact 
on public health. About 415 million adults were living 
with diabetes in 2015 and this number is expected to 
increase around 642 million or one in ten adults by 
2040, were one in two adults with diabetes is undiag-
nosed. People living with type 2 diabetes for a longer 
duration are unaware of their situation by the time of 
diagnosis, diabetes complications may already persist. 
Up to 70% of type 2 diabetes cases can be prevented or 
delayed by adopting healthier lifestyles. Practices [1]. 
According to WHO 2016 in India, 31.7 million people 
were affected by diabetes mellitus. Data from studies 
predicts that by the year of 2030, the prevalence of di-
abetes rises above 79.4 million by 2030 [2]. Diabetes 
Mellitus can be defined as a group of metabolic diseas-
es characterized by hyperglycaemia, with disturbances 
of carbohydrate, fat and protein metabolism enables 
from defects in insulin secretion, insulin action or both 
[3]. Persons with diabetes are at higher risk of visual 
impairment when compared to non-diabetic persons. 
Ocular complications are frequent and distressing and 
are becoming more common symptom, because of the 
prolonged of diabetes. Diabetic retinopathy, cataract, 
and glaucoma are the potentially blinding ocular con-
ditions associated with diabetes, however most blind-
ness is caused by diabetic retinopathy [4]. 

Worldwide, the prevalence of diabetic retinopathy 
rate has been estimated at 34.6% (93 million people). 
An estimates of the prevalence rate for vision –threat-
ening diabetic retinopathy (VTDR) 10.2% [5]. Diabe-
tes mellitus (DM) is one of the endocrine disorders 
characterized by the alteration in the fat, protein and 
carbohydrate metabolism resulting from lower secre-
tion of insulin. About 14 million patients were suffer-
ing in DM in the United State and this ratio has been 
increasing by about 700,000 each year [6]. There are 
different categories of diabetes which includes type I 
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diabetes resulting from deficiency of insulin, insulin 
resistance known as type II diabetes, and gestational 
diabetes resulting from glucose intolerance during 
pregnancy [7]. World Health Organization (WHO) 
predicted DM to be the 7th cause of mortality by the 
year 2030 [8]. Food additives which are grown by nat-
ural origin have been more popular in recent year for 
treating the diseases even without showing evidence 
of medical benefits. The ethnic, cultural and religious 
belief of various communities and easy access to inter-
net information enhanced their preference for natural 
treatment remedies for various diseases [9]. 

Vinegar is a dilution of acetic acid which has its own 
physical and chemical properties. The product which 
is called vinegar is formed by 2 biochemical processes 
[10]. Due to sour taste vinegar has antiseptic, clean-
ing and killing of germs properties and it also contains 
various amount of vitamins, minerals, enzyme, fiber 
and other organic compound depending on its pro-
cess of production [11]. Apple cider vinegar has been 
used as a natural remedy for the management of dia-
betes for many years in the different areas of the world. 
It has been reported that,, the action of glucose me-
tabolisms includes delayed gastric emptying, elevates 
glucose utilization, declines the synthesis of hepatic 
glucose, up-regulation of flow-mediated vasodilata-
tion, increase in lipolysis and reduced in lipogenesis, 
insulin secretion facilitation. Other mechanisms are 
reported including fecal acid bile excretion facilitation, 
enhanced energy uses and increased satiety [12]. Ap-
ple cider vinegar (ACV) are, produced by fermenting 
apples [13]. This acidic solution is consumed through-
out the world as a flavoring and preservative agent in 
foods [14]. ACV contains a variety of flavonoids, such 
as gallic acid, catechin, caffeic acid, and ferulic acid 
[15]. Animal experiments have reported that ACV has 
a variety of pharmacological functions, including an-
ti-oxidant, anti-inflammatory, anti-diabetic, anti-hy-
pertensive, and anti-hyperlipidemic properties [16]. 
It has been identified by the researcher that many of 
clients were suffering with diabetes when working as 
a student nurse in the general medicine clinical field, 
which made the researcher to take up the present 
study as apple cider vinegar is found to play a useful 
role in reducing the blood glucose level.

Therefore, the objectives of current study was
• To assess the pre test level of blood glucose among 

diabetic clients in both experimental and control 
group.

• To determine the effectiveness of apple cider vin-
egar on reduction of blood glucose level in the ex-
perimental group.

• To compare the post test level of blood glucose 
among diabetic clients in both experimental and 
control group.

• To find out the association between the post test 
levels of blood glucose among diabetic clients with 
their selected demographic variables. 

MATERIALS AND METHODS

Study Design
The quantitative approach with quasi experimen-

tal pre-test post-test control group was designed to 
investigate the effectiveness of apple cider vinegar on 
reduction of hyperglycaemia among diabetic clients. 

Study Setting
This study was conducted at Diabetic clinic at 

Saveetha Medical College and Hospital after obtaining 
ethical clearance from the Institutional Ethical Com-
mittee (IEC) of Saveetha College Institute Of Med-
ical And Technical Sciences (SIMATS) and a formal 
permission from the Departmental Head of Diabetic 
Clinic, the main study was conducted.

Study Participants
Clients with both genders who were diagnosed with 

diabetes mellitus between the age group of 30-60 years, 
non alcoholic, non smoker, and were on standard med-
ical therapy for diabetes, willing to participate, under-
stands read, and write English and Tamil and regularly 
attended the Diabetic Clinic at SMCH were included as 
the study participants. Clients suffering with gastric ul-
cer, with history of cardiac vascular disorders, ischemic 
heart disease, chronic renal diseases, stroke, known al-
lergy or intolerance to vinegar, present history of acute 
infection, clients who are critically ill and non- coop-
erative, clients who are not able to follow verbal com-
ments, clients who are not available during the study 
period were excluded. The purpose of the study was 
explained clearly in depth, by the investigator to each of 
the study participants, and a written informed consent 
was obtained from each of them. 

Sampling Technique 
There were 50 diabetic clients recruited using pur-

posive sampling technique based on the inclusion cri-
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teria and the clients were divided into 2 groups, 25 in 
experimental group and control group respectively.

Pre Assessment
The study participants level of blood glucose was 

assessed in both experimental and control group be-
fore the intervention by estimating the fasting blood 
glucose and post prandial blood glucose on 1 st day.

Intervention Details
Apple cider vinegar was given orally of about 15ml 

once a day for 30 days once a day (15ml) for the study par-
ticipants in the experimental group and the study partici-
pants in the control group were continued with their own 
medications. Adherence to the schedule was confirmed by 
calls and short message service through mobile phone.

Post Assessment
The study participants level of blood glucose was 

reassessed after the intervention by estimating the 

fasting blood glucose and post prandial blood glucose 
on 31 st day in both the groups.

RESULTS AND DISCUSSION

Demographic And Clinical Characteristics
In the experimental group, with regards to the de-

mographic characteristics, majority of the diabetic cli-
ents 8(32%) were aged between 35– 40 years, 14 (56%) 
were female, 8(32%) were under graduates, 9(36%) 
were own business, 14(56%) were married, 7(28%) 
had a monthly income of 5001 – 10000 and 20,000 – 
25,000 respectively, 13(52%) were Hindus and were 
non-vegetarian and 12(48%) were moderately follow 
diet plan. In the control group, with regards to the 
demographic characteristics, majority of the diabet-
ic clients 9(36%) were aged above 40 years, 13(52%) 
were female, 10(40%) had primary education, 8(32%) 
were own business, 11(44%) were married, 10(40%) 
had a monthly income of 10,000 – 20,000, 11(44%) 

 

Enrolment 

 Included Criteria (n=50) 
 

 Excluded Criteria  (n=108) 
 Not met inclusion   (n =40) 
 Other reason           ( n=5) 

Treatment Assignment 

 

Experimental group   (n=25) 

 Receiving  Apple cider vineagar 
 

Control  group  (n=25) 

 Receiving routine hospital care 
  

Allocation 

Discontinued intervention   ( n=0) 
Discontinued intervention ( n=0) Follow up 

Analysed (n= 25) Analysis Analysed (n=25) 

Assessed  For  Eliglibilty   (N=203) 

Figure:1 Consort Flow Chart Depicting The Steps Involved In Study Participants Recruitment Process
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were Christians, 20(80%) were non-vegetarian and 
10(40%) were strictly follow diet plan.

In the experimental group, with regards to the 
clinical characteristics, majority of the diabetic cli-
ents 16(64%) had diabetic mellitus for above 3 years, 
20(80%) had type I diabetes mellitus,19(76%) had 
family history of diabetes mellitus,25(100%) were on 
regular treatment and 16(64%) were doing exercise 
regularly. In the control group, with regards to the 
clinical characteristics, majority of the diabetic cli-
ents 20(80%) had diabetic mellitus for above 3 years, 
22(88%) had type I diabetes mellitus, 17(68%) had 
family history of diabetes mellitus, 20(80%) were on 
regular treatment and 13(52%) were not doing exer-
cise regularly.

Estimation On Hyperglycaemic Levels 
Among Study Participants In Experimental 
And Control Group

In the experimental group, the pre test level 
on Fasting Blood Glucose(FBG) mean score was 
159.36±81.37 and the post test mean score was 
122.28±53.66 and the pre test level on Post Pran-

dial Blood Glucose (PPBG) mean score of was 
248.44±102.05 and the post test mean score was 
187.36±57.28. In the control group, the pretest 
level on Fasting Blood Glucose(FBG) mean score 
was 159.08±71.39 and the post test mean score 
was 176.92±72.09 and the pretest level on Post 
Prandial Blood Glucose (PPBG) mean score was 
249.32±107.82 and the post test mean score was 
269.0±96.66. (Table:1, Figure:2 & Figure:3)

Effectiveness Of Apple Cider Vinegar On 
Reduction Of Hyperglycemia Among Study 
Participants In The Experimental Group

In experimental group, the calculated paired ‘t’ 
test value for Fasting Blood Glucose(FBG) (t=4.501, 
p=0.0001) and Post Prandial Blood Glucose (PPBG) 
(t=3.983, p=0.0001) was found to be statistically sig-
nificant at p≤0.001 level which infers that, there is a 
significant difference between the pretest and post test 
hyperglycemia level among diabetic clients which in-
fers the effectiveness of Apple Cider Vinegar on reduc-
tion of hyperglycemia level among diabetic clients in 
the experimental group. 

Table 1
Assessment On Fasting Blood Glucose(FBG) And Post Prandial Blood Glucose (PPBG) Among Our Study Participants In The Exper-
imental And Control Group:

(n = 25=+25)

Biochemical Parmeters
Experimental Group Control Group

Pretest Post Test Pretest Post Test
Mean S.D Mean S.D Mean S.D Mean S.D

Fasting Blood Glucose 
(FBG)

159.36 81.37 122.28 53.66 159.08 71.39 176.92 72.09

Post Prandial Blood 
Gluose (PPBG)

248.44 102.05 187.36 57.28 249.32 107.82 269.00 96.66
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Figure:2 Comparison Of Mean Scores Levels of Fasting Blood 
Glucose(FBG) And Post Prandial Blood Glucose (PPBG) Among 
Diabetic Clients In The Experimental Group
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In control group, the calculated paired ‘t’ test value 
for Fasting Blood Glucose (FBG) (t=1.045, p=0.306) 
and Post Prandial Blood Glucose (PPBG) (t=1.840, 
p=0.078) was not found to be statistically significant 
which clearly infers the there no significant difference 
between the pretest and post test hyperglycemic level 
among diabetic clients (Table:2) . In the control group, 
the calculated paired ‘t’ test value for Fasting Blood 
Glucose (FBG) (t=1.045, p=0.306) and Post Prandial 
Blood Glucose (PPBG) (t=1.840, p=0.078) was not 
found to be statistically significant which clearly infers 
the there no significant difference between the pretest 
and post test hyperglycemic level among diabetic cli-
ents (Table:3). The mean score of FBS in the experi-
mental group was 122.28±53.66 and the mean score 
in the control group was 176.92±72.09. The calculat-
ed student independent ‘t’ test value of t = 3.040 was 
found to be statistically significant at p<0.01 level. The 
mean score of PPBS in the experimental group was 
187.36±57.28 and the mean score in the control group 
was 269.0±96.66. The calculated student independent 
‘t’ test value of t = 3.633 was found to be statistically 
significant at p≤0.001 level. 

These above findings clearly shows the effective-
ness of Apple Cider Vinegar on reduction of hyper-
glycemic level after the administration among diabet-
ic clients in the experimental group than the control 
group who had undergone normal hospital routine 
measures(Table:4).

Table:2 
Effectiveness Of Apple Cider Vinegar On Reduction Of Hyper-
glycemia Among Diabetic Clients In The Experimental Group. 
n = 25

Biochemical 
Parmeters

Pretest Post Test Paired ‘t’ 
test ValueMean S.D Mean S.D

Fasting Blood 
Glucose 
(FBG)

159.36 81.37 122.28 53.66
t = 4.501
p=0.0001, 

S***
Post Prandial 
Blood Gluose 
(PPBG)

248.44 102.05 187.36 57.28
t = 3.983
p=0.001, 

S***

The present study findings is supported by a dou-
ble blinded placebo randomised controlled trial con-
ducted by Mehdi,2013 aiming in investigating the 
effect of apple cider vinegar among Type 2 diabetes 
clients were 15ml oral administration of apple cider 
vinegar once a day for 30 days resulted in significant 
reduction in the fasting blood glucose level among 
these clients [17]. The present study findings is sup-

ported by a single blinded randomised controlled trial 
conducted by Kausar,2019 among 110 diabetic clients 
to assess the effect of apple cider vinegar on reduction 
of hyperglycemia among these patients were 15 ml of 
apple cider vinegar was administered orally once a day 
for 12 weeks which resulted in significant reduction in 
the fasting blood glucose level [18]. 

The present study findings is supported by a ran-
domised controlled trial conducted by Gheflati et al., 
2019 among seventy type 2diabetes patients to assess 
the impact of oral administration of apple cider vinegar 
were 20 ml once a day was given to these patients for 
56 days. The study finally concluded that, there was a 
significant reduction in the fasting blood glucose level. 
[19]. The present study findings is supported by a dou-
ble blinded randomised controlled trial conducted by 
Johnston et al., 2010 among nine diabetic individuals 
to assess the impact of apple cider vinegar were two 
teaspoons 10 grams vs 20 grams of apple cider vinegar 
were given orally for 7 days and the results of the tri-
al identified that, there was a significant reduction in 
the postprandial blood glucose level among these cli-
ents [20]. The present study findings is supported by 
a cross over placebo randomised controlled trail was 
conducted by Mitrou et al., 2015 among eight study 
participants with impaired glucose tolerance between 
the age group of 46 years were 50 ml of apple cider vin-
egar was administered for 14 days aiming in investi-
gating the effect of apple cider vinegar among diabetic 
clients and the outcome of study results reported that, 
there was a significant reduction in the post prandial 
hyperinsulinemia. [21]. 

Hence it was evident that, our study findings and 
from the above studies it was concluded that, oral con-
sumption of apple cider vineagar have been proven to 
have beneficial effect on both glycemic indices as well 
a on oxidative stress among the diabetic individuals.

Table 3
Comparison Of Pretest And Post Test Hyperglycemia Level 
Among Diabetic Clients In The Control Group.
n = 25

Biochemical 
Parameters

Pretest Post Test Paired ‘t’ 
test ValueMean S.D Mean S.D

Fasting Blood 
Glucose (FBG)

159.08 71.39 176.92 72.09 t = 1.045
p=0.306, 

N.S
Post Prandial 
Blood Gluose 
(PPBG)

249.32 107.82 269.00 96.66 t = 1.840
p=0.078, 

N.S
N.S – Significant
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Table 4
Comparison Of Post Test Hyperglycemia Among Diabetic Cli-
ents Between The Experimental And Control Group.
N = 50(25+25)

Biochemical 
Parameters

Experimental 
Group Control Group Student 

Indepen-
dent ‘t’ 

test ValueMean S.D Mean S.D

Fasting Blood 
Glucose (FBG) 122.28 53.66 176.92 72.09

t = 3.040
p=0.004, 

S**
Post Prandial 
Blood Gluose 
(PPBG)

187.36 57.28 269.00 96.66
t = 3.633
p=0.001, 

S***

***p≤0.001, **p<0.01, S – Significant

Association On The Level Of Hyperglycemia 
With Selected Demographic Variables.

The data showed that, the demographic variables 
type of food (χ2=2.122, p=0.048) and diet plan follow 
up (χ2=3.787, p=0.039) had statistically significant as-
sociation with post test level of Fasting Blood Glucose 
(FBG) at p<0.05 level respectively and the other demo-
graphic variables had not shown statistically significant 
association with post test level of FBS among diabetic 
clients. The data further shows that the demographic 
variable educational qualification (χ2=3.418, p=0.036) 
had statistically significant association with post test 
level of Post Prandial Blood Glucose (PPBG) at p<0.05 
level respectively and the other demographic variables 
had not shown statistically significant association with 
post test level of Post Prandial Blood Glucose (PPBG) 
among diabetic clients. The data shows that the clinical 
variable type of diabetes mellitus (χ2=2.145, p=0.045) 
had statistically significant association with post test 
level of FBS at p<0.05 level and the other clinical vari-
ables had not shown statistically significant association 
with post test level of FBS among diabetic clients. The 
data also shows that the clinical variable type of diabetes 
mellitus (χ2=2.571, p=0.017) had statistically significant 
association with post test level of Post Prandial Blood 
Glucose (PPBG) at p<0.05 level and the other clinical 
variables had not shown statistically significant associa-
tion with post test level of PPBS among diabetic clients.
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Abstract
Background. Obstructive sleep apnea (OSA) is characterized 
by recurrent complete (apneas) and partial (hypopneas) upper 
airway obstructive. The Obstructive Sleep Apnea is one of the 
leading risk factor for coronary heart diseases and heart failure.
Aim. The aim of the study was to develop and validate the 
educational pamphlet on Obstructive sleep apnea (OSA)
Design. A mixed method research design with quantitative re-
search approach was adopted in this study.
Methods. Educational pamphlet was developed on preven-
tion and control of Obstructive sleep apnea. The pamphlet was 
developed in three phases which includes review of content, 
design / layout of the pamphlet and validation with expert 
opinion. The pamphlet was validated using Item level con-
tent validity index (I-CVI) and Scale level Content Validity Index 
(S-CVI). individual items which ranged from 0.94 – 1. Scale level 
Content Validity Index (S-CVI) was 0.9120.
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Introduction
The Obstructive Sleep Apnea (OSA) is defined as 

repetitive episode of complete and partial obstructions 
of the upper airway during sleep. It is the most com-
mon type of sleep apnea and characterized by effort to 
breathe, and associated with a reduction in blood oxygen 
saturation.The overall prevalence rate was 77.2%. (Karg-
er and Basel (2011) among male was 93.6% and 73. 5% in 
women. The risk factors for obstructive sleep apnea are 

age, sex, central obesity, short structure and heavy neck 
circumference. The associated risk factors are stroke, 
Hypertension, Hypothyroidism, coronary he artery 
diseases.(Zarir et al,. 2003).The untreated Obstractive 
Sleep Apnea may cause increased daytime sleep, Upper 
Respiratory Tract Infection, congestion, swelling of the 
throat, tonsillitis, increases in size of the lymphoid tis-
sue, impairment in working memory and manipulating 
nonverbal information. The early clinical sign of sleep 
apnea are day time sleeping and snoring during sleeping. 
Hence people never consider those symptoms hence not 
faced much difficulty in their activity of daily living.A 
study done by Houts et al., showedthat written informa-
tion along with illustrations can be an effective teaching 
strategy for OSA high risk group especially from low 
literacy population [American Academy of sleep med-
icine(1999)] , [Boyn ton et al,.(2013)]. Hence the need 
arises for such a service system which can be understood 
in local language and can be delivered in their home set-
tings without much professional involvement. Keeping 
this into consideration, present study was aimed at devel-
opment and validation of an educational pamplet for the 
OSA high risk group in English aswell as local (Tamil) 
Language. Its main purpose was to impart knowledge 
and educate high risk OSA. 

METHODS AND MATERIALS 

Ethical considerations
The study was initiated after obtained approval 

from the Principal, Faculty of Nursing, Institutional 
Ethics Committee, The Head of the CommunityMed-
icine, The Convener, Rural Health Training Centre & 
Research Institute, Sri Ramachandra Hospital. Partic-
ipants were explained clearly about the study purpose 
and a written informed consent was obtained from all 
the participants before conducting the study. Confi-
dentiality of the responses were assured and main-
tained throughout the study

Research setting and design 
A mixed method research design with quantitative 

research approach was adopted in this design.

Phases of Pamphlet Development 
An in- depth literature review and focused group 

discussion with experts were conducted to formulate 
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and develop the content of education pamphlet to 
prevent sleep Apnea for people with high risk of de-
veloping sleep Apnea. The pamphlet have developed 
based on BALD (Backer Able Leaflet Design) meth-
od. The patient information pamphlet has validated 
for a layout and design, Item level content validity in-
dex (I-CVI) was calculated for individual items which 
ranged from 0.94 – 1. Scale level Content Validity In-
dex (S-CVI) was calculated for complete nine items 
and it was found to be 0.9120.

Phase One 
The development and validation of pamphlet on 

prevention of sleep Apnea has three stages. In ini-
tial stage the relevant content was gathered based on 
depth of literature review from text books, existing 
pamphlets and had discussion with endocrine medica 
l, surgical experts,paramedical personnel about their 
experience in their specific field. 

Phase Two 
Literature review on pamphlet design reveals that 

the design of the pamphlet (pictorial representation, 
colour, organization of content) influence the memo-
ry and clear understanding about the preventive tech-
niques. The pamphlet provided information about 
meaning and definition of sleep Apnea, risk factors, 
causes, clinical signs and preventive measures. The 
pamphlet fit on a two -sided sheet of paper for easy, in-
expensive copying. Copies of the pamphlet and its sub-
sequent translations was done into Tamil language also. 

Phase Three 
The printed pamphlet was validated by the experts 

with minimum 10 years of experience (Two general 
physician, Two endocrinologist, Ten Nursing teaching 
Faculties, Two physiotherapist,Five nursing adminis-
trators, Ten Intensive Care Staff nurse and Four 

post-operative staff nurses. Process of Develop-
ment of educational pamphlet for prevention and 
treatment of sleep Apnea

Page I- Introduction 
In this page general information about sleep Ap-

nea, prevalence rate, definitions and types 

Page II-Clinical Sign 
This phage explains clinical signs of OSA (snoring, 

insomnia,early morning headache, Restless Legs Syn-

drome & Sleep Hypoventilation) with proper illustra-
tions. 

Page III-Risk factors 
This page views the risk factors of OSA with ou t 

line ofpathological changes in specific organs.(Smok-
ing, Alcoholism andObesity)

Page IV-Risk factors 
Page IV illustrates the preventive measures and 

home based simple treatment strategies explained 
with appropriate pictures. Treatment strategies which 
includes Tongue exercises, Breathing techniques and 
pursed lip breathing etc. Preventive measures which 
includes components of Mediterranean diet, yoga 
techniques, sleeping positions etc. 

Experts validation 
- Physician 
- Nursing Faculties 
- Icu staff Nurses 
- Nursing Administrators 
First draft of information pamphlet on prevention 

of OSA Prevention of sleep apnea 
- Graphs 
- Images 
Obtained opinion for important domains from Ex-

pert review

Assessment of Content Validity 
Assessment of Content Validity This pre -final 

draft was sent forcontent validity to experts. It was a 
two -stage process requiring validation in the develop-
mental and judgment-quantification stages [Leininger 
(2002)]. During the developmental stage, a panel of 
four experts including two physiotherapists, gener-
al physicians and a endocrinologist validated the ac-
curacy of information presented and ability to com-
prehend according to high risk group point of view.
Judgment-quantification stage of content validation 
involved validation of both the content of the items 
and the entire instrument [Lynn(1986)]. Rating scales 
were sent to 34 validators. The pa nel of experts were 
having the relevant training, experience and qualifi-
cation for this validation. Experts were selected from 
different fields to make the educational material more 
user friendly and to cater the needs of high risk groups. 
The panel receiv ed specific instructions to determine 
the content relevance of specific items and of the leaf-
let as a whole. 
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Validation was done through a questionnaire con-
sisting of 10 items pertaining to completeness, under-
stand ability, legibility, clarity and utility of educational 
material for high risk groups and a section for com-
ments. Questionnaire was distributed to - 34 valida-
tors (Two general physician, Two endocrinologist, Ten 
Nursing teaching Faculties, Two physiotherapist, Five 
nursing administrators, Ten Intensive Care Staff nurse 
and Four post-operative staff nurses.), along with a 
covering letter stating the purpose of this educational 
material, the reason why they have been chosen for val-
idation and the importance of their participation in val-
idating the educational material. Scoring was based on 
5 point likert scale. Results were quantified by applying 
the Content Validity Index (CVI) [Davisd1992), Polit 
and Beck (2006)]. Translation & parallel back transla-
tion: Standard procedure was followed for transl ation 
into local language to enhance its utility and accept-
ability by local population [Beaton, Bombardier,Guil-

lemin and Ferraz (2000)]. After completing the content 
validity, this leaflet was translated into local language 
(Tamil) by two independent persons with fluency in 
both the languages i.e., Tamil and 23 English. Both the 
versions were discussed with the involvement of third 
person with bilingual expertise to resolve any identified 
discrepancies or ambiguity of words. After reaching the 
final consensus, one single version was prepared. This 
final copy was sent to another person who was com-
pletely blinded for the study to translate it back to En-
glish (original language). Once parallel back translation 
was done, an expert committee meeting consisting of 
translators, language experts,physiotherapist and gen-
eral physician and endocrinologist were held to consol-
idate the final form with equivalence in both the ver-
sions i.e., English and Tamil. 

Experts in agreement of each items was calculated 
based on sum up the relevant rating provided by all 
experts for each item.

Table-1
Items and content validation of an educational pamphlet on prevention and control of Sleep Apnea

S. No  Q. No Items Item Level Content Validity  Index (I-CVI) 
1. Q1 Evaluate the appearnce of the pamphlet  0.94 
2. Q2 The pamphlet is presented in a simple and  understandable lauguage 0.97
3. Q3 The pamphlet provides information on  prevention of sleep apnea 1
4. Q4 The pamphlet provides information on risk  factors of sleep apnea 0.97
5. Q5 The pamphlet provides clear definition of sleep  apnea  0.97
6. Q6 The clinical signs of sleep apnea is relevant and  undersatndable  1
7. Q7 The pictures of breathing techniques assist to  perform breathing techniques independently 0.97
8. Q8 The pictures of tongue exercise assist to  perform tongue exercise independently 0.97
9. Q9 The mediterrenean diet and Therir purposes are  clearly understandable  1
10. Q10 I would like to use this pamphlet to educate  high risk groups to prevent sleep apnea 0.97

Scale Content Validity Index (S-CVI) = Average of  I-CI 9.76/10=0.97 

Table: 2 
Validation of experts in agreement of an educational pamphlet on prevention and control of Sleep Apnea 
Q.NO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 A.Ag

1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 33
2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 34
3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 35
4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 35
5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 34
6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 35
7 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 34
8 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 34
9 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 35
10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 34
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Discussion
The objective of the present study was to develop 

and validate an educational pamphlet on prevention 
and control of OSA. Literature has reported that ed-
ucating high risk groups and providing them with 
structured written information pamphlet can enhance 
the probability that important information will be 
better attended to, understood, accepted and recalled 
[Nicolette Bester et al.,2016]. The present study in-
volved validators from different specialties and while 
selecting the panel of experts their qualification, train-
ing, experience, publication, presentations and re-
search interests were taken into consideration. This 
was done in consensus with American Psychological 
Association guidelines which emphasize that these as-
pects should be considered to make the material more 
authenticated and operational for target population 
[Khurana, S et al.(2016)]. Content validation of our 
study showed I-CVI more than 0.97 for all the items in 
the questionnaire except item - 1 (I-CVI= 0.94). The 
I-CVI -0.94 value is acceptable level even though the 
least I-CVI in this study was taken in to the consid-
eration and the overall app earance of the pamphlet 
was modified once again before pre final format of the 
pamphlets. Maximum number of validators found in-
adequacy and expressed their views to add a section 
on dietary management to prevent OSA. Therefore a 
table was added on the last page to provide informa-
tion about the Mediterranean diet same in the educa-
tional pamphlet. This was done in line with previous 
studies which states that awareness of caregivers/par-
ents about their child development is very crucial and 
it influences their expectations and interactions with 
their child [Reich(2005)]. 

Conclusion
The pamphlet on prevention of sleep OSA is an 

educational and interventional tool to prevent and 
control the OSA among people in high risk. It is very 
simple tool and it is available in English as well in local 
language of Tamilnadu (Tamil).People can able to use 
this pamphlet without medical professionals Guid-
ance. Hence, an educational pamphlet covering in-
formation regarding the definition, causes, high risk, 
clinical sign and prevention of OSA.
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Abstract
Introduction Human Papillomavirus (HPV) is the most com-
mon sexually transmitted infection in both sexes. In Spite of 
the vaccines which are highly immunogenic, safe, well tolerat-
ed and highly effective in preventing HPV infection the interest 
shown to receive the vaccine is least. The major reason is the 
lack of awareness and knowledge about HPV, vaccines and cer-
vical cancer among people resulting in only a small number 
of immunizations being reported. The investigators decided to 
know the vaccination knowledge and attitude on their own set-
tings and conducted a study.
Aims: To determine the knowledge and attitude regarding HPV 
vaccination among late adolescent girls
Methods: A Descriptive Research Design was adapted in this 
study. The study was conducted among First year undergraduate 
female students studying in the following colleges Physiother-
apy, occupational therapy and Optometry of Sri Ramachandra 
University. Non Probability Convenience Sampling Technique was 
used to select the samples during the study period. Demograph-
ic Variables consist of Age, Year of study, previous knowledge 
on HPV Vaccination, Immunization History. PART II- Section A: 
Structured Knowledge questionnaire on HPV Vaccination.
Results Out of 122 participants 68% of students have heard 
about HPV vaccine and 32% of students have not heard about 
HPV vaccine. 10.7% of the students have received HPV vacci-
nation and 89.3% of the students have not received HPV vacci-
nation; among 89.3% who have not received HPV vaccine, only 
60.6% are willing to receive HPV vaccine in future and 28.6% are 
not willing to receive HPV vaccine in future. The study revealed 
that 51% had inadequate knowledge and 49% of students had 
moderately adequate knowledge on HPV vaccination. 
Conclusion The study results concluded that the majority of 
adolescents require the knowledge of human papillomavirus 

vaccination. The urge of vaccination needs to be inculcated 
among adolescents through educational institutions.
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Introduction
The majority of the girls have poor knowledge and 

attitude on HPV. The students need to be encouraged 
to engage in safe sexual practice to prevent and reduce 
risk of HPV infection. Health education and awareness 
campaigns on HPV prevention with more attention to 
the benefits of vaccination are necessary in order to 
improve acceptance of vaccination thereby prevent-
ing cervical cancer in future. They have suggested that 
awareness is effective and cost effective in improving 
the knowledge and attitude on human papilloma vi-
rus and can be implemented in daily living to have a 
healthy life. Being paramedical staff and students we 
are only aware of the disease and not about the impact 
and seriousness of the disease. Also, the availability 
and need for the vaccination to prevent infection of 
HPV and cervical cancer is not widely known. India 
being a developing country is in the process of devel-
oping and initiating the administration of optional 
vaccination for the vulnerable age group. This study 
aids in the increase of the number of women who will 
take the vaccination thereby reducing the mortality 
due to the same.

Methods
A Descriptive Research Design was adapted in this 

study. The study was conducted among First year un-
dergraduate female students studying in the follow-
ing colleges Physiotherapy, occupational therapy and 
Optometry of Sri Ramachandra Institute of Higher 
Education and Research (DU). Non Probability Con-
venience Sampling Technique was used to select the 
samples during the study period extended from April 
2021- August 2021. Demographic Variables consist of 
Age, Year of study, previous knowledge on HPV Vac-
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cination, Immunization History. PART II- Section A: 
Structured Knowledge questionnaire on HPV Vacci-
nation. The knowledge and Attitude questionnaire on 
HPV vaccine were collected through Google forms. 
The number of samples collected per day was 50. Fi-
nally, students were helped to understand about HPV 
by clarifying their doubts in batches in order to moti-
vate them to have the vaccine and further to spread the 
information to their friends.

Results
The mean, standard deviation, Correlation coeffi-

cients were used to analyze the data obtained through 
Google sheet. 68% of students have heard about HPV 
vaccine and 32% of students have not heard about 
HPV vaccine. 10.7% of the students have received 
HPV vaccination and 89.3% of the students have not 
received HPV vaccination; among 89.3% who have not 
received HPV vaccine only 60.6% are willing to receive 
HPV vaccine in future and 28.6% are not willing to re-
ceive HPV vaccine in future. Only 17.2% of student’s 
family or friends circle has taken HPV vaccination 
and 82.8% of student’s family or friends circle have not 
taken HPV vaccination. Out of 122 adolescents 49% 
of the students have moderately adequate knowledge, 
51% of the students have inadequate knowledge and 
none of the students have adequate knowledge. 

Table 1 shows that the overall mean knowledge 
score on HPV vaccination was 9.84 (out of 20) and 
mean attitude score was 21.52 (out of 28). The attitude 
mean percentage score was 18% and knowledge mean 
percentage score was 8%.

Table 1
Variables Mini-

mum 
scores

Maxi-
mum 
scores

M SD Mean 
percent-

age
Knowledge 0 20 9.84 4.192 8%
Attitude 7 28 21.52 4.023 18%

Table 2: shows that the overall mean knowledge 
score on HPV vaccination was 9.84 (out of 20). The 
highest mean percentage was shown for antibiotic 
administration with 77% followed by resistance with 
54.89% and the least mean percentage was evident in 
the aspect of indication with 49%.

Table 3 reveals that 16% of the students have an 
unfavorable attitude and 84% of the students have a 
favorable attitude.

Table 2 
Variables Maximum 

score
M SD Mean per-

centage
Location of cervix 1 0.57 0.498 0.5%
Cervical cancer 2 0.34 0.491 0.3%
HPV abbreviation 1 0.83 0.379 1%
Mode of transmis-
sion

1 0.55 0.500 0.5%

Risk group 1 0.32 0.468 0.3%
Prevalence 1 0.29 0.454 0.2%
Incidence 1 0.16 0.364 0.13%
Risk factors 1 0.33 0.471 0.27%
Causes 3 1.12 0.914 0.91%
Site of infection 1 0.20 0.399 0.16%
Period of incubation 1 0.27 0.446 0.22%
Signs and symp-
toms

1 0.60 0.492 0.49%

Screening methods 1 0.41 0.494 0.33%
Management 1 0.23 0.422 0.18%
HPV vaccination 3 0.59 0.713 0.48%
Route of adminis-
tration

1 0.13 0.339 0.10%

Vaccine doses 2 0.61 0.609 0.5%
PAP smear after 
vaccine

1 0.13 0.339 0.10%

Vaccine side effect 1 0.33 0.471 0.27%
HPV prevention 5 1.85 1.371 1.5%

Table 3 
Level of attitude n %

Unfavorable attitude (0 to 50%) 20 16%
Favorable attitude (51 to 100%) 102 84%

Discussions
The results on knowledge on different aspects of 

the HPV vaccination shows that the overall mean 
knowledge score on HPV vaccination was 9.84 (out 
of 20). The highest mean percentage was shown for 
antibiotic administration with 77% followed by re-
sistance with 54.89% and the least mean percentage 
was evident in the aspect of indication with 49%. The 
study findings were supported by the study of Tahani 
altamimi (2020) They found 819 adolescent girl’s giv-
en questionnaires and collected the data. The results 
found poor scores 84.8%. There are 12.45% of adoles-
cent girls having moderate knowledge & only 2.67% 
of adolescent girls having adequate knowledge. The 
majority of the girl’s have poor knowledge and prac-
tice on HPV. The study shows that 16% of the students 
have an unfavorable attitude and 84% of the students 
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have a favorable attitude. Although the overall at-
titude of study participants towards the vaccine was 
positive, vaccinated respondents had a more favorable 
attitude towards the vaccine than non-vaccinated re-
spondents. Approximately half of the non-vaccinated 
respondents were interested in receiving the vaccine at 
some point in the future. The primary barriers to HPV 
vaccination identified by non-vaccinated respondents 
were lack of knowledge about the vaccines, potential 
vaccine side effects and cost of vaccination. (Rachel 
Fernandez et. al. 2018).

Limitations 
Large scale Sample size results would have been 

helped to generalize the study results. The question-
naires used to assess the knowledge and attitude were 
newly developed and had not been tested earlier. Male 
students would have been included. 

Conclusions
The study concludes the awareness of the HPV 

vaccine needs to be improved among Indian adoles-
cents by creating knowledge through various mass 
media and so on. Thereby, we increase the vaccination 
and avoid the risk of getting cervical cancer in future.
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ABSTRACT
Objectives: To assess the knowledge on anaemia among 
antenatal women. To determine the adherence to iron folate 
supplementation among antenatal women. To identify the re-
lationship between knowledge on anaemia and adherence to 
iron folate supplementation and to determine the association 
between knowledge and adherence with the selected back-
ground variables of antenatal women. Research Design: A 
descriptive cross sectional study design was used for this study. 
Methods: The target population of the study was antenatal 
women who completed 32 weeks of gestation and accessible 
population was antenatal women attending the outpatient de-
partment, SRH. The purposive sampling technique was used 
to select 240 antenatal women for the study. The instruments 
used for the study were standardized Morisky Medication Ad-
herence Scale to determine the adherence to iron folate sup-
plementation among antenatal women. In addition the inves-
tigator developed a structured questionnaire to collect data 
regarding background variables of the antenatal women and 
to assess the knowledge on anaemia among antenatal wom-
en. Interview technique was used to collect data from the an-
tenatal women. Descriptive and inferential statistics (ANOVA, 
independent t’ test, correlation co-efficient, and multivariable 
logistic regression) were used to summarize the data. The 0.05 
level of significance was used.xiii Major findings: 47.89% (113) 
of antenatal women had inadequate knowledge and 52.11% of 
antenatal women had moderately adequate knowledge. None 
of them had adequate knowledge on anemia. Most (63.1%) of 
the antenatal women had moderately adequate knowledge in 
the aspect of nature of the disease. In the aspect of investiga-
tion and treatment, half of the antenatal women (55.1%) had 

moderately adequate knowledge. In the area of prevention 
control and complications, 79.7% of antenatal women had in-
adequate knowledge. Nearly half of them (48.8%) had poor ad-
herence to iron folate supplementation, 39.4% of them had fair 
adherence, only few (11.8%) had good adherence. The reasons 
for non adherence were: forgot to take pills (83.9%); frustra-
tion (48.7%); taste difference (45.8%); experience of side effects 
(27.5%). There was a statistically significant association between 
the knowledge on anemia and the demographic variables such 
as age, education and monthly family income (p< .01, p< .001). 
There was a statistically significant association between the ad-
herence and maternal variable of the antenatal women such as 
hemoglobin level during the first trimester, after completion of 
32 weeks of gestation and percentage of procurement of iron 
tablets.
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Introduction
Anaemia during pregnancyis a result of hem di-

lution, antenatal women non adhere to Iron and folic 
acid tablets. . According to WHO 38.2% of antenatal 
women are anaemic globally among that 51 % of them 
were in India. The nutritional deficiency related anae-
mia is an account of 32 million. According to National 
Health Survey report (2015-2016) 45.7% of urban and 
52.1% rural pregnant women were anaemic. The chal-
lenging factor to compact the anaemia is Non-compli-
ance. 64.7%.

Non-compliance is one important challenging fac-
tor in combating anaemia.The reason for non adher-
ence to IFAS which includes drugs are in low quality, 
inadequate supplies, lack of access to and poor antena-
tal care etc. As a result ofthis antenatal women land up 
with risk of intrauterine death, stillbirth, abortion and 
congenital anomalies.

Study design and Methods
Quantitative, descriptive approach was used to as-

sess the knowledge on anemia and adherence to iron 
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folate supplementation among antenatal women at a 
selected hospital in Chennai. The study was conduct-
ed in Antenatal outpatient department of Sri Ramach-
andra Hospital, (SRH) Chennai. It is multi specialty 
tertiary care hospital with 1737 beds that cater health 
care services to patients from various strata of the so-
ciety. The Department of Obstetrics and Gynecology 
started in the year 1985. Cater to the medical needs of 
1.4 lakh women as the outpatient and 11,000 women 
as inpatient annually. The outpatient services are of-
fered from 8 a.m. to 8 p.m. from Monday to Saturday. 
Regular antenatal care is offered for pregnant wom-
en. Focused care is given for high-risk Pregnancies. A 
dedicated Feto Maternal Unit provides quality care. Sri 
Ramachandracenter for perinatal excellence (SCOPE) 
offers genetic counseling and Perinatal care for certain 
high - risk pregnancy.

The target population for the study included the 
antenatal women who completed 32 weeks of gesta-
tion and the assessable population was those who at-
tending antenatal OPD at Sri Ramachandra Hospital. 
The antenatal women those who registered, attending 
antenatalOPD regularly, taking both oral iron and/
or parenteral therapy and irrespective of their hemo-
globin status were included in this study. Antenatal 
women with mental illness and chronic illness were 
excluded. The estimated sample size was N= 240 and it 
was determined by the assumption that only 19.2% of 
the pregnant women were knowledgeable on anemia 
during pregnancy (Abiselvi et al., 2015) with marginal 
error 5% and 95% CI. Based on this assumption, the 
actual sample size for the study was determined using 
the formula of single population proportion (W.G.co-
chrane) Formula: N = Z²pq e². 

The period of data collection extended from 
7.5.2016 to 14.5.2016. A sample of 240 antenatal 
women was selected by using the purposive sampling 
technique based on inclusion and exclusion criteria. 
The researcher initially established a rapport with 
the study subjects. The purpose of the study was ex-
plained, written and oral consent was obtained from 
participants prior to data collection. Antenatal women 
were assessed for their knowledge on anemia, back-
ground variables and adherence to iron folate sup-
plementation using interview technique respectively. 
Eight to ten subjects were interviewed each day. 

The study participants’ IFAS adherence data were 
collected using morisky medication adherence scale. 
It consist of 8 questionnaire related to the self reported 

adherence. The maximum score was 8. The antenatal 
women were 40 categorized as being at High Adher-
ence, Medium Adherence, Low Adherence based on 
the score as follows: High Adherence - 0 (0%) Medi-
um Adherence - 1-2 (12.5-25%) Low Adherence - 3-8 
(37.5-100%) Factors affecting adherence related ques-
tionnaire were not allotted any score. Knowledge on 
anaemia among antenatal women was assessed using 
Anemia knowledge questionnaire. The possible score 
of the instrument was50. 1 mark was given for every 
correct answer and score of zero was given for every 
wrong answer, the resulting scores were ranged as fol-
lows. Adequate knowledge - a score from 38 to 50(76 
to 100%) Moderately adequate knowledge - score 
from 25 t0 37 (51 to 75%) Inadequate knowledge - a 
score from 1 to 24 (0 to 50%) Validity and reliability 
The Morisky medication adherence scale was a stan-
dardized tool. The reliability co -efficient was obtained 
with pearsons product moment correlation indicating 
significant correlation (r =.82). The reliability of the 
anemia knowledge questionnaire was established by 
test retest method with a 41 sample of 20 antenatal 
women. The reliability co -efficient was obtained with 
pearsons product moment correlation indicating sig-
nificant correlation (r = .82).

Results
The data were collected from a sample of 240 ante-

natal women to assess the knowledge on anemia and 
adherence to iron folate supplementation.

The mean age of the antenatal women was 26. 
The minimum age was 19 years and the maximum 
age of the participants was 33. Nearly half of the an-
tenatal women (44.5%) and their husbands (47.9%) 
were graduates. Most of the participants (63.2%) 
were housewives and 63.1% were from joint family. 
Nearly half of them (46.2%) had total family income 
range above Rs.15000 per month. Majority of antena-
tal women (88.6%) were registered their 1s t antenatal 
visit in the first trimester. With regard to number of 
children, 62.7% of antenatal women were having no 
child. Most of the (56.4%) antenatal women were pri-
migravida (Table 1).

Regarding gestational week, 40.8% of antenatal 
women were between 35 to 37 weeks of gestation. 
16.9% of antenatal women had a history of abortion 
of which 14.4% of them had one time abortion and 
2.5% of them had two time abortion. With regard to 
co morbid illness, 70 majority 72.5% and 87% of them 
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did not have co-morbid illness with the current preg-
nancy and during the past pregnancies respectively. 
76.2% and 81.4% of the antenatal women in the first 
and third trimester respectively had normal hemoglo-
bin level ≥ 10gm/dl. With respect to iron tablet pre-
scription, 52.5% and 44.5% of the antenatal women 
were prescribed to take iron tabl et 100mg and 200mg 
in a day respectively. 45.3% of the antenatal women 
procured 76 - 100% of required iron tablets and 32.2% 
of the antenatal women procured 51 – 75% of required 
iron tablets. In the present study, the mean hemoglo-
bin was 10.8g/dl (Table 2). 

In relation to level of knowledge on anaemia 47.89% 
of the antenatal women had inadequate knowledge 
and 52.11% of antenatal women had moderately ad-
equate knowledge. 35.2% of the antenatal women had 
inadequate knowledge and 63.1% of them had moder-
ately adequate knowledge on general awareness about 
anemia. 24.1% and 55.1% of the antenatal women had 
inadequate and moderately adequate knowledge about 
investigation and treatment respectively. 20.8% of an-
tenatal women had adequate knowledge on investiga-
tion and treatment aspect of anemia. Majority of the 
antenatal women (79.7%) had inadequate knowledge 
about prevention control of anemia and complications 
of anemia. None of the antenatal women had adequate 
knowledge on prevention, control of anemia and com-
plications of anemia (Table 4).

The present study shows that nearly half of the ante-
natal women (48.8%) had poor adherence to iron folate 
supplementation, 39.4% of them had fair adherence, 
only 11.8% of them had good adherence (Table 6).

Discussion
Overall majority of the pregnant women had inad-

equate knowledge on anaemia prevention and control 
(79.7%) which was closely compared with the study 
conducted by Chadalawada and Rani (2016) they 
found that 77.70% of antenatal women had inadequate 
knowledge on the prevention aspect of anaemia.

With regard to knowledge on anemia by items in 
the present study, majority of antenatal mothers (71%) 
knew about the term anemia, 46.2% of antenatal wom-
en aware about the normal hemoglobin level during 
pregnancy, 83.5% of antenatal women said early and 
regular antenatal checkup prevent anemia during 
pregnancy, only 6.2% of antenatal women expressed 
that the vitamin C enhances the iron absorption. Sim-
ilar results were found in a study done by Sivapriya 

and Parida (2013) on knowledge and practices regard-
ing prevention of anemia among antenatal women 
attending a tertiary level hospital in Pune. The study 
found that 61% of antenatal women knew about ane-
mia, 48.5% of antenatal women verbalized minimum 
hemoglobin requirement during pregnancy is 11g/
dl, 98.5% of antenatal women knew about prevention 
aspect of anemia, 5% of them aware that lemonjuice 
enhances the iron absorption.

The present study shows that nearly half of the an-
tenatal women (48.8%) had poor adherence to iron 
folate supplementation, 39.4% of them had fair ad-
herence. This finding is in agreement with result of a 
study done by Tegegne. (2014) in South East Ethiopia 
showed that the total self reported adherence rate of 
antenatal women were 18% and non adherence rate of 
antenatal women were 82%.

Conclusion
The present study result revealed that majority of 

the antenatal women have inadequate knowledge on 
anaemia prevention and control. Hence community 
Health Nurse have to develop educational strategies to 
improve the knowledge on prevention and control of 
anaemia among antenatal mothers.
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Table and Figure
Table 1 
Distribution of Antenatal Women According t o Demographic 
Variables 
(N=240) 

Demographic Variables n %

Age in years
19-23
24-28
29-33

44
141
51

18.6
59.8
21.6

Education
Post graduate
Graduate
Higher secondary
Secondary
Primary

50 
105 
48 
30 
3

21.2 
44.5 
20.3 
12.7 
1.3

Husband education level
Post graduate
Graduate
Higher secondary
Secondary
Primary
Illiterate

64 
113 
26 
27 
5 
1

27.1 
47.9 
11.0 
11.4 
2.2 
0.4

Occupation of antenatal women
Professionals
Skill edworker
Unskilled worker
Self Employment
House wife

11
17
15
44
149

4.6 
7.2 
6.4 
18.6 
63.2

Type of family
Nuclear family
Joint family
Extended family

83
149
4

35.2
63.1
1.7

Monthly family income 
(Rs. / month)
<5000
5000-10000
10000-15000
>15000

4
37
86
109

1.7
15.7
36.4
46.2

 
 

 
Table 2 
Distribution of Antenatal Women According to Maternal 
Variables 
(N=240)

Maternal variables n %

Period of registration of first antenatal visit 
First trimester
Second trimester
Third trimester

209 
26
1

88.6
11.0
0.4

Number of children
0
1
2

148
78
10

62.7
33.1
4.2

Number of pregnancyl
One
Two
Three
More than three

133
75
26
2

56.4
31.8
11.0
0.8

Gestational age in weeks
32-34 
35-37 
38-40

64
98
78

26.6
40.8
32.6

History of abortion
Yes
No

40
196

16.9
83.1

Number of times of abortion
None
Once
Twice

196
34
6

83.1
14.4
2.5

Present history of morbidity
Nil
Pregnancy induced hypertension
Gestational diabetic mellitus
Ante partum hemorrhage
Twin pregnancy
Hyperemesis gravidarm

171
10
18
11
4
22

72.5
4.2
7.6
4.7
1.7
9.3

Past history of morbidity
Nil
Pregnancy induced hypertension
Gestational diabetic mellitus
Ante partum hemorrhage
Twin pregnancy
Hyperemesis gravidarm

205
9
5 
5
2
10

87.0
3.8
2.1
2.1
0.8
4.2
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Maternal variables n %
Hemoglobin level after completion of 32 
weeks of gestation 0

< 8 g/dl
8.1 - 9.9 g/dl
10 - 12 g/dl
12.1 - 15 g/dl

10
34
161
31

4.2
14.4
68.2
13.2

Hemoglobin level during first trimester
< 8 g/dl
8.1 - 9.9 g/dl
10 - 12 g/dl
12.1 - 15 g/dl

8
48
141
39

3.4
20.3
59.7
16.5

Dosage of iron tablets prescribed for a day 
100mg
200mg
300mg
None

124
105
5
2

52.5
44.6
2.1
0.8

Percentage of procurement of iron Tablets
76 – 100%
51 – 75%
= 50%

107
76
53

23.5
45.3
32.2

Table 3
Distribution of Adequacy of Antenatal Women‘s Knowledge on 
Anemia
(N=240)

Level of knowledge on anemia n %
Adequate (76-100%)
Moderately adequate (51-75%)
Inadequate (0- 50%)

 0 
123 
113

0
52.11
47.89

Table 4 
Distribution of Level of Knowledge on Different Aspects of 
Anemia (N=240)

Moderately

Aspects of Anemia

Adequate 
(76-100%) Adequate

(51-75%)

Inade-
quate 

(0-50%) 
n % n % n %

General awareness 4 1.7 149 63.1 83 35.2
about anemia Investiga-
tion and treatment 49 20.8 130 55.1 57 24.1

Prevention and compli-
cations

- 0 48 20.3 188 79.7

Table 5
Mean, Standard Deviation, Mean Percentage on Knowledge 
and Adherence (N=240)

Maxi-
mum
score

M SD Mean 
%

Overall knowledge
General awareness about 
Anemia
Investigation andTreatment
Prevention andComplication
Adherence

50
15

10
25
8

24.45
8.05

6.40
10.08
2.75

4.34
1.72

1.65
2.49
2.02

48.9
53.66

64.00
40.32
34.37

Table 6
Distribution of Level of Adherence to Iron Folate Supplemen-
tation (N=240)

Level of adherence to iron folate
supplementation

n %

High adherence (0 – 12.4%) 28 11.8
Medium adherence (12.5 – 25%) 93 39.4
Low adherence (37.5 – 100%) 115 48.8

Table 7
Distribution of Factors Affecting Adherence of Antenatal 
Women to IronFolate Supplementation (N=240)
Factors affecting adherence among antena-

tal women n %

Received information about 
Side effects of anemia
Importance of iron tablets
When and how to take iron tablets

11
62
163

4.6
26.3
69.1

Information received from
Family members/ friends/ neighborhood
Doctors/nurse/anganwadi workers
Media
Others

16
215 
4
1

6.4
86.3
1.6
0.4

Time taken to reach hospital 
10-30 minutes
35-60 minutes
1-2 hours
More than 2 hours

68
95
64
9

28.8
40.3
27.1
3.8

Motivation by the family members to take 
iron tablets 

Yes
No

222
14

94.1
5.9 

Experience of side effects 
Yes
No

65
171

27.5
72.5

Means used by women as reminders for 
intake of tablets 

Keep tablets in the same place
Ask husband to remind her
Take tablets with meals
Take tablets on the same time daily
Reminding herself

29
37
32
44
94

12.3
15.6
13.6
18.6
39.8

Frustrated of taking many tablets
Yes
No

115
121

48.7
51.3

Experience of taste difference
Yes
No

108
128

45.8
54.2

Table 8
Correlation between Knowledge and Adherence among Ante-
natal Women (N=240)

Variables r-value p-value
knowledge with 

adherence -.007 .921
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Abstract
This paper provides a foundation to examine the dermoscopic 
images for skin cancer diagnosis. A dermoscopic image will of-
ten include textured areas that make up a major amount of the 
image. It is conceivable to organize and categorize such textures 
according to whether they are related with artifacts or if they 
reflect biological structure. Given the connection between struc-
ture, disease, and texture, it seems likely that quantitative mea-
surements of texture might make it possible to characterize the 
tissues included inside a dermoscopic image. It has been shown 
that texture is a valuable characteristic for the characterization 
of skin cancer in dermoscopic images. The proposed system is 
comprised of two stages: the first is the extraction of information 
or features from dermoscopic images, and the second is the cat-
egorization of those images using a decision tree classifier. Based 
on the findings, it is possible to draw the conclusion that the 
extracted features have kept all of the information presents in the 
dermoscopic image that provides an overall accuracy of 98.89% 
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1. Introduction
The epidermis and the dermis are the two primary 

layers of the skin. The epidermis is the outermost layer 
(mesodermal origin). The previous layer is a structure 
made up of many layers. Keratinocytes, also known 
as epidermal cells, are the primary kind of cell found 
in the epidermis. The epidermis continually renews 
itself as a result of cell division occurring in its most 
superficial layer, which is referred to as the Basal Layer 
(BL). As the cells in the prickle cell layer move closer 
and closer to the skin’s surface, they produce increas-
ing amounts of the fibrous protein keratin. The prickle 
cell layer is made up of cells that have undergone cell 
division. The time it takes for a cell to go from the bas-
al layer (BL) to the surface of the epidermis, known as 
the epidermal transit time, is roughly 30 days. The ec-
toderm of the embryo gives rise to the appendages of 
the epidermis, such as sweat glands, nails, sebaceous 
glands, and hair. The cells that are found on the sur-
face of the skin are what make up the horny layer, also 
known as the stratum corneum. The keratinized dead 
cells are increasingly abraded due to the regular wear 
and strain that the skin endures.

Down-growth of tiny, dark, epithelioid cells from 
the epidermis is a hallmark of all kinds of basal cell car-
cinoma (BCC). These cells have the cytological prop-
erties of cells that reside in the basal layer (BL). These 
are outgrowths of the basal cells that are found in the 
epidermis and skin appendages. BCC may be gener-
ally classified into differentiated and undifferentiated 
lesions based on pathological considerations. The dif-
ferentiation shown in the former lesions is comparable 
to the differentiation seen in skin appendages, but the 
differentiation seen in the undifferentiated tumours is 
absent. The stroma that is present around these down-
growths of dark epithelial cells is the second important 
component of basal cell carcinoma. It would seem that 
these two aspects of BCC interact with one another, 
since efforts to cultivate BCC cells in the absence of 
stroma have not proven to be effective. Therefore, it 
would seem that these two components have a mutu-
ally beneficial connection with one another. Invasive 
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melanoma of the skin is characterized by the presence 
of melanoma cells as well as the fact that the disease 
spreads into deeper layers of tissue than the dermis. 
There may be difference in the kind of cells visible in 
various regions of the tumour, which is referred to as 
“intra-lesional differentiation.” The cells may be of the 
spindle, epithelioid, or mixed type. There is a possi-
bility that tumour cells, which are free to move about 
in the dermis, contain melanin pigment in different 
concentrations.

Invasive melanoma of the skin is characterized by 
the presence of melanoma cells as well as the fact that 
the disease spreads into deeper layers of tissue than 
the dermis. There may be difference in the kind of 
cells visible in various regions of the tumour, which 
is referred to as “intra-lesional differentiation.” The 
cells may be of the spindle, epithelioid, or mixed type. 
There is a possibility that tumour cells, which are free 
to move about in the dermis, contain melanin pigment 
in different concentrations.

2. Literature Survey
A unique image processing algorithms for detect-

ing skin cancer using dermoscopy images are dis-
cussed in [1]. The purpose of this study is to exam-
ine and favour an algorithm for the detection of skin 
cancer that can classify the lesions as either malignant 
or benign melanoma in terms of accuracy, sensitivity, 
and specificity. This is the motivation for this work. In 
the beginning, a dermoscope is used to capture image 
samples that reveal melanoma, and these samples are 
then segmented. The primary purpose of algorithm 
in [2] is to present a comparative study on traditional 
image processing and current technologies of various 
image processing techniques for skin cancer image 
classification, preprocessing techniques, feature ex-
traction, and image segmentation datasets.

An strategy for lowering the likelihood of a wrong 
diagnosis being made is described in [3]. The K-mean 
Clustering technique is used as the initial step in the 
data set’s preprocessing when following the recom-
mended approach. The removal of any and all extra-
neous texture is accomplished via the use of this pre-
processing, which contributes to an increased pace of 
reorganization. After the data has been preprocessed, 
the features may be extracted from it. According to the 
available research, the most relevant diagnostic factors 
are the characteristics of the lesion itself, such as its 
form, color, and structure. In this article, we discuss 

the many methods now available for the early stage 
identification of melanoma skin cancer [4]. 

The categorization of skin lesions is a highly dif-
ficult problem, however several automated systems 
based on various deep learning algorithms have been 
created so far in order to complete this task. In this par-
ticular research project, we classified the skin lesions 
using three cutting-edge deep learning pre-trained 
models, such as ResNet, Xception, and DenseNet [5]. 
The challenge of merging images and metadata char-
acteristics by using deep learning models to the clas-
sification of skin cancer is described. Throughout the 
classification process, we suggest using a new method 
called the Metadata Processing Block (MetaBlock), 
which employs metadata to help data categorization 
by boosting the most important characteristics de-
rived from images [6]. 

To classify melanocytic skin lesion, a unique tech-
nique is employed in [7]. For the purpose of classifying 
skin lesions such as melanoma, basal cell carcinoma 
(BCC), seborrhoeic keratosis (SK), and nevus, a sup-
port vector machine (SVM) classifier was used. Can-
cer could be detected at an earlier stage, it would be 
possible to provide better and more effective therapy. 
As part of this investigation, a method for the classifi-
cation of skin cancer is created that is based on a deep 
convolutional neural network methodology to extract 
spatial information [8]. 

A Nevoscope trans-illumination approach for the 
acquisition of vascular architecture information is 
described. It then compares the performance of this 
method to an epiluminescence imaging method for its 
capacity to measure vascular information for the char-
acterization of skin lesions [9]. Utilizing various image 
processing methods, the purpose of this research was 
to identify cases of melanoma skin cancer. Through-
out the course of the investigation, a variety of Arti-
ficial Neural Network (ANN) models were used, and 
the classifier performances of each were analyzed [10]. 

A diagnostic tool for the early detection of breast 
cancer that has the best possible accuracy and the low-
est possible error rate is discussed. This was accom-
plished by using techniques for machine learning and 
doing so with the assistance of an Artificial Neural 
Network (ANN) utilizing the Wisconsin Breast Can-
cer (Diagnostic) Dataset [11]. An attention-guided ap-
proach is discussed in [12]. The purpose of this project 
is to enhance the performance of these D-CNNs for 
the categorization of skin cancer. The results of the 
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classification show that adding attention to a model 
improves the accuracy of a regular D-CNN architec-
ture. This is something that can be seen. The results 
of our study provide a substantial contribution to the 
area of biomedical image processing by delivering a 
method to enhance the performance of D-CNNs and 
allowing the early diagnosis of skin cancer.

A computer-based segmentation approach was de-
veloped in [13] to give seasoned dermatologists with 
aid in determining whether or not lesions seen on the 
skin are cancerous. The goal of this method was to 
speed up the diagnosis process. The edges of lesions 
on the original images are drawn by enhancing and 
segmenting the lesions using techniques that are as-
sociated with image processing. This is done because 
the shapes, colour distributions, and edges of lesions 
are important parameters in the process of determin-
ing whether or not cancer is present. Because of this, 
the edges of lesions on the original images are drawn. 
Because of this, the dermatologist will have an easier 
time studying the lesions and arriving at a conclusion, 
which will ultimately lead to a decrease in the number 
of errors that are made.

An autonomously skin cancer classification system 
has been constructed, and the association of skin can-
cer images across different kinds of neural networks 
has been examined using various forms of preprocess-
ing. The system receives the gathered photos, which 
are then enhanced using a variety of image processing 
procedures [14]. The detection and classification of 
melanoma, basal-cell, and squamous-cell skin malig-
nancies are carried out in this study by using a mix of 
Artificial Neural Networks and the technique of Re-
inforcement Learning [15]. Different architectures for 
skin cancer classification and detection are illustrated 
in [16-18]. 

3. Proposed System 
Texture is a visual pattern that is consistent 

throughout a surface or an image and is responsible 
for giving either of those things their unique look. Pix-
els and texels are both fundamental building blocks 
of a texture’s overall composition. The fundamental 
components that make up an image’s texture are re-
ferred to as “texels,” which is an abbreviation for “tex-
ture elements.” A texel is comprised of a certain num-
ber of pixels. There is a wide variety of sizes, degrees 
of homogeneity, and orientations for texels, and they 
may also be arranged in a probabilistic or structural 

fashion. “image element” is what “pixel” stands for 
when it’s abbreviated. The arrangement of pixels in a 
neighbourhood might be random or done in accor-
dance with a particular rule for placement. When a 
image is captured, the size, rotation, and variations in 
lighting that are employed all have a role in the view-
er’s ability to differentiate between different types of 
textures. The coarse texture is characterized by large 
sub-regions created by texels, whereas the fine texture 
is characterized by tiny sub-regions formed by texels. 
It’s possible that low-level or high-level textures were 
caused by structures included within the dermoscop-
ic images. In many instances, such textures are either 
caused by disease processes or are impacted by them. 
The quantification of various surface textures may 
lead to the discovery of effective disease indicators. 

3.1 Texture by spectral analysis
In the case of the Fourier transform, the analysis of 

signals in terms of their frequency and spatial compo-
nent is never performed. Wavelet analysis has the ability 
to overcome these restrictions. Wavelet analysis offers a 
framework that enables the study of signals in terms of 
their frequency components on a variety of scales that 
are both adequate and matched appropriately. When 
doing wavelet analysis, the first step is to define the 
mother wavelet. This is the fundamental function, and 
all subsequent wavelets may be generated from it by 
moving or distorting the original. The wavelet trans-
form is not the same as the Fourier transform in terms 
of its basis functions. Unlike the Fourier transform, the 
wavelet transform has functions that are non-zero on a 
subset of the domain that is finite, whereas the sine and 
cosine functions are defined over an indefinite inter-
val and with an infinite set. In contrast to the intrinsic 
regularity of the Fourier techniques, the effects of this 
are the subdivision of frequency space according to the 
frequency of basis functions.

3.2 Decision Tree Classification 
When it comes to classify the testing samples, deci-

sion tree is one of the most useful classifier available. It 
has a structure that is similar to a tree, and that struc-
ture is represented by three components: internal nodes, 
branch, and terminal node. A test was performed on 
either an attribute or a feature when the internal node 
was present. The branch is used to indicate the results 
of the test, and the leaf node stores the label for the class. 
During the training phase, decision tree makes use of a 
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recursive partitioning technique to divide the source set 
into many distinct sub-sets. When choosing a split, it is 
necessary to first evaluate all of the possible divisions 
and then apply a function known as a splitting criteria 
to each potential division. The split that achieves the best 
results in terms of the splitting criteria is selected. After 
the first step of producing two subsets, these subsets are 
subsequently divided in order to generate a total of four 
subsets. This process repeats itself in a cyclical manner. 
When a pure subset is produced, the dataset does not 
undergo any additional partitioning beyond that point. 
When all of the subsets are complete, the partitioning 
process is finished. If a subset has all of the same values 
as the target class, then we say that it is pure.

4. Results and Discussions
The PH2 database, which can be obtained for free 

from the website, is used in the analysis of the pro-
posed skin cancer diagnosis method (Mendonca et 
al. 2013 [19] and PH2 database link [20] ). It consists 
of two hundred and zero dermoscopic colour images 
that show melanocytic lesions. Images obtained from 
a dermoscopy have a resolution of 768 by 560 pixels. 
For the categorization, there are 80 normal images and 
120 abnormal images accessible, of which 80 are be-
nign and 40 are malignant. Samples of normal images 
from the PH2 database are shown in Figure X.

Table 1 shows the performance of the proposed 
skin cancer diagnosis system in terms of sensitivi-
ty, specificity and accuracy with different number of 
trees.

It is clear from looking at the Table 1 that the fea-
tures are classified by the DT-20 classifier provide 
superior performance than other classifiers with dif-
ferent number of decision trees. The system’s top 
achievements is 98.89% of accuracy as measured by 
the correct classification of types of cancers.

5. Conclusion
In this paper, the stated aims of building a system 

that can classify the skin cancer by a non-invasive ex-
amination, namely using dermoscopic images, have 
been realized. The area of study that has garnered an 
incredible amount of attention is that of computer-aid-
ed diagnosis achieved via the processing of images. On 
the other hand, the required software and hardware 
are now accessible to purchase at prices that are more 
affordable, which makes it possible to build new appli-
cations for image analysis. The computerized diagnos-
tic systems are designed to do a particular diagnosis 
and are geared toward achieving a certain objective. 
The extracted features are considered to be of high 
quality. In order to establish the capacity of classifying 
skin cancer, a classification approach in the form of a 

 

 
Figure X sample dermoscopic images

Table 1 
Performances of the system with different decision tree classifiers 

Stages Performance
metrics

Pattern recognizer
DT-5 DT-10 DT-15 DT-20

Normal/abnormal
Sensitivity (%) 83.06 86.39 91.39 96.39
Specificity (%) 90.14 92.64 96.39 98.89
Accuracy (%) 85.89 88.89 93.39 97.39

Benign/malignant
Sensitivity (%) 86.39 93.89 96.39 98.89
Specificity (%) 92.64 95.14 97.64 98.89
Accuracy (%) 90.56 94.72 97.22 98.89
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decision tree is utilized. In addition, the performance 
of the proposed system is evaluated in comparison to 
the performance of the classification systems config-
ured with different number of decision trees. 
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Abstract
In the medical field, Wireless Body Area Networks (WBAN) play 
the main role in keeping users healthy by offering convenient 
services for doctors and patients. However, the attacker is pre-
vented from tampering with the sensor data by communicating 
through an unsecured channel, which prevents the forwarded 
packets from their hazardous origins. Several methods of safe 
authentication are suggested for bolstering the trustworthiness 
of the channels of communication in protecting user data. A 
Trustable Body Area Network (TBAN) for Emergency Response 
approach to protect the medical sensor nodes from untrusted 
nodes and increase efficiency. Simple trust and compound trust 
computations are used to isolate untrustable nodes. In addi-
tion, this system applies a hash-based signature with a onetime 
password to confirm the second-level sensor node authentica-
tion in the WBAN. The simulation result demonstrates that the 
proposed system detects the untrustable sensor node efficient-
ly and reduces the network delay.
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Introduction:
The development of medical research and tech-

nology has led to the creation of an advanced patient 
monitoring system (PMS) that WBAN enables) This 
has resulted in a revolution in the healthcare system 
that is simple, effective, and unmatched in scope. The 
graphic depicts a system consisting of a body area sen-
sor network, a gateway to which the sensors connect, 
a server to which the gateway links in order to collect 
and store data, and users who interact with the server 
in order to utilize the data. Because health information 
must be safeguarded without exception, a PMS must 
offer unbreakable security and have access limits. As a 
result, secrecy of the information is required. Further-
more, it is argued that there should be end-to-end se-
curity and authentication measures in place to prevent 
data from being compromised by a hostile sensor lo-
cated in or near the WBAN, or from being intercepted 
by an eavesdropper at any point in the communication 
chain. This will prevent the data from being compro-
mised [1]. 

Trust may be defined as faith in something’s ability 
to maintain the integrity of critical services, such as 
those provided by real-time apps. Both in terms of its 
practical application and its significance in terms of 
dealing with sensitive data, it is extremely important. 
Trust, therefore, is of paramount importance and has 
a considerable impact on the efficacy and reliability 
of healthcare programs and services. A direct contact 
with a healthcare provider is necessary for the trust-
based service to work [2] because it assures a correct 
and prompt diagnosis for the patient. The mainte-
nance of trust between biosensors and other devices, 
such as control nodes and gateways, is necessary for 
the dependability of WBAN, especially when it comes 
to applications in the healthcare industry. owing to the 
fact that the information picked up by biosensors is 
then forwarded on to be processed further for the en-
tity-body diagnosing process that takes place within 
the WBAN environment. In their study efforts, several 
writers have brought attention to a variety of different 
forms of obstacles. As a result, trust must be estab-



Issue 25. December 2022 | Cardiometry | 293

lished in WBAN in order to guarantee the delivery of 
accurate data to the medical server. What if unreliable 
information was sent to the medical server or data-
base? In such instance, physicians and other medical 
staff will ultimately make the wrong diagnosis, putting 
patients in grave danger [3]. 

The value of trust and dependability in the applica-
tions of WBANs cannot be overstated in this setting. 
The fact that existing cryptographic methods used a 
significant portion of the resources that are available 
to WBAN for trust management served as the major 
impetus for the development of the scheme that is be-
ing presented. Therefore, a light-weighted coopera-
tion-based trust management system is an option that 
might be used for various security systems. In this sce-
nario, the trust is responsible for generating the first 
trust values. On the basis of this, a model of cooperative 
communication that is based on trust is developed [4]. 

Due to the data’s sensitive nature, WBAN faced sev-
eral challenges regarding trust, privacy, and reliability. 
The establishment of confidence in the entity being 
monitored and the veracity of the data are significant 
difficulties in remote patient monitoring, which deals 
with consumers of healthcare services. Aside from 
this, some additional significant challenges include 
those associated with mobility, interoperability, and 
security.

The most critical considerations are heterogeneity, 
dependability, privacy, biocompatibility, and power 
consumption. Utilizing key management strategies 
boosts not only the level of trustworthiness provid-
ed by the network but also increases the reliability of 
the WBAN. Though cryptography and other security 
measures have been used for trust management before, 
this is a more recent development. On the other hand, 
due to the extensive nature of the operations involved, 
previously proposed trust management schemes con-
sume a significant amount of the limited resources 
available to WBANs [5]. 

Related Works:
The Advanced Encryption Standard (AES) cryp-

tography algorithm utilizes a dynamic, partially re-
configurable Field Programmable Gate Array. AES 
stands for Advanced Encryption Standard. All of the 
AES blocs are reconfigurable thanks to the reconfig-
urable feature, which also adjusts the allowed basic 
bloc size to correspond with the loop number as well 
as the amount of information that is provided [6]. In 

the event of a patient emergency, the Effective Cha-
os-Based Security Algorithm is implemented to im-
prove the level of security. The Advanced Encryption 
Standard-128 (AES-128) cypher is utilized in this 
method. This cypher requires a significant amount of 
time for encryption, which could prove to be disas-
trous in an urgent situation. Security mechanisms for 
sensor nodes should be lightweight due to the area and 
resource constraints. The suggested solution employs 
chaos-based scrambling is lightweight with respect to 
AES and takes very minimal processing time which is 
desirable in emergencies [7]. 

The Lightweight End-to-End Secured Communi-
cation System is an end-to-end secure patient mon-
itoring system that emphasizes securing the wireless 
link between sensors and gateways using a lightweight 
encryption protocol that uses the least amount of en-
ergy possible. In addition, MQ telemetry transport 
(MQTT) rather than hypertext transport protocol 
(HTTP) as a transport protocol because of its ease of 
use and lightweight properties [8]. Discrete logarithm 
and elliptic curve Diffie Hellman (ECDH) provide 
the basis for the elliptic curve, which is used to safe-
guard the user’s anonymity while connecting to local 
network services from afar or on a foreign network. 
The intensive computations and parameters from the 
first level node make the attacker communicate fake 
parameter values during communication [9] , making 
the scheme susceptible to the DOS attack while having 
achieved anonymity, un-traceability, and protection 
against privileged insider assault. Using bilinear pair-
ing, a lightweight authentication technique for WBAN 
is developed, which solves the issues of privacy and 
the administration of a large number of public keys. 
Their system is DOS-resistant because it involves two 
communicating entities (a client with a sensor and a 
network manager), but the calculation time and com-
plexity are extremely high [10]. A method of anony-
mous mutual authentication and key agreement based 
on channel characteristics was developed. Strong au-
thentication is the end result of using this approach 
because it generates key entropy based on channel 
variation. The primary drawback of these schemes is 
that they provide a lower level of anonymity and have 
a high cost of computation [11]. Authentication meth-
ods that rely on proximity demand that the devices 
being used for communication be kept at a distance 
equivalent to half a wavelength from one another. Be-
cause of this distance limitation, the potential appli-
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cations for such schemes in WBAN are severely con-
strained, which is a significant disadvantage [12]. An 
anonymous authentication strategy that uses pre-de-
ployed keys offers high-performance effectiveness 
while being lightweight. This kind of technique also 
benefits from anonymity. These schemes make use of 
simpler mathematical operations and are gaining a lot 
of traction in the research community due to their ap-
plicability in the WBAN environment [13]. 

Using the strength of the hash function and the 
consensus on the session key is a straightforward ap-
proach to ensuring users’ anonymity on the WBAN. 
By using a small amount of high communication com-
plexity during the initialization phase, an anonymous 
mutual authentication and key agreement scheme can 
achieve a better trade-off between security and perfor-
mance [14]. This is because the scheme uses the com-
plexity of ECC by using an exoring point on the curve 
with the master secret key. As part of its initialization 
process, this approach uses the master secret key to 
perform anonymous mutual authentication and key 
agreement using the complexity of ECC through an 
exoring point on the curve. Furthermore, ECC is pub-
lic-key cryptography with a 256-bit key size to thwart 
brute-force assaults. Their technique prevents eaves-
dropping, node capture, and impersonation of sensors 
[15] , but it is less efficient than alternatives and has 
problems with anonymity for AP ids. It’s a secure bio-
metric authentication system for mobile and wearable 
devices, but its performance is subpar [16]. 

Proposed Method:
One node’s belief about another, based on past in-

teractions, current knowledge of entity behavior, and/
or advice from reputable entities, is represented by the 
trust between them. The trustworthiness of medical 
sensors is determined using a combination of sim-
ple trust and compound trust in this method. Trust 
Computation on Sensor Nodes in a MWSN is shown 
in Figure 1. The direct trust of the receiving node j is 
calculated by the sender node S using the Collabora-
tion rate and the encounter rate of the receiving node 
j. Below is the formula for determining the CR.

 

R
R

R R

S
C

S L
=

+
 

  
(1)

Here, SR represents the rate at node j sends the 
packet to node S and LR represents the rate of Loss of 
the packet to node S. Thus, a greater value of this ra-

tio indicates that the nodes can frequently react to the 
route request of its adjacent node. A high value of this 
ratio represents that the node has a higher ability to 
transmit the packets. Hence, the possibility of loss of 
packets is less. This value detects the untrusted medi-
cal sensor nodes in the network.
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Figure 1: Medical Mobile Sensor nodes Trust Computation

Since highly mobile nodes get disconnected from 
their nearby neighbors quickly, this strategy places a 
premium on the mobility of medical sensor nodes. As 
a result, the number of well-connected medical nodes 
in the network is rather small. The Encounter Rate for 
the interval T between instants ti and ti+1 is the set of 
medical mobile nodes j that met the criteria for that 
interval.

 
j

R j

E
E

T
=  

 
(2)

Here |Ej| represents the number of the set Ej. The 
lowest value of ERj indicates the better trust node in 
the network. The medical sensor node trust value is 
present between 0 and 1. Simple Trust (ST) computa-
tion is given below. 

 ( ) ( * )R RST C E= µ∗ + ν    (3)

Where, μ and υ indicates the weight factor between 
0 to1.

Then measures the medical sensor node evaluates 
the compound trust by the possibility of adjacency 
nodes opinion. The Compound Trust (CT) computa-
tion is given below.

 

node opinion
CT

Adjacency nodes count
=  

 
(4)

The whole trust represents the summation of sim-
ple trust and compound trust. The whole trust (WT) 
computation is specified below. The threshold value 
is set 0.5.



Issue 25. December 2022 | Cardiometry | 295

 2
ST CTWT +

=  
  

(5)

If the whole Trust is greater than the Threshold 
that node is a trustable node; otherwise, that node is 
untrustable. The sender node, before forwarding the 
data, it computes the whole Trust with signature. Fig-
ure 1 shows the Medical Mobile Sensor nodes Trust 
Computation. The whole Trust is computed by a sim-
ple and a compound trust. If the whole Trust is greater 
than threshold that node is a trustable node. Other-
wise, that node is an untrustable node. 

Figure 2 shows a Signature based Sensor node 
verification. The sensor forwards the data to the user 
and protects the message (M) from the attackers by 
onetime password with signature packet. The onetime 
password (OP), arbitrary number (An), and the hash 
function signature are connected to the payload of the 
data packet structure is M|| OT||AN || (H(sign))|| and 
it sends to the System admin. The OT calculation is 
given below.

 

System 
Administrator 

Data Base 

 

Patient 

User 

Figure 2: Signature based Sensor node verification

 2log AN
IDOT Node=    (6)

Here, 
AN → arbitary number
NodeID  → Node Identity
The System Administration gets the message from 

the sender, and it confirms the OT. If it equals, the Sys-
tem Administration forwards the information to the 
specific user. The user obtained the information from 
the System Administration and it confirms the signa-
ture of the sensor node. If the signature is legitimate it 
takes the information or else it is rejected.

Experimental Results:
The experimental analysis is done utilizing the NS-

2.35. The existing scheme ECDH and the proposed 
TBAN approaches are examined and compared with 

the results. The Constant Bit Rate traffic model is used 
for data transmission. The metrics like detection ratio, 
packet loss ratio, and delay measures the execution of 
the TBAN. 

Figure 3 explains the Detection ratio of ECDH and 
TBAN approaches based on experiments count. This 
figure clearly says the ECDH approach has a very less-
er detection performance than the TBAN approach. 
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Figure 3: Detection ratio of ECDH and TBAN approaches

Figure 4 explains the Delay of ECDH and TBAN 
approaches based on simulation time. This figure 
shows that the TBAN approach delay value is much 
smaller than the ECDH approach. Since this approach 
detects the untrustable nodes efficiently. As a result, 
the TBAN approach minimizes the network delay.
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Figure 4: Delay of ECDH and TBAN approaches

Figure 5 explains the Packet Loss Ratio of the 
ECDH and TBAN approaches. From this figure, the 
proposed TBAN approach, reduced the Packet Loss 
Ratio since it forwards the information through the 
trustable nodes with signature verification. But, the 
ECDH approach can’t detect the untrustable nodes ef-
ficiently; hence, it raises the l Packet Loss Ratio in the 
WBAN. 
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Figure 5: Packet Loss Ratio of ECDH and TBAN approaches

Conclusion:
Nowadays, Through the use of WBAN-based tech-

nology, a channel has been opened for the delivery of 
healthcare at a distance. Incorporating bio-sensor de-
vices into a limited network, WBAN is an appealing 
piece of technology. When bio-sensors picked up on 
vital signs, they sent that information to the medical 
server for in-depth clinical evaluation. In WBAN re-
mote healthcare applications, data management is 
crucial and necessitates supply based on trust. Thus, 
in this study, suggestions have been made to improve 
confidence in institutions. A Trustable Body Area Net-
work for Emergency Response approach to protecting 
the medical sensor nodes from untrusted nodes and 
increase efficiency. The medical sensor node is com-
puted by the Simple trust and compound trust for iso-
lating untrustable nodes. Furthermore, this system ap-
plies a hash-based signature with onetime password to 
confirm the second-level sensor node authentication 
in the WBAN. The simulation result proved that the 
TBAN approach detects the untrustable sensor node 
efficiently and reduces the network delay and packet 
loss ratio. In the future, the TBAN will be executed on 
the software testbed. 
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ABSTRACT
Background: Alcoholism Physiological problems (hand trem-
ors and blackouts), Psychological problems, (an obsessive de-
sire to drink), Behavioral problems that affect work or social life. 
Spouses of the alcoholic may experience psychological prob-
lems due to her life with the alcoholic husband. The spouses of 
the alcoholic individuals experience high levels of stress from 
dual problems husband’s alcoholism and domestic violence 
by the husband and are thus a high-risk group. In alcoholism, 
spouses are mainly affected because of the intimate nature of 
the relationship with the husband and constant exposure to the 
behavior of alcoholics. This study aimed to assess the stress and 
coping strategies among the spouses of the alcoholic.
Objectives: 
1. To assess stress and coping strategies among the spouses of 

the alcoholic in de-addiction centers.
2. To find the correlation between stress and coping strategies 

among the spouses of the alcoholic in de-addiction centers.
3. To find the association between stress and coping strategies 

among the spouses of the alcoholic in de-addiction centers 
with selected demographic variables.

Methodology: A Descriptive research design study was con-
ducted among 50spouses of the alcoholic in de-addiction cen-
ters, Puducherry. Each spouse of the alcoholic was selected 
through a non-probability purposive sampling method and 
was assessed stress and coping strategies among the spouses 
of the alcoholic by using a standardized tool (Perceived stress 
standardized scale and Carver, C. S. (1997) coping strategy 
scale). The collected data were computerized and analyzed us-
ing SPSS version 25. The analysis was done using Frequency, 
Percentage; Pearson correlation r test, and Chi-square test.
Results: The result shows that the stress level, majority of the 
spouses of the alcoholic41 (82%) had a moderate level of stress 

and 9 (18%) had a high perceived level of stress and the cop-
ing strategies level, majority of the spouses of the alcoholic 36 
(72%) had a moderate level of coping strategies and 14 (28%) 
had a low level of coping strategies.Conclusion: The study con-
cludes the majority of the spouses of the alcoholic had a mod-
erate level of stress and coping strategies. Hence, an Awareness 
program on the prevention of alcoholism can be started in this 
group to educate the public in both the clinical and communi-
ty settings and Pamphlets can be given to the spouses of the 
alcoholic. The Psychological health care service administration 
should plan and formulate policies for spouses of the alcoholic

Keywords
Stress, Coping stretegies,spouses,alcoholic patients, de addic-
tion centre.

Imprint
Lalitha R, K. Maheshwari. Stress and coping strategies among the 
spouses of the alcoholic in Bharatha Matha de-addiction cen-
ter, Puducherry. Cardiometry; Special issue No. 25; December 
2022; p. 298-306; DOI: 10.18137/cardiometry.2022.25.298306; 
Available from: http://www.cardiometry.net/issues/no25-de-
cember-2022/stress-coping-strategies

INTRODUCTION
The World Health Organization (WHO) has de-

fined alcoholics as excessive drinkers whose depen-
dence on alcohol has attained such a degree that they 
show noticeable mental disturbance or interference 
with their mental and bodily health, their interper-
sonal relations and their smooth social and economic 
functioning, or who show the signs of such develop-
ment. KavithaMaheswari and Nallangal, 2014

Coping strategies used by the wives of alcoholics 
are the concerted efforts both behavioral as well as 
psychological which are employed by them to master, 
tolerate, reduce, or minimize the stress associated with 
their husband’s drinking. Traditionally, such coping 
is thought to involve two major focuses emotion-fo-
cused and/or problem-focused. Problem-focused cop-
ing involves some active action to alleviate stressful 
circumstances, and emotion-focused coping involves 
the efforts to regulate the emotional consequences of 
stressful events. Nitasha Sharma et al, 2016

Alcohol addiction causes stress and family disrup-
tion. Usually, the children and wives of alcoholics have 
low self-esteem, decreased trust, and are less commu-
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nicative. Alcoholism is the third leading psychiatric 
problem in the world today. Stress nowadays is very 
common and one must learn how to deal with it and 
also about stress reduction techniques. Relaxation 
therapies help to reduce stress and in improving one‘s 
ability to cope with stress and stressful situations. Aar-
ti and Srinivasan P, 2020

Spouses of individuals with alcohol use disorder 
report higher rates of physical and psychological dis-
tress as well as lower levels of marital satisfaction and 
more frequent reports of emotional and physical vio-
lence. Both psychological and physical violence done 
by the addicted husband were found to be major risk 
factors of household food insecurity. Married women 
of 8 alcoholic men had a higher rate of physical abuse, 
sexual abuse, and other psychiatric health problems. 
Aravindh et al, 2021

NEED FOR THE STUDY
Alcoholism is a social evil, and alcohol-related 

morbidities and incidents even though significantly 
alarming, are almost neglected by primary care phy-
sicians and policymakers. According to World Health 
Organization (WHO) – global burden of disease up-
date, around 125 million people were affected world-
wide by alcohol use disorders, 40.5 million peoples 
were moderately and severely disabled due to alcohol 
dependence and problem use, and 19.9 million years 
lost due to disability due to alcohol use disorders. 2015 
WHO, fact sheet shows that 3.3 million deaths i.e. 
5.9% of all deaths were due to harmful use of alcohol. 
PurushothamanVaithiyanathan et al, 2018

The prevalence of alcohol use disorder varies 
around the world, being highest in Northern and East-
ern Europe and parts of the Americas (8.4% in adult 
men and 4.2% in adult women) while the ranges ob-
served in the Mediterranean countries vary between 
1.7% and 11.2%. Sahar Obeid et al, 2020 Alcoholism 
is one of the leading causes of death and disability in 
India. In India, the estimated numbers of alcohol users 
in 2005 were 62.5 million, with 17.4% of them (10.6 
million) being dependent users and 20-30% of hos-
pital admissions are due to alcohol-related problems. 
PurushothamanVaithiyanathan et al, 2018

In alcoholism, spouses are mainly affected because 
of the intimate nature of the relationship with the hus-
band and constant exposure to the behavior of alco-
holics. Alongside the spouse plays a very significant 
contribution in the management and restorative func-

tions of alcohol-related disorders. Though the spouses 
are innate in the management of alcoholism, they are 
exposed to high rates of domestic violence, physical 
abuse, low marital satisfaction, maladaptive coping 
skills, poor social support, and financial and caring 
burden. G. Vimala, 2016

STATEMENT OF THE PROBLEM 
A study to assess the stress and coping strategies 

among the spouses of the alcoholic in deaddiction 
centers, Puducherry.

OBJECTIVES
1. To assess stress and coping strategies among the 

spouses of the alcoholic in the de-addiction center. 
2. To find a correlation between stress and coping 

strategies among the spouses of the alcoholic in the 
de-addiction center. 

3. To find the association between stress and coping 
strategies among the spouses of the¬ alcoholic in 
de-addiction centers with selected demographic 
variables. 

RESEARCH METHODOLOGY

RESEARCH APPROACH: Quantitative Research
↓

RESEARCH DESIGN: Descriptive Research design
↓

SETTING: The study will be conducted in Bharatha-
Matha de-addiction center, Puducherry

↓
POPULATION: The target population for this study 

comprises spouses of the alcoholic 
↓

SAMPLES: The spouses of the alcoholic
↓

SAMPLE SIZE: 50 spouses of the alcoholic
↓

SAMPLING TECHNIQUE: Purposive Sampling 
Technique

↓
Data collection 1. Demographic variables, 2.stan-
dardized stress scale 3.coping strategies scale was 

used

ANALYSIS AND INTERPRETATION
↓

STUDY FINDINGS
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ANALYSIS AND INTERPRETATION

SECTION A: DESCRIPTION  
OF THE DEMOGRAPHIC VARIABLES 
AMONG SPOUSES OF THE ALCOHOLIC.

Table 1
Frequency and Percentage wise Distribution of demographic 
among spouses of the alcoholic. (N=50)

SL.
NO

DEMOGRAPHIC-
VARIABLES

FREQUENCY
(N)

PERCENTAGE
(%)

1 Age (in years)-spouses of the alcoholic profile
18-30 years 13 26
31-40 years 19 38
41-50 years 14 28
Above 51 years 4 8

2 Educational status
Primary 6 12
Secondary 29 58
Degree 7 14
Illiterate 8 16

3 Occupational status
Homemaker 13 26
Self-employed 14 28
Government job 3 6
Private job 20 40

4 Monthly income in rupees
<Rs 5000/month 13 26
Rs 5000-10000/
month

15 30

Rs 10000-15000/
month

16 32

More than Rs.15000 6 12
5 Type of family

Joint family 11 22
Nuclear family 39 78
Extended family 0 0

6 Number of children
1 21 42
2 19 38
3 10 20
Above 3 0 0

7 Age in years (husbands profile)
18-30 years 13 26
31-40 years 21 42
41-50 years 9 18
Above 51 years 7 14

8 Educational status
Primary 16 32
Secondary 19 38
Degree 12 24
Illiterate 3 6

SL.
NO

DEMOGRAPHIC-
VARIABLES

FREQUENCY
(N)

PERCENTAGE
(%)

9 Occupational status 
Not working 16 32
Self-employed 14 28
Government job 15 30
Private job 5 10

10 Duration of drinking problem
<1 year 4 8
1-5 years 19 38
6-10 years 17 34
>10 years 10 20

11 Amount of consuming alocohol per day 
250 ml 7 14
500 ml 15 30
750 ml 25 50
Above 750 ml 3 6

Out of the 50spouses of the alcoholic who were in-
terviewed, the Majority of the spouses of the alcoholic 
19 (38%) were in the age group 31-40years. Most of 
the spouses of the alcoholic were secondary 29 (58%) 
in education. The majority of the spouses of the alco-
holic were private job 20 (40%). Most of the spouses of 
the alcoholic were family monthly income is 16(32%) 
in rupees 10000-15000 per month. Most of the spous-
es of the alcoholic 39 (78%) were nuclear families.
Most of the spouses of the alcoholic were having one 
child 21 (42%). The majority of the alcoholic person 
21 (42%) were in the age group 31-40 years.Most of 
the alcoholic people were secondary 19 (38%) in ed-
ucation.The majority of the alcoholic person was not 
working 16 (32%). Most of the alcoholic persons 19 
(38%) were 1-5 years in drinking problem. The major-
ity of the alcoholic person 25 (50%) was 750 ml con-
suming alcohol per day respectively
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Fig:1 Percentage distribution of age in years among spouses of 
the alcoholic.
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Fig:3 Percentage distribution of age in years amongthe alco-
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Fig:4 Percentage distribution of duration of drinking problem 
amongthe alcoholic person.

SECTION B: ASSESSMENT  
OF THE LEVEL OF STRESS AND COPING 
STRATEGIES AMONG THE SPOUSES 
 OF THE ALCOHOLIC.

Table –2:-. The majority of the spouses of the al-
coholic41 (82%) had a moderate level of stress and 9 
(18%) had a high perceived level of stressrespectively.

Table 2
Frequency and percentage-wise distribution oflevel of stress 
among the spouses of the alcoholic.(N = 50)

Level of stress Frequency 
(N)

Percentage 
(%)

Low (0-13) 0 0
Moderate (14-26) 41 82
High perceived (27-40) 9 18
Total 50 100
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Fig:5 Percentage-wise distribution of level of stress among the 
spouses of the alcoholic.

Table: –3 The majority of the spouses of the alco-
holic 36 (72%) had a moderate level of coping strate-
gies and 14 (28%) had a low level of coping strategies 
respectively.

Table 3
Frequency and percentage-wise distribution oflevel of coping 
strategies amongthe spouses of the alcoholic.(N = 50)

Level of coping strategies Frequency (N) Percentage (%)
Low (1-37) 14 28
Moderate (38-74) 36 72
High (75-112) 0 0
Total 50 100
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Fig:6 Frequency and percentage-wise distribution oflevel of 
coping strategies among the spouses of the alcoholic.
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SECTION C: CORRELATION BETWEEN 
THE STRESS AND COPING STRATEGIES 
AMONG THE SPOUSES OF THE 
ALCOHOLIC.

Table-4 - shows a correlation between the stress 
and coping strategies among the spouses of the alco-
holic is (22.38±5.855) and (44.30±19.86).Correlation 
between the stress and coping strategies indicates the 
positive correlation and shows the results Pearson 
correlation r-value is (0.629), a p-value is (p=0.000) 
are statistically highly significant.

Table 4
Correlation between the stress and coping strategies among 
the spouses of the alcoholic (N=50)

CORRELATION BE-
TWEEN STRESS AND 
COPING STRATEGIES 

AMONG THE SPOUSES 
OF THE ALCOHOLIC.

MEAN STAN-
DARD 
DEVIA-
TION

‘r ’ 
VALUE

‘p’  
VALUE

Stress 22.38 5.855 0.629 0.000**
HSCoping strategies 44.30 19.86

**-p < 0.001 highly significant

 
Fig: 7 scatter diagramsshowthe Correlation between stress and 
coping strategies among the spouses of the alcoholic.(Positive 
-correlation).

SECTION D: ASSOCIATION 
BETWEENTHE LEVEL OFSTRESS AND 
COPING STRATEGIES AMONG THE 
SPOUSES OF THE ALCOHOLIC WITH 
THEIR SELECTED DEMOGRAPHIC 
VARIABLES.

Table 5 showed in statistically highly significant as-
sociation between level of stress among the spouses of 

Table 5
Association betweenthe level ofstress among the spouses of the alcoholic with their selected demographic variables. (N=50)

SL.
NO

DEMOGRAPHICVARIABLES LEVEL OFSTRESS Chi-square
X2

df p-value
MODERATE HIGH 
N % N %

1 Age (in years)-spouses of the alcoholic profile
18-30 years 13 31.7 0 0 28.2 3 0.000**

HS31-40 years 19 46.3 0 0
41-50 years 9 22 5 55.6
Above 51 years 0 0 4 44.4

2 Educational status 44.19 3 0.000**
HSPrimary 6 14.6 0 0

Secondary 29 70.7 0 0
Degree 6 14.6 1 11.1
Illiterate 0 0 8 88.9

3 Occupational status 21.5 3 0.000**
HSHome maker 13 31.8 0 0

Self employed 17 34.1 0 0
Government job 0 0 3 33.3
Private job 14 34.1 6 66.7

4 Monthly income in rupees 33.4 3 0.000**
HS<Rs 5000/month 13 31.7 0 0

Rs 5000-10000/month 15 36.6 0 0
Rs 10000-15000/month 13 31.7 3 33.3
More than Rs.15000 0 0 6 66.7
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the alcoholic with chi-square value at p<0.001 level 
respectively.

Table 6 depicts that the demographic variable 
wives age, wive’s education, wive’s occupation, family 
income, type of family, number of children, husband’s 
age, husband’s education, husband’s occupation, 
duration of a drinking problem, amount of alcohol 
consumed per day had shown statistically highly sig-
nificant association between level of coping strategies 

among the spouses of the alcoholic with chi-square 
value at p<0.001 level respectively.

MAJOR FINDINGS OF THE STUDY
Out of the 50 spouses of the alcoholic who were in-

terviewed, the Majority of the spouses of the alcoholic 
19 (38%) were in the age group 31-40 years. Most of the 
spouses of the alcoholic were secondary 29 (58%) in ed-
ucation.The majority of the spouses of the alcoholic were 

SL.
NO

DEMOGRAPHICVARIABLES LEVEL OFSTRESS Chi-square
X2

df p-value
MODERATE HIGH 
N % N %

5 Type of family 3.096 1 0.079
NSJoint family 11 26.8 0 0

Nuclear family 30 73.2 9 100
Extended family 0 0 0 0

6 Number of children 43.9 2 0.000**
HS1 21 51.2 0 0

2 19 46.3 0 0
3 1 2.5 9 100
Above 3 0 0 0 0

7 Age in years (husbands profile) 39.4 3 0.000**
HS18-30 years 13 31.7 0 0

31-40 years 21 51.2 0 0
41-50 years 7 17.1 2 22.2
Above 51 years 0 0 7 77.8

8 Educational status 29.6 3 0.000**
HSPrimary 16 39 0 0

Secondary 19 46.3 0 0
Degree 6 14.6 6 66.7
Illiterate 0 0 3 33.3

9 Occupational status 30.12 3 0.000**
HSNot working 16 39 0 0

Self employed 14 34.1 0 0
Government job 11 26.9 4 44.4
Private job 0 0 5 55.6

10 Duration of a drinking problem 43.9 3 0.000**
HS<1 year 4 9.8 0 0

1-5 years 19 46.3 0 0
6-10 years 17 41.5 0 0
>10 years 1 2.4 9 100

11 Amount of consuming alocohol per day 19.1 3 0.000**
HS250 ml 7 17.1 0 0

500 ml 15 36.6 0 0
750 ml 19 46.3 6 66.7
Above 750 ml 0 0 3 33.3

**-p < 0.001 Highly significant,NS-Non Significant
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Table 6
Association betweenthe level ofcoping strategy among the spouses of the alcoholic with their selected demographic variables. 
(N=50)

SL.
NO

DEMOGRAPHICVARIABLES LEVEL OFCOPING STRATEGIES Chi-square
X2

df p-value
LOW MODERATE 

N % N %
1 Age (in years)-spouses of the alcoholic profile

18-30 years 13 92.9 0 0 45.3 3 0.000**
HS31-40 years 1 7.1 18 50

41-50 years 0 0 14 38.9
Above 51 years 0 0 4 11.1

2 Educational status 21.4 3 0.000**
HSPrimary 6 42.9 0 0

Secondary 8 57.1 21 58.3
Degree 0 0 7 19.4
Illiterate 0 0 8 22.2

3 Occupational status 45.2 3 0.000**
HSHome maker 13 92.9 0 0

Self employed 0 0 14 38.9
Government job 0 0 3 8.3
Private job 1 7.1 19 52.8

4 Monthly income in rupees 45.3 3 0.000**
HS<Rs 5000/month 13 92.9 0 0

Rs 5000-10000/month 1 7.1 14 38.9
Rs 10000-15000/month 0 0 16 44.4
More than Rs.15000 0 0 6 16.7

5 Type of family 36.2 1 0.000**
HSJoint family 11 78.6 0 0

Nuclear family 3 21.4 36 100
Extended family 0 0 0 0

6 Number of children 26.8 2 0.000**
HS1 14 100 7 19.4

2 0 0 19 52.8
3 0 0 10 27.8
Above 3 0 0 0 0

7 Age in years (husbands profile) 45.2 3 0.000**
HS18-30 years 13 92.9 0 0

31-40 years 1 7.1 20 55.6
41-50 years 0 0 9 25
Above 51 years 0 0 7 19.4

8 Educational status 41.3 3 0.000**
HSPrimary 14 100 2 5.6

Secondary 0 0 19 52.8
Degree 0 0 12 33.3
Illiterate 0 0 3 8.3

9 Occupational status 41.3 3 0.000**
HSNot working 14 100 2 5.6

Self employed 0 0 14 38.9
Government job 0 0 15 41.7
Private job 0 0 5 13.9
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private job 20 (40%). Most of the spouses of the alcoholic 
were family monthly income is 16(32%) in rupees 10000-
15000 per month. Most of the spouses of the alcoholic 39 
(78%) were nuclear families. Most of the spouses of the 
alcoholic were having one child 21 (42%).The majority 
of the alcoholic person 21 (42%) were in the age group 
31-40 years. Most of the alcoholic people were second-
ary 19 (38%) in education. The majority of the alcoholic 
person was not working 16 (32%). Most of the alcoholic 
persons 19 (38%) were 1-5 years in drinking problem. 
The majority of the alcoholic person 25 (50%) was 750 
ml consuming alcohol per day respectively.

The majority of the spouses of the alcoholic41 
(82%) had a moderate level of stress and 9 (18%) had 
a high perceived level of stress respectively. The ma-
jority of the spouses of the alcoholic 36 (72%) had a 
moderate level of coping strategies and 14 (28%) had 
a low level of coping strategies respectively. the ma-
joirty of (22.38±5.855) and (44.30±19.86). Correla-
tion between the stress and coping strategies indi-
cates the positive correlation and shows the results 
Pearson correlation r-value is (0.629), the p-value is 
(p=0.000) are statistically highly significant.

showed statistically highly significant association be-
tween level of stress among the spouses of the alcoholic 
with chi-square value at p<0.001 level respectively.

showed statistically highly significant association 
between level of coping strategies among the spouses 
of the alcoholic with chi-square value at p<0.001 lev-
el respectively.

CONCLUSION
In our study,the majority of the spouses of the alco-

holichad a moderate level of stress and coping strate-

gies. Hence, an Awareness program on the prevention 
of alcoholism can be started in this group to educate 
the public in both the clinical and community settings 
and Pamphlets can be given to the spouses of the alco-
holic. The Psychological health care service adminis-
tration should plan and formulate policies for spouses 
of the alcoholic

NURSING IMPLICATION 
The findings of the study have scope in the follow-

ing area nursing education,nursing practice, nursing 
administration, and research.

NURSING EDUCATION
• Awareness programs on the prevention of alcohol-

ism can be brought into detail in the nursing cur-
riculum from the undergraduate level.

• Students should be encouraged and prepared for their 
role as health educators during their basic training. 

• The nurse educator should help in bringing value 
and a sense of responsibility to the student. 

NURSING PRACTICE
• Nurses need to update themselves.
• A standardized tool can be used.
• The psychiatric mental health nurse by manag-

ing the problems faced by spouses of the alcoholic 
might learn about the complications.

• Awareness programs can be made as a routine in 
nursing services as an alternative therapy. 

NURSING ADMINISTRATION
• Regular continuing education and in-service pro-

grams should be conducted given special emphasis.

SL.
NO

DEMOGRAPHICVARIABLES LEVEL OFCOPING STRATEGIES Chi-square
X2

df p-value
LOW MODERATE 

N % N %
10 Duration of drinking problem 26.5 3 0.000**

HS<1 year 4 28.6 0 0
1-5 years 10 71.4 9 25
6-10 years 0 0 17 47.2
>10 years 0 0 10 27.8

11 Amount of consuming alocohol per day 31.4 3 0.000**
HS250 ml 7 50 0 0

500 ml 7 50 8 22.2
750 ml 0 0 25 69.4
Above 750 ml 0 0 3 8.4

**-p < 0.001 Highly significant



306 | Cardiometry | Issue 25. December 2022

• Nursing must plan and meet the needs.
• Must create awareness amongspouses of the alco-

holic.
• Nurse administration should plan and formulate 

policies forspouses of the alcoholic.
• In-service education can be arranged for the staff 

nurses. Awareness programs on the prevention of 
alcoholism can be started thereby to educate the 
public who are coming to contact nursing person-
nel in both clinical and community settings.
NURSING RESEARCH

• There is a need for researching problems faced by 
spouses of the alcoholic.

• Despite several quality types of research, nurses 
can examine the context of the wives who take care 
of their husbands.

• More research needs to be conducted to facilitate 
nursing intervention based on the sound scientific 
knowledge

• The generalized study can be made by further 
study of large samples.

• These research findings can be utilized for the de-
velopment of research-based protocolsand policies 
in the health care setting.
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Abstract
The penetration of technology & media advances into football 
has improved referees’ choices on contestable objectives. This 
paper analyzes the reception of Video Assistant Referees (VAR) 
and Goal Line Technology (GLT), and how the understanding 
of the correspondence between arbitrators influences the re-
sult of the games. In this study, we take a few examples of use 
cases where VAR has given major yet confusing decisions that 
drastically affected the match’s outcome. This investigation is 
planned for investigating the informative frame of reference 
for off-field and on-field referees. Decision-making is a critical 
aspect of soccer. As small as a third division match to as big 
as a world cup final, one wrong decision on the part of the 
on-field referee can change the match’s outcome. Therefore, 
this exploration attempts to build up whether the dissemina-
tion of computerized media innovation into football admin-
istering has to ban human mistakes and goofs imagined in 
simple pitch and officials, subsequently setting the glue for 
negligible blunders in the present-day period advanced and 
digital officiating.
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1 Introduction
Football has seen many difficulties in the recent 

past with decision-making by the on-field referee. The 

goals, the celebrations, the yellow and red cards, the 
offsides, and many more are part of the game since its 
inception [1]. 

Envision a situation of 50,000 supporters viewing 
a soccer match; the center-back of the home team 
jumps into the way of the away center-forward; the 
forward tumbles down, the ball rolls away, and the 
home supporters scream ‘dive.’ Does the official blow 
the whistle and give a punishment, or does he defer 
play on thus abstain from giving a hostile choice, or 
does he punish the forward for re-enactment? Would 
the ref give a similar choice if the home team strik-
er fell and the home supporters scream for a penalty? 
An abundance of narrative proof recommends match 
officials give rulings for the home team; however, to 
overcome these hardships, technology came to the 
rescue, and the concept of Video Assistant Referee 
was implemented. However, the decision-making has 
been found confusing ever since by critics and pundits 
with all due respect to the norms set by the governing 
body [2]. 

1.1 An overview of video assistant referee
Video Assistant Referee is an assistant referee who 

sits off the pitch and aids the on-field referee to make 
better judgments and decisions with the help of Vid-
eo footage from different camera angles. According 
to the norms set, four categories have been defined, 
where review through VAR can be used:

Goal/No Goal: Under this condition, the pitch-
based official’s interpretation will be guided by the ac-
companying contemplations: 
• An offense by scoring team in the build-up to a 

goal (handball, foul, etc.), 
• offside: position and offense 
• ball out of play before the goal 
• goal/no goal decisions

Penalty/No Penalty: Here, four significant choices 
decide the activity of the referee, which include: 
1. Penalty inaccurately granted/penalty offense not 

punished area of offense (inside or outside the Pen-
alty box) offense by the attacking team in the build-
up to the ball out of play preceding the punishment 
episode. 

2. Offense by the goalkeeper and additionally in-
fringement by an aggressor or kicker at the taking 
of a penalty.
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1.2 Straight red card

1.2.1 Mistaken identity while awarding a red/
yellow card

If the arbitrator punishes an offense and, at that 
point gives an inappropriate player from the offending 
team a yellow or red card, the identity of the wrongdo-
er can be surveyed; the genuine offense itself cannot 
be audited except if it is associated with a goal, penalty 
situation or a direct red card [3]. 

The VAR team checks every on-field decision 
by the referee on the pitch, which falls under these 
above-mentioned four categories. If no mistakes are 
identified during the check by the VAR team, it com-
munes to the referee, which in footballing terms is 
known as a Silent Check. The restart of the play may 
be delayed by the on-field referee for this to happen 
and indicates a potential check by VAR by pointing to 
their ears. If VAR finds an error, there can be three 
possible cases:
• The decision overturned on the advice of VAR
• On-field review (OFR) recommended
• The referee chooses to ignore VAR advice

An OFR as recommended by the VAR when there 
is a close call, for example, if a foul happens just on 
the penalty box line and the referee needs to clarify 
whether the incident has occurred inside or outside 
the penalty box. The final decision in any scenario is 
the on-field referee’s call [5]. 

1.3 Rationale
FIFA deemed VAR a triumph after its introduction 

in the 2018 World Cup [4]. By and by, the utilization 
(or absence of utilization) of VAR has been scruti-
nized. Many reports convey that while most choices 
were made effectively because of VAR, some were 
not right despite VAR review. A few choices, which 
were called erroneously, were not even reviewed. The 
Guardian infers that VAR has been best for real choic-
es. In contrast, abstract choices, such as penalties or 
the red/yellow card decisions for players, have fared 
a lot more regrettable. The absence of clearness and 
consistency are the two fundamental territories of 
shortcoming in VAR.

1.4 Objectives
This paper aims to map down an overview of func-

tionalities & capabilities for the credibility of the Video 
Assistant Referee. The analysis for the impact, capabil-

ities, and credibility of Video Assistant referees in foot-
ball/soccer is done with the following objectives [6]. 
• Using the study of Cases in VAR technology usage 

for analysis of problems and risks.
• A study of in-depth analysis of problems in the ex-

periments of VAR technology.
• In addition, a study of upcoming advancements 

and technologies with the potential to boost VAR 
to reach its pinnacle.

2 Methodologies
Decision-making is a critical aspect of soccer. As 

small as a third division match to as big as a world cup 
final, one wrong decision on the part of the on-field ref-
eree can change the match’s outcome. The 2018 FIFA 
World Cup meant a progressive change in soccer (asso-
ciation football) refereeing, considering the video assis-
tant referee. The innovation has gone under expanded 
investigation since being presented in the English top-
flight this season, with numerous calls to be inspected 
or even rejected altogether. Premier League referees’ 
Chief Mike Riley was recorded in an interview quot-
ing, the worst outcome is where the refereeing team on 
the field of play makes the right decision, and VAR in-
tervenes to make the wrong decision.’ However, it will 
happen because it happens everywhere [7]. 

It about gives off an impression of being unavoid-
able that with each new game week of Premier League 
football, there are issues, novel dispute, and a conver-
sation around VAR that, while having new causes, will 
go over and over on that specific, repetitive request – 
what requirements to change? In this paper, we venture 
through the pros & cons of VAR with a no. of cases, an-
alyze various upcoming techs that could be handy [8]. 

2.1 About soccer
Football/soccer is one of the oldest and most popu-

lar sports in the world over two centuries! In England 
and subsequently in other countries, the Football 
League to the establishment of Federation Interna-
tional de Football Association (FIFA), to World Cups 
and Champions League, has come a long way. Tech-
nology has started playing its fair share in the game. 
For example, Goal-line technology, Video Assistant 
referees, and similar [9] 

2.2 Technologies used for VAR
VAR works because all cameras from an arena - as 

a rule somewhere in the range of 12 and 15 - will send 
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an input to the Video Operations Room. The VAR 
cannot settle on choices during a game; it underpins 
the referee in the arena by giving them constant video 
investigation utilizing cameras, including some truly 
propelled 3D displaying programming that can explic-
itly check if a player is offside or not.

Like in Cricket’s Hawk-eye, the technology chal-
lenge is not much in VAR. Regardless of where a Pre-
mier League game is being played, VAR is constantly 
situated in the Video Operations Room in Stockley 
Park, Uxbridge, on the periphery of London. They 
have access to every camera broadcasting the match. 
The VOR is like a server room/ control center for 
VAR. The communication between the VAR studio 
and the on-field referee has been smooth to date. Re-
al-time video footage and picture frames are readily 
available to the VAR team [10]. 

2.3 The study of Cases in VAR technology 
usage for analysis of problems and risks

Use Case 1: Arsenal vs. Crystal Palace, Oct 
28, 2019

The Premier League standoff between the two clubs 
was at a crunching 2-2 stage when Greek center back 
Sokratis Papastathopoulos netted a last-minute goal 
[11]. The goal was given, and the players celebrated the 
3 points when VAR decided to check for a foul by Calum 
Chambers (an Arsenal player) involved in the build-up 
to the goal. After a long VAR delay, the goal was decided 
to be disallowed, ripping Arsenal of three vital points. 
Many journalists and football commentators were criti-
cal about the incident as the common opinion amongst 
most of them was that the foul never stood.

Use Case 2: Brighton & Hove Albion vs. 
Everton, October 2019

Brighton & Hove Albion hosted Everton on their 
turf at American Express Community Stadium in the 
Premier League. The two teams were placed 15th & 
16th respectively on the table with just a point differ-
ence. Brighton took the lead inside 15 minutes because 
of a great Pascal Gross free-kick before the home side’s 
Adam Webster netted an own goal leveling thing up 
for Everton. Dominic Calvert-Lewin of Everton came 
on as a substitute for Everton and gave the visitors a 
2-1 lead in the 74th minute of the match. 

Soon after, in the 79th minute of the match, Brigh-
ton forward Aaron Connolly was about to receive an 

aerial ball in the opposition penalty box when Everton 
defender Michael Keane challenged the forward, and 
Connolly went down, which looked like an awkward 
landing. The referee resumed play as usual when the 
Brighton players kept appealing for a penalty. With 
no penalty initially given, VAR stepped in. After a 
few seconds of review, the on-field referee revised his 
decision, eventually giving Brighton a penalty, which 
was scored. The match ended 3-2 in favor of Brighton, 
courtesy of an own goal from Everton’s Lucas Digne in 
the 90+4th minute of the match. 

The video replays of the penalty clearly show negli-
gible contact from the Everton defender. In addition to 
that, the replays also confirmed that at the time of the 
contract (since it was an aerial ball), the defender had 
his eyes locked on the ball only, which clears the air for 
the argument of an intentional challenge.

Use Case 3: Chelsea vs. Arsenal, FA Cup 
Final, and August 2020 [12] 

FA Cup or The Football Association Challenge 
Cup is the domestic cup of men’s football in England 
organized by The Football Association (The FA). It 
is the oldest national football competition globally, 
first held during the 1871-72 season. The eligibility is 
open to any English football club from level 1 down to 
level 10. In the 2011-12 season, a record of 763 clubs 
competed in the tournament. The champions of this 
cup every year get a direct entry to next year’s Europa 
League. 

Chelsea and Arsenal faced this year’s FA cup final, 
which was being held in an empty Wembley Stadium. 
Chelsea took an early 5-minute lead from a sublime 
finish by Christian Pulisic. At minute 14 of the game, 
Mateo Kovacic of Chelsea was booked for a foul by 
the on-field referee Anthony Taylor. Arsenal equalized 
from a penalty by their captain Pierre-Emerick Au-
bameyang at minute 28. By the end of the first half, 
Chelsea was injury-driven, as a couple of their crucial 
players had to be replaced. At minute 67, Aubameyang 
scored again to give Arsenal the lead [13]. 

Soon after the goal at minute 73, Mateo Kovacic, 
who was earlier, booked, was spotted for another foul 
by the on-field referee and was given a second yellow 
card straight away, equivalent to a red card, sent off. 
The replay of the incident clearly shows that what ap-
peared to be a foul in the first place were not a foul, let 
alone a red card booking. It was clear as daylight that 
Kovacic was sent off wrongfully. 
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Use Case 4: Manchester United vs. Norwich, 
Chelsea vs. Watford, Premier League 2019

Manchester United played Norwich in the PL 
when united winger Daniel James was fouled by Ben 
Godfrey, Norwich center-back inside the D-box. The 
initial decision by the on-field referee was no foul, and 
the game went on. Moments after play resumed, VAR 
intervened and advised the on-field referee to consid-
er the foul. The on-field referee then changed his ini-
tial decision and gave Man United a penalty [14]. 

Video replays indicated that it was in no way a foul, 
and the initial decision of the on-field referee should 
have stood.

A similar incident happened when Watford’s wing-
er Gerard Deulofeu went down quite easily in the pe-
riphery of Chelsea’s Jorginho, and it was evidently in 
the naked eyes, seemed to be a dive. The initial deci-
sion was spot on by the on-field referee as no foul as 
play resumed. However, eventually, VAR intervened, 
and the decision was changed.

Use Case 5: Liverpool vs. Manchester City, 
November 2019, Premier League [15]. 

Liverpool, the league leaders, were playing the sec-
ond-placed Manchester City in their home at Anfield. 
There was a 6-point gap between them when the two 
giants faced what has been an epic fixture in the recent 
past. The tension was sky high as the match started, 
and just in the fifth minute, Liverpool’s central defen-
sive midfielder Fabinho gave the reds a lead of 1-0 as 
he fired a screamer right from outside the d-box past 
City keeper Claudio Bravo. Soon before this incident, 
the ball was in the d-box of Liverpool when City for-
ward Bernardo Silva tried to tackle past the Liverpool 
defense when the right-back of Liverpool Trent Alex-
ander-Arnold handled the ball in the penalty box. The 
city players screamed for a foul (handball), but the ref-
eree allowed the play to go on, and in the next minute, 
Liverpool was up 1-0. Soon after the goal, the refer-
ee pointed to his ears suggesting a potential handball 
check by VAR. 

According to one of the primary laws of implemen-
tation of VAR, it was laid down that any foul commit-
ted before a goal/no goal can/should be checked by the 
VAR, and if found guilty/not guilty, the goal will/will 
not stand.

The referee went to the on-field screen to check the 
incident, which was clear as daylight that the defender 
had handled the ball in the video replays. Almost the 

whole crowd anticipated that the goal would be dis-
allowed. However, to the utter surprise of everyone 
watching around the globe, the on-field referee with 
his VAR team allowed the goal to stand. 

The second mishap happened at minute 14 of 
the match when Liverpool fullback Andy Robertson 
played across the field to forward Mohamed Salah, 
who headed the ball into the net to reds a 2-0 over 
their bitter rivals.

Again, after the implementation of VAR, every 
goal/no goal is checked by the VAR. Most of them 
are silent checks when there are no fouls or offsides 
committed. In this particular case, the check was done 
for a possible offside. The VAR team allowed the goal 
and concluded that Mohamed Salah was onside. Much 
to the contrary, reports by media channel Sportbible 
brought out a frame-by-frame picture of the 2nd goal. 
It was found that the moment the ball was played to 
Salah, he was in an offside position just by a fraction. 
Arguments can be raised, as the forward was just mar-
ginally offside. Since football is a game played by hu-
mans, the decision thus went in their favor.

Manchester City fans and critics voiced their opin-
ion as Premier League has seen very tough VAR de-
cisions concerning offside calls last year. Goals have 
been ruled out because of offside calls to the very mil-
limeter of distances. 

Use Case 6: Manchester City Vs. Olympique 
Lyonnais Champions League Quarter Final, 
Portugal 2020

Champions League 2020, as like any other major 
sports tournament, was out of the picture evidently 
due to the ongoing pandemic until Aug 7, 2020. The 
Union of European Football Associations (UEFA) ex-
ecutive committee decided to restart the tournament 
with a revised format and VAR presence as usual. The 
format for the remaining knockout rounds has been 
patched up in one leg, trying to finish the competition 
as soon as possible. In the fourth and final quarter-
final, Man City was playing Lyon in an empty-house 
match, which turned out to be a controversial yet 
strong finish by the latter. The game was in its last 
quarter and was tied 1-1 when City made a poor pass 
in defense and created a chance for a quick counter-at-
tack from Lyon. One of Lyon’s players passed beyond 
City’s defense to Karl Ekambi (Lyon), who let the ball 
go past him to Lyon’s forward Moussa Dembele, who 
ran alone against City’s keeper and scored to give Lyon 
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a 2-1 lead at the 78th min. In the process of the goal, 
which looked like an offside, Dembele, while going for 
the ball, tangled his legs with a city defender Aymeric 
Laporte only to see him go down. The incident looked 
like a foul and video replays confirmed. 

VAR rules clearly state that if any player from the 
attacking team commits any offense in the build-up of 
a goal and the offense is considered a foul, the goal will 
not stand. The VAR check was completed to much dis-
may of City players, and the goal was allowed to stand. 

Use Case 7: Brazil Vs. Belgium, World Cup 
2018

It was the knockout stages of the World Cup. Bra-
zil and Belgium played in the tournament’s quarterfi-
nals in what was anticipated as one of the high rated 
matches by football fans across the world because of 
the star-studded line-ups of both sides. Belgium was 
2-0 up in the first half. It was the 55th minute of the 
match when Brazilian forward Gabriel Jesus went 
down on the ground in the penalty box by a sliding 
challenge by Belgium defender Vincent Kompany. The 
on-field referee went over to the VAR and checked the 
replay himself on the VAR screen on the pitch. In what 
seemed to be a lengthy review, the official decided to 
resume the game and marked the challenge as fair rip-
ping Brazil off a vital penalty, which, in turn, could 
have affected the outcome of the match. Critics, com-
mentators, and officials around the globe went on to 
criticize the decision on social media and TV media 
platforms.

3 Analyses
It is undeniable that the implementation of tech-

nology has changed how football is played in a major 
way. Because of VAR being used in almost all the top 
flight leagues and tournaments, players think twice 
before committing a challenge, coaches plan in details 
ahead of any match using all the analytical reports 
on each player and staffs, and the likes of Goal Line 
Technology has helped teams to get justified results. 
One of the biggest examples is Frank Lampard’s (En-
gland) disallowed goal against Germany in the last 16 
knockout stages of the 2010 FIFA World Cup, which 
was one reason FIFA decided to introduce Goal-Line 
Technology in 2014 FIFA World Cup. The 2018 FIFA 
world cup was the first time FIFA used VAR in its flag-
ship event. Some of the statistics show that the VAR 
checked 455 incidents in 64 matches throughout the 

tournament (an average of 7.1 checks per match). 20 
times VAR reviewed decisions. 29 penalty kicks were 
awarded in the 2018 World Cup, among which nine 
decisions were connected to VAR. Compared to the 
previous two World Cups (2014 & 2010), where VAR 
was not present, the no. of penalties awarded was 13 & 
15, respectively. The problems & suggested solutions 
from the above-mentioned cases can be defined as the 
following in the Table 1

3.1 Technology and future trends
Technology in sports is in steady extension and 

improvement. We witness a more noteworthy asso-
ciation of science and innovation in sports than we 
have ever observed until now. These days, the best 
outcomes regularly lie in the subtleties that can be 
seen using any innovation or gadget that can affect. In 
the Big Data period, sports are likewise remembered 
for it, because, undeniably, there is much information 
gathered that could be applied for the examination, in 
this manner either making upper hands to be utilized 
during a tournament or training, planning, or signing 
new players and staffs.

While the innovation that VAR uses is amazing 
and builds the precision of choices, for example, the 
3D technology to help with offside choices, which 
are currently right to a matter of millimeters (there is 
nothing of the sort as the aggressor being level with 
the defender any longer), it is not 100% exact and 
this causes an issue. VAR breaks down occurrences 
through still pictures by frames. While the frames are 
fantastically near one another, the second a football is 
kicked can be in the middle of two frames, that at that 
point can modify whether a player is on or offside and 
thus consequently, whether a goal stands or not, this 
has just started banter from savants. To improve the 
exactness of deciding when the ball is kicked, an ad-
vanced camera with more angels with better control 
should be conceivable, just as the decrease (or prefer-
ably the elimination) of the gap between frames, the 
target that ought to be focused on is how cameras can 
be controlled in the FIFA game. 

Arbitrators are an imperative bit of football, and 
their decisions, regardless of whether right or inaccu-
rate, influences the game. With the ascent of Informa-
tion and Communication Technologies, a great deal 
has been said about using gadgets that can assist of-
ficials with carrying out their responsibility, assisting 
with bettering administer and carrying more decency 
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to matches. Gradually, new hardware and strategies 
are being presented, wireless audio communication 
among referees, and goal-line technology; however, 
regardless of whether there is more possible, moral 
obligations keep this from being a reality.

The study Assessing the Impact of the Internet of 
Everything Technologies in Football lists out the cur-
rent and future technologies used in football. When it 
comes to Visual technology, Cameras, Monitorization 
tablets, Statistics analysis software is in use. Wearables 
include movement sensors. The Video Assistant Ref-
eree currently uses Cameras, Goal-line Technology, 
Hawk-eye technology, exact stopwatch, Communica-
tion hardware, etc. In addition, Virtual reality goggles 

and 360º simulators are being used by many teams to 
improve their players’ performances.

The future trends that can be made effective in the 
Video Refereeing perspective are multiple cameras 
creating a third simulation, AI in refereeing, VR glass-
es to the video referee/referee.

4 Findings and discussions
In a paper, named, How does Video Assistant 

Referee (VAR) modify the game in elite soccer? they 
studied and analyzed the impact of VAR in influenc-
ing soccer. They took a sample size of 1024 matches 
played in the Serie-A (Football league of Italy) and 
German top-flight (Bundesliga) in two years; one of 

Table 1
The problems and suggested solutions

Use 
Case

Issues Impact Suggested Solution

2 The degree of foul was negligible, yet the 
penalty was given in favor of the striker.

Everton was forced to lose 3 
points.

The severity of foul should have a 
standard measurement that should be 
very clear not just to the referees and 
match officials but to the spectators 
and the public. VAR was implemented 
to remove errors and confusion from 
the game. Nevertheless, these cases 
suggest a second opinion and thought 
on the implementation is much re-
quired. 

4 The initial on-field referee decision was over-
turned by VAR intervention. Lack of any stan-
dard book of rules to measure the degree of 
a foul.

Both the teams lost mo-
mentum and the respective 
matches.

1 The referee was correct by rules as VAR says 
any offense by the attacking team in the build-
up goal can cancel the goal. However, there is 
no particular standard on paper as the degree 
of foul measurement.

Arsenal went on to draw the 
game and was ripped off vital 
2 points.

6 A regulatory rule was overlooked. Olympique Lyonnais was 
knocked out of the Champi-
ons League.

7 The degree of foul was severe, yet the decision 
was no penalty.

Brazil was knocked out of 
World Cup 2018.

5 (i) The regulatory rule of VAR says any offense by 
the attacking team in the build-up to a goal 
should be penalized. In this case, it was a clear 
handball, which, in any case, is considered a 
serious foul. Therefore, the degree of foul was 
very clear in this particular case, yet it was not 
penalized.

Manchester City was dragged 
behind in the race for the Pre-
mier League title and eventu-
ally could not come back.

The handball offense was one of the 
major issues, which contributed to the 
implementation of VAR. Before VAR, 
the on-field referee in many cases 
could not confirm handball offenses 
due to lack of sight. Even with the 
help of linesmen many-a-times, it was 
evident that a certain conclusion could 
not be drawn in handball fouls. Now 
that VAR is in effect, the referee has 
got the whole pitch covered with mul-
tiple cameras, and video replays are at 
their disposal; handball offenses should 
be punishable at all times.

5 (ii) Offside calls are measured to the millimeter af-
ter VAR implementation, yet Salah’s goal stood 
who was offside.

Better camera angles and the use of 
advanced picture frames to detect the 
pinpoint position of players during 
offside calls should be implemented.

3 VAR rules state that straight red cards can be 
reviewed, but a 2nd Yellow card, equivalent to 
a red card, cannot be reviewed

Chelsea lost the FA Cup. The straight red card review decision 
by VAR is already in place. The 2nd 
yellow rule, which is equivalent to a red 
card, should also be included in the 
VAR jurisdiction.
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them before the execution of VAR and another season 
after the execution of VAR. 

Tests were run on the data gathered. The results 
showed a significant decrease in fouls, offside’s, and 
yellow cards after VAR was implemented. Simultane-
ously there was a stiff increase in the no. of playing 
minutes added to the playing time after VAR was im-
plemented.

A similar study by authors in the paper The influ-
ence of the video assistant referee on the Chinese Su-
per League compared games. 

The use of VAR has always been a debated issue 
among the authorities and critics. The pros and cons 
are listed as follows:

Pros
Reasonableness: Potential to decrease grave mix-

ups by referees, which could have genuine ramifica-
tions for one team. 

Viewpoint: now and again, referees do not have the 
right angle to see appropriately the occasion they have 
to pass judgment on. Video replays could give extra 
points of view on the incident.

End of theatricals and hostility: Players will think 
twice before defrauding the official or purposefully 
hurting another player. 

It works in different games, for example, rugby, 
American football, tennis, hockey, and sports. Why 
not make a difference in football? 

VAR had added to the game snapshots of extraor-
dinary pressure when all players and fans hung tight a 
couple of moments for a choice with incredible 

Cons
Ease of the game: video replays could extend the 

game and interfere with its regular rhythm and ele-
ments. 

Severe confusion in deciding which incidents are 
to be reviewed and which do not. Players and fans 
might feel the need to challenge each decision against 
their interests. 

Disappointment: Will retroactive pleads legitimacy 
or just those when the official has halted the game to 
counsel the video. 

Another study, Soccer Referee Decision-Making: 
‘shall I Blow the Whistle? Investigated the factors for 
the cause of decision making for referees & subse-
quently the effect for which they interviewed five male 
referees aged 28-55 years and having an average refer-

eeing experience of 21.6 years. Variables like Crowd 
factors, Player reaction, Control, Professionalism, En-
vironmental Factors, etc., were used. Table 2 shows the 
concluded in respect of decision-making by referees.

Table 2
The concluded in respect of decision-making 

Cause Effect

Fac-
tors

Indi-
vidual 
factors

Opinion

Ideal 
Decision 
Making

Accura-
cy/Error

Deci-
sion

Concentration
Control

Expe-
rience 
Factors

Personality Regula-
tionsPersonal Life

Experience
Situa-
tional 
Factors

Crowd factors Profes-
sional-

ism
Player reaction
Environmental 
Factors
Crowd Interac-
tion

5 Conclusions
The FIFA World Cup 2018 saw the rise of VAR on 

a world stage for the first time. It was the beginning of 
the VAR era, which will always remain a benchmark 
in the impact of technology chapter in football. Before 
introducing Var and it is like, football always lacked 
behind sports such as rugby, cricket, tennis, etc., in 
terms of how the sport is assisted by technology de-
spite being the most-watched and most popular sport 
on the planet. The absence of tech innovation can and 
has recently affected an enormous number of games. 
Especially, with big bucks, being spent by rich club 
owners in the Premier League now more so than ever, 
results must not go astray because of the referee or 
his associates’ mistake/lack of decision-making skills. 
Subsequently, VAR being introduced is more than rea-
sonable. The football fan base, though, has been divid-
ed based on the way VAR has been used. Suppose any 
decision is taking excessively long for a review. In that 
case, it suggests that it is the opposite of clear and obvi-
ous. Considering the Premier league, the incidents re-
lated to VAR suggest that the clear and evident choices 
are being disregarded by the video assistant official in 
Stockley Park.

Offside calls by VAR have seen many interpreta-
tions among the fans]. Contrary to a red card, yellow 
card, handball fouls, fouls, etc., which can be abstract 
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and not entirely clear, the guideline for offside is en-
tirely objective. If reintroduced in football, the Day-
light rule can make the job for all the officials much 
easier in calling offsides.

It will also be ideal if the referee or the VAR airs 
their communication and clarification/justification 
behind any severe match-altering decisions on the 
mic, just like in cricket’s 3rd Umpire Review. There 
have been many situations in the recent past when 
VAR intervened in a match and took up minutes to 
conclude, leaving a stadium full of people and people 
watching at home dumbfounded concerning what the 
officials make the decision and how have concluded 
that. It would ease the confusion (if any) in spectators’ 
minds if they justified their decisions on-air while any 
review. 
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Abstract
Digitization and pop culture has come a long way. Making and 
taking experiences online has given new spectrums for fans to 
participate and integrate. The Hallyu wave, one of the recent 
flagbearers of the pop culture phenomenon, facilitating the 
global rise of K-pop, has brought in new lessons for the music 
industry. With cultural similarity and fascination that draws au-
diences to K-pop, the Korean music industry relies on a solid 
audience presence for fans to interact, consumer, and garner 
intimacy from them as a two-way exchange. India is one of the 
Asian countries that has caught on to this wave through rap-
id digitization, giving the country a strong base of consumers. 
Content consumption through videos and articles is one way 
that fans learn more about Korea’s music, culture, and people. 
The following paper examines the nature of content consump-
tion amongst Indian K-pop fans based on three parameters, 
the quantity of consumption, the preference of platform, and 
the perceived intimacy, given between the fans and K-pop by 
these platforms. 
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Introduction
With the rise in rapid digitization, pop culture has 

become a tangible product to consume. Pop culture 
is ingrained in each individual’s life, covering a wide 
spectrum of goods, products, and experiences. In its 

basic sense, pop culture can refer to any text that gen-
erates experiences and emotions, subjective to each 
individual. It also serves as a viewfinder for social life, 
society, and often to understand what the world is up 
to today. Often based on the context, these texts gain 
multiple meanings where each individual that reads 
the text attributes their meaning to it actively or pas-
sively. This process engages the consumer in receiving 
information from the text, a crucial aspect of person-
alizing the experience of the text to oneself. Consum-
ers often consciously spend time and attention on 
these texts due to cultural curiosity, social exposure, 
or social media to ingrain them as a part of their lives. 
To understand a pop culture better and how the once 
analog phenomenon has become digital, Storey’s six 
definitions stand as the foundation for the consump-
tion of pop culture [1]. 

The first and foremost definition of pop culture 
would be widely favored or liked by many people. This 
refers to a common consensus that resonates with the 
individual experience of a particular text. It can be fa-
vorable or unfavorable. It can be measured through 
the sales figures, the number of people who attend-
ed the event, social media reactions that people share, 
and even the analytical route to understanding the au-
dience’s sentiments through market research [2]. The 
second way of viewing pop culture suggests that pop 
culture is the culture that is left over, making it an in-
ferior culture. High culture reminds us of class divides, 
which are read in various historical and societal texts. 
The divide persists through a certain period. Shake-
speare, for instance, was once the epitome of high cul-
ture; however, schools across the world and in India 
study his works in the school curriculum [3]. 

The third way of viewing popular culture is ‘mass 
culture,’ which derives its meaning from the previous 
definition. This definition of pop culture is further 
explained as a highly commercialized culture that has 
the sole purpose of mass consumption, with no dis-
crimination to its viewers. The fourth way of viewing 
pop culture is through its origination. It believes pop 
culture originates from its people; hence it is seen as a 
folk culture relative to the people of a particular place 
[4]. And yet, like the first definition, it lacks in catego-
rizing who comes under ‘the people.’

The fifth way of defining popular culture is a 
struggle between two groups, the subordinate resis-
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tance group, and the dominant group. Unlike its prior 
definitions, pop culture is the exchange between these 
two groups, based upon the political analysis of Anto-
nio Gramsci, the ‘hegemony.’ The exchange between 
the two groups can be historical; where one culture 
is labeled as popular and another one the next, and 
synchronic; moving between resistance and incorpo-
ration at any historical moment [23]. The last defini-
tion of pop culture refers to the postmodern debate 
where pop culture is the non-existence of the barriers 
between high and low culture, bridging both. 

Looking closely into these definitions of pop cul-
ture, one can tell that music, a text of pop culture that 
was once used as resistance and high culture, fits not 
just two definitions of pop culture but all of them. The 
increase in consumption of music has grown through 
the vast online world. This has resulted in music being 
one of the most important aspects of pop culture [5]. 

Pop culture, music, and India
Every mass culture event in pop culture provides an 

opportunity for people to interact, a mechanism that 
was present long before the advent of social media. 
Their context often characterized these vast spaces, 
and interactions often took place amongst people who 
had gathered for the event. These people, also known 
as fans, have today moved the medium of interaction 
online, creating their own space, media tools, and net-
works to interact and participate [13] 

When one refers to a fan, it doesn’t have to be only 
related to music. There are many kinds of fans that are 
as broad as the sources of texts. One can be a fan of al-
most anything, ranging from a particular product, like 
the Macbook, to a film like The Avengers [6]. 

As the internet grew, fans were able to create their 
groups and infrastructure. This leads to the develop-
ment of communities on various discussion boards 
and then evolving to closed groups on Facebook 
talking about the latest track that they had listened to. 
The commercialization of pop culture was brought 
in by Web 2.0, which evolved social networks into a 
business model. Sites such as SoundCloud and later 
Spotify made music an accessible form of pop culture 
giving fans more to listen on [13]. These loyal fans give 
rise to fandoms, where they interact and participate 
in deep engagement fuelling loyalty for the musician 
and band. 

India in 2016 had a digital revolution coming it’s 
way. When Reliance launched the 4G telecom service 

of Jio, they intended to ‘provide broadband for every 
Indian’ similar to the Digital India initiative, which 
was launched that year. This boom landed India into 
the ground for the streaming market, where digital 
revenues grew up to 210% in 2015-2018. By the end of 
2018, India had 150 million users engaged in stream-
ing services [19]. 

According to Neilsen, 94% of online consumers in 
India listen to music, and of which the biggest chal-
lenge that poses against streaming giants such as Gaa-
na and JioSaavn is YouTube. YouTube reposts about 
80% of their reach of online consumers, and 245 mil-
lion Indians use their service. Of this entire popula-
tion, 52% come under the age of 25 and enjoy interna-
tional artists and discovering new genres. One recent 
pop culture movement that has overtaken the subcon-
tinent is the Hallyu wave [7]. 

Review of Literature
Pop culture sprung up in America around the 

1920s, where its history was a way for young people to 
contest and go against the various traditions in the so-
ciety through music, fashion, and change in lifestyles. 
It rapidly spread through the entire country with the 
emergence of new technologies such as radio and cin-
ema. Pop culture, in its beginnings, has influenced 
people’s tastes in terms of aesthetics and politics. They 
were also once considered high culture and gradu-
ally obliterated the difference between them as time 
passed. It also became a major source of aesthetics 
such as music, writing, cinematography, and so on [8] 

Julie Maudlin and Jennifer Sandlin, 2015, describe 
how pop culture pedagogies are not a field where ed-
ucators have static skills. It does not make them ex-
perts in teaching these to students who, due to mod-
ernization and globalization, are the new consumers, 
producers, and experimenters of pop culture and 
sometimes even out-do teachers. Rather pop culture 
is constantly changing, and teaching these forms to 
students, as their consumers, should meet the rapidly 
changing cultural landscape and persistent commit-
ment [9]. Therefore, it is important to engage learners 
to examine both individual and collective experiences 
and encourage them to rewrite the narratives and cre-
ate spaces in which they can respond to these pop cul-
ture narratives to understand the concept better [10]. 

In his Culture Theory and Popular Culture: An In-
troduction, John Story does the great task of defining 
six important parts to cumulatively understand the 
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different facets of pop culture. Its overarching per-
spective delves into the theoretical, analytical, and his-
torical nature, covering recent debates and discussions 
related to the study of pop culture. It describes the 
influences through ideology, structuralism, Marxism, 
culture and civilization, Postmodernism, and politics 
in this field [11]. 

Like pop culture, popular music is determined by 
the diverse cultures and spaces in which it is present 
and engaged. Paying attention to its discursive and 
performative structures of meaning are practice are 
critical. Along with these structures comes popular 
music heritage. With its heterogeneity and complexity, 
it breaks its discourses into spaces and practices that 
host many popular music pasts and how they live in 
the present. The cyclic nature of this process allows the 
understanding of color, diversity, and authenticity of 
culture through music [12]. 

The vast field of popular culture has many prod-
ucts within it, some of which tend to outperform oth-
ers, achieving rapid and widespread success. Often, 
the product’s positioning poses as a way to measure 
its success. Measuring the musical features of 27,000 
songs from Billboard’s Hot 100 charts through scien-
tific tools revealed that genre affiliation, an artist’s fa-
miliarity, and a song’s perceived proximity to its peers 
influence its position on the charts. Songs that sound 
typical and are alike are less likely to feature high on 
the charts, whereas those with some level of differenti-
ation are more likely to succeed [14]. 

Similar to these findings, another research looked 
into how online group influence has a differential ef-
fect on online music listening, especially mainstream 
and niche music. The research finds two groups, 
namely, superordinate in-groups and subordinate in-
groups, to understand their characteristics in main-
stream and niche music. Music listeners cross from 
one group to another, the effect on online groups peaks 
then accelerates, providing a higher impact on music 
listening. With the changing consumption of music, 
musicians are developing new roles akin to entrepre-
neurs [15]. While their labor conditions are unclear, 
it is valid that most musicians spend hours poured 
over an album locked up in a studio. However, it is 
unclear where they are consciously entrepreneurial in 
terms of their work or because of their audience. They 
found that musicians tend to exhibit behaviors akin to 
entrepreneurs, yet they prefer the label of a musician 
more. This was fuelled further by the belief that suc-

cessful musicians are those who are commercial and 
profit-focused. Economically they might be similar, 
yet culturally, musicians occupy a differentiated space 
from entrepreneurs [16]. 

The advent of streaming services provides a plat-
form for music and musicians to diversify. These ser-
vices have raised concerns about the decline of the 
recording industry, causing a collapse in their sales. 
The resurgence of live music and the rise of streaming 
music is more normalized, and these two components 
of the music industry ensure its sustainability. The 
co-evolution of these trends in the music industry, 
coupled with AI, machine learning, virtual reality, big 
data, and social media, has transformed the industry 
into a ‘live-concert-streaming music industry”, ad-
vancing its cultural creativity through the harmonious 
participation of its stakeholders [17]. 

Nonetheless, streaming poses a big threat to the 
recorded music industry with the digital world. 
Streaming services allow sellers to bundle and in-
crease revenues, profits, and consumer surplus but 
also displace individual track sales. The variable that 
plays an important role is the streaming payment. 
This research conducted on Spotify during 2013-
2015 looked into the sales of recorded music and 
the effect unpaid consumption has on it. Interactive 
streaming, however, does not seem to harm the dis-
placed sales. They neutralize the revenue of the re-
corded music industry [18]. 

Streaming services are not always paid. Certain 
platforms do offer free streaming services, and these 
could, in turn, cause cannibalization of streams to the 
artist and the music industry. To study the impact of 
free streaming services and paid ones, 2500 music con-
sumers were surveyed, and interesting findings. Free 
streaming did cannibalize a consumer’s music expen-
ditures. However, the negative effect of free streaming 
is offset by the positive effect of the paid streaming, 
estimating that the overall effect of streaming on the 
industry is positive [19]. 

Streaming music often has behavioral changes in 
listening amongst music consumers. These changes 
increase the quantity and diversity of music consump-
tion, especially within the first few months. A year 
later, consumers increase their experimentation and 
engage in new music discoveries. These cases decrease 
repeat music, and the best discoveries have higher 
playing rates and are valued more on streaming plat-
forms [20]. 
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Social media and streaming platform YouTube 
have made it easier to access products from across the 
world, facilitating cross-cultural consumption of me-
dia content. One such pop-culture element that has 
been on the rise in its consumption globally is K-pop 
or Korean Pop. Cultural similarity and cultural differ-
entiations draw consumers to engage in cross-cultural 
consumption. The highest contributors are seen from 
this cultural background facilitating higher consump-
tion levels of this genre of music [21]. 

This global genre had its roots in the 1900s when 
the government of South Korea was restructuring its 
image, leading to the very first Hallyu wave 1.0. Japan 
and China were the countries that consumed and fu-
elled the demand for Korean pop culture products. It 
was Hallyu 2.0 that saw Korean music gain momentum 
due to the advancement of technology, the diaspora 
of the Korean people, the image of keeping the nation 
as a soft power by the government, and the cultural 
similarities through East Asia. The push of K-pop is 
credited to SNS or Social Networking Sites that made 
their content accessible to the masses, aiding partici-
pation and interaction. The differentiation of K-pop 
amongst its global competitors, the style, presentation, 
and merchandising resonated with their diversifica-
tion in business, making the K-pop industry enter 
foreign markets and even incorporate English lyrics to 
increase its culturally hybrid appeal [22]. 

Adding on to the media and cultural push of 
K-pop, the economic aspects play a big role in the rev-
olution. Agencies such as SM, YG, and JYP helped lay 
the foundation for K-pop by utilizing the opportunity 
of the widespread internet infrastructure in the coun-
try. Other factors such as high competition, low online 
prices compared to selling CDs, and low online prices 
in other major countries made foreign markets attrac-
tive to the Korean music industry [23]. 

Hallyu, as such, is not just a cultural promotion. 
It’s advanced to cultural progression. It’s a method of 
appreciation for novelty and what is demanding in 
popular culture. It is also to be seen as a way of ap-
preciating cultural aspects of other countries, as each 
benefit from the other. The aesthetic and themes and 
its nativity offer the surviving demand and growing 
appreciation to sustain the movement.

Fans of K-pop have occupied various spaces such as 
Instagram, Twitter, and Tumblr, largely encompassed 
with non-Korean speakers. However, Korean languag-
es are used between fans to communicate. Korean lan-

guage becomes a relation to the fans’ frame of identity 
and relates to authenticity as well. Social boundaries 
in fandoms conceptualize and identify fandom speech 
communities and boundaries through various bound-
aries that are dynamic [24]. 

Online music cultures offer a way to add to one’s 
daily consumption of world music by providing a 
space to interact and discuss. There are salient features 
of K-pop fans that are self-organized as the K-pop 
fan culture grows and shares related content. Fans 
are also not passive consumers but are well aware of 
the globality of the phenomenon, helping the indus-
try understand and nurture online material for these 
digital communities. The interest in K-pop may not 
cause cultural understanding, but it has led to inter-
est and immersion of foreign fandoms and fans into 
these media spaces. K-pop has also proved a gateway 
for consumption of other mediums of culture such as 
Kdramas, films, travel and tourism, and cuisine [25]. 

While K-pop might have taken a global stance to play 
its soft power to push its music, Southeast Asian coun-
tries such as Singapore, Thailand, and Indonesia are 
places where the wave caught on due to cultural simi-
larities despite linguistic differences. The research looked 
into fans in Singapore to understand the difference be-
tween a sasaeng fan and a normal fan, the latter being a 
more obsessive sort. Having their right to co-construct 
themselves as a celebrity with mass and social media 
roots identities in categorical/status division within the 
fandom and its sub-cultures. These validate the extreme 
behaviors of sasaeng fans which are more passionate than 
those of the mainstream fans. News, apps for communi-
cation, video sites were used to stay in touch with idols 
on a day-to-day basis. Some fans even extended their 
fan practices by music shopping and stalking, which en-
hances their fandom experience [26]. 

Research conducted in Indonesia looked into fan-
girls perceptions of soft masculinity, which is preva-
lent in K-pop. The fangirls don’t seem to mind idols 
with make-up and feminine-like demure appearances 
and understand that visual appearances are not the 
only aspect that shapes masculinity. Their awareness 
of the various marketing strategies and visual concepts 
formed this belief, yet they would not prefer partners 
who wore make-up daily. While K-pop brought in new 
forms of masculinity, the fans’ values and environment 
shape their gender values by large [27]. 

K-pop was also found to be a core part of the im-
age of the Thai youth and reversely an understanding 
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of Korea. Amongst professional trainers and dancers, 
the routines and musical pieces are things to grasp as 
consumers. Still, the ability to imitate their dressing, 
cuisine, and dance forms was seen as a participatory 
notion of this culture. The youth also reflect how mu-
sic is a great way to bridge gaps and negotiate the po-
litical issues between states.

India and South Korea had bright political rela-
tions on the parameters of trade, investment, and 
technology. India plays as a strategic partner in rela-
tions with the USA, China, and Japan, whereas Korea 
is an important pillar in India’s “Act East Policy.” These 
countries share similar characteristics in their demo-
cratic values, market-based and driven economy, and 
multi-polar Asia. These countries offer a key role in 
the changing dynamics of the strategic balance of Asia, 
aiming to play a larger role in the security of the con-
tinent together.

The Hallyu wave refers to the popularity of Korean 
products: music, dance, drama, movies, fashion, food, 
etc. The cultural industry of Hallyu became a reason 
for economic growth generating billions of dollars in 
an export-dependent country. One of the least affect-
ed countries by this wave in Asia is India. Yet, the first 
presence of the wave was felt in the Northeast due to 
its similarity in features and lifestyles, which forms the 
basis for cultural acceptance. Nevertheless, the con-
sumption of Korean products did have pushes from 
the government to further the Hallyu wave in India, 
through the setting up of Korean Cultural Centres 
in India which help competitions and festivals such 
as the K-pop Indian Festival, which generated inter-
est and curiosity to consumers in India’s major cities, 
soon generating dedicated fan bases.

Culturally invading the Northeast of India, the Hal-
lyu wave posed as a changing endeavor for the moder-
nity of its people. By building an audience for dramas 
was not difficult as other channels were unavailability 
as rebel groups took them down in the Northeast as a 
form of protest, the popularity of Hallyu grew slowly and 
steadily. The youth of North-eastern states persisted in 
this wave with considerable interest allowing a cultural 
hybridization process termed Koreanization. Away from 
the Indian mainland and its pop culture, they find it 
harder to develop a connection with regional entertain-
ment, especially Bollywood, due to the lack of represen-
tation of their culture than that of the Korean ones.

Similar to the study conducted in Indonesia, with 
the growth of the K-pop movement across India, 

there has been a transition in masculinity amongst 
Indian youths as Hallyu becomes a sense of iden-
tification for them to build upon. This reflects the 
nature of the music culture seen in similar research-
es amongst other Asian countries. Some of the key 
changes noted the egalitarian outlook on gender, fo-
cus on men’s appearances, and the rejection of the 
feminine side of men. Products such as make-up are 
still gendered, but perspectives are opening up to 
disregard traditional views. Thus, Hallyu has Indians 
consuming Korean content, but it is also breaking 
down societal barriers.

The Hallyu wave has made a big impact on Indian 
youth, as studies above show the same. The wave grew 
at its own pace, with many stumbling upon it and even 
exposed it through social media and music. As K-pop 
overtakes online streaming platforms, both video, and 
audio, the fanbase of this culture continues to grow 
in the country. Various researches amongst Asian 
countries show different spectrums of the wave, yet, 
consumption patterns of the channels of music pop 
culture, both video, and written forms, have not been 
studied. While the K-pop industry grows further into 
the online space with data mining and related tools 
helping the industry learn better about the audience, it 
is important to understand fans’ preferences and con-
sumption patterns to get a clearer picture of the im-
pact of K-pop in India. This paper aims to explore the 
areas mentioned earlier in the study.

Objectives 
The research paper aims to delve deeper into the 

online consumption patterns of K-pop concerning 
fans in India. While K-pop in India is a topic that is 
gaining momentum in the sphere of research yet, there 
are many themes related to fans that are yet to be ex-
plored. With the digital boom and the rise in the num-
ber of users online, it is crucial to understand the im-
pact of K-pop and its consumption patterns amongst 
fans, more so in the context of India. The research in-
tends to look into their varying consumption patterns, 
accounting for the basic demographics of the fans and 
how their extent of content consumption patterns in-
creases their acceptance and participation in the Hal-
lyu wave, sustain it and propagate it. Through a survey 
conducted online, the research also looks into which 
content form is preferred more amongst fans and how 
content preferences help fans connect better to the 
Hallyu wave.
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Methodology
To answer the research questions, a survey was 

floated online, and with the online nature of the fan 
base, fellow Indian K-pop fans were reached out to, 
prompting them to pass on the survey and fill it in. 
The responses were recorded through the number of 
participants, and the software made their visual charts. 
Questions were asked based on the research questions 
to identify results and discuss them further. 

Surveys are a form of scientific sampling method, 
usually accompanied by a questionnaire to measure a 
sample or population’s characteristics, which is fur-
ther analyzed through statistical methods. They can 
include both open-ended and closed-ended questions, 
which gives stronger insights into the population.

It focuses on the vital facts about people, their 
beliefs, attitudes, motivations, and behaviors further 
describe a survey to be quantitative research con-
cerned with ‘sampling questionnaire, questionnaire 
design, questionnaire administration to gather infor-
mation from a group and even a population, making 
analyses to better understand their behavior or char-
acteristics. 

A pilot survey was first conducted to gauge the ini-
tial responses of Indian K-pop fans and build upon the 
varying parameters suggested by them. Both the pilot 
survey and the suggestions were collected online due 
to the pandemic. This enabled a comprehensive un-
derstanding of the answers given and hence widened 
the scope to receive in-depth responses to the Indian 
fans’ consumption behaviors. Due to the nature of the 
research, purposive sampling was carried out con-
sidering the rationale of the research, which was not 
only at the discretion of the researcher but was also 
aware by participants of the survey, Indian K-pop fans. 
Those who weren’t fans were excluded from the sam-
ple for the survey. The survey was published online 
and passed on to Indian fans on social media in order 
to receive varied responses on their consumption pat-
terns. The total number of participants in the survey 
is 100. Due to the researcher’s logical distance and the 
ongoing pandemic, the possibility of administering 
the survey in person was prevented.

As a reference to the content consumption be-
havioral patterns of fans and the components of the 
research, Datta et al., 2018, research on consumers’ 
adoption of online streaming and its effect on music 
consumption and discoveries were mapped to under-
stand Indian fans better. Duration of consumption, 

preference, and perceived intimacy were three param-
eters the survey built upon.

Objective definitions
Consumer behavior patterns: Consumer behavior-

al patterns refers to the online consumption patterns 
that Indian K-pop fans engage in while reading about 
or watching K-pop to understand their perception, in-
timacy, and duration of consumption.

Content: With the digital boom, consumption of 
content has significantly grown. While there are many 
definitions of content, for the purpose of this research, 
two large segments, written and video formats of con-
tent, were looked into. 

Indian K-pop fans: This is a sample of people who 
are involved in the participatory culture of K-pop 
through the Hallyu wave and interact with the same 
through online content and social media. 

Data analysis
Researches in music, pop culture, and fan-related 

studies show the importance of the relationship be-
tween the two, especially wherein the internet and so-
cial media are elements that fuel a movement to move 
forward like the Hallyu wave and its impact on Asian 
countries such as India, offering much more than just 
a culture to consume.

Through purposive sampling, the survey meth-
od was employed through the tool of a questionnaire 
gathering responses from over 100 Indian K-pop fans 
as voluntary participants. Figure 1 shows the division 
of the respondent’s ages across age groups.

 
FIGURE 1. Division of the respondent’s ages across age groups

The data reveals that over 59.3% of the partici-
pants were in the age of 22-25 years of age, followed 
by 30% in the 18-21 segment and 71% in the 14-17 
age segment. 94.9% of the participants were female, 
with almost half of them from South India, followed 
by 31.8% in West India and 13.1% in North India. Fig-
ure 2 shows the division of the respondents’ geography 
across India
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FIGURE 2. Division of the respondents’ geography across India

Most of the participants were relatively new to the 
phenomenon, with 75.7% of them following K-pop 
for the past 1-5 years and the others following K-pop 
for the past 6-10 years. Figure 3 shows the number of 
years Indian fans have been following K-pop.

 FIGURE 3. The number of years Indian fans have been following 
K-pop

When it came to being a fan, 66.9% of the participants 
were fans of many bands, after which 16.2% of them 
were fans of the band BTS. Figure 4 shows the division of 
the respondents’ geography across India. Peer influence 
and societal pressure within these fan bases was a closely 
debated question, with 52.9% of Indian K-pop fans say-
ing that their peer group has no influence on the kind of 
K-pop content they consume. Figure 5 shows the effect 
of peer groups on Indian K-pop fans. Their consumer 
behavior patterns of content were based on the duration 
of consumption was seen the most in the 1-5-hour seg-
ment, reporting 75% of the participants. Figure 6 shows 
the time spent on consuming K-pop content by Indian 
K-pop fans. 17.9% of the participants were in the 6-10-
hour segment, and 7.1% of the Indian K-pop fans were in 
the 10+ hours segment.

 
FIGURE 4. Division of the respondents’ geography across India

 FIGURE 5.The effect of peer groups on Indian K-pop fans

 
FIGURE 6. The time spent on consuming K-pop content by In-
dian K-pop fans

Looking further into Indian K-pop fans’ consumer 
behavior patterns of content, most of them consumed 
videos, articles, and memes, and most of them haven’t 
tried to reduce their duration of consumption as con-
tent related to K-pop makes them “happy, less stressful, 
well relaxed, informed about the industry, entertained 
and boosts mental health.” Some of the fans keep a 
check and are vigilant of the time spent on K-pop so 
that they don’t neglect other priorities, whereas others 
are occupied with “work, studies, college, and exams,” 
but once their priorities are over, they come back to 
consuming K-pop.

Figure 7 shows the most used platforms to con-
sume video content. In terms of the two types of con-
tent formats, most of the Indian K-pop fans, 67.9%, 
turn to YouTube for videos, followed by Instagram and 
Twitter at 17.9% and 8.5%, respectively. 

 
FIGURE 7. Most used platforms to consume video content

Figure 8 shows the most used platforms to con-
sume written content. Written content does not show a 
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similar monopoly of one platform. It is shared by both 
Google and Twitter at 27.4%, followed by 24.5% on 
Instagram and 16% on the Korean news portalSoom-
pi. 87.1% of them preferred video platforms to writ-
ten platforms as they felt that watching videos were, 
“easier to consume and access, more engaging, more 
entertaining, easier to follow, attention capturing than 
written content,” and “allow fans to appreciate the vi-
suals, dance moves and performance,” which is an im-
portant aspect of K-pop. Similar to their preferences, 
most participants felt that videos provided more inti-
macy than written content as “it overcomes the lan-
guage barrier, the visual depiction of artists helps in 
reading facial expressions and body language, hearing 
their voices and the visual effect of seeing the artists is 
almost like meeting them, it makes us feel connected 
and can gauge the genuineness of the artist.”

 
FIGURE 8. Most used platforms to consume written content

Figure 9 shows the Indian K-pop fans who express 
interest in knowing more about other K-pop bands. 
While reading or watching articles, most of them were 
likely to come across other bands, and 93.4% of the 
Indian K-pop fans said they would want to know more 
about those bands, showing that the Hallyu wave has 
formed its foundation for K-pop in India and it will 
continue to get absorbed as a culture.

 
FIGURE 9. Indian K-pop fans express interest to know more 
about other K-pop bands

Discussion of Results
With most of the participants being female, it 

shows that K-pop is a pop culture movement that in-
terests many females in the Indian population rather 

than males, perhaps a segment where the movement is 
yet to pick up. Most of the fans within the country are 
also relatively young, and very few of them are above 
the age of 25. Over half of the respondents belong to 
South India, showing the impact of the movement and 
how far it has traveled from the North-eastern por-
tions of the country. Indian K-pop fans can sway the 
opinion of their fellow fans of K-pop, and yet, most 
of them tend to follow many bands ardently. BTS is a 
K-pop group that has also made an impact amongst 
these Indian K-pop fans as those fans that followed 
one band were largely made of this group’s fans. 

K-pop is seemingly as said a new phenomenon 
in Indian as most of the Indian K-pop fans who are 
participants of the survey fall under the following seg-
ment of 1-5 years, and their content consumption was 
centered around the online with videos, articles, and 
memes. Most of them preferred YouTube for watch-
ing videos and Google or the Korean news platform 
Soompi to read articles about their K-pop idols. How-
ever, they picked video platforms overwritten ones 
as it was more interactive, engaging and provided an 
intimacy to get to learn K-pop idols better than ar-
ticles. Videos were also seen as a good break from a 
day’s work. And hence, did not feel like cutting down 
on their time patterns of consuming K-pop content. 
The relaxation and entertainment they received from 
it make Indian K-pop fans feel less stressed and at 
ease. With most of them wanting to explore the bands 
they come across, the Hallyu wave has clearly sown 
the seeds for K-pop to further integrate itself in India. 
With a growing younger population, the country has 
the potential to sustain this cultural wave, which may 
even raise the cultural hybridity of these fans as they 
consume more content.

Conclusion
K-pop has been an effective pop culture text that 

has begun to leave its impact upon young consumers 
in India. The digital boom will facilitate the growing 
culture of the appreciation of K-pop and encourage 
content consumption as K-pop will continue to stay 
a global phenomenon. With the phenomenon picking 
up in countries such as India, the possibility of growth 
is immense, and it is also easier to sustain the audience 
with the internet and social media. K-pop’s ability for 
Indian fans to discover a new culture and consume 
music of a language unknown speaks of the effective-
ness of the movement and the importance of the role 
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that fans play. The cultural hybridity and acceptance 
will sustain amongst fans who continue to participate, 
interact and propagate the Hallyu wave, with some-
thing new to discover and be a part of a larger global 
perception.

Limitations and Scope for Further Study
The impact of the Hallyu wave that brought K-pop 

to India has not been sufficiently studied throughout 
the country. Further analyses and research can be con-
ducted to understand the market of K-pop and Kore-
an culture in India as well as its future. This research 
explored Indian K-pop fans which revealed that most 
of these consumers were female; further research 
looking into why males haven’t begun or received the 
movement yet will result in insights into the gendered 
audience of K-pop and their rationale.

Appendix
The appendix contains the details of the pilot sur-

vey that was conducted and improved upon based on 
a suggestion from the content consumers themselves, 
Indian K-pop fans.

Pilot Survey
Q1. How old are you?
14-17, 18-21, 22-25, 26-29, 30 and above
Q2. Where are you from?
India or Elsewhere, if so please specify
Q3. How long have you been following K-pop?
1-5 years, 5-10 years
Q4. So are you a fan of one brand or many bands?
One/Many, if many, specify how many.
Q5. Which K-pop content do you consume the 

most? (like videos, posts, articles, and so on)
Open-ended, if none specify none.
Q6. Which platform do you consume the most vid-

eo content?
Youtube, Vlive, Reverse
Q7. Which platforms do you consume the most 

written content?
Google, AminoApps, Soompi, Allkpop, Youtube, 

other: specify
Q8. What type of content do you prefer?
Video or written
Q9. Why do you prefer video/written content?
Open-ended
Q10. Which form of content (video/written) makes 

you feel closer to the artist and the fandom?
Video or written

Q11. Why does it make you feel so?
Open-ended
Q12. How much time in a day do you spend con-

suming (video/written) content about k-pop?
1-5 hours, 5-10 hours, 10+ hours
Q13. Have you tried to reduce your time? Why or 

why not?
Open-ended
Q14. Does watching other videos/reading other ar-

ticles about different k-pop bands make you want to 
know more about them?

Yes or no
Q15. Does your peer group influence the k-pop 

content you consume?
Yes or no
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Abstract
The current research study aims to address the representa-
tion of gender in animated content on children’s TV in India 
through the lens of political economy by understanding the 
perspectives of media experts. The discourse generated by 
capturing viewpoints of media experts who represent differ-
ent roles and functions in the children’s media ecosystem will 
be critical in shaping a holistic overview. States that there is a 
considerable gap in academic investigation and scholarship 
that global production practices in children’s TV landscape. 
India, in particular, does not have an excellent scholarship 
to discuss children’s TV in India. This research paper aims to 
address the more significant gap to contribute to generating 
academic knowledge on children’s TV in India with particular 
reference to gender representations and the specific opening 
of analyzing industry practices in the domain through the dis-
course emanating from the industry experts as well as critical 
social and academic experts. 
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INTRODUCTION
The power of popular culture, inherently expressed 

in India through Hindi cinema, can never be under-
estimated. Its influence - textually and sub-textually 
- drives conversations, narratives, debates, and enter-
tainment of all kinds in middle-class India. This me-
dium impacts, consciously or subconsciously, speech 
patterns, hairstyles, food choices, a sense of aesthet-
ics in looks and dress, dance steps, pretty much ev-
erything in lifestyle. Exposure to it at a young age can 
even determine career choices for girls and boys.

In the middle of a pandemic, a health crisis we 
have not seen the likes of in a hundred years, the tragic 
death of a film star in June 2020 continues to domi-
nate the airwaves and the internet. His fashion sense, 
his food choices, the character of his domestic help, 
his medical history, his romantic relationships, his fi-
nancial records, and much else are now part of public 
information. His small-town origin in Bihar is politi-
cal fodder for debates on hegemonic strangleholds in 
the Hindi movie industry. Patterns of thinking gener-
ated by this overwhelming influence of popular cul-
ture had stimulating effects on middle-class Indian 
society since the 1950s, when the star system of Hindi 
cinema began to evolve towards the hold it has over 
young people today [1]. On one level, the heteroge-
neous nature of an incredibly diverse country like In-
dia is sustained by regional tradition, language, dance, 
and gender roles strikingly different in each part of the 
nation. On another level, Hindi cinema essentially has 
a homogenous association; its star system, language, 
costumes, musical style, and dance present a pan-In-
dian image. So much so that even regional cinema in 
Marathi, Bengali, and Malayalam, for instance, does 
not remain unaffected by Hindi cinema’s invention of 
new content and undergoes a similar metamorphosis 
of its own. 

Children who have just learned a language are par-
ticularly susceptible to emerging speech patterns and 
vocabulary directed at them in high decibel sounds 
and images. Film stars, male and female, quickly be-
come role models, something that is often endorsed by 
parental encouragement. We often see videos of boys, 
as young as four or five, dressed as macho men, and 
enacting behaviour of the action stars of Hindi films, 
and girls, of the same age, gyrating to the provocative 
item numbers of actresses on screen and, embarrass-
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ingly, dressed in the same flimsy costumes, and wear-
ing sexualized make-up.

In this cultural context, specialized TV program-
ming for children, who typically spend hours before a 
TV screen every day, becomes essential, as alternative 
exposure to Indian social life, traditions, and aspira-
tions, the last factor being the most important. Gender 
bias in Hindi cinema has to be countered by present-
ing a host of roles to which a little girl can aspire. 

The same conflict between the influence of popu-
lar American culture on young people through Holly-
wood cinema and an attempt to correct it took place 
in the arena of American TV in the 1960s and 1970s. 
The need to alter perceptions, to provide an alternative 
narrative to this bombardment of image and sound on 
children watching mainstream film and TV, led to the 
creation of the TV Programme, ‘Sesame Street’. TV 
Producer Joan Ganz Cooney initiated it in 1969. With 
the help of an experimental psychologist, Lloyd Merri-
est, she created a dialogue-based conversation between 
Muppets and live-action, teachers and professionals in 
the adult world. The idea was to make a distinction, 
for a child audience, between the characters inhabit-
ing Hollywood and TV serials - cowboys, detectives, 
hoodlums, molls, and innocent homemakers - and the 
real-life people that existed in suburban, or city Amer-
ica. The notion was to separate fiction in cinema and 
TV from everyday living. The program was a lightning 
rod for children’s TV production all over the world. 
Broadcast in over 140 countries, the program “set the 
standard against which each new educational child’s 
program was judged” [2]. It has been praised by par-
ents, teachers and media critics for raising the bar in 
children’s TV and has been described as “the most vig-
orously researched, vetted, and fretted-over program” 
[3]. It is impossible to deny that ‘Sesame Street’ was 
influential, but did it effectively change gender stereo-
types for the boys and girls watching the show? Not. 
Female characters on Sesame Street remained dras-
tically outnumbered by male characters [3]. A 1994 
study of characters on Sesame Street found that male 
characters outnumbered female characters by a 2:1 
margin; this was over twenty years after the debut of 
Prairie Dawn, a seminal female character brought in 
to attempt to alter gender types [4]. 

In children’s programs for TV in India, particular-
ly amongst the cartoon-based ones, the ratio of male 
to female characters is abysmal. Furthermore, if ever, 
are female characters shown to be pilots, scientists, or 

managers. Rarely, if at all, do they set the plan in a nar-
rative. Meanwhile, in the male-dominated universe 
of Hindi cinema, roles for women are gradually be-
ing created, even in prosperous, war-based films like 
‘Uri: The Surgical Strike’, in which actress Kirti Kul-
hari plays an IAF helicopter pilot who drives away a 
Pakistani gunship from preventing the surgical strike 
team’s return from across the LOC. More recently, in 
‘Gunjan Saxena: The Kargil Girl’, the film is centred on 
a woman as a professional military person in a combat 
situation. 

However, in animated Children’s programs in In-
dia, the imbalance persists. conducted a content analy-
sis study of children’s TV cartoons in India between the 
years 2000 to 2014, which found that male characters 
outnumbered female characters by 2.5 times. There 
was a solid adherence to masculine and feminine ste-
reotypes in primary male and female characters, and 
they never displayed any cross-typed qualities [5]. 

Despite the proliferation of many technologies in 
media, TV continues to play an essential role in the 
lives of children. The video and audio on the TV 
screen are ingrained in the lives of children. Media 
have a critical role in the process of secondary so-
cialization of children. According to “research on TV 
viewing and the socialization of children indicate TV 
has a great impact on the lives of children”. According 
to the author, TV has a significant socializing influ-
ence on children regarding their attitudes toward gen-
der roles, further reinforced by parents, friends, and 
school, contributing to their sense of what it means 
to be male or female in society [5]. calls these mes-
sages “stereotyped, biased, and outdated and argues 
that as children continue to develop and grow, they 
are exposed to more and more examples of gender bi-
ases and stereotypes, which can shape minimal ideas 
of gender identity and gender roles”. It is essential to 
deconstruct certain concepts to understand the rela-
tionship between children and TV, especially gender 
representations and the construction of gender iden-
tities. This study investigates the animated content on 
children’s TV in India from the point of view of indus-
try professionals. 

The objectives of the study are two-fold. First, to 
understand how the children’s TV ecosystem operates 
in India, emphasizing animated content. Second, to 
understand the viewpoints of content producers and 
media professionals on the representation of gender 
in the animated content screened on children’s TV in 
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India. Indian society is varied and complex. The di-
versity of the Indian socio-cultural milieu is absent 
from the mainstream socio-cultural media discourse, 
which is lopsided and startlingly homogeneous. Un-
fortunately, this homogeneity is built on the concept of 
standardized codes and norms. When this uniformity 
is applied to children’s media, the consequences can be 
both immediate and long-term. The aforementioned 
sociological premise guides the direction of this re-
search study. The study follows a series of research 
investigations conducted to study gender representa-
tions in animated content on children’s TV in India 
through content analysis and a detailed reception 
analysis with Indian children to understand their en-
gagement and negotiation with these representations. 
Another dimension of the larger research project in-
vestigated the parental perception of children’s TV 
cartoons in general, focusing on gender portrayals. 
The current research study aims to address the repre-
sentation of gender in animated content on children’s 
TV in India through the lens of political economy by 
understanding the perspectives of media experts. The 
discourse generated by capturing viewpoints of media 
experts who represent different roles and functions 
in the children’s media ecosystem will be critical in 
shaping a holistic overview of this subject. States that 
there is a considerable gap in academic investigation 
and scholarship that global production practices in 
children’s TV landscape. India, in particular, does not 
have an excellent scholarship to discuss children’s TV 
in India. This research paper aims to address the more 
significant gap to contribute to generating academic 
knowledge on children’s TV in India with particular 
reference to gender representations and the specific 
opening of analyzing industry practices in the domain 
through the discourse emanating from the industry 
experts as well as critical social and academic experts. 

REVIEW OF LITERATURE
TV has witnessed a phenomenal explosion, but 

many newer media forms have also evolved over the 
years. The exciting thing is that all communication 
technologies coexist, and the more recent technologies 
have not entirely displaced any old technology. Chil-
dren have access to these new media forms but still, 
watch TV [6]. in their seminal work ‘Children and TV 
– Fifty Years of Research’ state that while “most of the 
research in the domain of children and TV has been 
isolated, uncoordinated, under-funded and short-

term, some work has been exceptional”. According to 
them, the effect of TV has been the most pronounced 
research track, and the effects-tradition has dominat-
ed the research on child audience every time a new 
medium was introduced. However, they contend that 
the “research on children and TV that has cumulated 
over the last 50 years has led to a more complex yet 
nuanced understanding of the relationship between 
children and TV”. Give a decade-wise breakdown of 
research tracks in the area of children and TV in the 
American context – 
1. The 1950s – Research on TV’s impact on school-

ing; comparative analysis of homes with and with-
out TV; viewing preferences 

2. The 1960s – Children as consumers
3. The 1970s – TV, and gender; TV and race
4. The 1980s – Media Literacy
5. The 1990s – Issues of representation and interpre-

tation; children and youth popular culture; cultural 
studies and political economy 

6. 2000s – TV vis-à-vis other technologies 
While the research mentioned earlier is charac-

teristic of the Western context, academic research on 
children’s TV in India has addressed similar topics and 
subjects, though delayed and far between. 

According to The limited research conducted 
scopes from the broad category of broadcasting de-
velopment in India, the philosophy of initial pro-
gramming – education and social development, and 
the impact of content on various groups in general, 
to sporadic studies on the movement and effects of 
educational programming on children.. conducted 
a review of the existing literature in the domain of 
children’s TV in India. According to this review, the 
Indian Space Research Organization (ISRO), Banga-
lore, published early research discussing the Satellite 
Instruction TV Experiment (SITE) on primary school 
children. In the same year, ISRO Ahmadabad studied 
SITE as an exciting experiment for rural children. The 
era of 1980s also saw some sporadic research on the 
area of TV and children. According to the study, TV 
watching among children in urban, the impact of TV 
viewing on children’s personal and educational devel-
opment, content analysis of children’s programs on 
state-run TV, and the effect of advertising on children 
were all investigated. 

As this expansion was dubbed, ‘The ‘satellite inva-
sion’ of the early 1990s brought up a slew of challenges 
that had not been foreseen by previous studies [7]. In 
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India, a study on the public’s view and reaction to mul-
tichannel TV was published. During the same period, 
another sociological research examining the concepts 
of family and TV was published [8]. The study by ti-
tled ‘Satellite Invasion of India’ is among the first de-
tailed studies on the subject. Published a text discuss-
ing the impact of TV advertising on children. This text 
was a field study that analyzed the adverse effects of 
consumerism on young children [9]. 

Another study titled ‘Children’s TV in India – A 
Situational Analysis’ is an anthology of some studies 
conducted on the subject through the 1980s published 
as a compendium only in 1999. It was based upon the 
situational analysis report on children’s TV prepared 
under the aegis of UNICEF. This book provided rec-
ommendations to improve the quality of children’s 
TV in India and was primarily focused on the public 
broadcaster Doordarshan’s developmental mandate. 
The authors argued that TV’s inception in India was 
rooted in ‘social education’ – the rationale for starting 
TV was to provide education through a visual medi-
um considered to be a successful means in other parts 
of the world. Though this book outlined significant 
concerns of ancient times, the research range is nar-
row and restricted. The findings came at a time when 
Indian TV was undergoing a significant change [10]. 
With the arrival of the satellite revolution, TV was no 
longer perceived as a medium that transmitted infor-
mation. Its capacity to aid development was hardly the 
focus of the discussion.

[11] Conducted many quantitative media analy-
ses of children’s TV in 24 countries worldwide, where 
India was also part of the sample. conducted a tex-
tual analysis study on the most popular TV cartoon 
programs on Indian TV, which found that no female 
protagonists existed in the most popular animat-
ed programming besides a severe shortage of female 
characters in terms of numbers, in general [12]. 

conducted a content analysis study of children’s 
TV cartoons in India between the years 2000 to 
2014, which found that male characters outnum-
bered female characters by 2.5 times. There was an 
overwhelming adherence to masculine and feminine 
stereotypes in primary male and primary female char-
acters, respectively, and they hardly display any cross-
typed characteristics. A subsequent study, investigated 
how children negotiate with the construction of their 
gender identity with TV content through intensive in-
terviews with 51 children between 4 to 14 years of age. 

In another study that explored parental perceptions of 
TV content consumption by their children, it was es-
tablished that parents were highly concerned with the 
value system being propagated by TV content. Still, 
an apparent disengagement with the narrative of gen-
dered portrayals is indicative of a casual legitimization 
of gendered content and a desensitized approval to 
sex-role stereotypes in real lives [13]. 

Theoretical Framework
Discuss the role of mass media in the social con-

struction of reality in two ways – the relationship 
between culture and society and a media effect. The 
authors propose integrating positivist and interpretive 
paradigms to understand media’s role in the social 
construction of reality [14]. Argue that the production 
process of media content is highly critical from polit-
ical economy and ideology. Using examples of news 
content and advertising, discuss the role of organiza-
tions in encoding a specific version of media images. 
The authors state that media ownership is highly criti-
cal as media giants can propagate the same images and 
ideologies to a national and international audience in 
different forms using different media platforms [15]. 

“The different components of the media empire are 
used to promote and reinforce each other and sell related 
products. When corporations own both the production 
houses and distributors of media images, they can guar-
antee themselves a captive audience for their product”.

This argument is vital to understand the influence 
of media ownership in mainstreaming specific ideol-
ogies and subverting others, leading to imbalanced or 
distorted representations in media texts.

Explains the communicative process to be made up 
of certain distinctive moments – production, circula-
tion, consumption, and reproduction. Each discursive 
moment is associated with meanings transformed 
into social practices, creating the notion of effect [16]. 
States that when meanings are not articulated in so-
cial practices, there can be no effect. In the context of 
children’s TV cartoons, this theory can be used to ex-
plain how media content creators, producers, and crit-
ics partake in the processes of production, circulation, 
consumption practices, and reproduction. 

RESEARCH METHODOLOGY
Conducted interviews with producers of chil-

dren’s TV programming from around the world to 
examine their views on the screening of gender on 
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TV. She points out that studies from the production 
domain of children’s TV were rare but highly crit-
ical in integrating academic and professional ways 
of knowing about media and the social world (p. 
xiv-xv). Invoking the tenets of the feminist theory, 
argues that feminist theory is not only limited to 
academic research but aims to be a catalyst for so-
cial change. Unless the creators of media messages 
are part of this change, it cannot be effectively im-
plemented. Hence, the views of media professionals 
are essential to deconstruct the media discourse on 
gender roles and understand their gender ideologies 
and the transformations that they may be planning. 
The study establishes the importance of the views of 
media professionals about their everyday practices of 
producing gendered texts (p. 18). While audience re-
ception studies are incredibly crucial, they cannot be 
understood entirely unless all units of the reception 
process are deconstructed [17]. As states, the inter-
views with producers are theoretically grounded in 
the process of encoding as explained in Hall’s encod-
ing/decoding model of communication – the process 
of encoding meanings about gender in children’s qual-
ity programming. Had conducted 135 formal inter-
views with professionals from 65 countries, includ-
ing four interviews with Indian media professionals.

Using criteria for identifying a media profession-
al, producers, directors, animators, editors, script-
writers, heads of divisions, and executives consti-
tuted the purposive sample in this doctoral research 
study. This researcher interviewed professionals 
from children’s TV channels in India. In addition to 
interviews from executives from channels, the CEO 
of a leading media research firm, a children’s books’ 
author, a veteran Indian media academic researcher 
in the space of children and TV, a media planner, and 
the marketing head of a leading toy company were 
interviewed to get a holistic perspective on what goes 
into choosing and creating content for children’s TV 
programs in the context of gender. A total of nine 
in-depth interviews were conducted with media pro-
fessionals. While three interviews were conducted in 
person, two interviews were conducted telephonical-
ly, and four were email interviews. Only one media 
professional from Nick Channel refused to be identi-
fied and quoted directly against his company’s poli-
cy. The reception study with the media professionals 
are based on intepretivism, more precisely, phenom-
enology. Using interviews as the primary method of 

investigation, the data generated from this part of the 
study is verbal and textual. Hence discourse analysis 
would be used to read, interpret, argue and theorize 
these findings. 

The interview questions with the media profes-
sionals focused on the following main themes – TV 
viewing duration of children, the popularity of specific 
cartoon programs and characters, imported animat-
ed content, challenges in producing/creating home-
grown content, gendered preference for content, ab-
sence of female protagonists in animated content, 
need for change in gender portrayals, educational TV 
programming, public service broadcasting and chil-
dren’s content, a regulatory framework for children’s 
TV content among others. 

Thematic Analysis of Interviews  
with Media Professionals

Duration of TV viewing among children, 
Popularity of Cartoons & Market potential  
of cartoon shows

According to most interviewees, children watch an 
average of 2.5 hours of TV every day. While cartoons 
are children’s favorite programming, 82% of children 
watch General Entertainment Channels. This find-
ing emerged from the interview conducted with the 
head of media research agency Ormax. The research 
studies conducted by the agency have found that most 
children watch adult content more than cartoons as 
India is still a single-TV household, and Doraemon 
and Chhota Bheem were quoted as the most popu-
lar programs in the category of animation program-
ming. All media professionals agreed that the pri-
mary motivation for children to watch TV cartoons 
was to get entertained and that they offered escapism. 
Two significant reasons for the popularity of cartoon 
programming among children were that animation 
programming has a longer shelf life than live-action 
programming, and the success of foreign animation 
content was achieved via dubbing it in local languag-
es. Merchandising emerged as another ancillary factor 
that played a catalyst in popularizing cartoon charac-
ters and stories, as captured in the responses recorded 
in the interviews. 

Economics of Children’s TV Channels
An important statistic that got endorsed in the 

findings from the interviews of the media profession-
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als was the presence of a higher proportion of import-
ed animation content vis-à-vis indigenous animation 
content. The ratio of the percentage between foreign 
and indigenous animation programming on Indian 
TV was quoted as 60:40. When probed on the absence 
of animation programming, most professionals cited 
commercials and economics as the key drivers for the 
same. According to Shailesh Kapoor, head of the re-
search agency Ormax, the cost of production of indig-
enous animation is 10 to 12 times more than simply 
procuring it from a foreign studio and just dubbing 
it for local consumption. In his words, producing an 
original episode of a cartoon show can cost between 
INR 10 to 12 lakh, while importing and dubbing a 
similar episode costs INR 1.5-2 lakh only. This finding 
was reiterated in the response of a former journalist 
from the portal animationexpress.com. The journal-
ist respondent also added that foreign content fetched 
higher ad rates and global brands for sponsorship than 
the locally produced content. In an advertising-driven 
revenue model, such patterns become the key influ-
encers on programming strategies and content. Ankit 
Desai, a media planner formerly with Turner Broad-
casting, summed up this trend by arguing that chil-
dren’s TV is only 3% of the total advertising pie of INR 
450-600 crores on TV. Hence what drives this 3% goes 
the decision on the nature of the content. This find-
ing is significant to further discuss the skewed gender 
balance in animation programming on children’s TV 
in India. As per the data quoted by media profession-
als, in the 4-14 years of the target audience comprising 
children, 68% are boys between four to nine years, and 
only 32% are girls. According to the producer (who 
did not consent to be named) of Nick channel, the 
overwhelming number of boys as the audience is the 
primary reason for the extremely high representations 
of male characters and male-centric narratives in the 
content of cartoon programming. 

Gendered Content – Perspectives  
and Arguments

What was interesting was that all media profession-
als agreed on the fact that male characters are over-rep-
resented and female characters are under-represented 
in TV cartoon programming. However, the agreement 
ended there. While the veteran media academic who 
was one of the respondents expressed disappointment 
over no significant change in these representations 
over the last three decades, the children’s book author, 

who was another respondent, criticized the content for 
children as devoid of nuances, ‘dumb’ and therefore 
gender-stereotyped. The media professionals from 
children’s TV channels emphasized that more male 
characters brought in commercial feasibility as 68% 
of the child audience comprise young boys. The fe-
male audience does not mind male characters, but the 
male audience rejects female characters. When probed 
on the veracity of this claim, most TV professionals 
stated that this was an unwritten norm that guided 
children’s TV programming. Most of the respondents 
from the domain of children’s TV evaded questions on 
imbalanced gender portrayals. They claimed that the 
child audience did not care about gender and instead 
focused on the story and narrative. Hence, according 
to them, value-based stories were the key drivers of 
children’s content. The irony was that most TV profes-
sionals acknowledged skewed gender representations 
on children’s TV animation programming but did not 
think they could influence children in any way. The 
marketing head of Mattel toys in India articulated that 
these differences extended to toys and merchandising 
because they existed for real. In her words, “we are 
wired” (in the context of gender) in a certain way. On 
the question of stereotyped representations of parents, 
the creator of the top-rated cartoon show ChhotaB-
heem stated that messages must be simple for children 
to identify with them. Therefore the need to restrict 
the gender roles of parents becomes essential. An 
overall analysis of the viewpoints of media profession-
als indicates that there is an apparent dichotomy be-
tween what is preached and what is practiced. While 
the need for more gender-balanced representations 
has been acknowledged, the steps and action point 
that need to be taken to implement the change seem 
like a non-lucrative discussion. The daily rigor of fill-
ing 24x7 slots on children’s TV at an economical cost, 
which also brings returns on investment, is currently 
the overriding principle guiding the functioning of the 
children’s TV industry in India. 

Challenges and Roadblocks in Portraying 
Gender Balance

Commercial pressure was the primary reason that 
created roadblocks in implementing more gender-bal-
anced portrayals in children’s animation programming. 
Some respondents justified the skewed nature of gender 
representations by citing similarities with global trends. 
A couple of respondents admitted that the shortage of 
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good writers was another roadblock in developing more 
representative narratives in children’s cartoons. Howev-
er, the author, who was part of the sample of respon-
dents, argued that indigenous cartoon programming in 
India is highly dependent on Indian mythology, which 
primarily has masculine narratives. In addition, she 
referred to the lack of contemporary stories about to-
day’s children as a significant reason that prevented the 
change in representations. The journalist formerly with 
Animation Express candidly informed the researcher 
that there is no discussion on gender inequity in the 
Indian children’s TV industry. An intriguing finding 
that emerged was that most media professionals said 
that the ratio of male and female professionals in the 
Indian children’s TV industry is equal. This, however, 
has brought in no change in terms of changing the dis-
course on gender representations in programming for 
children. Shukla Das, a veteran TV producer from the 
1980s, attributed the lack of interactivity as a critical 
factor to bringing down today’s narratives’ contempo-
rariness. She stated that the public service broadcaster 
(Doordarshan) that she produced children’s content for 
was much ahead of its times in terms of novelty of ideas 
and engaging with children compared to the current 
crop of content on children’s TV. The veteran media 
academic lamented that the lack of a regulatory frame-
work might be driving content in such an imbalanced 
direction. As Ankit Desai (formerly with Turner India) 
summed, “This is not easy. Legacy and structures of the 
industry need to be dismantled’. 

Possibilities of Educational Content and 
Media Literacy

While justifying their pressures, most media pro-
fessionals did agree to range the narrative of children’s 
TV programming needed to change to accommodate 
more gender-balanced representations. In the words 
of Shyama Dutta, “Story-telling needs to change”. 
Dutta made pertinent arguments on the crucial need 
for exploring digitization as the alternative platform 
to further a more gender-equal discourse. She also 
emphasized the potential of reading clubs, recitation 
groups, and theater in creating more conscious spaces 
on alternative discourses of gender for children. While 
the TV professionals seemed skeptical of the econom-
ic viability of this model, the importance of education-
al content that endeavored to be gender-neutral con-
sciously was acknowledged as a positive instrument to 
bring a change in representations. 

Collaboration between Academia and 
Industry to address Gender Inequity on 
Children’s TV

Academics and critics thought that education-
al institutions not driven by profit should spearhead 
this change. According to the media academic, a re-
spondent in the sample of experts, more communica-
tions research and intellectual engagement with these 
subjects could mainstream the issue. This finding is 
particularly significant in the context of this doctoral 
research study, which found that scholarly research in 
the area of gender in children’s TV is almost non-ex-
istent in the Indian context. This was one of the most 
glaring gaps in the review of the literature. 

DISCUSSION/CONCLUSION
This figure of 82% of 2.5 hours of general enter-

tainment TV in a day, watched by children, is reveal-
ing. It indicates that children very seriously tend to 
adult content, including news, movies, and TV seri-
als. They process this information to interpret their 
own experiences is a moot question and, potentially, a 
subject of enormous research. They may identify with 
cartoon characters more closely and be entertained by 
them, but their role models, particularly concerning 
gender, comes from mainstream TV. Male characters 
equally drive both indigenous and foreign content in 
animation, and so, naturally, the viewership consists 
of almost 70% boys. These overwhelming statistics 
only skew the production houses towards including 
more male characters and, further, incline the dis-
proportionately male-centric narratives. Intellectual 
honesty would need any professional in programming 
for children to admit that an imbalance in gender 
representation is not suitable for societal health. But 
economic considerations, and the need for eyeballs 
on the TV screen, cause these executives to override 
social factors. The profit-oriented structure of the TV 
industry, estimated through TRP ratings, prevents a 
more balanced gender orientation in the production 
and screening of cartoon shows. Even though the ratio 
of male to female media professionals in Indian Chil-
dren’s TV is about equal, this has not brought about 
any gender balance in TV content. This is because 
the industry is lopsidedly slanted towards profitabil-
ity, even in an area that needs to be value-oriented - 
children’s education and mental health. The industry 
needs to be restructured, and for that, you need to 
bring in a new regulatory framework to govern it. This 



332 | Cardiometry | Issue 25. December 2022

won’t happen because it is essentially a private system 
in which profit is the key-value definer.

Educationists argued that a series of discourses on 
gender equality perception need to take place. These 
discussions are necessary to sensitize children’s TV 
production houses and distributors on the negative so-
cial impact of their programs for children, particularly 
in gender imbalances in characters and narratives. The 
TV professionals could not help but agree but reserved 
their judgment about the economic viability of intro-
ducing changes in their time-tested economic models. 
But the question is: who will bell the cat? Scholarly and 
data-based figures on gender inequality were hardly 
available. According to media critics and academics, 
this research on children’s TV should emerge from 
academia. The resultant information should then be 
mainstreamed so that parents and the general public 
feel that a more viable model for presenting fairer gen-
der representation in children’s TV must evolve. 
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Abstract
With the advent of globalization, concepts like medical tour-
ism, wellness tourism, healthcare tourism, and medical migra-
tion have gained popularity. The medical tourism industry is 
the fastest growing industry in the world, with a CAGR of 21.1%. 
India is known historically for its spiritual values, Ayurveda, and 
naturopathy. Currently, India is one of the most preferred loca-
tions for medical tourism after Thailand. Looking at the growth 
potential of this industry in India, this paper aims to trace the 
thematic trends and intellectual progression in the develop-
ment of medical tourism in India. To achieve the above objec-
tive, bibliometric analyses were carried out using the Scopus 
database from 2006 to 2020. The methodology used to analyze 
the literature is data mining and literature studies in terms of 
evolution, citations, etc., and creating semantic maps using VoS 
Viewer. The paper also aims to analyze the current research 
trend in this field and provide future directions for research. The 
results reveal the field’s evolution regarding impact, citations, 
sources and provide researchers and practitioners with a visual 
framework of research in this area. 
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Introduction
Medical tourism is one of the current emerging 

concepts in the tourism industry, along with cultur-
al tourism, ecotourism, nature tourism, etc. Medical 
tourism contributes to the significant international 
trade in the health and service industry [1]. The im-
petus received by the internationalization of health-
care services by many countries has gained more 
popularity of ‘medical tourism’ and the proliferation 
of many scientific studies [2]. According to the Global 
Wellness Institute (2017), it is estimated that the to-
tal worldwide health tourism and wellness care visits 
in abroad countries spend between USD 608 to USD 
635 billion for the case of medical tourism. In terms of 
data, there is always an opaque view of differentiating 
between wellness tourism and medical tourism. How-
ever, the United Nations’ World Tourism Organization 
[3] has suggested that the health (including wellness) 
and medical tourism statistics should be split as a 
separate order, as the UNWTO’s manual does not ex-
plicitly recognize the category of spa treatments and 
others that are closely linked to the wellness category. 
[4] , covers only medical tourism instead of wellness 
tourism [5]. Therefore, within all the overlapping of 
medical, healthcare, and allied tourism nomenclature 
by different academicians and researchers, addressing 
and understanding this emerging and growing field. 

The present study will focus on medical tourism 
globally to understand the thematic and intellectual 
progression in this field. The study will focus on in-
terpreting academic domain structure, their interlink-
ages, and conceptual mapping of the concepts across 
the medical tourism domain to date and advise the re-
searchers on the most relevant research. Therefore, the 
outcome restricts the basic research themes from the 
emerging and active research themes. This categoriza-
tion and interlinkage studies of articles from the past 
will help identify the research gaps, evolution, and 
understanding of the domain knowledge and depict 
future research directions in this domain area.

Status of Medical Tourism
Wellness tourism is a term that describes the phe-

nomenon of traveling across borders for health and 
well-being. Historically, India is known for its spiritual 
values, and hence, the practice of Ayurveda, naturop-
athy, and yoga has made India a preferred wellness 



334 | Cardiometry | Issue 25. December 2022

tourism destination [6]. Medical tourism is a signifi-
cant part of this industry. Various studies have report-
ed the prospects of this industry in generating foreign 
currencies for the countries. Globally, this is one of the 
fastest-growing industries, i.e., growing at a CAGR of 
21,1% and is expected to reach USD 179.6 billion by 
2026 [7]. It is estimated that globally about 14 mil-
lion to 16 million people traveled outside their home 
countries to seek help on health. Thailand is consid-
ered one of the most preferred destinations, followed 
by India (Dang, 2020). As per a report by IBEF, it was 
reported that by the year 2020 [8]. In the year 2019, 
9.66 million foreign tourists visited the country. This 
number is, i.e., a three-fold increase in a short span 
of eight years. India gets most of its medical tourists 
from Bangladesh, followed by Afghanistan. The Indi-
an government is well aware of the potential of this in-
dustry, and to promote this industry, it has launched a 
particular category of visa, i.e., M visa means medical 
visa. The data showed that India is one of the most im-
portant and popular destinations for medical tourism. 
Looking at the growth potential of this industry, In-
dia was selected as the country to analyze the prospect 
of Medical tourism and identifying the constraints in 
promoting the same. 

Review Of Literature
Medical tourism vaguely means to travel to oth-

er countries for health. In literature, it is referred to 
as many different terminologies like health tourism, 
wellness tourism, Healthcare tourism, etc. As such, the 
definition of the term is not very clearly given in the 
literature. Connell mentioned that medical tourism is 
also referred to as health tourism and medical trav-
el. Based on the trip purpose and decision horizon, 
medical tourists were classified into four categories, 
i.e., dedicated medical tourists, holidaying medical 
tourists, hesitant medical tourists, and opportunistic 
medical tourists [9]. An increase in medical tourism is 
an outcome of the globalization of the health care in-
dustry and the tourism industry [10]. A study in Ma-
laysia found that there were mostly repeat tourists, and 
they were influenced by friends, relatives, and doctor’s 
referrals [11]. 

In another study on analysis of the literature by 
WHO, it was reported that there is a lot of gap between 
the needs of the medical traveler and the current liter-
ature. A systematic review of the literature conclud-
ed that the medical tourism field is less explored, and 

whatever is available is based on speculations only 
[12]. Analysis of the literature can help identify the 
gaps and suggest future directions for research, which 
will help this industry grow. 

In a study on analyzing the reason for India as 
the preferred destination for medical tourism, it was 
reported that people visited India for treatment not 
because of cost but because of good quality service 
[13]. The growth of this field will promote domestic 
welfare among people [14]. They suggested three key 
areas, i.e., maintaining quality standards in medical 
services, availability of information, and fair law to 
promote travel policies. Regulation and health risks 
are also identified as key themes in medical tourism 
[15]. Another study on Medical Tourism healthcare 
providers reported that less waiting time for surger-
ies and healthcare quality and accreditation were the 
most crucial factor promoting.

It is not the case that medical tourism is only seen 
as a positive phenomenon; some studies have criti-
cized it and raised questions about social equity, es-
pecially concerning India and Thailand. Concerns are 
raised regarding privatization and inequality in the 
sector. Pande discusses a niche area under medical 
tourism, i.e., reproductive tourism. The author men-
tions different inequalities that women have to face re-
lated to commercial surrogacy. Smith et al.raise a valid 
concern that the developing nations might face due 
to medical tourism, i.e., creation. A recent study con-
ducted by Chakraborty and Poddar concluded that 
value co-creation has an essential role in strengthen-
ing the health care industry and can positively influ-
ence Medical tourism in India. 

The literature review suggests that India is evolving 
as one of the critical destinations for medical tourism. 
However, there are a lot of issues in getting accurate 
data on this industry. Lack of availability of proper defi-
nition is one crucial issue. Further, defining the scope 
of the sector will also be required to promote this in-
dustry. To develop a better understanding of this sector, 
a systematic review of the literature will be helpful. This 
review will also help in suggesting future directions of 
research to support this industry’s flourish. 

Objectives
Globally, the medical tourism industry is growing 

at a swift pace. This paper attempts to analyze the pat-
terns in research with a particular context of India and 
see whether literature also has seen a boom with an 
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increasing prospect of this industry. In the above con-
text, the objectives of this research are 
• To trace the thematic trends in the development of 

the medical tourism industry in India.
• To analyze the prospects of this industry and con-

straints in promoting this industry in India. 
• To recommend future directions for research in the 

Medical tourism industry. 

Methodology
This paper is based on a systematic review of the 

literature. The detailed methodology of this paper is 
discussed below- 

Literature Search and Topic Mining
The Scopus research database is the most compre-

hensive and popular bibliographic database as com-
pared to other available databases. By searching “med-
ical tourism” OR “healthcare tourism” AND “India,” 
and allied keywords for medical tourism were dug in 
the titles, abstracts, or keywords of the Scopus English 
articles published before 2020. Only articles final-
ly published and available in English were chosen as 
inclusion criteria. The book chapters, review articles, 
chapters, and reports were considered exclusion crite-
ria for literature mining. We obtained 296 research ar-
ticles from the mining of literature contributing from 
the year 2006 to 2020 (February), keyword analysis, 
and basic bibliometrics of the paper required as per 
the review’s objective.

Data Analysis
This analysis will aid in understanding the con-

ceptual structure of the research field, which is based 
on the similarity measure of the documents and key-
words. This co-word analysis will produce a semantic 
map that facilitates the understanding of its cognitive 
structure. The linkages and conceptual knowledge of 
the domain area will be completed using these seman-
tic maps using Vo’s visualization software. 

An analysis approach was performed to map the 
current research and primary research themes for bib-
liographic coupling using a co-citation. The data re-
duction techniques and normalization process using 
the similarity measures were carried out on the sam-
pled articles. The normalization process blended with 
other techniques of statistical analysis helps in build-
ing the cluster maps. As the sampled data is ordinal 
data and our review objective was to find the under-

lying structure of the data, a multiple correspondence 
analysis (MCA) was applied to differentiate the cluster 
maps based on their centrality and density, which is 
an extension of the simple correspondence analysis. 
The MCA was done using the R- package using the 
Mann-Kendall test and Pettit’s test. The MCA results 
in the cluster of the subset of the sampled papers. 
These clusters express the common themes of the top-
ic and aids in studying the evolution and predicting 
the current and future direction of the research in a 
particular domain.

Results and Findings
This article will evaluate the impact of this research 

is by different techniques. The analysis will be done in 
the form of the evolution of publications in this field, 
the influence of the study in terms of citation, the 
number of publications by journals, co-word analysis, 
the density of the words, etc. 

Publications by Year, Citations and 
Distribution of Articles by Journals

As we can see from Figure 1, represents the num-
ber of publications in different years. It can be ob-
served that the publications in the Indian context in 
this research area started in the year 2006. Until 2009, 
the research in this field was related to the concerns, 
issues, legal perspectives, challenges and was much ex-
ploratory in nature. We can see the growth trend in 
this research field which has increased significantly 
since the year 2010. We can relate this research trend 
with advanced medical facilities and increasing glo-
balization in India in recent years. 
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Figure 1. Number of Publication by year

Focusing on the articles published in different 
journals, Table 1 shows the sources with more than 5 
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articles published. Journal “Globalization and Health” 
and “Tourism Management” have the highest number 
of documents, i.e., 10. “Globalization and Health” has 
a cite score rank of 25 in the field of medicine, and 
“Tourism Management” has a cite score rank 1 in the 
field of social science. 

Table 2 reflects the most prominent documents by 
the number of citations. A high level of citations by a 
document demonstrates the influence of a particular 
field of research. Table 2 shows the top 10 cited articles 

in this research area. Out of these articles, the earlier 
ones are more exploratory, and the recent ones are ad-
vanced and niche. It must be noted that the most cited 
article was the first one as well. It focuses on medical 
tourism and Asian countries due to low cost, internet 
marketing, etc. 

Co-Word Analysis
Co-word analysis analyses the most frequent 

keywords, thus throwing light on leading topics and 

Table 1
Number of Articles by Sources

Journal Number of Documents
Globalization and Health 10
Tourism Management 10
Journal of Travel and Tourism marketing 8
Tourism Review 7
Social Science and Medicine 7
Iranian Journal of Public Health 7
Indian Journal of Public Health Research and Development 6
International Journal of Pharmaceutical and Healthcare Marketing 6
International Journal for Equity in Health 6
Asia Pacific Journal of Tourism Research 6

Table 2
Top ten highly cited articles

 

Authors Title Year Source title Cited by
Connell J. Medical tourism: Sea, sun, sand and ... surgery 2006 Tourism Management 470

Inhorn M.C., Patrizio P.

Infertility around the globe: New thinking on 
gender, reproductive technologies and global 
movements in the 21st century 2014

Human Reproduction 
Update 270

Connell J.
Contemporary medical tourism: 
Conceptualisation, culture and commodification 2013 Tourism Management 217

Lunt N., Carrera P.
Medical tourism: Assessing the evidence on 
treatment abroad 2010 Maturitas 175

Hopkins L., Labonté R., 
Runnels V., Packer C.

Medical tourism today: What is the state of 
existing knowledge 2010

Journal of Public Health 
Policy 157

Pocock N.S., Phua K.H.

Medical tourism and policy implications for health 
systems: A conceptual framework from a 
comparative study of Thailand, Singapore and 
Malaysia 2011

Globalization and 
Health 140

Johnston R., Crooks V.A., 
Snyder J., Kingsbury P.

What is known about the effects of medical 
tourism in destination and departure countries? A 
scoping review 2010

International Journal 
for Equity in Health 134

Crooks V.A., Turner L., 
Snyder J., Johnston R., 
Kingsbury P.

Promoting medical tourism to India: Messages, 
images, and the marketing of international 
patient travel 2011

Social Science and 
Medicine 106

Hall C.M.
Health and medical tourism: A kill or cure for 
global public health? 2011 Tourism Review 101

Heung V.C.S., Kucukusta 
D., Song H.

A conceptual model of medical tourism: 
Implications for future research 2010

Journal of Travel and 
Tourism Marketing 98
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trends in research. This study analyses the network 
map, density map, and overlay map to analyze this re-
search trend. Based on the network map, we have 53 
frequently used keywords for four clusters mentioned 
in Table 3. All these keywords have occurred more 
than 15 times. The circles in Figure 2 represent the oc-
currence of keywords. The larger the process means 
the weight of these keywords. The distance between 
these keywords represents their occurrence together, 
and the thickness of lines represents the strength of 
the links. Medical tourism, India, humans, healthcare 
cost, female, and adults have highly occurred. This 

shows the significance of these terminologies in the 
research in this area. 

In addition to the network map, Vo’s viewer also 
reflects the density map. Humans, India, medical 
Tourism are dense, which means that they have 
highly occurred. These words are closely related 
to the government, economics, female, infertility, 
etc. The evolution map represents how research has 
evolved from cost, legal aspects, developing coun-
tries, policy to decision making, service quality, etc. 
India lies somewhere in between in this evolution, 
as in Figure 3. 

 
Figure 2.The network of keywords map

 
Figure3.Evolution of keywords
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Further Table 3 reflected various clusters in the do-
mains of research. The findings reflected that 4 sets 
have emerged in the study in this area.

The first cluster reflected medical tourism, health 
services as the key areas. Cluster 2 has focused on 
cost, policy, insurance, etc. Cluster 3 was mainly in the 
context of the delivery of healthcare services. Cluster 
4 demonstrated that patient satisfaction and clinical 
study emerged as critical aspects of research in this 
domain. 

The density of critical words was also studied. The 
findings reflected that India, Travel, Human, Adult, 
Male, Female are some of the more prominent words 
that evolved out of this study. 

Discussion & Future Direction Of Research
This research article aimed to provide an overview 

of medical tourism, healthcare tourism, wellness tour-
ism, medical migration, and India. To fulfill our re-
search objective, we carried out a bibliometric study 
to assess the impact of this research field. A total of 
296 research articles were analyzed from the database 
Scopus. In this research area, the first article was pub-
lished in 2006. However, we can see a drastic increase 
in published articles since the year 2010. 

We also tried to analyze the avenues for future re-
search by providing a broad picture of the literature. 

Figure 4 depicts the theme areas of study that evolved 
in due course of field development. The results suggest 
that in the development of the medical tourism field, 
international medical travel for health services and eq-
uity has contributed as the key research themes. The 
primary studies on patient satisfaction, destination 
image, destination trust related to health care tourism 
have contributed towards the basic and core themes 
because of their closeness with the density and cen-
trality as depicted in Figure 5. The results also repre-
sent that there is still a lot of potential in the medical 
tourism study because the motor themes still have to 
be explored by the researchers. 

Figure 6, reflects that there has been much research 
done in thrust red and thrust blue, and the future areas 
of research include health equity, health services, etc. 
It is also noted that the literature is more restricted to 
journals related to Tourism, Social Science, etc., and 
less related to health and medicine. We can also see 
that papers representing the evolutionary trend, pros-
pects, and challenges are highly cited in this research 
area. The results are very relevant as we see only a few 
studies based on the service quality, perception, trust, 
and image of medical tourism concerning developing 
countries. The second area of research which is less 
research on is on health equity and health services. 
This area of research raises questions regarding the 

Table 3
Cluster of Keywords

Cluster 1 Cluster 2 Cluster 3 Cluster 4
Conceptual Framework Accreditation Delivery of Healthcare Adult 

Decision Making Government Developing Country Female 
Globalization Health Care Cost Economics Human 
Health Care Health Care Facility Health Care Delivery Infertility therapy 

Health Services Health Care Personnel Health Services Accessibility Major Clinical Study 
Health Tourism Health Care Policy Humans Male 
Hospital Sector Health Care Quality India Middle Aged 

Marketing Health Care System International Cooperation Motivation 
Medical Geography Health Insurance Internationality Patient Satisfaction 

Medical Tourism Health Policy Legal Aspect 
Medical Travel Health Service 

Medicine Medical Care 
Service Quality Public Health 

Tourism Qualitative Research 
Tourism Development Travel 
Tourism Management 

Tourism Market 
Tourist Destination 



Issue 25. December 2022 | Cardiometry | 339

inequalities that medical tourism is creating in devel-
oping countries and can make a dual system of medi-
cal operations in these countries. To conclude, patient 
satisfaction, developing countries, healthcare costs, 
globalization are hot areas in this research. Health eq-
uity and services may provide future directions in this 
research.

Conclusion
This study represents the critical dynamics of med-

ical tourism research in terms of its evolution and 
linkages showcasing its development and trends at 
large. The study reveals the emerging, essential, and 
motor themes during medical tourism studies in the 
past, which suggests the history and future directions 

 
Figure 4. Density of Keywords

 
Figure 5. Density and Centrality of Research
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for this field. The study highlights that most stud-
ies represent the brand image, destination potential, 
perception in terms of satisfaction and promotion of 
medical or healthcare services in this field, which have 
emerged in the past and are core to the majority of 
studies in this field. The patient satisfaction, service 
quality, and destination image have a core and strong 
association throughout its evolution, as depicted from 
the analysis of the results. The study reveals India and 
many Asian countries to be the preferred destination 
for healthcare and medical travelers. Also, medical 
tourism occupies a different degree of importance in 
the national policies of these developing countries, 
and other countries leverage medical tourism accord-
ing to their development goals. The factors contrib-
uting to the selection of these medical destinations 
are a matter of future research, and the current status 
represents it in paucity. The other theme could be the 
cross-border international medical tourists and the 
use of innovative technologies like data analytics and 
artificial intelligence in this emerging field. 

The field of medical tourism is still in the infancy 
stage of its development. It carries a lot of future oppor-
tunities in terms of exploring the various dimensions 
of this field. The significant challenges and limitations 
faced in this emerging field are the availability of quality 
and relevant data because of confidentiality and non-dis-
closure mechanisms by various institutions and agencies. 
Inequalities and less focus on the local population are 
also seen as an emerging challenge for medical tourism. 
The other challenge in this domain area of research is 
to have a standard and precise definition differentiating 
the different aspects of healthcare and medical tourism. 
We see very few studies related to these niche areas of 
medical tourism. But, these limitations provide future 
research directions and could be explored as an oppor-
tunity for emerging studies in the future. 
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Abstract
The second most commonly consumed beverage in the world 
is tea. Various forms of tea are destroyed and reported to 
show tremendous potential use in human health after con-
sumption. Contamination of tea with pesticide residues is a 
constant concern from a human health point of view. This in-
tegrative review aims to evaluate pesticide residues in market 
tea samples and understand the behavior of pesticides while 
undergoing various manufacturing processes. Appropriate 
databases and search terms were used to conduct the litera-
ture search, and it was restricted to original research articles 
only. About 1406 articles were found from the primary search. 
However, after thorough streamlining, only 24 studies were in-
cluded in the review. The monitoring studies conducted in the 
past decade highlighted the matter of concern. Further, the 
behavior of pesticide residues was explored under three main 
stages, including pesticides during the cropping period, man-
ufacturing, and infusion. Various factors were identified which 
can degrade the residual concentrations of pesticides in tea. 
The articles also attenuate few suggestive measures which 
can pilot pesticide degradation. The attention was drawn to 
farmers, manufacturing unit workers, and consumers who can 
effectively control the pesticide residues in the final product 
of tea. However, the review also noted the scarcity of research 
conducted on this food commodity and suggested periodic 
monitoring. 
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tegrative approach 
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Introduction
Globally, tea has been consumed for its stimulating 

effect and is considered a ‘health beverage’ due to its 
bioactive compounds and antioxidant properties, re-
sulting in beneficial effects on human health [1]. 

Various factors can be credited with limiting the 
quality and quantity of tea production. However, the 
infestation via insect pests has a vital role in the show 
[13]. Thus, the widespread use of pesticides in the tea 
crop has led to pesticide residues in tea.

More than a billion and a half cups of tea are drunk 
every day. The use of pesticide formulations in tea 
plantations and the average daily intake of six gram-
mas of tea per person are significant potential sources 
for exposure to pesticide residues among human be-
ings [15]. Since tea growers are working to increase 
crop yields, farming techniques are increasingly in-
tense. The tea business is known to utilize integrated 
pesticide management methods that require the usage 
of pesticides. Moreover, the known hazardous compo-
nents of the chemical pesticides may stay in the final 
product as residues in the last tea powder-processed 
product. Studies have demonstrated, nonetheless, that 
pesticides employed in tea crops are enough to create 
solid residual levels of tea and that the hot tea brew 
might function as a solvent for the transfer of these 
chemicals [14]. 

Although the use of pesticides onto the tea crops 
is inevitable, few studies suggest reducing or degrad-
ing the residual pesticide concentrations during the 
numerous processing which tea leaves under before 
their actual consumption. Therefore, the objective of 
the present review is to understand the contamination 
of tea by various pesticides via monitoring studies and 
to give state of the art on the influence of different 
processing on pesticide residues in tea by a literature 
survey. 
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Methods
The present integrative review aims to understand, 

1. The contamination of actual tea samples by most 
common pesticide residues.

2. The behavior of pesticide residues in the tea sam-
ples while undergoing different types of process-
ing. 

Inclusion and Exclusion Criteria
Research articles published between 2010 and 

2020, written in the English language, were considered 
eligible for inclusion under the monitoring studies, 
which would help to throw light on the current sce-
nario of pesticide contamination in tea. However, to 
understand the behavior change of the residues in tea, 
studies conducted even before 2010 were also includ-
ed [2]. Though the initial plan was to have original re-
search articles only exclusively, few other publications, 
such as reviews and letters, were also included, consid-
ered their input values into the present article. Moni-
toring studies reporting residues of any pesticides in 
the various types of teas (actual samples) across the 
globe were included in the review. 

Information Sources and Search Strategy
The articles which were included in this integra-

tive review were selected through a systematic search. 
The databases PubMed, Springer, and ScienceDirect, 
were used for this purpose. The examinations were 
performed using the descriptors “pesticide,” “moni-
toring,” “processing,” and “tea” and their combinations 
[4]. Initially, the titles and abstracts of the articles 
found were read to verify their relevance to the cur-
rent topic. Later, all articles addressing the monitor-
ing of pesticide residues in various teas and research 
articles describing the behavior of different pesticide 
residues during various processing of tea manufactur-
ing and preparation were segregated to be included in 
the review. 

Data Retrieval
The data included information on the primary au-

thor, year of publication, type of tea, number of sam-
ples analyzed, study area, and list of pesticide residues 
detected in the examples to review the monitoring sta-
tus. All the data obtained through the search of the 
eligible articles were presented in a table to provide a 
clear understanding of tea contamination status via 
pesticides. 

Further, various studies that reported alteration in 
the pesticide residue concentration upon processing 
were organized based on the processing stage. The in-
formation collected includes primary author, year of 
publication, type of tea, number of samples analyzed, 
type of pesticide studied, type of matrix, type of pro-
cessing undertaken, and percentage of degradation [5]. 

Results
The flowchart given in Figure 1 describes the stra-

tegic literature search adopted for the present review. 
At the initial start of the search, 2406 articles were 

identified from the database search. These articles 
were screened for duplication, title, abstract, and full-
text to identify potential themes that can be consid-
ered eligible for inclusion [6]. Therefore, upon an in-
depth analysis of the articles, 24 research articles (11 
and 13 articles to fulfill the first and second objectives 
of the study) were deemed eligible for this review.

 
 Articles identified through 

database search, n = 1406 

Articles remaining after removal  
of duplicates, n = 874 

Articles removed after 
scanning titles and abstract, 

n = 612 
Articles remaining after scanning  

of titles and abstract, n = 262 

Articles removed after 
reading full-text, n = 238 

Articles included in the 
present review, n = 24 

Figure 1.Strategic literature search adopted during data retrieval

Discussion

Monitoring of Pesticide Residues in Tea
Tea is a complex matrix as it includes the extraction 

of pesticides that resides from such a complex matrix; 
both qualitatively and quantitatively has encoun-
tered difficulties. Matrix interferences and extensive 
extraction procedures were the most intricate tasks 
required while estimating pesticide residue concen-
trations [7]. Further, there is a need to use techniques 
such as chromatographic analysis to analyze the pes-
ticide concentration levels accurately. Owing to these 
challenges, tremendous efforts have been put into de-
veloping various extraction procedures and analytical 
methods toestimate residual levels in tea. As a result, 
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recently, numerous articles have been published on 
method development and validation, which describe 
extensive extraction method sand the use of high-end 
analytical instruments. 

It was important that the monitoring studies, which 
were conducted to analyze the residual concentrations 
of the pesticides, adopt suitable extraction and analy-
sis techniques [8]. Therefore, we have carefully exam-
ined the research articles and, monitoring studies that 
adopted such practices were selected to be included in 
the present review. Studies reporting various pesticide 
residues in a variety of tea are listed in Table 1.

It can be noted from the recent studies (by a de-
cade) that investigations were conducted in various 

types of teas. Further, different classes of pesticides 
were reported in tea. This can be attributed to the re-
gional difference as other pesticides are recommended 
and used in different regions worldwide [9]. However, 
the most exciting observation is to find the residues of 
organ chlorine (OC) pesticide residues in the tea sam-
ples. OC pesticides, including isomers of DDT, DDE, 
HCH,Endosulfan and, Heptachlor, Aldrin, Heptachlor 
epoxide, Dieldrin, and Endrin, were reported [10]. 
Owing to their high persistence and bioaccumulation 
properties, most of the OC pesticides are categorized 
as hazardous towards the environment and humans, 
leading to the ban of these pesticides’ manufacture 
and use [15]. 

Table 1
List of studies reporting pesticide residues in various types of tea
S.No. Type of tea Sample size Study area Pesticide residues detected Reference

1. Green, Black, 
Chamomile, 
White, and 
Oolong tea.

75 European 
Union and 
third countries 

Biphenyl, Acetamiprid, Carbendazim, 
Chlorpyrifos, Imidacloprid, Bifenthrin, Endo-
sulfan, and Methomyl 

Lozano et al., 2012

2. Yuza tea 25 Goheung, 
Korea

Acequinocy and Carbendazim Lee and Lee, 2012

3. CTC and ortho-
dox black tea

468 India (Tamil 
Nadu, Kerala) 

Ethion, Quinalphos, Hexaconazole, Dicofol, 
Propargite and Fenpropathrin

Kottiappan et al., 2013

4. Black tea 53 Tehran, Iran Endosulfansulfate and Bifenthrin Amirahmadi et al., 2013
5. Pu-erh tea 

(fermented 
dark tea)

100 Beijing, 
Guangzhou, 
Kunming, and 
Fuzhou (China)

Acetamiprid, Bifenthrin, Imidacloprid, Bupro-
fezin, Carbendarzim, Cypermethrin, Cyha-
lothrin, Dicofol, Fenpropathrin, Methomyl, 
Pyridaben

Chen et al., 2014

6. Green, Oolong, 
and Black tea

223 China pp’-DDE, pp’-DDT, Endosulfan, α-Endosulfan, 
λ-Cyhalothrin, Cypermethrin, Chlorpyrifos, 
Cyfluthrin, Deltamethrin, Dicofol, Fenpropath-
rin, Fenitrothion, Fenthion Hexachloroben-
zene, β- Bifenthrin, Permethrin, Fenvalerate, 
Kresoximmethyl, Malathion, Methidathion, 
Parathion-methyl, Tau-fluvalinate,

Feng et al., 2014

7. Green and 
Oolong tea

624 and 186 China Chlorpyrifos, Isocarbophos, and Triazophos Chen et al., 2015

8. Green and 
Black tea

200 and 200 China Imidacloprid and Acetamiprid Wu et al., 2017

9. Oolong, Green, 
Black, Teabag 
and Mulberry 
leaf tea

176 China Bifenthrin (highest frequency of detection) Gong et al., 2017

10. Green, Herbal 
and Black tea 

10,10 and 10 Poland β-HCH, γ-ΗCΗ, op’-DDE, pp’-DDE, Dieldrin, 
op’-DDD, DDT isomers, Heptachlor, Aldrin, 
Heptachlor epoxide, Endrin

Witczak et al., 2017

10. Tea 52 Pakistan Lambda Cyhalothrin, Bifenthrin, Dichlorovos, 
Emamectin, Glyphosate, Imidaclorprid and 
Difenaconazole

Yaqub et al., 2018

11. Ceylon black 
tea

Five different 
brands were 
made into a 
composite 

sample.

Sri Lanka Endosulfan, Bifenthrin, Chlorpyrifos, Methyl 
parathion, op’-DDT.

Amaraweera and 
Wickramasinghe et al., 
2019
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Nevertheless, finding their residues in the tea sam-
ples may imply their ineffective ban. Recent investi-
gations have also found residues of OCs in the envi-
ronment [5] , other food commodities [3] , and also 
in human blood samples [4]. Hence, this pattern of 
findings of OCs in tea samples can deduce their per-
sistence and improper pesticide regulations. 

The behavior of Pesticide Residues During 
the Processing of Tea

Tea leaves undergo various processing starting 
from the initial stages of seedling till the point of con-
sumption [11]. During tea cultivation, seasonal pests 
are managed with the use of pesticides. However, the 
degradation of pesticides shall occur during various 
processing. Further, the degradation of pesticides may 
be affected by different factors at different stages. The 
primary physical processes where pesticide residues 
loss in tea may occur in three steps is shown in Figure 
2. Therefore, pesticide behavior can be studied during 
these three stages.

Pesticides During the Cropping Period
Pesticides are initially sprayed onto the crops 

during cultivation and are usually stable under field 
conditions. The degradation at this stage mainly de-
pends on the dissipation property of the pesticides. 
Therefore, it is essential to study pesticides’ “dissipa-
tion rate” after application [12]. The dissipation rate 

can be defined as “the rate where the active substances 
of the pesticides tend to disappear from the plant due 
to various processes including volatilization, hydroly-
sis, photolysis, microbial and chemical degradation.” 
Field studies are conducted to determine the dissipa-
tion rates of pesticides. They are usually indicated as 
the pesticide half-life (RL50); the half-life here is de-
fined as “the total time needed for the residual levels to 
drop to half of the initial concentration after pesticide 
application” [13]. 

The dissipation rate of the pesticides is highly vari-
able as it depends on the type of active substances and 
their physicochemical behavior. The active substance 
can vary based on formulations and additives, which 
considerably affect the behavior of pesticides on plants 
[14]. Other factors that affect the dissipation rate are 
the type of matrix in the plant, the texture of the sur-
face (presence or absence of waxes or hairs on the cov-
er), the architecture of the overall plant (including the 
shape of the leaf and fruiting pattern), and the point of 
measurement of dissipation rate (crop surface or in the 
flesh). Additionally, climatic conditions such as tem-
perature, humidity, sunlight intensity will also influ-
ence the dissipation rates [15]. Furthermore, it was also 
observed that the pesticide residues in shoots of one to 
two tea leaves and a bud had a greater dissipation rate 
when compared to three to four leaves and a bud.

Considering the above listed various factors, field 
studies of individual pesticides are usually conducted 

 
Figure 2. The behavior of pesticide residues – cropping to consumption
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to determine the dissipation rate and obtain the deg-
radation rate on the residual concentrations. Besides 
getting data on the residual levels, the dissipation 
curves for the pesticides are also necessary to estimate 
the time interval required to ensure that the residual 
concentrations are less than the set forth MRLs. This 
shall further serve to design a safe waiting period for 
the crops. 

Studies have been conducted to study the dissi-
pation rates of various pesticides in different types of 
teas. These studies give evidence that the dissipation 
rates are dependent on the kind of tea also. However, 
considering all these factors and identifying the safe 
waiting period can help in the safety evaluation of the 
tea and further may also help in labeling the tea safe 
for consumption. 

Pesticides During the Processing 0f Tea Leaves
Post-cultivation, fresh tea leaves undergo various 

processes to obtain tea powder, as shown in Figure 
3. Pesticides undergo perceptible change during the 
manufacturing of tea powder from the leaves. Tea 
leaves undergo different processing steps based on 
the type of tea. Each step of the process contributes 
to some amount of alteration in the residual concen-
trations. 

Irrespective of the type of tea, all the leaves undergo 
‘drying’ at the later stages of the processing. Reduction 
in Acetamiprid (8-13%), Imidacloprid (9-13%) [12] , 

and dimethoate residues during the drying process in 
black tea manufacturing were reported. 

Volatilization is also considered the primary path-
way of the dissipation of the residues. However, this 
factor mainly depends on the chemical characteristic 
of the pesticide. Deltamethrin is known to have longer 
half-lives, and water insolubility property may prevent 
the residues from faster degradation.

The residues present on the tea leaves at this stage 
of processing mainly depend on the amount of pesti-
cides used during the cropping and the safe waiting 
period observed in the previous step. Further, studies 
have clearly shown a decrease in the residual concen-
trations based on the various processing methods that 
the tea leaves undergo. However, the alteration in the 
concentrations predominantly depends on the chemi-
cal nature of the pesticide and its stability while under-
going the various processes.

Pesticides During the Tea Infusion
Brewing can be considered the last step in the pro-

cess of tea making. This step involves the infusion of 
tea into the water from the dried tea leaves to make 
the concoction of tea for consumption. Although the 
main factor responsible for the concentrations of pes-
ticide residues depend on the steps mentioned earlier 
of cropping and manufacturing, few other factors also 
need to be considered. 

 
Figure3.Processing of fresh tea leaves to obtain different types of tea.
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Although a study has reported that the hexacon-
azole residue amounts have been degraded, at the 
same time, the infusion was prepared, and based on 
the concentrations, they have suggested the applica-
tion of pesticides at recommended doses and waiting 
for 7 days before plucking the leaves. However, another 
study by similar authors, conducted to study the fate of 
fenazaquin residues, has observed that the alteration 
in the concentrations of the residues in brew also de-
pends on the factors such as partition coefficient, wa-
ter solubility, and vapor pressure. Additionally, it was 
observed that the extent of the leaching of pesticides 
also depends on the brewing time [14]. 

Further, these factors are highly dependent on 
the type of pesticides and their chemical properties. 
Therefore, each pesticide may have specific transfer 
rates during the brewing process at specified condi-
tions. The remaining residues were found in the spent 
leaves (50-70%). Further, a multi-residue pesticide 
study revealed different transfer rates such as 84.9, 
83.4, and 92.4% for Imidacloprid, methomyl, and 
carbendazim residues, respectively. Therefore, it is 
essential to study individual pesticides’ transfer rates 
under protocoled conditions to note their transfer 
rates. However, few studies have also reported that the 
residues were not leaching into the tea infusion. It was 
observed that these tea shoots were obtained after the 
completion of safe harvest interval time. Therefore, it 
can be anticipated that the tea shoots might contain 
less or negligible amounts of residues.

Suggestive Measures to Reduce Pesticide 
Residues in Tea

Considering the inevitable use of pesticides on the 
tea plantation crop, a dynamic approach must be de-
signed and executed efficiently. Contemplating the set 
of circumstances from the initial stages of pesticide 
spray, pesticides’ fate and transport can be monitored. 
The present exploration has highlighted numerous 
critical points that can be modulated during tea pro-
cessing. 

Farmers must follow the instructions regarding 
pesticide use, keeping in view the recommended doses 
prescribed for the tea plantation. Since this is the pri-
mary contact of pesticides with tea crops, regulation 
at this stage will have the most significant impact on 
the residual concentrations of the pesticides. There-
fore, the dosage and timing of the application of pesti-
cide formulations must be prescribed and followed by 

the farmers. Also, they must be aware of the waiting 
period, which they must follow before harvesting or 
plucking the tea leaves. They must also be aware that 
the waiting period varies among different pesticides, 
and therefore, information about individual chemicals 
must be known. 

During the manufacturing of the tea leaves, the dry-
ing method is identified that can degrade most pesti-
cide residues. Therefore, with specific conditions such 
as temperature and drying duration, complete drying 
can be noted, and the manufacturing workers can ad-
here to these conditions. The degradation of the resi-
dues also depends on the physicochemical properties 
of the chemical pesticides. The specific requirements 
such as evaporation, co-distillation, thermal stability, 
volatilization, which are the prime factors for pesticide 
degradation, depending on the physicochemical prop-
erties. Studies can be conducted to study these factors 
in individual pesticides. The workers at the manufac-
turing sites can follow these protocols to ensure maxi-
mum degradation of the residual concentrations in the 
dried tea leaves. 

The last process is the infusion from the dried 
leaves into the brew. The transfer rates of pesticides 
depend on physicochemical properties and influ-
ence partition coefficient, water solubility, and vapor 
pressure while brewing process. The brewing process 
also significantly influences transfer rates from dried 
leaves and concentrations left in the spent leaves. 
Therefore, studies can focus on prescribing the brew-
ing process, considering all of these factors and the 
type of tea. These instructions can be printed on the 
packets of tea. Although “instructions to use” are usu-
ally provided on the packages, their scientific evalua-
tion of the process that considers these factors must 
be verified. However, consumers may tend to ignore 
the instructions and brew the tea following their tra-
ditional ways. Therefore, consumers who are brewing 
the dried leaves for consumption must primarily un-
derstand the need to follow the instructions given on 
the packages. They must realize that following these 
instructions will not only lead to the preparation of 
tasty tea but also be crucial in controlling the residues 
in the final product and thus in the interest of health 
hazards that may occur due to this dietary exposure. 

Tea has been considered the most consumed tra-
ditional beverage with health benefits. However, 
drinking a cup of tea with contamination of pesticide 
residues is not desirable considering various adverse 
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health effects of these chemicals. Further, studies have 
reported various critical factors that can be applied to 
degrade the residual concentrations in the tea during 
the three main stages of processing.

Conclusion
The present review focuses on highlighting the pes-

ticide contamination in market tea samples in recent 
times. It also aims to understand the behavior of pesti-
cides in various processing steps of tea manufacturing. 
It was observed that banned OC pesticides are still be-
ing reported in studies conducted in the past decade. 
The physiochemical properties of chemical pesticides 
play a significant role in all the stages of processing. 
Further, the handlers of the tea leaf or product who 
are farmers, manufacturing workers, and the con-
sumers must be aware of the pesticide residues, their 
health effects, and ways to degrade them. They can be 
prescribed the essential steps required to be followed 
during the process, and they must adhere to them to 
consume the safe tea. Consequently, the periodic eval-
uation results that it is unsafe for consumption leading 
to a health hazard. The concentrations can be checked 
for the MRLs, and based on the consumption volumes, 
the safety of the tea can be evaluated. 
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Abstract
Customer satisfaction has a crucial role in forming consumers’ 
subsequent purchase behavior and intentions. This study aims 
to identify the determinants of consumer satisfaction towards 
convenient grocery shopping from Indian provisional stores 
and to examine the customer satisfaction level towards each 
of these convenience variables during COVID-19. A total of 378 
consumers of provisional or Kirana stores spread across India 
were surveyed using a structured questionnaire. The data gath-
ered was analyzed using factor analysis, multiple linear regres-
sion, descriptive statistics, and average percentage scores. The 
results suggest that the consumers are highly satisfied with easy 
and fast access to the store and an extent to the acquisition of 
the product and hygiene of the store but require significant 
improvement in the product search process and transaction 
period in the store. Public spending on groceries has increased 
since the COVID-19 pandemic, owing to the partial closing of 
many food-away-from-home establishments. Though grocery 
shopping is necessary, little is known about the complex rela-
tionship between the COVID-19 pandemic and grocery shopper 
behavior. We performed an online framed decision experiment 
to evoke expectations for ordering processes, time windows, 
minimum order conditions, and fees to inform heterogeneity in 
grocery shopper behavior under different COVID-19 pandemic 
scenarios.
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1. Introduction
The Indian food retail industry is a progressing 

and competitive industry, witnessing a considerable 
change in the past few months. The coronavirus pan-
demic has upended the industry, and consumer buy-
ing patterns have started varying. There is intense 
competition between online and offline grocery retail; 
however, Kirana stores are again turning the tables 
and dominating the domestic grocery retailing envi-
ronment during the ongoing lockdown. People de-
pend on them for daily essentials. Though online gro-
cery shopping and supermarkets have been affecting 
their profitability, the Kirana ecosystem has been seen 
fighting back to retain the spotlight in these times [1]. 
They face certain advantages and challenges regarding 
changing consumer buying behavior which requires a 
new era of measurement embracing which can help 
them conquer disruptive forces and meet consumer 
needs with confidence now and in the future. There 
are aggregators like Zomato, Swiggy followed by Am-
azon, providing door-to-door grocery delivery during 
the lockdown. However, this does not seem to be add-
ing value to the online business due to the fear among 
consumers for the spread of COVID-19 by delivery 
executives [2]. There have been cases where many 
families were caught with corona due to the delivery 
person, which further inclines the consumers towards 
the Kirana or provisional stores. Customer satisfaction 
and retention have become very important where con-
sumers demand and desire more convenience in ac-
quiring products and services. Convenience for most 
shoppers is an experience that ultimately saves their 
time and effort. It is quick, easy and allows a shopper 
to get what they need and when they need it [3]. 

Convenience in provisional grocery stores has be-
come an important factor in developing the perceived 
value, loyalty, and satisfaction during COVID-19. 
Thus, it becomes important for these stores to provide 
superior convenience to customers apart from basic 
offerings of reasonable price, quality products, and 
effective promotions. Hygiene, fresh food products 
availability, store location, digital payments, crowd 
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levels, and services provided have been marked out as 
key determinants that could influence customer buy-
ing behavior decisions during COVID-19 lockdown, 
thus acknowledging an increased demand for conve-
nience the consumers [4]. 

Due to COVID-19lockdown, the online retailing 
delivery was suspended. The only choice people had 
been to visit the nearby grocery stores for their dai-
ly requirements personally. A limited study has been 
conducted during COVID-19 times related to the 
shopping experience in Kirana stores. Thus, this study 
aimed to fill the gap by identifying the determinants 
of consumer satisfaction for the convenience provided 
by grocery or Kirana stores. The study also examines 
the consumer satisfaction level towards each of these 
convenience variables during COVID-19 [5]. 

2. Literature Review
The concept of convenience came to light in mar-

keting literature with Copeland’s (1923) concept of 
classification of goods where he proposed that by clas-
sifying goods using his three-way structure involving 
shopping, convenience, and specialty goods, market-
ers can select the type of store in which the products 
should appear and their suitable distribution. He de-
fined convenience goods as those low-priced goods 
which consumers are well-aware of and are purchased 
from easily reachable outlets [6]. 

Anderson (1972) introduced that convenience is 
caused by two major motives: satisfying the instant 
needs and reducing effort and time for alternate pur-
poses. He examined the convenience-based consump-
tion concept in the subject of food items. In the begin-
ning, marketing researchers investigated more upon 
finding the relation between the employment status of 
household adults and convenience consumption [7]. 
It was the common thought that as the second earner 
of the house starts working, they get very little time to 
carry out their household tasks and, this leads to an 
increased requirement of convenient services or prod-
ucts observed by Jacobs and Waldman; Anderson; 
Wissmann and Marple; Strober and Weinburg; Strob-
er; and Vickery. Later, using the roll theory of Reilly 
and Anderson, numerous researchers studied the rela-
tion between the socio-economic position of a family 
and the convenience expenditure. Another set of re-
searchers has suggested that changes in lifestyles cause 
paucity of time, resulting in the need for convenience, 
as observed by Blackwell and Voss, Berry, Berry, and 

Cooper. From a much wider perspective, researchers 
have suggested that despite factors like work status; it 
is the values of the consumer that create an inclina-
tion towards/away from convenience (Stampfl, 1982; 
Morganosky, 1986; Lamont, Vinson and Scott, 1977). 
Evaluative, global, and domain-specific beliefs are the 
three classes of values that they have introduced [8]. 

2.1. The Multidimensional nature  
of convenience

It has been stated through various researches that 
the construct of convenience is not one-dimensional 
but multidimensional. A framework was introduced 
by Yale & Venkatesh for understanding how the con-
venience variables such as attitude and situational 
context influence preferences of an individual and the 
need for some of the convenience attributes such as 
appropriateness, handiness, time utilization, accessi-
bility, avoidance of unpleasantness, and portability [9]. 
The key takeaway is that with an individual’s changing 
situation, the perception of convenience keeps chang-
ing. Brown defines convenience in terms of service 
rather than individual, using five service attributes like 
time, acquisition, place, use, and execution. In 1993, 
Yale and Gehrt adopted the spatial, effort, and tempo-
ral dimensions associated with convenience. McAnally 
and Brown expressed convenience in terms of energy 
and time. They described convenience as a ‘decrease in 
consumer’s energy and time needed to obtain, utilize, 
and discard a service or product comparative to ener-
gy and time needed by other profferings in service or 
product class.’ A systematic review was performed by 
Reimers & Clulow of studies related to convenience 
theories in previous literature and suggested that con-
venience in retail is achieved by reducing the costs of 
effort, time, and space [10]. 

Researchers differentiated the types of convenience 
as Service convenience, as observed by Seiders, Gre-
wal, and Berry, and retail convenience, as studied by 
Gresham, Seiders, and Berry, to better understands 
the convenience theory.

Retail convenience is described as “consumers’ 
time and effort associated with shopping in a retail en-
vironment” (Seiders, Gresham, and Berry), including 
four dimensions of convenience: transaction, search, 
access, and possession relevant to the retailers.

In 2002, Seiders, Grewal, and Berry introduced Ser-
vice Convenience explained as “consumers’ time and 
effort perceptions related to buying/using a service.” It 
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includes five dimensions a transaction, access, benefit, 
post-benefit, and decision convenience. Recently, Se-
iders (2007), to measure the service convenience, intro-
duced a scale in a homological network [11]. 

However, due to the COVID-19 outbreak (2020), 
with an increasing number of victim cases and corre-
sponding lockdown guidelines introduced by the In-
dian Government, the dimensions of convenience at 
the provisional stores seem to have widened because 
of the increased risk of safety and hygiene at the stores 
and increased demand of convenience for the same. 
Thus, this study on convenience has been divided into 
five major dimensions, namely, access, search, acquire 
hygiene, and transaction, defined below:

2.1.1. Access Convenience
It is “the ease and speed, with which a consumer 

can reach the provisional store,” where location has al-
ways been considered one of the key factors in choos-
ing a provisional store. Thus, the physical location of 
a provisional store and its operating hours together 
determines this convenience [12]. 

2.1.2. Search Convenience
It is “the speed and ease with which consumers can 

identify and select products that they wish to buy.” It in-
cludes various factors like efficiently interactive custom-
er systems, well-informed store employees, store layout, 
and product display. It helps customers in making their 
purchase decisions and shopping process easier.

2.1.3. Acquire Convenience
It is defined as “the ease with which the consumers 

can get the desired products.” With a high possession 
convenience value, the consumers perceive the advan-
tage of obtaining the desired product in their hands 
at the end of the shopping trip that offset the cost of 
time and effort associated with traveling to the store’s 
location and searching through the store find exactly 
what they want.

2.1.4. Hygiene Convenience
It is defined as “the degree to which the consum-

ers find the store clean, spacious and safe” during 
COVID-19. A high hygiene convenience value pro-
vides the benefit. The store is cleaned and sanitized 
now. Then, the store employees wear their masks 
properly, and follow social distancing practices and 
promote the same [13]. 

2.1.5. Transaction Convenience
It is “the ease and speed with which the consumers 

can complete their payment process.” It includes less 
waiting time in the payment queue, easy mode of pay-
ment (online/offline), and easy return/exchange poli-
cies of the store. These dimensions consist of 19 items 
each, quantified on a five-point, strongly disagree/
strongly agree scale where Access Convenience (Items 
1-3), Search Convenience (Items 4-9), Acquire Con-
venience (Items 10-12), Hygiene Convenience (Items 
13-15) and Transaction Convenience (Items 16-19). 
These scale scores can be measured to figure out the 
overall customer satisfaction.

3. Research Methodology
The research aims to understand the satisfaction 

level of consumers towards convenient grocery shop-
ping from the Provisional/Kirana store and the re-
sponsible factors for it. Therefore, descriptive research 
methodology was adopted. The research includes the 
study of surveys for consumers at different locations 
across India. It was conducted for the consumers of all 
classes, including both regular and occasional buyers 
of grocery from provisional stores. The location was 
PAN India; where 378 the sample size was taken for 
the survey. Primary research was carried out through 
a questionnaire containing the 19 items Likert scale 
aiming to evaluate the satisfaction level of consum-
ers for the parameter convenience. Primary data was 
collected through a questionnaire that contained 
closed-ended questions and followed a clear, struc-
tured format; the study was conducted from May to 
June 2020 (Phase 4 & Unlock 1.0). The convenience 
sampling method was adopted for sample collection. 
SPSS Statistics version 23 was used to analyze the data. 
Pearson’s correlation, exploratory factor analysis, and 
regression analysis are applied for analysis [14]. 

4. Research Analysis and Results

4.1. General Profile of respondents
A demographic analysis of the respondents was 

done. Table 1 clearly shows that 58.5% of the sam-
ples were males, and 41.5% were female. Based on 
age, 51.3% were between 19-25 years, 28.8% be-
tween 26 and 32, 0.8% belonged to the age group 
of 33-39, 2.1% were in the age group of 40-46, and 
16.9% were above 46 years. 24.1% were married 
while the rest, 75.9%, were unmarried.51.6% of the 
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sample were working, 0.5% unemployed, 41.5% 
students and 5% retired, and 1.3% were homemak-
ers. Looking at monthly household income, 19% 
of respondents belonged to the income group of 
under Rs 30,000, 22.5% of respondents belonged 
to income group of Rs 30,000-Rs 59,999, 11.6% of 
respondents belonged to the income group of Rs 
60,000- Rs 89,999, 12.7% of respondents belonged 
to the income group of Rs 90,000-Rs 1,19,000 and 
34.1% of respondents belonged to income group of 
Rs 1,20,000 or above. 7.7% of the respondents vis-
ited the grocery stores daily, 33.3% of the respon-

dents visited the grocery stores twice a week, 28.8% 
of the respondents visited the grocery stores weekly, 
16.1% of the respondents visited the grocery stores 
every 15 days, and 14% of the respondents visited 
the grocery stores every month. 23.5% of the re-
spondents visited the grocery store between 7am-
10am, 35.4%between 10am-1pm, 10.6% between 
1pm-4pm, and 30.4% visited the grocery stores 
post 4 pm. Out of all the respondents, the majority 
(51.1%) have a family size of 4 and above, 28.6% 
have 3 family members, 11.1% have 2 family mem-
bers, and 9.3% have only 1 family member [15]. 

Table 1
Demographic profiling of the participants

Characteristics Classification No of respondents Percentage (%)
Gender Female 157 41.5

Male 221 58.5
Age 19-25 194 51.3

26-32 109 28.8
33-39 3 0.8
40-46 8 2.1
Above 46 64 16.9

Marital Status Married 91 24.1
Unmarried 287 75.9

Occupation Homemaker 5 1.3
Retired 19 5
Student 157 41.5
Unemployed 2 0.5
Working 195 51.6

Monthly Household Income Under INR 30,000 72 19.0
INR 30,000-59,999 85 22.5
INR 60,000-89,999 44 11.6
INR 90,000-1,19,000 48 12.7
INR 1,20,000 or above 129 34.1

Frequency of visits to the 
grocery store

Daily 29 7.7
2 times a week 126 33.3
Weekly 109 28.8
Every 15 days 61 16.1
Monthly 53 14.0

Time of visit 7 AM-10 AM 89 23.5
10 AM-1 PM 134 35.4
1 PM-4 PM 40 10.6
Post 4 PM 115 30.4

No of House Members 1 35 9.3
2 42 11.1
3 108 28.6
4 and above 193 51.1
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4.2. Exploratory Factor Analysis
EFA method was conducted to establish the ma-

jor factors responsible for convenient grocery shop-
ping. Bartlett’s Sphericity test, along with Kaiser-Mey-
er-Olkin (KMO) and Measure of Sampling Adequacy 
(MSA) for sample adequacy, was used to access the 
appropriateness of all the sub-factors and factors. 

As per the result of the Bartlett test, the KMO value 
at an overall level was found to be 0.857 as shown in 
Table 2, considered as excellent, whereas at an individ-
ual level, the score was above 0.4, which is considered 
to be the threshold for the line item or factor to be ac-
cepted, which means that all of the 19 items were con-

sidered for the analysis. Bartlett’s sphericity test results 
are as follows: χ2 = 2178.177, df 171, p ≤ 0.0001). We 
can conclude that 19 subscale items are not correlated 
in an identity matrix. Table 3 shows the total variance 
explained.

Principal Component Matrix method was used to 
extract, and Varimax and Kaiser Normalization were 
the methods to rotate the subscales. Kaiser and Rice 
(1974), which use an eigenvalue greater than 1 to be 
considered individual factors, were considered to clas-
sify the number of factors. Based on the eigenvalues, 
a five-factor result emanated. Table 4 shows as per the 
rotated component matrix, a similar factor structure 

Table 2
KMO and bartlett’s test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .857
Bartlett’s Test of Sphericity Approx. Chi-Square 2178.177

Df 171
Sig. 0.000

Table 3
Total variance explained

Factors

Initial Eigenvalues
Extraction Sums of Squared Load-

ings Rotation Sums of Squared Loadings

Total
% of vari-

ance
Cumulative 

% Total
% of vari-

ance
Cumulative 

% Total
% of vari-

ance
Cumulative 

%
1 5.543 29.174 29.174 5.543 29.174 29.174 3.396 17.873 17.873
2 1.713 9.014 38.188 1.713 9.014 38.188 2.315 12.185 30.058
3 1.581 8.321 46.509 1.581 8.321 46.509 1.875 9.868 39.925
4 1.123 5.912 52.421 1.123 5.912 52.421 1.793 9.435 49.360
5 1.086 5.716 58.138 1.086 5.716 58.138 1.668 8.777 58.138

Table 4
Rotated component matrixa

 
Component

1 2 3 4 5
I can find a wide variety of products at the store .798     
I like the store because I find substitutes for the product that goes out of stock .739     
I can find the products I search for at the provisional store (There is no stock out 
the problem) .724     

The store has a nice display of products, making it easy (minimal effort) to select 
what I need. .702     

I am easily able to obtain product advice/ information required to complete my 
purchase at the store .585     

I could easily move through/ inside the store to select the products .579     
I feel that the store person gives my list of products very fast (prompt service)/ it 
is not time-consuming .439     

I like that the grocery store employees keep the area sanitized and clean  .819    
The grocery store employees wear masks properly (covering nose and mouth)  .817    
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emerged as presented in the questionnaire. All of these 
factors accounted for 58.1 % of the total variance, 
which is considered satisfactory. 

4.3. Reliability
Cronbach is the co-efficient alpha which helps to 

access the consistency of all the sub-factor items in-
ternally on the Likert scale. For the questionnaire to 
be reliable, all the factors and the entire model, Cron-
bach’s value should be above 0.7. In the case of new 
scales, it can be as low as 0.5.

The multidimensionality of the construct results in 
the calculation of the Cronbach values for every di-
mension. The analysis shows that every factor has a 
value above 0.6. One of the factors has a value between 
0.5 and 0.6 due to modification in the scale, as shown 
in Table 5, which ensures good internal consistency 
and reliability among all items within each of these 
factors. The overall reliability score was 0.855, indicat-
ing a high degree of reliability.

Table 5
Reliability analysis

Item No. Constructs Reliability Coefficient Alpha
1 Access 0.677
2 Search 0.827
3 Acquire 0.670
4 Hygiene 0.777
5 Transaction 0.537

4.4. Multiple Linear Regression Analysis
A multiple linear regression model with the help 

of SPSS was used to find the significance of each fac-
tor/factor score responsible for the overall satisfac-
tion score. Using the method, the “Satisfaction Index 
Score” was calculated for all the respondents. The re-
gression model was satisfactory and in line with the 
desired results. 

H01: Accessibility to the provisional grocery store has 
a significant positive impact on the perceived level of 
consumer satisfaction. 

H02: Search of the desired products in the nearby pro-
visional grocery store has a significant positive impact 
on the perceived level of consumer satisfaction. 

H03: Acquisition of the desired product from the pro-
visional grocery store has a significant positive impact 
on the perceived level of consumer satisfaction. 

H04: Hygiene and sanitation of the provisional gro-
cery store have a significant positive impact on the per-
ceived level of consumer satisfaction. 

H05: Ease of transaction at the provisional grocery 
store has a significant positive impact on the perceived 
level of consumer satisfaction. 

The regression results were significant where a 
significant regression equation was found ((F (5,369) 
= 42.562, p<.000) with an R-value of 0.605. Respon-
dents predicted satisfaction score is equal to 0.777+ 
0.125 (Transaction) + 0.166(Search) + 0.366(Access) 
+ 0.270(Acquire) + 0.143(Hygiene). Of all the five 
factors, access, acquire, and hygiene have values of p 

 
Component

1 2 3 4 5
The grocery store/consumers standing follow social distancing practices.  .718    
I do not have to wait to pay   .707   
It takes little time to carry out the payment for my purchase at the store   .671   
In case you are short of cash, the store allows you to give grocery on credit (you 
can pay later)   .571   

I am satisfied that the store gives me the option to do the payment by cash or an 
online app (Paytm, Gpay)   .414   

The store does not provide old stock products    .842  
The store does not provide expired or defective products    .799  
I am satisfied with the quality/price ratio provided at the store (good quality prod-
ucts available at a fair price)    .458  

I am happy that I get to the store easily and quickly     .820
The store provides convenient store timings.     .767
Extraction Method: Principal Component Analysis. 
Rotation Method: Varimax with Kaiser Normalization.
a. Rotation converged in 6 iterations.



356 | Cardiometry | Issue 25. December 2022

values less than 0.05, indicating that these dimensions 
significantly influence the overall satisfaction score. 
Transaction and search have p values of 0.344 and 
0.075, which are greater than 0.05, indicating their in-
significant influence on the overall satisfaction score, 
as shown in Table 6. 

Thus, H01, H03, and H04 hypotheses are correct. 
Consumers are satisfied with the ease of accessibility, 
hygiene of the store, and the acquired product’s cor-
rectness.

The H02 and H05 hypotheses are not accepted since 
the significant regression result are higher than 0.05. Thus, 
the search for the product and the transition process is not 
significant towards consumer satisfaction level.

4.5. Satisfaction Percentage Score
Net Satisfaction index percentage score was calcu-

lated for each of the sub-scale/items to have a better un-
derstanding of the gaps causing inconvenient shopping 
from the provisional store and is shown in Table 7.

Table 6
Coefficients of regression

Model Unstandardized Coefficients Standardized 
Coefficients

t Sig. 95.0% Confidence Interval 
for B

B Std. Error Beta Lower Bound Upper Bound

1

(Constant) .777 .233 3.333 .001 .318 1.235
Transaction .125 .132 .069 .948 .344 -.135 .385
Search .166 .093 .127 1.784 .075 -.017 .350
Access .366 .085 .271 4.288 .000 .198 .534
Acquire .270 .118 .146 2.277 .023 .037 .503
Hygiene .143 .068 .123 2.093 .037 .009 .277

Table 7
Net satisfaction index of respondents

Scale Items Highly 
Disagree

Slightly 
Disagree

Neutral Slightly 
Agree

Highly 
Agree

NSI

I am happy that I get to the store easily and quickly 0.8% 2.4% 10.6% 33.3% 52.9% 87.04%
The store provides convenient store timings 0.8% 4.5% 11.1% 37.00% 46.6% 84.81%
I could easily move through/ inside the store to select the 
products

15.3% 18.0% 19.6% 27.5% 19.6% 63.60%

I can find the products I search for at the provisional store 
(There is no stock out the problem)

5.3% 22.0% 29.1% 28.3% 15.3% 65.29%

I can find a wide variety of products at the store 9.3% 18.0% 32.0% 25.4% 15.3% 63.92%
I like the store because I find substitutes for the product 
that goes out of stock

4.5% 15.3% 30.7% 32.5% 16.9% 68.41%

The store has a nice display of products, making it easy 
(minimal effort) to select what I need.

3.2% 15.9% 25.9% 34.9% 20.1% 70.58%

I am easily able to obtain product advice/information 
required to complete my purchase at the store

3.7% 16.7% 28% 32% 19.6% 69.42%

I feel that the store person gives my list of products very 
fast (prompt service)/ it is not time-consuming

4.2% 15.6% 28.6% 33.9% 17.7% 69.05%

The store does not provide old stock products 2.6% 13.2% 29.9% 36.2% 18% 70.74%
The store does not provide expired or defective products 1.6% 6.1% 18.3% 38.6% 35.4% 80.05%
I am satisfied with the quality/price ratio provided at the 
store (good quality products available at a fair price)

1.1% 8.2% 25.9% 44.7% 20.1% 74.92%

The grocery store employees wear masks properly (cover-
ing nose and mouth)

2.6% 8.7% 20.4% 37.6% 30.7% 76.98%

I like that the grocery store employees keep the area 
sanitized and clean

1.9% 7.9% 26.5% 39.2% 24.6% 75.34%

The grocery store/ consumers standing follow social dis-
tancing practices.

6.9% 13.5% 23.5% 33.1% 23% 70.37%
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4.6. Interpretation
• As per the analysis of all the line items/dimensions, 

consumers are highly satisfied with the access di-
mension, i.e., they can reach the store conveniently. 

• Keeping 70% as the lower benchmark for the sat-
isfaction level of consumers, consumers are quite 
satisfied with the product that they acquire during 
the purchase, i.e., the right set of products at the 
right price.

• Hygiene has emerged out as a critical factor for 
convenient shopping due to COVID-19. As per the 
survey, most consumers are satisfied with how the 
shopkeepers keep their faces covered with a mask 
and keep the store clean. However, as per the anal-
ysis, there are stores where proper social distancing 
norms are not being followed appropriately and 
need addressal.

• Search dimension has been scored below the cut-
off satisfaction level, indicating that consumers 
sometimes suffer from stock out the problem from 
the nearby provisional stores and cannot find out 
the substitutes. The availability of a wide variety of 
products is low during COVID-19. The score has 
not been low on the scale that the consumers can 
move inside the store for search purposes, indicat-
ing strict and limited access to consumers is not 
being followed by stores during COVID-19.

5. Discussion
During COVID-19, convenience has gained utmost 

importance for grocery purchases. Due to uncertainty 
in timely delivery and fear of corona exposure from 
online purchases, many consumers have shifted to the 
nearby grocery store. The current research paper aims 
to understand the various determinants of convenient 
shopping and how consumers are content with gro-
cery shopping from the Provisional/Kirana stores. 

Factor analysis of 19 scale items was carried out. 
As per EFA, a five-factor solution was obtained. The 
KMO value at the overall level was above 0.8 and at 

an individual level above 0.4, indicating the inclu-
sion of all the scale items. Then, a reliability test was 
carried out where Cronbach’s score at an overall lev-
el and the individual level was satisfactory, indicat-
ing satisfactory internal consistency. Multiple linear 
regressions helped to find the satisfaction coefficient 
of each factor impacting convenient shopping. As per 
the analysis, consumers were highly satisfied with ac-
cessibility to the store, acquiring the store’s product, 
and hygiene. Consumers do not seem to be satisfied 
with the search process and transition period. With 
the help of satisfaction percentage score, satisfaction 
percentage for each of the subscales was found. As per 
the results, consumers have quick and easy accessibili-
ty to the stores. They find stock problems out; there is 
not much wide variety in products, the service is not 
prompt, and they provide old stock products. Look-
ing at the transaction factor, consumers are not sat-
isfied with the long waiting period for the purchase 
process. Though the consumers are slightly satisfied 
with stores’ hygiene, their satisfaction level is pretty 
low for social distancing practices followed at stores. 
The provisional stores should try to keep a wide vari-
ety of products, flavors and source more quantities of 
basic products to avoid stock out problems. In case of 
non-availability of products, the store manager should 
keep quality substitutes to ensure high consumer sat-
isfaction.

During COVID-19, though the speed of operating 
has reduced, store managers should come up with ef-
ficient processes that can provide prompt services to 
consumers and eventually reduce waiting time. The 
store manager needs to adopt more accurate forecast-
ing methods to estimate the demand to avoid accu-
mulation of stock, which will ensure that the consum-
ers do not get old stock products. During COVID-19, 
hygiene has turned out to be of utmost importance. 
The store managers should ensure that all of their em-
ployees wear masks covering their nose and mouth. 
The Provisional/Kirana stores need to reinforce prop-

Scale Items Highly 
Disagree

Slightly 
Disagree

Neutral Slightly 
Agree

Highly 
Agree

NSI

I do not have to wait to pay 6.3% 15.3% 28.3% 28.8% 21.2% 68.62%
It takes little time to carry out the payment for my pur-
chase at the store

5.8% 14.8% 23.5% 35.7% 20.1% 69.89%

I am satisfied that the store gives me the option to do the 
payment by cash or an online app (Paytm, Gpay)

3.2% 6.1% 19.8% 23.8% 47.1% 81.11%

In case you are short of cash, the store allows you to give 
grocery on credit (you can pay later)

17.5% 18.3% 19.6% 25.1% 19.6% 62.22%
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er social distancing practices among consumers while 
waiting in line. Some stores allow consumers to walk 
inside to select the products. Stores should limit access 
inside the store or ensure proper social distancing. 
The consumers will feel more safe, relaxed and go for 
repeat purchases.

6. Conclusion
The study indicates that most consumers are high-

ly satisfied with quick and close accessibility to the 
provisional store. They face a stock-out problem, low 
on varied products, and are not satisfied with the store 
person’s substitutes. Most consumers agree that they 
do not get expired or defective during the pandem-
ic but feel that the store provides old stock products. 
Consumers are highly satisfied with the stores provid-
ing alternate payment methods. However, they face 
the problem of standing in queue for long. Most of 
the stores allow consumers to walk through it to select 
alarming products. During the COVID-19, health and 
hygiene have been of utmost importance, and looking 
at the parameter, consumers are moderately satisfied 
with the overall cleanliness of stores. The consumers 
are not much satisfied that social distancing practises 
are not being followed properly at stores. The research 
includes the study of surveys for consumers at differ-
ent locations across India. It was conducted for the 
consumers of all classes, including both regular and 
occasional buyers of grocery from provisional stores.

7. Limitations
The study has been limited to Kirana or provisional 

stores. The study does not account for the supermar-
kets where the literature review can be expanded for 
consumer convenience shopping. Consumer behavior 
is highly dynamic and varies from time to time. Thus, 
the conclusion might become less relevant for their 
upcoming marketing strategies in the coming time. 
Some respondents have recently started shopping due 
to COVID-19. Thus, they could not have had the ex-
perience to benchmark.
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Abstract
In order to restrict the imposition of the death penalty to 
an extremely narrow band of cases, the Supreme Court of 
India laid down the principle of ‘rarest of rare’ guiding but 
not fettering the sentencing discretion of judges. Despite the 
guidelines, the decision remains purely discretionary with its 
accompanying arbitrariness leading to unpredictability, and 
disparity in sentencing, which places a tremendous burden of 
responsibility on the sentencing judge. It is necessary to think 
of an alternative to the judge-centric discretionary death pen-
alty, such as Sentencing Commission recommended the death 
penalty, that will help bring transparency and predictability 
to the entire process of decision making. Discretion delivers 
discrimination. Therefore, the discretionary death penalty is 
discriminatory. Whether by a judge or a jury, the exercise of 
sentencing discretion is arbitrary and capricious, particularly if 
the discretion is untrammeled and unchannelized. The ‘rarest 
of rare’ principle does not differentiate between murder sim-
pliciter and murder contemporaneous such as rape-murder. 
Each judge interprets the meaning of ‘rarest of rare’ in his 
way. The current system is not working. A guideline-driven 
sentence is far better than a judge-centric one. The US Con-
gress has constituted the US Sentencing Commission, a stat-
utory judicial body entrusted with formulating a mechanism 
for sentencing to remove disparity and element of surprise in 
the sentencing outcome. It lays down structured guidelines 
with narrow judicial discretion in the matter of sentencing a 
convict. Sentencing Commission, though not a perfect mech-
anism- no mechanism can be perfect given the very nature of 
capital punishment- seems to overcome many of the draw-
backs and shortcomings of the existing judge-centric system 
raising questions on perfect reasoning. 
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“Discretion is the perfection of reason and a 
guide to us in all the duties of life.”

-Walter Scott

1. Introduction
In order to restrict the imposition of the death 

penalty to an extremely narrow band of cases, the Su-
preme Court of India laid down the principle of ‘rarest 
of rare’ guiding but not fettering the sentencing discre-
tion of judges. However, since its inception in 1980, the 
principle has led to more confusion and uncertainty as 
to its application, which is evident from those cases, 
and their number is not insignificant, wherein the Su-
preme Court has confirmed the conviction by the low-
er courts for murder simpliciter or contemporaneous 
but differed in the sentence awarded by substituting 
life imprisonment for death. Such a result suggests two 
possibilities, viz. The lower courts have not grasped 
the full nuances of the concept of ‘rarest of rare’ or the 
Apex Court has been deviating from its guidelines. Be 
that as it may, one fact stands out clearly, that the rarest 
of rare ideas has been subjected to numerous person-
alized interpretations making the sentencing outcome 
unpredictable, uncertain, and disparate even in simi-
larly situated cases.

To elaborate further on the concept, the Supreme 
Court in [1] laid down that the death sentence can be 
awarded in “Rarest of rare” cases in which “the col-
lective conscience of the society is so shocked that it 
will expect death penalty to be awarded to the con-
vict.” However, this parameter also is dubious because 
judges have no means to measure the shock suffered 
by “the collective conscience of the society.” Besides, 
they must not be influenced by public opinion while 
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making judicial decisions that are expected to be based 
purely on applying legal principles.

Despite the guidelines, the decision remains pure-
ly discretionary with its accompanying bias, caprice, 
and arbitrariness leading to inconsistency, unpredict-
ability, disproportionality, and disparity in sentencing, 
which places tremendous responsibility on the sen-
tencing judge.

The reformatory aim of punishment may not pro-
duce the desired result in heinous crimes or those in-
volving depravity. According to [2] , it is difficult to 
assess a convict’s propensity to a future criminal act. 
Therefore, determining the quantum of sentence to 
bring about a reformation of the convict belongs in the 
realm of conjecture. As such, a sentencing judge most-
ly speculates about the outcome of the punishment 
imposed on the convict except for the specific deter-
rence resulting from his imprisonment for a specified 
duration. 

The wide discretion exercised by the sentencing 
Judge in the imposition of the death penalty and the 
vague, confusing guidelines laid down in [3] judgments 
have led to considerable inconsistency, unpredictability, 
and non-transparency in the sentencing outcome and 
made it necessary, in the absence of jury-centric death 
sentencing, to think of an alternative to the judge-cen-
tric discretionary death penalty, such as Sentencing 
Commission recommended the death penalty, that will 
help bring transparency, consistency, uniformity, pro-
portionality, and predictability to the entire process of 
decision making in a particular case as to whether cap-
ital punishment should be imposed [4]. 

2. Evolution of Discretionary Death Penalty
Under the earlier Code of Criminal Procedure, 

1898, a murderer was, as a rule, punished with death, 
and only exceptionally with life imprisonment, which 
was because of the then prevailing opinion of the Judi-
ciary that in a murder conviction, nothing short of the 
capital sentence would meet the ends of justice. Apart 
from that, the idea that an accused has human rights, 
though nascent, was yet to assume shape. Moreover, 
exposure of the Judiciary to public and media pressure 
was relatively unknown [5]. 

As the criminal law was amended from time to 
time, it reflected the gradual change in the way capital 
punishment was viewed. Before 1955, the judge was 
required to give reasons for choosing life imprison-
ment over death sentence, thereby putting fetters on 

his discretionary choice of the sentence, implying that 
the superior court could review the decision. Even 
then, it became clear that such fetters were not nec-
essary, as they tended to undermine the accomplish-
ment of the judge whenever he made the right choice 
of the sentence even if he did not build a sound argu-
ment supporting his choice [6]. 

In [7] , the death sentence imposed on the accused 
stayed suspended for more than six months. Calling it 
unjust, the judge took into account the mental agony 
resulting from the threat of death looming for a lengthy 
duration and sentenced him to imprisonment for life. 
However, in [8] , where a “cold-blooded” murder was 
committed for sinister motives, the court chose inex-
plicably to spare the accused’s life for premeditated 
murder and passed the of life imprisonment without 
giving justification for the choice of a lesser sentence.

The fetters on the judge’s discretion requiring him 
to give reasons for choosing the sentence of life impris-
onment over death for the murderer were removed in 
[9] Following the change in law, the judge could prefer 
the sentence of imprisonment for life over death to the 
convict; but whenever he chose to impose a death sen-
tence, he was required to justify with reasons as to why 
life imprisonment would not be adequate to ensure 
justice. In this way, a noticeable change was brought 
about in the attitude and the approach towards capital 
sentence [10]. 

Judges are far from united over the issue of life im-
prisonment or capital punishment for a murder con-
viction. The sentence passed is a reflection of the indi-
vidual judge’s beliefs and predilections. While drawing 
a “balance sheet of aggravating and mitigating factors,” 
the Judges’ ideology seems to impact their discretion.

In [11] , a dissenting Bhagwati, J. observed, “There 
is nothing like complete objectivity in the deci-
sion-making process and especially so when this pro-
cess involves making of a decision in the exercise of 
judicial discretion. Every judgment necessarily bears 
the impact of the attitude and approach of the judge 
and his social philosophy or value system.”

Ten years earlier, similar opinion as to the lack of 
uniformity and the impact of individual bias on dis-
cretionary decision making was expressed in a case be-
fore the US Supreme Court, [12] by Douglas, J. stating, 
“The discretion of the judges and the juries in impos-
ing the death penalty enables the penalty to be selec-
tively applied, feeding prejudices against the accused 
if he is poor and despised…and saving those who by 
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social position may be in a protected position... discre-
tion is pregnant with discrimination.” 

As such, discretion delivers discrimination. There-
fore, the discretionary death penalty is discriminatory. 

In the same case, Burger, C. J. wrote, “Legislative 
bodies may … provide standards for juries and judges 
to follow in determining a sentence in capital cases…
if such standards can be devised, the results cannot be 
detrimental”. He alludes to factors such as motive, de-
gree of suffering caused to the victim(s), and degree of 
brutality in the commission of the crime. (Emphasis 
supplied) These factors, among other things, find fa-
vor with the Supreme Court of India in [1] 

Studying the influence of race of the accused and 
the victim in capital sentencing, Wolfgang found that 
significant racial differentials in the imposition of the 
death penalty are indeed produced by racial discrim-
ination [13]. 

The results of a study done by Radha Iyengar in-
dicate the rising inclination on the part of the jury to 
impose capital punishment, particularly during the re-
cent past. Despite the general downward trend in the 
propensity to sentence defendants to death, juries have 
remained relatively more willing to apply a capital sen-
tence than judges [14]. 

Hans et al. came to the opposite conclusion in a 
study in Delaware; a state where the ultimate decision 
is capital sentence eligible cases lies with the judge. 
They found that giving this power to the judge result-
ed in an increased imposition of capital punishment. 
(Emphasis supplied)

According to [15] , discretion is “the power to 
choose between two or more courses of action, each 
of which is thought of as permissible.”In other words, 
discretion allows its possessor to choose from a bou-
quet of valid options irrespective of the basis for such 
allowance viz. standards to which he is not bound, or, 
his action cannot be reviewed, or authority vested in 
him is final, or, his judgment is being exercised.

In exercising sentencing discretion, the judge is 
expected to weigh the probability of recidivism in the 
case of a convict to determine the type and the quan-
tum of punishment, a task by no means easy. 

However, [2] finds that it is difficult to measure the 
probability of future criminal misconduct of a con-
vict, and it causes uncertainty in the determination 
of a sentence; Such an estimate is arrived at from the 
information about the crime as well as the criminal. 
Punishment is harsher if criminal proclivity emerges 

from this assessment. Such assessments constitute the 
grounds based on which a reasoned decision is made 
in an otherwise uncertain situation.

Thus, it is evident from the above studies that ex-
ercise of sentencing discretion, whether by a judge or 
a jury, is arbitrary and capricious, particularly so if the 
discretion is untrammeled and unchannelized.

In [16] , the words ‘special reasons’ in S.354 (3) of 
CrPC 1973 have been equated with ‘rarest of rare’ for-
mula, ostensibly to give effect to the legislative intent, 
by declaring that “legislative provisions and judicial 
pronouncements are ads idem in law”; and therein 
lie the whims and idiosyncrasies of individual judg-
es. The legislative intent behind those two words is a 
matter of conjecture, surmise, disparate views and in-
terpretations, and finally, discretion. 

3. Methodology and Scope
The study focuses only on the analysis of sentences 

ordered by the Supreme Court in death penalty eligible 
offenses under IPC 1860 viz. murder and kidnapping 
for ransom in the aftermath of Bachan Singh judgment 
which essentially brought all the offenses involving 
murder under S.302 of IPC, which involves analysis 
of relevant provisions, scrutiny of legal principles laid 
down by the Supreme Court to channelize the discre-
tion to impose capital punishment, and examination 
of competence of the legislature to prescribe standards 
for awarding capital judgment as a possible solution 
to awarding the death penalty based purely on judicial 
discretion. The scope is limited to finding an answer 
to whether Parliament should constitute a Sentencing 
Commission to prescribe standards to be adhered to 
for imposing capital punishment.

4. Sentencing Commission:  
A better alternative?

Reasons for the necessity for a better 
alternative

One cannot eliminate individual bias from dis-
cretion. The decision to award a death sentence or 
commute the sentence to life imprisonment is often 
arbitrary, capricious, and fanciful. Transparency, con-
sistency, uniformity, and predictability in the final 
sentencing outcome are essential for the credibility of 
the sentencing process.

A sense of clarity and urgency is necessary if the 
death penalty remains constitutionally and econom-
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ically viable. Is the object of capital punishment ret-
ribution or deterrence? This endless debate is super-
fluous and futile and will remain inconclusive in the 
foreseeable future. Punishment does not and cannot 
have one solitary aim to the exclusion of all other 
aims.

Perpetrators of brutal, gruesome, heinous, das-
tardly, diabolical, or revolting murders escape life 
imprisonment. The ‘rarest of rare’ principle does not 
differentiate between murder simpliciter and murder 
contemporaneous such as rape-murder, dacoity with 
murder, or kidnapping with murder. The ‘special rea-
sons’ required u/s 354(3) CrPC, 1973 for passing the 
death sentence, and the ‘depravity’ demanded by the 
‘rarest of rare’ principle are writ large on the combi-

nation of offenses mentioned above. As such, murder 
contemporaneous must not be equated and clubbed 
with murder simpliciter. 

In the absence of jury-based capital sentencing 
(collective decision), sentencing guidelines laid down 
by a Statutory Commission constituted by an Act of 
Parliament is a better mechanism than judicial discre-
tion for awarding the death sentence (individual de-
cision).

Supreme Court cases: Tracking Judicial 
discretion

The uncertainty and unpredictability of sentencing 
outcome in similarly situated convicts can be gauged 
from the following cases are shown in Table 1:

Table 1
Summary table of Supreme Court cases

Case Facts Sentence A bench of JJ. Reasons
Molai & another v. State of 
MP  [17] 

“Accused raped and 
strangulated a 16-year-
old girl” and threw the 
body in a septic tank.

Death S. P. Kurdukar,
K. T. Thomas,
N. Santosh 
Hegde

No mitigating circumstance

Bishnu Prasad Sinha v. State 
of Assam  [18] 

“Raped and murdered 
a seven-year-old girl 
“and threw the body in 
a septic tank

Life
imprisonment

S. B. Sinha
Markandey 
Katju

Ordinarily, no death penalty if guilt 
proved by circumstantial evidence,
Accused expressing remorse

Laxman Naik v. State of Orissa  
[19] 

Raped and murdered 
his seven-year-old niece

Death Dr. A. S. Anand
Faizan Uddin

Irresistible conclusion of guilt based 
on circumstantial evidence,
No mitigating circumstance, only 
aggravating factors

Amrit Singh v. the State of 
Punjab  [20] 

Raped and murdered a 
seven-year-old girl

Life
Imprisonment

S.B. Sinha 
Dalveer Bhan-
dari

Death resulting from rape, no in-
tention to kill, “a momentary lapse 
on the part of the appellant seeing 
a lonely girl at a secluded place.»

Kumudi Lal v. State of U.P.  [21] Raped and murdered a 
14-year-old girl

Life
Imprisonment

G. T. Nanavati
S. P. Kurdukar

Deceased allowed the appellant 
some liberty with her, “to prevent 
her from raising shouts appellant 
tied her salwar around her neck, 
resulting in death.»

Amit alias Ammu v. the State 
of Maharashtra  [22] 

“Raped and murdered 
11-year-old girl.»

Life
imprisonment

Y. K. Sabharwal
Brijesh Kumar

Accused a young student,
No past criminal record,
No evidence as to his being a 
potential danger to the society

Mohd. Chaman v State (NCT 
of Delhi)  [23] 

Raped and murdered 
and a half-year-old girl

Life
Imprisonment

K. T. Thomas
D. P. Mohapatra

Appellant will not endanger the 
community,
The humanist approach in punish-
ment

Santosh Kumar Satishbhu-
shanBariyar v State of Maha-
rashtra  [24] 

Abducted a friend 
for ransom, tortured, 
murdered, body parts 
disposed of at scattered 
spots

Life
Imprisonment

S.B. Sinha
Cyriac Joseph

“Not professional killers, no crim-
inal history, the sole motive was 
collecting money. No evidence that 
accused could not be reformed 
and rehabilitated.»

Vikram Singh v. the State of 
Punjab  [4] 

Kidnapped for ran-
som and murdered a 
16-year-old boy

Death H. S. Bedi
J. M. Panchal

Depravity of motive and manner, 
cold-blooded murder for the gain, 
innocent, helpless victim
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One finds that despite the similarity between Mu-
niappan and Manohar Lal case, the latter was spared 
the noose.

From the above table of cases, it is seen that Sinha 
and Mohapatra, JJ. Have commuted the sentence to 
life imprisonment in all the cases mentioned that they 
presided over. 

K. T. Thomas, J. also chose life imprisonment in 
all cases but imposed the death sentence. Thus we ob-
serve individual preference, bias, personal belief, and 
perhaps collegial congruence playing a role in the final 
sentencing outcome.

From these cases, it is evident that Trial Courts and 
High Courts mostly abide by the guidelines and that 
the sentencing by the Apex Court in capital offenses 
has become purely judge centric; in a way replicating 
scholarly observations of ‘vagueness and indetermi-
nacy’ while ‘entrenching the brutality of capital pun-
ishment itself at times’ in the comparative US con-
text [28]. The Judges’ exercising of their discretion at 
times produces unexpected sentencing outcomes as 
each interprets the meaning of “rarest of rare” in his 
way, leading to unpredictability [29]. Is a case in point 
wherein the two-judge bench differed in their view on 
“rarest of rare” with Katju, J., convinced it was so, or-
dered death sentence while S.B. Sinha, J. preferred life 
imprisonment for the rest of convict’s life. 

On referral, a three-judge bench endorsed the 
latter’s view with the following justification: “It is 
straight out that the appellant murdered his victim 
in a cold-blooded manner but at least this much can 
be said in his favor that he devised the plan so that 
the victim could not know till the end and even for a 
moment that she was betrayed by the one she trusted 
most. Further, though the way of killing appears quite 
ghastly, it may be said that it did not cause any mental 

or physical pain to the victim” and that “he confessed 
his guilt at least partially before the High Court.”

The court overlooked the fact that the ‘depravity’ 
so crucial to the ‘special reasons’ stipulated under S 
354(3) of CrPC 1973 and the RoR concept is not de-
termined by the manner of killing alone but by the 
motive (cold-blooded murder for gains of a person 
vis-à-vis whom the murderer is in a dominating po-
sition or position of trust) and the status of the victim 
(helpless woman) in this case. Moreover, full or partial 
confession of guilt before an appellate court does not 
constitute a mitigating factor, unlike genuine remorse.

It is worth noting what Dr. Pillai has to say about 
the sentencing by the Supreme Court, “What haunts 
our sentencing process? Is there any theory of punish-
ment adhered to by our Judiciary? Why do the courts 
not resort to theorization rather than a description of 
circumstances bereft of any legal principle? Is it be-
cause of their unwillingness for theorization? Alter-
natively, is it because the description is intellectually 
less challenging? ” [30] He further observes that cases 
found to be ‘rarest of rare’ by the lower courts turn out 
not to be so in the Supreme Court on unconvincing 
grounds; and finds the Supreme Court responsible for 
this lamentable situation.

A matter of individual perception
In a study titled Matters of Judgment [5] in which 60 

former Justices of Supreme Court of India were inter-
viewed, among other things, as to the judicial thought 
process behind deciding whether a case comes under 
the ‘rarest of rare category, one of the judges said the 
following:

“If a case is rarest of rare in my mind, I can write 
many things to show that. If I think it is not, then I 
will write things to show it is not. That is the flaw of 

Case Facts Sentence A bench of JJ. Reasons
Manohar Lal alias Munna & 
another v State of Delhi [25] 

burnt alive four sons of 
a woman in front of her 
during riots following 
PM’s assassination

Life
Imprisonment

K. T. Thomas
D. P. Mohapatra

No personal animosity, on a ram-
page, ran berserk triggered only by 
a demented psyche

Kishori v State of Delhi  [26] Murder, rioting Life
imprisonment

GT Nanavati
S. Rajendra 
Babu

Mob frenzy, appellant, neither 
leading nor exhorting the mob, 
diminished responsibility.

C. Muniappan and others v. 
State of Tamil Nadu  [27] 

In a public demonstra-
tion, “set on several fire 
buses carrying college 
girls, killing three and 
seriously injuring twenty 
others.”

Death GS Singhvi
Dr. B. S. Chau-
han

the collective conscience of the 
community shocked;
planned, unprovoked, meticulously 
executed murder
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the formulation. You award death in cases where you 
think it should be given.” (Emphasis added)

All 47 Judges who had adjudicated death penalty 
cases said that “The ‘rarest of rare’ principle has not 
been followed uniformly or consistently.”

A Judge with long experience as an appellate Judge 
said,

“Many people willing to give the death penalty and 
some may not, I do not have rights to take somebody’s 
life, and it depends on their background, a Judge’s 
Background.”

As a judge, we live with certain prejudices in our 
thoughts with a certain sense of judging the right and 
wrong. For example, there might be a Sikhs Judge and 
so sensitive; for him killing is a crime, so they cannot 
give the death penalty.

And it also depends on the person’s character; cer-
tain people can have different perceptions, they are 
very rugged and rogue, they have a different percep-
tion on society…” 

Thus, the social cultural upbringing of a judge cre-
ates a deep-rooted bias in his/her mind and wields an 
enormous influence on his choice of the sentence in 
a capital offense by causing him to gloss over the ob-
jective analysis of the factual matrix and accord pri-
macy to the subjective prism through which facts are 
viewed, and justification for the sentence is crafted.

The above study throws light on the confusion in 
the judges’ minds as to the meaning of the phrase ‘rar-
est of rare,’ each one having his perception. Although 
the judges interpret the phrase as referring to ‘rarity 
of crime’ (brutal, heinous, revolting, etc.), the study 
mentions that the expression ‘rarest of rare’ indicates 
‘numerical rarity’ arrived at after “balancing the mit-
igating and aggravating factors” and finding that “the 
other option of life imprisonment is unquestionably 
foreclosed.”

Rising incidence of serious crime as per 
NCRB 

According to the statistics released by NCRB in 
2014, heinous murders, rape-murders, and abduc-
tion-murders involving the utmost cruelty and ex-
treme depravity that “shock the collective conscience 
of the community” are on the rise in India. The report 
mentions Figure 1 as: Murder-34434, Rape-24923, 
Kidnapping, and abduction (including kidnapping for 
ransom)-47592. The following graph highlights the 
seriousness of the situation.
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The corresponding figures in the NCRB report 
for 2018 are: Murder-29017, Rape-33356, Kidnap-
ping, and Abduction (including kidnapping for ran-
som)-105734.

Although the number of reported murders has de-
clined during the four years between the two reports, 
the incidence of rape has increased by more than 33% 
and of kidnapping and abduction by more than 110% 
during the said period. Celerity (swiftness) and cer-
tainty are the essential characteristics for any punish-
ment to act as a deterrent and crime control tool. To 
that extent, capital punishment is neither certain nor 
swift.

5. Factors to consider before replacing  
discretionary death penalty

For more than a century, a system that has been re-
lied on cannot be replaced easily. The following ques-
tions loom large.
1. Do we have enough resilience and patience to 

adapt to the new system?
Any change is unnerving and unsettling to some 

extent; it is better to be patient, give enough time for 
the adaptation process, and be prepared to face and 
tackle minor hiccups and teething trouble.
2. Do we have minimum necessary experience with 

Sentencing Commission to successfully transition 
from the discretionary death penalty to the guide-
lines bound one?
One cannot jump into a new system unless one has 

an idea of how it works. Working of Sentencing Com-
missions or Sentencing Councils can be easily studied, 
and their cumulative experience is an added advan-
tage. Our own experience is most valuable, and it will 
accrue over time once the mechanism is in place. 
3. What is the impression of the present system? 

The answer is writ large that the system is not work-
ing. It has failed. Even the Apex court in [31] observed 
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that “Unfortunately, we have not taken punishment 
seriously as it should be with the result that in cap-
ital offenses, it has become judge-centric sentencing 
rather than principled sentencing.” K. S. Radhakrish-
nan and Madan B. Lokur, JJ. Reviewed important 
judgments on capital sentence right from [3] which 
originally laid down the “rarest of rare” principle in 
1980. Observing “there was little or no uniformity in 
the application of this principle,” the Justices appeared 
to suggest that categorization and assessment of capi-
tal offenses to determine which ones qualify as “rarest 
of rare” and which ones do may not be easy. In other 
words, they expressed serious doubts about the useful-
ness of the prevailing framework. Is it an issue where 
having death sentencing guidelines will result in a far 
better way of ensuring the meeting of ends of justice? 
Ideally, it should not hamper the process of criminal 
justice administration. A guideline-driven sentence is 
far better than a judge-centric one.
4. How to implement the new system?

Trial judges must be trained in applying the new 
system. One may face a problem in changing the 
mindset; however, it must be kept in mind that any 
change is accepted gradually, notwithstanding initial 
opposition. The guideline sentence is not appealable. 
Minimum discretion to the judge in sentencing is per-
missible.
5. How to convince?

The confusion in the mind of a trial judge about 
the applicability or otherwise of ‘Rarest of Rare’ princi-
ple and the resultant unpredictability, disparity, incon-
sistency, and non-uniformity in the imposition of the 
death penalty; the protracted and seemingly intermi-
nable process of criminal justice administration, the 
endless stream of review petitions, curative petitions 
and mercy petitions making a travesty of justice and 
protracting the agony of victim’s family who is unable 
to bring closure to the tragedy are some of the most 
persuasive reasons.
6. What could be the opposition to the concept of a 

sentencing commission?
The sentencing judge who has tried the case is the 

proper and right authority to decide whether to im-
pose a death sentence or not; each case has different 
facts and circumstances, and they can be truly appre-
ciated only by the judge; there cannot be one size fits 
all formula. Discretion is an integral part of judicial 
decision-making, although it can be channelized and 
guided by long and well-established legal principles. 

These are some of the most likely arguments against 
the idea of the Sentencing Commission.
7. What is the counterargument?

Judge centric discretionary decision in death sen-
tence leads to the wide disparity in sentencing outcome 
of cases despite having very similar facts and circum-
stances; personal factors like ideology, upbringing, 
and sociocultural outlook of a Judge largely influence 
the sentencing outcome; all other things being equal, 
there should be predictability, parity, and consistency, 
and not arbitrariness, disparity, and inconsistency in 
imposing the death penalty whether the sentencing 
commission could assist or replace the system?
8. The American experience with Sentencing Com-

mission: Federal and State Sentencing Commis-
sions
US Sentencing Commission
As an alternative to judicial discretion in sen-

tencing and to eliminate personal bias, arbitrariness, 
disparity, and unpredictability in sentencing, the US 
Congress has constituted the US Sentencing Commis-
sion, a statutory judicial body entrusted with the task 
of formulating a mechanism for sentencing to remove 
disparity and element of surprise in sentencing out-
come. 

The commission lays down structured guidelines 
with narrow judicial discretion in the matter of sen-
tencing a convict. It has succeeded in bringing down 
the number of appeals against the sentence. The sen-
tencing judge may deviate from the prescribed sen-
tence, which can be appealed against to a very limited 
extent by giving reasons.

However, Congress has the ultimate authority over 
sentencing policy. It has continuing oversight of the 
work of the Sentencing Commission, which is always 
open to guidance from Congress. Thus it can be seen 
that in the US, it is the Parliament, and not the Judicia-
ry, which lays down the sentencing policy. However, 
the USA is a presidential form of democracy with a 
clear-cut separation of powers between state organs. 
India has a parliamentary democracy with accompa-
nying mutual turf encroachment by the branches of 
government. 

6. Concluding Remarks
As long as the death penalty remains on the statute 

book, it must be administered judiciously, transparent-
ly, predictably, and consistently. However, discretion 
in imposing a death sentence leads to discrimination. 
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Judges are also human beings and are not immune to 
influences from without and within, such as ideolo-
gy, upbringing, and sociocultural background, result-
ing in a judge-centric decision-making process. Such 
Judge-centric death sentence repeatedly manifested 
through myriad interpretations of the ‘Rarest of rare’ 
principle has resulted more in misery than in just, fair 
and reasonable sentencing outcome. 

By clubbing together all murders, whether simplic-
iter or with the contemporaneous offense, and mak-
ing them punishable u/s 302 IPC, the Supreme Court 
has diluted the offender’s culpability in murder with 
a contemporaneous offense such as rape, kidnapping, 
dacoity, etc. If the death penalty as a societal sanction 
is on a higher pedestal, so is the dastardly crime of 
rape-murder. Remorse by the convict as a mitigating 
factor is a dubious concept whose genuineness cannot 
be assessed and is most prone to be misused as a ruse 
to escape the noose. 

The 4-decade-old system is just not working and 
needs a far better replacement. Sentencing Commis-
sion, though not a perfect mechanism- no mechanism 
can be perfect given the very nature of capital pun-
ishment as an antithesis of human rights approach- 
seems to overcome many of the drawbacks and short-
comings of the existing judge-centric system. Thereby, 
springs hope for embedding perfect reason within ju-
dicial discretion. 
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Abstract
Most of the criminal justice systems worldwide adopt the refor-
mative tools and techniques with the prime object to introduce 
reformation in convicts instead of using age-old coercive tech-
niques. The Indian criminal justice is not an exception to this. 
Indian criminal jurisprudence believes in the reformative the-
ory of punishment where the criminal shall be treated with as 
much goodwill and humanity as a normal citizen. It believes 
in the capacity of a person to change and usually holds the 
surroundings responsible for influencing a specific type of de-
viant behavior. The intention is to review whether reformative 
theory also counts as a form of ‘punishment’ or is a mere form 
of intervention. If the same qualified as the latter, then wheth-
er the same is conclusive? Attempts at social integration for 
the criminals may be successful, provided there is readiness on 
behalf of both the parties involved. The rate of success in India 
is adjusted due to external factors such as lack of education, 
population explosion, and social morality. The collateral impacts 
of recidivism are something that needs to be studied to the 
cause of rehabilitative theory. Further, in this paper, researchers 
have reviewed the efficacy and various facets of the reformative 
theory of punishment.
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1. Introduction
“Society must strongly condemn crime through 
punishment, but brutal deterrence is fiendish folly 
and is a kind of crime by punishment. It frightens, 
never refines; it wounds never heals”.

-Supreme Court Justice, V.R. Krishna Iyer

The overall purpose of this study is to analyze 
whether the rehabilitative theory (alternatively used 
with ‘reformative theory’) of penology is an appro-
priate alternative that can be sought when it comes 
to achieving the end of a crime-free society. The shift 
from the nature of the crime that requires punishment 
to the reason behind the crime, requiring some form 
of solution or change, we seek to find whether such 
intervention would suffice in the form of the rehabil-
itative theory. 

In order to study the emergence of this theory, it is 
important to see why the other theories of punishment 
were not as successful. To this effect, the author ana-
lyzed the following: 
• Deterrence theory: The fallacy in this theory exists 

when it believes that the offender offends by choice 
and that their actions are unguided [1]. 

• Retribution theory: The fallacy in this theory 
exists when it comes to punishment intending to 
ascribe blame. The motive becomes revenge, and 
punishment is lost in sight [2]. 

• Incapacitation theory: The major fallacy of the the-
ory is its approach. Removing the criminals from 
society does not solve crimes [2]. It is short-sighted 
and does not encompass a holistic solution. 
The reason to study antecedents of human be-

havior is justified by this theory which encourages to 
strike at the root of the problem to meet the end [3]. 

It believes in the capacity of the individual to re-
form. In some way, this may also be seen as a form of 
punishment since the reform measures may be sub-
jected without obvious willingness or consent, causing 
equal pain. However, the same may be justified since it 
attempts to work for the individual first and the gener-
al society as a consequence and not vice versa. 

2. Morality Aspect of Reformative Theory  
of Punishment

The issue also arises with the fact that there is no 
common understanding of the concept in itself. For 
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some, the reformative theory uses only correctional 
means to combat delinquency, aiming to re-induct 
a person socially. On the other hand, some consider 
this theory to be a means of punishment to the extent 
that any form of punishment can be inflicted on the 
convict if the same expounds the possibility of the “so-
called change.”

Questions also arise whether simple justification of 
the crime is enough to let go of the same has varied 
social repercussions that might have everlasting im-
pacts? Or can this be debited only when we guaran-
tee a crime-free society? How do we then guarantee a 
crime-free society? The questions remain settled quite 
unsatisfactorily.

The issue also comes as to how be us as a society, to 
impose what is morally right or wrong on an individu-
al who lacks the basic foundation of accepted civilized 
behavior in the first place. Is it then possible to build 
them a foundation all over again? All such questions 
would remain unsatisfactorily answered due to over-
population and other situational drawbacks. 

To force a person to conform to norms to which 
they have never been privy to their whole life also 
amounts to some form of torture at the end of the day 
and would cause rifts in their sense of understandings 
as well, which is the only logic behind calling this the-
ory a form of ‘punishment.’ How else do we justify this 
to be a form of punishment otherwise? 

Although, the potential of a human to adapt to 
the circumstances they are subjected to is something 
which cannot be completely dismissed. If the social 
circumstances are to be blamed for delinquent condi-
tioning, then would not subjecting them to an envi-
ronment conducive to growth and productivity help 
foster mutual living? If the social construct believes in 
‘hate the crime, not the criminal,’ then awarding them 
a second opportunity along with conditioning and a 
picture of the “otherwise” might bring about unex-
pected results.

3. Merits of Reformative Theory  
of Punishment

The base of reformative philosophy is based on 
the principle that no person is born criminal. The 
environment or the circumstances wherein he re-
sides makes him criminal. Therefore, every criminal 
should be treated as a patient. All the possible ways 
shall be explored to reform him and convert him into 
a law-abiding citizen. The theory of reformation finds 

itself, more than often, co-existing with the concept of 
restorative justice. This theory has been chiefly criti-
cized for being way too idealist or theoretical in this 
approach. It fails to find itself being majorly applied to 
the realities of the way of life in India. 

It finds its justification solely and only on the basis 
that the offender commits the crime due to adverse 
social circumstances, which, however, remains an un-
settled premise to the extent that it does not consider 
to a large extent white-collar crimes, does not consider 
the willingness aspect of a person to be influenced in 
the first place and seems to conveniently ignore the 
part where the guilty has to take responsibility for his 
willingness to act in a particular way which is detri-
mental to another. 

Just because a penal system provides for punish-
ment does not make it cruel. The varying degrees of 
punishment provided show the legislative cognizance 
towards a multiplicity of situations. 

One of the most obvious reasons why the refor-
mative theory is considered idealist is because of its 
theory being Community Monitoring and Commu-
nity Rehabilitation. Community monitoring is some-
thing that our system would be incapable of since the 
resources available to the population to be monitored 
are way off the charts. Community rehabilitation re-
quires much-skilled labor, which is very difficult to 
find in this unevenly educated demography. 

There is a need to assess the risk and categories the 
criminals so that those who have a scope of reforma-
tion in the extensive form would at least benefit from 
the attempt more, which, however, is very much im-
possible looking at the current Indian prison scenario 
due to various reasons such as prison overcrowding 
with occupancy rates going up to more than 115%, hu-
man rights violation, lack of sentencing guidelines and 
high cost of maintaining prisons. 

The prison staff is required to undergo rehabilita-
tion-cum-correctional course so that an environment 
for the same is provided to the prisoners; the imple-
mentation of the same, however, is void. The trial 
courts are also in a way handicapped to categories the 
offenders due to lack of a solid mechanism, which fur-
ther disrupts the objective. 

Today, prisons in India are not congenial for refor-
mation and rehabilitation, which helps create a breed-
ing ground for further delinquency. 

When the reformative theory fails to achieve the 
objective due to various reasons such as prison over-
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crowding, human rights violation, lack of resources 
and methods, etc., the same inspires the criminals in 
these ways:
1. They may either go back to their original deviant 

ways because that is the only way of living for them 
(becoming recidivists)

2. Remain in the company of already seasoned recid-
ivists who get conditioned to behave in the same 
pattern. 
Recidivism clearly shows the failure of the refor-

matory technique; therefore, to remedy the same, the 
reasons for their relapse should be all studied inde-
pendently (may it be psychology or bad assembly or 
persistence inhabit); however, attempts to the same 
are followed by institutional failure and inadequacy of 
methods. 

Law is the instrument of social change [4]. This the-
ory takes into consideration the tendency of a human 
being to have erred in judgment. It considers treat-
ment as a form of resistance and mode to introduce re-
habilitation in criminals. This theory also believes that 
it is majorly the circumstances and situations, which 
compel a particular person to behave a particular way. 
So the objective becomes to transform the person so 
that they move on to accept an environment that is 
healthier and productive. The theory recognizes the 
socio-economic milieu here [5]. The focus, therefore, 
is on the root of the crime. 

The aim becomes to re-induct them in society as 
law-abiding citizens. This model is very appealing for 
a nation like India with an ever-expanding population 
to the effect that there are numerous problems due to 
prison overcrowding, causing and motivating further 
criminal behavior.

This theory takes into consideration criminology, 
which regards crime to be also a pathological phenom-
enon. The system, therefore, gives much importance 
to the pre-sentencing reports of the probation officers 
and psychologists. The punishment is for the offender 
and not the society. 

This theory believes that the crime is committed 
due to conflict between the character and motive of the 
criminal. The aim should be to bring about a change in 
the mental attitude of the criminals [6]. The Probation 
of Offenders Act, for example, is looked at as a “mile-
stone in the progress of modern liberal trend of reform 
in penology” [7] , and so is the Juvenile Justice Law [8]. 

There are few instances of torture and dereliction 
in the discharge of duties by the correctional institu-

tions in India; judiciary has taken the same and award-
ed compensations for the same [9]. The need arises to 
reduce social helplessness and explore the tendencies 
of actualizing suggestive measures [10]. 

4. Demerits of Reformative Theory  
of Punishment

The theory of reformation finds itself, more than 
often, co-existing with the concept of restorative jus-
tice. This theory has been chiefly criticized for being 
way too idealist or theoretical in this approach. It fails 
to find itself being majorly applied to the realities of 
the way of life in India [11]. 

It finds its justification solely and only on the 
premise that the offender commits the crime because 
of the unfavorable social circumstances, which, how-
ever, remains an unsettled premise to the extent that it 
does not consider to a large extent white-collar crimes, 
does not consider the willingness aspect of a person 
to be influenced in the first place and seems to con-
veniently ignore the part where the guilty has to take 
responsibility for his willingness to act in a particular 
way which is detrimental to another. 

Just because a penal system provides for punish-
ment does not make it cruel [12]. The varying degrees 
of punishment provided show the legislative cogni-
zance towards a multiplicity of situations. 

One of the most obvious reasons why the refor-
mative theory is considered idealist is because of its 
theory being Community Monitoring and Commu-
nity Rehabilitation. Community monitoring is some-
thing that our system would be incapable of since the 
resources available to the population to be monitored 
are way off the charts. Community rehabilitation re-
quires much-skilled labor, which is very difficult to 
find in this unevenly educated demography [13]. 

There is a need to assess the risk and categories the 
criminals so that those who have a scope of reforma-
tion in the extensive form would at least benefit from 
the attempt more, which, however, is very much im-
possible looking at the current Indian prison scenario 
due to various reasons such as prison overcrowding 
with occupancy rates going up to more than 115% [14] 
, human rights violation, lack of sentencing guidelines 
and high cost of maintaining prisons [15] 

The prison staff is required to undergo rehabilita-
tion-cum-correctional course so that an environment 
for the same is provided to the prisoners [16]. The im-
plementation of the same, however, is void. The trial 
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courts are also in a way handicapped to categories the 
offenders due to lack of a solid mechanism, which fur-
ther disrupts the objective [17]. 

Today, prisons in India are not congenial for refor-
mation and rehabilitation, which helps create a breed-
ing ground for further delinquency [18]. 

When the reformative theory fails to achieve the 
objective due to various reasons such as prison over-
crowding, human rights violation, lack of resources 
and methods, etc., the same inspires the criminals in 
these ways:
1. They may either go back to their original deviant 

ways because that is the only way of living for them 
(becoming recidivists)

2. Remain in the company of already seasoned recid-
ivists who get conditioned to behave in the same 
pattern. 
Recidivism clearly shows the failure of the refor-

matory technique [19]. The reasons for their relapse 
should be all studied independently to remedy the 
same (it might be psychology or bad assembly or per-
sistence inhabit); however, attempts to the same are 
followed by institutional failure and inadequacy of 
methods [20]. 

5. Evaluation of the Efficacy of Reformative 
Measures in Indian Scenario with its 
Demerits

The application of penal sanctions to wrongdoers 
and their impact is a multi-disciplinary study of var-
ious nation-states, which have evolved. The reforma-
tive theory of punishment is one of the products of 
such a study. This theory has two main facets:
1. To bring about a change in the attitude of the of-

fender;
2. Aiming to rehabilitate them as law-abiding mem-

bers of society. 
Punishment is supposed to be seen as a measure to 

reclaim the offender rather. It is also very important to 
remember that reformative they require an individu-
alized treatment towards the offenders. 

The world is very much divided on the validity of 
the reformative theory. On the one hand, they regard 
it as the cruelest form of punishment. However, on 
the other hand, it is not regarded as punishment at all 
since there is no “pain” involved. The Indian judicial 
system believes that criminals shall be treated with hu-
manism and goodwill rather than vindictiveness and 
deterrence.

The Indian Penal Jurisprudence is currently Re-
formist, having been well aware of the fact that there is 
a need to strike a balance between creating social con-
trol but also being wary of the fact that punishment 
carries with it a stigma which in as much as it fetters 
the normal liberty of individuals [21]. 

However, it is very important to study how India 
has understood reformation as a form of punishment. 
The reformist theory, much like the Indian criminal 
jurisprudence, believes that even if the offender com-
mits a crime, he does not cease to be a human being. 
India has had quite a few legislations which deal with 
the reformatory school of punishment, such as:

5.1. The Reformatory School Act, 1897
Focuses primarily on first-time child offenders, 

which the system believes are not worthy of being 
‘sent to jails as it would further harden them. They 
are recommended to be sent to Reformatory schools 
run by the government. Their movement is restricted 
within the confines, which they regard as a form of 
punishment. At the same time, the basic needs are yet 
satisfied. 

The government has failed at establishing refor-
matory schools that would put out good results that 
prevent recidivism and adverse psychological impacts 
on children and first-time offenders. There is no sol-
id account of setting up such institutes, and no report 
on its functioning and working success has been made 
publicly available to re-assess the same competency.

5.2. The Juvenile Justice Act, 2000
Focuses on young offenders and focuses on re-

molding the child. The procedure contemplated un-
der this Act is very much different than the normal 
penal procedures under the CrPC. The Juvenile Justice 
Board takes cognizance of the matters in this case. 

5.3. Probation of Offenders Act, 1958
Before releasing an offender, circumstances are an-

alyzed to consider whether the same is conducive to 
re-introducing them in society. This Act believes in of-
fenders whose Act was an error of circumstance rather 
than a concocted activity, which also aims to prevent 
their association and, therefore, influence hardened 
criminals in prison. It is solely courts discretion and 
conditioned by factors whether the conviction is for life, 
or a death penalty has been awarded, whether the of-
fender has an occupation to return to or a fixed abode. 
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The Act, however, fails to place certain responsibil-
ities on the society, which has to do the job of learning 
to accept the criminal back into the society. Treating 
them as outcasts and depriving them of reasonable 
opportunities for further improvement and social in-
tegration is, in a way, participating to their weakness 
and leads to no further social development. 

The Act is also flawed when it comes to Section 4, 
which says that furnishing a bond to a court before re-
lease on probation is a sufficient cause to gain immu-
nity from supervision, which is very much contradic-
tory to the correctional philosophy, envisaged. Mere 
visit of the probation officers does not bring about any 
scientific change in the attitude of the convicts. It does 
not result in “reformation” per se.

5.4. Parole Rules
Serving a part of the sentence precedes parole. The 

offender is allowed to find his place back in the society 
in the observance of cordial behavior while in custody, 
on the condition that the offender maintains his good 
conduct and continues to remain under observation. 

Parole faces the same problem as that of probation. 
Parole is, in a way, a chance for the offender to experience 
social re-integration, motivating them to come back to 
society. However, this has not been a very successful step 
towards the objectives since recidivist’s tendencies do not 
go away. The issues come when the convict might have 
to go back to the same social sphere, which somewhere 
motivated or aided to the commission of the crime.

Parole being a purely executive act of the State, the 
same vests with their discretion. However, no inspect-
ing mechanism exists to understand the success rate in 
granting this parole and whether it is a successful facet 
of aiming towards reformation and rehabilitation.

5.5. The Prisons Act, 1894
The Act lays down for separate imprisonment fa-

cilities for those convicted of criminal and civil offens-
es and for willful employment to keep the prisoners 
in touch with their productive side, but to also allow 
them to provide some financial assistance to their 
families and leave the prison with some form of mon-
etary backing. 

The Prisons Act has been by far one of the most 
incompetent codes for moving towards a correctional 
theory of punishment in India. The Act is completely 
silent about how reformation can be motivated and 
needs amendments to suit that requirement.

5.6. Report of All India Committee on Jail Re-
forms (Volume II: Part I)

The care of criminals must be entrusted with pro-
fessionally trained people in penology methods. The 
appointment of a trained expert was contemplated by 
the Jail Reform Committee in 1920 itself (Ministry of 
Home Affairs, 1980-83).

Report of All India Committee on Jail Reforms (Vol-
ume II: Part II): Contemplates that an “unfortunate 
feature of the correctional system” is that the Prison Act 
does not mention any such reformative measures in 
the body of the legislation in itself. The objectives of 
reformation and rehabilitation are devoid of the force 
and sanctity of law [13]. Our organizations have run 
the risk of stagnation and eventual ineffectiveness by 
ignoring their functional capacities.

6. Judicial Approach towards the Reformative 
Theory of Punishment in India

Judiciary in all the civilized and democratic na-
tions play a vital role in shaping the penal policy of 
the nation by considering the change in circumstanc-
es, suitability of punishment in a given environment, 
and demand of time. Indian judiciary is no exception 
to it; in several judicial pronouncements, the Supreme 
Court of India and High Courts of various States have 
been settled the road map, laid down some sacrosanct 
principles about applying the measures in the Indian 
Scenario.

In Narotam Singh, the Supreme Court of India 
ruled that “Reformative approach to punishment should 
be the object of criminal law, in order to promote reha-
bilitation without offending community conscience and 
to secure social justice.”

In Rama Murthy, the Supreme Court had studied 
hurdles specifically being faced by prison authorities 
while executing the reformative theory of punishment 
and pointed out the Nine Major Problems confront-
ed in India, these problems are “over-crowding, Delay 
in the trial, Torture and ill-treatment, Neglect of health 
and hygiene, Insubstantial food and inadequate cloth-
ing, Prison vices, Deficiency in communication, Stream-
lining of jail visits, Management of open-air prisons.”

In Rakesh Kaushikv. Superintendent, Central Jail, 
Hon’ble J. Krishna Iyer, has expressed his views about 
the efficacy of the Reformative Measures and applica-
tion of the humanitarian approach; he observed that 
“every prisoner is a person, and such person hold the 
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human potential which, if unfolded, makes a robber a 
Valmiki, and a sinner a saint.”

In Mohammad Giasuddin v. State of Andhra 
Pradesh, Hon’ble J. Krishna Iyer observed that “Ref-
ormation should be the dominant objective of punish-
ment. During incarceration, every effort should be made 
to recreate the good man out of a convicted prisoner.”

In Rajendra Prasad v. the State of UP, the Supreme 
Court held with the majority, “it is illegal to award cap-
ital sentence without considering the correctional possi-
bilities inside prison” [19]. 

In M.H. Hoskot v. the State of Maharashtra, Supreme 
Court has cautioned about the too lenient view towards 
applying reformative theory; the court observed that 
“showing more leniency to offenders based on reforma-
tive theory would amount to injustice to the society.”

In Dr. Jacob George v. the State of Kerala, Supreme 
Court has harmonized the efficacy of thee all the the-
ories of punishment and held, “Preferring one theory 
to other is not the sound policy of punishment. Each 
theory of punishment should be used independently or 
combined according to the merit of the case.”

7. International Application  
and Understanding of Reformative Theory  
of Punishment

The international opinion on the criminal “punish-
ment crises” stems from the opinion that the convict 
has to revert to society. Better efforts must be taken for 
rehabilitation, and community integration must play a 
constructive role. They consider imprisonment to be 
the last resort and call for more suitable reforms [23]. 

In Ethiopia, the Mekelle Prison Project has been a 
great success in moving towards reformation and re-
habilitation as a system. The prisoners were educated 
and vocational training, which developed their acu-
men in business, which was further supported by pro-
viding them with loans and microfinance to help them 
set up business cooperatives. These cooperatives, in 
turn, reduce crime rates in society via the provision of 
employment, taking away the anti-social tendencies. 
This program has been run in tandem with the Inter-
national Labor Organization organ of the United Na-
tions. An attempt at fostering gender equality by pro-
viding women with equal opportunities for business 
and learning can be very evident in this policy [24]. 
The efforts taken by this under-developed country 
cannot fall short of an inspirational model for coun-
tries like India, which has better resources.

In the USA, the development of Electronic Moni-
toring after release on parole and probation has given 
highly suitable results and has helped in the refrac-
tive measures and reducing the risk of recidivism. 
Although the USA has a very high recidivism rate, 
around 41 percent, the same has been the result of re-
sorting to reformative measures very late in the trial 
process. The USA has also aimed to target the nerve 
centers of the cause of crime, whether it is addiction 
or poverty or illiteracy; however, due to their feder-
al set up, and regulating the same standards of prison 
reform is very difficult or impossible for them. For ex-
ample, while all federal prisons have alcohol and drug 
rehabilitation centers, such is not available in almost a 
quarter of the state prisons [25]. 

In the 13th United Nations Congress on Crime Pre-
vention and Criminal Justice, Doha Declaration, the 
member states have developed the Roadmap for Pris-
on Based Rehabilitation Programs that guide the pris-
on authorities for meeting international standards of 
rehabilitation and reformation. Indonesia, for exam-
ple, has shown good results in collaborating with these 
programs. Setting up of Semarang Female Correction-
al Facility that affords female inmates to rebuild their 
life post-sentencing has been monumental. It says, 
“Society can judge what we did, but it cannot judge 
what we will become.” [26]. 

The ICCPR (International Covenant for Civil and 
Political Rights) lays down from Articles 10 to 14 the 
term reformation, which cares to promote the reha-
bilitation system; however, it does not refer to it as a 
reparation measure.

The United Nations Convention against Torture also 
includes means of rehabilitation to be a part of com-
pensation.

The Italian prisoners in Calabria have been given 
the option of reducing their sentence by three days for 
every book they read (16 books per 12 months), which 
aims to inculcate a culture of reading, education, sys-
tem, and socially conducive behavior which would 
help the prisoners adjust better post-release, which 
was inspired by the Brazilian program of “Redemption 
through Reading.”

Prisons in Nigeria have also invoked short-term 
training programs for shorter sentences with work-
shops such as entertainment and catering courses [27]. 

Certain countries have taken the battalion of shar-
ing the onus with the society where the subject must 
meet his needs post-release. Such as in Norway, there 
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is a “re-integration guarantee” where the obligation is 
on government departments and public agencies to 
assist released prisoners [28]. Similarly, in Uruguay, 
companies handling public contracts and public ser-
vices have to have 5% work reserved for post sen-
tenced subjects, which has to be preceded by a system 
of reformation that can be relied upon, which India as 
a country lacks faith in presently.

In the United Kingdom, the Criminal Courts Sen-
tencing Act, 2000 provides rehabilitation order, super-
vision, and action plan order. The UK has also believed 
in community sentences rather than short sentencing. 
The report on Prison Safety and Reforms that is pub-
lished by the Ministry of Justice in the UK is in my 
opinion, pretty superficial and does not talk about the 
effects of reform on the prisoner vis-à-vis the society 
by only talks about how the prison can be reformed 
in respect to its staffing and intelligence system. The 
same, in my opinion, is a very insufficient account of 
the reformation of the prisoner aspect [29]. 

In Canada, the Correctional and Conditional Re-
lease Act, 1992 promotes the protection of human 
rights in the correctional process. However, it consid-
ers public safety to be the center for policy.

Singapore has shown major growth as recidivism 
has dropped from 2000-2009, and the rate of impris-
onment has also come down.

Australian approach towards prisoners has been 
extreme at its core. On the one hand, they believe in 
strict punishments for the recidivists and, on the oth-
er hand, call for proportional sentencing. It pushes for 
home detention for petty offenses to reduce prison 
crowding and manifest the growth of criminal tenden-
cies [30]. They also use ‘Skype’ and ‘Tracking Devices’ 
in Australia has helped improved their correctional 
system and keep a check on repeating offenders.

8. Co-Existence of Reformative Theory  
of Punishment and Capital Punishment

The ends and means of reformative theory and 
capital punishment lie in complete contradiction as 
commonly known and perceived. 

The dichotomy of the situation arises when it comes 
to understanding that the reformative theory of pun-
ishment is based on the belief system that every in-
dividual can change for the good. It believes that the 
moral quotient of the individual can change if the same 
is nourished with the right understanding of the dif-
ference between good and bad, right and wrong, since 

the theory also believes that delinquent behavior comes 
from external factors which affect the upbringing and 
molds a person’s character in a particular manner. 

The law regarding Capital Punishment in India be-
lieves in the doctrine of awarding the death penalty 
only in the rarest of rare cases [31]. The rarest of rare 
doctrine embodies the fact that life imprisonment is 
the rule, and the death penalty is the exception. The 
standard test is assessing whether there remains no al-
ternative but to award the death penalty. 

Believing in such strength that the convict is:
1. Beyond the scope of any form of reformation, ow-

ing to the brutality of the crime and 
2. Whether there is no way that the criminal will 

come to being socially acceptable ever again or will 
have no space left for him in any social construct.
Article 21 of the Indian Constitution contemplates 

protection to the right to life and personality, which 
cannot be abrogated except according to the procedure 
established by law. The Article requires the existence of 
a due, just, and fair process based on which a person’s 
right to life can be curtailed.

The provisions regarding the death penalty are still 
considered due process. They have stood the tests of 
constitutionality throughout because they cannot be 
said to be an abrogation of the legal framework of the 
nation mandates per se [32]. 

The fact of the matter remains the same: India’s 
reformative theory is not considered a sufficient 
means of punishment on its own and has one hand-
dipped in the jar of belief of the deterrent theory. The 
Law Commission cited the first reason for refusing to 
remove this form of punishment from the penal code 
because of its deterrent effects.

The death penalty is considered a fair, just, and rea-
sonable procedure in the law penalty’s eyes [33]. The 
constitution is nowhere in opposition to death [34]. 

However, recently, the tendency of the courts to 
take a more pro-human approach has been increasing, 
and the same has been slightly reflected in the legal 
discourse. The 262nd Law Commission Report took a 
different approach towards the death penalty status in 
India and laid down for only selective retention in cas-
es of detriments to national security [35]. 

The courts have now referred to it as a distinctive 
feature of punishment that “somehow breaches the 
reformative theory of punishment in law” [36]. 

The theory supports the branches of criminal an-
thropology, criminal sociology, and psychoanalysis, 



Issue 25. December 2022 | Cardiometry | 375

which believe that the offender should be punished 
only for their benefit and that any form of capital pun-
ishment takes away the “benefit” aspect, naturally [37]. 

More than 106 countries have abolished the death 
penalty from their penal system, which in some way 
implies that there is no point in causing harm. Howev-
er, it is important to note that such abolishment might 
have the human rights aspect behind it rather than the 
fact that the same is done to maintain the intentions of 
rehabilitative theory. 

Ideologically, questions arise about where we stand 
as a society if we prefer that capital punishment should 
not be awarded to those convicted of gruesome rape 
or cold-blooded murderer. 

Would we succeed as a society if we believe in the 
generalized construct that every criminal deserves 
and can change? The risk of a flaw in this preposition 
is magnanimous. 

9. Suggestive Measures and Penal Reforms 
to Apply the Reformative Theory  
of Punishment

Matter of fact remains, that pragmatic solution as 
to how the reformation is to take place, during im-
prisonment and post, to ensure social rehabilitation 
has been less concentrated upon during this debate of 
righteousness. 

The government has been stressing that apply-
ing programmed treatment to all the offenders is the 
worst way to meet the objectives of criminal codes of 
this country [38] and that there is a need to eliminate 
the uncertainty to the manner of awarding sentences 
[39]. Probation service and correctional administra-
tion have been encouraged to have more voice in the 
sentencing system [40]. 

The government has been encouraged to find new 
alternatives to imprisonment [41]. A restorative pro-
gram has been put into planning as a form of its key 
recommendations [42]. 

It is noticed that prison overcrowding is many due 
to the undertrials. Therefore, the courts have been 
taking pro-active measures to ensure that they place 
more reliance on plea bargaining, bail, anticipatory 
bail, legal aid, and probation without actually diluting 
the essence of justice. 

When applied to the criminal justice system, the 
merits of technology would take it very far; however, 
the same has shown very retarded development. Even 
the Probation officers and Parole officers would find it 

very difficult to look after and keep up with the con-
vict due to a lack of developed monitoring techniques. 

Setting up addiction rehabilitation centers and 
providing professional psychological assistance to the 
delinquents can also establish a system that moves to-
wards reformation and avoids recidivism. 

Penal statutes need to be amended to talk about 
reformation exclusively so that the attitude of the 
criminal jurisprudence is swayed towards that need 
and not otherwise. 

The need to indulge in the reformative measures 
very early into the trial would help give out a more 
positive result than awaiting final conviction since the 
prisoner would be exposed to the habits and group 
influence when he is the most vulnerable self at the 
beginning.

The need to classify convicts into Children, Wom-
en, Habitual criminals, influenced criminals, influ-
encing criminals cannot be stressed upon in order to 
understand to whom can be reformed and who is be-
yond the scope of reformation in the first place so that 
the resources that are already so scared are allowed 
responsibly.

10. Conclusion
Every convict has been awarded the right to life 

with dignity. Such values echo in the ethos of the In-
dian criminal jurisprudential system and are recog-
nized, which the country is very well privy to the basic 
human rights. The reformative theory of punishment 
does exalt these values into creating safe spaces for 
those who can go back to being resourceful for society 
and giving them an opportunity. 

India’s stance on whether they wish to adopt a 
reformative theory of punishment in its penal system 
needs to be cleared, and proactive steps to enforce this 
form of jurisprudence in India must be taken.

The penal system in this country is not so condu-
cive to development for the simple reason that prison-
ers are looked down upon due to social stigma, which 
justifies how they have been neglected. 

However, this line becomes necessary to be studied 
when this same neglect becomes the cause of lack of 
social empathy, which then compels the criminals to 
do only what they will be allowed and be able to do, 
resort back to crime. It becomes a vicious cycle that 
has no end. 

The reformative method of punishment has a goal 
that can be very ‘utopian’ for a developing nation like 



376 | Cardiometry | Issue 25. December 2022

India, with such a magnanimous population that has 
to be regulated. 
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Abstract 
Menstrual irregularities are very common in young females 
nowadays. Menstrual irregularities can include an array of 
conditions like amenorrhea, oligomenorrhea, menorrhagia 
and metrorrhagia. They have a prevalence rate of as high as 
85% and hence should be considered a growing public health 
concern in India. These irregularities have been linked to in-
creased chances of developing chronic diseases like type-2 
diabetes, atherosclerosis, migraines, breast cancer etc. leading 
to a compromised quality of life in the future. Factors like exer-
cise, anthropometry, diet quality, mental health, sleep, circadian 
rhythm, PCOS or any underlying conditions and gut microbi-
ome have been suspected to play substantial roles in maintain-
ing and regulating the menstrual regularity of a female. Female 
athletes commonly face amenorrhea because of high energy 
restriction and long training exercise sessions. Body fat percent-
age and diet directly affect the circulating sex hormones in the 
body which causes alterations in the menstrual pattern. A poor 
mental health hampers the hormone homeostasis affecting the 
menstrual health with it. PCOS is a known disorder that causes 
irregularities and the relationship of gut health and irregulari-
ties has also been explored. Hence, adhering to a routine and 
following a healthy lifestyle including consumption of balanced 
food, routinely exercise, adequate and good quality sleep, a 
stable mental health and a diverse gut microbiome can be one 
of the ways to treat or cure these irregularities. This review pa-
per highlights most of the plausible factors that can affect or 
hamper menstrual irregularities in a female and how changing 
them can help and improve the condition. 
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Introduction 
Menstruation can be defined as the periodic shed-

ding of the endometrium lining of the uterus as a re-
action to the hormones being regulated in the body 
(Reed & Carr, 2000). Menstrual cycle is an interplay 
of the hormones produced by hypothalamus, pituitary 
and ovaries involving processes like ovulation and fol-
licular development (Mihm et al., 2011). Since it in-
volves a complex interaction of the hormones, a wom-
en’s menstrual cycle can be used as an effective tool for 
diagnosis, treatment and evaluation of any menstrual 
problems or disorders (Kulshrestha & Durrani, 2019). 

Menstrual disorders are a common problem 
amongst adolescents and young adult females nowa-
days. The pattern of menstruation can have a direct 
affect on the female’s reproductive life and hence it 
is important for the females to have accurate knowl-
edge about it (Dars et al., 2014). An average intermen-
strual period of 21-35 days with a more or less of 7 
days is considered normal. If anything above or below 
persists for a considerable amount of time, there are 
high chances of an underlying menstrual abnormality 
(Dambhare et al., 2012). In two-thirds of the girls, the 
normal pattern is created after 2 years of menstruation 
(Tayebi et al., 2018). It has been seen that menstrual 
irregularities have a tendency to aggravate frequency 
and degree of other menstrual symptoms too (Nam 
et al., 2017). Menstrual irregularities are usually con-
sidered to be minor health conditions and not a lot 
of people pay attention to it whereas they can be one 
of the risk factors of various life-threatening diseas-
es (Dars et al., 2014). They have been associated with 
higher chances with having diseases like type-2 dia-
betes mellitus, stress-induced cardiovascular diseases 
like atherosclerosis and hypertension, decreased bone 
mineral density and so on (Kaplan & Manuck, 2004).

Common menstrual disorders include premen-
strual syndrome, dysmenorrhea, amenorrhea, men-
orrhagia, oligomenorrhea, hypomenorrhea, polymen-
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orrhea, irregular cycles (Kulshrestha & Durrani, 2019; 
Sharma et al., 2008). 

Table 1
Types of menstrual irregularities

Condition Definition
Amenorrhea Absence of menstrual periods for more 

than 3 months continuously
Oligomenorrhea Irregular periods which happens more 

than 35 days apart
Menorrhagia Bleeding that exceeds more than 8 days 

every period
Metrorrhagia Inter-period bleeding; which happens 

between two cycles

The reasons behind an irregular pattern could be 
varied including diet as food can directly or indirect-
ly affect the circulating sex hormones in the body, 
the anthropometric data including weight and body 
mass index, poor mental health as that can affect the 
hormonal homeostasis of the body, polycystic ovari-
an syndrome as hyperandrogenism is one of its clas-
sic symptoms, poor lifestyle, faulty sleeping habits 
including poor quality and less duration, any other 
form of hormonal imbalance from underlying diseas-
es and other related environmental factors (Foster & 
Al-Zubeidi, 2018; Nam et al., 2017; Yu et al., 2017). 

This paper will review the plausible reasons behind 
irregularities and how different factors like their diet 
quality and habits, exercise, sleep duration and quality 
and so on can affect the regularity of menstrual cy-
cles. The reasons behind these factors will be explored 
and discussed. Available literature on the factors will 
be reviewed and this review will conclude with some 
basic lifestyle and dietary interventions that can help 
women to regularize their menstrual cycles and keep 
their bodies as healthy as possible. Table 1 shows the 
types of mensural irregularities.

A public health concern
Menstrual disorders tend to affect the quality of life 

and increase the chances of other chronic non-com-
municable diseases in women like type-2 diabetes 
(Dovom et al., 2016), cardiovascular diseases (Sol-
omon et al., 2002), migraines (Sullivan & Bushnell, 
2010), breast cancer (Terry et al., 2005), ovarian can-
cer and infertility (Kim et al., 2018) and hence it is 
important to know how common they are in the In-
dian subcontinent, making it an important yet often 
ignored public health concern for the Indian popula-

tion. Not much attention is paid to this field in India 
because the first hand problem regarding menstrual 
health in the country is hygiene especially in the rural 
areas which has been highly explored.

Since they can be an important tool for assessment 
of a woman’s health and well-being, collecting authen-
tic and real information becomes imperative. Since ir-
regularities can depend on a wide spectrum of factors, 
one of the commonly used tools for data collection 
could be questionnaires, self-reported answers from 
the educated population and gynaecological check-
ups. 

Prevalence
Dysmenorrhea or painful periods are the most 

prevalent forms of menstrual disorders. The preva-
lence of these varies from one part of India to another. 
The prevalence of dysmenorrhea in Delhi is around 
33% and the prevalence of premenstrual syndrome is 
around 67% (Sharma et al., 2008). It was discovered 
that about 76.9% of girls in Aligarh city, Uttar Pradesh 
had some form of menstrual disorders out of which 
21.3% had amenorrhea, 16% had menorrhagia and 
13% had oligomenorrhea (Kulshrestha & Durrani, 
2019). In Gwalior, a city in Madhya Pradesh, the prev-
alence of dysmenorrhea was as high as 79.67% among 
pre-college students (Anil Agarwal & Agarwal, 2010). 

Prevalence of irregularities in Mysore, South In-
dia was about 11.9% and dysmenorrhea was around 
78.2% (Omidvar & Begum, 2011). In Tamil Nadu, it 
was seen that almost 44.8% of females of reproductive 
age in a rural area had at least one menstrual disor-
der, dysmenorrhea with a prevalence of 22.7% and 
oligomenorrhea with a prevalence of 12.1% being the 
most common among them (Vanitha et al., 2017). In 
Kerala, 74% of the adolescent girls had dysmenorrhea 
including abdominal pain and dysmenorrhea, 24% of 
the population had menstrual irregularities with only 
4% having menorrhagia (Varghese et al., 2019). Kar-
nataka reported 12% of amenorrhea among late ado-
lescent girls along with 32% of them having dysmen-
orrhea(Itagi, 2017). 

The prevalence of menstrual disorders was found 
to be as high as 85-93.4% in India (Kulshrestha & 
Durrani, 2019). The prevalence of them in both north 
and south India are almost similar with dysmenorrhea 
and premenstrual syndrome being one of the majori-
ties. Irregularities on the other hand had varied per-
centages. Some of the south Indian areas had relatively 
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lesser prevalence of irregularities when compared to 
northern India. This also implies that they should be 
a common medical concern in females all over India 
and reasons behind them should be explored for de-
veloping the right kind of interventions. There was not 
enough literature which focused on the eastern India 
and the prevalence there. 

Exercise 
Exercise is considered to be essential for healthy 

ageing and a balanced lifestyle for an individual of 
any age group or any gender. It is also known to be a 
preventive measure for chronic lifestyle diseases (Viña 
et al., 2012). Exercise can have an effect on the age of 
menarche, luteal phase of the cycle, anovulation and 
amenorrhea (de Crée, 1998; Fruth & Worrell, 1995). 
Menstrual irregularities were found to be around 
78% of female athletes and gymnasts which primar-
ily included oligomenorrhea and amenorrhea. The 
causes for amenorrhea in athletes were multifactorial 
including a prolonged negative energy balance, high 
physio-genic stressors, hormonal status, training and 
physical parameters as they can hamper the hypothal-
amus-pituitary-ovarian axis of the body (Pirke et al., 
1989). A direct relationship was found between the 
body fat percentage and chances of oligomenorrhea 
or amenorrhea. Since athletes tend to have a body fat 
percentage that is less than normal, they are more like-
ly to develop ‘athletic amenorrhea’ (Klentrou & Plyley, 
2003). Athletic amenorrhea can be a cause of ovarian 
dysfunction and it is also termed as hypogonadotropic 
hypogonadism (Pauli & Berga, 2010). Switching to a 
positive energy balance and managing the number of 
training days has shown an increase in the luteiniz-
ing hormone and decreased the cortisol levels in the 
body which can be used for females who have severe 
menstrual problems (Bringer et al., 1997; Dueck et al., 
1996). 

Early osteoporosis and reduced bone mineral den-
sity were commonly observed conditions in female 
athletes, one of the causes being disordered eating and 
major or strict calorie restriction for an athletic body. 
Reduced bone mineral density making them more 
predisposed to getting injured often. Exercise can have 
an effect on the age of menarche, luteal phase of the 
cycle, anovulation and amenorrhea (de Crée, 1998; 
Fruth & Worrell, 1995). 

In average unathletic individuals with a sedentary 
urban lifestyle, it was found that girls who engage in 

moderate-intensity physical training had shorter and 
regular cycles along with lesser chances of developing 
breast cancer and amenorrhea (Bernstein et al., 1987). 
It was also observed that women who exercise regu-
larly have less intense dysmenorrhea as compared to 
those who did not exercise at all (Altfeld et al., 2008). 
It is thus recommended that women should engage 
in some form of exercise regularly not only to stay 
away from menstrual abnormalities but also other 
non-communicable diseases. Studies reported so far 
have focused on the type and the intensity of exercise 
that should be done however there are not enough 
reports that have focused upon how not doing exer-
cise can affect menstrual patterns positively indicating 
that some form of exercise should be done regularly in 
order to maintain a regular menstrual pattern and to 
avoid any irregularities. 

Anthropometry
Anthropometry is a quantitative approach to know 

the physical bodily measurements. It is used in the 
health industry as it can be a representation of how 
well an individual is nourished (Utkualp & Ercan, 
2015). There was a direct relationship that was found 
between dysmenorrhea and weight, waist circumfer-
ence, hip to waist ratio in a study conducted among 
college going students (Mohebi et al., 2018). Body fat 
or adiposity play an imperative role in in the produc-
tion of sex hormones and these sex hormones directly 
affect the menstrual health (Mongraw-Chaffin et al., 
2015). Therefore, females with higher or lower body 
fat percentages are at more risk of developing men-
strual disorders like oligomenorrhea, amenorrhea, 
menorrhagia and metrorrhagia. Nutritional status 
of the individual also comes into play; being under-
weight or overweight can also be one of the reasons 
behind menstrual disturbances as compared to those 
who have a normal BMI. It was found the females who 
were underweight had higher chances of menstru-
al disorders than their normal BMI counterparts. It 
is hence important for young adolescent girls to eat 
healthy foods and have a balanced diet so that they are 
healthy in physical, mental and reproductive aspects 
(Chowdhury & Chakraborty, 2017). 

Lesser body fat and high calorie restriction diets 
are one of the major reasons behind why women with 
anorexia nervosa develop primary amenorrhea. It was 
suspected that these changes in the hormones could 
be responsible for bringing about any feminine and 
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masculine characteristics in these women too (J. H. 
Baker et al., 2014). A relationship between presence 
of menstrual irregularities and high possibilities of de-
veloping momentary stress and episodes of skipping 
meals was also found in women with anorexia nervosa 
and this showed that menstrual irregularities can have 
an effect on eating behaviours and even perceived 
stress in the long run (J. H. Baker et al., 2014) . 

The available literature does not narrow down the 
possible relationship between the BMI and menstrual 
pattern as the findings are varied and not consistent 
(Tayebi et al., 2018). However, a relationship was found 
between BMI and how it can affect the spotting, cycle 
length, passing clots and bleeding in women (Tayebi et 
al., 2018). Since BMI is considered one of the indicators 
for a lot of health conditions, more the BMI, higher the 
chances of developing other non-communicable dis-
eases too and same is the case for menstrual pattern, 
in case of a high or a low BMI, females tend to develop 
higher chances of menstrual disorders like irregulari-
ties and dysmenorrhea (Anupriya Agarwal & Venkat, 
2009). It is also very well known that high lipid levels in 
the body as well as high body fat percentage predispose 
the person to many other diseases too, menstrual irreg-
ularities being one of them as that can bring a change 
or an imbalance in the hormone homeostasis in the 
body. The current literature focuses on how body fat 
and other anthropometric factors can alter menstrual 
pattern and the fat to muscle ratio or muscle mass was 
not explored, probably indicating that more research 
needs to be done on whether presence of muscle mass 
also affects menstrual irregularities. 

Diet Quality 
Diet quality of an individual has the ability to im-

prove all the bodily functions. When it comes to nu-
tritional quality of the diet and reproductive health, an 
unbalanced diet, any micronutrient deficiency, poor 
eating habits, faulty eating pattern, unhealthy relation-
ship with food and other individual factors pertain-
ing to the person amalgamate and form a tendency 
to have a relatively unhealthy lifestyle which could 
be responsible for a hampered production and reg-
ulation of reproductive and other related hormones. 
This change in hormones can be a reason behind an 
irregular cycle. There have been few associations that 
have been made with the diet quality of a person and 
their menstrual cycle. The importance of a balanced 
and a well-planned diet is usually unintentionally 

ignored, making it a plausible reason for commonly 
seen changes in reproductive health.

An energy deficit diet has shown to increase the 
chances of irregularities in menses, possibly because of 
less intake of dietary fat, hormone synthesis and regu-
lation is hindered in the body. A similar study among 
adolescents also showed that girls that had a low intake 
of dietary fat had higher chances of getting menstrual 
disorders and no relationship existed between fat and 
carbohydrate intake with the same (Indriasari et al., 
2019). Another possible relation could be between the 
hypothalamic-pituitary- ovarian axis and a mild re-
striction in calorie intake which created a negative en-
ergy balance in the body (Kapil & Sachdev, 2012). 

It was found out that women who followed meat-
less vegetarianism had a reduced follicular phase of 
their menstrual cycle, with reduced levels of LH and 
FSH (Pirke et al., 1989). Since meatless vegetarian di-
ets tend to be high in dietary fibre, paradoxically, it has 
also been shown that fibre is inversely related to con-
centrations of oestrogen, LSH, FH, progesterone and 
is directly related to the chances of anovulation and 
can further cause menstrual irregularities (Karolina et 
al., 2014). It is believed that fibre binds to oestrogen in 
the intestine, increasing its faecal excretion, which can 
cause a change in oestrogen homeostasis and possibly 
affect the menstrual cycle (Gaskins et al., 2009). A lot 
of importance is given to how diet especially energy 
consumption and presence or absence of fat can alter 
menstrual function however there is not enough re-
search on how diet composition like presence of some 
other specific micronutrients may cause a change in 
the pattern, that field of research is yet to be explored. 

Mental Health 
Health has always been defined by WHO as “a state 

of complete physical, mental and social well-being 
and not merely absence of a disease”. Mental health is 
a growing concern and some studies have focused on 
how it can affect the physical and the social aspects of 
health. Neurotransmitters and sex hormones have in-
terwoven functions, they can affect each other’s func-
tion and regulation (Barth et al., 2015). Since anxiety 
and depression disorders alter the monoamine and se-
rotonin physiology in the body, they can also directly 
affect the circulating sex hormones like oestrogen and 
progesterone (RBenjamin, 2008). A similar pattern 
was also observed in women with bipolar disorder, the 
prevalence of menstrual irregularities like oligomen-
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orrhea, menorrhagia, amenorrhea was around 65%, it 
was seen that their cycles were relatively longer and 
they had mood swings based on their cyclic phases too 
(Rasgon et al., 2003). 

In an adult female population, it was found out that 
women with depressive mood, higher psychological 
stress and suicidal ideation had increased chances of 
menstrual irregularities (Kim et al., 2018). Similarly, in 
a study done in college-going students, high stress con-
ditions were associated with higher chances of men-
strual irregularities and not any other disorders like 
dysmenorrhea. This shows that perceived stress directly 
affects the menstrual pattern in young females (Nagma 
et al., 2015). It was hence said that more the number of 
mental health problems, more the chances of menstrual 
irregularities too (Yu et al., 2017). People who were ex-
posed to stress in the long-term during their childhood, 
had higher chances of a dysfunctional neurotransmitter 
regulation and that has the potential to damage their 
hypothalamus-pituitary- ovarian axis which is directly 
affect the menstrual pattern (Yu et al., 2017).

The neurotransmitters that the brain releases in 
case of depression, anxiety, stress or any other men-
tal health condition, they tend to directly or indirectly 
affect the body in one way or the other. Especially if 
these conditions exist in hormonal transition periods 
in the female such as puberty or pregnancy, the chanc-
es of the changes increase manifolds (Barth et al., 
2015). It is hence important for an individual to have a 
good mental health and practice stress management to 
avoid long-term repercussions of the same. The cur-
rent literature mostly focuses on depression, anxiety 
and stress whereas not much has been explored on 
how psychiatric disorders like Alzheimer’s or Parkin-
son’s could also affect the menstrual pattern. 

Sleep 
Menstruation is a cyclic process that requires har-

mony of all the endogenous and environmental factors 
to work in sync, any alterations in these factors can 
cause abnormalities like irregularities, severe pain or 
excessive bleeding (Ok et al., 2019). Sleep and circadian 
rhythm are some factors that can alter the hormones 
like LH, FSH etc and can alter the phases in menstrual 
cycle. Disrupted circadian rhythms that are usually seen 
in women who work in shifts, have a high exposure to 
nocturnal light which may indirectly cause menstrual 
irregularities and further higher chances of developing 
breast cancer in the future (Terry et al., 2005). Women 

who have either shift work, long-working jobs or some 
other occupational classifications have higher chances 
of getting menstrual abnormalities. They have higher 
chances of having a disrupted light-dark cycles and that 
can hamper their circadian rhythms, the hypothala-
mus-pituitary- ovarian axis that plays a major role in 
ovulation is also linked with the circadian rhythm of 
the body (Ok et al., 2019) . 

A short sleep duration is associated with high-
er chances of menstrual abnormalities, if short sleep 
duration is accompanied with depressive disorders, 
anxiety disorders, psychological stress the chances of 
irregularities increases even more (Kim et al., 2018). 
When records from adolescents were taken, an inverse 
relationship was found between the sleep duration and 
the menstrual irregularities, lesser the sleep duration 
and higher the chances of developing menstrual ab-
normalities (Nam et al., 2017). Circadian rhythms 
have also been related to mood changes during pre-
menstrual syndrome and the luteal phase of the men-
strual cycle (Nam et al., 2017). 

Although sleep quality is low during menses, but 
the duration and timing should remain the same in 
healthy women, an altered sleep cycle will reduce the 
melatonin secretion and if this happens for an extend-
ed period of time, chances of abnormalities tend to 
increase with it. An altered sleep cycle could be be-
cause of shift-work, poor lifestyle choices, long-term 
exposure to white light which will again affect the 
light-dark cycle and will cause problems (F. C. Baker 
& Driver, 2007). It is hence recommended that devel-
oping and adhering to a routine is good for an individ-
ual’s circadian rhythm as well as other problems like 
menstrual abnormalities and other lifestyle related 
diseases. 

Gut Microbiome 
Gut microbiome is one of the principal regula-

tors of circulating oestrogen in the body, so whenev-
er there is some form of dysbiosis in the gut there is 
a reduction in the circulating oestrogen levels (J. M. 
Baker et al., 2017). Since estradiol plays a role in the 
menstrual phases (Sherman & Korenman, 1975), this 
can affect the cycle and may cause irregularities in 
the long term. It was found out that in women with 
unexplained chronic anovulation, particular subpop-
ulations of microbiota were present in their intestine 
which implies that gut microbiota could have a role in 
the ovarian function (Sasaki et al., 2019). 
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A lot of other factors can also affect gut microbiota, 
these include non-communicable diseases like infec-
tions, cancers, gastro-intestinal disorders, autoimmune 
diseases, mental or psychological disorders, metabolic 
diseases like obesity, type-2 diabetes, cardiovascular 
diseases like atherosclerosis and so on (Wang et al., 
2017). The treatment and prevention of these diseas-
es targeting the microbiota is being researched wide-
ly and some methods have been shown to be effective 
too (Wang et al., 2017). Gut health has been related to 
the hormones in the body as the microbiome can har-
bour hormone receptors working as a communication 
link between the microbiota and the host (Fukui et 
al., 2018). This can imply that menstrual irregularities 
could be altered by the gut microbiome and in the case 
of underlying diseases, the chances of other menstrual 
or ovarian abnormalities also increases. A high intake 
of fat and sugar diet can directly affect the gut and ovu-
lation disorders too and hence gut health is also direct-
ly related to PCOS (Zhao et al., 2020). Whereas, con-
sumption of prebiotics and probiotics has been proven 
to be beneficial for the gut health as prebiotics act as the 
food for the existing bacteria in the gut helping in the 
production of short-chain fatty acids (SCFAs) and pro-
biotics are live microorganisms that can be beneficial 
for the gut microbiome (Zhao et al., 2020). 

PCOS 
PCOS can be one of the major reasons behind ir-

regularities as one of the characteristic symptoms of 
PCOS is an irregular menstrual pattern. PCOS is one 
of the factors that can directly affect an individual’s cy-
cle and cause irregularities. PCOS is a syndrome char-
acterized by hyperandrogenism, menstrual irregular-
ities, hirsutism and/or cysts on ovaries (Ndefo et al., 
2013). The prevalence of PCOS among adolescents is 
9.13% in India (Nidhi et al., 2011) . The cases of PCOS 
are on the rise and the pathophysiology involves a 
hampered hypothalamus-pituitary axis, insulin secre-
tion and ovarian dysfunction (Ndefo et al., 2013). This 
syndrome is heterogenous and is more intense than 
PCOD. PCOD is polycystic ovarian disorder which 
does not have such a broad base of symptoms but is 
more of a lifestyle order caused mainly because of 
poor eating habits and a very sedentary lifestyle.

Due to the alterations in the ovarian functions, 
menstrual irregularities like amenorrhea, oligomen-
orrhea, menorrhagia are commonly seen in girls and 
women who have PCOS and PCOD, this makes them 

more predisposed to getting ovarian cancer and other 
chronic diseases (Harris et al., 2018). ‘Metabolic Syn-
drome’ has also been linked to PCOS and how wom-
en with PCOS have higher chances of developing it 
(Fernandes et al., 2005). The syndrome is also linked 
to higher chances of developing other chronic long-
term diseases like cardiovascular diseases because of 
higher chances of having high visceral adiposity, type-
2 diabetes due to the increased insulin resistance in 
the body and so on (Duleba & Dokras, 2012). Lifestyle 
changes have been considered to be one of the ways 
for its treatments for women with PCOS, focusing on 
factors like BMI, diet, exercise, positive mental health 
that can possibly bring about a change in their men-
strual irregularity and may help them in the long-run. 
Oral contraceptive pills and metformin have also been 
considered as one of the treatments for PCOS (Lanzo 
et al., 2015; Zhao et al., 2020). 

Conclusion 
Menstruation is a cyclic process that requires har-

mony of all the endogenous and environmental fac-
tors to work in sync, any alterations in these factors 
can cause abnormalities like irregularities, severe pain 
or excessive bleeding. Menstrual irregularities occur 
from a complex interplay of multiple factors, the ma-
jority of which are governed by the lifestyle of an in-
dividual. A balance between exercise, diet, sleep and 
mental health can help menstrual irregularities. But 
in the country with an ongoing nutrition transition, 
the urban lifestyle has modified so much that it has led 
to menstrual health problems in women. A balanced 
diet, regular exercise, a healthy mental state, adequate 
and routinely sleep and a diverse gut microbiome 
should help. Existing non-communicable disorders 
can also become an underlying reason for changes 
in menstrual health of a female. Menstrual irregu-
larities should be a growing concern in India but are 
not paid enough attention to. It can have long-term 
repercussions like chronic anovulation or even infer-
tility in some extreme cases. Studies have been done 
for various factors but the field of gut microbiome is 
unexplored, more definitive association between the 
gut microbiota and reproductive functions should be 
considered. Further research should be done in this 
field to bring about definitive causes or factors that 
affect the menstrual pattern so that health care profes-
sionals can help educate the affected population and 
counsel them accordingly.
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Abstract
Slums are high-risk environments for children, which in-
crease the likelihood of development of behavioral problems 
and poor nutritional status. A definite relationship between 
behavior and nutrition has been defined in children living in 
other settings, but evidence from slums is lacking. Thus, the 
purpose of this study was to understand the nature of the 
association between behavior and nutrition in children from 
an urban slum. This study included children of age 6-12 years 
(n=70). Convenience sampling was used to recruit partici-
pants. The parents of the children were interviewed, and de-
tails on socio-demography, socioeconomic status (SES), be-
havior (by Strengths and Difficulties Questionnaire), and diet 
of the child were recorded. Anthropometrics of the children 
were measured using standard procedures, which were used 
to categorize them by body mass index (BMI) and mid-up-
per arm circumference (MUAC). Data were analyzed using 
descriptive statistics and analytical tests. It was observed that 
children who were underweight or with an undernourished 
MUAC were less likely to display conduct problems and low 
prosocial behavior than children of normal weight. Children 
with an over nourished MUAC were more likely to be hy-
peractive. Decreased intake of protein and micronutrients 
corresponded to a lower prosocial behavior score. Intake of 
potassium was less among children who were hyperactive, 
while intake of sodium from food was more among chil-
dren with a raised total difficulties score. All these associ-
ations continued to be significant even after controlling for 
demographic variables. The findings of this study reiterate 
the need to include nutrition as an important component of 
studies and interventions targeting the mental health and 
behavior of vulnerable children in slums. 
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Introduction
Behavioral problems refer to “any deviation from 

social behavior and expression of signs and symptoms 
that do not meet the criteria for diagnosis of mental 
health disorders, but suggest a future risk to the child’s 
development.” Globally, the prevalence of “mental and 
behavioral disorders in children and adolescents” is 
documented at 12.8% in India to 22.5% in Switzerland. 

Nutrition is intricately linked to behavior. Nutrient 
depletion, when combined with a variety of intrinsic 
and extrinsic factors, affects mental health and pre-
disposes individuals to antisocial behavior, a condi-
tion termed as “Nutrient Depletion-Induced Neu-
ro-Chemical Disorder (Brain Hunger)” [1]. Several 
studies, both longitudinal and cross-sectional, have es-
tablished the relationship between malnutrition (both 
under- and over-nutrition) and behavioral problems. 
Imbalances in intake of nutrients such as low micro-
nutrient intake, fatty acid deficiency, or high sugar 
intake are also postulated to increase an individual’s 
inclination to antisocial behavior [2]. Thus, the com-
plete definition of malnutrition, i.e., lack of energy 
and/or nutrition, which may lead to lower immunity, 
increased susceptibility to illness, poor physical and 
mental growth, and decreased productivity, must be 
considered in the context of behavioural problems [3]. 

The urban slums of India are home to a stagger-
ing 65 million out of the 1.2 billion residents of the 
country. Maharashtra hosts the highest number of 
11.8 million slum dwellers (18.1%). Characterized 
by dilapidated housing, cramped living spaces, poor 
sanitation, and lack of access to basic facilities, these 
unhealthy dwelling areas negatively impact the growth 
and development of children [4]. Although not much 
research has studied the prevalence of behavioral 
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problems in these areas, the few which have been done 
pin the prevalence of children with at least one behav-
ioral problem in urban slums from 22.4% in Andhra 
Pradesh to 49.7% in Maharashtra [5]. The nutritional 
status of these populations is also poor, with the dual 
burden of the disease being widespread among disad-
vantaged communities – undernutrition as a result of 
lack of food or recurrent infections, and overnutrition 
as a result of incorrect mothering practices or infec-
tions [6]. 

It is indisputable that there exists a link between 
behavioral problems and nutrition (or lack thereof), 
yet there are limited studies that review this link in the 
highly vulnerable children of urban slums, especially 
in a developing country like India. Thus, this study 
has been conducted to understand the interrelation 
between behavioral problems and nutritional status of 
children aged 6-12 years in an urban slum in Pune, 
India [7]. 

Materials and Methods

Study design
This study is cross-sectional by design and was 

conducted in the Ambedkar Nagar slum in the Market 
yard, Pune. Children aged 6-12 years of both genders 
were included in the study, while those with a previous 
medical diagnosis of any chronic illness or genetic dis-
order were excluded. Convenience sampling was em-
ployed to select participants, i.e., consecutive dwellings 
with children were approached in order of appearance 
[8]. Parents of potential participants were informed of 
the study and its objectives, and only those who volun-
tarily signed the consent form were recruited [9]. 

Ethical approval
Ethical approval for this study was granted by the 

Institute Research Committee of Symbiosis School of 
Biological Sciences on October 14, 2019, and by the 
Independent Ethics Committee of Symbiosis Inter-
national Deemed University, Pune, on February 11, 
2020.

Tools of data collection 
Structured questionnaire

A structured questionnaire was administered to 
the parents of the children through an interviewer 
in Marathi. It was used to collect information on so-
cio-demographic characteristics (age, gender, date of 

birth, presence/absence of chronic illness), socioeco-
nomic status, behavioral problems, and dietary intake 
of the children [10]. 

Socioeconomic status (SES)
Socioeconomic status was evaluated using Mod-

ified Kuppuswamy’s Socioeconomic Scale (2019), 
which considers the education and occupation of the 
head of the family, along with income per month of the 
family. An SES score, which ranges from 3–29, is cal-
culated from these three indicators of SES. This score 
was used to classify the children into three socioeco-
nomic classes – Low, Middle, and High SES [11]. 

Behavioral problems
Behavioral problems were assessed using the par-

ent-reported Strengths and Difficulties Questionnaire 
(SDQ), which is a compact behavioral questionnaire 
used for the assessment of emotions, behavior, and 
social functioning in children from 4-17 years [12]. 
This instrument includes 25 items which are divided 
between 5 subscales – difficulties with conduct, hyper-
activity, emotional symptoms, and prosocial behavior. 
A three-point scale was used by parents of the children 
to evaluate these items: “Not true,” “Somewhat false,” 
or “Definitely false”; the scales were then scored out 
of 10 [13]. In order to achieve a total difficulty score 
of 40, the scores of all subscales (excluding prosocial 
behavior) were added together. It was decided to cate-
gorize the scores of the sub-scales and the overall dif-
ficulty score as “normal” or “high.”. 

Dietary intake 
The 24-hour dietary recall was used for the ret-

rospective assessment of the child’s food intake. The 
parent of the child was asked a detailed list of all foods 
and drinks the child had consumed the previous day 
[14]. A single 24-hour dietary recall is held to be suf-
ficient to identify the average consumption of a pop-
ulation. (National Institute for Health Research, n.d.) 
Portion sizes of the foods and beverages consumed 
were reported in reference to standardized cups and 
spoons displayed. Nutrient intake of the children was 
then calculated using the software DietCal [15]. 

Anthropometric assessments
Anthropometric measurements were measured 

according to standard WHO guidelines. All instru-
ments were calibrated before use. Using a measuring 
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tape and a plastic ruler, we measured the children’s 
height [16]. The ruler was put at a straight angle to the 
wall on the child’s head. The tape measure was used 
to measure the height to the closest 0.1cm. An ana-
log manual scale was used to weigh each person to the 
closest 0.1kg. In order to measure the MUAC, fiber-
glass tape was used to the closest 0.1cm. [17]. 

Nutritional risk factor definition
The body mass index (BMI) of the children was com-

puted by dividing weight (kg) by height (m2). (Centers 
for Disease Control and Prevention, n.d.) BMI-for-age 
was categorized as ‘Underweight,’ ‘Normal’ and ‘Over-
weight/Obese’ in accordance with the guidelines set by 
the Indian Academy of Pediatrics MUAC was classified 
considering <14.5cm and <17cm as ‘undernourished’ 
for the age groups 6-9 and 10-12 years respectively [18]. 
The cut-offs considered for the ‘overnourished’ group 
(which identifies with obesity as defined by BMI) was 
18.8 cm for boys aged 6-9 years, 19.4cm for girls aged 
6-9 years, 23cm for boys aged 10-12 years, and 23.3cm 
for girls aged 10-12 years [19]. 

Data analysis
All of the data was cleansed and verified for errors. 

We put the data into SPSS version 16.0, which was 
used to analyze it. Descriptive statistics were used to 
characterize the demographic features. For categorical 
variables, the chi-square test of independence was em-
ployed. To identify dietary risk variables for behavioral 
disorders, univariate and multivariate logistic regres-
sion was utilized. The relationship between nutrition-
al consumption and SDQ scores was examined using 
multiple linear regression. It was decided to perform a 
one-way analysis of covariance (ANCOVA) to deter-
mine the difference in mean nutritional consumption 
across SDQ categories. A p-value of less than 0.05 was 
considered significant for all tests. 

Results

Demographic characteristics 
Table 1 represents the demographic characteristics 

of the study population. Fifty-two children (74.3%) 
had at least one behavioral problem, with conduct 

Table 1
Demographic characteristics by SDQ subscale.

Variable Total 
sample
(n=70)

Conduct 
problems 

(n=36)

Hyperac-
tivity (n=5)

Emotional 
problems

(n=6)

Peer prob-
lems (n=5)

Low prosocial 
behaviour

(n=38)

Total diffi-
culties
(n=7)

Age category
6-9 years 43 (61.4) 19 (52.8) 3 (60.0) 0 (0.0) 3 (60.0) 26 (68.4) 3 (42.9)
10-12 years 27 (38.6) 17 (47.2) 2 (40.0) 6 (100.0) 2 (40.0) 12 (31.6) 4 (57.1)

Gender
Boys 42 (60.0) 23 (63.9) 4 (80.0) 3 (50.0) 3 (60.0) 24 (63.2) 4 (57.1)
Girls 28 (40.0) 13 (36.1) 1 (20.0) 3 (50.0) 2 (40.0) 14 (36.8) 3 (42.9)

SES category
Low 50 (71.4) 26 (72.2) 5 (100.0) 5 (83.3) 5 (100.0) 29 (76.3) 4 (57.1)
Middle 20 (28.6) 10 (27.8) 0 (0.0) 1 (16.7) 0 (0.0) 9 (23.7) 3 (42.9)

Education of father
Literate (<8th standard) 33 (47.1) 20 (55.6) 4 (80.0) 5 (83.3) 5 (100.0) 19 (50.0) 4 (57.1)
≥8th standard 37 (52.9) 16 (44.4) 1 (20.0) 1 (16.7) 0 (0.0) 19 (50.0) 3 (42.9)

Occupation of father
Unskilled
(e.g. domestic servant, watchman)

20 (28.6) 9 (25.0) 2 (40.0) 1 (16.7) 1 (20.0) 7 (18.4) 0 (0.0)

Semi-skilled
(e.g. petty shopkeeper, factory labourer)

12 (17.1) 10 (27.8) 1 (20.0) 3 (50.0) 2 (40.0) 11 (28.9) 2 (28.6)

Skilled
(e.g. driver, electrician)

33 (47.1) 15 (41.7) 2 (40.0) 1 (16.7) 2 (40.0) 18 (47.4) 3 (42.9)

Arithmetic job
(e.g. shopkeeper, accountant)

5 (7.1) 2 (5.6) 0 (0.0) 1 (16.7) 0 (0.0) 2 (5.3)* 2 (28.6)

Monthly family income (₹)
≤13160 51 (72.9) 28 (77.8) 5 (100.0) 5 (83.3) 4 (80.0) 27 (71.1) 5 (71.4)
>13160 19 (27.1) 8 (22.2) 0 (0.0) 1 (16.7) 1 (20.0) 11 (28.9) 2 (28.6)

^ includes characteristics of the total sample and children belonging to the ‘Raised’ category for each SDQ subscale (‘Lowered’ 
category for prosocial behavior)
*Numbers in bold are significant at p≤0.05 by Chi-square test (a comparison made with the children belonging to the ‘Normal’ 
category of each SDQ subscale)
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problems (51.4%) and low prosocial behavior (54.3%) 
being the most prevalent. While a greater percentage 
of the children belonged to the 6-9 year age group 
(61.4%), all the children who had emotional problems 
belonged to the age group 10-12 years. There were 
more boys (60.0%) than girls, with no significant dif-
ference between them for any of the behavioral prob-
lems. While most of the children’s fathers had educa-
tion ≥ 8th standard (52.9%), fathers of all children who 
were reported to have peer problems had education 
less than 8th standard. Most of the children’s fathers 
(47.4%) held skilled jobs. The percentage of fathers 
performing semi-skilled jobs was significantly high-
er among children with low prosocial behavior than 
their more prosocial counterparts (28.9% vs. 3.1%). 
There was no significant difference in monthly family 
income (p>0.05). 

Predicting behavioral problems by 
nutritional risk factors

Table 2 represents the odds of behavioral problems by 
risk factors using logistic regression. The odds of having 
emotional problems increased by 2.55 with a one-year 
increase in age. After adjusting for demographics, chil-
dren who were underweight were significantly less like-
ly to develop conduct problems than those who were of 
normal weight (adjusted OR=0.16). Children who had 
an undernourished MUAC were also significantly less 
likely to develop conduct problems and low prosocial 
behavior than those who had a normal MUAC (adjust-
ed OR=0.06, 0.11). However, children who had an over 
nourished MUAC were 9.42 times more likely to be hy-
peractive than those with a normal MUAC. 

Table 3 shows OR of behavioral problems by nutri-
tional risk factors adjusting for demographic variables. 

Table 2
Odds ratio (OR) of behavioral problems by demographic variables and nutritional risk factors.

Variable Category Conduct 
problems

Hyperactivity Emotional 
problems

Peer problems Low prosocial 
behavior

Total Difficul-
ties

OR
(95% CI)

Age (in com-
pleted years)

- 1.14 
(0.89-1.45)

1.06 
(0.67-1.68)

2.55 
(1.23-5.29)*

1.12 
(0.71-1.77)

0.79 
(0.62-1.02)

1.27 
(0.85-1.91)

Gender Boys 1.39 
(0.54-3.65)

2.84 
(0.30-26.86)

0.64 
(0.12-3.43)

1.00 
(0.16-6.40)

1.33 
(0.51-3.48)

0.88 
(0.18-4.26)

Girls 1 1 1 1 1 1
SES score - 0.86 

(0.69-1.08)
0.81 

(0.53-1.25)
0.79 

(0.53-1.19)
0.77 

(0.49-1.19)
1.01 

(0.82-1.26)
1.22 

(0.86-1.73)
BMI category Underweight 0.15 

(0.03-0.78)*
1.47 

(0.14-15.61)
0.00 

(0.00)
1.08 

(0.11-10.69)
0.30 

(0.07-1.29)
1.08 

(0.11-10.69)
Overweight/
Obese

0.68 
(0.19-2.42)

1.33 
(0.13-14.09)

2.15 
(0.34-13.42)

0.00 
(0.00)

2.42 
(0.58-10.10)

2.15 
(0.34-13.42)

Normala 1 1 1 1 1 1
MUAC cate-
gory

Undernour-
ished

0.10 
(0.01-0.87)*

0.00 
(0.00)

0.00 
(0.00)

2.52 
(0.23-27.72)

0.10 
(0.01-0.87)*

0.00 
(0.00)

Overnour-
ished

0.35 
(0.06-2.06)

8.83 
(1.13-69.15)*

2.04 
(0.19-21.08)

3.53 
(0.31-40.61)

1.39 
(0.24-8.26)

1.67 
(0.17-16.76)

Normal 1 1 1 1 1 1

^The odds of belonging to the ‘Raised’ (/’Lowered’) category for each SDQ subscale is represented here
*Numbers in bold are significant at p≤0.05 by logistic regression
a reference

Table 3
OR of behavioral problems by nutritional risk factors adjusting for demographic variables.

Variable Category Conduct 
problems

Hyperactivity Emotional 
problems

Peer problems Low prosocial 
behavior

Total Difficul-
ties

OR
(95% CI)

Model 1 
BMI category Underweight 0.16 

(0.03-0.86)*
2.30 

(0.18-30.08)
0.00 

(0.00)
1.53 

(0.13-17.82)
0.28 

(0.06-1.28)
0.84 

(0.08-8.98)
Overweight/
Obese

0.63 
(0.17-2.40)

1.68 
(0.14-20.92)

2.41 
(0.24-24.13)

0.00 
(0.00)

3.19 
(0.69-14.55)

1.50 
(0.22-10.25)

Normala 1 1 1 1 1 1
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The odds of belonging to the ‘Raised’ (/’Lowered’) cat-
egory for each SDQ subscale is represented here

Association between prosocial behavior 
score and nutrient intake

Figure 1 represents the relationship between 
prosocial behavior score and nutrient intake. After 
adjusting for age, gender, and SES score, multiple 
linear regression revealed a decrease in the intake 
of protein, B vitamins (except biotin and vitamin 
B12), and minerals (copper, iron, magnesium, phos-
phorus, potassium, and zinc) was paralleled by a 
decrease in prosocial behavior score. The greatest 
decrease was observed for the B vitamins, specifi-
cally riboflavin and pyridoxine. None of the other 
behavioral problems were linearly related to nutri-
ent intake. 

The difference in nutrient intake for specific 
behavioral problems

Figure 2 represents the difference in mean intake 
of selected nutrients between categories of specific be-
havioral problems, adjusted for age, gender, and SES 
score. Interestingly, the mean sodium intake from 
food (excluding added sources of sodium such as salt) 
was higher in children with a raised total difficulties 
score than those with a normal score. Potassium in-
take was less in children with a raised hyperactivity 
score. Protein intake was less in children with a low-
ered prosocial behavior score. 

Discussion
In this present study, we observed the association 

between behavioral problems and nutrition in a sam-
ple of children aged 6-12 years from an urban slum. 

Variable Category Conduct 
problems

Hyperactivity Emotional 
problems

Peer problems Low prosocial 
behavior

Total Difficul-
ties

OR
(95% CI)

Model 2 
MUAC cate-
gory

Undernour-
ished

0.06 
(0.01-0.61)*

0.00 
(0.00)

0.00 
(0.00)

3.01 
(0.23-39.40)

0.11 
(0.01-1.00)*

0.00 
(0.00)

Overnour-
ished

0.21 
(0.03-1.39)

9.42 
(1.00-88.49)*

1.22 
(0.09-17.64)

3.57 
(0.28-44.77)

1.76 
(0.28-11.12)

1.45 
(0.13-16.17)

Normal 1 1 1 1 1 1

*Numbers in bold are significant at p≤0.05 by logistic regression
a reference
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The prevalence of behavioral problems in this sample 
was much higher (74.3%) than observed in the urban 
slums of Andhra Pradesh and Sangli, Maharashtra 
(22.4%, 49.7%, respectively).(Bele et al., 2013; Jog-
dand& Naik, 2013) 

Children who were underweight were less likely 
to show conduct problems than children with a nor-
mal weight. Children with an undernourished MUAC 
were also less likely to show conduct problems and low 
prosocial behavior than those with a normal MUAC. 
A similar finding was observed in a cross-sectional 
study on Dutch children, where those who were un-
derweight had a lower score on the conduct problems 
scale than those of normal weight. On the contrary, 
a study in a slum area in Andhra Pradesh, India, re-
vealed that undernourished children had more than 
twice the odds of developing behavioral problems 
than children of normal weight. Thus, this study em-
phasizes that children with normal weight also display 
specific behavioral problems to a considerable extent 
warranting further research about the etiology in ap-
parently well-nourished children. 

Children with an over nourished MUAC were 
almost ten times more likely to be hyperactive than 
those with a normal MUAC. As MUAC is an accurate 
indicator of obesity in children, this finding is in tan-
dem with several other studies which have determined 
a link between obesity and hyperactivity/ADHD (at-

tention deficit hyperactivity disorder). The Millenium 
Cohort Study in the UK revealed that 5-year-old obese 
boys had a greater likelihood of having abnormal 
scores on all subscales of the SDQ, including hyper-
activity (OR=1.9). (Griffiths et al., 2011) Some stud-
ies posit hyperactivity as a risk factor for obesity. In a 
national study in the US on children aged 5-17 years 
(n=62,887), the odds of children with ADHD being 
overweight was 1.5 times higher than that of controls 
after adjustment for confounders. Obesity is linked to 
hyperactivity in children, whether as a cause or con-
sequence, is something to be further studied in this 
sample.

An intriguing trend is observed in the findings giv-
en above, i.e.behavioural problems are more seen in 
normal or overweight children. In a Barbados study, 
56 youth (11-17 years) who were of good health and 
had reached their complete growth potential by pu-
berty were reported with a greater prevalence of con-
duct problems than controls. These youth had been 
malnourished in their first year of life, unlike the con-
trols. Similarly, men who experienced severe mater-
nal nutritional deficiency in their first and/or second 
trimester during the Dutch Hunger Winter were at a 
higher risk of antisocial personality disorder and also 
had a higher BMI. Both behavioral problems and a 
healthy BMI seem to be linked to nutrition in the early 
years. Thus, whether these results are possible conse-
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quences of the far-reaching effects of early biological 
insults, which result in behavioral problems in later 
life despite a full physical recovery, is an option to be 
considered.

Nutrient intake was linked to specific behavioral 
problems. A decrease in the intake of protein and most 
micronutrients was paralleled by a decrease in proso-
cial behavior score. The implicated nutrients are major 
components of the Mediterranean diet, poor adher-
ence to which has been associated with low prosocial 
behavior. Specifically, children with behavioral prob-
lems and low prosocial behavior consume fewer serv-
ings of fruits and vegetables. These food groups, along 
with nuts, also contribute to 15% of dietary potassi-
um, the intake of which was significantly lower among 
children with a raised hyperactivity score in this study. 
This is contrasted by a study in China which revealed 
that potassium (as a part of the vitamin-dietary fiber 
nutrient pattern) did not significantly alter the risk for 
ADHD. Children with a higher score on the total diffi-
culties scale had a higher intake of sodium from food, 
i.e., intake of more sodium-containing food. While 
there is a dearth of evidence supporting associations 
between sodium intake and behavior in children, stud-
ies have shown that consumption of junk food, espe-
cially salty snacks, is accompanied by violent behavior, 
psychiatric distress, or hyperactivity in children. Thus, 
protein and the micronutrients appear to be positively 
associated with behaviour while sodium (from food) 
is negatively associated. Whether these nutrient asso-
ciations indicate environmental disadvantage, such as 
food insecurity or neighbourhood deprivation, which 
have been seen to negatively influence child mental 
health and prosocial behaviour; or a more cause-ef-
fect biological basis is an interesting question to be 
answered. 

Demographics were also related to specific aspects 
of behaviour. A one-year increase in age increased the 
likelihood of developing emotional problems. The 
older age group considered in this study i.e. 10-12 
years, has been reported to have a high prevalence of 
emotional problems such as depression and anxiety in 
other studies as well. In this sample, occupation of the 
father was associated with low prosocial behaviour. 
Conversely, other studies show parental education and 
family income to be stronger predictors of behavioural 
problems. However, only parental unemployment was 
considered in these studies and not the type of occu-
pation.

This study has its limitations, the major one being 
the small sample size which undermines the strength 
of the results. Information on oil sugar and salt intake 
could not be collected. Also, there was no direct con-
trol over questionnaire administration by the investi-
gator. Nevertheless, the agreement of these findings to 
previous research establish that nutrition is associat-
ed with behavioural problems in this sample of chil-
dren from an urban slum. Thus, additional studies are 
needed to validate these results and further assess the 
nature of the relationship between nutrition and be-
havioural problems.

Conclusion
Children from the slums live in a high-risk envi-

ronment, making them likely to develop behavioural 
problems. A decrease in protein and micronutrient 
consumption was associated with a decrease in pro-
social behaviour. Children with high levels of hy-
peractivity consumed less potassium, whereas those 
with high levels of overall problems consumed more 
salt. After adjusting for demographic factors, all of 
these relationships remained statistically significant. 
As a result of the findings of this research, investiga-
tions and treatments aimed at improving the mental 
health and behaviour of vulnerable children in slums 
must include nutrition as an essential component. 
This is substantiated by the extremely high preva-
lence of behavioural problems in this sample. These 
behavioural problems are seen to be associated with 
different indicators of nutritional status (BMI and 
dietary intake) in these children. Thus, it is essen-
tial that further studies be conducted to guide inter-
ventions, targeting the mental health and behaviour 
of children in slums, in incorporating nutrition as a 
component for the holistic growth and development 
of the child. 
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Abstract
Background: Vaccines have been demonstrated to reduce the 
incidence of disease. With global and regional guidance, the 
World Health Organization provides information and assistance 
to immunization programs worldwide. Despite all of the efforts, 
some countries’ vaccination rates remain low. When reminder 
and recall strategies are employed, vaccination rates in young-
sters have been proven to improve. Only a few studies have 
looked into the effect of reminders sent through mobile phones 
on vaccine uptake. Objectives and methods: This study aims 
to evaluate how successful mobile phone-assisted reminders 
are at improving vaccination uptake rates. For this research, Pub 
Med, Scopus, Science Direct, and Google Scholar were used to 
look for papers published in the previous ten years that looked 
at the effectiveness of mobile phone vaccine reminders for chil-
dren. These databases’ papers were chosen, extracted, and as-
sessed using the inclusion and exclusion criteria. Out of a total 
of 1016 articles, ten were chosen for review. Results: According 
to the chosen articles, the majority of the study involved ran-
domized control trials in both rural and urban settings spanning 
Africa, Asia, America, and Australia. Most of the research used 
text message/SMS interventions rather than voice call or phone 
call treatments. The outcome was determined by appointment 
adherence, vaccine coverage, and regular immunization com-
pletion. Regardless of the type of intervention utilized, the study 
group had higher vaccination coverage and completion rates 
than the control groups. In terms of vaccine timeliness, the 
research groups demonstrated an improvement. Extra incen-
tives, manual calendars, and training have all been shown to be 
more successful. Providing extra incentives, manual calendars, 
or training is a more successful means of improving outcomes. 
Conclusion: Immunization coverage, schedule compliance, 
and vaccine uptake timeliness have all been proven to improve 

using mobile phone-assisted reminders in the form of text mes-
sages, voice messages, or phone calls. When used in conjunc-
tion with incentives, calendars, and training, these reminders 
help to increase success rates.

Keywords
Vaccination, Immunization, Vaccination Reminders, Childhood 
Immunization, Text Messages, SMS, Phone Calls.
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Introduction
Vaccination has been shown to be a cost-effective 

method of disease prevention. According to the World 
Health Organization, vaccination saves 2-3 million 
lives each year, according to the World Health Organi-
zation [1.] According to Ozcirpici (2017), if worldwide 
vaccine coverage could be increased, “an extra 1.5 
million fatalities might be avoided” [2]. Despite this, 
according to 2018 data, “over 19 million newborns 
under the age of one year did not obtain basic immu-
nizations globally.” Data at the sub-national level can 
be monitored to address vaccination gaps. This study 
of data can help nations prioritize and develop global 
immunization strategies and operational plans [3]. 

The causes of vaccine refusal must be identified and 
addressed to make appropriate use of the data. Several 
studies have emphasized the major issues surround-
ing religion, philosophy, and personal beliefs. There 
were also concerns about safety and a lack of infor-
mation to consider [4]. Public awareness efforts that 
provide people with a full grasp of how vaccinations 
work and their safety and efficacy may help alleviate 
these worries. At the time, there is a lack of compliance 
with well-established immunization schedules. There 
are numerous barriers to vaccine adherence, including 
difficulty tracking vaccination schedules and a lack of 
parental knowledge, contributing to non-adherence, 
particularly among youngsters [5]. 

“Vaccinations are frequently said to save lives, 
but vaccination saves lives,” write Orenstein WA and 
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Ahmed R. They claim that a vaccine is worthless while 
held in a vial and that it is only a lifesaving tool when 
used for the majority of people [6]. As a result, it is 
suggested that increased coverage and adoption rates 
be pursued.

The theme for World Immunization Week 2019 
was “Protected Together, Vaccines Work,” implying 
that boosting immunization coverage may be aided 
by a collaborative strategy including a range of play-
ers. Every parent, healthcare professional, policymak-
er, and member of the media has a responsibility to 
ensure that every child in every country receives the 
vaccinations they require [7]. 

In the contemporary digital or information era, 
information and communication technologies (ICT) 
have a considerable impact on society’s various activ-
ities. Computers, software, telecommunications, and 
the internet have all been used to increase the success 
rates of enterprises. Mobile phones have grown in-
creasingly accessible and functional, with promising 
results in transmitting information to a diverse group 
of individuals [8]. Mobile health-based immunization 
programs are ineffective. Obtaining “vaccine-related 
information, recommended immunization regimens, 
vaccination records storage, and appointment and 
schedule reminders” are among the numerous tasks 
that may be carried out via mobile phones, accord-
ing to De Cock et al. (2020]. Mobile phone calls, text 
messaging, and SMS reminders have all been found 
to improve vaccination uptake and timeliness [10]. 
These therapies can help with keeping track of immu-
nization schedules, vaccination dropouts, and missing 
due dates. A thorough analysis will be conducted to 
see how effective these tactics were in boosting child 
vaccination rates.

Materials And Methods

Search Strategy
The search strategy was devised to refer to more 

relevant articles on my subject while avoiding a huge 
number of papers. I searched for research in several 
databases, including Scopus, Science Direct, Pub Med, 
and Google Scholar. The keywords chosen for this 
reason were connected to two primary subjects: vac-
cination and mobile phone reminders, as previously 
indicated. Search terms linked to vaccinations were 
matched with terms related to interventions. There 
has been a restriction on the usage of terms. The titles, 

abstracts, and keywords of articles that were judged to 
be eligible for further investigation were screened for 
the objectives of this study.

Selection Criteria
Only articles with randomized control trials or 

quasi-experimental studies included vaccinated in-
fants aged 0 to 24 months. Articles over the previous 
ten years that were only published in English were in-
cluded. Also excluded were articles containing merely 
abstracts (no full text), letters, conference proceedings, 
conference abstracts, review papers, and meta-anal-
yses. Papers that were only concerned with phone 
reminders and mobile phone applications were also 
discarded. The research also looked towards reducing 
paper duplication across databases. Only articles that 
looked at vaccine research for children were included. 
Parents as participants and the therapeutic technique 
are among the study’s eligibility criteria. Interventions 
include text messages, phone calls, and phone remind-
ers, to name a few.

Study Selection
The titles and abstracts of the previously classi-

fied publications were examined to see if they met 
the selection criteria. Full papers were obtained for 
the study that was chosen. The reference list, which 
included research, yielded any relevant papers. Only 
reminders for vaccination uptake through phone calls 
to mobile phones, text messaging to mobile phones, 
or automated SMS on mobile phones were included in 
the research.

Data Extraction
Table 1 shows statistics on important information 

gathered and assessed without alteration, such as gen-
eral study information, study characteristics, interven-
tional aspects, and assessment.

Table 1
Data extracted from the selected articles

Information Data extracted
General study information Title, year, publication of 

journal and the authors.
Study characteristics Study design,study popula-

tion, study setting.
Interventional characteristics The form of rem inder,the 

intended targets.
Evaluation The impact on vaccination 

coverage and timeliness.
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Analysis
Only descriptive summary graphs and tables were 

utilized to show the findings due to the small number 
and variety of research discovered and analyzed. With 
such a tiny sample size, any statistical research or ap-
praisal of publication bias was impossible.

Results

Studies Identified
A preliminary keyword search yielded a total of 

1016 items in various databases. To narrow them 
down to the analysis issue, filters like exact phase, time 
filter (just the last ten years), and language filter (only 
English) were employed. Publications with only ab-
stracts (no full text), letters, conference proceedings, 
conference abstracts, review papers, and meta-analy-
ses were excluded. Papers that appeared in several da-
tabases were also filtered. After that, 959 things were 
filtered out. A total of 57 full-text articles were evaluat-
ed for relevance, with 46 being excluded owing to the 
inclusion mentioned above and exclusion criteria and 
11 included [11]. Studies identified in Figure 1

Characteristics of Studies Included
The examination of the 11 articles comprised nine 

RCTs and two quasi-experimental designs in Table 2 [12]. 

Geographic Location of Included Studies
Six of the eleven persons that were probed were Af-

ricans [13]. Three are from Nigeria, the others from 
Zimbabwe, Côte d’Ivoire, and Kenya [14]. Similar-
ly, one item comes from Australia, Central America 
(Guatemala), and Asia (India, Bangladesh, and Paki-
stan). This is seen in Figure 2.

Study Setting
Figure 3 indicates that five investigations were un-

dertaken in rural areas, four in urban areas, and two in 
urban and rural areas.

The Following Are the Annual Numbers of 
Papers That Are Included

Figure 4 indicates that the year 2018 had the most 
papers written on the subject, with three in 2018, two 
in 2017, and two in 2018. In contrast, each of the years 
2013 and 2020 has only one paper.

 
 Figure 1. Studies identified
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Figure 4. Number of papers per year of publication

Journals from where the papers were identified are: 
(Figure 5)

The Therapies That Were Employed
In 9 out of 11 studies, an extra message remind-

er/SMS was used as an intervention. Phone calls were 
used in two studies [15]. In one study, a voice message 
and a text message were also used. Incentives, on the 
other hand, have been discovered in numerous studies 
[16]. This is depicted in further detail in Figure 6.
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Figure 6.Intervention types

Measuring the Outcome
Compliance with appointments (3 studies) Vacci-

nation coverage (4 studies) Immunizations must be 
completed regularly (4 studies) Immunizations must 
be completed regularly (4 studies) in Figure 7 [17]. 

 Figure 7. Outcome measures

The Following Are the Results  
of the Outcome Measures

a. Appointment adherence was measured in three 
studies using three different types of interventions: 
phone recall, SMS, and SMS + Personalized calendar 
[18]. Figure 8 shows the study group beat the control 
group in terms of timeliness in all three trials, and the 
study group required less time to become vaccinated.

Coverage of Vaccinations
All four types of research on vaccine coverage re-

vealed a positive impact on study groups’ vaccination 
rates. However, when vaccination completion incen-
tives were given, the coverage rate rose. 
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Completion of Regular Immunization
When the research group and the controls were 

compared, a similar pattern was discovered with 
Completion. Regardless of the intervention approach, 
the research group had more children complete the 
vaccination schedule than the controls [19]. The num-
ber of children who completed the timetable was high 
when the intervention was paired with an incentive or 
training. When the incentive was raised, the number 
of children who completed their vaccination sched-
ules rose [20]. Figure 9 explained the immunization 
coverage and Completion of regular immunization 
percentages explained in Figure 10.

Discussion
This extensive study backs up the effectiveness of 

mobile phone reminders in increasing kid vaccination 
uptake. Articles from Asia, Australia, America, and 
the majority of Africa were picked for review. This im-
plies that the population under study was diverse. The 
study was conducted in both rural and urban settings. 
Only children under the age of 24 months were stud-
ied for vaccine uptake.

The intervention types discovered in the chosen 
publications were SMS/Text reminders, Voice messag-
es, and Phone recalls. The intervention was coupled 
with various incentives, calendars, and training in nu-

 
Figure 8. Findings for compliance with appointment

 
Figure 9. Immunization coverage
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merous studies. The three major outcomes discovered 
were appointment compliance, vaccination coverage, 
and regular immunization completion.

Compared to the control group, the outcome measures 
in the study group showed a positive trend regardless of 
the intervention technique. To begin, three trials were 
chosen that comprised SMS, phone calls, and SMS + per-
sonalized calendar interventions. All of these measures 
assisted in boosting vaccination uptake timeliness among 
the general public. The study group showed a shorter de-
lay in vaccination uptake than the control group.

Four different studies were looked at when it came 
to coverage. One study compared the study group and 
control group median vaccination coverage before 
and after intervention [13]. The median vaccination 
coverage of both the study and control groups has 
improved. In contrast, the population with only an 
SMS reminder had lower coverage (40.1%) than the 
controls (41.7 percent). The group that received both 
an incentive and a reminder, on the other hand, had 
better coverage (50.0 percent) than the control group. 
Another study examined coverage in both urban and 
rural settings. Coverage in the control areas was low-
er than in the intervention areas in both urban and 
rural settings. Rural baselines varied from 65.9% to 

55.2 percent in control regions, while urban baselines 
ranged from 44.5 percent to 33.9 percent. The rural 
baseline ranged from 58.9% to 76.8% in intervention 
regions, whereas the urban baseline ranged from 40.7 
percent to 57.1 percent. The coverage of the 6th, 10th, 
and 12th weeks was compared in two further investi-
gations [18, 19]. There was a substantial difference in 
coverage between the study and intervention groups at 
different points in both investigations. Only in the 6th 
week was a difference observed in one study and at the 
12th week in the other [19]. 

The Completion of the normal vaccination sched-
ule was examined in four research. When comparing 
the study group to the controls, the completion rates 
with any form of intervention were higher in the re-
search group. However, completion rates were better 
for a reminder sent three times weekly for ten months 
than a reminder sent only once two days before the 
schedule [12]. Completion rates were significantly 
higher in groups who received incentives or vaccina-
tion provider training as well as reminders [20]. 

Limitations
The study evaluated a smaller number of publi-

cations, and the sample chosen was heterogeneous, 

 
Figure 10. Completion of regular immunization
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leading to comparison bias. Because research char-
acteristics such as population size, setting, inclusion 
and exclusion, methodology, and outcome measure 
change for each study, comparisons are less secure.

Gaps
The studies had some notable flaws, such as no 

data on the causes that caused the controls to have 
less coverage. There was no mention of the healthcare 
delivery system or the regular vaccination procedures 
in such circumstances. The country’s transportation 
system, health services, and amenities should also be 
included for a more accurate analysis of the initiatives.

Opportunities
The majority of research opts to send reminders 

to the infant’s moms. The interventions can be car-
ried out with either the dads or both parents, and the 
outcome measures can be analyzed. Reminders were 
sent regarding immunization regimens and due dates; 
modifications could be made, and information about 
the significance of vaccination may be included. The 
number of articles published on this subject is small, 
which means there will be more opportunities to work 
on it in the future.

The emphasis of this research is on mobile phone 
reminders and the pattern of association between such 
services and kid immunization. However, one key as-
pect of these services that were not addressed in the 
selected articles was the scenario in which parents 
changed their phone numbers or switched service pro-
viders to get a better deal. A possible study opportuni-
ty would be to emphasize such instances and prepare 
interventions.

CONCLUSION
Bibliometric analysis conducted in the paper sug-

gests that mobile phone aided reminders in the form 
of text messages, voice messages, or phone calls shave 
prevent to be effective in improving the immunization 
coverage, compliance to schedules, and timeliness of 
vaccination uptakes. These reminders, coupled with 
incentives, calendars, and training, enhance the out-
come rates. Text message reminders on mobile phones 
have the potential to enhance kid immunization rates. 
The potential benefits of adding text message remind-
ers into the usual administration of childhood vacci-
nations, particularly in low- and middle-income coun-
tries, are highlighted in this analysis. The frequency 

and timing of text message reminders are critical fac-
tors in determining their effectiveness for children’s 
immunization. It can be observed throughout this ar-
ticle how technology has aided the senior population 
in aging in place, whether by researching the evolution 
of older persons’ everyday life or by enhancing their 
connectedness with community and health experts. 
As a result, technology increases social involvement 
and promotes a happier life by treating health as a 
preventative measure and enabling the early identifi-
cation of dangers and diseases. Over a 20-year peri-
od, the huge number of authors with only one or two 
articles implies a low level of specialization. This is in 
stark contrast to the increase in interest in this field 
over the previous five years.
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Abstract
Organ trafficking, due to its subtle nature, is a less-addressed 
form of trafficking, among others. It has been decades that the 
first-ever successful organ transplantation took place. Since 
then, medical science has advanced in leaps and bounds to gift 
us another chance of life, even in cases of acute organ failures. 
However, this has created a huge demand for transplantable 
organs building an unbridgeable gap between its demand and 
supply, which on the other hand, has generated booming mar-
kets for the illegal sale of organs leading to organized crime 
of organ trafficking, especially in the developing nations. The 
Transplantation of Human Organs Act (THOA), 1994, was enact-
ed to provide regulatory frameworks and prevent the commer-
cialization of human organs in India. Although THOA, with its 
latest amendments and rules, is somewhat successful in curbing 
the menace, recent studies show that it has failed to achieve its 
goals largely. The authors in this paper argue that the existing 
laws in India dealing with organ trades and trafficking are inad-
equate, in comprehensive, and lags far behind compared to the 
advancements in medical technologies and report the findings 
of a systematic analysis of THOA, highlight inadequacies, and 
recommends relevant reforms. 
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Introduction
The organized crime of organ trafficking to be dealt 

with is not something new. Rather it is a long-stand-
ing global problem that came into existence soon after 
the first-ever successful human organ transplantation 
took place, performed by Dr. Joseph Murray in the 
year 1954between identical twin brothers in Florida, 
according to Ainley, since then rapid advancements 
in medical science and technologies has widened the 
scope of successful organ transplantations, which was 
only limited to identical twins, permitting successful 
transplants even in cases of non-identical donors, ac-
cording to Ainley. However, these advancements in 
medical science have undoubtedly gifted our hopes of 
having a second chance at life, even in cases of end-
stage organ failures. However, they have also contrib-
uted to creating a huge gap between the demand and 
supply of organs. Moreover, the growing rate of organ 
failures due to the high occurrence of lifestyle diseas-
es in the 21st century has worsened the situation. The 
scarcity of organs has simultaneously led to its com-
mercialization and helped establish flourishing black 
markets for the illicit trade in organs across the globe.

Patients suffering from end-stage organ failures, 
waiting for organ transplantation in the long waiting 
lists of the national organ donation programs, often 
become desperate and reckless enough to use illegal 
means to secure their chances of getting an organ. 

The organ brokers and the organized group of 
criminals take advantage of these desperations, which 
ultimately leads to transplant tourism, illicit organ 
trades, and trafficking, as stated by Bagheri. At the 
same time, the victims remain the same group of a 
vulnerable, impoverished population, as in any other 
forms of trafficking.

A recent study showed that “India although being 
one of the most populated nations of the world, also 
suffers from acute organ shortages with a yearly de-
mand of 1, 80,000 kidneys, 30,000 livers, and 50,000 
hearts, of which only6,000 kidneys, 1,200 livers, and 
15 hearts are fulfilled,”observed Sachdeva. Apart from 
this organ crisis, India being a developing nation has 
a good number of underprivileged populations suffer-
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ing from extreme poverty,ready to get exploited at the 
hands of the organ traffickers. With the weak imple-
mentation of laws,incidents of illicit organ trade sare-
frequently reported in India, as stated by Tikoo.

An investigative journalist and anthropologist, 
Scott Carney, while conducting his research in In-
dia, came across an impoverished village, known as 
“Kidneyvakkam” or “Kidneyville”in the State of Tamil 
Nadu, consisting of a refugee campoftsunami survi-
vors, where almost “two women a week” were forced 
to put up their kidneys for sale for the survival of their 
families, as observed by Carney.

Empirical research conducted in Cairo, Egypt, re-
ported the miseries of the Sudanese migrants, who are 
regularly exploited for their organs due to their unsta-
ble legal status and poor living conditions, as observed 
by Columb.

In the early 90s, allegations against the Chinese 
government surfaced for illegally harvesting organs 
from executed political prisoners, mostly belonging 
to the “Falung Gong” community, later confirmed by 
“Dr.Guoqi Wang,” “a plastic surgeon,” in 2001, as ob-
served by Carney.

On the other hand, United States saw its first-ever 
conviction for running a transnational illicit kidney 
racket in 2012 in the “Rosenbaum case,”as observed by 
Franks.

Thus, although human organs’ commercialization 
is considered unethical,illegal, and grave violations 
of human rights by almost all nations globally, illegal 
trades in human materials are now a global reality. The 
supply chain always seems to move upwards from the 
impoverished populations to the wealthy. Rarely the 
other way round, in an evaluator study by Carney.

In the year 1994, THOA was passed by the Govern-
ment of India to provide a regulatory framework and 
prevent the commercialization of human organs in In-
dia. One of the key challenges before the Act was to 
promote cadaver donations to enlarge the donor pool 
to deal with organ scarcity. However, the organ reports 
available at the official website of the national registry 
reveals that the Act,despite its latest amendments, has 
failed to increase the rate of cadaver donations ade-
quately, as studied by Tikoo.

Moreover, the frequent reports of the ongoing il-
licit trades in organs, such as the famous “Gurgaon 
kidney scandal,” in which one “Dr. Amit Kumar” was 
arrested for running a “kidney racket,” as studied by 
Pant or the Mumbai “Hiranandani Case,” in which 

five doctors from the “Hiranandani Hospital,”were ar-
rested for running another such racket, as studied by 
Narayan. The recent account of “a sensational inter-
national kidney racket, spreading across Turkey and 
the Middle East” (“13 Arrested In Delhi”, 2019) shows 
that the transplantation of Human Organs and Tissues 
Act (THOTA) 1994has failed to achieve its goals to a 
large extent.

In the present paper, the authors focus on the legal 
framework available in India to deal with the crime of 
organ trafficking. In doing so, the authors first discuss 
the evolution and current status of the THOTA and 
then critically analyze the same to find out the inade-
quacies. To conclude, the authors recommend certain 
reforms and measures,which could help reduce organ 
paucity and eradicate the crime of organ trafficking, if 
not completely but substantially. 

An overview of the THOTA
The first successful kidney transplant in India was 

carried out in the 1970s;however, the practice gained 
its momentum only during the80s and in the early 
90srecorded by Nagral&Amalorpavanathan. At some 
point in 1980, there was some buzz in the media about 
a clandestine kidney trade, which reported the coming 
of foreigners to India for purchasing organs from the 
donors in India, as studied by Nagral&Amalorpava-
nathan [1]. 

The concept of brain death
The concept of brain death has been defined only 

in the context of organ donation. It has not been incor-
porated in the Registration of Births and Deaths Act 
of 1969 [2]. In situations where the family of a brain-
dead patient refuses to donate the patient’s organs, the 
medical professionals have no legal authority to re-
move the life support system and declare the death of 
the person, which creates a peculiar situation in itself, 
where a person is eligible to be a deceased donor, but 
still cannot be declared dead, if his or her family refus-
es to donate his or her organs in an evaluator study by 
Nagral&Amalorpavanathan.

Organ retrieval centres
After the 2011 Amendment, THOTA now also 

recognizes other hospitals,apart from the registered 
hospitals and medical centres performing transplan-
tation. As human organ retrieval centers,treating crit-
ical patients and providing for their registration under 
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“Subsection 1 of Section 14 of the Act” will help organ 
retrievals from these centers and prevent the loss of 
potential donors, which is truly appreciated (THOTA, 
1994) [3]. 

Donors
Under THOTA, donors are broadly classified into 

two groups: the deceased or cadaver donors and liv-
ing donors. Living donors are further divided into 
related living donors and unrelated living donors, as 
researched by Kaur [4]. 

Authority for removal
“Section 3” of the THOTA states “the provisions 

for obtaining the authority for the removal of organs 
and tissues” from the below-mentioned categories of 
donors (THOTA, 1994)

2.4.1 Deceased donor
In the case of a deceased donor, “the authority for 

the removal, storage or transplantation of any of his 
organs or tissues”(THOTA, 1994) can be obtained in 
two ways:

“Firstly, the authority may be given by the deceased 
person himself at any point of time, before his death, 
in writing and in the presence of two or more witness-
es, among whom at least one of them should be a near 
relative. On such authority been given, the person who 
is under the lawful possession of the dead body shall 
grant all reasonable facilities for the removal of the 
organs or tissues, as the case may be, to a registered 
medical practitioner, unless he has reasons to believe 
that the donor has subsequently revoked such prior 
authority”(THOTA, 1994) [5]. 

“Secondly, where no such authority has been giv-
en by the deceased, before his death or any objections 
made regarding the same, the person under the lawful 
possession of the dead body may authorize the remov-
al of organs or tissues from the deceased’s body, pro-
vided he has reasons to believe that the near relatives 
of the said person do not have any objection regarding 
the same” (THOTA, 1994) [6]. 

2.4.2 Unclaimed abodes
“If anybody is lying unclaimed in a hospital or pris-

on for more than 48 hours from the time of death, the 
authority for the removal of organs and tissues may 
be given by the person in charge of the said premises 
or any person authorized by him in this behalf, unless 

there are reasons to believe that the near relatives of 
the deceased person are likely to claim the body at a 
later stage. The Act also provides certain procedures to 
be followed in medico-legal cases”(THOTA, 1994) [7]. 

2.4.3Living donor
“Living donations from both related and unrelat-

ed donors are legalized under THOTA. The authority 
for removing organs and/or tissues from a live donor 
should be obtained from the donor himself, as per the 
manner prescribed under theAct. The registered med-
ical practitioners are under a duty to inform and ex-
plain all the possible effects andcomplications in con-
nection with such removal or transplantation to both 
the donor and the recipient before a living donation” 
(THOTA, 1994) [8]. 

Restrictions under THOTA
Section 9 of the THOTA puts certain restrictions 

“on the removal of human organs and/or tissues” in an 
endeavour to curb the crime of organ trafficking and 
to protect the interests of minors and mentally chal-
lenged persons (THOTA, 1994) [9]. 

2.5.1 The near relative clause
Section 9 of THOTA strictly lies down that “a living 

donor could only donate to a near relative. The term, 
near relative, is defined under Section 2(i) of the Act 
and previously included only a spouse, son, daughter, 
father, mother, brother, and sister as near relatives, but 
later in to deal with the problem of organ shortage and 
enlarge the pool of donors, grandfather, grandmother, 
grandson, and granddaughter were also added to the 
definition of near relatives by the Amendment Act of 
2011”(THOTA, 1994) [10]. 

2.5.2 The affection clause
Section 9(3) of THOTA, which permits a living do-

nortodonate his or her organ seven to someone who is 
not a near relative out of love and affection with prior 
approval of the Authorization Committee, has been 
criticized by many earlier researchers because the 
clause has often been grossly misused; There are in-
cidents when authorization committees have “turned 
a blind eye”even in cases of obvious organ sales while 
relying on this clause, as researched by Tikoo [11]. 

2.5.3 Check on medical tourism
To put a check on medical tourism, Section 9 of the 

Act makes “the approval of the Authorization Commit-
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tee mandatory in an instance, where the donor or the 
recipient is a foreigner and provides that such a Com-
mittee shall not approve such donation if the recipient 
is a foreigner and the donor is an Indian national unless 
they are near relatives”(THOTA, 1994) [12]. 

2.5.4. Protection of Minors and Mentally 
Challenged Persons

“In order to protect the interests of minors and 
mentally challenged persons,THOTA prohibits the re-
moval and transplantation of organs or tissues from 
them before their death.”(THOTA, 1994)

Swap donation
A unique concept of Swap donation was inserted 

by the Amendment Act of 2011, which seemed to be 
an appreciable step to deal with the scarcity of organs. 
According to the provisions of the Act, “if a live donor 
has agreed to donate his organ and/or tissue to his near 
relative, but are not biologically compatible with each 
other and there is a second pair of such donor and re-
cipient who are near relatives, but also not biologically 
compatible with each other, then in such a situation if 
the first donor is compatible with the second recipient 
and likewise the second donor is compatible with the 
first recipient, and the said pairs have entered into an 
agreement of donation as per their biological compat-
ibility, then the same could be performed with the pri-
or approval of the Authorization Committee”(THO-
TA, 1994) [13]. 

Duties assigned to registered medical 
practitioners

THOTA also prescribes certain duties on the reg-
istered medical practitioners along with the trans-
plant coordinators, if available, “for removal, storage, 
and transplantation of organs and tissues to ascertain 
whether a person admitted to the Intensive Care Unit 
has already authorized the removal of his organs and 
tissues upon his death or not from the patient himself 
or his near relatives. If authority is given, shall obtain 
such documentation, otherwise inform them about 
the options to choose or to decline organ donation, 
and collect their responses and inform in writing to 
the Human Organ Removal Centre for the removal, 
storage, or transplantation of organs and/or tissues 
from the donor if identified through the above-men-
tioned process. The above duties shall also apply to the 
registered medical practitioners working in Intensive 

Care Units of hospitals who are not registered under 
the Act” (THOTA, 1994) [14]. 

Transplant co-ordinators
THOTA provides for the mandatory appointment 

of transplant co-coordinators in hospitals perform-
ing transplant-related activities in order to promote 
cadaver donations and to co-ordinate the whole pro-
cess of organ donation and transplantation smoothly 
and efficiently but states nothing as to the minimum 
numbers of transplant co-coordinators required to 
be appointed, which is often misused by the hospital 
authorities by appointing less number of transplant 
co-coordinators than required in order to curtail their 
expenses, in an evaluator study by Tikoo [15]. 

Punishments under THOTA
THOTA criminalizes the practice of organ removal 

without authority and illegal dealings in human organs 
and tissues, setting out punishments for the same. Sec-
tions 18-21 of the Act provide punishments for various 
offenses, enhanced by the amendment of 2011 [16]. 

2.9.1 Punishment for removal of human 
organs without authority

The Act prescribes “imprisonment for a term, 
which may extend to 10 years and fine, which may ex-
tend to Rs. 20 lakhs for a person involved in it.

2.9.2 Punishment for commercial dealings in 
human organs and tissues

The Act also sets out punishments “for the making 
and receiving of payments instead of any human or-
gan, for supplying or seeking persons to supply organs 
for payment, for negotiating, managing such activities, 
publishing advertisements, and/or abetting the prepa-
ration or submission of false documents to establish 
near relationships between the donor and the recipi-
ent” (THOTA, 1994). However, while prescribing the 
above-mentioned punishments, THOTA fails to seg-
regate those organ sellers who often happen to be the 
victims of illicit organ trade sand punishes them in the 
same manner as the perpetrators of the crime, ignor-
ing their vulnerabilities and exploitations at the hands 
of the organ brokers and the intermediaries.

2.9.3 Punishment for other contraventions
For any other contravention of the Act, “an im-

prisonment for a term which may extend to five years 
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or with fine, which may extend to Rs. 20 lakhs is pre-
scribed”(THOTA, 1994).

Liability of companies under THOTA
Companies and their officers could also be made 

criminally liable under THOTA. However, suppose a 
person proves that the offense was committed without 
his knowledge or that he has taken all the necessary 
steps to prevent the same”. In that case, no liability 
shall lie upon him(THOTA, 1994).

Taking of cognizance of the of fences under 
THOTA

Apart from the above-discussed provisions, THO-
TA, along with its rules, set down various other provi-
sions relating to the establishment, composition, pow-
ers, and functions of the Authorization Committees, 
Appropriate Authorities, National Human Organs, 
and Tissues Removal and Storage Network,and other 
such statutory bodies under the Act and also provides 
for the registration of the hospitals, organ retrieval 
centers, and tissue banks and also prescribes certain 
regulations and standards to be followed and main-
tained by such organizations. It also mandates creat-
ing and maintaining a National Registry having such 
information as prescribed (THOTA, 1994).

Result and discussion
It has been more than two decades since the en-

actment of the THOTA, and despite all efforts, it has 
failed to attain its objectives to a large extent.

One of its major goals was to deal with organ 
shortage in India by regulating transplant-related pro-
cedures and promoting cadaver donations. Howev-
er, even though India witnessed a certain amount of 
increase in cadaver donations from the year 2012 to 
2017,there is still a huge gap between the demand and 
supply of organs, demands being always far ahead of 
the supply, as recorded by Shroff.

A poor rate of deceased donations is a key concern 
for India in this regard. As per the report available at 
the National Organ & Tissue Transplant Organization 
(NOTTO), 29,386 living donations took place from 
1995 to 2019. In contrast, only 2,475 cadaver or de-
ceased donations are reported during India’s afore-
said period(https://notto.gov.in/organreport.htm).

India, with high rates of fatal road accidents each 
year, has the potential of reaching impressive rates of 
cadaver donations, but unfortunately, due to the short-

age of quick and responsive infrastructures required 
for such programs and due to other religious and eth-
ical constraints and further due to the lack of aware-
ness among the people, fails to achieve the same, as 
recorded by Tikoo.

Besides, although the Act provides for the manda-
tory appointment of transplant coordinators in hos-
pitals performing transplant-related activities to con-
vince the near relatives of the deceased and encourage 
cadaver donations, and to co-ordinate the whole pro-
cess of donation smoothly and efficiently,states noth-
ing about the minimum numbers of transplant coor-
dinators required to be appointed. In the absence of 
such regulation, the hospitals often appoint a lesser 
number of transplant coordinators than required to 
curtail their expenses, which adversely affects the ob-
jective with which the provision was enacted, as stud-
ied by Tikoo.

Another chief objective of the THOTA was to pre-
vent and control the commercialization of human 
organs. Although the Act with its latest amendments 
and rules is somewhat successful in curbing the crime 
of organ trafficking, the recent reports of the cases of 
illicit organ trades show that it has rather moved most 
of the practice underground or even to other nations 
having liberal laws or weaker implementations, as 
studied by Nagral&Amalorpavanathan.

One more challenge that has been faced is that the 
crimes of organ trades and trafficking are hard to de-
tect and often fakes the appearance of a legal trans-
plant since all the parties involved in it gets benefit ted 
in some way or the other. A study conducted by the 
Coalition for Organ-Failure Solutions (COFS)- India 
from September 2010 until May 2012, approximate-
ly identified 1,000 victims of Human Trafficking for 
Organ Removal (HTOR), which is believed to be only 
the tip of the iceberg, indicating that such activities are 
continuing. The Act has somewhat failed to achieve 
its goals, in an evaluator study by Budiani-Saberi et al.

Another drawback of the said Act is that it does not 
define organ trade and trafficking, which it purports 
to prevent and control. Moreover, its focus is more 
on punishing the criminal and deterring the crime. It 
does little to protect the interests of the victims and 
therefore lacks a humanitarian and holistic approach.

The Act further fails to segregate those organ sell-
ers, who often happen to be the victims of illicit organ 
trades,while putting criminal liabilities on them and 
punishing them in the same manner as the perpetra-
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tors of the crime, ignoring their vulnerabilities and 
exploitations at the hands of the brokers and the mid-
dlemen, which also acts as a major deterrent for the 
victims to come forward and report such abuses.

Carney, during his visit to a refugee camp of tsuna-
mi survivors in India, documented the experience of an 
impoverished kidney seller, who was compelled to sell 
her kidney and later after being cheated by her organ 
broker, when she filed a complaint, the police threat-
ened to arrest her for selling her kidney, as researched 
by Carney, which clearly shows the reason behind the 
crime of illicit organ trades being underreported.

On the other hand,the registered medical practi-
tioners and other transplant professionals are in the 
best position to detect such crimes. They can act as 
potential whistle blowers, but they are often negligent 
to report such cases, sometimes to maintain the oath 
of secrecy in order to protect the valuable details of 
their patients and sometimes because they do not con-
sider themselves to be duty-bound to inform such in-
cidents, which eventually daunts the detection of such 
crimes, as observed by Ambagts heer and Balen. The 
Act also fails to address the above issue.

Additionally, the Act falls short of putting any 
check and balance upon the functioning of the Autho-
rization Committees to deal with any abuse of power 
or to identify any possibilities of corruption involved.

Conclusions
The issue of organ crisis being one of the key rea-

sons behind the ongoing offenses of organ trades and 
trafficking should be addressed and dealt with as a 
priority. Further endeavors should be taken in order 
to increase the pool of potential donors by encourag-
ing cadaver donations. Norms should be stipulated to 
facilitate a quick, responsive, and efficient organ-do-
nation program to retrieve organs and tissues from 
deceased persons dying in fatal road accidents.

The Acts should mention the minimum number of 
transplant coordinators to be appointed in hospitals, 
performing transplant activities and in organ retrieval 
centers for encouraging cadaver donations and facilitat-
ing the entire process of organ-donation programs, as 
studies often report that the hospitals and organ retrieval 
centers neglect to appoint sufficient numbers of trans-
plant coordinators in order to curtail their expenses.

THOTA does not define organ trade and traffick-
ing; these should be included immediately under the 
definition clause of the said Act. 

Organ sellers who often happen to be the victims 
of illicit organ trades should be segregated from the 
perpetrators and should be made free from any crim-
inal liability under THOTA because they already suf-
fer from exploitative conditions and are often coerced 
and deceived by the middlemen or their financial 
conditions force them to sell their organs. Decrimi-
nalization of such victims would encourage them to 
come forward without the fear of being prosecuted 
and report such abuses more often than in the present 
situation. Provisions providing compensation to the 
victims should also be incorporated.

The Act should also include provisions imposing 
a duty to inform upon the registered medical practi-
tioners and transplant professionals, creating an ex-
ception to the oath of secrecy in situations where ei-
ther they come to know or suspect any incidence of 
illicit trade in organs. The Act should also prescribe 
punishment for the intentional breach of the afore-
said duty so imposed.

Besides, although THOTA has laid down exten-
sive provisions on various aspects concerning organ 
donations, but has failed to mention any provision 
regarding the transparent and equitable distribution 
of the organs, which needs to be included in the Act 
in order to safeguard any abuse of power by the con-
cerned authorities regarding the same, as observed by 
Nagral&Amalorpavanathan.

THOTA should also provide for certain checks on 
the functioning of the Authorization Committees to 
deal with any abuse of power or to identify any possi-
bilities of corruption involved.

Apart from this, other necessary policy reforms 
should be considered for eradicating poverty and de-
veloping other socio-economic conditions, as required 
for better implementation of the said Act.
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Abstract
New approaches and methods would redefine the global cor-
porate and economies as the pandemic has struck the world. 
India has been under lock down for the last four months is 
still pondering its ways and means to handle this challenge ef-
fectively. With profits plummeting and businesses in chaos, the 
entire business community has to rise to the occasion to face 
this mammoth problem.
This research attempts to study the challenges and issues that 
are hampering effective talent management for talent retention 
during this pandemic. The solution lies in effective coordination 
with employer and employee with talent management and re-
tention practices. 
This study is quantitative and empirical while being exploratory and 
conclusive. The study intends to explore the dimensions of talent 
management and talent retention practices for Indian Inc. In this 
study, stratified random sampling was done, and 100 employees, 
who work in Indian corporate from various states was, administered 
a questionnaire. The collected data were analyzed using SPSS, cor-
relation, regression, and confirmatory factor analysis. 
It was found that family and family priorities occupy the em-
ployee’s mind during these COVID-19 times. The organization-
al policies and frameworks must orient so that the employee’s 
health and safety are the top priorities. The modified work en-
vironment, work culture, and priorities would help in employee 
retention. An empirical framework is also provided for Indian 
enterprises on talent management and retention after the 
COVID-19 pandemic.
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Introduction
Transformations and trans formative practices 

have changed;modified the outlook and perspective of 
Indian industries and their nature of functioning due 
to the COVID-19 pandemic, which has hit the entire 
globe. Companies have adapted to the new changes 
and new order of functioning. As lock down is bound 
to continue in Asian and emerging countries, the hit 
has been very pronounced in India, a country of 130 
crores. Developed countries’ strategies and methods 
cannot be long-term solutions as India has different 
dynamics and operations.

The outlook and orientations of Indian industries 
and their functioning have changed. It has become un-
predictable due to the COVID-19 epidemic. Profits are 
plummeting, and performances are coming down as fear 
has engulfed the world. In this crisis, health and safety 
have become the top priority, and hence there is a need 
to address the safety and welfare measures. The nature of 
employee engagement, talent management, and perfor-
mance management systems must be reoriented to give 
a new shape and direction for the future [1]. 

Companies have to reorient, transform and manage 
their operations effectively and efficiently to manage this 
situation. Employees are stressed up, and there is a feel-
ing of insecurity that is prevailing. Companies’ roles and 
responsibilities have become more as they have to pro-
vide care and support to employees during these tough 
times. Changes and modifications are inevitable, and the 
Indian organizations must be clear in their perspective 
to retain and engage highly talented employees during 
these times. The entire orientation of organizations must 
change and focus on talent management and talent en-
gagement for the future, which would lead to employee 
delight and engagement and, thus, retention [2]. 

This research attempts to provide strategies, meth-
ods, approaches, and techniques for effective employ-
ee management and engagement in India.
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Literature Review

Talent Engagement Strategies:
Schrita Osborne and Mohammed S. Hammond 

investigated effective employee engagement in the 
workplace. This study found that disengaged employ-
ees in organizations cost $350 billion to organizations 
worldwide. This fact illustrates the need for effective 
employee engagement and retention of talent in the 
workplace. In this study, four business leaders were as-
sessed on their communication and their engagement 
practices in workplace situations. Empowering em-
ployees and building a bond with the employee would 
help organizations achieve effective talent retention 
and management [3]. 

Employee engagement and impact:
Organizations must create meaningful and engag-

ing work which would transform the employees and 
their nature of working would become committed, 
which will lead to performances was found by Bowen.

The study found that meaningful and engaging 
work leads to employee engagement, and the relation-
ships between these factors are positive. However, it 
also found that there are not enough empirical studies 
that have been carried out on these dimensions [4]. 

(HA study and found that organizations must create 
an environment that recognizes performances and suit-
ably rewards performers with promotions and mone-
tary incentives were conducted by Hayes. The more the 
scope for career development and growth, the greater 
the chances for employee engagement and involvement.

This study states that work environment and work 
facilities impact employee contribution in the work-
place and that work performances have to be reward-
ed suitably with promotions and monetary incentives. 
There is a need for research to be conducted on the 
role of work environment and work facilities and their 
impact on employee engagement [5]. There is also a 
need to study and evaluate the role of promotions and 
monetary incentives and their impact on employee 
engagement practices in Indian organizations.

Theoretical frameworks on Employee 
engagement and its impact on talent 
management practices:

Chanania provided the focus for employee engage-
ment and talent management. Organizations have to 
be more focused and dynamic to engage employees on 

the critical factors indicated above, which provide an 
effective employee-oriented ecosystem and solutions 
for 2030. Studies have to be conducted by academicians 
and professionals on leadership and employee empow-
erment on employee talent retention practices [6]. 

Zinger model of Employee engagement
(Zinger 2010) has provided the employee engage-

ment model, which enhances employee work and im-
proves the organizations’ working culture.

The model elucidates a need for recognition and 
engagement, which would provide desired results 
in organizations. There is a need for organizational 
transformation and new practices to involve and en-
gage employees effectively [7]. 

These types of conceptual framework and mod-
el-oriented researches have been pursued very little in 
India. Researches must focus on recognition and en-
gagement practices that enable employee engagement 
and retention in the Indian context.

Employee engagement practices provide employee 
satisfaction and reduce employee turnover in organi-
zations that are needed for effective talent retention 
practices suggested by Kang about the Organizational 
Citizenship Behavior [8]. 

This study finds a positive relationship and en-
gagement practice through employees’ psychological 
capital, which leads to employee citizenship behavior. 
This framework enhances employee engagement and 
employee satisfaction as it reduces turnover.

Evaluated and concluded that effective employee 
engagement practices could be done through talent 
management practices has been examined by Ozgur 
Onday. The study provides the four different links and 
associations between talent management and employ-
ee engagement practices. Onday says that these two 
enabling factors facilitate organizational performance. 
The study concludes that talent recognition, talent 
culture, and leadership support engage and promotes 
employee engagement in organizations [9]. 

Talent Management Practices and its Impact:
Prathigadapa Sireesha, Leela Krishna Ganapavara-

pu, has studied various issues that induce employee 
engagement and have concluded that employee be-
havior has an important role in talent management. 
In the model below, employee knowledge abilities and 
motives are the key important factors that facilitate or-
ganizations’ talent engagement and practices [10]. 



412 | Cardiometry | Issue 25. December 2022

This study concludes that employee attributes in-
fluence work environment and practices, which also 
has an important role in business results. However, 
this has not been validated yet in the Indian context.

A study that evaluates the nature and extent of the 
relationship, which prevails in talent management and 
talent engagement, concluded that employee recogni-
tion is an important aspect, leading to effective talent 
management conducted by Prof. Pushpa Hongal Dr. 
Uttamkumar Kinange [11]. 

An important aspect of employer branding is en-
abled with aspects of talent management that impact 
talent management practices. Employee branding and 
practices are other important dimensions that have not 
been explored or studied in detail. Employee brand-
ing leads to employee involvement, commitment, and 
attention to all details, which provides organizational 
success and performance. 

Research has to be conducted on employer brand-
ing on talent management dimensions, and practices 
that lead to talent retentions in Indian companies have 
been emphasized by Prof. Pushpa Hongal and Dr. Ut-
tamkumar Kinange [12]. 

Talent management is an organizational method 
that enables organizational productivity & perfor-
mance. Organizations must reengineer and rewire 
themselves towards growth and development. It is one 
of the most effective strategies which enables perfor-
mance and achievement of organizational outcomes. 

The study reinforces the association between tal-
ent management strategy and effective talent manage-
ment practices. It says that rewards and promotions 
are vital, and providing them promptly would increase 
organizational retention in the long run. As this is a 
conceptual study, we also find a need to do more em-
pirical studies in this domain in Indian companies and 
evaluate the links between talent management and tal-
ent retention [13]. 

Talent management and Employee retention 
strategies

The modern strategy for effective HR-oriented 
practices and management focuses more on talent 
management & employee retention. These two di-
mensions are important pertinent strategies that are 
adopted by Global MNCs as well. Global companies 
are finding it very tough and challenging to identify, 
manage and retain talent. So, there is a need for talent 
management and talent retention at the global level 

too. These studies have to be intensified, and empir-
ical studies have to be initiated in Indian scenarios at 
regional levels [14]. 

Workplace and family culture – Impact 
on Employee engagement and retention 
practices

Work-life balance is crucial for employee produc-
tivity and performance. Researches and investigations 
are conducted regularly to determine work-life bal-
ance nature and impact on various factors and dimen-
sions. This study is purposive and engaging. It ana-
lyzes the impact of work in the hospital environment, 
which was conducted across various departments, and 
the effect of talent engagement practices assessed with 
work and culture. It was found that there is a positive 
relationship that prevails among these factors.

An investigative analysis was done on 20, the im-
pact of talent engagement practices and their effect on 
work and culture prevalent in hospitals by Matthew B. 
Perugino [15]. 

The study was done with 680 hospital employ-
ees working for 60 departments in a hospital in the 
South-Eastern US. In this study, it was found that de-
partments that had work-family cultures tended to 
have more employee engagement and involvement. 
They took pride in their work, and they were happy to 
work in these turbulent environments. The work-fam-
ily culture also increased the confidence level in man-
agement.

As these positive reinforcements are created in the 
workplace, employees had an intention to stay longer. 
It also creates a positive workplace and increases em-
ployee commitment and engagement to work [16]. 

As no research has been done or attempted on 
work-family culture and talent management with 
employee retention, there is a need to diagnose these 
variables and investigate in Indian companies.

A supervisor’s role is crucial as it helps employees 
maintain their work-life balance and professional and 
personal responsibilities. With supervisor support and 
effective management practices, I found that balanc-
ing responsibilities at work and home can be achieved.

An evaluation on investing time for work-life-
balance and practical implication on talent retention 
practices by José-Luis Rodríguez-Sánchez. The study 
provides an integrated model for work-life-balance. 
It has also analyzed the effect of various factors and 
dimensions of HR and its impact on talent retention 
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practices in organizations. This study is a case study 
done on the tourism sector, and the study provides 
an effective HR strategy for talent retention through 
work-life-balance [17]. 

A study was done to evaluate organizational ef-
fectiveness with talent management and career de-
velopment by Zulqurnain Ali. Bank employees’ data 
had been used, and a structured equation model was 
tested with AMOS. This study concluded that talent 
management had a substantial effect on employee 
engagement. The study concluded that individual de-
velopment opportunities must be provided for bank 
employees.

The study also said positive impacts of talent 
management practices with effectiveness and career 
development programs. However, as empirical stud-
ies have not been studied in this direction, there is a 
need for research-oriented studies to be done in this 
domain.

As disruptions are happening across the globe, it is 
the right time to reinvent talent management strate-
gies for Lisbeth Claus’s future. The changes in demog-
raphy, technology, and globalization have caused these 
disruptions. Design thinking, agile management, and 
HR analytics are bound to dominate the most import-
ant aspects in the future. The study concludes that 
organizations must revisit their talent management 
strategies for effective engagement and involvement of 
employees [18]. 

Research Methodology

Variables
This study’s independent variable is the talent 

management of Indian employees working in the Re-
tail, FMCG, construction, and food and hospitality in-
dustry. (These employees have resumed work after the 
COVID-19 crisis)

The study’s moderating variable: Employee em-
powerment, performance management systems, work 
culture, job design, job description, job enrichment, 
and job enhancement and rewards.

Dependent variables: Employee Engagement, Tal-
ent management, and Talent engagement for Indian 
industries during the COVID-19 crisis [19]. 

Objectives of the study:
To provide talent management strategies for Indian 

employees amidst the COVID-19 crisis.

Secondary Objectives:
1. To determine the role of employee engagement on 

talent management practices of Indian employees. 
2. To evaluate the role of performance management 

systems on talent management practices of Indian 
companies.

3. To examine the role of rewards systems and prac-
tices on talent management of Indian employees. 

Research design:
The study aims to collect information from 100 

Indian employees working in various industries who 
have resumed their work after COVID-19 in various 
states. The study covered Indian employees in Delhi, 
Madhya Pradesh, Calcutta, Rajasthan, Orissa, Telan-
gana, and Tamil Nadu. Five major industries of India 
are covered – Retail, FMCG, construction, food, and 
hospitality industries [20]. 

Nature and relevance of the research
The world is facing a pandemic, and COVID-19 has 

hit the global industries, and the functioning, routine 
industrial, personal and social activities have come to 
a standstill. Progress is nowhere to be seen, and profits 
are to be awaited. In this situation, there is a strategic 
need for employees to be supported. Employees have 
to be engaged, and talent has to be retained for the fu-
ture. In these moments of crisis, the entire HR system, 
its way, and manner of functioning have to change and 
tune with the times. New practices, systems, and pro-
cedures of talent management and engagement have 
to be put in place to manage employees better and 
keep them happy. New reward mechanisms and prac-
tices have to be kept in order to manage the crisis [21]. 

Sampling process:
The study involved 100 individual employees 

working in five major industries in India, functioning 
after the COVID-19crisis. A stratified random sam-
pling method was used for the selection of the sample. 
The sample was stratified based on income, age, gen-
der, and work type donein these industries.

Data collection methods:
Primary data from employees was collected using 

a questionnaire. Secondary data was collected from 
relevant articles, publications, periodicals, magazines. 
PhD works in the field and related domains were also 
studied in-depth and in detail [22]. 
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Data Analysis Methods:
The collected data from individual employees were 

analyzed using SPSS - correlation, regression, and 
ANOVA tools were used for analysis.
1. Level of analysis: Cross-tabulation of various de-

mographic factors and their impact was evaluated.
2. Level of analysis: Various factors and their impact 

were assessed at the second level, and necessary in-
terpretations were provided (cross-tabulations)

Results and Interpretations

Part A: Demographic details
Inference:
The jobs that require minimal human proximity in 

execution will be suitable for work from home has been 
mentioned by Deepa Mani Tomar. They highlighted 
that occupations such as directors, computing profes-
sionals, and general managers are highly suitable for 
work from home in the current situation. From Figure 
1, it can be inferred that the majority of the employees 
are Assistant Project Developers, Programmers, and 
Marketing Managers. Hence, opinion from them will 
provide good results [23]. Table 1 shows departmental 
details of employees.
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Figure 1: Designation details of employees
Note: APD- Assistant Project Developer MM-Marketing Man-
ager CL- Crew Leader PS- Policy Associate WD- Web Designer 
PRO-public relations officer S/C- Surveyor/Coordinator SM- 
Sales Manager

Inference:
90% of the IT industry employees worked from 

it can be inferred that majority of the employees are 
from the IT sector has been stated by Dr. Sridhar Mit-
ta. Marketing, Design, sales are the departments after 
IT. The experience of these employees would help to 
design an empirical model. 

Table 1
Departmental details of employees

Department Frequency Percent
IT 23 23.0
Marketing 16 16.0
Design 12 12.0
Sales 12 12.0
Consultancy 7 7.0
Media planning 7 7.0
Stakeholder Outreach 7 7.0
Engineering (Consulting) 6 6.0
Smart Cube 5 5.0
Publicity 3 3.0
Commercial litigation 2 2.0
Total 100 100.0

Inference:
Employee retention is very important for an orga-

nization’s growth, stability, and profit, as highlighted 
by Cloudier. The following factors have to be con-
sidered for employee retention: clear work role, good 
relationship with higher authorities, considering em-
ployees opinion, rewards, and promotion, and provid-
ing opportunities for innovative work.

From Table 2, it can be inferred that the majority 
of the respondents havetwo years of experience in the 
current job. Very few employees have experience of 10 
years and above. The majority of employees’ ideas and 
opinions willhelp employers create new strategies in 
the current situation [24]. 

Table 2
Current experience details of employees

Current Experience Frequency Percent
1.0 13 13.0
1.5 7 7.0
2.0 40 40.0
3.0 21 21.0
4.0 7 7.0
10.0 6 6.0
15.0 6 6.0
Total 100 100.0

Inference:
Employee motivation is an important aspect that 

helps the employer improve Sandhya and Kumar’s 
concluded employee and organization performance. 
From Table 3, it can be inferred that the majority of 
the employees follow specific guidelines provided by 
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the employers, which shows the good relationship be-
tween employee and employer.

Table 3
Specified guidelines followed by employees

Frequency Percent

Valid
Yes 93 93.0
NO 7 7.0
Total 100 100.0

Inference:
From Table 4, it can be inferred that the majori-

ty of the respondents are expecting work from home 
in this situation, and they expect employers to make 
spread awareness on safety protocols among the em-
ployees. Reduction in work hours will ensure the safe-
ty and welfare of employees. Other important aspects 
are well-defined employees’ rights and transparency in 
rules [25]. 

Table 4
Suggestions to improve safety and welfare of employees

Fre-
quency

Percent

Inculcating a sense of collective respon-
sibility towards each other and also 
towards society. Following all the govern-
ment-issued protocols and also adapting 
them to suit the work environment.

3 3.0

Making sure HVACs are safe to use; use 
disinfectants 3 3.0

Making them aware of safety protocols 
and doing rehearsals 25 25.0

More transparency and strict rules. 13 13.0
Must be well informed about their rights 
as an employee 10 10.0

Reduce working hours 17 17.0
WFH should be optional; employee shut-
tles/cabs 3 3.0

Work from home, where possible. 26 26.0
Total 100 100.0

Part B: Empowerment

Inference:
From Table 5, it is inferred that working online is 

moderately comfortable with the majority of the em-
ployees. The majority of the employees agreed that 
employers moderately do employee empowerment in 
these critical situations.

Table 5
Descriptive analysis on employee empowerment factors

Descriptive Statistics
N Mini-

mum
Maxi-
mum

Mean Std. De-
viation

Working online is bet-
ter than working from 
the office

100 1 5 3.10 1.345

HR managers are 
supportive of WFH 
procedures and mech-
anisms

100 1 4 2.61 1.063

provided with full free-
dom at work 100 1 4 2.40 1.247

WFM poses different 
challenges 100 1 4 2.20 1.054

Valid N (listwise) 100

Inference:
From Table 6, it can be inferred that 37% of the 

employees strongly agreed, and 14% agreed that em-
ployers provided them full freedom atwork. Equally, 
28% of the employees disagree, and 21% are neutral 
about employers’ freedom provision at their work. 
More freedom at work would lead to better morale 
and higher productivity [26]. 

Table 6
Given full freedom at work

Full freedom at work Frequency Percent
Strongly agree 37 37.0
Disagree 28 28.0
Neutral 21 21.0
Agree 14 14.0
Total 100 100.0

Inference:
From Table 7, it can be inferred that the majority 

of the employees agreed that different challenges take 
place during work from home. The communication 
gap between coworkers and superiors, lack of techno-
logical knowledge, and difficulties in separating work-
life and home-life are the challenges employees face 
during work-from-home were studied by Setyawan 
and Lestari.

Inference:
From Table 8, it can be inferred that the majority of 

the employees are neutral on working online. Cumu-
latively 36% of the employeesdisagreed with the work 
from home. Only 29% of the employees agree that 
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working online is better than working from the office. 
A study also has the same results stating that some em-
ployees feel happy to work online because Setyawan 
and Lestari did familiarization with the communica-
tion technologies [27]. 

Inference:
From Table 9, it can be inferred that 44 % of the 

employees agreed and 13% strongly agreed that HR 
managers are supportive of work from home proce-
dures and mechanisms. 31% of the employees dis-
agreed, and 12% were neutral about this.

Table 9
HR managers are supportive of WFH procedures and mecha-
nisms

HR managers are supportive Frequency Percent
Agree 44 44.0

Disagree 31 31.0
Strongly agree 13 13.0

Neutral 12 12.0
Total 100 100.0

Inference:
From Table 10, it can be inferred that the major-

ity of the respondents suggest that employers must 
interact with them regularly to understand their con-
cerns [28]. 

Table 10
Suggestions for further empowerment of employees in the 
COVID-19 situation

Suggestions for further empower-
ment of employees

Frequency Percent

Employer-provided power back up, 
unlimited high-speed internet 20 20.0

Flexible timings, Target Oriented 
Functioning, and increased Dear-
ness Allowances to cover the new 
expenses associated with a WFH 
lifestyle.

21 21.0

Independence in decision making 
and clear cut orders 19 19.0

To regularly interact and understand 
their concerns. 40 40.0

Total 100 100.0

Part C: Reward Management and Practices

Inference
From Table 11, it can be inferred that the majori-

ty of the employees agreed that their work had been 
recognized. However, the financial rewards and incen-
tives are not provided by the company.

Table 11
Descriptive analysis on reward management

Descriptive Statistics
N Mini-

mum
Maxi-
mum

Mean Std. De-
viation

provided with finan-
cial rewards during 
this COVID-19 pan-
demic

100 2 2 2.00 .000

provided with non-fi-
nancial rewards more 
than financial rewards

100 1 2 1.87 .338

provided with in-
centives during this 
COVID-19 pandemic

100 2 2 2.00 .000

Valid N (listwise) 100

Inference:
From Table 12, it can be inferred that the majority 

of the employees agreed that their performance was 
recognized.

Inference:
From Table 13, it can be inferred that cumulative-

ly 46% of the employees agree that they have flexible 
work nature. However, 27% of employees were neutral 

Table 7
WFM-Work from home poses different challenges
WFM poses different challenges Frequency Percent
Agree 34 34.0
Strongly agree 31 31.0
Neutral 19 19.0
Disagree 16 16.0
Total 100 100.0

Table 8
Working online is better than working from an office
WFH is better than working from 

an office
Frequency Percent

Neutral 31 31.0
Strongly disagree 22 22.0
Agree 18 18.0
Strongly agree 15 15.0
Disagree 14 14.0
Total 100 100.0



Issue 25. December 2022 | Cardiometry | 417

on flexibility in their work, and 27% disagree with the 
flexible work nature providence [29]. 

Inference:
From Table 14, it can be inferred that 53% of the 

employees agreed that their work has novelty.

Table 14
Employee’s novelty in work

Have novelty in work Frequency Percent
Strongly agree 32 32.0
agree 21 21.0
Neutral 26 26.0
disagree 21 21.0
Total 100 100.0

Inference:
From Table 15, it can be inferred that the majority 

of the respondents faced extended working hours, in-
ternet connectivity issues, and communication gaps.

Table 15
Challenges during work from home

Challenges faced while working from 
home

Fre-
quency

Percent

Extended working hours and connectivity 
issues. 27 27.0

Miscommunication, lack of guidance from 
seniors, job insecurity. 13 13.0

Over time, Internet issues 11 11.0

Challenges faced while working from 
home

Fre-
quency

Percent

Monotonous working environment. Lesser 
social interaction. No face-to-face (instant) 
feedback.

7 7.0

Net connectivity, lack of all the resources 
under one roof, lesser interaction with 
prospective customers

7 7.0

Power cuts, internet outage, no fixed meal 
timings 7 7.0

1. Less family interaction 2. Reduced pro-
ductivity 4 4.0

1) Sleep schedule 2) Working environment 
with everyone at home 3) Patchy internet 
connection

4 4.0

Difference in the environment, network 
disturbance 4 4.0

Erratic internet connection. No work-life 
balance. Increased screen time resulting in 
partial night blindness.

4 4.0

Lack of communication, lack of IT support 4 4.0
Poor internet, power cuts 4 4.0
Time management, work-life balance 4 4.0
Total 100 100.0

Factor Analysis of Employee Engagement  
on Talent Management

Inference:
From Table 16, Table 17, Table 18 and Table 19, it 

can be inferred that HR Managers are providing good 
support for the employees in the crisis. They also en-
courage employees to utilize their full potential and give 
freedom to express their creative ideas in their work.

Table 16
Provided with full freedom at work

Observed N Expected N Residual
Strongly agree 37 25.0 12.0
Agree 14 25.0 -11.0
Neutral 21 25.0 -4.0
Disagree 28 25.0 3.0
Total 100

Table 17
Working online is better than working from an office

Observed N Expected N Residual
Strongly agree 15 20.0 -5.0
Agree 18 20.0 -2.0
Neutral 31 20.0 11.0
Disagree 14 20.0 -6.0
Strongly disagree 22 20.0 2.0
Total 100

Table 12
Performance recognition of employees

Performance is recognized in 
the workplace

Frequency Percent

Strongly agree 27 27.0
agree 45 45.0
Neutral 21 21.0
Disagree 7 7.0
Total 100 100.0

Table 13
Given flexibility at work

Have flexibility in work Frequency Percent
Strongly agree 39 39.0
agree 7 7.0
Neutral 27 27.0
disagree 27 27.0
Total 100 100.0
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Table 18
HR managers are supportive of WFH procedures and mecha-
nisms

Observed N Expected N Residual
Strongly agree 13 25.0 -12.0
Agree 44 25.0 19.0
Neutral 12 25.0 -13.0
Disagree 31 25.0 6.0
Total 100

Table 19
Test Statistics

Provided 
with full 
freedom 
at work

WFM 
poses 

different 
chal-

lenges

Working 
online is 

better than 
working 
from an 
office

HR managers 
are support-
ive of WFH 
procedures 
and mecha-

nisms
Chi-Square 11.600a 9.360a 9.500b 28.400a
df 3 3 4 3
Asymp. Sig. .009 .025 .050 .000

a. 0 cells (0.0%) have expected frequencies less than 5. The 
minimum expected cell frequency is 25.0.
b. 0 cells (0.0%) have expected frequencies less than 5. The 
minimum expected cell frequency is 20.0.

Factor analysis of Performance management 
and rewards systems practices on talent 
management

Inference:
From Table 20, Table 21, Table 22 and Table 

23, it can be inferred that employee performanc-
es were recognized, the company provided a good 
environment to employees, and they were getting 
freedom in their workplace. Good work perfor-
mance was appreciated by managers and given to 
employees for a flexible work nature. Employees 
had novelty in their work. The employee’s opin-
ions and comments were somewhat considered to 
make a strategic plan [30]. 

Table 20
Your opinions and comments were taken well

Observed N Expected N Residual
Strongly agree 27 25.0 2.0
Agree 19 25.0 -6.0
Neutral 40 25.0 15.0
Disagree 14 25.0 -11.0
Total 100

Table 21
You have flexibility in your work

Observed N Expected N Residual
Strongly agree 39 25.0 14.0
Agree 7 25.0 -18.0
Neutral 27 25.0 2.0
Disagree 27 25.0 2.0
Total 100

Table 22
You are rewarded suitably for your work performance

Observed N Expected N Residual
Strongly agree 25 25.0 .0
Agree 27 25.0 2.0
Neutral 27 25.0 2.0
Disagree 21 25.0 -4.0
Total 100

Table 23
Test Statistics

recog-
nized 

for your 
work

Your 
opinions 

and 
com-
ments 
were 
taken 
well

Your 
perfor-
mance 
is rec-

ognized 
in the 
work-
place

You 
have 

flexibility 
in your 
work

You 
have 

novelty 
in your 
work

You are 
re-

warded 
suitably 
for your 

work 
perfor-
mance

provid-
ed with 
non-fi-
nancial 
rewards 
more 
than 

financial 
rewards

Chi-
Square 20.080a 15.440a 29.760a 21.120a 3.280a .960a 54.760b

Df 3 3 3 3 3 3 1

Asymp. 
Sig. .000 .001 .000 .000 .350 .811 .000

a. 0 cells (0.0%) have expected frequencies less than 5. The 
minimum expected cell frequency is 25.0.
b. 0 cells (0.0%) have expected frequencies less than 5. The 
minimum expected cell frequency is 50.0.

Inference:
From Table 24, it can be inferred that employees 

were not satisfied with the reward system followed by 
the companies. Companies are expected to frame new 
reward systems, especially financial rewards, during 
the COVID-19 situation [31], mentioned that the 
production level has become very low. Economies of 
many, so-called, powerful countries are now facing the 
threat of high inflation and increasing unemployment 
due to lack of productivity and excessive expenditure.

Conclusion
The m,-Majority of the respondents expect work 

from home in this situation and employers have to 
spread awareness on safety protocols among their 
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employees. Reduction in work hours will ensure the 
safety and welfare of employees. Other important as-
pects are well defined employees’ rights and transpar-
ency in rules. In these times, managers need to take a 
“human-first” approach where some tasks may need 
to take a back seat to their wellbeing. So, depending 

on the situation, managers need to adjust expectations 
because employees may be exposed to new stressful 
situations like not having an ideal workspace, taking 
care of children, cooking, etc. The following factors 
have to be considered for employee retention: clear-
ly defined work role, good relationship with higher 
authorities, consideration of employees’ opinion, re-
wards and promotion, and providing opportunities 
for innovative work. Well-maintained organizational 
communication means employees who have different 
strengths work towards a common goal. The majori-
ty of the employees follow specific employers’ specif-
ic guidelines, which shows the good relationship be-
tween employee and employer.

The following are the main consequences of the 
work from home phenomena:
• Stress
• No Work-Life Balance
• Improper sleep schedule
• Decrease in productivity level

The organization has to build new strategies in 
these current COVID-19 times. The following are 

Table 24
Ranking analysis of reward systems

Mean Rank
provided with financial rewards during this 
COVID-19 pandemic 2.07

provided with non-financial rewards more than 
financial rewards 1.87

provided with incentives during this COVID-19 
pandemic 2.07

Test Statistics
N 100
Chi-Square 26.000
df 2
Asymp. Sig. .000

Friedman Test

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 

Employer’s Current Standard 
 
Poor team collaboration 
Lack of a robust technological 
infrastructure 
Low productivity 
Poor employee engagement 
Security issues 
Poor economic conditions        
Communication gaps (no face to 
face interaction) 
 
 
 
 
 
 

Employees’ Expectations 
 
Open communication on safety 
protocols 
High-speed internet 
Reduction in working hours 
Well defined employee rights 
Consideration of employees’ opinions  
Financial rewards 
Increase in dearness allowances to 
cover the new expenses 
Flexible work timings 

 Consequences 
Stress 
No work-life balance 
Improper sleep schedule 
No fixed mealtime 
Productivity level decreased 
Improper time management 

 
Talent Management & Talent Engagement Strategies 

 
1. Regular interaction with employees to understand their 

concerns 
2. Flexible work timings 
3. Instant financial rewards 
4. Unlimited high-speed internet 
5. Periodic surveys 
6. Keep an informal open line of communication 
7. Virtual game nights 
8. Involving employees’ families if possible 

Figure 2: Impact of work from home: Talent Management & Talent Engagement Strategies
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some aspects that are to be considered to create a tal-
ent management and engagement model.
• Virtual office setting
• Information HUB creation
• Offering perks and discounts, such as cashback of-

fers, subsidized insurance plans, tie-ups with hos-
pitals, gift cards, etc.
Limitations – The sample size of 100 employees 

is a minor limiting factor that can be overcome in a 
similar project shortly.

Suggestion and Recommendations
HR managers are providing good support for the 

employees during these tough times. They also en-
courage employees to utilize their full potential and 
give them freedom to express their creative ideas in 
their work. However, as is expected in today’s new re-
ality, certain issues need to be addressed.

Figure 2 shows the impact of Talent Management 
and Strategies of working from home.
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Abstract
Menstrual hygiene is a concept of deep concern as; unhygienic 
practices can lead to health problems like reproductive tract 
infections and their complications. There is a definite difference 
between the menstrual hygiene practices among urban and ru-
ral women, influenced by literacy, awareness, accessibility, and 
exposure. This community-based, cross-sectional study was 
conducted in Sangrur village, Pune using a questionnaire and 
personal interview method. It was observed that 70% of the 
population used cloth during menstruation; irrespective of that 
83% were aware of sanitary napkins. The women’s attitude of 
resistance to change and lack of information about the impor-
tance of using sanitary napkins were found to be the reasons 
for not shifting to sanitary napkins. Sanitary product used and 
period hygiene practices adopted by the women of Sangrur 
village, Pune is unsatisfactory. Improving the level of health 
education can go a long way in enhancing menstrual hygiene 
practices. 
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Menstrual hygiene, reproductive age group, sanitary napkins, 
menstrual education, women.
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Introduction
Menstruation is a condition unique to women 

which are caused due to the shedding of the uterus 
lining. It occurs once a female reaches her adolescence 
and indicates the onset of reproductive life. The men-
strual cycle is hormone-driven and happens typically 
once a month. This usually lasts 28 days, but it can vary 
in individuals and even in other months. The level of 
menstrual hormones, such as estrogen and progester-
one, runs throughout the phase and is responsible for 
the symptoms [1]. 

Menstruation is perceived in different ways across 
the world. Cultural influences, religion, socioeconom-
ic status, and literacy are the critical factors deciding 
the perception of menstruation. Some religious and 
cultural traditions prohibit women from participating 
in religious rituals. In many parts of the world, it is 
believed that menstruation is a disease and is consid-
ered an unclean phenomenon. There are areas where 
ladies are kept away from daily chores and other fami-
ly members during the menstruation days [2]. 

The availability of menstrual products and men-
strual education varies considerably. Women in devel-
oped countries have awareness and access to a wide 
range of hygiene items, such as tampons, cups, and 
pads, while developing and underdeveloped countries 
have limited access to these items. In India, there is a 
vast difference in the menstruation practices among 
the rural and urban areas. In rural areas, women use 
recyclable cloths during menstruation, and there are 
also no readily available products for cleaning soiled 
cloths. Some women are still struggling with hygiene 
products due to poverty. Homes are more focused on 
delivering food and clothing. The emphasis on femi-
nine hygiene is not a priority for donors [3]. 

Menstrual hygiene is a matter of deep concern be-
cause; unhygienic practices may lead to reproductive 
tract infections. The figures of women suffering from 
R.T.I. (Reproductive tract infections) and transmitting 
to their offspring are currently in millions. Poor men-
strual hygiene practices can contribute to the prolif-
eration of different bacteria and infect the cervix and 
other upward parts. The mucosal membrane is highly 
permeable in this area, which can lead to sepsis and 
other ramifications. Women who are educated about 
menstrual hygiene are seen as less vulnerable to R.T.I. 
Hence, increased knowledge of menstrual hygiene 
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will help reduce the number of women suffering from 
R.T.I. [4]. 

Although the relatively cultured, educated, and 
progressive urban India still addresses menstruation 
and the related stigma, breaking the mold in rural 
areas is difficult. In India, a rural region, the obso-
lete value-system relating to periods, sexuality, etc., 
is deeply entrenched. The resistance is extreme, and 
much is practically kept under wraps– like the local 
chemist handing over a packet of sanitary napkins. 
Government figures show optimistic results on the us-
age of hygienic approaches for menstrual cycle man-
agement. In the 15-24 sample age group, according to 
NFHS-4, 42 percent of women use sanitary napkins, 
and 16 percent use locally made napkins, while 62 
percent use paper. If the statistics are to be believed, 
it is estimated that at least 58 percent use a hygienic 
menstruation process. However, women’s menstrual 
age rises to 40-45 years. Despite figures showing more 
than 48 percent of rural women use sanitary practic-
es, a significant section of women were left out of the 
study. One faces many obstacles when attempting to 
bring about such change in rural areas [5]. 

Much has been believed in rural India regarding 
the use of sanitary pads. The general impression is that 
rural women and girls do not have hygienic napkins 
available or affordable. But the fact is that, even in ru-
ral areas, pure disposable products to be used during 
menstruation are much better than the commonly 
quoted figure of 12 percent. In India, only 12 percent 
of the women use Sanitary Pads while the others use 
unhygienic practices of handling menstruation. “Sani-
tary Protection: Every Woman’s Health Right” [6]. 

Decades later, many N.G.O.s, C.S.R. activities, and 
government programs still are centered on this 12 per-
cent. Moreover, it is believed that the remaining 88 
percent, which does not have sanitary pads, might use 
unsafe means. The NFHS (2015-16) survey gauges the 
number of females using clean means of menstruation 
in India to 78 percent in urban regions, 48 percent in 
rural areas, and 58 percent combined. Today, close 
to 6 of 10 females in India have access to disposable 
hygienic pads. Locally produced pads, sanitary pads, 
and tampons are perceived as hygienic safety mea-
sures as per this survey. From the expression, one may 
presume that the single-use of disposables is hygienic. 
The use of ‘hygienic items’ varies widely across various 
states, with Delhi, Tamil Nadu, and Kerala as greater 
as 90 percent and rural Bihar as minimal as 30 percent.

A critical component of health education for teen-
age girls is menstrual sanitation, a crucial risk factor 
for reproductive tract infections. Educational televi-
sion shows, professional school nurses/health work-
ers, inspired school teachers, and educated parents 
will play a preeminent role in transmitting today’s 
teenage girls the critical message of proper menstrual 
hygiene. The policymakers should improve menstrual 
hygiene among the rural population by providing edu-
cation to females and awareness of the various risk fac-
tors. Ensuring quality menstrual hygiene may be a sig-
nificant factor in preventing R.T.I. and cervix cancer 
among females. Therefore the need of the hour is to 
foster positive behaviors towards menstruation man-
agement and related issues among adolescent girls [7]. 
The study is aimed at understanding sanitary practices 
and barriers to the adoption of hygienic products. 

Aim and Objectives
• To study the menstrual sanitary practices of the 

women of reproductive age group in Sangrur vil-
lage, Pune.

• To understand the barriers against the use of sani-
tary products. 

Materials and Methods
The study adopts a community-based exploratory 

design. The study was conducted in Sangrur village in 
Haveli Tehsil of Pune District,Maharashtra. The study 
population was women of the reproductive age group 
who were visitingthe primary health center. 

Purpose of the study: To study the menstrual hygiene 
practices of the women in the reproductive age group of 
Sangrur Village, Pune. A simple random sampling meth-
od was used to select study participants. Data of women 
was obtained through the databases of primary health 
center Sang run village, and a total of 60 women were 
chosen through sequential, random sampling. 

The study tool was a pre-designed questionnaire 
administered personally after taking verbal consent 
[8]. A comfortable environment was created by brief-
ing them about the study. A pre-designed set of ques-
tions were asked in the personal interaction, and their 
answers were noted. The parameters included were the 
use of sanitary products. In the end, the queries related 
to menstrual hygiene were answered. And interviewed 
about their age of menarche and practices followed for 
menstrual hygiene like cloth or sanitary pads, pad dis-
posal, cloth reusage, and genital hygiene [9]. 
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Results
Among the reproductive age group population 

(Age group:14-45), 70% of the women still used cloth 
as a sanitary product. Only 28% uses hygienic nap-
kins/pads. Figure 1 shows the clean product used by 
the population in India.

When asked about the awareness of sanitary nap-
kins, 83% of the population was aware of Sanitary nap-
kins.
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Figure 1. Diagram showing the sanitary product used by the 
population

Discussion

Sanitary Product Used
This study shows that 70% of the women belonging 

to the reproductive age group of Sangrur village, Pune, 
still use cloth during their menstruation. The women 
reuse material until it is torn off. Fabric is washed in 
normal water with soap and mostly dried inside the 
house. Cloth, once torn off, is either disposed of in the 
nearby river or burnt [10]. The 30% of the population 
who uses sanitary pads are primary school and col-
lege-going teenagers aged 16-23. A very few women 
previously residing in urban areas and presently mar-
ried and moved to Sangrur are also using pads. All the 
women using pads use commercial brands, and none 
of them avail the places available at a subsidized price 
in the Public Health Center under the government 
mission. 

Awareness about Sanitary Napkin
Figure 2 shows the awareness of the population 

about sanitary napkins [11]. This study observed that 
although 70% of the women use cloth during their 
menstruation, 83% of the women are aware of the 
availability of pads. Having known about the availabil-

ity of sanitary napkins, women used pads because of 
their resistance to change. The women have been fol-
lowing what their parents did [12]. There are women 
whose children use pads, but the mother is reluctant 
to change even after knowing the consequences of us-
ing cloth. A common reason the women mentioned 
not using pads was that there is no proper disposal 
facility available in the village. For one year, the mu-
nicipal waste collection vehicle has stopped coming 
to the town. The women fear the villager’s attitude to 
burn the pads. The women using pads throw the plac-
es in the nearby river or carry them to their school or 
college for disposal. The majority of the women pop-
ulation of the village goes to the field for work. Due 
to lack of knowledge, they fear the leak of menstrual 
fluid during their activities in the area. There haven’t 
been any awareness programs conducted by the Pub-
lic Health Centre to educate the village women about 
the importance of using pads and the health conse-
quences they may face on using cloth. The women are 
aware only of the availability of places at a subsidized 
cost. Having a television in most of the houses, women 
are aware of sites through advertisements. It is not the 
availability that has to be focused on, but the impor-
tance of using pads should be reinforced among wom-
en to ensure a healthy lifestyle [13]. 

Hygiene Practices
Every woman who participated in the study con-

firmed that they used lukewarm water for vaginal 
washing. Irrespective of whether they had access to a 
personal toilet or public toilet, they used clean water 
for washings. 

The study’s findings were correlated with stud-
ies on menstrual hygiene revealed that the literacy of 
parents, mainly the mother played an important role 
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Figure 2. Diagram showing the awareness of the population 
about sanitary napkins.



Issue 25. December 2022 | Cardiometry | 425

in providing knowledge on menstruation to the girl 
before hitting menarche. It was also observed that the 
literacy of the parents also influenced the sanitary la-
trine usage at home and exposure to the media adver-
tising promotion of the use of hygienic napkins [14]. 

Conclusion And Recommendations
Women of the village need to be educated regard-

ing the significance of maintaining sanitary practices 
during periods. The future consequences should be 
focused on, and awareness should be built to ensure 
the usage of sanitary napkins/pads. It is not the lack 
of knowledge about the availability or existence of the 
product; it is the attitude of resistance to change of the 
women and lack of information about the importance 
of using sanitary napkins/pads. Organizing awareness 
classes by the Public Health Center of the village will 
enhance the knowledge of the women. Proper waste 
management should be planned in the town [15]. 

To assess the effectiveness of initiatives targeted 
at upgrading menstrual sanitary practices among fe-
males, a specific national health program focusing on 
improving menstrual hygiene, thus preventing repro-
ductive tract infections, is required along with contin-
ued health education. Creating a robust school health 
education curriculum with guidance in hygienic men-
strual activities is the need today. Every adolescent 
girl needs to be advocated for the universalized use of 
sanitary pads or absorbent materials by making acces-
sibility simple through social marketing.
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Abstract
Artificial Intelligence (AI) has numerous potential applications 
in the healthcare sector. These applications vary from its use in 
quicker disease diagnosis to its assistance for efficiently deal-
ing with pandemic situations. Many countries have success-
fully laid out their strategy for the effective implementation of 
AI. However, several developing countries are still working on 
their plan to increase the penetration of AI in various fields, 
including healthcare, to harness AI’s potential benefits. The 
research objective is to understand the perception of Medical 
Specialists about using AI by identifying significant factors that 
impact their adoption of AI to perform medical tasks. Several 
medical specialists were surveyed based on five factors taken 
from 2 popular technology adoption models- UTAUT2 and 
TAM2. The data analysis on the collected responses (N=111) was 
done using PLS-SEM. Based on the analysis results, two factors, 
namely- Facilitating Conditions and Performance Expectancy, 
are found to positively impact medical specialists’ behavioral 
intention to adopt AI in their professional life. Decision-makers 
of developing countries can take appropriate measures based 
on identified two significant factors to boost AI healttocations’ 
adoption in their country to solve existing healthcare problems 
and improve the quality of healthcare services. 
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1. Introduction
Artificial Intelligence is a combination of various 

technologies that help in developing human-like in-
telligent machines. It enables designing systems with 
human capabilities, such as the ability to sense, under-
stand and act accordingly. AI has continuously evolved 
over decades and is now booming due to factors like 
digitalization, the evolution of new technologies like 
neural networks, deep learning, machine learning, 
easy access to high computing power, and many more. 
Applications of AI such as facial recognition, virtu-
al personal assistants, automated cars, chat bots, and 
many more are successfully integrated into our daily 
lives. AI has disrupted many industries from manufac-
turing to retail due to enormous benefits it provides, 
such as improved work efficiency, reduction in costs, 
increased accuracy, and higher performance. AI has 
also found its way to a very critical sector of healthcare 
and medicine [1]. 

The two most important things that are must for 
accurate decision making related to patients’ treat-
ment are knowledge and experience. As AI is built 
on the same principles, it can be of great assistance 
for treating patients. It can quickly gather data from 
various sources such as medical books and healthcare 
research studies and acquire experience by processing 
patients’ historical data and treatment [2]. AI in med-
icine and healthcare has applications in various areas, 
including medical diagnosis, robotics, human biology, 
medical statistics, and many more. The AI algorithms 
are designed to perform functions such as therapy se-
lection, stratifying risk, diagnosis generation, limiting 
errors, and increasing productivity. Due to its poten-
tial for various applications in healthcare, the growth 
of the global AI health market is estimated at a CAGR 
of 40% and is estimated to reach $6.6 billion by 2021 
[3]. Effective implementation of AI requires the devel-
opment of policy and regulations, infrastructure de-
velopment, HR development, thorough research and 
development, and it is observed that several countries 
such as the USA, South Korea, China have successfully 
laid out their strategy for it, but other countries like 
India are still struggling on that front [4]. It is assert-
ed that the economic growth of developing countries 
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like India can be increased to a great extent by utilizing 
the potential of AI in sectors such as manufacturing, 
healthcare, smart cities, education, smart mobility, 
energy, and agriculture. Effective implementation of 
any budding technology requires rigorous research, 
but it is found that India has only 386 Ph.D. educated 
researches out of 22,000 total researchers of the world, 
which implies that there is a lack of required resources 
for the implementation of AI in developing countries 
and tremendous effort is required from various enti-
ties such as government, the industry as well as aca-
demia to facilitate its emergence.

In [5] for solving contemporary problems such 
as mal-distribution of doctors and lower quality of 
healthcare. However, the use of AI will solve such ex-
isting healthcare problems and help generate more an-
nual savings by its use in AI-assisted nurses, Admin-
istrative workflow, and Virtual nurses. Many studies 
have referred to AI as assisted intelligence; it can be 
used as a tool in healthcare to assist healthcare prac-
titioners but cannot replace it [6]. This indicates that 
the potential of AI applications in healthcare can be 
utilized only if medical practitioners incorporate its 
use in their professional life. Therefore, it is impera-
tive to encourage healthcare professionals to adopt AI 
healthcare applications, but in order to do so, it is re-
quired to first understand their perception about the 
use of AI in achieving their work outcomes [7]. 

Despite AI’s great potential in solving healthcare 
problems of developing countries by increasing pro-
ductivity, saving costs in the long run, improving 
health care facilities in a holistic way, its penetration in 
such countries’ healthcare is observed to be very slow 
[8]. Therefore, the objective of this paper is to under-
stand the factors impacting the acceptance of AI by 
medical specialists for performing healthcare tasks. To 
serve the above purpose, we have considered the five 
pertinent constructs from 2 well-known models of 
technology adoption- UTAUT2 and TAM2. The four 
factors, namely- effort expectancy, facilitating condi-
tions, performance expectancy, and price value, are 
chosen from UTAUT2, and the last factor, called re-
sults demonstrability, is chosen from the TAM2 mod-
el. Considering 4 out of 5 constructs from UTAUT2 
is done because research shows that UTAUT2 is more 
explanatory than its previous version- UTAUT, as it 
is capable of explaining the variance of about 56% to 
74% in behavioral intention and variance of about 40 
to 52% in the use of technology. The responses to a 

questionnaire based on the mentioned five factors 
and the behavioral intention construct are analyzed to 
produce the required findings [9]. These findings will 
clearly indicate factors that significantly impact the 
adoption of AI in healthcare by Medical Practitioners 
and will be helpful for decision-makers of countries 
looking forward to harnessing potential benefits of AI 
in their healthcare sector by increasing its adoption 
proportion.

2. Literature Review
As per the literature, AI’s applications in health-

care and medicine are very promising. According to 
the Harvard Business Review, AI has ten promising 
healthcare applications, including virtual nursing as-
sistance, fraud detection, robot-assisted surgery, dos-
age error reduction, connected machines, administra-
tive workflow, clinical trial participation, preliminary 
diagnosis, cybersecurity, and automated image diag-
nosis. These applications of AI can save lots of mon-
ey in healthcare annually. It is estimated that by 2026, 
healthcare AI applications in the USA would create 
up to $150 billion in annual savings. AI in medicine 
is implemented as two principal branches- virtual and 
physical [10]. Virtual branch uses deep learning tech-
niques of AI to manage health information manage-
ment systems to help predict disease diagnosis, while 
physical one includes using robots for patient care and 
in surgeries. The data-driven application of AI can be 
used for computer-aided diagnosis of various diseases 
such as oesophageal cancer and help in therapy selec-
tion support. AI has also helped in the development of 
targeted nanorobots, which enables efficient deliver-
ing drugs into bodies. Some existing systems that use 
AI are IBM’s ‘Watson’ for diagnosis and treatment of 
cancer, Jvion’ s ‘clinical success machine’ for identify-
ing patients who are most at risk, and patients who are 
more likely to respond to the therapy [11]. 

Applications of AI in medicine are not limited to 
only specific departments; it has potential in almost 
all medical branches. For example, in Paediatrics, AI-
based algorithms are used to detect persistent asthma 
in children with great accuracy during early child-
hood, which otherwise is very difficult to detect due 
to common viral symptoms such as coughing and 
breathing issues in young children [11]. Similarly, AI 
applications in the field of Dermatology include ear-
ly diagnosis of skin diseases such as Psoriasis, Skin 
Cancer, and Onychomycosis based on readily avail-
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able clinical images used to train AI systems. It is also 
found that AI applications can assist dental surgeons 
in performing healthcare activities more efficiently 
related to various fields of Dentistry such as Forensic 
Odontology, Dental, and Maxillofacial Radiology, Or-
thodontics, Oral and Maxillofacial Surgery, and many 
others. AI in surgery can be used to improve patient 
treatment with the assistance of AI systems which is 
trained using a large database containing electronic 
medical records (EMR), vital signs, and operative vid-
eos to enhance clinical decision making in all the three 
phases- pre, intra and post-operative phases [12]. 

Various papers present AI-enabled system’s capa-
bility to improve the healthcare facilities provided to 
the needy. AI-based chatbots are helpful in spreading 
health awareness, providing easy access to healthcare 
services, answering basic healthcare queries, and en-
couraging small lifestyle changes for better health. 
AI systems can be developed to help patients manage 
their chronic conditions and timely persuade them to 
consistently abide by their health management rou-
tine. Customized e-learning platforms can be devel-
oped using AI that provides a set of relevant learning 
materials to patients as per their symptoms, enabling 
them to understand their condition in a better way 
and improve self-care accordingly [13]. With the in-
crease in the importance of mental health, research 
studies are carried out to find out how AI can be ap-
plied for improved mental healthcare. Mental health-
care professionals traditionally use direct interaction 
with patients to diagnose mental illness, which usually 
requires a lot of time, but it is observed that diagno-
sis time can be reduced if AI applications are used to 
pre-screen patients based on their psycho-bio-social 
details. A research study shows that emotion AI can be 
used to detect depression by using easily available so-
cial media data such as twitter’s tweets. AI-based plat-
forms are also helpful for suicide care, that is, the use 
of machine learning to determine suicide risk factors 
for identifying at-risk individuals with reduced efforts 
and providing required emotional support to prevent 
suicides [14]. 

AI can also be useful in better dealing with pandem-
ic situations. According to the research, techniques of 
AI can be used in CT image analysis for automating 
the detection of corona-infected persons, thereby re-
ducing the time and effort required by health practi-
tioners. Various AI tools can be used along with smart 
city networks for collaborative and transparent data 

sharing between pandemic-affected regions to avoid 
misinformation and also facilitate collective working 
on a vaccine for the disease. Different AI tools can be 
used to understand people’s health-seeking behavior 
and emotions during a pandemic by tracking twitter or 
using entomology or infoveillance, which will help the 
government understand the concerns of people and 
educate them accordingly reduce panic among them. 
During an epidemic, simulation models, along with 
the use of AI, can be very useful to track the spread of 
disease and predict its rate of spread providing scien-
tific proof to the government to undertake measures 
like social distancing, quarantines, etc. [15]. The use 
of AI in pandemic situations can enable real-time pre-
dictions for the potential sites of infection, the num-
ber of possible infected people in a region, and then 
accordingly will be helpful in arranging the number of 
beds, medical equipment, and healthcare staff need-
ed to provide effective treatment to affected people. 
Studies also show that AI can be used along with IoT 
to help in faster infection detection during pandemics 
by using data acquired from smartphones sensors like 
microphones, cameras, temperature sensors, etc.

The use of AI in healthcare has tremendous bene-
fits, but there are also many challenges to be addressed 
for its fruitful execution. Big healthcare data is re-
quired for an effective AI implementation that helps 
to improve disease diagnosis outcomes, gain valuable 
insights for diagnosis, and even predict outbreaks 
of pandemics, but there arises various security and 
privacy concerns when dealing with big data. Other 
concerns include transparency of AI algorithms in 
performing their jobs without any biases, accountabil-
ity issues in the case of incorrect diagnosis, patients’ 
safety concerns in case of glitches or down-time of the 
AI systems, huge finance required for the setup and 
maintenance, lack of a concrete framework for data 
standardization and its integration, need for a proper 
framework, policies, and strategies for the use of AI in 
healthcare. There is also a prevailing notion that the 
implementation of AI can lead to job loss of health 
professionals, but it has been found to be untrue due 
to various limitations of AI. 

From the above literature, it is quite evident that 
though there are tremendous benefits of AI imple-
mentation in various branches of medicine, there are 
also some challenges associated with its implementa-
tion. Governments of developing countries like India 
prioritize undertaking measures such as allocation of 
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funds, training the workforce, and building the digital 
infrastructure for dealing with associated challeng-
es, and enabling effective AI execution to harness its 
tremendous possible benefits (Marda, 2018). Effec-
tive implementation of AI applications, followed by 
their acceptance for use by medical professionals, will 
lead to increased AI penetration in the medical field. 
Hence, it is imperative to determine doctors’ opinions 
about the use of AI healthcare applications in per-
forming their professional tasks. 

Various models called Technology Adoption Mod-
els are designed to determine significant factors that in-
fluence its potential users’ adoption and use of technol-
ogy. One such widely used model is the Unified Theory 
of Acceptance and Use of Technology (UTAUT) model, 
postulated from its eight preceding models of technol-
ogy adoption- TRA, TAM, MM, TPB, TAM2, DOI, 
SCT, and model of personal computer use. The four 
constructs, namely effort expectancy, performance ex-
pectancy, social influence, and facilitating conditions 
to determine acceptance of technology in the UTAUT 
model, are proven to explain 70% of the variance in be-
havioral intention to adopt technology, which is much 
higher than its preceding technology adoption models. 
However, UTAUT was designed for determining em-
ployee reception of technology and use a setting on a 
wide organizational level. Hence, to make the mod-
el capable of determining technology acceptance at a 
more specific individual level, three additional con-
structs – hedonic motivation, habit, and price value 
were added in the extended UTAUT (UTAUT2) mod-
el. As UTAUT2 is more explanatory and customer-cen-
tric, it is being used by many researchers for individual 
acceptance of the technology. Another popular model 
calledTAM2 was developed based on prior model TAM 
to include two processes: social influence and cognitive 
instrumental processes. TAM2 was found to be more 
effective than TAM, as it explained about 60% of tech-

nology acceptance compared to the lower explanatory 
power of about 40% - 50% of the TAM model.

3. RESEARCH METHOD

3.1. Research Design
Doctors’ acceptance of AI in healthcare is stud-

ied based on five potential constructs taken from 2 
technology adoption models- UTAUT2 and TAM2 
described in Table 1. These five constructs form our 
research model’s independent variables, whereas the 
dependent variable is behavioral intention. Behavior-
al Intention (BIn) is the probability that a person will 
perform some specified future behavior as per his/her 
point of view. Thus, we have considered our five in-
dependent variables to determine factors influencing 
medical doctors’ behavioral intention to adopt AI to 
perform medical tasks. Figure 1 presents the research 
model used for this study and analysis.

3.2. Instrument Development 
The research method used is a positivists ap-

proach. Positivism is a view that believes in the anal-
ysis of quantifiable observations with statistical tools 
and encourages the use of prevailing theories to design 
hypotheses to be tested. Thus, the development of the 
questionnaire was done based on five constructs spec-
ified in Table 1 and BIn to measure responses and per-
ceptions of the doctors towards the use of AI in health-
care. The questionnaire was developed in English and 
used a seven-point Likert scale to record responses. 
The questionnaire consisted of 2 main segments- the 
first segment captured the demographic details of the 
survey respondents, and the second segment included 
questions based on EEx, FCs, PEx, PrV, RsD, and BIn. 
On average, four questions per construct were includ-
ed for more accurate measurements and analysis. Ta-
ble 2 presents the outcome of questionnaire develop-

TABLE 1
The constructs considered for this study and their definitions

Constructs Definition of construct
Performance expectancy (PEx) The degree of belief of a person about a system’s utility to his or her advantage 

towards enhancing the job performance.
Effort expectancy (EEx) The extent of effort ease that the system can bring about with its use.
Facilitating conditions (FCs) The degree to which an individual believes that the required support structures 

are made available from both organization and technology standpoints.
Price value (PrV) Buyers’ cognition about the equilibrium between the expected gains of the appli-

cations and the cost component incurred in using them.
Results Demonstrability (RsD) The tangibility of the results of using the innovation.
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FIGURE 1: Research Model

TABLE 2
Questionnaire Items

Construct Items
Effort Expec-
tancy (EEx)

EEx1: I believe my interaction with healthcare AI applications would be clear and understandable.
EEx2: I believe learning to operate healthcare AI applications would be easy for me.
EEx3: I believe I would find healthcare AI applications easy to use.
EEx4: I believe It would be easy for me to become skillful at using AI applications in the medical field.

Facilitating 
Conditions 
(FCs)

FCs1: I believe I have the resources necessary to use and access AI applications for performing my professional tasks
FCs2: I believe I know the necessary to use AI applications to complete my professional tasks effectively.
FCs3: I believe the required support and training teams are available to help me with my difficulties in using 
healthcare AI applications.
FCs4: I think healthcare AI applications are compatible with other technologies I use.

Performance 
Expectancy 
(PEx)

PEx1: I believe AI is useful to perform my tasks in the medical profession.
PEx2: I believe assistance from AI would enable me to perform my tasks in the medical profession more quickly 
and timely.
PEx3: I believe the use of AI applications would increase the productivity of my professional work.
PEx4: I believe the use of AI applications would improve my professional work performance.

Price Value 
(PrV)

PrV1: I believe healthcare AI applications are reasonably priced.
PrV2: I believe healthcare AI applications are of good value for money.
PrV3: I think it is cost-effective to use healthcare AI applications for my decision-making.

Results De-
monstrability 
(RsD)

RsD1: I believe I have no difficulty telling my peers about the results of using AI applications to carry out my 
professional tasks.
RsD2: I believe I could communicate to my peers the consequences of using healthcare AI applications.
RsD3: I believe the results of using healthcare AI applications are apparent to me.

Behavioral 
Intention (BIn)

BIn1: I intend to continue using healthcare AI applications in the future.
BIn2: I will always try to use AI applications to perform my daily professional tasks.
BIn3: I plan to continue to use healthcare AI applications frequently.
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ment, clearly specifying questionnaire items included 
for each required construct.

3.3 Data Collection and Sampling
The survey questionnaire containing questionnaire 

items depicted in Table 2 was circulated online to col-
lect responses in India. The chosen target population 
consisted of both- doctors who were pursuing mas-
ters for specialization in their medical area of interest 
and medical specialists who had already completed 
their advanced education and training in a particular 
medical field. The focused choice for the audience was 
made as specialization in a specific medical area en-
hances healthcare practitioners’ advanced knowledge 
in a chosen field. Thus, it increases the probability of 
using advanced technologies such as AI applications to 
achieve their desired work outcome. The participation 
was voluntary, and there wasn’t any financial incentive 
or any other reward offered for participation. The tar-
get population was requested to fill in the questionnaire 
by briefly informing them about the research objective.

3.4 Respondent’s profile
The total number of samples collected was 150, out 

of which 111 samples were selected for this research 
study based on completeness and genuineness. This 
comprised of both- doctors pursuing masters in the 
medical field and medical specialists holding a spe-
cialized degree. Results revealed that about 54.04% 
of the respondents were males, 40.54% were females, 
and the rest were others or preferred not to say. About 
36.94% of all respondents were 25 years or below of 
age, 42.34% belonged to the age group of 26 to 40 
years, 15.32% were 41 to 55 years of age, and 5.41% be-
longed to 56 years and above of age. In terms of qual-
ifications, about 36.94% of all respondents were MD 
doctors, about 8.11% were MS doctors, about 5.41% 
were DNB doctors, 9.01% were MDS doctors, and 
about 40.54% were doctors pursuing MD/ MS/ DNB/ 
MDS specialization.

4. Data Analysis and Results
PLS-SEM can be used to estimate causal relation-

ships among variables even when the sample data set 
is small. Hence, PLS-SEM was used for data analysis 
of collected 111 samples. It was done using the Smart-
PLS tool in 2 phases – first, assessing the measurement 
model for checking its reliability and validity using 
various criteria described in section Measurement 

Model and then, hypothesis testing through structural 
model delineated in section Hypothesis Testing.

Measurement Model
The Research Measurement model was evaluated for 

assuring its reliability and validity. The construct reliability 
can be validated by observing Composite reliability (CR) 
and Cronbach’s alpha (CA) values. CA, as well as CR, 
should be greater than 0.70 to ensure internal consistency. 
Table 3 shows none of the CR and CA values lower than 
0.732, implying that the model had good internal consis-
tency. Our model also assured indicator reliability from 
Table 4, which shows that correlation values between all 
constructs and its indicators were greater than 0.7.

TABLE 3
Model Measurement using AVE, CR, and CA values

Construct AVE CR CA
BIn 0.792 0.919 0.868
EEx 0.704 0.905 0.860
FCs 0.653 0.883 0.823
PEx 0.648 0.880 0.818
PrV 0.648 0.846 0.732
RsD 0.726 0.888 0.812

TABLE 4
Loadings and cross-loadings

BIn EEx FCs PEx PrV RsD
BIn1 0.8642 0.6173 0.7235 0.6153 0.6311 0.7297
BIn2 0.8829 0.6750 0.7307 0.6934 0.7102 0.6770
BIn3 0.9212 0.6885 0.7943 0.7205 0.6622 0.7206
EEx1 0.6669 0.8065 0.6928 0.6232 0.6055 0.6034
EEx2 0.5709 0.8652 0.6011 0.6878 0.5859 0.5314
EEx3 0.6069 0.8300 0.6568 0.6991 0.5934 0.5535
EEx4 0.6361 0.8536 0.6874 0.6566 0.5591 0.6060
FCs1 0.6824 0.6312 0.8318 0.5772 0.7408 0.7209
FCs2 0.6413 0.5557 0.7814 0.5451 0.6183 0.6765
FCs3 0.6255 0.6278 0.7745 0.5518 0.6275 0.6619
FCs4 0.7645 0.7263 0.8429 0.7071 0.6109 0.6564
PEx1 0.6539 0.6018 0.6523 0.8015 0.5480 0.5668
PEx2 0.5001 0.5545 0.5255 0.7118 0.4964 0.5580
PEx3 0.5965 0.6561 0.5603 0.8660 0.5013 0.5432
PEx4 0.6780 0.7301 0.6349 0.8328 0.6284 0.5945
PrV1 0.4533 0.4257 0.5629 0.3308 0.7496 0.5685
PrV2 0.6472 0.6488 0.7044 0.6551 0.8355 0.6925
PrV3 0.6743 0.5831 0.6549 0.5967 0.8266 0.6278
RsD1 0.6817 0.5388 0.7158 0.5239 0.6965 0.8713
RsD2 0.6404 0.5152 0.6963 0.5433 0.6988 0.8562
RsD3 0.7095 0.6918 0.7274 0.7182 0.6152 0.8288
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The convergent validity of the model is examined 
by observing Average variance extracted (AVE) val-
ues of constructs, which need to be greater than 0.5. 
Table 3 depicts AVE values of constructs, which are 
all greater than or equal to 0.648. Hence convergent 
validity criterion was also satisfied for the considered 
measurement model.

The discriminant validity was examined by two 
criteria- cross-loadings and Fornell- Larcker. For the 
first criterion of cross-loadings, it is required that an 
indicator’s loading values should be greater than its 
cross-loading values with the other constructs. The 
loading and cross-loadings values shown in Table 4 
satisfy this required criterion. The second criterion 
Fornell-Lacker for discriminant validity is a more 
stringent one, which requires that the values of shared 
variance between a construct and its indicators be 
greater than its shared variance values with other con-
structs. For this condition to be met, constructs’ all 
correlation values with other constructs should be less 
than the square root of its AVEs. This criterion was 
met as shown in Table 5 with non-diagonal elements 
(correlation with other constructs) lesser than diago-
nal elements (square root of AVEs).

TABLE 5
Discriminant validity by Fornell-Larcker Criterion

BIn EEx FCs PEx PrV RsD
BIn 0.890
EEx 0.743 0.839
FCs 0.843 0.79 0.808
PEx 0.761 0.794 0.741 0.805
PrV 0.750 0.700 0.798 0.679 0.805
RsD 0.797 0.687 0.766 0.702 0.785 0.852

Note: All diagonal components in bold are the square root of 
AVE values, and non-diagonal components are correlations be-
tween constructs

Hypothesis Testing
Hypotheses mentioned in Table 6 were tested for 

the research’s structural model by executing the boot-
strapping procedure on SmartPLS. The results are 
shown in Table 7, keeping in mind the criterion that 
a relationship between constructs is significant only if 
the t-value >= 1.96. As per the results, the relationship 
between EEx and doctor’s BIn to adopt AI is not sig-
nificant. Similarly, the relationships between PrV and 
BIn, RsD, and BIn were observed to be not supported. 
However, results showed that the relationship between 
FCs and doctor’s BIn to adopt AI is significant (β = 

0.398, p-value < 0.008). Also, it was observed that the 
relationship between PEx and doctor’s BIn to adopt AI 
is also significant (β = 0.227, p-value < 0.022).
TABLE 6
The hypothesis to be tested

Hypothesis Description
H1: EEx → BIn Effort expectancy positively impacts medical 

specialist’s behavioral intention to use AI.
H2: FCs → BIn Facilitating conditions positively impact 

medical specialist’s behavioral intention to 
use AI.

H3: PEx → BIn Performance expectancy positively impacts 
medical specialist’s behavioral intention to 
use AI.

H4: PrV → BIn Price value positively impacts medical spe-
cialist’s behavioral intention to use AI.

H5: RsD → BIn Results Demonstrability positively impacts 
medical specialist’s behavioral intention to 
use AI.

TABLE 7
Results of Hypothesis testing

Hypothesis β value T value P-value Decision f2

H1: EEx→ BIn 0.051 0.373 0.709 Unsup-
ported

0.003

H2: FCs→ BIn 0.398 2.651 0.008 Support-
ed

0.132

H3: PEx→ BIn 0.227 2.283 0.022 Support-
ed

0.071

H4: PrV→ BIn 0.080 0.753 0.451 Unsup-
ported

0.008

H5: RsD→ BIn 0.206 1.639 0.101 Unsup-
ported

0.047

The R2 for the structural model was found to be 0.77, 
which is acceptable and suggests that five constructs 
considered in our research model explain about 77% of 
the variance in medical specialists’ behavioral intention 
to adopt AI. Q2was observed to be 0.583 (greater than 
0) for medical specialists’ BIn to adopt AI. This Q2value 
acts as evidence that our structural model has large pre-
dictive relevance. Table 7 also shows effect sizes (f2) for 
all hypotheses considered. It was observed that effect 
sizes for constructs H2, H3, and H5 are small, whereas 
the other two constructs do not have any notable effect 
on doctor’s BIn to accept AI.

Discussion
This research study was conducted to identify fac-

tors that influence AI adoption by medical specialists. 
The research model is unique as it is comprised of rel-
evant constructs from 2 popular technology adoption 
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models- UTAUT2 and TAM2. Thus, this research ex-
plores a distinctive way to understand the perception 
of medical specialists based on relevant factors select-
ed from 2 different models rather than adhering to the 
traditional approach of using one particular technolo-
gy adoption model only for analysis.

The study was able to identify two significant fac-
tors that influence medical specialists’ behavioral in-
tention to adopt AI healthcare applications. Both FCs 
and PEx have been identified as significant factors, 
with FCs serving as a stronger predictor than PEx. 
This suggests that even if healthcare professionals con-
sider AI healthcare applications to be useful in per-
forming their medical tasks, they won’t adopt those 
applications unless they feel there is adequate avail-
ability of required resources such as training courses 
and support teams to facilitate and smoothen their AI 
adoption process.

The research study also results in other notable 
findings, such as the identification of a few factors that 
don’t have a significant impact on BIn. As per these 
findings, the factors- EEx, PrV, and RsD-do not sig-
nificantly impact medical specialists’ BIn to adopt 
AI healthcare applications. This indicates that if AI 
healthcare applications are perceived to be of great 
use in performing medical tasks by healthcare prac-
titioners, then the high price associated with its use 
won’t stop them from investing in it. Similarly, medi-
cal practitioners would be willing to put any required 
amount of effort into adopting AI applications if they 
find such applications to be helpful in increasing their 
work productivity and there is the availability of nec-
essary resources to use them. Similarly, results de-
monstrability won’t change their intention to adopt AI 
healthcare applications.

Such a study for the identification of significant fac-
tors can be helpful for decision-makers of developing 
countries in taking appropriate measures to harness 
the potential benefits of AI healthcare applications. 
According to this study, to encourage the use of AI by 
medical specialists, decision-makers need to focus on 
facilitating conditions and performance expectancy. 
Few measures that they can take based on identified 
significant factors are spreading awareness about AI’s 
potential benefits in healthcare among medical pro-
fessionals, demonstrating using few scenarios how 
incorporating AI healthcare applications in daily lives 
can increase their work performance and productivity, 
setting up educational courses at minimal prices for 

healthcare professionals to train them in using AI ap-
plications, establishing easily accessible support teams 
to help doctors with challenges in accessing AI appli-
cations. Such actions by decision-makers can tremen-
dously boost the AI adoption rate in the healthcare 
sector of their country and thus, improve the quality 
of their healthcare services.

Though this study used samples from India for 
analysis, its applications are not limited only to India. 
This study can also provide assistance to other devel-
oping countries which face similar issues like that of 
India. Designing the solution in India to tackle a prob-
lem implies developing a solution for a similar prob-
lem for more than 40% of the world. Therefore, other 
developing countries which are struggling to increase 
the proportion of AI adoption in their healthcare sec-
tors can use the research findings of this study to meet 
their objective.

Conclusion and Future Directions
The use of Artificial Intelligence (AI) in healthcare 

has numerous potential benefits. Few of these benefits 
include a reduction in costs, increased accuracy and 
performance, and improved work efficiency. To har-
ness such benefits, Decision-makers are required to 
take appropriate measures to encourage AI adoption 
by medical professionals. The 2 identified significant 
factors by this study that influences behavioral inten-
tion of AI adoption by medical professionals - Facili-
tating Conditions, and Performance Expectancy can 
be focused on by decision-makers to plan required 
actions.

This study included an analysis of medical special-
ists’ behavioral intention to adopt AI at a particular 
time. However, it is observed that behavioral intention 
to adopt any technology may change over time. Thus, 
Future research studies can incorporate a longitudi-
nal approach to determine the behavioral intention 
of medical practitioners to adopt AI healthcare appli-
cations for procuring more generalized results. The 
study considered a lesser number of constructs as can-
didates for significant factors that influence behavioral 
intention. This was done to avoid a lengthy question-
naire that may lead to a loss of interest and attention of 
respondents in the middle of the survey. However, fu-
ture researchers can concentrate on considering other 
relevant constructs from various available technology 
adoption models, or they can continue with the same 
set of constructs with the addition of a few more vari-
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ables. This will help in identifying a greater number 
of significant factors that impact the behavioral inten-
tion of medical specialists to adopt AI applications in 
healthcare.
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Abstract
The uncontrolled spread of the COVID-19 pandemic has forced 
nations to shut their borders and impel the lockdown. Although 
the pandemic has affected the nations economically and so-
cially, the nationwide lockdown has also dramatically affected 
the supply and demand for feminine hygiene products. It be-
came interesting for the researcher to investigate the effect of 
COVID-19 lockdown in the purchase decision, availability, and 
perception of women for feminine hygiene products. The study 
was conducted employing a quantitative approach. A self-ad-
ministered questionnaire was used to elicit responses from fe-
males using a convenience sampling technique and interpret 
the data ordinal logistic regression method. The findings of 
this study indicated that within the lockdown period, females 
with consistent income started buying a slight high quantity of 
feminine hygiene products so that they can store them for an 
emergency; it has also been seen that they find it difficult to 
shop for these products from the stores as in the initial period 
of lockdown as these products were not put into essential item 
list. So shortage was noted. However, females observed these 
products as important products for storage; This study will as-
sist the policymakers and private ownerships in better insight 
into females’ attitudes toward feminine hygiene products and 
provide timely resources and services to the affected popula-
tion during a pandemic situation.
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Introduction

Background
A Pandemic is referred to as a new infectious dis-

ease that spread worldwide [1]. COVID-19 infection 
is caused by ‘novel coronavirus,’ where corona disease 
first emerged in late 2019 in Wuhan city of China. The 
World Health Organization (WHO) has given the of-
ficial name to this disease as COVID- 19 on 11th Feb-
ruary and declared it as pandemic on 11th March 2020. 
The disease is commonly spread by coming in con-
tact with a person having this disease. So, to stop the 
spread of the virus, the lockdown was implemented to 
have less contact with each other, and the virus can 
spread.

Menstruation is the crucial stage in girls’ lives, as it 
is considered their transition from girlhood to wom-
anhood. From menarche to menopause, feminine hy-
giene and reproductive health are indicated as an im-
portant aspect of women’s lives [2]. Menstruation is a 
physical phenomenon of girls. In her overall life span, 
a woman bleeds approximately 500 times, and about 
36% of women use disposable sanitary napkins. Fe-
males handle their menstruation differently depending 
on personal choices, resource availability, knowledge 
of menses among them, and monetary dependence 
[3]. Females need to maintain good hygiene practic-
es to maintain their health and dignity [4]. Generally 
feminine hygiene products category includes Sanitary 
Napkins, Menstrual cups, and Tampons [5]. In the last 
few years, feminine hygiene management has gained 
due attention. The government and local authorities 
have started to talk about the barriers females face in 
this aspect [6]. The researchers also stated that it is a 
fundamental right of women to manage their men-
struation properly. However, it becomes difficult for 
them to manage menstrual needs with the dignity due 
to cultural norms and lack of necessary resources and 
services. Improved feminine hygiene and health are 
important for girls and women and the entire societies 
across generations. Despite such changes, very low use 
of sanitary napkins has been measured in the Indian 
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female population. Only 10-11% of the total market 
recorded among females is 73- 92% in Europe and the 
United States [7]. In the regular days, females often 
face trouble in managing their menstruation because 
of many reasons such as cultural taboos, discrimina-
tory social norms, lack of basic services and poverty, 
and in the prevalence of such emergency COVID-19; 
it has become more troublesome for women to access 
the proper products. for feminine hygiene.

Availability of products is an important phenom-
enon to make the purchase decision [8]. A woman 
decides on the number of products to be purchased 
based on their availability in stores convenient for 
them to reach. Women’s attitudes towards products 
also impact their purchase, and education is import-
ant for shaping attitude and acceptance of 

these products [9]. During the pandemic situation, 
the purchase of feminine hygiene products is purely 
dependent on the attitude of women towards femi-
nine hygiene, as many are getting low income during 
COVID-19 lockdown. Income is the biggest barrier in 
the purchase of feminine hygiene products; Women 
who do not have sufficient income cannot purchase 
these products [10]. 

Impact of COVID-19
COVID-19 does not have a direct impact on fem-

inine hygiene management. However, it has a sec-
ondary or indirect impact on the ability of females to 
manage their menstrual hygiene; even in the best of 
times, females fail to manage their menstrual hygiene 
properly. In this emergency, this condition has wors-
ened as lockdown has badly impacted the manufac-
ture, supply, and availability of products [11]. Reports 
revealed that around 67% of normal manufacturing 
operations and distribution have paused, and 22% of 
organizations reported no access to menstrual hygiene 
products, which is most affected in rural regions. 
Many small units cannot get raw material to produce 
affordable sanitary napkins, which hinders the sup-
ply of pads, and females in many areas are forced to 
adopt unhygienic means of menstrual hygiene. It has 
been seen that during the lockdown, people have faced 
many problems, especially in getting the essential 
items of their daily usage. COVID-19 has extended the 
existing challenges in menstrual hygiene as girls de-
pendent on the free access to feminine hygiene prod-
ucts from their schools cannot get them as schools 
are closed. It has greatened the inequities for females 

around the world [12]. A study of ‘Plan International, 
2020’ showed that quarantine and lockdown measures 
negatively impacted girls and women, which cut them 
off from essential sexual and reproductive health ser-
vices. In Kenya, it was found that lockdown families 
have started to store food and other essential items 
with information about lockdown families. However, 
they do not consider sanitary napkins as an essential 
item. It was observed that the initial stage government 
did not list the menstrual hygiene products in the es-
sential commodity list. However, production stopped; 
however, later on, included in the list, and production 
started with low supply [13]. Roughly 70% of front line 
health care workers are females; besides the personal 
protective equipment (PPE), they were also in need of 
menstrual products, but at the initial stage, it was not 
drawn in the list of necessity, so they faced problem in 
handling their menstrual needs, In a Chinese province 
reportedly women were taking contraceptive pills to 
suppress their cycle and some were had no choice but 
to bleed in their protective suits [14]. So far, no study 
has been published. Hence, this encouraged us to take 
up this study in India to identify the purchase deci-
sion of women towards feminine hygiene products, 
and they have spotted these products in their essential 
items list.

The objectives of the study are as follow:
1. To identify the purchase decision of females for 

feminine hygiene products during the lockdown.
2. To analyze the availability of feminine hygiene 

products in the stores.
3. To analyze the perception of females for feminine 

hygiene products during the pandemic.
Based on the above objectives following hypothe-

ses were proposed:
H1 There is a significant influence of COVID-19 

lockdown on the purchase decision of females for 
feminine hygiene products.

H2 There is a significant influence of COVID-19 
lockdown on the availability of feminine hygiene 
products in stores.

H3 There is a significant influence of COVID-19 
lockdown on the female perception of the importance 
of feminine hygiene products.

Research methods and materials
A quantitative research design was chosen to fulfill 

the objective. More specifically, the study used an on-
line survey research design. This study was cross-sec-
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tional, conducted in July 2020. Primary and secondary 
sources were used for data collection [15]. A struc-
tured questionnaire was used for primary data collec-
tion, and the secondary sources are comprising the re-
ports of government and marketing research websites. 

Sample and data collection
This study targeted Indian female consumers aged 

18- 45. The data from females was collected through a 
structured questionnaire carrying 17 items. The Likert 
scale was used as the form of measurement within the 
questionnaire with a 1 to 5, where 1 represents the 
given question strongly disagrees, and 5 represents 
strongly agreed. All participants were asked to com-
plete the questionnaire, consisting of demographic 
data and baseline characteristics, purchase pattern, at-
titudes of using feminine hygiene products, and avail-
ability during and before lockdown. After completion 
of the questionnaire, all data were recorded and ana-
lyzed in SPSS package 20.0.

Statistical analysis and results 
Descriptive statistics

In this research, the sample was analyzed based on 
age, education, occupation, and income per month. 
The majority of respondents (119) were in the 18-24 
year age range (46%) followed by 20%, equal to 53 
respondents for 25- 31 year-olds, 19% equal to 50 re-
spondents were in the 32-38 age group, for 15% or 
equal to 38 respondents were under 39-45 years old. 
About occupation, 91 respondents (35%) were stu-
dents, while 30% were unemployed (79 respondents). 
Then, followed the education level 10 (3.8%) respon-
dents belonged to higher secondary, 24 respondents, 
equal to 9.2%, belonged to Intermediate, 107 were 
graduates and 46%, (119 respondents) post-gradu-
ation and above. In the employed category with 21 
(54 respondents) and the remaining 13.8% were en-
trepreneurs. As far as economic background is con-
cerned, some 14.2% (37 respondents) had less than 
INR 10000 per month, 32% (83 respondents) earned 
between INR 10001 and INR 30000 per month. The 
salary of 23% (60 respondents) amounted to INR 
30001 to INR 50000 per month, while the final 31% 
(80 respondents) had an income of more than INR 
50000 per month. A final point to mention is that 
76% of the females generally use Sanitary napkins, 3 
and 5 respondents use tampons and menstrual cups 
respectively, 16 (6.2% respondents) use both the san-

itary napkins and menstrual cups, 17 respondents 
equal to 6.5% use both the sanitary napkins and tam-
pons and 23 (8.8%) respondents use both the sanitary 
napkins and cloth/cotton. Table 1 shows the Profile of 
the study population.

Table 1
Profile of the study population

Variable Category Fre-
quen-

cy

Per-
cent-
age

Age or matu-
ration

Education Level

Occupation

Household 
Income

Generally Used 
feminine hy-
giene products

18-24 Years
25-31 Years
32-38 Years
39-45 Years

Higher Secondary
Intermediate
Graduation
Post-Graduation and above

Student
Unemployed
Employed
Business/Self Employed

Less than INR 10000
INR 10001- 30000
INR 30001-50000
Above INR 50000

Sanitary Napkins
Tampons
Menstrual Cups
Sanitary Napkins and 
Menstrual cups
Sanitary Napkins and 
Tampons
Sanitary Napkins and 
Cotton/Cloth

119
53
50
38

10
24
107
119

91
79
54
36

37
83
60
80

197
3
4
16

17

23

45.8
20.4
19.2
14.6

3.8
9.2
41.2
45.8

35
30.4
20.8
13.8

14.2
31.9
23.1
30.8

75.8
1.2
1.5
6.2

6.5

8.8

Ordinal regression analysis 
To examine hypothesis based on ordinal regression 

analysis was conducted to see the significance of items 
for our independent variable COVID-19.

Model fitting model
Before looking at individual predictors, we are 

required to find out if the overall model gives an ad-
equate prediction. Thus, we can evaluate the model 
fitting information. Table 2, comprising of signif-
icant chi-square statistic, indicates that all mod-
els are giving a significant improvement over the 
baseline intercepts the only model, which means 
the resultant predictions are better than the guesses 
based on the marginal likelihoods for different out-
come categories.



438 | Cardiometry | Issue 25. December 2022

Goodness of fit
The current study uses categorical independent 

variables; hence goodness of fit is the best-suited 
statistics. Table3 represents the result of the same. 
The test helps to understand the observed and ex-
pected value deviation. The model proves its effi-
ciency as a good fit since the significance value is 
larger.

An as large value for significance shows that it is a 
good model; thus, in case of availability and percep-
tion, it is larger than .05, which means it gives a good 
model; however, in the case of purchase decision, it is 
not significant that is P value< .05.

Pseudo R-square
Analysis was used for measuring the complete 

goodness of fit for the research model. These mea-
sures function similarly to the linear regression, i.e., 
reviewing the variance proportion associated with in-
dependent and dependent variables. The ordinal re-
gression is based on the measures of likelihood ratios. 
Nagelkerke proposed an amendment that permits the 
index value to take up the range of 0-1. The pseudo-
R-squares Table 4 revealed that the items of purchase 
decision (Nagelkerke = .663) showed better results as 
proposed by the tested models than Availability (.431) 
and Perception (.154) of feminine hygiene products. 

Table 2
Model fitting information

Dependent Variable Model Model -2 Log Likeli-
hood Model

Chi-square d. f. Sig.

Purchase Decision* PD = f (COVID-19 lockdown) Intercept only
Final

473.048
222.929

250.119 12 .000

Availability** AV = f (COVID-19 lockdown) Intercept only
Final

344.129
214.026

130.102 12 .000

Perception* P = f (COVID-19 lockdown) Intercept only
Final

275.300
251.209

24.091 12 .000

Link Function:Cauchit*, Negative log-log**

Table 3
Goodness of fit
Dependent Variable Model Chi-square d. f Sig.
Purchase Decision* PD = f (COVID-19 lockdown) Pearson

Deviance
338.152
164.438

204
204

.000
.981

Availability** AV = f (COVID-19 lockdown) Pearson
Deviance

177.569
128.303

204
204

.909
1.000

Perception* P = f (COVID-19 lockdown) Pearson
Deviance

224.230
175.352

204
204

.158
.927

Link Function:Cauchit*, Negative log-log**

Table 4
Pseudo R square

Dependent variable Model Sig.
Purchase Decision PD = f (COVID-19 lockdown) Cox and Snell

Nagelkerke
McFadden

.618
.663
.357

Availability AV = f (COVID-19 lockdown) Cox and Snell
Nagelkerke
McFadden

.394
.431
.204

Perception P = f (COVID-19 lockdown) Cox and Snell
Nagelkerke
McFadden

.142

.154
.059

Link Function: Cauchit*, Negative log-log**
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Although the values of pseudo-R-squares are suitable, 
the low values specify that the constructs of availability 
and perception itself not only give adequate forecasts 
of lockdown. It will be valuable to review and revise 
the model by including more predicting constructs to 
improve COVID-19 lockdown forecasting.

Test of parallel lines
The categorical data are checked with the help of 

the test of the parallel line. The test is based on the 
hypothesis that the slope of all the lines representing 
the categories is the same. Based on the reasonability 
of the categories can be confirmed. The rejection of 
the null hypothesis indicates the assumed model to be 
correct as shows in Table 5.

The null hypothesis states that the location param-
eters (slope coefficients) are the same across response 
categories.
1. There is no further increment in the log-likelihood 

value after a maximum number of step –halving.
2. The Chi-Square statistic is computed based on the 

log-likelihood value of the last iteration of the gen-
eral model. The validity of the test is uncertain.
Practically, zero value for the log-likelihood. There 

may be an entire data separation. Therefore, the max-
imum likelihood estimates do not exist.

Discussions
Our study has covered most young females and 

mostly have post-graduation education and above 
having a consistent income. Ordinal regression anal-
ysis remained used to see the effect of outcome vari-
able: change in the purchase decision, the availability 
of feminine hygiene products. COVID- 19 lockdown 
has impacted the marketing of feminine hygiene 
products differently; we have decided to take three 
items that can be impacted majorly by this lockdown. 
Firstly, as the lockdown was implemented, the pur-

chase decision of females created panic in the mind 
of consumers. As menstruation is a crucial part of the 
life of women, it is needed to be met properly, so the 
females with consistent income bought the sanitary 
napkins, menstrual cups, or tampons in high quanti-
ties so that in case of a long period of lockdown they 
can meet the needs however who had low or incon-
sistent income were unable to meet the menstruation 
needs. Secondly, the availability of feminine hygiene 
products was also affected by this lockdown. At the 
starting stage, the government had not taken these 
products as the essential ones, so shortage was noted. 
Many females found it difficult to get the products 
from the stores. Lastly, the perception of females for 
feminine hygiene products was seen that increased 
awareness has made females see these feminine hy-
giene products as an essential item and made them 
store for an emergency. 

Originality and value
So far, no such study has been found on the influ-

ence of a pandemic lockdown on the purchase decision 
and availability of feminine hygiene products. Hence, 
it will be useful for marketers and the government to 
have a greater insight into the influence of lockdown 
on the demand and supply of feminine hygiene prod-
ucts. It will keep them attentive for further such situa-
tions regarding feminine hygiene.

Conclusions
As compared to men, women are facing the major 

impact of COVID-19 lockdown women are facing a 
lot in terms of maintaining proper menstruation hy-
giene, many have lost their jobs, and many have in-
consistent income in lockdown that affected their pur-
chasing pattern, our study has also revealed that many 
women have started looking for alternative products 
or brands. Hence this study is done for the COVID-19 

Table 5
Test of parallel lines
Dependent Variable Model Model -2 Log Likeli-

hood Model
Chi-square d. f. Sig.

Purchase Decision* PD = f (COVID-19 lockdown) Null Hypothesis
General

222.929
145.924a

77.004b 36 .000

Availability** AV= f (COVID-19 lockdown) Null Hypothesis
General

214.026
.000c

214.026 36 .000

Perception* P = f (COVID-19 lockdown) Null Hypothesis
General

276.986
118.367a

158.620b 36 .000

Link function: Cauchit*, Negative log-log**
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lockdown affecting feminine hygiene products and fe-
males’ purchase decisions.

The participants recruited for this study are not 
representative of all the women. It has covered a very 
small part of the rural females and has taken few fac-
tors to see the influence of lockdown on these factors. 
Lastly, it also has the limitation of sampling technique; 
the study used convenience sampling method that has 
on its own some limitations.

In the future, a longitudinal study can be done to 
see the long-term impact of lockdown on feminine hy-
giene products in a pandemic situation. A qualitative 
study can also be used to gain in-depth information 
for this situation.
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Abstract
A little more than 50 million Indians are reported to have 
the ill effects of depression, and another 38 million, reported 
anxiety. Despite this, it is crippling to see that India’s emo-
tional well-being is hardly examined. Besides, with a boom 
in the service industry, the working environment conditions 
assume a significant role in the Indian workforce’s mental 
health. Our research explored job satisfaction with mental 
health, demographic factors, and organizational stressors 
of those working in the IT/ITeS industry. This study tries to 
address the gap in the research done on this theme for the 
Indian workforce. An advanced cross-sectional study was di-
rected to around 220 people presently working or involved 
in the IT/ITeS industry utilizing approved instruments like the 
Minnesota Satisfaction Questionnaire. An individual regres-
sion model was utilized to examine each satisfaction factor ’s 
relationship with the individual’s mental health, demograph-
ic factors, and organizational stressors. Study discoveries 
demonstrate that a considerable association is present be-
tween job satisfaction and mental health; Age, sex, educa-
tional background, marital status did not have a strong as-
sociation with job satisfaction. In contrast, individual yearly 
earnings and yearly household earnings had a positive asso-
ciation. This research even discovered that emotional stress 
is a strong attribute to all the facets of an individual’s job 
satisfaction. This study may cause to notice a superior com-
prehension of this relationship and assist organizations with 
structuring and executing employee assistance programs 
and different tools to enhance job satisfaction and reduce 
stress.
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Introduction
Mental health is a state of well-being where indi-

viduals understand their limits, get used to the usual 
stressors in life, perform tasks profitably, and commit 
to their locale as defined by the World Health Orga-
nization. Pinnacle of an individual’s mental health is 
about evading dynamic conditions and taking care 
of progressing health and satisfaction. Everybody 
has some danger of building up a mental health is-
sue, regardless of age, sex, pay, or ethnicity. Social and 
money-related conditions, organic elements, and way 
of life decisions would all shape an individual’s men-
tal health. A vast extent of individuals with a mental 
health issue has more than each condition in turn. 
Note that good mental health relies upon a fragile par-
ity of elements. Few components of life and the world 
everywhere can cooperate to add to clutters [1]. 

Furthermore, according to a report distributed as of 
late, an average person will go through around 90,000 
hours at work over a lifetime. Mental health problems 
affect a lot of workers - a fact that is usually neglected 
as the employees will, in general, be all busy working. 
Moreover, even if we do not consider that, the stigma 
that follows an individual with having a mental health 
issue leads to them being afraid to ask for help - especial-
ly in the present monetary focused atmosphere –out of 
the fear that they might end up losing opportunities and 
better job prospects. Similarly, supervisors might want to 
assist and are still not completely clear on how to do that. 
Therefore, psychological wellness and mental health is-
sues usually go unrecognized and untreated [2]. 

According to WHO’s research, about 15% of the 
world’s complete disease conditions are mental health 
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issues. A similar gauge additionally recommends that 
India has probably the most significant populace in-
fluenced by mental health issues. Therefore, WHO has 
named India as the world’s most depressing nation? 
The first important reason behind India losing its 
emotional wellness is the absence of mindfulness and 
affect ability. Additionally, there is a genuine deficien-
cy of the human mental services workforce in India. 
As per WHO, in 2011, there were 0.301 specialists and 
0.047 clinicians for every 100,000 patients experienc-
ing a psychological wellness issue in India [3]. 

The global IT outsourcing industry in India is on a 
constant path of growth. The Indians primarily source 
about 55% of the complete global IT outsourcing in-
dustry, which is valued at around US$ 190 billion ac-
cording to a study done in 2017-18. India has become 
the focal point for all the computer-related develop-
ment and production of the world, with an estimat-
ed three-fourth of advanced global capabilities easily 
available. Indian IT/ITeS industry gives employment 
to more than 4 million Indians as of FY 19. Hence-
forth, it has gotten basic for the organizations to take a 
gander at their workers as human and deal with their 
emotional wellness to support in the long haul and de-
crease the steady loss rate. As per a BIMA study, the 
technology business individuals are five times more 
depressed than everyone, which unavoidably affects a 
person’s job satisfaction. Job satisfaction is associated 
with the complete association between the organiza-
tion and an individual employee for which they are 
paid their salaries. Satisfaction simply refers to the 
realization of the fulfillment of any goal or objective. 
A person’s dissatisfaction with their job gives rise to 
an absence of reason to work well. Moreover, the at-
mosphere at the workplace plays a significant part in 
inculcating this feeling of contentment. Hence, it be-
comes imperative to understand the significance of 
the factors affecting an individual’s job satisfaction 
and how mental health plays a role [4]. 

Job satisfaction refers to an individual’s attachment 
to the completion of their assigned work, which in the 
end boils down to that individual’s will or incentive to 
work. The overall association between an employee 
and the organization for which they are paid their sal-
ary is referred to as job satisfaction, whereas being dis-
satisfied at your job brings about a lack of appreciation 
and inspiration to work. Also, the workplace culture 
and atmosphere assume a fundamental role in soaking 
up this sentiment of happiness. It has been contended 

that this condition significantly impacts the employ-
ee’s mental health and, thus, job satisfaction.

Literature Review
The subject of an individual’s satisfaction with 

their job has seen a great deal of exploration. There 
are a ton of articles and research papers that have been 
published on this theme. A few scientists have charac-
terized job satisfaction similarly to how much individ-
uals like their occupations. It has been connected to 
improved efficiency and diminished non-attendance. 
Full of feeling job satisfaction characterizes the posi-
tive all-encompassing, passionate variables identified 
with the activity. Though, intellectual job satisfaction 
manages the degree to which a representative is satis-
fied with various components of their activity like pay 
and benefits. It has consistently been viewed as critical 
to comprehend the various components that sway an 
individual’s job satisfaction and how enormous a job 
the mental and emotional prosperity of a person at 
work environments play [5]. 

It is presumed by Arnetz and Wiholm that initial-
ly not many understand the effect of technology on 
human health in an office setting. Their examination 
depends on the speculation that individuals in the 
present-day mechanically propelled workplaces re-
port experiencing pressure more. They felt that these 
elevated levels of pressure resulted from high mental 
unrest and the absence of suitable abilities. They had 
the option to demonstrate this theory by their inves-
tigation. They recommended that the pressure will 
increment, pushing ahead as the innovation gets sig-
nificantly further developed [6]. 

Also, they were most likely right with this suspi-
cion, as analysts began to understand that there is a 
whole other world to an individual’s mental health 
than only the work. A comparable way attempted to 
decide the effect of rationality on an individual’s gen-
eral health working in an association. It mulled over 
the occupations, wherein the activity job was extraor-
dinarily demanding. However, the control of the per-
son over the activity was less, which, as indicated by 
their speculations, would prompt more business-relat-
ed pressure and health issues. Here, they were thinking 
about the effect of such occupations and such work-
place onto three distinct components of health, spe-
cifically, burnout, psycho physiological stress markers, 
and self-detailed health issues. What they understood 
toward the finish of the exploration was that all the 
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investigations ought to have a feeling of cognizance 
as a significant factor in every future examination 
about employment strain and its belongings. They 
saw a substantial impact of intelligibility in the more 
significant part of the cycles, either legitimately or in 
a roundabout way [7]. Which cleared a path for spe-
cialists to wander into new measurements and opened 
up the floor for an additional inquiry into the human 
mind, It is not merely the activity requests, work con-
trol, or the social, emotionally supportive network of 
an individual that prompts a worker to be focused. 
Their investigation needed to widen the perspective 
and decide if the inconsistent treatment of a worker 
in an association influences their mental health. Hi-
erarchical value implies equivalent, accommodating, 
and stately medicines of all people by their manag-
ers. They conveyed this examination only for females 
and attempted to utilize the poll technique to decide 
the hierarchical value in their occupations. They had 
prohibited workers with, as of now, analyzed mental 
issues. They thus recommended that their consider-
ations and including more non-work-related variables 
can be an improvement for this examination [8]. 

Job satisfaction has consistently been the base of 
all business-related choices, and that is the thing that 
I chose to test. The examination focused on the con-
siderable health effects of occupation weakness in the 
Taiwanese populace. They needed to decide the social 
appropriation of this issue and the distinctive direct-
ing components like sexual orientation, age, organiza-
tion size, and so forth that may be assuming a signifi-
cant job. It was resolved that the general employment 
uncertainty was high in the nation, and it was the most 
elevated among individuals with low training, devel-
opment, or blue-busted occupations, little organiza-
tions, and more established ladies. It was resolved that 
apparent activity frailty assumes a significant job in 
Taiwan’s pressure and general health [9]. 

Indeed, even the number and sort of individuals 
workers cooperated with ended up being a significant 
part. The group and the work atmosphere inside that 
group can influence the mental health of a representa-
tive. It was resolved that the atmosphere at work was 
exceptionally connected with the individuals’ mental 
health from the group. More unfortunate group en-
vironment brought about more utilization of antide-
pressant medication among the individuals from the 
group. However, this impact vanished when the model 
was balanced for work requests and jobs. 

In any case, one of the most fundamental acknowl-
edgments came when stress was broken down against 
the essential needs and exercises of the job itself. It 
was attempted to decide the effect of work, work jobs, 
and occupation requests on the number of employee 
suicides. It was seen that business-related pressure 
prompts many suicides, particularly during commer-
cial lulls or downturns. They also estimated that men-
tal ailment might be assuming a middle person’s job 
between business-related pressure and suicides. It was 
resolved that the effect of work pressure and incessant 
health diseases were higher in the self-destruction sit-
uations where no expert assistance was taken. It was 
proposed to deal with and distinguish workers experi-
encing a type of mental health issue and was analyzed.

What is more, it was not well before the irregu-
larity of work-life and personal life came out as a sig-
nificant piece to the riddle. As indicated by how the 
work and individual life impact the general worry 
of an individual, was not all that unmistakable and 
clear as far as their sexual orientations are concerned. 
So, they needed to make sense of how the worry at 
home and work impacts males and females unexpect-
edly. The investigation assessed how people’s diverse 
mental health side effects could be clarified by their 
shifting introduction and protection from work and 
family-related pressure. They likewise incorporated 
the Work-to-Family strife and the Family-to-Work 
struggle in this examination as an interceding factor. 
The examination had the option to demonstrate all the 
theories aside from the Family-to-Work strife. It was 
seen that Work-to-Family strife was more in females. 
Moreover, it was concluded that the fact that the orga-
nizations are a bit men driven and so are the homes, 
the females are more vulnerable to mental health is-
sues [10]. 

There have been investigations like the one com-
pleted, which discusses the measure of work that a rep-
resentative has and the sort of help the worker has in 
the workplace from their partner and its connection to 
enthusiastic weariness. They attempted to make sense 
of whether disorder presenteeism assumed an inter-
vening job between the two. They likewise guessed 
that high employment requests and low help from 
partners would prompt the most elevated measure of 
ailment presenteeism. They had the option to build up 
that the outstanding task’s impacts and partner sup-
port on enthusiastic fatigue were either somewhat or 
intervened by ailment presenteeism. This examina-
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tion’s significant weaknesses were that the respondents 
were from only one organization, and there was no 
chance to get of knowing how this differed for male 
and female respondents.

Specialists even attempted to dig profoundly into 
organizations’ work culture and how that can affect 
mental health. It was attempted by Hurley, Hutchin-
son, Bradbury, and Browne to take on workplace 
bullying and its suggestions on the public sector in 
Australia. They consolidated the preventive strate-
gy insufficiencies, work environment harassment, 
and mental health. They attempted to make sense of 
if there existed an essential connection among them. 
The outcomes featured that many mental health issues 
and physical misery are started from the work envi-
ronment harassing. What is more, these issues were 
even upgraded because of the total absence of the 
systems and shields at a spot for issues like these. The 
investigation proposed halting putting resources into 
arrangements that appear to be coming up short and 
instead putting resources into the workers that inevi-
tably stack up the organizations’ numbers.

The social stigma that accompanied experiencing a 
mental health issue and the personality that gets com-
pared with it can prompt far and away more terrible 
circumstances, as was accepted by Elraz. The investi-
gation managed the procedure of how the character 
gets worked around the patient. He pushed that not 
exclusively does the patient experience the sickness. 
Nevertheless, they likewise need to tolerate the social 
disgrace that gets related to it. The examination uti-
lized individual meetings with individuals experienc-
ing diverse mental health conditions. It was set up that 
a negative character gets developed in the public eye 
just as in the work environment [11]. 

As the examination on this theme got significantly 
increasingly extreme, specialists began taking a gan-
der at different parts of work-related pressure and the 
variables that can be a reason behind it. It needs to test 
whether the mental health preparation being set up 
for directors was required in Australia. They needed 
to ensure if the information, demeanor, and certain-
ty of the supervisors were sufficient and, in the event, 
that they required mental health training. The survey 
was planned to test the disposition, certainty, and in-
formation on a supervisor. At the same time, they ad-
dress the worries of a representative managing mental 
health issues. They understood that the planned train-
ing is expected to concentrate more on content that 

helps in certainty building and diminishing shame for 
the chiefs. 

With many Indians experiencing despondency and 
uneasiness, it was essential to comprehend the vari-
ables that sway the passionate health and employment 
fulfillment of the Indian workforce. As the populace 
under investigation change, so does the result of the 
examinations did on them. Consequently, compre-
hend that the Indian working environment is novel in 
its method of activity as it is the measure of social dis-
grace appended with mental health. There is scarcely 
any research that manages the components that add to 
mental health issues of an individual working in In-
dia and how that impacts their job satisfaction levels 
in their work environment. With this study, we hope 
to determine the association of job satisfaction with 
organizational stressors, demographic factors, and 
mental health for an employee in the Indian IT/ITeS 
industry [12]. 

Research Methodology

Participants
The study was executed for people working in or 

with past involvement with the Indian IT/ITeS indus-
try across pan India. The study had respondents from 
all the significant market players in the Indian IT/ITeS 
industry and a couple of newcomers in the services 
consulting business.

Data Collection
Since the respondents were from various associa-

tions and were based on practically all the significant 
urban communities in India, an online cross-section-
al survey was regulated. A sum of 206 professionals 
working in or with past involvement in the Indian IT/
ITeS industry partook in this study. The respondent 
populace comprised 130 males and 76 females.

Instruments
An electronic cross-sectional survey comprising 

the demographic factors, organizational stressors, 
mental health dimensions, and the Minnesota Satis-
faction Questionnaire was administered to the Indian 
IT/ITeS. The survey was partitioned into four sections. 
The initial segment comprised of close-ended demo-
graphic questions. The subsequent part comprised 
descriptive and one-word organization-associated 
inquiries. The third part consisted of descriptive and 
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one-word inquiries regarding mental health alongside 
a five-point Likert scale recording their pleasantness 
to various explanations concerning their emotional 
well-being. These statements were additionally ar-
ranged into three distinctive sub-segments – emotion-
al stress, disassociation, and accomplishments. The 
emotional stress segment had proclamations about the 
degree of typically watched emotional burden as per 
their outstanding task at hand and employment pre-
requisites remembering decline for vitality, depletion, 
and exhaustion. The disassociation segment evaluates 
the working relationship and conduct of the respon-
dent with fellow employees. The accomplishments 
segment had articulations that attempted to evaluate 
the respondent’s inclination of achievement at their 
work. High scores for the initial two areas and low 
scores in the third segment for an individual proposed 
a lower psychological well-being level. The mental 
health segment saw a reliability coefficient of (Cron-
bach’s alpha value): Emotional Stress segment α= 0.83; 
Disassociation section α= 0.72; and Achievements 
segment α=0.87. The inner regularity constant for all 
the inquiries came out as α= 0.82. All of the outcomes 
mentioned in this study are within the permitted and 
appropriate assumptions of alpha. Figure 1. shows the 
Proposed Research Model

 

Organizational Stressors 

 Designation 
 Total Experience 
 Number of Employees 

reporting to the respondent 
 Shift Work 

Demographic Factors 

 Age 
 Gender 
 Educational Background 
 Personal Annual Income 
 Household Annual Income 
 Marital Status 

Mental Health Factors 

 Emotional Stress 
 Disassociation 
 Achievements 

Job Satisfaction Scale 

 Intrinsic Satisfaction 
 Extrinsic Satisfaction 
 Overall Satisfaction 

Figure 1. Proposed Research Model

The fourth and the last piece of the survey com-
prised the short structure for the general Minnesota 
Satisfaction Questionnaire. This standardized in-

strument consists of 20 explanations in total, which 
are evaluated using the 5-point Likert scale, which 
is responsible for estimating the intrinsic, extrinsic, 
and overall satisfaction state of an individual at their 
workplace. An individual’s intrinsic satisfaction space 
incorporates factors, for example, individual deeds; 
individual sentiments about opportunity or autono-
my; their perspectives concerning authority, transfor-
mation, an obligation; or individual, societal position, 
virtues, acknowledgment, capacities, imagination, and 
achievement. Extrinsic satisfaction incorporates ques-
tions identified with possibilities for organizational 
growth, organizational arrangements and practices, 
partners, working conditions, protection, inclusion, 
compensation, human relations and authority/the ex-
ecutives’ methods and routine satisfaction queries are 
incorporated while computing the overall satisfaction 
state. Intrinsic satisfaction had an internal consistency 
score of α= 0.81. For the extrinsic satisfaction segment, 
the score came out as α= 0.85. For overall satisfaction, 
the score came out as α= 0.89.

Results and Analysis

Data Analysis
This study used a multiple linear regression model 

to decide the connection between every feature of job 
satisfaction and the mental health level for the workers 
in the Indian IT/ITeS industry. An aggregate of three 
diverse individual regression representations was 
made. Every dependent variable used to estimate the 
job satisfaction levels of an employee had an individ-
ual regression model calculated for them. Then again, 
the demographic factors, the organizational stress-
ors, and the mental health level were the independent 
variables for each of the three models. An immediate 
technique was utilized to play out the various linear 
regression investigations since no earlier hypotheses 
had been made to decide the request for passage of the 
indicator variables. The study was structured to repre-
sent all the variables utilized and keep away from any 
sort of predisposition in the evaluation of the variable’s 
effect [13]. 

All the variables were analyzed, and their reason-
ableness for the factual examination was resolved to 
utilize descriptive statistics. Bivariate connections 
were utilized to decide the capability of multicollinear-
ity between the dependent and independent variables. 
None of the independent and the dependent variables 
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of intrigue had a connection coefficient bigger than 
0.60.The disassociation segment of the mental health 
part was found to have a critical relationship with 
the emotional stress area (r= 0.74). Many tests were 
performed to check whether multicollinearity was a 
worry. It was resolved that multicollinearity was not a 
worry and the information met the supposition of co 
linearity. SPSS Statistics 26.0 was utilized in this inves-
tigation for all the examinations, and the significance 
was considered at the 0.05 level.

Results
All the outcomes from the descriptive analysis of 

the respondents’ responses are summed up in Table 1. 
Out of the 206 respondents, there was an aggregate of 
130 males and 76 females. The demographic spread of 
the respondents was relative. It was a representation 
of the total Indian IT/ITeS workforce under examina-
tion. The dependent and independent variables and 
their bivariate correlations have been summarized in 
Table 2. There are all the earmarks of being a signif-
icant negative relationship between emotional stress 
segment of the mental health and all the three job sat-
isfaction segments considered; Intrinsic satisfaction 
(r= - 0.568), Extrinsic satisfaction (r = - 0.553), and 
Overall satisfaction (r= - 0.601) [14]. 

Table 1
Summarized Respondent characteristics

Demographic factors N(%)
Gender Male 130(63.1)

Female 76(36.9)
Age Mean (SD) 25.6(2.0)
Personal Annual Income <2.5L 62(30.0)

2.5L-5L 74(35.9)
5L-10L 56(27.1)
10L-50L 12(5.8)
50L-1Cr 2(0.9)
>1Cr 0

Educational Background High School 0
Intermediate 0
Under-graduation 148(71.8)
Post-graduation 58(28.2)

Marital Status Single 188(91.2)
Married 18(8.8)
Other 0

Household Annual Income <2.5L 4(1.9)
2.5L-5L 30(14.5)
5L-10L 64(31.0)

Demographic factors N(%)
10L-50L 96(46.6)
50L-1Cr 10(4.8)
>1Cr 2(0.9)

Organizational Stressors
Designation Intern 30((14.5)

Jr. Engineer 66(32.0)
Sr. Engineer/Lead 98(47.5)
Manager 12(5.8)

Total Experience <1yr 70(33.9)
1-3yr 78(37.8)
3-5yr 42(20.3)
>5yr 16(7.7)

Number of subordinates 0-2 164(79.6)
2-5 22(10.6)
5-10 8(3.8)
>10 12(5.8)

Shift work Yes 40(19.4)
No 166(80.6)

Table 2
Summary of the independent and dependent variable relation-
ships

Aver-
age

Std. 
Dev.

In-
trinsic 
Satis-
faction

Ex-
trinsic 
Satis-
faction

Over-
all 

Satis-
faction

Mental Health factors
Emotional Stress 3.64 1.12 -0.568 -0.553 -0.601
Disassociation 2.89 1.27 -0.442 -0.386 -0.422
Achievements 3.71 1.07 -0.303 -0.325 -0.342
Demographic Factors
Gender -0.108 -0.080 -0.103
Marital Status 0.209 0.078 0.173
Age 25.6 2.0 0.223 0.217 0.239
Educational Back-
ground

2.62 1.16 0.121 0.049 0.090

Organizational Stressors
Designation -0.246 -0.207 -0.232
Experience -0.203 -0.158 -0.192
Shift Work 0.197 0.154 0.188
Number of subordi-
nates

0.064 0.194 0.147

Concerning the other two segments of mental 
health, both disassociation and accomplishments had 
lower, yet at the same time a fundamentally negative 
relationship with the three job satisfaction segments 
examined; The intrinsic satisfaction was found out to 
be (r= - 0.442, r= - 0.303), The extrinsic satisfaction 
was found out to be (r = - 0.386, r= - 0.325), and the 
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Overall satisfaction was found out to be (r= - 0.422, 
r= - 0.342) at a significance level of 0.01 respectively.

Demographic factors were additionally analyzed 
against the job satisfaction variables. The examination 
found a little yet noteworthy positive relationship be-
tween marital status and the individual’s intrinsic sat-
isfaction (r= 0.209). Even the Overall satisfaction of 
an individual was (r= 0.173). However, both of these 
parameters had no huge connection to the extrinsic 
satisfaction of an individual. Essentially, sexual ori-
entation and educational background did not have 
a noteworthy significance to an individual’s job sat-
isfaction facets. Yearly Household Income also came 
out to have a moderate but still a significant rela-
tionship to the Intrinsic satisfaction of an individual  
(r= 0.340) and the Overall satisfaction of an individual 
(r= 0.323). There was even a feeble yet huge positive 
relationship to the Extrinsic satisfaction of an indi-
vidual (r= 0.277). Then again, age had a frail however 
huge positive relationship with each of the three job 
satisfaction classifications. The intrinsic satisfaction of 
an individual had a score of (r = 0.223), the extrinsic 
satisfaction of an individual had a score of (r = 0.217), 
and the overall satisfaction had a score of (r = 0.239). 
Correspondingly, monthly individual’s income addi-
tionally had a noteworthy positive yet weak correla-
tion with the intrinsic satisfaction of an individual  
(r = 0.267), the extrinsic satisfaction of an individual 
(r= 0.251), and the overall satisfaction of an individual 
(r= 0.277) [15]. 

All the three job satisfaction facets and respon-
dent’s designation demonstrated a frail however crit-
ical negative relationship among one another with an 
intrinsic satisfaction score for an individual of (r = 
−0.279), extrinsic satisfaction score for an individual 
of (r = −0.203), and the overall satisfaction score for 
an individual of (r = −0.356). Respondent’s working 
in shifts had powerless; however, positive critical rela-
tionship with their job satisfaction things. The intrin-
sic satisfaction for them was (r = 0.197), the extrinsic 
satisfaction was (r = 0.154) and the Overall satisfaction 
was (r = 0.188). Conversely, the number of individuals 
answering the respondent had no critical relationship 
with intrinsic satisfaction. Yet, Extrinsic satisfaction (r 
= 0.194) and Overall satisfaction (r = 0.147) observed 
a powerless yet noteworthy positive relationship.

All the independent variables had an individual re-
gression model to calculate their accuracy and reliabil-
ity; one for each mental health, demographic factors, 

and organizational stressors in foreseeing worker’s sat-
isfaction state at their job. All the results demonstrate 
that each variable altogether forecasts an employee’s 
satisfaction at their job. This model records 53.0% of 
intrinsic satisfaction change, 51.9% of the difference 
in extrinsic satisfaction, and 57.5% of fluctuation in 
Overall satisfaction. An outline of the findings is sum-
marized in Table 3.

Table 3
Effects of mental health and emotional stress on job satisfaction

In-
trinsic 
Satis-
faction

Ex-
trinsic 
Satis-
faction

Over-
all 

Satis-
faction

Toler-
ance

Vari-
ance 

Inflation 
Factor

Mental Health factors
Emotional Stress -0.391 -0.416 -0.425 0.39 2.81
Disassociation -0.074 0.035 -0.049 0.42 2.47
Achievements -0.031 -0.121 -0.067 0.66 1.58
Demographic Factors
Gender -0.012 0.009 -0.003 0.91 1.15
Marital Status -0.023 -0.044 -0.032 0.63 1.81
Age 0.022 0.041 0.038 0.51 1.83
Educational Back-
ground

-0.127 -0.139 -0.134 0.32 2.72

Organizational Stressors
Designation -0.346 -0.329 -0.353 0.23 5.59
Experience -0.231 -0.157 -0.205 0.27 4.61
Shift Work -0.123 -0.201 -0.177 0.71 1.49
Number of sub-
ordinates

0.053 0.099 0.071 0.69 1.62

Among the mental health dimensions of the mod-
el; Emotional pressure was contrarily related with 
each one of the three job satisfaction measurements, 
namely the intrinsic satisfaction of an individual  
(β = −0.391), the extrinsic satisfaction of an individ-
ual (β = −0.416), and the overall satisfaction of an in-
dividual (β = −0.425) while Achievements indicated 
a negative affiliation just with Extrinsic satisfaction  
(β = −0.121) and disassociation demonstrated no 
noteworthy relationship with any of the job satisfac-
tion measurements. Notwithstanding mental health 
features, various demographic and organizational 
stressors were related to the different facets of an in-
dividual’s satisfaction with their job. If we consider an 
example, the expansion of an individual’s Annual Per-
sonal Income came out as emphatically related to their 
Intrinsic satisfaction (β= 0.157), Extrinsic satisfaction 
(β= 0.113), and Overall satisfaction (β= 0.139). Simi-
larly, Annual Household Income likewise exhibited a 
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positive association to the intrinsic satisfaction of an 
individual (β = 0.212), the extrinsic satisfaction of an 
individual (β = 0.120), and the overall satisfaction of 
an individual (β = 0.147). In any case, all of the models 
failed to have any kind of impactful association with 
Age, Marital Status, Educational Background, and 
gender variables. On the other hand, the greater part 
of the organizational stressors was strongly related to 
at least one job satisfaction dimension.

Discussion and Conclusion
Their search inspected the association of job sat-

isfaction with organizational stressors, demographic 
factors, and mental health measurements among the 
professionals presently working in or with past in-
volvement with India’s IT/ITeS industry. This study 
can be considered as one of just a couple of studies 
that have inspected the multifaceted relationship of 
job satisfaction and mental health for the professionals 
in the huge IT/ITeS organizations and have given the 
executives a genuinely necessary understanding into 
the hearts of their workforce. The study’s after-effects 
bolster our affirmation that further exploration is ex-
pected to recognize the center elements related to IT/
ITeS worker job satisfaction in India. Our examination 
was able to figure out an inadequacy in terms of the 
capacity by which we can provide a complete model to 
extend to experiences related to a connection amongst 
satisfaction at the job and mental health for IT/ITeS 
workers in India. Like an individual’s emotional stress 
and achievements, mental health aspects demonstrat-
ed a noteworthy negative impact on the measure-
ments of their satisfaction at their job. Besides, a few 
variables like designation, individual annual salary, 
Shift work, and annual family income had a huge rela-
tionship with the job satisfaction measurements [16]. 

Organizational pioneers in these IT/ITeS associations 
may bring these outcomes into training by thinking 
about both job satisfaction and mental health together 
instead of looking at them independently as individuals 
who have low degrees of mental health. However, signif-
icant job satisfaction levels can be preferable in most of 
the working environments over those who experience 
the ill-effects of low degrees of mental health and low de-
grees of job satisfaction. This subject holds significance 
and is convenient to the Indian healthcare framework 
in light of the pandemic and the bombing healthcare 
framework, and rising degrees of mental health issues 
among the nation’s working populace.

The outcomes acquired in this research require 
unique consideration to such an extent that while a 
portion of the discoveries is consistent, different dis-
coveries are in logical inconsistency. As contended in 
our inspiration for this study, practically no investi-
gations have inspected the connections amongst the 
independent variables, mental health, and satisfaction 
at a job in an Indian setting. Thus, a portion of these 
outcomes can make the base for future investigations. 
Hence, extra work is expected to all the more com-
pletely comprehend the connections explored in this 
study.

Recommendations
Future studies ought to survey variables past mental 

health, demographic factors, and job satisfaction. Extra 
thought should be given to variables, such as social help 
(companions, family), authoritative help (chiefs, asso-
ciates), initiative, and hierarchical culture. Directing 
comparable investigations across ventures with various 
work societies and request levels may understand the 
general work culture and mental health levels of the 
Indian workforce. A subjective report may likewise be 
prescribed to additionally investigate, characterize and 
dissect connections between mental stress and job sat-
isfaction in the Indian workforce. Moreover, coopera-
tive examinations might be led across various locales 
and urban areas to think about these ideas at the local, 
commonplace, and global levels.

Numerous thorough examinations should be tak-
en up for the Indian workforce to survey their mental 
pressure and their job satisfaction. Notwithstanding 
surveying the connection between job satisfaction and 
mental health, connections among themes, for exam-
ple, brutality, mobbing, administration, and vocation-
al satisfaction, can likewise be estimated. Colleges and 
the Indian government can organize these subjects. 
Finally, to look at the overall relationship between 
mental health and job satisfaction of the technology 
industry workforce, global shared studies should be 
directed.

More examination is expected to clarify the effect 
and degree of this pressure and job satisfaction in the 
Indian setting. Distinguishing those employees who 
are bound to encounter mental pressure and dissatis-
faction will illuminate anticipation, instruction, and 
treatment. Executives would have the option to utilize 
our study’s discoveries to reconsider and create ap-
proaches that address India’s IT/ITeS workforce’s con-
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sideration and prosperity. Organizations might utilize 
our examination discoveries to help advance job sat-
isfaction, hierarchical execution, and decrease worry 
among their workforce.

Limitations
The most significant impediment of this study is 

that because of the idea of the examination; it was just 
restricted to the Indian IT/ITeS industry. Thus, the 
examination’s after-effects cannot be summed up with 
different enterprises and industries in India or past 
the Indian limits. This investigation utilized emotion-
al, self-announced proportions of mental health and 
the satisfaction at work of representatives working for 
the IT/ITeS sector; thus, the outcomes are a propor-
tion of how the respondents saw their capability and 
not a real appraisal of performance. Our investigation 
was a non-experimental plan. This configuration is 
unfathomably unique concerning experimental struc-
tures and emotional plans and subsequently can have 
lower levels of interior legitimacy. We utilized our poll 
to compute the state of an individual’s mental health 
and the Minnesota Satisfaction Questionnaire to de-
cide job satisfaction levels. Nevertheless, there is an 
assortment of instruments utilized over the globe to 
decide these boundaries. They utilize distinctive inde-
pendent variables, scales, and surveys. Thus, this was 
again a constraint that can be amended later on. These 
restrictions ought to be contemplated, while the con-
sequences of this investigation are utilized for many 
reasons.

Conclusion:
According to these research results, there is a sig-

nificant link between work satisfaction, job stress, 
and health. Job stress has been shown to harm one’s 
well-being and job satisfaction. Tech workers that we 
are happier with their employment had lower work 
tension and psychosomatic ailments ratings. Yoga did 
not have a substantial effect on work satisfaction, ac-
cording to this report. However, job satisfaction is not 
significantly related to psychosomatic health in yoga 
practitioners. In contrast, psychosomatic health symp-
toms were significantly related to job satisfaction in the 
non-yoga community that is regardless of work satis-
faction, psychosomatic conditions are well handled in 
yoga-practicing tech professionals. When compared 
to the non-yoga group, the yoga group had substan-
tially lower work stress and psychosomatic symptoms. 

As a result, yoga can be used by software developers to 
deal with depression and psychosomatic disorders. In 
evaluating the spiritual values of Indian software pro-
fessionals, this research encountered some limitations. 
The importance of spiritual leisure activities could not 
be assessed in this report. The impact of confounding 
variables was not taken into account.
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Abstract
Today’s organizations give rise to a blended workforce, which 
consists of a healthy mixture of permanent and gig employees. 
The contractual employees are engaged with the organization 
until the project’s lifecycle they are working in lasts, post, which 
they scavenge for a new gig. Despite staying with the company 
for a defined period, they, like their permanent counterparts, 
enter into informal and implicit contracts with their employers, 
known as psychological contracts, involving a voluntary be-
havior by the employee, known as Organizational Citizenship 
Behavior (OCB). This paper seeks to identify the psychologi-
cal contract factors that differentiate the OCB of the gig and 
permanent employees. A representation of permanent and gig 
workers was taken from three different industries, namely IT, 
Manufacturing, and Educational Institutes, and a questionnaire 
was administered to employees belonging to these sectors. The 
results were generated utilizing qualitative analysis in Excel. The 
study results indicate different psychological factors playing a 
role in determining the various OCBs of gigs and full-time em-
ployees in all the three selected industries in the study
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Introduction
Since the beginning of time, contracts have always 

played a significant role in our environment. Be it a 
compensation, currency, service, value, promise, or 
expectation exchanged between parties, contracts are 
the basis of achieving something in return for some-
thing. Generally, there are two types of contracts - For-
mal and Informal [1] 

Informal contracts, also known as psychological 
contracts, are often tacit and implicit and tend to be 
unsaid or assumed. It is mostly based on an unwritten 
set of promises or expectations, which along with the 
formal employment contracts such as Memorandum of 
Understanding (MOUs) or Service Agreements, forms 
the basis of the employer-employee relationship [2]. 

The psychological contract cannot be considered 
a legal instrument in terms of being compensated for 
services. Rather, it is a kind of non-verbal and unac-
knowledged arrangement between the employee and 
his/her employer, representing the former’s belief in 
mutual commitments [3] This belief turns into a con-
tract when an employee believes that he/she owes the 
employer a certain contribution. According to Rous-
seau, these contributions can range from hard work 
and loyalty to sacrifices in exchange for high compen-
sation and a secure job. A significant characteristic of 
this relationship is the mutual agreement that the em-
ployee believes he has with his employer, resulting in 
shared motives, as stated by Rousseau.

Similarly, with such informal psychological contracts 
comes a behavior, which is unsaid or unwritten in any 
service agreement. These behaviors deal with actions or 
responses that are not expected or required by the em-
ployees but are beneficial to the team and boost the over-
all performance. It is the voluntary behavior displayed by 
an employee or individual to show his commitment to 
the organization. In simple words, it can be said as “going 
the extra mile” or “giving it their all.” Usually, these are 
positive behaviors as seen by management, as they posi-
tively influence the organization

Studies by Organ and Organ, Podsakoff, & Mack-
enzie describe that in order to be successful, organiza-
tions tend to rely on those employees who complete 
their tasks proficiently and proactively, along with en-
gaging in voluntary and spontaneous behaviors that 
help in the upliftment of their colleagues and the orga-
nization as a whole. 
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Such a behavior has been termed as Organizational 
Citizenship Behavior (OCB), simply defining the be-
havior of an employee who considers him/herself as 
an intimate member and citified to the organization. 
OCB formatively was defined by Organ as an “indi-
vidual behavior that is discretionary, not explicitly 
recognized by the formal reward system, and that in 
the aggregate promotes the effective functioning of the 
organization.”

Usually, the employee with no such expectations 
displays such a behavior voluntarily by the organiza-
tion. It showed how responsible he/she is towards his/
her work and committed he/she is towards his/her or-
ganization. Such behavior is not a part of his/her ser-
vice contract. However, it occurs as a positive response 
to any appreciable stimulus.

However, the psychological contract plays a signif-
icant role in altering either OCB of an individual, for 
the better or worse. The employer-employee relation-
ship is not only based on tangible contracts but also 
trust and unsaid expectations. Any breach of such a 
trust leads to a decline in OCB as well as the overall 
performance. Furthermore, the attainment or viola-
tion of a psychological contract by an employee may 
have an enduring influence on the quantity of labor 
he/she puts within the job, perceptions of fairness, 
trust, and sometimes even turnover, as stated by Rob-
inson & Morrison and Rousseau. Moreover, psycho-
logical contracts can also affect the kind of behavioral 
engagements the employment practices in the work-
place, in terms of supervisor interactions, other em-
ployees’ interactions, and keeping the operations of 
the organization effective, as researched by Bal, De 
Lange, Jansen, & Van Der Velde, as studied by Robin-
son & Rousseau, Zhao, Wayne, Glibowski, & Bravo [3] 

Literature review
The relevance of OCB was sought to understand 

by Harvey, Bolino, & Kelemen in the workplace and 
continue adding value across decades. Certain factors 
in the workplace can change the kind of OCBs that 
would continue to be relevant over time [4] These 
OCBs are majorly governed by changes in the attitudes 
and well-being of the employees in the organization, 
which can, in turn, be explained by breaches or attain-
ment of promises, also known as psychological con-
tracts, as recorded by Guest Isaksson & De Witte. A 
range of work-related outcomes such as organization 
faithfulness, turnover intents, and OCB are related to 

respective psychological contracts and their factors, 
according to Lub, Blomme, & Bal.

The type of psychological contract could impact 
employees’ level of organizational citizenship behav-
ior, as stated by Liu, He, Jiang, Ji, & Zhai. Psychologi-
cal contracts can be classified into a transactional and 
relational contracts, as researched by Oppenheim. A 
transactional contract is a short duration only has a 
monetary or materialistic emphasis on the employee, 
who considers his/her organization solely as a source 
of income. On the other hand, a relational contract is 
a long-duration one and includes emotional exchang-
es between the employer and the employee, based on 
mutual trust and loyalty, as studied by Liu, He, Jiang, Ji, 
& Zhai [14] The impact was sought to understand by 
Oppenheim of these two types of psychological con-
tracts on OCB of employees for permanent employees. 
Results indicated that only a relational contract influ-
ences the OCB of full-time employees [5] 

Psychological factors that majorly affect employees 
are trust in the employer, justified return for service 
provided, and job security, as studied by Rousseau. 
Job security is either subjective, which surfaces from 
employee feelings of worry about their job or objec-
tive, where there is a tangible risk, like losing the work 
from layoff, mergers, downsizing, etc., as recorded by 
De Witte & Näswall, Klandermans & van Vuuren.

The relationship between job insecurity and OCB 
was explored by Lam, Liang, Ashford, & Lee. The find-
ings indicated that employees with low to moderate 
job insecurity levels engaged in lower OCB and vice 
versa. Additionally, this relationship was moderated 
by the presence of psychological capital and the supe-
rior-subordinate relationship, with a lower rating on 
both contributing to a more pronounced curvilinear 
relationship [6] 

Organizations today are changing from an omni 
constant work environment to a VUCA prone zone, 
where every component keeps altering with altered 
requirements. According to Johansen, organizations 
are trying to cope with this fast-paced race by find-
ing various ways to improve their work efficiencies. 
Harvey, Bolino, & Kelemen describe the changes in 
the workplace in the 21st century that might affect 
the OCB of employees. They identify 10 trends in the 
workplace that can influence the OCB types and the 
way organizations elicit them from the employees, as 
stated by Podsakoff, Whiting, Podsakoff, & Blume, 
MacKenzie & Hui and Podsakoff P. M., MacKenzie, 



Issue 25. December 2022 | Cardiometry | 453

Paine, & Bachrach [7] The first trend identified is la-
bor shortages, observed by Johnston, which will in-
crease the demand for workers to contribute beyond 
their job descriptions, such as taking additional job 
responsibilities and be more flexible. The next trend 
is globalization, which will require workers to be more 
effective in communication and coordination across 
varied cultures, as researched by Bartlett & Ghoshal, 
thereby engaging in different forms of OCB, as studied 
by Naor, Linderman, & Schroeder. Another identified 
trend is immigration and migration, as recorded by 
Freeman [8] Immigrated employees will take time to 
engage in OCB. The existing employees will have to 
engage in OCBs like sportsmanship and courtesy to 
encourage the new employees and keep them engaged, 
according to Organ, Podsakoff, Ahearne, & MacKen-
zie, Podsakoff & MacKenzie, Podsakoff P. M., MacK-
enzie, Paine, Bachrach. Organizations that rely more 
on knowledge-based workers will need more OCBs 
like communication technology usage and less like 
conscientiousness, as stated by Burke & Ng [9]. 

As organizations will move towards automa-
tion and increased use of technology, as observed by 
Bateman & Organ, OCB of lending a helping hand 
in assisting others will grow, as researched by Har-
vey, Bolino, & Kelemen. Another trend is the growing 
numbers of freelance and gig workers, according to 
Mulcahy, Torpey & Hogan [10]. However, they might 
harm OCB since they will not have regular contact 
with the organization and will not demand much or-
ganizational support, according to Van Dyne & Ang. 
A more diverse workforce will lead to an increased 
need for OCB to facilitate amicable relationships 
among the employees and take advantage of the var-
ied ideas and creativity, as stated by McKay & Avery, 
Toossi, Thomas & Ely, Richard, Roh, & Pieper, Rich-
ard, Barnett, Dwyer, & Chadwick, Sacco & Schmitt. 
Changing attitudes of people towards work, especial-
ly the millennials, as observed by Winograd & Hais, 
who give more value to leisure time, as researched by 
Campbell et al., as studied by Twenge & Kasser, might 
reduce the OCB of employees belonging to that group. 
Skill-gap is identified as another trend, as recorded by 
Bessen, Cappelli, and Coy. Employees who voluntari-
ly indulge in opportunities to improve their skills will 
need to engage in OCB that supports self-develop-
ment, according to Organ, Podsakoff, & MacKenzie. 
According to Edwards and Mosley, the final trend is 
employer brand, which is nowadays, built through the 

use of various social media platforms. Organizations 
will need more employees, who could boldly face so-
cial media attacks on the company, and protect and 
promote the organization’s image, as stated by Harvey, 
Bolino, & Kelemen [11] 

An attempt by organizations to solve the pres-
ent-day dilemma to cope with the changing times 
while ensuring minimization of cost is to have a 
blended workforce ready, which consists of a healthy 
mixture of permanent and gig/contract employees, 
as observed by Clarke & Holdsworth. Business out-
sourcing and contract hire have been trending recent-
ly to reduce the pressure of coping up and updating 
with upcoming technologies. Organizations reduce 
training and development costs by hiring business 
associates to look after tasks, which need immediate 
services instead of training their employees in-house, 
as researched by Johansen. Such contracts last un-
til the project lifecycle is completed [12]. The con-
tract worker has to scavenge for a new gig by either 
changing their location or working during off-hours, 
as researched by Clarke & Holdsworth. These gig em-
ployees also enter into certain informal psychological 
contracts with their employers. 

A study was conducted for gig employees, seeking 
to find the effect of psychological contracts on the 
task performance of the gig workers. Results indicate 
that both types of psychological contracts directly in-
fluence the task performance of the gig workers in a 
shared economy [13]. This relationship is indirectly 
moderated by organizational identification, as re-
searched by Liu, He, Jiang, Ji, & Zhai. The length of 
work in the current organization indicated a stronger 
effect on the organizational identification, which in-
volved gigs in a transactional psychological contract. 
This contract was with the organization for less than a 
year compared to those involved with the company for 
more than a year [14]. A stronger effect was seen on 
the gigs associated with the company for a longer du-
ration than a shorter one for relational contracts [15]. 

With blended workforce playing a critical role in 
today’s times, there arises a need to understand what 
psychological contract factors play a role in determin-
ing the Organizational Citizenship Behavior (OCB) 
of employees belonging to two different types of work 
arrangements - permanent and gig, as studied by Liu, 
He, Jiang, Ji, & Zhai. The existing literature does men-
tion a correlation between the type of psychological 
contract and the OCB of permanent and gig workers 
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separately [16]. There is no study on the psychological 
contract factors that govern the OCB of workers be-
longing to the above-mentioned work arrangements 
[17]. This paper will seek to understand the difference 
in OCB of these workers who are part of a shared econ-
omy and delve into understanding the psychological 
contract factors that play a role in enabling such differ-
ences in the OCB of permanent and gig workers [18]. 
A comparison is drawn between both types of workers 
in order to understand if organizations should have a 
one-size-fits-all approach for all or have a customized 
approach for each type of worker to improve their level 
of satisfaction with their respective organizations [19] 

Research methodology

Research design
This study is quantitative. A questionnaire was de-

signed to gather quantitative information about the 
OCB of permanent and gig employees and the psy-
chological contract factors governing their OCB. The 
results were analyzed using Excel and compared con-
cerning each other based on the employee-employer 
relationship within various work arrangements and 
sectors [20]. 

Methods and sources
Data was gathered from 123 respondents, 89 full-

time and 34 contractual. The respondents were select-
ed from three different industries - IT, Manufacturing, 
Educational Institutions, using convenience sampling. 
Seventy-three respondents are from the IT sector, 27 
from the Manufacturing sector, and 23 from the edu-
cational institutes [21] 

IT and manufacturing are two of the most wide-
spread sectors in India. Because of the huge de-
mand-supply gap in the employees belonging to 
these industries, with supply being much more than 
demand, these two sectors attract many workers who 
choose to work on a contractual basis [22]. 

The education sector in India is one, which will al-
ways have a budding opportunity for people to work 
along with built-in job security since this sector is the 
one, which works towards developing the future of 
the youth of the country. Hence, there will always be 
a scope of work in this particular industry. Moreover, 
with rapid technological advancements, many individ-
uals specialize in skills, which enable them to become 
subject matter experts (SMEs). These SMEs then take 

up contractual work in various institutions to impart 
quality education to those who might benefit from it, 
which is how they enter into the stream of gig work-
ers. The sample for both permanent and gig employ-
ees was chosen. The complete employee population is 
correctly represented through the sample [23]. 

In the first part of the questionnaire, respondents 
were asked to answer demographic questions like age, 
gender, years of experience, the industry they belong 
to, and the type of their work arrangement (full time 
or gig). The second part of the questionnaire had four 
sections inclusive of their employer’s commitment to 
them (employer obligations), their commitment to 
their employer (employee obligations), their employer’s 
relationship with them (employer transition), and their 
relationship with their employer (employee transition). 
Each section had to be answered using a 5-point Likert 
scale [24]. The third part identified five different kinds 
of OCBs that employees might practice in the organiza-
tion. Respondents were asked to indicate their level of 
agreement on a 5-point Likert scale with the different 
behaviors listed down under each OCB factor [25]. 

The second part of the questionnaire was taken 
from the Psychological Contract Inventory (PCI) de-
veloped by Rousseau. The third part is the OCB mea-
sure developed by Konovsky and Organ by dividing 
OCB into five distinct categories [26]. These five cate-
gories are altruism, courtesy, sportsmanship, general-
ized compliance, and civic virtue [27]. 

Test of reliability
Reliability refers to the consistency with which a 

test measures a characteristic, which is done to under-
stand if a respondent will get a similar test score if the 
test is repeated over time. If the results are similar over 
time, it can be concluded that the study is reliable. A 
crucial component of reliability is internal consisten-
cy, which is indicative of the similarity of items in a 
test. Suppose the items are found to be very similar or 
homogenous. In that case, it can be concluded that all 
the items are measuring the same thing [28]. 

The parameter used in this study to measure inter-
nal consistency reliability is Cronbach’s Alpha, which 
is the most common measure of scale reliability, as 
studied by Ursachi, Horodnic, & Zait as shown in Ta-
ble 1. Cronbach’s alpha was calculated using an R pro-
gramming language for four components: employer 
obligations and transition, employee obligations and 
transition, Organizational Citizenship Behavior of 
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employees, and the employee’s satisfaction levels with 
their company as shown in Table 2 and Table 3

Table 1
Cronbach’s alpha: employer obligations and transition

Items 29
Sample units 123
alpha 0.865

Table 2
Cronbach’s alpha: employee obligations and transition

Items 34
Sample units 123
alpha 0.878

Table 3
Cronbach’s alpha: OCB of employees

Items 19
Sample units 123
alpha 0.699

As per the generally accepted rule, a Cronbach’s al-
pha greater than or equal to 0.7 is considered to be in 
the acceptable range. All the values of alpha are within 
the acceptable range. The alpha value for OCB is 0.699, 
which can be closely approximated to 0.7. Thus, it can be 
safely concluded that the four components of this study 
are reliable, as recorded by Ursachi, Horodnic, & Zait.

Results

Participant demographics
One hundred twenty-three responses were gener-

ated from employees belonging to the three selected 
sectors, classified into full-time and gig workers as 
shown in Table 4.

Findings
The responses for different categories of OCB and 

the different factors under the Psychological Contract 
Inventory (PCI) were averaged out, and the results 
were analyzed using Excel. The results have been dis-
played using graphs for the OCB of the employees, 
employer obligations and transition and employee ob-
ligations and transition, which has been done for all 
the employees first, post which the employees have 
been characterized into full-time and gig, and then 
further into the three sectors of IT, Manufacturing/
Production, and Educational Institutes [11]. 

Table 4.Count of demographic characteristics of the respon-
dents

Demographic Characteristic Count
Gender Female Male 35

88
Age
21-30 52
31-40 30
41-50 28
51 and above 13
Work Arrangement
Full-Time 89
Gig/Independent Contractor/Freelancers 34
Industry
IT 73
Manufacturing/Production 27
Educational Institutes 23
Years of Experience
0-10 64
11-20 27
21-30 25
31-40 6
41 and above 1

Figure 1 shows the segregates the OCB of employ-
ees into five categories: altruism, courtesy, sports-
manship, generalized compliance, and civic virtue. It 
displays the average OCB for full-time vs. gig employ-
ees considered in the three sectors - IT, Manufactur-
ing, and Education, followed by the average behavior 
displayed by all employees in all sectors combined. 
The green-up arrows represent which employee type 
shows more of that behavior. In contrast, the red down 
arrows represent which behavior is displayed less.

The dark green color shows the most displayed 
OCB in each category on an average for all employees. 
The dark red color shows the least displayed OCB in 
each category on an average, which shows the average 
Employer Psychological Contract Inventory (PCI) val-
ues for all the 123 respondents of the study. It indicates 
the psychological contract factors (PCF) that employ-
ees believe their employers should possess and commit 
to providing them (employer obligations), and over 
time, what should be the changes from the employer’s 
end in the kind of relationship between them and their 
employer (employer transition). Support to obtain the 
highest possible performance level is the commitment 
that employees want from their employers, which will 
affect their OCB the most. In contrast, lack of trust 
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from the employer’s end is something that employees 
would prefer the least when maintaining a relationship 
with their employer as shown in Figure 2. 

The top and bottom-most employer psychological 
contract factor affecting the OCB for all the full-time 

workers is the same as that of all the workers as shown 
in Figure 3. There are minimal changes in the order of 
preference in this case compared to the previous figure 
for all workers.

 
Figure 1.Organizational citizenship behavior

 
Figure 2.Employer obligations and transition: all employees
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The top preference of employer PCF for gigs remains 
the same as that of all employees and full-time employ-
ees. However, the bottom-most employer PCF for gigs is 
decreasing benefits over the next few years [12] 

For full-time IT employees, the employer PCF 
that influences their OCB the most is the employer’s 
commitment to be concerned for their welfare. At the 
same time, lack of trust is something they would not 
want their employer to have. For gig workers in the 
IT sector, thePCF of employer’s commitment to em-
ployee’s advancement in the firm and their response 
to employee concerns affect the OCB of employees 
the most. Gig employees of this sector would not want 
their employer to introduce changes in the organiza-
tion without their involvement. They would not prefer 
a lack of trust in him/her by his/her employer.

Full-time manufacturing employees expect their 
employers to commit for the concern of their well-be-
ing, while they, like most others, do not want their em-
ployer to lack trust in them. For gig employees in the 

manufacturing sector, the employer PCF that affects 
them the most is the same as their full-time counter-
parts. However, their bottom-most preference is that 
of their employer withholding information from them 
[13] 

The OCB of full-time employees in educational in-
stitutes is affected by their employer’s commitment to 
supporting them in obtaining the highest possible lev-
el of performance. For a longer-term relationship with 
their employer, they would least prefer their employer 
to lack trust in them. Gig employees in the educational 
sector want an employer PCF of a job limited to specif-
ic, well-defined responsibilities and support to obtain 
the highest performance levels as a commitment from 
their employer. At the same time, their bottom-most 
priority has to face decreasing benefits in the organi-
zation over the next few years, which shows the aver-
age Employee Psychological Contract Inventory (PCI) 
values for all the 123 respondents of the study, which 
indicates the psychological contract factors (PCF) that 

 
Figure3.Employer obligations and transition: full time vs. gig (all sectors)
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employees commit to possess in them and believe that 
their relationship with their current employer should 
be over time. Employees commit the most to protect 
the company’s image. At the same time, they would 
not want to develop mistrust in their employer over 
time. Figure 4 shows the Employee obligations and 
transition: all employees. 

The topmost and bottom most commitment and 
transition for all full-time employees is the same as all 
the employees combined.

Gig employees’ top commitment is to take the or-
ganization’s concerns seriously. At the same time, lack 
of trust in their employer is something they would 
prefer the least for the kind of future relationship they 
would like to have with their employer [14] 

Full-time employees in the IT sector commit to 
protecting the image of their organization the most 
and least prefer to have a lack of trust in their employ-
er. Gig employees in the IT sector committhe most to 
accepting new, different, and challenging performance 
standards, while they least agree that their future com-

mitments with their employer are uncertain as shown 
in Figure 5 [15] 

Full-time manufacturing employees commit the 
most to protect the organization’s image. They least 
agree to have a lack of trust in their employer in the 
future. Like their full-time counterparts, Gig manu-
facturing employees commit the most to protect their 
organization’s image, while they least agree that they 
would only do what they are paid to do in the organi-
zation [16] 

Full-time employees in the educational sector com-
mit the most to make themselves increasingly valuable 
to their employer and the least to performing only spe-
cific duties in the organization. Gig employees in the 
educational sector commit most to being personally 
involved in the organization’s concerns, while they least 
prefer to have a lack of trust in their employer [17] 

The findings of this study bring about a unique 
contribution by displaying the PCF of permanent and 
gig workers in a single research. As a result, enabling 
organizations to compare the PCF of both types of 

 
Figure 4. Employee obligations and transition: all employees
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workers and understand what kind of approach they 
should adopt to improve the satisfaction levels of these 
workers - one-size-fits-all or customized [18] 

Discussions

OCB of blended workforce
Overall, throughout all sectors, in all the work ar-

rangements, the most displayed factor of OCB is gen-
eralized compliance, followed by courtesy, civic virtue, 
altruism, and sportsmanship. Behaviors that are dis-
played the most are maintaining a clean workspace, 
respecting the rights and privileges of others, attend-
ing and participating in meetings regarding the com-
pany, and help make other workers productive [19] 

Upon comparing the OCB of full-time and gig em-
ployees of all the three sectors, we found that the major 
factor of OCB expressed by full-time employees is al-
truism. In contrast, for gig employees, it is generalized 

compliance. It can be observed that there are significant 
differences in the various aspects of altruism between 
the two types of employees for all the sectors. Apart 
from that, most of the behaviors under the other four 
factors are more or less similar, with gig employees hav-
ing a slight upper hand in behaviors, which have a more 
individualistic perspective. For instance, even though 
gigs rank higher than full-time workers in consulting 
others who might be affected by their actions, they also 
rank much higher on behavioral aspects like thinking 
only about their work problems, expressing resentment 
with any changes introduced by management, always 
finding fault with what the agency does [20] 

Since gigs have minimal interactions with the orga-
nization they work for, the characteristic of agreeable-
ness becomes an important determinant of their OCB 
(Organ & Ryan, 1995) [21] 

There is a significant difference in the behavioral as-
pects of courtesy shown by full-time and gig workers 

 
Figure5. Employee obligations and transition: full-time vs. gig (all sectors)
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in the IT sector. However, a gig worker’s average gen-
eralized compliance behavior is higher than that of a 
permanent worker. There is also a significant difference 
in the civic virtue displayed by full-time and gig em-
ployees, whereas altruism is more or less balanced [22] 

In the Manufacturing sector, surprisingly, it shows 
that the OCB displayed by gig workers is significant-
ly higher than their full-time counterparts, with gigs 
displaying stronger behavior under factors like altru-
ism, courtesy, generalized compliance, and civic virtue. 
Even though full-time employers complain less about 
trivial matters, they also pay less attention to informa-
tion related to the company, are more prone to finding 
faults within the agency, and tend to think only about 
their work problems than the gigs of this sector. In con-
tradiction, most gig workers have been found to have a 
lower amount of interactions with the company’s man-
agers regarding its activities, according to Blau [23] 

In the Education sector, full-time employees dis-
play the altruism behavioral aspects more, whereas 
gig employees display courtesy more. However, gig 
employees display lesser sportsmanship behavior than 
full-time employees. For full-time employees, there 
is a perfect score for maintenance of above-average 
attendance and a clean workspace. Most of the other 
behavior aspects are more or less similar for the two 
types of workers.

These findings support the claim that OCBs dis-
played by both types of workers represent an incli-
nation to provide more than just formal contractual 
obligations.

Employer obligations and transition
The full-time employees of all sectors want their 

employers to commit the most to support them in 
meeting higher goals, achieving the highest possible 
performance standards, and being concerned for their 
welfare and long-term well-being. They least prefer 
their future relationship with their employers to lack 
trust, be uncertain regarding the employer’s future 
commitment and relations, withhold information 
from the employee and provide stagnant or reduced 
wages. Gig workers of all the sectors want their em-
ployers to support meeting higher goals, be responsive 
to employee concerns, and provide a job limited to 
only certain, well-defined responsibilities. They least 
prefer their employer to lack trust in them, decrease 
their benefits over time, and uncertainty regarding the 
future relationship with the gig worker [24] 

Specifically, for IT, the full-time employees want 
their employers to help them in developing market-
able skills. However, they do not want their employer 
to introduce changes without them. For manufactur-
ing, full-time employees want their employers to help 
them respond to greater industrial standards. In con-
trast, the gigs want them to help them develop con-
tacts for opportunities elsewhere and not ask them to 
work more in return for less pay [26]. Permanent em-
ployees in the education sector do not want their em-
ployer to train them only for management. Gig work-
ers in the education sectors prefer their employers to 
help generate potential job opportunities outside the 
firm. However, they do not want their employers to 
not share important information with them.

While both types of workers have similar expec-
tations regarding their employers’ obligations towards 
them, there is an observed inequality in the promises 
made to them by their employer [27]. Managers tend 
to cater more to their permanent employees’ expecta-
tions compared to the gig employees, as observed by 
Guest, Isaksson, & De Witte.

Employee obligations and transition
The full-time employees of all sectors want to com-

mit themselves to their organization by protecting its 
image, accepting new, different, and challenging per-
formance standards, and making themselves valuable 
to their employer. On the other side, they least prefer 
their relationship with their employer to lack trust, be 
employers an uncertain relationship, or do only what 
they are paid to do. The gig workers of all the sectors 
commit themselves to their organization by accepting 
new and different performance standards, taking or-
ganization concerns seriously, and having a personal 
commitment to the organization they are associated 
with. However, they,like their permanent counterparts, 
they do not want their relationship with their employer 
to lack trust and belief. They do not want any inconsis-
tency in what their employer says and does [28]. 

Specifically, for the manufacturing sector perma-
nent employees, they prefer seeking training and de-
velopment and building skills to enhance their poten-
tial. Gig workers in this sector also believe in building 
their skills and not performing only specific duties or 
required tasks. In the education sector, gigs prefer to 
build their skills but fulfill only a limited number of 
responsibilities. In contrast, their permanent counter-
parts do not prefer working only on required tasks [25] 
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Conclusion and recommendations
This study sought to discover the psychological 

contract factors that enable the differences in the Or-
ganizational Citizenship Behavior of permanent and 
gig employees in three different IT, Manufacturing, 
and Education sectors. The overall observation for all 
the sectors depicts those full-time employees are quite 
altruistic and display behaviors, such as helping others 
with heavy workloads, sharing the personal property 
with other workers, helping their colleagues produc-
tive, helping others absent, or those who have joined 
the organization very recently. The psychological con-
tract factors that govern such behavior for full-time 
employees of all three sectors protect the company’s 
image, accept new and challenging performance stan-
dards, and make oneself valuable to the employer. In 
exchange, these full-time employees expect their em-
ployer to support them in meeting higher goals and 
show concern for their welfare. The gig workers for 
all three sectors have a more individualistic behavior, 
which is enabled by a personal commitment to the or-
ganization and a willingness to perform only specific 
well-defined responsibilities.

For the IT sector, full-time employees display cour-
tesy and civic virtue characteristics by respecting the 
rights of others, consult and inform them before tak-
ing any decision, and staying updated about the com-
pany by participating in its meetings regularly. This 
behavior is governed by the PCF of them wanting to 
develop extremely marketable skills. However, the 
gig employees of this sector lack this behavior, which 
the individualistic perspective can explain they carry 
about wanting only to restrict themselves to work-spe-
cific responsibilities.

The permanent employees of the manufacturing 
sector rank significantly lower on all the factors as 
compared to their gig counterparts. They think only 
about themselves and pay constant attention to com-
pany-related information to find fault with its doings. 
Such behavior is governed by them wanting to focus 
only on their skill build-up, which is reflected in them 
focusing on training and development opportunities 
in the organization. Gigs of this sector display a decent 
OCB on all five factors. In exchange for willing to work 
beyond specific responsibilities, they expect their em-
ployer to help generate opportunities elsewhere when 
required to scavenge for a new gig.

In the education sector, full-time employees display 
more altruistic behavior and civic virtue than gigs but 

lack courtesy. They want their employer to not train 
them only for management purposes since that is 
something; they are already indulging in through their 
displayed behavior. Rather, they are interested in a job, 
which lets them go beyond their specific and defined re-
sponsibilities. For gigs, they display courteous behavior 
in this sector. However, they want to limit themselves 
to specific job responsibilities only and seek help from 
the management for opportunities elsewhere.Based on 
these findings, indicative of a difference in the PCF of 
permanent and gig employees affecting their OCB, it 
is recommended that organizations belonging to the 
three selected sectors design a more customized ap-
proach to improve the satisfaction levels of the blended 
workforce they consist of in this shared economy.

With changing times, the parameters of OCB dis-
played by workers could also change as per the trends 
identified by Harvey, Bolino, & Kelemen. Organi-
zations should ensure that they adapt themselves to 
these trends to continue improving their employees’ 
satisfaction levels.

Limitations
The major limitations for the research were due to 

the COVID-19 situation. Due to the same, the avail-
ability to get more responses through interviews via 
face-to-face meetings was not possible. In addition, due 
to the inability to access employees in other sectors, we 
are faced with a bias in the sample, with the majority 
of responses from IT sectors compared to Manufactur-
ing and Educational Institutes. However, this study has 
tried its best to include a healthy sample to represent all 
the sectors. Due to the width of responses required for 
our research, people were hesitant to fill the question-
naire due to its sheer size. Hence, there was a certain 
limitation in the number of responses received due to 
the unwillingness of many to fill the survey.
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Abstract
The pandemic COVID-19 has brought a significant shift in the 
working pattern in all the sectors, and it has brought up a trend 
of working from home. Each domain and sector is going vir-
tually to prevent social contact with others. Since the last few 
months, there have been many changes in different industries, 
among which the schools and colleges are the ones who have 
never thought of switching everything virtually this early. This 
research focuses on school teachers who are conducting on-
line classes and working from home for the first time in their 
teaching career. There are 101 responses collected through di-
rect conversation, and questionnaires floated through different 
platforms. While working from home, teachers are juggled with 
their daily routine household work, preparing and conducting 
online sessions, and assessing them. There is a significant im-
pact on students’ learning ability and productivity while attend-
ing classes. However, not everyone goes through the smooth 
process of both the student’s and the teacher’s part. There are 
challenges faced in the availability of proper infrastructure, 
teaching methods, and productive learning. If the work from 
home strategy were executed correctly, not in a rush due to 
the pandemic, it would have been easier for everyone to work 
more efficiently
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Introduction
Work from Home (WFH) history is not as recent 

as many of us assume. It has a much longer experi-
ence of working in offices than our records. Remote 
development in the last ten years essentially reflects 
a return to an old and long-used working way. The 
availability and the volume and expense of the tools 
required to complete the kind of job satisfactorily have 
changed [1]. Many, who previously did not consider 
such a choice, can now work from home. There is still 
a range of hurdles to be addressed. New workplace be-
havior and technical advances are anticipated to make 
the challenge of working from home both simpler and 
more appropriate. During the last few years, the num-
ber of occupations and the skills, the value of the job, 
and remuneration for these activities have increased 
significantly [2]. 

Conventional thinking assumes that for workers to 
be successful and productive there should be a phys-
ical presence. However, this reasoning ignores the di-
versions that come with a workplace setting. Although 
organizations provide telecommuting services in 
higher numbers than ever before, several factors still 
hinder the adoption and use of such services. Such fac-
tors include managers relying on “line-of-sight” man-
agement methods, lack of corporate telecommuting 
instruction, misunderstandings and frustration with 
flexible workplace systems, and lack of knowledge on 
the impact of telecommuting on the “bottom line” of 
a company [3]. A successful employee may be slowed 
down by socialization, overly long meetings, and noisy 
colleagues. For a long time, office work brings regular 
activities such as working in a particular community 
at a specific venue. As such, it has its drawbacks of 
stiffness, formality, increasing boredom, and intense 
rivalry [4]. The physical structure of the workplace 
dramatically affects the thought of the employee. Few-
er distractions encourage staff to concentrate on the 
job at hand, often accomplishing it faster than sitting 
in a cubical. Also, a manager is used to see his staff 
working under his direction in front of him [5]. It is 
challenging to supervise a considerable and dynam-
ic workforce of an employee physically in absentia. 
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The managers are not equipped with techniques and 
tools to manage a large and complex workforce from 
a distance, which was a significant reason employers 
do not prefer to work from home [6]. All wishful re-
sults of this power are discipline, punctuality, hierar-
chy, integrity, honesty. The psycho-sociological effects 
of peer reinforcement are significant in an employee’s 
life. According to the work-life balance, the top reason 
Indians do not want to work within the four walls of 
their office [7]. 

New technological advancements have expanded 
the possibilities substantially for several people who 
work from home as needed or desired. The urge for 
flexible working conditions and technological innova-
tion has motivated companies to work from home. A 
survey carried out in 2017 states that the typical work-
er was able to take 8% fewer wages in exchange for the 
choice to work from home. It means that employees 
are contributing financial value to the adaptability 
provided by a WFH program [8]. Moreover, employ-
ers bring even more value to workers by providing re-
gional flexibility with a work-from-anywhere scheme.

In recent years, the diversity in careers and the 
skills, the value of the job, and remuneration for these 
activities have increased significantly. In reality, it is 
not unusual for companies to encourage their employ-
ees to work remotely once or twice a week. Working 
from home or telecommuting is a growing movement 
that is re-energizing the worldwide market. Today, a 
substantial majority of the corporate population pre-
fers to work from home in the business sector. On the 
other hand, teleconferencing and telework systems 
have advanced to the extent that several businesses are 
thriving entirely with virtual teams [9]. 

According to the Deloitte Report (2015), the in-
troduction of technology aided tremendously in the 
following:
• Widespread technical implementation through de-

velopment and technology transfer. 
• A skilled and talented workforce has developed to 

deal with the challenges of technology.
• Indirect but efficient communication strategies 

have become common.
• The working force has become multi-cultural and 

multi-lingual.
• Gender-specific differences in jobs have decreased.
• Managing people at work has changed from close 

supervision to career enrichment, task rotation, 
and flexible working hours. 

• Attitude towards workers has changed. The need 
for fewer and quicker ways of doing work has led 
to more robust technology adoption. 
Even though figures suggest that staff with flexi-

ble job opportunities is more productive, the Society 
for Human Resource Management (SHRM) estimat-
ed that 62 percent of off-site employees are concerned 
that their in-house coworkers are in denial that they 
are striving as laborious as they are. According to 
Global Workplace Analytics, almost 3.9 million peo-
ple globally operate from their house in 2017, which 
demonstrates a rise of 115 percent since 2005. 

Over the last five years, the amount of businesses 
giving work-from-home solutions has increased by 
40%. Conference calls, video conferencing, group-
ware, Voice-over-IP systems (VoIP), Virtual Private 
Networks (VPN), time management tools, and other 
tech technologies and networking platforms, to name 
a few, have transformed board meetings into interac-
tive meetings on a 13-inch laptop.

In addition, as a result of the coronavirus pandem-
ic, many companies have turned to a truly remote 
team. “317 CFOs and finance leaders indicated at least 
5% of their formerly on-site employees would be re-
located indefinitely, according to 74%. post-COVID 
19 positions,” according to a Gartner survey (March 
2020) found; With the COVID-19 virus forcing work-
ers to stay home, several businesses immediately need 
to sustain an entirely remote workforce [10]. 

Executives, computer technicians, and general 
managers are among the most suited to working from 
home since they need no physical interaction to do 
their jobs. Drivers, store salespeople, counselors, and 
domestic helpers, for example, are among the profes-
sions that are least suitable for working from home, 
which often has great human proximity. Although IT 
companies have some experience in enabling these ac-
tivities, according to senior HR consultants, a majority 
of Industries in India are simply not open to the con-
cept of working as a culture from home. 

Coronavirus pandemic has severely affected India’s 
numerous sectors, including oil and gas, vehicles, avi-
ation, agriculture, retail, etc. We cannot overlook the 
fact that the recession will not have left a business un-
touched [11]. 

Same with India’s education sector; Though school 
and university closings will have a short-term effect 
on India’s over 285 million budding pupils’ education 
standards, they will likewise have extensive finan-
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cial and civil consequences as time passes, lacking 
an urgent solution to stop the COVID-19 epidemic. 
Technology, including home study and homework, 
may play an essential role during the lockdown era. 
Some private schools in India may be implementing 
methods of teaching online. Private and government 
schools with low incomes cannot be able to follow 
teaching methods online. There are different strategies 
for schools and colleges to manage the crisis and help 
students with online learning. However, online and 
distance learning will never match the physical pres-
ence in the classroom. Teachers find it difficult to take 
online classes as they face the technology because they 
are comfortable and used to work with the board and 
chalk or work from home and conduct virtual classes 
for the first time in their whole career. Further, stu-
dents cannot interact with the teachers and face diffi-
culty getting their doubts and queries resolved during 
online classes [12]. 

With the motivation set from the previous para-
graphs, the research aims to investigate:
• the overall experience a teacher is facing while 

working from home for the first time 
• challenges they face during the online sessions
• whether they can maintain the work-life balance
• Know about their productivity while taking online 

classes.

Literature review
Everyone will agree that family and work are two 

of life’s most essential elements for every individu-
al. In reality, the sole troublesome issue confronting 
relationships in the 21st century is work-family bal-
ance. The house presents a vital part in fostering and 
maintaining individual and social well-being. India’s 
National Sample Survey Organization (NSSO), which 
since 2005 has included domestic work as a group, 
found 37.4 million domestic workers in India in 2011-
12. Remote employees work 1.4 days more a month 
compared to their on-site counterparts, according to 
a study, equating to over three more working weeks a 
year. Twenty-nine percent of remote employees said 
they were having trouble balancing work and life, and 
31% said they needed a day off for causes of psychic 
well-being. 

A study conducted by Global Workplace Analyt-
ics found that since 2005 remote employees have risen 
by 140 percent – on average around 10 percent each 
year. Further, it showed that 32 percent of remote em-

ployees find their flexible schedule to be the most sig-
nificant advantage of working from home. About 26 
percent said they had the most important advantage 
of operating from anywhere [13]. 

Additionally, 54 percent of remote workers and 49 
percent of on-site employees said they felt “fatigued 
throughout the working day,” and 35 percent of of-
fice workers said they “delayed on a job earlier to the 
closing time,” 45 percent of remote workers and 42 
percent of office employees said they “encountered 
great levels of stress through the working day,” Ap-
proximately 58 percent of Indian office-goers operate 
at least every week remotely, suggesting that a tipping 
point has reached for mobile workplaces, a study says. 
Further to 50% (53%) work off-site in India for half 
or more of the week, while higher than 1 in 10 (11%) 
work five days a week outside the headquarters of 
their company; more and more Indian millennials are 
choosing flexible work opportunities, which can help 
them work from home.

IT companies have the required systems and security 
features that enable employees to opt for remote work. 
Some concerns permitting workers to operate from any 
place could reduce contact and cooperation among col-
leagues and limit informal learning in the workplace. 
Typically, they will have 20-30 % of their workers op-
erating from home at any point in time. However, it 
will be challenging to enforce the same for utilities and 
manufacturing companies. V Balakrishnan, former 
CFO, Infosys, aimed at the program created to operate 
from home only for 10-15 percent of workers, and the 
companies can only selectively enforce this. However, it 
is hard to make all two to four lakh workers that each 
big IT services player employs. However, if businesses 
were to have laptops for their staff, one major challenge 
would be to make server access accessible. Additional-
ly, security risks may occur, particularly in cases where 
such data is managed. Also, IT companies may not be 
sufficiently trained for workers who work on such a 
broad scale from home [14]. 

Covid-19 may permanently change working habits as 
businesses compelled by the pandemic to accept remote 
work find their employees avoiding returning to on-site 
once situations are normal. In response to the coronavi-
rus (COVID-19) pandemic, 88 percent of organizations 
permitted or required their employees to work from 
home. Gartner, Inc. conducted a survey on 17th March 
that found that about 97 percent of American companies 
had canceled their work-related travel plans.
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Although, start-ups like Slack and Zoom and or-
ganized mammoths like Google and Microsoft give 
their smartphones away for free, assuming that users 
who use them during a crisis will continue using them 
until normalcy returns. On the other side, certain gad-
gets are always squeaking around the corners. Corpo-
rate networks are experiencing unexpected glitches 
because they cannot have the bulk of their links via 
virtual private networks (VPNs). On the other hand, 
Internet service providers have been required to in-
crease bandwidth quotas to enable off-site employees 
to remain in contact with their boss mid-month [15]. 

Teaching is a profession of low suitability for 
homework. Nonetheless, many ed-tech organizations 
such as Byjus and Coursera provide their material to 
students for free over the last few days, leading to vari-
ations in customer conduct and making studying and 
educating extra appropriate for homework than in the 
past. Teaching from home faces a vast array of chal-
lenges, both practical and mental, that should not be 
underestimated. The usual general difficulties due to 
personal and official differences are tiredness, under-
achieving, incompetency, feeling less competent, feel-
ing unwell at work, job boredom, and quitting. 

Teachers are influenced by the pandemic and the 
associated anxieties of the community in unique ways. 
They are under immense pressure from other teach-
ers, pupils, schools, government orders, and their own 
families. The evidence in the primary classroom for 
computer use shows that teachers and students have 
different views about how often computers were be-
ing used. Although 44% of teachers reported using 
computers regularly in their teaching, only 23 % of 
students thought computers were often used in their 
teaching. Moreover, 20% of tutors did not use com-
puters in their education career, but 41% reported that 
they never used computers in their lessons [16]. 

Teachers spend most of their time preparing for on-
line lectures, preparing assignments, creating resourc-
es, and attending technical meetings. They are putting 
their full efforts to understand better and look to other 
educators and trustworthy outlets to help curate pro-
fessional online learning resources and provide them 
to them. However, there are cases where teachers face 
significant issues with the technology as they may not 
be well equipped with working on the technology. It is 
different for them too, as they are habitual to conduct 
physical classes. Suddenly, they have to switch to on-
line classes, which they might be working for the first 

time in their whole teaching career. It is difficult for 
them to teach all the subjects through virtual classes, 
such as mathematics, that can be learned well only af-
ter solving them. However, now it has to be taught vir-
tually. The online platforms provide many features for 
asking questions and posting their queries, but there 
are still loopholes. It can be challenging to work from 
home for long spans, as production hour’s mix with 
private moments. On-call 24/7, it is too easy to fall into 
being as they address new problems and learner re-
quests anywhere and at any time. Teachers are usually 
very capable of keeping track of time in the classroom. 
However, when working at home, we may be more 
challenged [17]. 

Research methodologies
The research methodology adopted for under-

standing and analyzing the teacher’s experience of the 
teachers while conducting online classes from home 
for the first time is based on a qualitative survey. The 
survey instrument was collected by taking into con-
sideration school teachers and college teachers as 
the target respondents. Purposive sampling was per-
formed. The researcher fully understood who the tar-
get audience is their understanding of relevance to the 
study’s context. 

This sampling method is extremely time and cost-ef-
fective. In the initial phase, the target audience focused 
was the school teachers and teachers teaching at the un-
dergraduate level. However, as more research was done, 
the target was scaled down to school teachers only [18]. 

The questionnaire has 23 general questions and 
will require 10 minutes to fill survey. It is designed to 
capture some of the main dimensions for the study. 
It contains questions that collect teachers’ respons-
es based on their experience working from home for 
the first time due to pandemic COVID-19. The re-
spondents are fully aware and informed that their in-
volvement in this survey would in no way affect their 
professional quality and practice. They were able to ar-
ticulate whether they like to teach the students online 
for the first time. The challenges faced, including ben-
efits while working from home for the first time and 
experience of conducting online classes [19] which 
will help understand the psychology of the teachers, 
their preferences, the challenges, how they incorpo-
rate digital technologies into their classrooms, and as-
signments and factors responsible for their choice to 
work from home shortly. 
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The theoretical model for the research contains 
questions grouped into three different categories, 
which are focused on:
• The first group focuses on the student’s learning 

ability through online classes and their produc-
tivity. Also, the aspect related to teacher’s personal 
development and what activities they perform to 
do so.

• The second one focuses on teachers if, in their rou-
tine, they can manage stability among their job and 
private life. 

• The third one covers the teacher’s perception of the 
current and future outlook of working from home.
The questionnaire consists of MCQs with pre-

set replies. It offers responders the chance to opt and 
grade amid the provided choices or rank on different 
five-pointer Likert scales. The target audience for the 
survey is the school teachers, who, due to the current 
scenario of COVID-19, have to take online sessions 
for the students to carry forward with the studies [20]. 
The main focus is on the teachers who conduct online 
sessions for the first time in their teaching career. The 
survey is circulated through social media platforms 
and telephonic interactions. 

Further, to analyze the data collected from the 
questionnaire, the relation among different variables 
will be identified. MANOVA (“Multivariate Analysis 
of Variance”) applied the statistical model to analyze 
if the relationship of any significance exists between 
different identified variables. MANOVA extends the 
capabilities of one-way ANOVA by simultaneously 
assessing multiple dependent variables. The relation-
ship will be among the variables of the three identi-
fied groups mentioned above. Using MANOVA, the 
dependent variables’ correlation structure provides 
additional information about the study and assesses 
patterns between multi-dependent variables [21]. 

In the survey, there were different dependent and 
independent control variables identified. The Theo-
retical Model shown in Figure 1 clearly describes the 
relationship between the independent variables and 
the grouped dependent variables defined in the study.

The independent variables mentioned are:
• Age of the respondent
• Gender (i.e., male, female, other)
• Years of experience

The dependent variables are grouped into three, 
which contains the following factors:

 
Figure 1. Theoretical model
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1. Students’ learning ability: Students understand the 
content through online classes, students’ partici-
pation, and improvement in their learning ability. 
Self-development: Do some activities to enhance 
their skills, learn new courses, do research, and 
collaborate with other teachers to understand new 
ideas.

2. Work-life balance: Challenges that teachers face 
while working from home, number of hours they 
invest in teaching online, teachers maintaining 
work-life balance, take breaks in between and af-
fect their psychological and physiological health.

3. Current and Future Outlook: The current and 
future perception of the teachers working from 
home. Teachers’ perception of conducting online 
sessions, their overall experience, and the future 
would prefer working from home if given a chance.

Statement of Hypotheses
We framed the below-stated hypothesis based on 

the research literature discussed in section 2 above.

Alternate Hypothesis (H1)
H11: There is an important distinction among the 

age group and their understanding of the learning 
ability of the students, maintain work-life balance, 
factors relating to self-development of the respondent, 
and the current and future perception of the teachers 
working from home.

H12: There is an important distinction among the 
sex identity and their comprehension of the learning 
ability of the students, maintain work-life balance, fac-
tors relating to self-development of the respondent, 
and the current and future perception of the teachers 
working from home.

H13: There is an important difference between the 
years of experience of the teachers and their percep-
tion of the students’ learning ability, maintain work-
life balance, factors relating to self-development of the 
respondent, and the current and future perception of 
the teachers working from home [22]. 

Data analysis and interpretation
The data gathered was by floating the question-

naire to the targeted audience. For further analysis of 
the data, SPSS was used to perform hypothesis testing 
using ANOVA and MANOVA.

SPSS gives four different commonly used multivar-
iate tests, i.e., Pillai’s trace test, Wilks’ lambda test, Ho-

telling’s trace test, and Roy’s largest root test. Among 
all the four tests here for our study, we have considered 
the Wilks’ Lambda test, [23] which measures a statis-
tically meaningful difference between two or more 
groups using two or three continuous (dependent) 
variables. Such groups are identified by divisions of 
the categorical component in the data set. In our case, 
Wilk’s lambda can statistically test whether working 
from home affects teachers and students. 

A total of 101 school teachers from different 
schools were involved in the study. Major responses 
belonged to the teachers with 5-11 years of work ex-
perience (38.6%). As there is a sudden switch from 
traditional teaching methods to online classes due to 
this pandemic situation, it was difficult for the school 
management to conduct online classes for all the stu-
dents on platforms. Still, among all the different plat-
forms available such as Skype, zoom, google class-
room, google meet, Microsoft teams, and blackboard, 
Zoom was the most used platform by different schools 
(37.6%). While working from home, the teachers 
faced many challenges. The connectivity issue was 
the one faced by 86.1% of the respondents. One of the 
connectivity issues is the internet connection through 
mobile hotspots for conducting classes using laptops, 
as 73.3% of the respondents used mobile hotspots and 
only 30.7% used Wi-Fi for the internet connection.

As 71.3% of the teachers spend two to four hours 
per day conducting the online session, they can take 
time for further activities. Hence, most of the respon-
dents agree that there is no effect on their psychologi-
cal and physiological health. Also, 55.4% of the teach-
ers find conducting online classes as easy tasks and do 
not face difficulty.

Among all the respondents, 62.4% do household 
work in breaks between their sessions, and 65.3% 
spend time with their family and recharge themselves 
to work again. Many of them also exercise and take 
tea breaks to maintain their health and relax from the 
workload. Daily the 71.3% of the teachers devote 2-4 
hours to conduct online classes whereas 17.8 % of the 
teachers spend 4-6 hours and due to which 39.6% of 
the teachers were able to learn new courses, do re-
search, and perform activities that enhance their skills. 
44.6% of the teachers agreed that they could maintain 
stability among their private and official lives and 
could take out time for their self-development, which 
includes research, doing different courses, and work-
ing on themselves for their improvement [24]. From 
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the analysis done using SPSS, the following are the 
generated results and conclusions:

Learning ability of the students  
and Self-development of the teachers

Table 1 shows the Multivariate tests, which depicts 
the actual results of the one-way MANOVA. Here we 
will look at the second effect, i.e., “Gender” and Wilks’ 
Lambda row, to decide whether the one-way MANO-
VA is methodically important. For that, we consider 
the “Sig” column. From the table, we have a “Sig” value 
of 0.001(p), which means p < 0.05. 

Hence this indicates that the gender of the teachers 
significantly impacts their perception of the student’s 
learning ability and the teachers’ self-development.

Table 2 depicts the ANOVA summary table for 
the dependent variables. The row of the table consid-
ered here is labeled as gender. We can see from the 
table that gender has a statistically on all dependent 
variables; there is a substantial impact. The student’s 
learning ability and the teachers working upon their 
self-development while working from home as the 
p-value for all the dependent variables are less than 
0.05. Moreover, among all the genders, i.e., male, fe-

Table 1
Multivariate test results for gender

Effect Value F Hypothesis df Error df Sig.

Intercept

Pillai’s Trace .738 43.667a 6.000 93.000 .000
Wilks’ Lambda .262 43.667a 6.000 93.000 .000
Hotelling’s Trace 2.817 43.667a 6.000 93.000 .000
Roy’s Largest Root 2.817 43.667a 6.000 93.000 .000

Gender

Pillai’s Trace .295 2.711 12.000 188.000 .002
Wilks’ Lambda .709 2.912a 12.000 186.000 .001
Hotelling’s Trace .406 3.111 12.000 184.000 .000
Roy’s Largest Root .392 6.147b 6.000 94.000 .000

a. Exact statistic
b. The statistic is an upper bound on F that yields a lower bound on the significance level.
c. Design: Intercept + Gender

Table 2
Results for test of between-subjects effects for gender

Source Dependent Variable Type III Sum of Squares df Mean 
Square F Sig.

Corrected Model

Learn_1 14.619a 2 7.310 11.330 .000
Learn_2 17.451b 2 8.726 8.971 .000
Learn_3 14.119c 2 7.059 9.585 .000
Self_1 10.227d 2 5.113 6.702 .002
Self_2 15.245e 2 7.623 9.156 .000
Self_3 10.274f 2 5.137 5.302 .007

Intercept

Learn_1 94.909 1 94.909 147.116 .000
Learn_2 119.179 1 119.179 122.529 .000
Learn_3 84.606 1 84.606 114.874 .000
Self_1 94.173 1 94.173 123.442 .000
Self_2 132.035 1 132.035 158.599 .000
Self_3 136.210 1 136.210 140.579 .000

Gender

Learn_1 14.619 2 7.310 11.330 .000
Learn_2 17.451 2 8.726 8.971 .000
Learn_3 14.119 2 7.059 9.585 .000
Self_1 10.227 2 5.113 6.702 .002
Self_2 15.245 2 7.623 9.156 .000
Self_3 10.274 2 5.137 5.302 .007
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male, and others, males contribute significantly to fe-
males and others.

Also, from Table 3, we have observed that the teach-
ers’ age does not significantly affect their perception 
of their learning ability and their activities for their 
self-development while working from home. The Sig 
value from the table is 0.161(p-value), which is greater 
than the significance amount, i.e., alpha (0.05), which 
means that there was no statistically meaningful dis-
parity between the teacher’s age and both (p is greater 
than 0.05 in both cases).

Table 4 shows the Multivariate tests for effect, i.e., 
“Exp_teaching” and Wilks’ Lambda row to determine 
whether the one-way MANOVA is statistically signif-
icant and for the same, we consider the “Sig” column. 
From the table, we have the “Sig” value for Wilks’ 
Lambda as 0.044(p), which means p < 0.05. 

Hence, this indicates that years of teaching experi-
ence of the teachers significantly impact their percep-

tion of the students’ learning ability and the teachers’ 
self-development.

Further, from Table 5, we have observed that teach-
ers with 12-19 years of experience agree that through 
online sessions, students better understand the con-
tent and improve their learning ability if they regularly 
attend the classes.

From Table 6, it is analyzed that the age of the 
teachers does not impact their self-development and 
learning ability. However, if we consider age and gen-
der both, it creates a statistically significant impact on 
both the dependent variables groups. The “Sig” value 
for Wilks’ Lambda is 0.008(p), which is much lesser 
than the significance level, i.e., 0.05.

Also, from Table 7, i.e., Tests of Between-Subjects 
Effects, it is clear that among all the age groups, males 
are more sensitive and significantly affect all the de-
pendent variables rather than females. They agree that 
students actively participate in the online sessions and 

Table 3
Multivariate tests results for age

Effect Value F Hypothesis df Error df Sig.
Intercept Pillai’s Trace .886 119.593a 6.000 92.000 .000

Wilks’ Lambda .114 119.593a 6.000 92.000 .000
Hotelling’s Trace 7.800 119.593a 6.000 92.000 .000
Roy’s Largest Root 7.800 119.593a 6.000 92.000 .000

Age Pillai’s Trace .239 1.358 18.000 282.000 .152
Wilks’ Lambda .778 1.343 18.000 260.701 .161
Hotelling’s Trace .263 1.326 18.000 272.000 .171
Roy’s Largest Root .130 2.032b 6.000 94.000 .069

a. Exact statistic
b. The statistic is an upper bound on F that yields a lower bound on the significance level.
c. Design: Intercept + Age

Table 4
Multivariate tests results for experience in teaching

Effect Value F Hypothesis df Error df Sig.
Intercept Pillai’s Trace .929 198.582a 6.000 91.000 .000

Wilks’ Lambda .071 198.582a 6.000 91.000 .000
Hotelling’s Trace 13.093 198.582a 6.000 91.000 .000
Roy’s Largest Root 13.093 198.582a 6.000 91.000 .000

Exp_teaching Pillai’s Trace .368 1.585 24.000 376.000 .041
Wilks’ Lambda .676 1.576 24.000 318.671 .044
Hotelling’s Trace .417 1.557 24.000 358.000 .048
Roy’s Largest Root .165 2.578b 6.000 94.000 .023

a. Exact statistic
b. The statistic is an upper bound on F that yields a lower bound on the significance level.
c. Design: Intercept + Exp_teaching
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Table 5
Results for tests of between-subjects effects for experience in teaching

Source Dependent Variable Type III Sum of Squares df Mean Square F Sig.

Corrected Model

Learn_1 9.763a 4 2.441 3.442 .011
Learn_2 10.806b 4 2.701 2.543 .045
Learn_3 6.593c 4 1.648 1.985 .103
Self_1 5.849d 4 1.462 1.774 .140
Self_2 2.676e 4 .669 .682 .606
Self_3 1.313f 4 .328 .303 .875

Intercept

Learn_1 562.748 1 562.748 793.551 .000
Learn_2 639.904 1 639.904 602.460 .000
Learn_3 472.600 1 472.600 569.225 .000
Self_1 535.307 1 535.307 649.336 .000
Self_2 769.616 1 769.616 784.688 .000
Self_3 805.110 1 805.110 743.791 .000

Exp_teaching

Learn_1 9.763 4 2.441 3.442 .011
Learn_2 10.806 4 2.701 2.543 .045
Learn_3 6.593 4 1.648 1.985 .103
Self_1 5.849 4 1.462 1.774 .140
Self_2 2.676 4 .669 .682 .606
Self_3 1.313 4 .328 .303 .875

Table 6
Multivariate tests results for interaction between age and gender

Effect Value F Hypothesis df Error df Sig.

Intercept

Pillai’s Trace .878 104.054a 6.000 87.000 .000
Wilks’ Lambda .122 104.054a 6.000 87.000 .000
Hotelling’s Trace 7.176 104.054a 6.000 87.000 .000
Roy’s Largest Root 7.176 104.054a 6.000 87.000 .000

Age * Gender

Pillai’s Trace .709 1.542 48.000 552.000 .013
Wilks’ Lambda .444 1.613 48.000 432.139 .008
Hotelling’s Trace .938 1.668 48.000 512.000 .004
Roy’s Largest Root .488 5.607b 8.000 92.000 .000

a. Exact statistic
b. The statistic is an upper bound on F that yields a lower bound on the significance level.
c. Design: Intercept + Age * Gender

Table 7
Results for tests of between-subjects effects for interaction between age and gender

Source Dependent Variable Type III Sum of Squares df Mean Square F Sig.

Corrected Model

Learn_1 19.855a 8 2.482 3.938 .000
Learn_2 25.733b 8 3.217 3.400 .002
Learn_3 17.355c 8 2.169 2.895 .006
Self_1 18.337d 8 2.292 3.164 .003
Self_2 17.854e 8 2.232 2.600 .013
Self_3 15.356f 8 1.920 1.965 .060

Intercept

Learn_1 228.176 1 228.176 362.020 .000
Learn_2 243.399 1 243.399 257.271 .000
Learn_3 212.816 1 212.816 283.991 .000
Self_1 230.992 1 230.992 318.835 .000
Self_2 316.792 1 316.792 369.027 .000
Self_3 304.711 1 304.711 311.927 .000
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have a better understanding of the content. Also, there 
is an improvement in their learning ability. Further, 
teachers also take time to learn new courses and extra 
activities to enhance their skills. 

When gender and years of experience of the teach-
ers interact together, the Sig value impacts both the 
students’ learning ability and the teachers working 

upon developing their skills. The observed value here 
is 0.033 (p-value) < 0.05 (significance level) which is 
depicted in Table 8.

Also, from Table 9, we find that all the dependent 
variables have highly significant values, i.e., less than 
the significance level (0.05). From the analysis, it is 
also identified that males with the teaching experi-

Source Dependent Variable Type III Sum of Squares df Mean Square F Sig.

Age * Gender

Learn_1 19.855 8 2.482 3.938 .000
Learn_2 25.733 8 3.217 3.400 .002
Learn_3 17.355 8 2.169 2.895 .006
Self_1 18.337 8 2.292 3.164 .003
Self_2 17.854 8 2.232 2.600 .013
Self_3 15.356 8 1.920 1.965 .060

Table 8
Multivariate tests results for interaction between gender and experience in teaching

Effect Value F Hypothesis df Error df Sig.
Intercept Pillai’s Trace .918 158.842a 6.000 85.000 .000

Wilks’ Lambda .082 158.842a 6.000 85.000 .000

Hotelling’s Trace 11.212 158.842a 6.000 85.000 .000

Roy’s Largest Root 11.212 158.842a 6.000 85.000 .000

Gender * Exp_teaching Pillai’s Trace .787 1.358 60.000 540.000 .044
Wilks’ Lambda .409 1.396 60.000 450.397 .033

Hotelling’s Trace 1.028 1.428 60.000 500.000 .024

Roy’s Largest Root .516 4.642b 10.000 90.000 .000

a. Exact statistic
b. The statistic is an upper bound on F that yields a lower bound on the significance level.
c. Design: Intercept + Gender * Exp_teaching

Table 9
Results for tests of between-subjects effects for interaction between gender and experience in teaching

Source Dependent Variable Type III Sum of Squares df Mean Square F Sig.
Corrected Model Learn_1 19.694a 10 1.969 3.048 .002

Learn_2 23.125b 10 2.312 2.322 .018
Learn_3 22.832c 10 2.283 3.238 .001
Self_1 18.026d 10 1.803 2.423 .013
Self_2 20.056e 10 2.006 2.351 .016
Self_3 18.695f 10 1.870 1.944 .049

Intercept Learn_1 361.603 1 361.603 559.683 .000
Learn_2 435.727 1 435.727 437.440 .000
Learn_3 315.735 1 315.735 447.744 .000
Self_1 350.688 1 350.688 471.329 .000
Self_2 485.280 1 485.280 568.865 .000
Self_3 494.173 1 494.173 513.974 .000
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ence of 12-19 years have a perception that students 
have a better understanding of the content while on-
line sessions, males with 20-25 years of experience has 
the perception that students are actively participating 
during the classes which further leads to the improve-
ment in their learning ability.

The men tutors with greater than 25 years of expe-
rience learn new courses or research their area of in-
terest in their spare time. They do some activities such 
as exercise, spend time with their family, do household 
work during their breaks, and focus on upgrading 
their skill sets.

There is no significant effect of the age and years of 
experience when combined with the teachers trying to 
upgrade themselves and enhance their skills and the 
perception of the students’ learning ability.

Maintaining work-life balance
Table 10 shows the Multivariate tests, which de-

picts the actual results of the one-way MANOVA. 
Here we will look at the effect, i.e., “Age” and Wilks’ 
Lambda row, to decide whether the one-way MANO-
VA is methodically important and for that, we consid-
er the “Sig” column. 

We have “Sig” value 0.128(p), which means p > 
0.05. Hence this indicates that the age of the teachers 

has no significant impact on the perception that teach-
ers can maintain stability among their job and person-
al life. Teachers among all the age groups do agree that 
working from home affects their psychological and 
physiological health. The main reason behind that is 
the long working hours in conducting the online ses-
sions and preparing for the sessions.

From the Multivariate test, considering Wilks’ 
Lambda in Table 11, it is observed that gender has a 
significant impact on the teachers’ work-life balance. 
The evidence behind this is the p-value which is 0.035, 
i.e., less than the significance level (0.05). 

Also, from the Tests of Between-Subjects Effects, it 
is clear that the dependent variables, which talk about 
teachers who can strike a balance between their job and 
personal lives, as shown in Table 12, affect their psycho-
logical and physiological health has a significant effect 
on gender. From the estimated Marginal Means, it is 
analyzed that females among all the respondents have a 
methodically important effect on the well-being of and 
the work-life balance as they are supposed to engage 
in the household work for the whole day and work to 
conduct the sessions. During breaks, they either go to 
the kitchen to prepare food for everyone or do other 
household work. For this reason, it is difficult for them 
to work upon their skills and enhance them. 

Source Dependent Variable Type III Sum of Squares df Mean Square F Sig.
Gender * Exp_teaching Learn_1 19.694 10 1.969 3.048 .002

Learn_2 23.125 10 2.312 2.322 .018
Learn_3 22.832 10 2.283 3.238 .001
Self_1 18.026 10 1.803 2.423 .013
Self_2 20.056 10 2.006 2.351 .016
Self_3 18.695 10 1.870 1.944 .049

Table 10
Multivariate tests for age

Effect Value F Hypothesis df Error df Sig.

Intercept

Pillai’s Trace .942 384.169a 4.000 94.000 .000
Wilks’ Lambda .058 384.169a 4.000 94.000 .000
Hotelling’s Trace 16.348 384.169a 4.000 94.000 .000
Roy’s Largest Root 16.348 384.169a 4.000 94.000 .000

Age

Pillai’s Trace .174 1.478 12.000 288.000 .132
Wilks’ Lambda .832 1.489 12.000 248.992 .128
Hotelling’s Trace .194 1.494 12.000 278.000 .126
Roy’s Largest Root .143 3.427b 4.000 96.000 .012

a. Exact statistic
b. The statistic is an upper bound on F that yields a lower bound on the significance level.
c. Design: Intercept + Age
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Further, there is no effect of the experience of the 
teachers on their work-life balance. According to the 
analyzed result in Table 13, we can see that the Sig val-
ue or the p-value is 0.774, which is much too higher 
than the significance level (0.05). The years of experi-
ence do not differentiate whether a teacher can main-
tain a personal life and professional life together.

Current and future outlook of working  
from home

From the Multivariate Test conducted for the pref-
erence of current and the future perception of working 
from home, it is observed that Age, Gender, and Years 
of Experience of all the factors have a significant im-
pact on the factors of the current perception of work-
ing from home which can be proved from the Tables 
14, Table 15, Table 16 and Table 17. 

Also, gender has a high significance over the teach-
ers’ current experience working from home, which 
can be identified from Table 16 and how easy they find 
to conduct the online session. Among all the respon-
dents, majorly Male respondents find conducting ses-
sions easy and very satisfying while working remotely.

Among all the age groups, Male teachers with 12-
19 years of work experience have a statistically sig-
nificant impact on the current perception of teachers 
working from home. It is much better and preferred 
to conduct the online session and work from home. 
Due to this, they also get some spare time to relax with 
their families and help out around the house. They get 
time to devote themselves and enhance their skills and 
learn something new and keep them updated.

Further, in the test conducted for the future per-
ception of the teachers working from home, it is ob-

Table 11
Multivariate tests for gender

Effect Value F Hypothesis df Error df Sig.
Intercept Pillai’s Trace .753 72.319a 4.000 95.000 .000

Wilks’ Lambda .247 72.319a 4.000 95.000 .000
Hotelling’s Trace 3.045 72.319a 4.000 95.000 .000
Roy’s Largest Root 3.045 72.319a 4.000 95.000 .000

Gender Pillai’s Trace .159 2.079 8.000 192.000 .040
Wilks’ Lambda .842 2.125a 8.000 190.000 .035
Hotelling’s Trace .185 2.170 8.000 188.000 .032
Roy’s Largest Root .171 4.113b 4.000 96.000 .004

a. Exact statistic
b. The statistic is an upper bound on F that yields a lower bound on the significance level.
c. Design: Intercept + Gender

Table 12
Results fortests of between-subjects effects of gender

Source Dependent 
Variable Type III Sum of Squares df Mean Square F Sig.

Corrected Model Work_life_1 1.725a 2 .863 .966 .384
Work_life_3 4.870b 2 2.435 3.257 .043
Work_life_4 19.967c 2 9.983 6.546 .002
Work_life_5 12.457d 2 6.228 3.499 .034

Intercept Work_life_1 15.673 1 15.673 17.550 .000
Work_life_3 129.002 1 129.002 172.546 .000
Work_life_4 44.316 1 44.316 29.058 .000
Work_life_5 48.078 1 48.078 27.008 .000

Gender Work_life_1 1.725 2 .863 .966 .384
Work_life_3 4.870 2 2.435 3.257 .043
Work_life_4 19.967 2 9.983 6.546 .002
Work_life_5 12.457 2 6.228 3.499 .034
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Table 13
Multivariate tests results for experience in teaching

Effect Value F Hypothesis df Error df Sig.

Intercept

Pillai’s Trace .962 585.533a 4.000 93.000 .000
Wilks’ Lambda .038 585.533a 4.000 93.000 .000
Hotelling’s Trace 25.184 585.533a 4.000 93.000 .000
Roy’s Largest Root 25.184 585.533a 4.000 93.000 .000

Exp_teaching

Pillai’s Trace .117 .725 16.000 384.000 .769
Wilks’ Lambda .886 .719 16.000 284.757 .774
Hotelling’s Trace .125 .714 16.000 366.000 .780
Roy’s Largest Root .085 2.049b 4.000 96.000 .094

a. Exact statistic
b. The statistic is an upper bound on F that yields a lower bound on the significance level.
c. Design: Intercept + Exp_teaching a. Exact statistic
b. The statistic is an upper bound on F that yields a lower bound on the significance level.
c. Design: Intercept + Exp_teaching

Table 14
Multivariate tests results for age

Effect Value F Hypothesis df Error df Sig.

Intercept

Pillai’s Trace .884 366.646a 2.000 96.000 .000
Wilks’ Lambda .116 366.646a 2.000 96.000 .000
Hotelling’s Trace 7.638 366.646a 2.000 96.000 .000
Roy’s Largest Root 7.638 366.646a 2.000 96.000 .000

Age

Pillai’s Trace .278 5.219 6.000 194.000 .000
Wilks’ Lambda .728 5.496a 6.000 192.000 .000
Hotelling’s Trace .364 5.768 6.000 190.000 .000
Roy’s Largest Root .339 10.952b 3.000 97.000 .000

a. Exact statistic
b. The statistic is an upper bound on F that yields a lower bound on the significance level.
c. Design: Intercept + Age

Table 15
Multivariate tests results for gender

Effect Value F Hypothesis df Error df Sig.

Intercept

Pillai’s Trace .728 130.043a 2.000 97.000 .000
Wilks’ Lambda .272 130.043a 2.000 97.000 .000
Hotelling’s Trace 2.681 130.043a 2.000 97.000 .000
Roy’s Largest Root 2.681 130.043a 2.000 97.000 .000

Gender

Pillai’s Trace .241 6.698 4.000 196.000 .000
Wilks’ Lambda .760 7.136a 4.000 194.000 .000
Hotelling’s Trace .315 7.568 4.000 192.000 .000
Roy’s Largest Root .314 15.363b 2.000 98.000 .000

a. Exact statistic
b. The statistic is an upper bound on F that yields a lower bound on the significance level.
c. Design: Intercept + Gender

Table 16
Results for test of between-subjects effects for gender

Source Dependent Variable Type III Sum of Squares df Mean Square F Sig.
Corrected Model Conclude_1 15.847a 2 7.924 12.263 .000

Exp_wfh 15.905b 2 7.952 8.388 .000
Intercept Conclude_1 141.539 1 141.539 219.056 .000

Exp_wfh 123.612 1 123.612 130.388 .000
Gender Conclude_1 15.847 2 7.924 12.263 .000

Exp_wfh 15.905 2 7.952 8.388 .000
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served that among Age, Gender, and Experience of 
the teacher’s Gender has a highly significant impact 
depicted through Tables 18 and Table 19. Age and ex-
perience do not impact the Sig value, i.e., the p-value 
is much higher than the significance level (0.05). The 
Wilks’ Lambda for Age effect is 0.091, and years of Ex-

perience effect is 0.089, whereas, for gender, the value 
is 0.000. Hence, there is no significant difference be-
tween gender and the future outlook towards continu-
ing work from home if given a chance in the future.

From Table 20, it is analyzed that the teachers’ age 
does not impact their preference towards working from 

Table 17
Multivariate tests results for experience in teaching

Effect Value F Hypothesis df Error df Sig.

Intercept

Pillai’s Trace .929 620.488a 2.000 95.000 .000
Wilks’ Lambda .071 620.488a 2.000 95.000 .000
Hotelling’s Trace 13.063 620.488a 2.000 95.000 .000
Roy’s Largest Root 13.063 620.488a 2.000 95.000 .000

Exp_teaching

Pillai’s Trace .225 3.050 8.000 192.000 .003
Wilks’ Lambda .780 3.142a 8.000 190.000 .002
Hotelling’s Trace .275 3.233 8.000 188.000 .002
Roy’s Largest Root .247 5.927b 4.000 96.000 .000

a. Exact statistic
b. The statistic is an upper bound on F that yields a lower bound on the significance level.
c. Design: Intercept + Exp_teaching

Table 18
Multivariate tests results for age

Effect Value F Hypothesis df Error df Sig.

Intercept

Pillai’s Trace .817 213.981a 2.000 96.000 .000

Wilks’ Lambda .183 213.981a 2.000 96.000 .000

Hotelling’s Trace 4.458 213.981a 2.000 96.000 .000

Roy’s Largest Root 4.458 213.981a 2.000 96.000 .000

Age

Pillai’s Trace .109 1.856 6.000 194.000 .090
Wilks’ Lambda .894 1.852a 6.000 192.000 .091
Hotelling’s Trace .117 1.849 6.000 190.000 .092
Roy’s Largest Root .091 2.928b 3.000 97.000 .038

a. Exact statistic
b. The statistic is an upper bound on F that yields a lower bound on the significance level.
c. Design: Intercept + Age

Table 19
Multivariate tests results for gender

Effect Value F Hypothesis df Error df Sig.

Intercept

Pillai’s Trace .612 76.426a 2.000 97.000 .000
Wilks’ Lambda .388 76.426a 2.000 97.000 .000
Hotelling’s Trace 1.576 76.426a 2.000 97.000 .000
Roy’s Largest Root 1.576 76.426a 2.000 97.000 .000

Gender

Pillai’s Trace .228 6.299 4.000 196.000 .000
Wilks’ Lambda .773 6.679a 4.000 194.000 .000
Hotelling’s Trace .294 7.052 4.000 192.000 .000
Roy’s Largest Root .292 14.309b 2.000 98.000 .000

a. Exact statistic
b. The statistic is an upper bound on F that yields a lower bound on the significance level.
c. Design: Intercept + Gender



478 | Cardiometry | Issue 25. December 2022

home in the future. However, if we consider age and gen-
der, both then create a statistically significant impact. 
The “Sig” value for Wilks’ Lambda is 0.001(p), which is 
much lesser than the significance level, i.e., 0.05. 

Among all the age groups, Male teachers with 25-
40 years of teaching experience have a significantly 
higher impact than the females on their perception 
of continuing to work from home in the future. As 
observed earlier, Males had a higher preference for 
working from home if there were opportunities in the 
future.

Hence, from the above analysis, we can say that 
among all the factors, sex identity of the tutors cre-
ates an important impact on their perception of the 
imbibing ability of the students, maintaining work-life 
balance, factors relating to self-development of the re-
spondent, and the current and future perception of the 
teachers working from home.

Discussions of the results 
The data analysis shows that the teachers working 

from home for the first time are satisfied with their 
working schedules. If given a chance in the future, 
they would prefer to work from home. Overall, Male 
teachers among all the respondents highly preferred 
working remotely in the future and are satisfied in the 
current scenario too [25]. They also get ample time 
to enhance their skills and work on other activities to 
enhance and upgrade themselves. Further, rather than 
connectivity issues, the teachers faced no major chal-
lenges because they did not find it difficult to conduct 
online classes [26]. The teachers can perform other 
activities of their interests and take time to spend with 
their family and for themselves due to the number of 
hours they input for classes. In digital formats, non-
parallel training is the most efficient. Tutors are not 
required to submit content at a set period: it can be 

shared online on request., and students can use wikis, 
forums, and e-mail to connect with it to suit their 
schedules. Also, the students are participating in the 
online sessions. However, the number is less due to the 
unavailability of proper infrastructure and connectiv-
ity issues [27]. Tutors can periodically monitor pupil 
cooperation and get online rendezvous for pupils with 
specific queries or requirements. The advent of an 
interactive digital classroom creates more breathing 
space for teachers and students [28]. 

Survey analysis for the research was majorly fo-
cused on school teachers. The school teachers can be 
of primary to the higher secondary classes. All the 
schools are not ready for the students’ online sessions 
as the traditional way of schools has been the physi-
cal ones. The present situation due to COVID-19 has 
never been faced earlier. Also, not all the students and 
teachers have suitable internet access and laptops to 
conduct and attend online sessions, bringing down the 
students’ overall productivity and the teachers [29]. 

Due to continuous sessions, the students tend 
to lose interest in between the sessions and may not 
interact with the teachers because of their hesitant 
nature to ask doubts in front of the whole class. The 
participation of the students in the session depends on 
many factors such as: 
• Not all the students are proactive and hence do not 

respond to the teachers.
• Connectivity issues faced by the students
• Every student has a different pace of learning, i.e., 

some are slow learners, and some are fast learners. 
There is a difference among their understanding 
levels even though teachers try to balance them 
among all.
Teachers face difficulty teaching some practical-based 

subjects, such as mathematics, science, etc., to teach on-
line. They require proper pen and paper for both teach-

Table 20
Results for tests of between-subjects effects for interaction between age and gender

Source Dependent Variable Type III Sum of Squares df Mean Square F Sig.

Corrected Model
Conclude_2 35.411a 8 4.426 4.260 .000

Exp_wfh 21.729b 8 2.716 2.869 .007

Intercept
Conclude_2 269.785 1 269.785 259.627 .000

Exp_wfh 315.931 1 315.931 333.769 .000

Age * Gender
Conclude_2 35.411 8 4.426 4.260 .000

Exp_wfh 21.729 8 2.716 2.869 .007
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ers to explain and students to clarify their concepts. Also, 
it has been observed that due to lack of session timings 
and the total number of daily sessions, there has been less 
engagement in sharing creative ideas and brainstorming 
sessions among the teachers and the students [30]. 

Conducting online sessions restricts students from 
interacting with their classmates and teachers, enhanc-
ing the relationship between teachers and students. 
Furthermore, as official and personal tasks happen in 
the same physical space, bodily, transient, and mental 
distinctions amid job and house can be blurred.

Conclusions
There has been a rapid increase observed in work-

ing from home in each sector due to this pandemic 
COVID-19 situation. It has not only changed the way ev-
erything works but also brought innovation to smoothen 
the process. Not everyone finds it easy as people are not 
in a habit to practice work from home. In this study of 
school teachers working from home for the first time, we 
focus on how this has affected teachers and students and 
their productivity in learning. For the last many years, 
there is a traditional method followed by the schools for 
teaching, i.e., face-to-face classroom interaction, but a 
complete change to the whole process brings out both 
challenges and better results. Focusing on the teachers 
and their perspective on the students’ learning ability 
during the online sessions, maintaining stability among 
their private and official lives, and their self-development 
had brought up different aspects of the study. Due to re-
mote learning, there is less interaction among the stu-
dents with their classmates and teachers, enhancing their 
relation and comfort zone. It can be an opportunity to 
study how working virtually can affect the relationships 
among the people connected. Further, as we know, all the 
students and teachers do not have access to proper inter-
net. They have the infrastructure to attend and conduct 
classes those impact students’ studies and teachers’ abil-
ity to deliver knowledge to their students. Our challenge 
here is to provide the facility to all students and teachers 
facing accessibility challenges and deliver quality educa-
tion. It can only reach if every school takes the initiative 
to educate their teachers and students about the technol-
ogy and provide them with essential sources to continue 
learning from home.
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Abstract
A newly emerged human Covid-19 virus from Wuhan, China 
caused by SARS-Cov2 having 96.1% similar genomic sequence 
as that of a bat has resulted in global pandemic and adversely 
affected the healthcare sector in terms of management, man-
power, planning. The findings can be used to help the healthcare 
sector with better pandemic management and identify the root 
causes and the factors affecting the transmission rate of covid-19 
cases. The study focuses on: i) Forecasting covid-19 cases, ii) to 
study relationship of temperature, density, lockdown, and sea-
sonal factor on the covid-19 transmission rate, iii) how forecast-
ing will help in terms of managerial aspects. The method used 
to forecast covid-19 cases was data visualization of secondary 
data accessed and gathered from Kaggle by using Tableau as a 
tool. It was done by establishing multiple connections; compar-
ing temperature, density, lockdown and seasonal factor individ-
ually with covid-19 cases and its effect on the viral transmission 
rate. Density is found to be independent of transmission rate, 
which is affected by temperature, seasonal factor & lockdown. 
The rate was less at higher temperatures and under a complete 
lockdown imposed on the State. Healthcare workers will have a 
better hold in the management henceforth with creative patient 
consideration approaches like customized medical coverage, 
clinical choice supportive networks and better resource planning 
with the forecasted data of Covid-19 cases. 
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ing.
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Introduction
A new human coronavirus, termed as nCoV-19, 

has widely spread at the global level. Taking into 
account about the seriousness of the virus spread, it 
has been announced as a pandemic officially by the 
World Health Organization []. According to Yang 
Liu, Zhonglei Gu, et al. examination dependent on 
the social contact explains the transmission pat-
terns of the underlying disease of the virus []. Some 
of the factors that impact the transmission rate of 
covid-19 cases listed by Sixteen python. Anand 
Venkataraman. (2020, March 25). COVID-19: 
Transmission Rates and Factors are Temperature, 
Relative Humidity and Air Travel []. Early detec-
tion, diagnosis, isolation, treatment was practiced 
in China as to help prevent the citizens from more 
death but these techniques are not useful in con-
trolling outbreak []. 

So as to convenient reduce the effect of covid-19 
pandemic, there is a critical need to do forecasting 
of the covid-19 cases and identify the transmission 
factors of the virus among different populations 
[]. By doing so, it will help us to find the future 
number of rise or fall in the Covid-19 cases 19 in 
Tamil Nadu and will also help us to understand 
factors that drives the transmission rate. More 
importantly, offering the techniques for Covid-19 
forecasting and factors affecting the transmission 
rate of the virus in Tamil Nadu can help different 
states in India in leading comparative examina-
tions and making subsequent intervention policies 
[]. This forecasting and understanding the trans-
mission rate will help future healthcare managers 
to do a better resource planning in terms of me-
dicinal prospects and help the healthcare systems 
to be stable in such pandemic and to train the staff 
to be well prepared to handle the situation without 
panic []. In the end of this project, we will be able 
to understand what drives transmission rates of 
Covid-19 in Tamil Nadu, and will also help health-
care managers with better decision and resource 
planning for future.
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Method 

Scope of this study
Tamil Nadu was selected for the study; their geolog-

ical areas, density, temperature and the virus transmis-
sion circumstances (regarding total covid-19 case num-
ber from 30th Jan. 2020 to 29th Jun. 2020) was obtained 
from online database []. The successive human versa-
tility to a great extent expands the danger of imported 
cases, presenting incredible difficulties to the control 
and anticipation of COVID-19, particularly when indi-
viduals are progressively coming back to work environ-
ments and collages in a later stage. Information collec-
tion was be done by using secondary data set []. 

Data sources
The data that were used in this study include: 

• The daily confirmed and death covid-19 cases from 
30th Jan. 2020 to 29th Jun. 2020, [] which were ac-
cessed and gathered from the website of the world’s 
largest data science community: Kaggle []. The day 
wise temperature for the state was collected from 
12th Dec. 2019 to 12th Jun. 2020.

• Similarly, the data for population census 2011 was 
accessed and collected. 

Data Analysis Tool
For Forecasting of Covid-19 Cases, Tableau Will Be 

Used By Data Visualizing []. It Simplifies Raw Data 

Into The Very Easily Understandable Format. Infor-
mation Examination Is Quick By Utilizing Tableau 
And The Perceptions Acquired Are As Dashboards 
And Worksheets []. Time Series Gives Factual Setting 
To Depicting Irregular Fluctuating Covid-19 Informa-
tion And Anticipating The Information Arrangement 
Into What’s To Come. Forecasting Uses A Technique 
In Tableau Called As Exponential Smoothing. The 
Secondary Data Was First Downloaded From Online 
Source I.E., Kaggle [14]. Those Data Were First Sorted 
Out According To The Different States By Using Fil-
ter Option In Excel. The Data Obtained Were In Cvs 
Format. The Data Was Imported In Tableau From Text 
File [15]. 

STEPS

 

1. Objectives & 
parameters defined  2. Data collection 3. Cleaning of data 4. Data analysis 5. Data visualition

Result

Graph Plotted - Confirmed and Death 
Covid-19 Cases for Different States 

The Figure 1 (a) shows the Covid-19 actual and 
forecasted confirmed and death cases for different 
states on daily bases. The forecasted value obtained for 
confirmed covid-19 cases on June 29, 2020 in Tamil 

 

Figure 1 (a): Confirmed covid-19 cases and covid-19 death cases for different states
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Nadu is 81,337. The confirmed cases were highest in 
Tamil Nadu followed by Uttar Pradesh, Bihar, Odis-
ha and Goa with the least cases [16]. The Figure 1 (b) 
shows the Covid-19 actual and forecasted confirmed 
and death cases for Tamil Nadu on daily bases. We can 
see the confirmed cases on June 28, 2020 were 78,335. 
The density of Tamil Nadu is 555/km2. 

Comparison to check if Density has  
an Impact on Covid-19 Transmission Rate

The density of Tamil Nadu is 555/km2, which 
means there are 555 people in per Km2. The number 
of confirmed cases on June 28th, 2020 was 78,335.

The density of Bihar is 1102/km2, which means 
there are 1102 people staying in per Km2 area. The 
number of confirmed cases on June 28th, 2020 was 
8,931.

The density of Odisha is 269/km2, which means 
there are 269 people staying in per Km2 area. The num-
ber of confirmed cases on June 28th, 2020 was 6,350.

The density of Goa is 394/km2, which means there 
are 394 people staying in per Km2 area. The number of 
confirmed cases on June 28th, 2020 was 1,128. Figure 
2 (a), Figure 2 (c), Figure 2(e), and Figure 2 (g) shows 
the total population of Tamil Nadu, Bihar, Odisha and 
Goa Figure 2 (b), Figure 2(d), Figure 2(f), and Figure 
2(h) shows the total number of actual and forecasted 
confirmed and death covid-19 cases of Tamil Nadu, 
Bihar, Odisha and Goa. 

Graph to Check if Lockdown Has an Impact 
on Covid-19 Transmission Rate

In the graph of Figure 3, on the left side we can see 
the number of confirmed cases in Tamil Nadu day wise 

 

Figure 1 (b): Confirmed covid-19 cases and covid-19 death cases for Tamil Nadu

 

Figure 2 (a): Graph showing total number of population for Tamil Nadu
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Figure 2 (b): graph showing density & confirm covid-19 cases for Tamil Nadu

 
Figure 2 (c): Graph showing total number of population for Bihar

 
Figure 2 (d): Graph showing density & confirm covid-19 cases for Bihar
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Figure 2 (e): Graph showing total number of population for Odisha

 
Figure 2 (f ): Graph showing density & confirm covid-19 cases for Odisha

 
Figure 2 (g): Graph showing total number of population for Goa
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between 24th of March 2020 to 3rd June 2020, when the 
State was under complete Lockdown. We can observe 
from the graph that the day wise cases reported were 
11, 160, 69, 527, 786, 805, or 1100. The maximum num-
ber of new cases in a day during lockdown was below 
1200 in a day. In the graph, on the left side we can see 
the number of confirmed cases in Tamil Nadu day wise 
between 4th June 2020 to 29th June, 2020, after Lock-
down – unlock 1.0. The total number of confirmed cas-
es on 4th June, first day of unlocks 1.0 exceeded 1200, 
with 1286 cases in a single day. We can see from the 

graph that the number of daily confirmed cases after 
lockdown – unlock 1.0 were higher as compared to cas-
es reported during complete lockdown. The number of 
cases was generally above 1500 to 2115, 2710, 3509 and 
3940. So, we can say that lockdown has an effect on the 
transmission rate of covid-19 cases. 

Graph to Check If Seasonal Factor Has an 
Impact on Covid-19 Transmission Rate

We can see from the Figure 4 (a), Figure 4 (b), Fig-
ure 4 (c), Figure 4 (d) and Figure 4 (e) that the maxi-

 
Figure 2 (h): Graph showing density & confirm covid-19 cases for Goa

 
Figure 3: Comparison of covid-19 confirmed cases during and after lockdown for Tamil Nadu



Issue 25. December 2022 | Cardiometry | 487

 
Figure 4 (a): Graph showing relation between covid-19 confirmed cases and seasonal factor for Tamil Nadu

 
Figure 4 (b): Graph showing relation between covid-19 confirmed cases and seasonal factor for Maharashtra

 
Figure 4 (c): Graph showing relation between covid-19 confirmed cases and seasonal factor for Goa
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mum confirmed cases were less in the month of March 
to May as compared to June. 

Graph to Check If Temperature Has  
an Impact on Covid-19 Transmission Rate

In this graph from Figure 5 (a), Figure 5(b), Figure 
5 (c), Figure 5 (d), Figure 5 (e), and Figure 5 (f), we 
can observe that the number of cases reported on May 
4th, 2020 was 266 and the maximum temperature on 
that day was 37°C. On 6th May, 2020, the maximum 
temperature was 36°C with 508 confirmed cases. The 

number of confirmed cases reported on 3rd, 6th, and 
11th June, 2020 were 1091, 1438, 1927 respectively 
and the maximum temperatures on these days were 
32°C, 31°C, and 30°C respectively. We can observe 
that the cases were less when the temperature was 
high as compared to cases when temperature was low. 
On May 4th, 2020, only 266 cases were reported when 
the temperature was 37°C but on 11th June, the maxi-
mum temperature was 30°C with 1927 new confirmed 
cases. This shows that somehow transmission rate of 
covid-19 is slow when the temperature is more and 

 
Figure 4 (d): Graph showing relation between covid-19 confirmed cases and seasonal factor for Odisha

 
Figure 4 (e): Graph showing relation between covid-19 confirmed cases and seasonal factor for Bihar
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Figure 5 (a): Graph showing covid-19 confirmed cases and temperature - Tamil Nadu

 
Figure 5 (b): Covid-19 confirmed cases & max temperature - may 4th, 2020

 
Figure 5 (c): Covid-19 confirmed cases & max temperature - may 6th, 2020
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vice-versa; we can see the relationship between tem-
perature and the transmission rate [15]. 

Discussion 
We can observe that the seasonal factor does have 

an effect on transmission rate of covid-19 cases. The 

summer season in India lasts from March to May 
and the monsoon season lasts from June to Septem-
ber. The cases have highly increased in the month of 
June – the monsoon/rainy season in each mentioned 
States. For clearer picture, we can similarly compare 
different countries like covid-19 cases in hot countries 

 
Figure 5 (d): Covid-19 confirmed cases & max temperature - June 3rd, 2020

 
Figure 5 (e): Covid-19 confirmed cases & max temperature - June 6th, 2020

 
Figure 5 (f ): Covid-19 Confirmed Cases & Max Temperature - June 11th, 2020
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with cold countries []. According to S. Hamidi, S. Sab-
ouri, and R. Ewing, Hamidi, S., Sabouri, S., and Ewing, 
R. (2020). Is Density Making the COVID-19 Pandem-
ic Worse? In the spread of the coronavirus pandemic, 
connectivity matters more than thickness, according 
to the Journal of the American Planning Association, 
1–15. The most powerless against pandemic flare-ups 
are massive metropolitan zones with a higher number 
of districts immovably linked together through mon-
etary, social, and commuting associations []. Trans-
mission rate of covid-19 is higher in Tamil Nadu and 
Maharashtra as compared to UP and Bihar because of 
the prominent reasons like the tourism and the migra-
tion of more people in search of jobs which resulted 
in more social contact and more transmission rates. 
In other states like Bihar or Odisha, they strictly fol-
lowed social distancing, so the transmission rate was 
low as compared to states like Tamil Nadu with high 
covid-19 cases. Ideally the Covid-19 cases should 
more in States with more population/density [17]. The 
population density of Bihar is much higher than that 
of Tamil Nadu, but the number of Covid-19 cases are 
high in Tamil Nadu in comparison to Bihar, same with 
States like Odisha and Goa. Goa having more popula-
tion density still has less covid-19 cases as compared 
with Odisha. We can see here that there is no direct 
linkage of Population with the transmission rate of 
covid-19. Similarly, we can compare and see for other 
states also. According to Liu, Y., Gu, Z., Xia, S., Shi, 
B., Zhou, X.-N., Shi, Y., & Liu, J., Liu, Y., Gu, Z., Xia, 
S., Shi, B., Zhou, X.-N., Shi, Y., & Liu, J. (2020). What 
is the COVID-19 outbreak’s underlying transmission 
patterns? A social contact characterization based on 
age. The results show that an examination based on so-
cial contact can provide insight into the fundamentals 
of infection transmission as well as the risks associated 
with it. E Clinical Medicine, 22, 100354, results show 
that an examination based on social contact can pro-
vide insight into the fundamentals of infection trans-
mission as well as the risks associated with it (counting 
both affirmed and unverified cases) []. During lock-
down, the number of covid -19 cases was low as there 
were less movement of people and so less social con-
tact among the population than after lockdown when 
social contact increased with the movement of people. 
We observed that density does not have any effect on 
the transmission rate of covid-19 cases whereas sea-
sonal factor, temperature and lockdown do affect the 
transmission rate of covid-19 cases.

Conclusion
Covid-19 forecasts can possibly be utilized to get 

ready for and forestall sickness, hospitalization, and 
demise, just as the monetary weight, experienced 
during the pandemic. Covid-19 forecasts can in-
form messaging to health care providers regarding 
Covid-19 vaccination and treatment for patients. 
Forecasts additionally can assist with getting ready 
for an influx of illness and hospitalizations, con-
ceivably illuminating the conveyance and situation 
regarding medicinal services staff and treatment as-
sets. At long last, forecasts can be utilized to direct 
community mitigation strategies, for example, school 
closures. The incessant human versatility generally 
builds the danger of imported cases, presenting ex-
traordinary difficulties to the control and avoidance 
of COVID-19, particularly when individuals are bit 
by bit coming back to work environments. This is 
steady with the perception that the transmission of 
COVID-19 in the beginning phase basically occurred 
out in the open spots and families. This forecasting of 
Covid-19 will give the health care managers a clear & 
fair idea about future opportunities and challenges. 
Forecasting these patterns not just helps the emer-
gency clinic with request estimation for a specific 
clinical assistance yet in addition helps in confin-
ing its activities. Healthcare workers can now better 
target pandemic management as well as innovative 
patient consideration approaches, such as custom-
ized medical coverage and clinical choice supportive 
networks, as well as better resource planning based 
on Covid-19 case forecasting data. The forecast will 
give knowledge of situation to the higher authority 
and management in advance and because of well-pre-
pared administration, this will help in avoiding panic 
at the difficult times. Moving Averages, Exponential 
Smoothing (ETS), and Linear Regression are some of 
the forecasting tools in Excel that can store, calculate, 
and visualize data. The forecasting can be done by 
using these tools also. We can consider more other 
transmission factors to understand the transmission 
rate of covid-19. The data can be forecasted and com-
pared for the entire country or different countries.
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Abstract
As the digital medium increasingly becomes an irreplaceable 
part of life for people, trolling is on the rise too. The ano-
nymity provided by the digital platform helps trolls abuse and 
harass an online content creator. This study attempts to study 
the patterns of trolling faced by online content creators in 
India. The analysis of trolling comments reveals deep-rooted 
misogyny in trolls’ minds, with women being subjected to de-
meaning abuses that are sexual. The study also discusses what 
effect trolling has on content creators’ mental health and how 
they negotiate with it. With social networking use spreading 
through the daily lives of the bulk of the world’s population, 
it’s becoming more critical than ever to comprehend a user ’s 
interaction with these new-age multimedia networks and rec-
ognize the degree and sort of effect these sites can have on 
a user ’s behavior in both personal and professional settings. 
The answers of the participants offer insight into various view-
points on social media use, with a focus on the Instagram 
website. According to the results of this report, New Zealand 
females have not substantially modified their social media be-
havior habits, but have refined their use in a way that now 
supports their personal and professional lives.
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Introduction
Gender-based trolling has seen an exponential rise 

in the past few years. The misogynistic approach to-
wards women concerning trolling on Twitter has been 
well documented in several pieces of research. In the 
recent case of Agrima Joshua, who was given rape 
threats on public platforms for a joke (Joshi, 2020), it is 
evident that social media can be extremely dangerous 
and how hate is served under the garb of comments 
reported by Vice news. Within three days, the alleged 
joke video saw a threefold rise in its views than at the 
time of its release. The trolling and online harassment 
led to Joshua’s apology, while several men came out 
and publicly threatened to rape her. Rohan Joshi was 
also caught in the fiasco, with his address and con-
tact details leaked in the public domain after publicly 
supporting Joshua. He later tendered an apology with 
the message ‘Leave my family alone. For journalists 
Barkha Dutt and Rana Ayyub, online harassment has 
become a norm, with their inboxes filled with death 
and rape threats. Their political ideology and outspo-
ken attitude towards the ruling government are seen 
as the reason behind the bullying. However, time and 
again, both have maintained that the underlying patri-
archy is the bigger culprit [1]. (Rego, 2018)

The analysis of hatred on Twitter has been noticed, 
discussed, acknowledged, and quantified [2]. A com-
mon notion prevails, stating that Twitter accounts for 
most hatred in the comments section. Instagram has 
been to-date considered a safe space for content and 
its creators. However, the story has changed over the 
years. Numerous content creators and journalists have 
called out Instagram in recent times to become a har-
bor for trolls, with very little attention paid to this side 
of the social networking app. Creators like Kusha Ka-
pila, Srishti Dixit, Dolly Singh, Rohan Joshi, and many 
others have come public with the concept of trolling 
on Instagram via their accounts, directly dealing with 
the audience and giving them a real-time narrative as 
well as experience of the same. In the 2018 article pub-
lished in The Hindu titled ‘Mental Health: The dark 
side of going viral’ (Mohan, 2018), content creators 
come out and speak publicly about the anxiety-induc-
ing ordeals of working on social media platforms. Ku-
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sha Kapila called out for safe space on Instagram after 
another content creator made a roast video on her, re-
sulting in an army of trolls throwing hate comments 
at Kusha. She explained to the audience that creators’ 
mental health gets negatively affected due to trolling 
and should never be taken for granted [3]. 

The study examines how Instagram serves as a 
platform for hatred and harassment for content cre-
ators, especially women creators - blatantly displaying 
patriarchy and misogyny under the garb of freedom of 
speech. The mental health implications due to trolling 
and hatred are also explored.

Literature Review
The advent of social media and online interactions 

has made it more than easy for people to voice their 
opinions on various topics. The user interactive char-
acteristic that came with Web 2.0 has led to historic 
socio-cultural reforms on myriad levels. On the one 
hand, it has led to social movements like the Jasmine 
revolution (CabréOlivé, 2017), the #MeToo move-
ment, or the recent example of the ‘Black Lives Matter 
movement. Social media has played a massive role in 
raising awareness and channeling public outrage into 
some constructive changes [5]. 

On the other hand, the power of social media is of-
ten used to generate hate. Hate speech has grown expo-
nentially and in every direction possible, with harmful 
and severe effects (Mathew, 2019). Similar traits and 
patterns were found in different countries, including 
the growing vigilante attacks in India, the anti-Mus-
lim rhetoric in New Zealand, the United States racist 
attacks, the Rohingya genocide in Myanmar, and nu-
merous other incidents that show how social media is 
used to catalyze hate. (Laub, 2019) As it is popularly 
known, hate speech is used as a tool of harassment for 
an individual or a group [6]. (Mathew, 2019)

What is Online Harassment?
Internet trolling is one of the fastest spreading piec-

es of computer jargon of the 21st century [7]. The term 
has helped build the careers of politicians in search of 
causes to fight and mass media organizations looking 
for a means to create a moral panic that provides both 
entertainment and interest to their audiences. (Bishop, 
2014) The term cyberbullying or trolling is defined as 
“an aggressive, intentional act carried out by a group or 
individual, using electronic forms of contact, repeatedly 
and overtime against a victim who cannot easily defend 

him or herself.” (Selkie, 2015) The trolling messages 
are intended to be provocative, offensive, or menacing 
[8]. (Mojica, 2017) Duggan (2017) states that harass-
ment is now a “feature” of many Americans’ online 
lives. With a sample size of 4,248 American adults, the 
study observed that around 41% of the batch was sub-
jected to online harassment more than once, and 60% 
claimed to have witnessed the online harassment be-
ing subjected to others. Depression and anxiety have a 
linear association with social media irrespective of the 
amount of time spent online. (Lin, 2016) Even passive 
scrolling through social networking sites has an anx-
iety-inducing effect that generates negative emotions, 
as per the American Psychologists Association [9]. 

Ahmed Waqas (2019) suggests different forms of 
trolling that usually takes place, as shows in Table 1.

Table 1
Different Forms of Trolling
Online hate Forms of hateful expressions 

disseminated on the Internet, 
typically targeting a specific group 
or individual

Online hate speech As above, but fulfilling the legal 
definition of hate speech (that 
may vary by country)

Online toxicity Social media commenting is likely 
to reduce an individual’s desire to 
participate in discussions due to 
fear of being ridiculed.

Online abusive language Use of slurs and vocabulary that is 
offensive to other Internet users

Cyberbullying Systematically attacking a person 
or people via electronic channels, 
e.g., name-calling, discrediting, 
shaming

Online harassment Predatory and oppressive behav-
ior on the Internet; e.g., sending 
sexual messages to non-consent-
ing individuals

Online firestorms Inflammatory forms of online 
discussions («fighting») usually 
taking place in discussion forums 
between rivaling groups

The curious case of content creators  
and trolling

The penetration of the Internet into the deepest 
corners has opened up new opportunities for content 
creators [10]. An active 3.81 billion social media pop-
ulation (Clement, 2020) has created a sudden increase 
in the need for content – to be entertained, consumed, 
or debated. The work ethic of a content creator makes 
it necessary for an online presence to grow [11]. Ins-
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tagram has taken over as one of the most prominent 
social networking sites globally, with one billion active 
users a month and about 3.7 million influencers/con-
tent creators in 2019. (Clement, 2020)

An online presence also comes with the burden of 
being subjected to the world of hatred and love simul-
taneously [12]. Computer-Mediated Communication 
(CMC) has its demerits – one prominent one being 
anonymity. The dynamics of verbal communication 
cannot be replicated when communicating online and 
thus the difference is at times benefitting as well as 
harmful (Tomaiuolo et al., 2020)

Gender, Trolling and everything in between
Gender has a remarkable role to play in the business 

of trolling. In a study conducted, the trolls were found to 
have countered a statement or an argument by a woman 
with a remark on her personal life (Adams, 2018). In a 
recent study on female politicians in India, each wom-
an politician received 113 problematic or abusive tweets 
every day in the 2019 General elections. (Busters, 2019) 
The women politicians from minority communities 
were disproportionately targeted. Muslim women politi-
cians received 94.1% more ethnic or religious slurs than 
women from other religions. Women politicians who are 
Scheduled Castes, Scheduled Tribes, and Other Back-
wards Classes received 59% more caste-based abuse than 
women from General castes. (Busters, 2019)

In a 2016 research on abusive comments on its ar-
ticles, the Guardian showed that the top eight most 
abused journalists had women on the list. In contrast, 
the list of least abused journalists was filled with all 
cis–white men. (Gardiner, 2016) The nature of abuse 
is systematic. Women and LGBTQ groups experience 
more sexualized and derogatory abuse, with men 
much more likely to be the perpetrators of this abuse. 
(Fileborn, 2018) Straight men, however, receive the 
abuse that does not implicate any brutal sexual or rac-
ist analogy attached to them [13]. (Powell, 2015)

Journalists or online content creators are more 
prone to such hate owing to their profession. Maria 
Ressa, a former CNN war correspondent and the news 
organization founder, Rappler, spoke about how hate-
ful comments, hashtags, and threats have been sent 
her way to malign her work [14]. (Kilman, 2017) A 
survey by the International Women’s Media Founda-
tion claims that around 30% of women rethink their 
profession. More than 60% have voiced their struggles 
with online harassment. The survey also states that 

39% of women have faced online abuse on their per-
sonal social media profiles, with the numbers rising 
every single day [15]. (Kilman, 2017)

The Mental health conversation
With so much hate floating around, it is bound to af-

fect. It has a psychological and physical impact on the 
receiver, making them think twice about their career, life, 
and ethics. 37% of women journalists ended up blam-
ing themselves for the hate they received, while 35% dis-
tanced themselves from the world [16]. (Ferrier, 2018) 
In the book ‘Backgrounds, Experiences, and Responses 
to Online Hate Speech: A Comparative Cross-Country 
Analysis,’ a survey was conducted to analyze young in-
dividuals’ responses concerning online hate. Four major 
patterns were found – Ignore, Block the troll, Report the 
troll, Counteract comment, or discussion. In all of the 
above studies, most of the trolling respondents stated 
that the trolling did leave them disheartened and hope-
less [17]. (Jubany&Roiha, 2015)

Online abuse paves the way for mental distress, 
emotional instability, and lack of confidence. (Duggan, 
2017) The online content creators have been trans-
formed into icons, voices of the distressed, and for the 
lack of a better word. The celebrity culture that is being 
pushed towards them, along with the fact that many of 
them identify as part of the culture, has taken a toll 
on both ends of the mental health spectrum. With the 
stigma and ignorance attached to mental health, the 
suffering is restricted to oneself [18]. (Waqas, 2019)

While the undisguised gender-based trolling on 
some social media platforms in India like Twitter 
(Busters, 2019) has been discussed, analyzed, and re-
ported – the trolling on Instagram, especially of the 
content creators bread and butter rely on the platform, 
is yet an untouched topic. In addition to the same, 
the conversation surrounding mental health is almost 
negligible in the country (The Live Love Laugh Foun-
dation, 2018). In numerous instances, online con-
tent creators, including journalists, have voiced their 
opinions on the effects of trolling on mental health. 
(Mohan, 2018) The dark side of going viral is an open 
secret, and the research aims to shed light on the same, 
keeping in mind the adverse effects on the content cre-
ators due to the trolling [19]. 

Theoretical Framework
The framework of Feminist Critical Discourse 

Analysis (FCDA) paves the way for understanding the 
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dynamics between power and gender, taking into ac-
count the ideological standing. The FCDA describes 
how gender ideology and asymmetric power relations 
in discourse are assuming more subtle forms in the 
contemporary period, albeit in different degrees and 
ways in different communities [20]. (Lazar, 2007, pp. 
139-154) The gendered social order discourse as char-
acterized by the FCDA in the workings and distribu-
tion of power and ideology provides a baseline for rich 
and nuanced analysis and understanding in the mat-
ters of women’s societal treatment. In communication, 
the theory comes handy in understanding patriarchy 
as a complex ideological system exposing shrewd so-
cial assumptions and hegemonic gendered power re-
lations, which highly influences how communication 
and interactions are produced, perpetuated, negotiat-
ed, and challenged. (Lazar, 2007) Applying qualitative 
conventional content analysis (Shannon, 2005) using 
the principles of FDCA lays down a nuanced and suit-
able approach to understand and analyze the interac-
tions between the content creator and the trolls [21]. 

Approaching the online abuse with the concept of 
victim vulnerability (Rego, 2018) first cited by (Fitz-
gerald et al., 1997) wherein the attacks on the public 
platform focus on the personalizedgendered and sex-
ual aspects. Such comments used under the garb of 
freedom of expression often forget to shed any dignity 
on the person being trolled mercilessly [22]. 

Understanding misogyny and patriarchy have be-
come relatively easier owing to the blatant and open-
ly suggestive ways in which they are available on social 
media. The comments section of famous personalities 
is filled with hate comments with trolls picking on every 
single thing in their lives, comprising their age, gender, 
caste, occupation, body type, body shape, political incli-
nation, and what now [23]. The trolls do not even spare 
the people when they speak out on their mental health 
problems, calling them ‘fake,’ ‘attention seekers’ – attach-
ing numerous other derogatory adjectives aimed at pok-
ing fun of the creator’s vulnerable social media. However, 
like almost every human behavior, even trolling has pat-
terns – the findings of the patterns in the relation between 
social media and assaults (Laub, 2019) provide a base for 
understanding the trolls’ behavioral patterns [24]. 

Research Questions: 
In the light of the above-reviewed literature and the 

aim of this study, the paper asks the following research 
questions:

1. Does the trolling that online content creators are 
subjected to on Instagram in India amount to online 
sexual harassment or misogyny?

2. What is the impact of trolling on the mental 
health of online content creators in India?

Methodology
The study uses two methods - content analysis and 

in-depth interviews to answer the above-mentioned 
research questions. 

Sampling: The research examines the Instagram 
posts of twenty online content creators, who work 
with different media organizations and independently 
and have a combined reach of around 4 million follow-
ers on the social media platform. The sample (N=20) 
included 10 participants identified as male, while 9 
participants identified as female and one participant 
identified as a transgender woman. 

Snowball and convenient sampling in a non-prob-
ability format used the sampling method for its align-
ment with the research and its objectives.

Three to five Instagram posts of each online con-
tent creator between January 2019 and August 2020 
were randomly selected. The comments section was 
analyzed. All of the data collected from the Insta-
gram posts of the content creators were in the public 
domain and opened for the people to see. The data 
collected from the comments section was coded and 
categorized into five categories [25]. 

Coding and Categorization
A distinction line was drawn between hating the 

content of the creator and online harassment. The 
former was an opinion on the content put made by 
the content creator, while the other related to abuse 
on the online platform [26]. The former criticizes the 
creator’s content and trolls them based on the same. 
Simultaneously, the latter hates the creator themselves, 
abusing them in a personal and demeaning way. 

A total of nine hundred comments were collected 
for the research after analyzing the Instagram feed of 
the 20 content creators and based on the abuse and 
sexual connotations; the data was filtered to fulfill the 
objectives of the research. Each creator and their In-
stagram comments contributed to around fifty com-
ments, and the coding was done accordingly [27]. 

The data is coded into five categories, adopt-
ing four from the research on online harassment on 
Twitter (Rego, 2018), with a new category focused on 
comments related to the content or professional work 
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of the content creator [28]. The trolls have recently 
started targeting men with sexuality-based comments, 
with the mindset of questioning the creator’s mascu-
linity. With this in mind, the first category in the code 
has an addition of ‘queerphobic’ comments that were 
not present in Rego’s earlier research (2018). Follow-
ing are the categories: 
1. Sexual/Queerphobic Abuses: These are misogynis-

tic and use words signifying sexual or vulgar con-
tent like a hoe and bloody bitch.

2. Name Calling: Labelling women with names and 
titles meant to denigrate them either sarcastically 
or directly. For example, libtards and presstitutes 
(portmanteaux for liberal + retards and press + 
prostitutes, respectively)

3. Condescending Terms: These terms evince inti-
macy towards the victims by patronizing them, by 
using endearing terms such as baby, sweetheart. 
These also include degrading comments on bodily 
features and personal attacks on clothing or per-
sonal style.

4. Belittling Language: Employing language that de-
nies the victims their due and underestimates their 
abilities and achievements, e.g., tagging someone 
as somebody’s wife or daughter. The worth of the 
person is questioned, and derogatory words are 
used to quash the same [29]. 

5. Abuse of the profession: Using foul language to 
mock the content creator/journalist’s profession, 
e.g., learn to do your job, go home and cook, etc.

Analysis

Analyzing the trolling
Analysis of the comments sections of Instagram con-

tent creators showed varying patterns and results [30]. 
The male content creators had trolls targeting their work, 
political ideology, or questions were raised on their sex-
uality. However, the female counterparts had to face 
trolling for almost everything – their body type, shape, 
accessories they chose to wear, the food they eat, and al-
most everything in between, including their existence it-
self. Interestingly, the questions raised on the sexuality of 
the male content creators too had underlying patriarchy 
attached to it stating the stereotypes that the society has 
attached to genders like the usage of words like Gay, Be-
hen, and Chakka to denote their inclination towards the 
feminine side of gender - thereby making them inferior 
to cisgender straight men.

The various ways of online trolling, as displayed 
above in Table 1, were present in the analyzed com-
ments [31]. The content creators are systematically 
attacked, discredited, and shamed, along with facing 
predatory and oppressive behavior – all amounting 
to harassment. The trolling patterns suggest a defin-
itive difference between the trolling of male and fe-
male content creators. Professional or content-related 
abuses are higher for men. In comparison, women 
see more abuses on the other four verticals, especially 
the condescending and sexual/queerphobic abuses as 
shows in Table 2.

Table 2
Sexual/Queerphobic Abuses Faced By Women
Participants Number of Comments in each category

Sexual/
Queer-
phobic 
Abuses

Name 
Calling

Conde-
scending 

Terms

Belittling 
Lan-

guage

Abuse 
on pro-
fession

Male 59 10 126 94 162
Female 
(including 
Transwom-
an)

46 20 191 147 37

The Figure 1 represents the overall classification of 
trolling comments into the categories. Figure 2 sug-
gests that the male-bashing on Instagram is inclined 
towards the profession or content that the content cre-
ator produces. Less than 20 trolling comments came 
out of a sexual nature, vocally signifying assault. How-
ever, in the case of women, the language and trolling 
were sexual and on a much graphic and definitive 
level, if only the condescending vertical is taken into 
consideration.

 
Figure 1: A combined analysis of the troll comments for all con-
tent creators



498 | Cardiometry | Issue 25. December 2022

 
Figure 2: The Trolling analysis for Male participants

The data states that men received the highest num-
ber of abuses in ‘Abuse on Profession’ with a share of 
35.9%. In contrast, in the same category, women re-
ceived the second-lowest abuses with 8.4%. Conde-
scending terms took the highest share of abuse for 
the women with 43.4% share while for men it was the 
second-lowest with a share of 27.9. Name-calling was 
the lowest for both genders, with 2.2% and 4.5% in 
the male and female trolling shares, Table 3 shows the 
Abuses against Men. Table 4 shows the Abuses against 
Women, Figure 3 shows the Trolling Analysis for a fe-
male participant.

Discussion
The data draws attention to the abuses received by 

both genders. A closer look into the data brings out an 
underlying patriarchal mindset in the troll patterns, 
using foul and vile languages and tones, even in troll-
ing male content creators. 

 
Figure 3: Trolling Analysis for a female participant

Name Calling: The code sheet defines Name-call-
ing as labeling people with names and titles to deni-
grate them. Men have received trolling with most be-
ing slang with Liberandu, Bhadva taking the top spot.
Bhadva, a slang that translates to a pimp while liberan-
du is a portmanteau for liberal andgandu – with the 
latter being a commonly used slang against men that 
roughly translates to someone who has sexual inter-
course via the anus. The term Gandu draws a clear 
distinction between the penetrator and the receiver 
during the intercourse, with the term finding associ-
ations with the latter.

On the other hand, women received trolling in this 
category at a larger rate – but the gravity was more in-
clined towards a sexual connotation. Kali Suarni and 
Presstitute were some of the most common troll com-
ments in this category. Presstitute is a portmanteau 
for press and prostitutes, commonly used to discredit 
journalists’ work, especially women, referring to them 

Table 3
Abuses against Men

Code Abuses
Sexual/Queerphobic Abuses Hat madarchoddhijda, Didi ne popat Kardiya, अबेबसकरसतरंगीरेनबोबनवाएगाक्या?,chakke, Meethe 

ho kya be?
Name Calling Bhaglavdya, low breed pll
Condescending Terms How devastated you look, Chalbc, upar 2-liter palatkefawde use nikalnapadega
Belittling Language 0 IQ wala influencer, burnol ka, Ye mainekyadekhliya? Ha Malum Hai
Abuse on profession rupaykaat overacting ka, mein depression meinchalagayateri videos dekhe, sadiyal, shit content

Table 4
Abuses against Women

Code Abuses
Sexual/Queerphobic Abuses Yeh koi tohrandihaibc, fuckit up tranny trash, god your mouth is so big hole, Didi ap lesbian ho kya?
Name Calling Bhenkiloda, Kali suarni, Abe Chutiyaaurat
Condescending Terms Teri maa ki, aankho ka rape mat karlogiki, lawdaahaikyaaterepaas...???
Belittling Language You do not have any self-respect, ab ismebhihagoge, Kaunsenashekartihai? 
Abuse on profession You all out there urself r such lame, dumb jokes, what a fake show, Dont be a hypocrite, 
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as prostitutes who sell the ethics of journalism/press 
for money.

Assigning labels regarding their bodies, sexuality, 
personal relationships, political stands are the major 
spots for the trolls to venture. Closely observing the 
comments, men are trolled via the women in their 
lives or displaying an ounce of femininity. The trolling 
of men is centered around women or homosexuality. 
Women are thrashed via words of sexual exploitation 
when applied to the definitions of Table 1 (Waqas, 
2019).

Sexual/Queerphobic: Men seem to have received 
more comments in this section when compared with 
female participants when it comes to queerphobic 
comments. Women hardly received any comments in 
this section, showcasing an interesting pattern of the 
male gaze that sees femininity as the weaker vertical 
in humans. As per the comments, women could easily 
pass as a queer individual till she fulfills the male gaze’s 
ideals – men, however, are not spared for showing vul-
nerability or any feminine characteristic is seen as a 
taboo. Trinetra had almost all of her comments falling 
in this category, displaying the queerphobia prevalent 
in the country. Men received queerphobic comments 
on posts that showed their vulnerability or called out 
toxic masculinity.

When it comes to sexual comments, Randi bags the 
top comment for women and Madarchod, Bhenchod 
for men. The same story repeats here as well – men are 
trolled concerning the women in their lives, referring 
to how the women’s exploitation will affect the man’s 
image in society. For women, Randi’s usage to express 
disagreement with opinions has become a common 
norm – call women out for being sexually active in any 
respect, and that becomes slang. It shows the amount 
of inbuilt patriarchy that lies within the society.

Condescending Terms: This category saw the 
highest amount of comments for participants from 
both genders. Patronizing the participants is a tactic 
of the troll to derogate the content creators. Men re-
ceived comments bakchodiidekho, Hatt BC, Baap ko 
mat sikha. In contrast, women received aankho ka 
rape mat karlogiki, lawdaahaikya there paas...???, Nan-
gi hoke bc, chutiya feminist. The comments for men re-
volved around their content, and trolls fixated on the 
quality of the content made. Baap ko mat bata/sikha 
was one of the most common comments. A deeper 
background analysis on the sentence translates the 
same to the hierarchical stature of men and women 

in society, where the father is the stakeholder, while 
women are secondary or helpers.

Women were targeted for their content via the 
looks, their stand on certain issues, their dressing 
sense, and other personal characteristics that have 
nothing to do with the content. A differentiation is ob-
served in the trolling pattern here wherein the content 
becomes a subject for the men for trolls. At the same 
time, the women still have trolling at a personal level.

Belittling Language: Another category receiving a 
substantial amount of comments, denying people their 
due, and underestimating their achievements have tak-
en over social media, which is the one category that 
does not show two different types of trolling for men 
and women, and the trolling is based on the content of 
the creator Women received comments like You do not 
have any self-respect? Kaunsenashekartihai? Kuchbhi-
bakchodi while men received comments such as 0 IQ 
wala influencer, burnol ka, Ye mainekyadekhliya?

Abuse on the profession: Women received the 
lowest trolling in this category while men received the 
highest. One conclusion derived from this data is that 
women are more acceptable as online content creators 
than others, as professional abuse is the lowest. An-
other perspective is that misogyny plays a vital role as 
women’s content caters to the male gaze. Women are 
not seen as professionals but as objects by trolls, hence 
the lack of abuse on the professional front.

Men were specifically targeted here with comments 
like rupaykaat overacting ka, mein depression meincha-
lagayateri videos dekhke, sadiyal, shit content. To find 
flaws or criticize, one has to analyze the content place 
before – that is something that the trolls do for male 
content creators. Few women received comments like 
a fake show, do not be a hypocrite, Chaloapko unfollow 
kiyajaye. The comments align with the ones that men 
receive; however, the number is drastically low.

Peeking into the impact of mental health
With the blueprint of the hate received by the con-

tent creators in India concerning gender, the research-
ers held in-depth interviews with these content cre-
ators. A woman exclaims, “I think it is assumed that 
when you are a public figure, your life is up for being 
discussed. When you are a female public figure, it is 
assumed that your gender is part of that discussion. 
They also assume that sharing our lives on social me-
dia means that all parts of it are open to dissection by 
people around you. The trolling is more about who 
they are before the trollers start talking about their 
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bodies with men. With women, the attack is straight-
up about your body. It is either about how unattractive 
or “un-fuckable” you are, or it is about how they would 
like to violate your bodies as much as possible.

A male respondent stated that anyone with an 
opinion is attacked. “Trolling is very toxic because 
it is synchronized and organized in India – be it 
political, misogynistic, or sexist hate. It creates an 
overwhelming feeling for the creator by the trolls. 
Community guidelines on Instagram do not work 
in favor of the content creators, and for women, it is 
psychological trolling”. He also mentioned that this 
systematic trolling leaves a deep imprint behind, and 
hardly any content creator today is in a good state of 
mental being.

A woman respondent working as a digital journal-
ist says, “the Mute or Block button are the only friends 
that women content creators have on such platforms, 
and shunning the troll out is the one way for some 
peace of mind.” She adds that criticism is welcome; the 
same is needed in a democracy – but the line should 
never be crossed. Comments like baalzyadalehrarahi-
hai – this is not a criticism – this is the sexual frustra-
tion of the troll, and the journalists/content creators 
are subjected to the same”. She further stated that due 
to the extremely sad state of a trolling culture in India, 
the filters are put up on the creators’ personal life.

Another male respondent echoes the gender bias 
trolling, stating that women are perceived as easy tar-
gets. Every abusive slur is made out of vulnerabilities, 
say, character, threats like sexual abuse, rape even, and 
the trolls do not even think twice before blabbering 
hate. His mental health has been affected by trolling 
since the past eight years of producing content, but he 
has worked his way through it with time. His one-liner 
regarding dealing with trolls was “ignorance is bliss.”

Another respondent added that the trolls today 
are unafraid of consequences. “It is not about civil 
discourse, or I beg to differ anymore – it is about you 
are an idiot, and you do not know what you are talking 
about, so Fuck you! People have been reduced to an 
opinion that they have which is gravely affecting the 
mental health of creators in India”. Most women con-
tent creators mentioned that the method they adopted 
to preserve their mental health was – not to engage 
with the trolls. One stated, “I avoid looking at the 
comments section of my stories when I go online. One 
thing about trolls is that all their power lies in their 
facelessness and that they can hide behind a computer 

screen. I try to avoid them, and even if I encounter 
trolls, I do not take them seriously.”

Conclusion
With a focus on Instagram, the research paper 

adds to the existing knowledge on hate speech against 
women in India and how social media platforms have 
become a tool to silence women or any individual or 
group with a minoritarian view (Laub, 2019). Patterns 
of trolling that women are subjected to have obvious 
sexual and patriarchal undertones. It was also noted 
that if the views of the content creator are different 
from the current hegemonic socio-political views, 
trolling is much more severe. The lack of much cen-
soring on Instagram has aided this trolling. The con-
tent creators report an impact on their mental health 
to varying degrees. Our work speaks to the global 
feminist revolution, where the struggles of the most 
vulnerable are often invisible, erased, misunderstood, 
and ignored by core structures such as the courts, po-
lice, and media – reiterating the infrastructure cannot 
be read solely by its architecture and content config-
uration. Rather, it must be seen by the social patterns 
in usage that are mediated by social institutions based 
on hegemony, colonization, caste, class, ethnicity, and 
gender differences.
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Abstract
An automated model representing communicating states for 
a given moment in actual time is theorized in an Automated 
Supply Chain Dual (SC). When handling instability threats in 
SCs, we look at the circumstances surrounding the architecture 
and deployment of the digital twins. Combining models with 
data-driven methods show interrelationships between data risk, 
modeling disturbances, and performance evaluation. Digital 
network networking maps are distinctly visually illustrated by 
the SC blow and modifications amidst the COVID-19 pandem-
ic, along with the after-event recovery method. The findings 
of this research complement SC risk management’s science 
and experience by enriching forecasting and corrective find-
ings to exploit the merits of SC modeling, quantitative predic-
tive data, and evidence of disruptions in real-time. The supply 
chains have been severely impacted by the recent coronavirus 
pandemic, known as the COVID-19 outbreak. Due to supply 
failure, demand for certain items has increased significantly, 
while raw materials supply required to produce those items 
has decreased; therefore, to address these issues, this paper 
proposes some strategies for improving service levels for the 
most sought-after products, such as toilet paper, during a se-
vere pandemic, such as COVID-19.

Keywords
Supply Chain Risk, Data Analytics, Supply Chain resilience, 
COVID-19, Risk Management

Imprint
Asish Kumar Behera, Krishnan Ramanathan. An effective disas-
ter recovery model in supply chain management at times of 
pandemic. Cardiometry; Special issue No. 25; December 2022; 
p. 502-510; DOI: 10.18137/cardiometry.2022.25.502510; Avail-

able from: http://www.cardiometry.net/issues/no25-decem-
ber-2022/effective-disaster-recovery

Introduction
The risk of the supply chain is multilayered and 

can be categorized as operational and disruptive risks. 
While operational risks include routine problems in 
SC activities, volatility in lead times and demand is 
linked to low-frequency, high-impact cases. Exempla-
ry examples are natural disasters (e.g., the 2011 tsu-
nami in Japan and its huge impact on the global Sup-
ply Chains), human-made cataclysms (e.g., the 2016 
German BASF plant explosion, and the consequent 
shortages in the global Supply Chains), legal disputes 
or strikes. These risks characterize the architecture of 
the SC network because several manufacturing units, 
suppliers and DCs, and transport connections become 
temporarily inaccessible. They are very significant and 
instantaneous [1]. 

An epidemic outbreak is a unique case of Supply 
Chain risks, distinguished by three constituents. These 
constituents include: (i) the presence of long-term dis-
ruptions and their uncertain scaling, (ii) parallel un-
furl of SC disruption (i.e., ripple effect), and populace 
eruption (i.e., the spread of the pandemic), and (iii) 
concurrent supply, demand, and logistics architecture 
disruptions. In contrast to other perturbations, the 
disease outbreak starts small but quickly and spread 
across many geographical regions [2]. COVID-19, 
which impacted about 203 countries in late 2019, in-
fected over 8,525,042 people and claimed the lives of 
456,973 people, became a worldwide disaster by the 
end of June 2020, [3] , which should be remembered 
that all figures are valid at the end of June 2020. The 
number of individuals affected and the fatality rates 
change radically daily. The pandemic situation caused 
by the novel COVID-19 coronavirus triggered from 
Wuhan, China, adversely affected Chinese trans-
ports and eventually slashed the supply accessibility 
to Global Supply Chains [4]. The pandemic caused 
by COVID-19 has certainly caused one of the great-
est disruptions accentuated in that humanity has wit-
nessed in current decades, which is “breaking many 
global Supply Chains.” [5]. 

The SCs of many companies, being slender and 
globalized in structures, have become highly suscep-
tible to epidemic outbreaks. In 94% of Fortune 1000 
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businesses, SC-driven coronavirus disturbances have 
been identified [6]. A Dun & Bradstreet report states 
that 51,000 major corporations own one or more dis-
tributors in Wuhan. At least five million multinational 
firms have one or more of the tier two suppliers in the 
Wuhan region, which is the origin of COVID-19 [7]. 
In addition, there are tier-one or tier-two providers 
in 938 of the fortune 1000 firms in the Wuhan area. 
This disaster has led to many SC disruptions, leading 
to long delays in delivery, reductions in revenue and 
sales, and production stoppages affecting employees’ 
use [8]. The uncertainty has impacted Supply Chain 
output internally and externally, rising stock returns, 
and profitability on the markets. The efficacy of mod-
el-based support for sturdy SC design and improve-
ment depends critically on the accessible information 
and on the possibility of acquiring valuable data, [9] 
e.g., data on vendors and path disturbance likelihood, 
i.e., data used for generating disturbance scenarios for 
a study of robust Supply Chain architecture, are but are 
not limited to or data for the timely implementation of 
recovery policy in real-time disruption detection [10]. 
As a result, modern proactive, flexible supply chain 
structures, including solution planning and proactive 
real-time monitoring, have rapidly become a prevalent 
concern in multilateral SC risk management with the 
introduction of contingency strategies [11]. 

Given the continuous development in analytical 
capacities for businesses, it is more necessary than 
ever to foresee possible interruptions and recover 
Supply Chain operations. Companies are searching 
for ways to develop Supply Chains using their data-
sets and investigating how vast amounts of data can 
be used in risk analysis and threat evaluation and en-
rich effective Supply Chain disaster management [12]. 
Accentuated digital technology can substantially affect 
SC performance in terms of Agility, Adaptability, and 
Alignment [13]. 

An improved Decision Support System, i.e., an au-
tomated SC dual – a computerized digital SC model 
that reflects a network status in real-time at any giv-
en period and can increase the end-to-end SC trans-
parency and testing contingency planning - can be 
generated using current decision support resources 
[14]. The physical Supply Chain is an automated dual 
replica based on factual data on transportation, stock, 
needs, and supply capacity to be leveraged for sched-
uling and actual-time control decisions [15]. Supply 
Chain risk management can profit from information 

analysis techniques using new technology and mon-
itoring technologies in actual time, predicting poten-
tial impacts and responses [16]. The referenced work 
reveals a gamut of expertise and observations on Deci-
sion Support Systems in Supply Chain disruption risk 
management. However, it remains a fragile diversity 
[17]. Growth in quantitative analysis and data-driven 
learning remain still closely related. Although lim-
ited attempts were made to identify the effect of the 
business intelligence on Supply Chain risk reduction 
and tracking, the juxtaposition between data-driven 
technologies and the management between SC risks 
was not understood [18]. This research project aims 
to establish further the theoretical framework for SC 
volatility theories, structural engineering, and risk an-
alytics [19]. This research draws the methodology of 
modern SC risk analysis. It integrates them to establish 
a Decision-making System based on the postulates of 
industry 4.0. It is useful for the development of an in-
terruption risk management digital supply chain [20]. 

The methodology would be used to formulate an 
interruption risk management Automated supply 
chain (SC) dual [21]. This study latches the gap by 
bringing together multiple areas, information-initiat-
ed analytics, and automated judgment support for SC 
risk management. We are focused on the growth of 
management to close the study gap [22]. 

The study contributes substantially. The findings 
of these studies are presented as a concept-technol-
ogy structure for a generalized DSS for the admin-
istration of SC disruption consisting of data-driven 
interference analysis in the SC and the dissemination 
of risk data interrelations, disturbance analysis, and 
performance evaluation [23]. Settling based on offline 
decision-making processes alone and neglecting reli-
able statistics on the provider and route major crisis, 
advanced signal recognition, and real-time disruption 
can trigger distorting SC probability analysis disrup-
tion possibilities and late or ineffective implementa-
tion recuperation policies [24]. This study is based 
on conceptual research for research methodology 
and logic. This research allows conceptualizing an SC 
risk designing framework to build an Automated SC 
dual established on a mixture of replica parametric 
and information taxonomy. Ultimately, the derived 
and Automated Dual principles are being combined 
to a more generalized DSS architecture that for the 
first time represents an integrated model of risk an-
alytics and information-based study prototype for SC 
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disaster recovery administration that establishes a hy-
pothetical basis for an Automated SC Dual [25]. The 
clear conceptual offering implements methodological 
principles more complicated and a widespread con-
cept of Automated Dual SC design conceptualization. 
The businesses have specific questions to implement 
the Automated Dual model: Do the firm have a mod-
el to tackle the Supply Chain disruption? What time 
will it take for an SC to recover its company strategy 
(e.g., recognition of temporal scarcity; use of planned 
contingency pandemic plans) after the outbreak? [26]. 

Literature review

Model-based disruption risk management
Over the past two decades, the operational risk 

strategizing of SC disruptions has been attracted to 
the research community. The volume of model-based 
studies increased dramatically over the current decade, 
as demonstrated by recent evaluations of calculable 
process applications to SC instability risks and stability 
[27]. The literature review facilitates the detection of 
many types of cases and datasets described in this ses-
sion. The analytical techniques at the SC architectural 
level are used to analyze the disruptive effects on Sup-
ply chain efficiency by disabling a few design compo-
nents or changing certain operating parameters (e.g., 
capacity) [28]. At the tactical decision-making point, 
this review is beneficial. In consideration of inventory, 
sourcing, or shipment control dynamics, these models 
also have restrictions. Dynamic modeling framework 
allows for the analysis of the SC behavior over time, 
the calculation of performance, and a resilient SC de-
sign that is suggested focused on a range of financial, 
customer, and organizational efficiency indicators, 
comprehensive and in real-time data, and control pol-
icies [29]. In addition to further data on optimization 
models, model simulations take significant logical and 
random limitations into accounts, such as discrete dis-
ruption, stock, manufacturing, supply, shipment con-
trol policies, and the gradual degradation and regen-
eration of capacity [30]. The simulation was primarily 
used in this class for problems. Simulation research 
has played an essential role in academic research since 
it covers time-dependent dimensions, the length of 
recovery measures, and storage degradation. The ad-
vantage of modeling is that it can be used to deal with 
multiplex optimization problem scenarios by chang-
ing the system situation over time.

Data-driven models
Data analysis implementations can be found in 

procurement, production floors, omnichannel pro-
motional measures, route optimization, real-time traf-
fic tracking, and strategic security management, ob-
serves T.-M. Choi et al. offer a big-data analytics study 
for logistics projectile prediction using RFID-powered 
manufacturing information. Used simulation, ana-
lyzes the impacts of sensor-powered data quality in 
an automatic SC. Places were identified by Nguyen 
et al. that in the coming years, data analysis could be 
found in SCs. These include production quality con-
trols, complex truck routing, and in-transit supply 
chain management/transport material controls, and 
warehouse order selection and material monitoring 
systems. Broaden the discourse on the complexities of 
implementing Blockchain in SCs. SC study implemen-
tations can be categorized into four areas: a descriptive 
and analytical study, statistical modeling and recruit-
ing management, real-time tracking, and adaptive 
learning. Data-driven strategies have recently been 
implemented into the research agenda as far as SC risk 
management is concerned. Information is provided by 
T. M. Choi & Lambert about how SC resiliency can 
be enhanced with the utilization of client repositories 
and comprehensive data sizes for risk analysis, threat 
evaluation, and improvement of SCs. It is suggested by 
Bierwirth & Corry that data collection at the strategy 
phase can be used to determine the vulnerability of 
suppliers to risk, and that can aid to track and predict 
disturbances at the responsive level. 

Decision support systems and various data-
mechanized models

As data study approach affects SCs and SCs are also 
affected by outage risks, interrelationships among in-
formation-mechanized technology and SC risk man-
agement are rational. During the last few years, the 
exchange and utilization of data sets for risk manage-
ment have been introduced in technological frame-
works because of harmonization, synchronization be-
tween data and information resources, and encourage 
fast discovery. For instance, Nandal et al. stated that it 
is an open e-infrastructure that facilitates information 
sharing, data development, silico research, and toxi-
cology risk assessment modeling. For SC risk control, 
comparable programs are also uncommon. Reposito-
ries are featured by Gusikhin & Klampfl as a predictive 
risk-exposure model and a performance simulation 
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tool in their contingency-analysis process. Procure-
ment policymakers and risk analysts can use this sup-
port system to control risk management in near actual 
- time as stock rates wander and Supply Chain systems 
change. A visual analytical framework is formulated 
by Park et al. to improve and strengthen SC managers’ 
decision-making processes. In the literature review, 
information technologies can be categorized as simu-
lation systems, countermeasures, and event-detection 
systems in real-time to manage SC disturbance risk. 
In SC recuperation preparation and the organized im-
plementation of recovery policies, the collection and 
transmission of real-time information are critical.

The aim of monitoring systems (T&T) is to de-
tect variations or hazards of variations in SCs, eval-
uate such deviations and provide real or possible in-
terruptive warnings, and elaborate control measures 
to restore SC operability. Such programs provide the 
latest information on the implementation process in 
conjunction with RFID (radio-frequency identifica-
tion) and mobile platforms. This program is focused 
on enrollment in the SC to improve visibility and per-
formance. IBM and Wal-Mart are now studying how 
consumer SC monitoring can be strengthened using 
blockchain technologies. Supply on Industry 4.0 Sen-
sor Clouds cloud-based analytics tool helps you mon-
itor an SC through the latest information in real-time, 
schedule, and adapt processes. The ability to analyze 
the data allows the efficient market of all orders with 
longer lead times to allow for the rapid identification 
of doubtful transportation. Resilience 360 at DHL al-
lows robust risk control of disturbance by visualiza-
tion of the end-to-end SC, creating risk profiles, and 
detecting vital hotspots for prevention and alerting of 
events that may interrupt SC in near-real-time. Risk 
Methods tools assist aggressive SC Risk Control. The 
module ‘Risk Scanner,’ ‘Impact Analyzer, and’ Action 
Manager’ comprises risk management, threat evalua-
tion, and mitigation preparation, and -Devised a risk 
assessment tool, which incorporates asset systems, ac-
quisition, logistics, and complex risk control of SC.

Deriving data principles- a decision support 
system powered for supply chain risk 
management

The literature study and functional illustrations 
help articulate numerous technical concepts of DSS 
info-driven and SC interruption risk management 
digital technologies. In order to take into account the 

SCs as Systems of Systems (SOS), as defined by T.-M. 
Choi et al., we are concerned with the derivation of 
such concepts to the Data Management postulate, i.e., 
System and Cybernetics, and buttressing the Supply 
Chain System-cybernetics framework Bierwirth & 
Corry.

The SC disruption risk research recurrently leads 
to ‘losing control,’ state Christopher & Peck. Thus, the 
concepts of cybernetics cannot be overlooked when 
contemplating the simulation of the possibility of SC 
damage. Cybernetics also provides an overview of the 
open network context. T. M. Choi defines three key 
data and risk control concepts.

The first is the requirement for variety. Variabili-
ty is used to calculate the number of potential system 
conditions that can be separated from one another 
(Ashby’s Book “Introduction to Cybernetics,” n.d.). ‘A 
controller has requisite variety when he can maintain 
the outcomes of a process within targets, if and only 
if he can produce responses to all those disturbances 
that influence the process,’ according to Ashby’s law 
of requisite variety. Beer’s Viable System Model is the 
second. The third principle has to do with reactive 
planning and control, which is related to second-order 
cybernetics. The goal of second-order cybernetics is to 
influence and manipulate the world in which we live. 
Electronic data reports on adaptive and input manage-
ment have a strong relationship with this theory.

Principle 1: a balanced network model consisting 
of pre-disruption, disruption, and post-disruption 
process support for decision-making is considered

Literature review notes that decision-making in 
SC risk management also refers to disruption profiles, 
which include phases of pre-disruption (preparation), 
intervention (response), and post-disaster (recupera-
tion and stabilization). Optimization and models for 
simulation allow for flexible SC architecture, stability 
testing, strain testing of different alternate SC models, 
and contingent recovery policy replication. These are 
only a few highlights of the other implementations 
possible. Therefore, this three-phase grouping should 
be used as the main context under which Automated 
SC Dual offers a decision support system.

Principle 2: integrating digital sc models of phys-
ical and network data sources

Decision-making support process data from tangi-
ble sources (for example, ERP, RFID, sensors) and cyber 
sources (example, Blockchain, manufacturer commu-
nication platforms, and risk data) can be applied to sup-
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port models. Chronicled data about previous interfer-
ence or geographical data concerning local risks could, 
for example, bolster in building actual SC resilience 
assessment scenarios. RFID and sensor data can con-
tribute to the provision of simulation and optimization 
models with capacity and parametric stock ingredients 
for SC recovery simulations, considering the resources 
available in an unshakable system. The second concept 
of building a modern SC twin is combining physical 
and virtual data sources with SC modeling. 

Principle 3: converging the concepts of the sup-
ply chain as a physical and digital network

SC models are wider and encompass both on-prem-
ises SC and its cyber system with data-powered DSS. 
Therefore, SC frameworks in terms of convergence 
between tangible and virtual platforms in terms of sec-
ond-order cybernetics are called the third concept of 
automated dual-design.

Principle 4: risk detection programs focused 
on the supply chain service data use to understand 
learning and disturbance patterns

A new data analysis standard can be applied by the 
learning aspect of Automated SC Dual. Learning from 
actual stimuli and the associated SC activities provides 
a framework for defining intervention and response 
patterns that can be used to develop both quantita-
tive analysis and experimental design. In summary of 
the above four concepts, SC risk analysis data struc-
tures in the form of Automated Duals may help judg-
ment-making in the chronicled evidence-based SC 
resilience analysis, forecasting, and replication of al-
ternative SC models and organizational contingency 
strategies, actual time recovery management, and the 
utilization of knowledge to understand learning and 
disturbance trends. 

Results and discussion
Automated Dual Supply Chain Model: A Decision 

Support System 

Data-driven model
In expectation of disruptions and systemic-para-

metric adaptation in the event of disasters, data-driven 
disturbance modeling offers a foundation for a prag-
matic, robust SC architecture. Modeling incorporates 
analysis, optimization, and data processing to build an 
Automated SC Dual and mitigate disruption risks.

In the Automated SC dual model, simulations of 
the dynamical behavior can be performed in mod-
el-based decision-making assistance in case of disrup-
tion. However, theoretically, impacts on SC efficien-
cy can be assessed before a disaster happens, which 
would improve recovery policies. On a strategic point, 
data analysis is used to construct practical destructive 
models based on risk evidence on past disruptions 
and other evidence (such as ERP technology manu-
facturer reliability) during the SC design process. Data 
processing is employed in the responsive stage, lever-
aging data from process input, e.g., sensor, T&T, and 
RFID in real-time, for disruption detection. Incorpo-
rating data analytics in this form is to integrate data 
for disruption in a dynamic simulator for simulation 
and optimization of recovery policies. Data analytics 
can also build a strategic, evidence-based study frame-
work to produce appropriate disruption possibilities 
for the design and preparation of robust SCs. The au-
tomated SC Dual’s data analytics component also em-
powers controlling and monitoring functionality to be 
incorporated into the management of SC disruptions 
by shutting the ‘plan-monitor-adjust-control’ chain 
shown in Figure 1.

 
Figure 1. Automated dual supply chain model
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Procedures
Historical risk statistics are gathered at the sys-

tematic risk analysis level from relevant datasets (e.g., 
historical natural hazard events and national risk as-
sessments) and internal records (e.g., manufacturers’ 
reliability statistics ERP). This dataset is used in the 
simulation optimization to construct the destructive 
scenarios for the SC resilient study. Every logistics 
uses functional data preprocessing feature to pass 
incoming disturbance data in the simulation model 
to dangerous events. The network enhancement and 
stimulation parameters (e.g., usable capacity) are also 
defined under the conditions of potential unavailabil-
ity of supply, loss of infrastructure, and natural hazard 
events. Using modeling and simulation methods to 
check the current and alternate SC designs and ana-
lyze the resulting various disturbance scenarios.

Next, an example of an outage similar to a tru-
ly catastrophic event, such as Typhoon Mangkhut’s 
long-distance shutdown in Hong Kong in September 
2018; The risk management program is used to check 
for pertinent disruption data in the SC simulation 
model, e.g., in a regional logistics center, which may 
impact the potential for the facilities. The program 
then gathers data on the planned interruption time. 
The simulation is then conducted with the current SC 
architecture to track the effect on the performance of 
SCs of such an interruption length. 

The recovery strategies, like the alternate SC mod-
els, can be used during the disruptive period for rep-
lication. In real-time, data obtained at the different 
sources are used to change model parameters, such as 
manufacturing and delivery storage capacity and in-
ventory supply in the SC, for instance, size, invents, 
and cycle time. Such data are used for the retrieval pol-
icies simulation.

To assess the outputs of disturbances and impaired 
KPIs, the analysis of experiments using the recovery 
policies will be passed to an ERP program or a BI de-
vice. The data processing feature is used theoretically 
for moving the effects of modeling techniques to an 
external performance assessment method in any Lo-
gistics. 

Finally, data analytics can be used at the strategic 
level to create appropriate disturbance possibilities for 
the robust SC architecture and preparation of the da-
ta-driven learning system. Decision-makers can use 
the system developed for asset risk evaluation, risk 
analyses for vendors, decisions on the position and 

transport, and risk control in land acquisition, distri-
bution, and SC reporting. 

Implication
Description, we relate by growing the awareness 

of the importance and use of data for analytical and 
corrective judgments by the researchers and deci-
sion-makers to the philosophy and application of SC 
disaster risk mitigation. The concepts developed and 
a simplified structure of Automated Dual SC led to 
modern SC and SC risk-based theory; the growth of 
commutable SC administration theory in particular. 
Supply chain tolerance is as critical for businesses as 
adaptive processes are for living organisms. Mecha-
nisms of adaptation track predict and respond to com-
plex conditions continuously.

Similarly, companies are also subject to environ-
mental and organizational factors changes and are in-
fluenced by them. The Digital Twin is a development 
framework for applying the concepts of cyber-phys-
ical convergence in production, logistics, and SCs. 
These frameworks also evolve by systemic adaptation 
and realignment, i.e., through systematic engineering. 
Due to the two axes, our thesis will find the theoreti-
cal ramifications for the research fields of modern SCs 
and risk analysis. The first aspect consists of the tran-
sition and management of current development and 
SC models. The SC’s focused on cyber-physical con-
cepts are sponsored by our definition. Visibility is the 
second dimension. Big data and Blockchain technolo-
gies require central data management priorities to be 
tackled to improve accessibility, response times, and 
performance within the SC. Increased consciousness 
and recognition in the supply chains have also allowed 
for advancements in sensor technology and IoT. 

Conclusion
There has been a noticeable pattern of work in 

integrating model-led and data-driven support for 
decision-making in recent years. The efficiency, com-
pleteness, fullness, relevance, accuracy, and prompt 
availability of model-based support for decision tak-
ing are heavily affected by evidence. These data cri-
teria are especially important in the management of 
SC risk for forecasting and responding to disturbanc-
es. Industry 4.0 and emerging technologies, in gener-
al, contribute to solutions for data collection to gain 
a higher level of support and decision-making in the 
handling of significant disturbances. An Automated 
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Dual SC shapes the synthesis of modeling, optimiza-
tion, and data analytics: a new computer-driven para-
digm in SC risk management. An automated SC Dual 
is a prototype that shows the network situation for a 
given period and provides the full point-to-point SC 
visibility to optimize robustness and testing recovery 
plans. In the COVID-18 pandemic, when many com-
panies were forced to change their supply-demand 
assignments rapidly, SC dual’s need and importance 
became unquestioned. The experts expect SC’s grow-
ing position in post-pandemic recovery to be observ-
able and evident. This research focuses on developing 
a standardized structure for managing disruptive risks 
of an Automated SC dual, i.e., a DSS for data-based 
modeling of constructive robust SCs and reactive risk 
management in real-time. By enhances knowledge by 
policymakers of the importance and the use of risk 
data from a company’s own and that of its collabora-
tors for analytical and reactive decision-making, we 
add to both the philosophy and application of deci-
sion-making help in SC disruptive risk management.

System-cybernetic modeling was used to establish 
the scientific concepts of data-enabled DSS and the IT 
for SC disorders risk administration. Future DSS will 
use data-driven technology to form the support and 
learning structure for SC risk analysis in SC disrup-
tion risk management and be unified by three funda-
mental concepts of system cyber science. Simulation 
of the risks associated with the SC design process and 
pre-disruption mode, evaluating the risks associated 
with supplier disruptions, estimation of possible sup-
ply disruptions, and measurement of configurations 
and contingency routes in the alternate supply network 
evaluation of approximate arrival times will all be pos-
sible with the framework. In dynamic mode, the device 
can model disruptive effects for SC and alternate SC ar-
chitectures, including non-disrupted arcs and network 
nodes based on the inventory, demand, and power data 
of real-time usage. The effects of the SC can be report-
ed and quantified to ERP programs using KPIs, such as 
revenue, income, production on schedule, etc. By lever-
aging the advantages of SC demonstrated, historic data 
analysis, and in-time disruption data to ensure market 
continuity for global businesses, as well as the broad-
based nature of the Automated SC dual, this study 
would theoretically deepen research into constructive 
and recitative resilience approaches and contingency 
planning. The findings presented will also direct an 
organization to manage data correctly for model-based 

support for decision making. Ignoring exact details 
about the likelihood of provider and path disruption, 
advanced channel estimation, and real-time disruption 
detection could lead to deceptive SC architecture miti-
gation intrusion scenarios and the late implementation 
of the reorganization plan. Instances of SC and risk 
analytics activities entail logistics and SC monitoring 
using real-time data, stock tracking and management 
using sensor data, automated distribution of resourc-
es, the development of big data processing prediction 
model, SC visibility and risk analysis, network optimiz-
ing predictive analysis knowledge, and combination 
of optimization and computer simulation algorithms. 
In addition to optimization and simulation modeling, 
data analysis would become increasingly important in 
SC disturbance risk management.

Limitations
There are some constraints on our research. First, 

there remained beyond the framework of this paper to 
address the technological demands of data processing 
power. Secondly, the thorough technological review 
for the extraction of disturbance results, e.g., machine 
learning techniques, will make the paper more exten-
sive. A variety of potential research avenues for ex-
panding these technologies can be established using 
data-driven approaches concerning SC risk manage-
ment technologies. The scope of this report may be 
expanded by a detailed, technological review of the in-
novations suggested and how they can be implement-
ed. SC digitalization’s growth and reach is a phenom-
enon in which the SC risk management performance 
becomes largely dependent on SC risk assessment. 
The design and implementation of numerous cloud 
systems for manufacturing and logistics, both perfor-
mance and resiliency perspectives, are promising re-
search directions; Finally, awareness of organizational 
transformations in modern decision-making contexts 
with an increasing role of artificial intelligence tech-
nology forms a core research area for the philosophy 
of the emerging new field of the digital SC.
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Abstract
Digital transformation is characterized by gathering individu-
als, data, and processes to generate value for online customers 
and stay competitive in the new consumer marketplace. This 
has increasingly become common in retail. Digital consumer 
retailers are experimenting with numerous ways to adapt to 
new shoppers’ needs, attempting to combine the digital mar-
ket with the conventional market, and finding various ways to 
revolutionize the digital transition of modern times. During the 
ongoing COVID-19 crisis, traditional supply chains for food are 
challenged in an unprecedented manner. This paper recom-
mends the rapid implementation of digital transformation to 
identify both immediate and mid-level goals which hold the key 
to sustainable growth and profit. In this paper, I’ve proposed 
three main solutions to the challenges mentioned above, which 
would help satisfy all demands and fulfill the customers’ needs 
during this Covid-19. Still, it is also required to think that these 
solutions should give good results for technologically sound 
people like old generations. Hence, making those solutions us-
er-friendly is the important way to be leveraged by all types of 
customers to improve their experiences effectively, which would 
also help grow business.
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1. Introduction
Digital transformation systematically implements 

new technologies to build or change existing market 
procedures to satisfy rising organizational demands 
and consumer preferences. It is one of the most crit-
ical ongoing transformations in modern society and 
includes many business and everyday elements. It is 
made by combining IT environments and capsulizing 
the changing effect of new digital techniques, includ-
ing social, cloud, IoT, and analytical things. Digital 
Transformation redefines the traditional boundar-
ies of retailing and the market. They help to run in-
novative changes, hypothetical business nature and 
conducted by advance and flexible customer-centric 
strategies. Retail showcases how retailers are thinking 
about improving revenue schemes and models by le-
veraging new technologies. This transition is essential 
for the retail sector, which influences its growth and 
is affected by it. It improves processes and productiv-
ity, delivers better customer and employee experienc-
es, manages business risk, and controls costs. Digital 
transformation requires several techniques, methods, 
and procedures. An effective strategy is tailored to suit 
most organizations. The concept of digital transfor-
mation represents it is miscellaneous nature has ex-
ceeded the degree of old and new transformations [6]. 

In today’s world, shoppers seek more things from 
retailers through transactions and want to create an 
individualized voyage that reflects how they shop 
products through channels and their services. How-
ever, the current pandemic of COVID-19 has changed 
the market landscape and consumer behavior beyond 
recognition. Coronavirus highlights the need to rein-
vent conventional market strategies in the retail sector. 
Retailers must reconsider the use of technology to find 
new ways to earn income and build creative business 
models in the sense of the pandemic. COVID-19 forc-
es the retail sector to rethink and transform its mod-
els digitally. Businesses have already begun a digital 
transformation, and the improvements that have been 
made already offer some advantages to some business-
es. Completion and last-mile implementation, trans-
parency, staff, and pricing are the four main areas that 
COVID-19 has most hit. Retail CIOs must focus on 
this and bring their digital capability to the full. The 
pandemic at Covid-19 has changed the way we work, 
-shop, and communicate with people. Since the coro-
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navirus pandemic, the Indian retail industry has seen 
a significant setback. The situation and its implications 
are beyond the control of the retailers; they need to be 
pragmatic about running their business and keeping 
their customers safe. In these circumstances, retailers 
don’t have many choices but to tailor their business to 
the needs of their customer’s expectations. Yet going to 
a brick-and-motor shop may not be a choice in diffi-
cult times like these. 

The biggest challenge is to change the customer 
experiences digitally as, during this lockdown, the 
customer can’t get gout to buy groceries in malls and 
stores, so the online business has seen a 74 % rise in the 
sales and to provide best services to the customers we 
need to optimize the customer’s journey to keep cus-
tomers for a longer time. Another challenge is to satis-
fy such enormous demands. It is essential to maintain 
our supply chain and inventory to integrate it digital-
ly, and retailers need to develop innovative solutions 
that may cause an increase in implementation costs. 
According to Economic Times news, Rakesh Biyani, 
MD of Future Group Limited, observed the increase 
in operational costs for small stores by 30-35%, and 
for malls, it is up to 10-15% [1]. Moreover, along with 
online preferences, people keep corner stores (locally 
known as Kirana Store’s) open where the crowd will be 
less, and they are open for a certain amount of time.

2. Objective and Research Problem 
Statement

As a global pandemic, COVID-19 places unforeseen 
challenges on human health, and its impact marked the 
highest in the century. Everyone has to face coronavi-
rus irruptions, and companies, in particular, should 
be aware of how it can affect their customers and em-
ployees. Retailers worldwide are dealing with how their 
businesses, staff, and customers respond to these un-
precedented situations. During this time, retail strate-
gies are entirely different from the traditional schemes 
they use for an extended period. While recessions and 
other economic events have slowed down, this is the 
first event that significantly affects our own business, 
emphasizing the need to be prepared for any adverse 
situation. Due to this situation, the decision to close the 
physical stores is unusual. It highlights the need for a 
strong online presence to keep customers engaged with 
the brand and products during this period.

Moreover, it will be critically important to reen-
gage people when back up and running at physical lo-

cations. Brick and mortar retailers who may face store 
openings, fewer footfalls, or shortened hours may 
find remaining in direct contact with their client base 
through interactive ways when engagement is chal-
lenging or diminished in person can do in many forms, 
such as social media marketing or direct-to-customer 
email marketing. While the physical outlets are closed, 
consumers also continue to experience their love and 
a deep connection to the company. Omnichannel or 
online retailers could be uniquely equipped to com-
pete with store closing but do not lose sight by provid-
ing the best consumer experience. Ensuring the web-
site’s user interface is simple, and fun is also essential 
to shop and communicate in a friction-free, seamless 
manner.

The retailers will not lose sight of their network by 
continuing to engage with their suppliers and partners. 
During times of uncertainty, they will be encouraged 
to collaborate through their network and have the op-
timal service for their clients in a manner that will be 
mutually beneficial to both stakeholders. It may range 
from delivering exclusive deals through their financial 
partner to free delivery or partnering with retailers. 
At the point of reengagement, this will be especially 
relevant as retailers restore their existing customer 
base and, hopefully, attract some new consumers who 
discovered them through their digital presence. Some 
of the significant challenges which could face during 
digital transformation are listed below [12]. 

2.1 Challenges in the Retail Sector 
2.1.1 Mass merchandise stores: Supermarkets 

might have considerably less impact on selling essen-
tial items than hypermarkets. However, hypermarkets 
may suffer the brunt of this stoppage, as most are in 
malls. As hypermarkets appear to have much higher 
levels of inventory, this will be a severe issue. In par-
ticular, customer expectations and purchase patterns 
have radically changed since the Covid-19 crisis, mak-
ing it more important for a company to innovate its 
sustainability marketing strategies. The COVID-19 
pandemic challenged multiple companies to close, 
leading to severe trade disruption in most industry 
sectors. Several retailers with mass goods – such as 
Walmart, Amazon, Target, and Costco – saw the pan-
demic’s revenues start to grow. Meanwhile, many other 
retailers have suffered – especially in the department 
store, fashion, and luxury sectors. Consumption pat-
terns are changing for people there. Around the same 
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time, there’s exponential growth in online network-
ing, online entertainment, and online shopping. They 
also have profits since premium ranges such as cloth-
ing will not sell in the lock-up and may have reduced 
sales even after lockdowns. Large discounts must be 
liquidated in a hypermarket to stock numerous other 
items, such as shoes, etc. [3]. 

2.1.2 Kirana or the small standalone grocery 
stores: For groceries, during lockdowns, we have seen 
a substantial peak in digital orders. However, we have 
never come across such situations in the past. Once 
these unprecedented situations reduce their impact, 
the grocery business will be back on the original path 
with improved and advanced techniques, increasing 
revenue. They can have a modest influence and per-
haps even somewhat beneficial impact. They have a 
strict business plan for OPEX and are a key foundation 
for frequent buyers. These shops may even experience 
a patronage increase if the supply side remains. Even 
supply chain restrictions cannot be too severe because 
manufacturers still concentrate on sales in this area, 
as most retail industries are involved. The only disad-
vantage they may encounter is a lack of financial flow. 
Kirana shops are famous for offering rotary lending. 
Although they decrease this, their cash flow may be 
impacted as many of them may need to take stock in 
cash.

2.1.3 Apparel and other lifestyle stores: The 
COVID 19 has moved shoppers away from high-touch 
to low-touch. Since this lockdown situation, people 
have restricted access to shop in physical stores, even 
most of them have closed to avoid spreading this virus. 
So people can’t visit stores to feel the real-time experi-
ence of apparel shopping, but stores have come home 
through online and virtual platforms. The retailers 
should now think about giving outstanding online 
shopping experiences to the shoppers by applying a 
vast number of virtual techniques. Apparel e-retailing 
is rapidly expanding worldwide, and mobile technolo-
gy is a key factor in improving customer attachments 
towards online shopping. Consumers also should feel 
the quality and its outfit to compare looks while buy-
ing on online platforms. In traditional approaches, the 
human model presents apparel in e-retailing. At the 
same time, in contemporary methods, a new technol-
ogy called Virtual try-on(VTO) has been developed to 
help customers evaluate garments by providing infor-
mation comparable to direct experience with products 
[10]. There are many occasions when people need to 

add new clothing to their wish list, so retailers need to 
think about providing rich online experiences to their 
customers during this lockdown.

2.1.4 Shutting of physical stores & reduced foot-
fall: Stores are closed on government orders or closed 
by the retailer to protect employees and the public. 
The open shops are affected by the dramatically de-
creased footfall as the most public seeks to avoid un-
wanted social interaction. The impact of this on reve-
nue can be fatal. Missing sales are harmful enough, but 
it becomes risky when you add ongoing overheads for 
stores like rent, salaries, and inventory.

2.1.5 Interruptions in Healthcare and Medica-
tions services: The COVID -19 pandemic has im-
posed a massive strain and challenges on the regular 
functioning of healthcare systems worldwide. The 
people suffering from chronic diseases are heavily af-
fected due to lockdown and social distancing to avoid 
the spread of disease. For them, it has become difficult 
to access healthcare facilities for routine health checks 
and medications. To meet their medication require-
ments, community pharmacies will be responsible as a 
Primary care system. The notion of community phar-
macy covers both retail pharmacies and outpatient 
pharmacies at primary care clinics in various coun-
tries such as the United States, England, and Cana-
da. These pharmacies administer prescription drugs. 
They also have on-sale medicines, vitamins, and other 
medicinal items and gadgets. Furthermore, the avail-
ability of treatment and preventative goods for people, 
such as sanitizer, hand rubs based on alcohol, should 
be enough to fulfill the needs of individuals in such 
primary care systems. In addition to medical services, 
the scientific preventative knowledge and the funda-
mental facts concerning COVID-19, such as mask 
selection, should also be made clear by personnel or 
pharmacists to provide accurate data to individuals 
within the community.

3. Literature Review
COVID -19, as a planetary disaster, has a markedly 

negative impact on the evolution of the global econ-
omy. The climate has changed drastically with intro-
ducing a novel coronavirus in just a few months [14]. 
The long-term impact of COVID -19 is yet to be deter-
mined, but its immediate implications for retailing are 
significant. Retailers of essential goods such as grocer-
ies, food, and health care are increasing consumer de-
mand to serve at home while facing supply chain and 
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inventory management challenges, keeping their em-
ployees in a safe environment. In the case of non-es-
sential goods retailers such as clothing and footwear 
facing a significant drop in sales, they need to acquire 
new ways of reaching and attracting customers who 
shop from home to keep their business moving.

Radical changes in the market require companies 
to re-look their business models, add creative capa-
bilities, and strategize while considering new impera-
tives. Customers now enjoy a wide variety of shopping 
experiences considering new popular strategies. Om-
ni-channel retailing is a common strategy in a modern 
retail age where digitization, social media, big data, 
and other digital technologies (e.g., Artificial Intelli-
gence (AI), Virtual Reality (VR), Augmented Reality 
(AR), blockchain, etc.) change retail business models. 
Consumers prefer e-shopping online. The multichan-
nel definition suggests a distinction between channels 
(though combined). In contrast, the previous paper 
definition focuses more on consumers and provides 
them with the opportunity to switch seamlessly be-
tween ‘channels’ during one integrated buying phase. 
Exchanges can be categorized into three dimensions to 
examine the relationships between channels: contact, 
transaction, and delivery. The transaction includes 
ownership transfers, including cash transfers and ac-
tual purchases. The importance of various factors af-
fecting customer preference in the retail store, gaining 
insight into the different in-store digitization tech-
niques being implemented by retailers, and research-
ing the possible effect of these in-store digitization 
techniques on Indian shoppers [7]. 

Digital transformation for retailers is about moving 
beyond incremental changes and rethinking process-
es, creating a connected environment created by the 
practical application of technology. It’s about customer 
centricity, agility, creativity, data intelligence, and new 
value propositions and about streamlining processes, 
reducing costs, and increasing transactional cycle ef-
ficiencies via transformation. It will increase custom-
er loyalty and retention by delivering the goods and 
services that consumers need, wherever and wherev-
er they need them. Through this study, we will learn 
about the challenges and solutions in the retail sector. 
It will establish three framing categories: 1) investing 
in digital strategy and management, 2) evolving or-
ganizational skills and mentality, and 3) transferring 
power to the retail consumer. The significant benefits 
of a digital transformation come from the customer’s 

improved accessibility that enables real-time interac-
tion across the entire shopping trip [8]. Using mod-
ern technical approaches, such as beacon technology, 
advertisers may detect a customer when they reach 
a shop. Another great advantage is the increased on- 
and offline convergence, primarily through interactive 
shopping tools such as augmented reality.

Innovations have had conventional business mod-
els challenged. Although organizations are embracing 
new technology to meet the needs of their consum-
ers, it is difficult for the internal company to cope with 
this. Challenges can be Commitment, Change Man-
agement, Technology, Complexity, and Training. De-
spite such Challenges, retailers will soon embark on 
their journey. Going offline is the only way the digital 
era can be a success [13]. Technology can provide a 
head start and help drive value for the company. The 
challenges relate to the development of the business 
model while at the same time providing the manage-
rial viewpoint on the various issues surrounding this 
transition in an organization.

4. Solutions for Challenges
Regardless of the situation, some realities in a post-

COVID-19 environment are becoming apparent to re-
tailers as they look ahead to overcome challenges. Fur-
ther, businesses should be better prepared to cope with 
this disruption on the road to digital business change. 
In this paper, we come up with some use cases, which 
were discussed in the following sections:

4.1 Use Case 1: Door Step Delivery
In the COVID- 19 pandemic state, grocers are con-

cerned, whether customers can buy items they wish 
for, and they have accessibility to receive them quickly 
and efficiently. The customers who order online ex-
pect to receive appropriate tracking notifications for 
their orders. During peak time, it is really difficult 
to provide such services, since there is a shortage of 
delivery slots and staff which limit delivery abilities. 
So here, we are providing a use case model in which 
customers can visit weblink or mobile applications 
to provide more information about their preferenc-
es. Customers can make their profile based on which 
retailer predicts their shopping behaviors. Once they 
complete signup/sign in, they will be able to access or 
search items and select the product they wish to buy 
then they are good to go with adding into shopping 
carts. Our model can also provide recommendations 
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for similar articles based on their Wish list items to 
boost our customer buying experiences. People have 
expectations from the retailers. During this situation, 
they want their items to be delivered in a contactless 
manner, so we are providing three different shipping 
methods: drone delivery, no-contact doorstep deliv-
ery, and automated vehicle. The idea is to keep peo-
ple untouched and safe in such situations. In the later 
stage, after choosing delivery methods, they can make 
payment, and this request will go further to the ad-
ministrator of an online grocery store. They will check 
if inventory/stock is available. If it is available, then the 
store will complete the customer order. If not, then 

out-of-stock items have to order online by creating 
new items order towards suppliers. And whenever the 
supplier makes the new things, then inventory gets 
loaded, and stock will be updated to meet the custom-
er demands. An integrated store product management 
system allowed by the new cloud-based technologies 
will offer insight across the fulfillment network, en-
suring customers can order what they need and pro-
vide consistency on delivery options, allowing grocers 
to properly fulfill customer needs and communicate 
effectively in the event of supply constraints. Figure 1 
shows the doorstep delivery.

 
Figure 1. Door Step Delivery.
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4.2 Use Case 2: Grocery and Small Stores
With unending lockdown across all of India’s cities, 

customers approach neighborhood stores that are small 
corner stores (Kirana stores) and grocery stores to meet 
their daily needs. These stores sell essential items by 
strictly adhering to government regulations. Though 
they satisfy the customers’ needs, there are also chal-
lenges to deal with, like maintaining social distancing, 
ordering online, and cash flows. So, to solve these chal-
lenges, I come up with the following model.

In this model, customers will have a chance to sign 
up into the application/ website for local stores where 
they can provide their information and search and 
enquire about the availability of the items checking 
through an app or by texting seller using WhatsApp 
or on a phone call. Then they can add those items to 
the cart and make digital wallet payments using Mo-
bile Payment through applications such as Google Pay, 

UPI, Paytm, etc. [11]. Also, we can use a new concept 
as credential-on-file payment. For online repeat pay-
ments, credential-on-file prices allow you to store 
customer credit card information in the system. This 
technology saves valid cardholder details in a secure 
vault. It will enable you to schedule payments automat-
ically to reduce your manual workload and improve 
the payment experience for your customers. It offers 
the security and functionality you need to protect your 
company and enhance the customer experience while 
opting for a credential-on-file payment solution. Re-
tailers should look for solutions that provide strong 
fraud prevention, card monitoring, and tokenization 
capabilities. So, these mobile apps are also capable of 
detecting your locations by using maps. Then a person 
can deliver your items to your doorstep without any 
contact and without needing your acknowledgment. 
Figure 2 shows the Grocery and Small Stores.

 Figure 2. Grocery and Small Stores.
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4.3 Use Case 3: Digital Apparel Store
This pandemic has had widespread replications 

over the global economy. However, non-essential ar-
eas such as apparel businesses have to face tremendous 
difficulties. So, the Apparel industry is one of them [2]. 
Many Apparel retailers have had to close their stores to 
protect customers and their staff from spreading the 
Coronavirus. Before COVID 19, the customers visit 
the store to try the Apparel outfits and buy when they 
like the products. But now, this is not possible. It must 
provide the same shopping experiences through the 
virtual environment as customers were getting while 
buying from physical stores.

Retailers are thinking about providing a virtual 
representation of Physical stores online and how it 
can benefit the customers. This study researches the 
level that the shopping experience of apparel shops 
can be brought to the customers via visual material, 
without their presence in the shop. Consequently, it 
provides the online viewing of a photo, a 360-degree 
photo, and a virtual reality photo of a physical shop. 
It is also true that shoppers don’t follow only one 
channel, sometimes they search online then shop into 
stores or vice-versa. Additionally, other technologies 
are being developed for e-tailers to translate the bene-
fits of physical shops to the online world. As an exam-
ple, shoppers will chat with other social shoppers to 
extract social aspects (zebo.com). In some methods, 
customers can experience fabric quality online before 
they buy it. Videos can show how the fabric falls when 
someone wears it, and tests are underway to allow 
consumers to experience how a fabric feels based on 
vibrations of the table screen [9]. 

To create solid relationships between consumers 
and brands, retail companies adopt Augmented Real-
ity (AR) methods to provide real-time shopping ex-
periences to their consumers. Research proved that 
how virtual information about products increases the 
certainty of a potential purchase. Augmented reality 
shopping apps offer us detailed information about the 
product and give a real-time feel to be their own. So 
Augmented Reality (AR) is a technology where cus-
tomers experience an interactive real-world environ-
ment, so the computer-created images are enhanced 
here in this environment. At first, the webcam will 
capture customers’ images. They would be able to try 
different types of apparel to look for perfect outfits. 
These images are touchable or sometimes controlled 
with customers’ Gesture movements, and then cus-

tomers would be able to see the virtual views in a com-
puter-generated format.

In the Digital Apparel store, as shown in Figure 3, 
when customers wish to buy apparel, they can visit the 
web link or the mobile application. Once they are here 
at our online platform system, they will ask to provide 
their details to learn their behavior and preferences. 
As a next stage, customers will have accessibility to 
choose stores from where they want to shop. Once 
they choose their store, they can see a 360-degree view 
of the store to provide a real-time environment for 
their shopping. After that, they will be able to explore 
the categories, and they will be able to search for the 
items they wish to buy if they like any apparel. They 
can check the fabric quality of the apparel with our 
virtual methodology if they find the quality is good. 
They can proceed with a trial to capture an image with 
a webcam. Else, they don’t like the quality, they can 
re-search for other items. Once the system captures 
images, the Augmented Reality (AR) model comes 
into the picture, which helps customers to make trials 
of different products using virtual try-on (VTO) and 
recommends some additional items based on their 
profile. Here again, if they like the product, then they 
can move forward to provide a shipping address and 
can place orders by making their preferred mode of 
payments to get the order delivered at home, or if they 
don’t like then, they can go to search option to view 
other items.

4.4 Use Case 4: MediHealth Home
In this pandemic condition, many sufferers delib-

erately dropped their symptoms as they were fright-
ened to go to the hospital since they struggled to access 
hospitals and doctors. This outbreak also profoundly 
influences long-term diseases, notably disabled indi-
viduals, and many patients have agreed to cease, for 
example, for their autoimmune disorders, a long-term 
steroid medication. Even more dangerously, aspirin 
has been shown as part of these anti-inflammatory 
agents. The majority of heart patients quit their an-
ti-platelet medicines. Therefore, it is vital to have ad-
equate medication and healthcare advice at the right 
moment [5]. 

To limit the spread of the virus and to keep peo-
ple quarantine at home, medical care organizations 
and governments, including CDC, encouraged the 
health system to provide virtual medical assistance 
whenever possible. Here, Telehealth comes into the 
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picture, and it is nothing but using electronic infor-
mation and telecommunications technologies to sup-
port long-distance health care. Technology includes 
video conferencing, internet, and media transfer and 
provides health tips and preventions [15] [4]. Though 
Telehealth supports greatly during COVID -19, it has 
some challenges, including potential overuse of med-
ications, maintaining work-life balance, technical dif-

ficulties, etc. So, To mitigate this problem, we have 
developed the MediHealth Home model, which is ca-
pable of addressing the above issues [16]. 

With the help of MediHealth Home design, as 
shown in Figure 4, use case, people will have accessibil-
ity to interact with the online system through the web 
user interface or mobile application where they can 
make their portfolio in which they can enter the details 

 Figure 3. Digital Apparel Store.
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about the age, allergies, symptoms. Also, they will have 
to answer some basic questions, including their diet and 
exercise habits, and daily routines. Our model is also 
helpful for those who are not techno-savvy. By effec-
tive use of voice recognition, patients can put their de-
tails into the system. Further, this system is connected 
with a backend database which has a list of physicians 
available in their areas, or as per the description of their 
symptoms, it will recommend best physicians where 
patients would have a chance to choose the doctors 
or physicians based on the services they want and in 
a cost-effective manner. Once they choose their physi-
cian, they will fix an appointment with doctors through 

the video or audio-conferencing system available in our 
model. After consulting with them, physicians would 
be able to provide appropriate prescriptions to the pa-
tients. Then in the later stage, patients will be able to 
locate the nearest pharmacies as per their zip codes to 
order the prescribed medications, and they can also 
check the availability of the same. Once they locate the 
pharmacy, they will be able to order the medicines and 
validate their order. They will have to upload prescrip-
tions provided by their physicians on a portal or mobile 
application. After validation, they can add it to the cart, 
and they will be good to go to make payments using on-
line banking or wallets for faster deliveries to the home.

 
Figure 4. MediHealth Home.
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5. Future Scope and Conclusion
Though digitization contributes to improving cus-

tomer experiences in this pandemic situation, there 
are still many gaps where improvement is needed. 
Through the solutions given here, customers might 
become technology savvy so that consumers won’t be 
the same again. They demand essentials online, and 
in the future, they need other luxury items to be de-
livered home and shopping in digital ways. It is also 
required to keep in mind that the consumer wants to 
buy a good hygiene and health product, so it is also 
essential to convey your brand effectively to your cus-
tomers. After the Covid-19 situation, the companies 
and the bigger client need to tie up to come up with 
advanced solutions to satisfy customer demands fully. 

In this paper, I’ve proposed three main solutions to 
the challenges mentioned above, which would help satisfy 
all demands and fulfill the customers’ needs during this 
Covid-19. Still, it is also required to think that these solu-
tions should give good results for those who are techno-
logically sound like old generations. Hence, making those 
solutions user-friendly is the essential way to be leveraged 
by all types of customers to improve their experiences ef-
fectively, which would also help grow business.
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Abstract
Digitalization has helped in the transformation of several in-
dustries in the last 20 years. Merging various computer func-
tionalities, such as internet facilities usage, super-fast process-
ing ability, improved ability to acquire, and utilizing digital form 
data is a major success factor in this context. In this paper, we 
would mainly like to focus on the retail sector and how digital 
platforms transform the logic of retail exchanges and assess the 
challenges where digitalization can overcome in retail indus-
tries. In this day and age of the internet and electronic gadgets, 
almost everything is going virtual. A large portion of the popu-
lation is finally transitioning from traditional to modern technol-
ogy for any transaction type, whether banking, business, selling, 
and purchasing or any other activity. The digital revolution has 
significantly altered the efficiency and speed of economic oper-
ations, particularly during the recession and after the pandem-
ic, which caused the global economy to slow. As a result of this 
situation, and to avoid a breakdown shortly, the global econo-
my has been revolutionized by the internet and digital devices.
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Introduction
India, the country situated in the southern part 

of Asia, has a population almost equal to 1.33 billion, 
which is the second-largest in the world. The area cov-
ered is 3,287,263 square kilometres, which happens to 
be the seventh-largest. Also, the Indian retail market 
comes under the best five markets in the world because 
of its economic value with an estimation of US$ 600 
billion. However, in December 2019, a virus name co-
rona was detected in china which eventually had spread 
worldwide within two months. In India, in May 2020, 
the Confederation of all India Traders (CAIT) said that 
“due to nationwide lockdown because of coronavirus 
pandemic, the country has faced a business loss worth 
Rs. 9 lakhscrore in retail trade.” In this country, a ma-
jor part of the revenue comes from traditional retailing. 
However, now domestic trade is facing its worst period. 
These four use cases have been introduced in this pa-
per, which is mainly based on digitalization [1]. 

Digitalization is a variety of phenomena and pro-
cesses that use digital technology in a broader range 
of personal, organizational, and social contexts. It 
gives an apparent idea of development and a technol-
ogy-dependent world. In contemporary society, it is a 
significant transformation currently going, consisting 
of various everyday life and business elements. In the 
retail sector, such transformation is necessary, which 
is affected by this development. 

Information technology and changes in customer de-
mands are leverage for all new business models as they 
can take advantage of these advances, in turn expecting 
managers to understand and respond to changes in the 
retail environment at a rapid pace. New business models 
who have tried to make information technology had to 
face the consequences in society and organization at a 
large scale: virtual space infinity, unlimited computing 
power, and ubiquitous connectivity have allowed greater 
flexibility, create business effectiveness, and enable en-
tirely new enterprise models which will increasingly use 
mobile devices to increase the effects of digitalization to 
connect to the internet, this is changing consumer prac-
tices, which include purchasing behavior in traditional 
store environments [2]. 

New merchandise for consumers is being launched 
rapidly, which has mobile Internet access, which also 
links to other technologies. Due to smartphones and dig-
ital devices’ variety of features, they have gained an im-



522 | Cardiometry | Issue 25. December 2022

portant position in the retail environment. Smartphones 
are now not only the alternative for laptops, but they also 
offer tremendous features like barcode scanning, near 
field communication, and location-based services. These 
devices are making Internet services an element in physi-
cal product stores that have led to new retail formats [3]. 

Besides providing information retrieval, brick and 
motor stores also provide ordering, testing, payments, 
and various other services. Development of payment 
applications, price comparison, and access to product 
information has emerged from these smart devices. 
Digitalization in the retail sector can help develop new 
products and services and the small transformation of 
pre-existing processes, activities, actors, and goods.

Experts worldwide have declared that we are at the 
dawn of the “digital revolution.” Consumer expectations 
are evolving, and new competition challenges business 
models in the retail face as it has increasingly moved 
online. Therefore, digitalization will probably have a 
good and extensive effect on retailers, consumers, em-
ployees, and society. Thus, there is a great necessity for 
a broad and clear understanding of the phenomenon.

Retailing can be explained as the timely distribu-
tion of product sand services required by the purchaser 
at competitive, reasonable, and budget-friendly prices. 
Therefore, it is said to link the individual consumer 
and the manufacturer for purchasing personal com-
modities, which does not mean a direct link between 
manufacturers and institutional purchasers, such as 
wholesale consumers and government [4]. 

Literature Review
Digitalization for retailers is about rethinking pro-

cesses and moving beyond incremental changes, creat-
ing a connected environment created by technology’s 
practical application. In the same market environ-
ment, digitalization can potentially shift the balance 
between multiple competing firms. Creating a new 
playing field and changing the pattern in which firms 
compete in various levels can directly affect known 
significant business structures. The reason to assess a 
firm’s internal resources and capabilities is served by 
the current strategic management theories and mod-
els. Different combination of tools and systems is used 
to adopt strategic options further to analyze the cur-
rent and future market environment. 

Different business processes should be standard-
ized to be shared seamlessly and can be understood 
by everyone. Thus, in digitalization, information tech-

nology plays an integrated role in business innovation 
and transformation rather than acting as a subordi-
nate support function. For daily work, the Information 
Technology of the new generation promises signifi-
cant advantages for manufacturing industries. Unfor-
tunately, these industries are slightly slow in grabbing 
advantage of the opportunities which the current wave 
of digitalization is offering [5]. 

In today’s digital world, the growing complexity in 
the retail sector results in huge data generation. Anal-
ysis of the data is important to provide new insights 
leading to new opportunities for enhanced customer 
experience. With the help of technologies like IoT, 
data can be captured and analyzed more efficiently, 
allowing identifying new business opportunities. Also, 
AI would be in major demand by the consumers to 
make interactions as seamless as possible. Moreover, 
with AI’s help, algorithms increase visibility into ROI 
effects, translating into results such as lower costs 
and higher sales. Also, transparency is of increasing 
importance to consumers. Brands make use of prove-
nance, which is a platform that provides transparency 
by discovering the origins and history of products. The 
consumer will be able to find the seafood he eats from 
the boat to the plate. Multiple forces give rise to flour-
ish digital marketing. These forces encourage better 
information about the commodity, larger variety, and 
substantial transparency across vendors from the con-
sumer’s perspective, and potentially lower prices be-
cause of lower fixed-cost operations [6]. 

By putting extreme pressure on traditional firms 
and messing up with numerous markets, alteration of 
customer expectations and behaviors is done because 
of the digitalization and business model innovation. 
According to the surviving literature, there are three 
digital transformation stages: digitization, digitaliza-
tion, and digital transformation. Today, the shopping 
pattern of people have also evolved. People prefer 
things being delivered to them at their homes. They 
also prefer the waiting at the stores to be less if they 
happen to be at one of the stores. Also, in the current 
era, the consumer decision is impacted quite early as 
soon as the need occurs in the market. People shop 
as and when the demand occurs and consumes when 
they buy, which involves instant purchasing, subscrip-
tion-based purchasing, and automated purchasing [7]. 

Hanninen studied the retail sector’s advancement, 
which acquired the digitalization and facilitated several 
platforms to implement their business. It is a theoretical 
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analysis of various mobile banking platforms to evolve 
insight into the multi sided retail banking promoted 
through digitalization. The research inferred that the 
middlemen between consumer and retailer had been 
pulled out from the supply chain with digitalization. 
Now, there is a direct connection between the purchas-
er and supplier. An immediate transaction has hap-
pened between purchaser and suppliers, thus changing 
retail sector transaction logic in the marketplace.

Organized retail stores occupy only 8% of the In-
dian retail sector. The unorganized retailers dominate 
the remaining 92%. Sivathanu interviewed and stud-
ied 766 people to analyze how often they used online 
payment facilities during the time of demonetization 
in India; he made questionnaires and conducted this 
study to build a bridge connecting demonetization 
and the rise in use of online payments [8]. 

Logistics that are digitally organized and working 
online have played a positive role in the COVID-19 
pandemic. The acceleration of digitalization creat-
ed due to COVID-19 is seen in all sectors. Also, the 
COVID-19 pandemic has forced education to adopt 
digital transformation. However, because of few dig-
ital divides, today’s children are not equipped for the 
technology-rich future. We should empower teachers 
to be digital transformation leaders to help children 
with their studies and enter a better future. It is high 
time for the healthcare industry to plan to use digital 
technology. For example, telemedicine consultation 
with data in images (X-rays, CT scans, etc.) can be up-
loaded through sites with remote interpretation. Vir-
tual clinics could be initiated, which will help ensure 
that every patient is receiving standard clinical service 
rather than engaging in physical crowding in hospital 
premises. Also, virtual learning platforms should be 
explored to avoid physical meetings for other hospital 
activities like research and education. 

Some challenges could be faced during digitaliza-
tion which can be list [9]. 
1. The commitment of the management and the em-

ployees
2. Need of the efficient change management process
3. Choosing the right technology
4. The complexity of the digital transformation process
5. The complexity of the current retail process
6. Training required for using new digital systems

Digitalization into the business model DNA is an-
other big challenge that is important for a company to 
succeed and become a critical management issue.

Digital transformation has also brought cross-do-
main opportunities where one domain complementary 
to another can work collaboratively to boost each oth-
er’s business capabilities, potentially a win–win situation 
for both domains. However, to make this successful, an 
efficient and well-thought-out change management pro-
cedure is required, which is essential since, while digital 
transformation happens exiting processes need to work 
smoothly, enabling a gradual transition to digital [10]. 

Objective
Keeping in view all the facts, the paper focuses on 

the following objectives:
• Understand the challenges faced by the retail sec-

tor due to the lack of digitalization in India.
• Make suggestions that can help overcome the chal-

lenges of the organized retail sector.
• Know the scope of digitalization in terms of trans-

actions in the retail sector.
• To present some of the untapped potential areas 

and use digital transformation cases that can be ap-
plied to enhance the customer experience for retail 
brick and mortar stores.

Methodology
This paper is mostly based on derivative data and 

information collected from various origins. This doc-
ument attempts to do a structural analysis of the dif-
ferences seen in the Indian retail market in terms of 
size and structure during the “COVID-19” pandem-
ic. This analysis helps to recognize the coming future 
changes in India’s retail market and how digitalization 
can help achieve them.

The retail industry faces major challenges in to-
day’s situation, some of which are listed below:

Physical Interaction
In the current situation, it is highly recommended 

to avoid going to public places and outside for no rea-
son. Physical interaction plays a major role for retail-
ers to sell their products and services. 

Customer’s Data Privacy and Sharing 
Concerns

Protecting data and privacy has become a major 
challenge for retail companies. More customers, em-
ployees, and digital devices go online every day. These 
data are not only important and critical for the store 
but also important for the customer. For example, 
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credit card information, phone numbers, e-mails, and 
addresses. Protecting loose data is not just to prevent 
economic losses but to meet stricter new government 
or industry regulations; it is also about protecting loy-
alty and customers’trust [11]. 

Powerlessness to Integrate Users, Devices, 
and Things

Many retail businesses have developed websites, 
mobile applications, and physical stores with digital 
gadgets at check-out standing to capture the most rel-
evant data. Unfortunately,the cost of these gadgets is 
very high as compared to the retailer’s budget. Thus, 
some initiatives should be integrated and provided as 
a connected consumer experience to avoid the risk of 
extra operating cost and disappointment of impatient 
partners and customers as well.

Impersonal, Dissatisfied Customer 
Experience

Many retailers do not have personal customer in-
sights or the potential to generate them. Their cus-
tomer information is quarantined across uneven data 
islands in their organizations, limited by inheriting in-
frastructure and temporary IT improvements.

Changing Customer Preferences
Customer satisfaction is the key ingredient for the 

success of any business. Because of unexpected cus-
tomer choices and preferences, satisfying them has 
become a very difficult task. These changes are con-
siderably seen due to high income and sophisticated 
lifestyle choices. Thus, organized retailers find it diffi-
cult to attract customers and retain them.

Infrastructure Challenges
The big challenge faced by Indian retailers today is 

inefficient infrastructure. This incapability leads to slow 
down the processing time of the business. Non-efficient 
disturbance channels are a huge hindrance for retailers. 
They are difficult to handle and end up with great losses.

Retail frauds
Fraud is a usual challenge faced by everyretailer, 

supplier fraud, theft, theft and negligence in supervi-
sion, and many more. These challenges are quite diffi-
cult to solve. These scams still occur regardless of the 
initiation of surveillance, like CCTV (video surveil-
lance) and POS (point of service) systems [12]. 

Target the right audience
One of the first and most important things that 

effective sales can do is identify your target audience 
in the market; with several internet users reaching 
their peak and rapidly changing consumer expecta-
tions,picking the right audience has become the big-
gest challenge. Also, the pandemic situation created 
due to coronavirus has a great impact on every retail-
er’s life. Some of the challenges faced by retailers in 
this situation are:
• Shortage of supply
• Time constraint to open the shop
• Minimum physical interaction with customers
• Fear in retailers as well as customers to go in a pub-

lic place.

Results & Discussion:

Use Cases To Address Challenges Faced By 
The Retailers 
E-Cheque

In the pandemic situation created due to covid-19, 
people are trying to avoid physical or close human 
interaction as much as possible. In retailing, the re-
tailers need to buy goods in large quantities from 
other retailers at times. So, the money transactions 
are done through cash or paper cheque or by de-
positing money in the bank, each of which requires 
human interaction in some or another way. Even 
though applications like Google pay, phone-pay,etc., 
are available to transfer money online, the limit per 
transaction is way too less.

The concept of e-cheque has not been intro-
duced in India, as it is highly used in other countries. 
E-cheque provides fast processing of the transactions, 
and as it is conducted online, it thus reduces any hu-
man interaction. Figure 1 represents E-cheque con-
necting to the bank [13]. 

Potential Implementation
Here, the bank has their application, where to ac-

tivate an e-cheque in our account, a sender and the 
recipient needs to contact their respective bank, which 
will verify and provide the customer with login details. 
After logging in, the customer can add the recipient’s 
necessary details and add the money, which is to be 
sent. The recipient can directly deposit the amount 
in his bank account through the application. Figure 2 
shows the E-Cheque processing transaction.
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Medicine Vending Machine
Many essential things might be needed at any 

point in time. One of such essentials is medicines. In 
India, there are negligible medical stores, which are 
open 24×7. The majority of people who go to medi-
cal stores are generally ill or take medicine for the ill 
ones. Around 70% of the people who are present at 
medical stores have some infection or virus. There is a 
high possibility that people around infected ones may 
contract some disease from them. In this scenario, we 
need to find a solution where there is minimum phys-
ical interaction between people. The service provided 
is much faster and not time-consuming.

For this, we can introduce a medicine vending ma-
chine, which will be located at multiple places in the city 
just like ATMs and will be connected by a common plat-
form. Figure 3 shows the medicine vending machine [14]. 

Potential Implementation
Here, an application will be created where all the 

doctors and services providers of the city will be reg-
istered. The doctors can generate prescriptions on 

this application. The medicine vending machine uses 
sensor technology that automatically dispenses the 
medicines based on the doctor’s prescription generat-
ed through application and the in-hand prescription, 
which will contain a chip attached to it. The machine 
will scan the chip inserted into the machine and dis-
play the prescription’s contents on a screen. The user 
can select or deselect the prescription contents and 
make payment according to that. The machine will 
dispense the desired medicine. Also, suppose the users 
do not wish to swipe cards there. In that case, he/she 
can register on the application by adding desired in-
formation through which money will be automatically 
deducted from the account while dispensing the med-
icines. Through this application, the user will locate 
which medicine is available in which locality will let 
their work be done faster with minimum effort [15]. 

Smart Carts
In India, major populations prefer going physically 

to the superstores to buy their daily necessities rather 
than ordering them online. However, yet the concept 
of the smart cart has not been introduced here. Many 
use cases have been implemented on the smart cart. 
One of the best examples is the self-checkout service 
provided by the smart cart available at Wal-Mart. Un-
fortunately, there are multiple errors, like scanning 
the wrong item and willing to replace it. Here, the ad-
vanced smart cart will be introduced where a separate 
chip is attached to each item available in the store [16]. 

 

Figure 1: E-Cheque: Connecting To Bank

 

Figure 2: E-check: processing transaction

 
Figure 3: Medicine vending machine
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Potential Implementation
An application will be created to connect the smart 

cart and the users. Just like we book a cab online, users 
will be able to book their cart by generating a separate 
id. A particular id will be assigned to each user to ac-
cess the cart as they reach the superstore.

Once the item is added to the cart, it will automat-
ically scan the value. If the item is removed from the 
cart, it will delete its value. In the end, the total amount 
will be calculated and displayed, which will be deduct-
ed automatically from the user’s account through the 
id generated. Once the user makes the payment, the 
information will be stored in the database. The staff 
there will sanitize the cart, which will reduce unnec-
essary touching of items and avoid the human error 
of multiple scanning or wrong scanning. The time 
consumption will be reduced because there will not be 
manual scanning required as the cart itself will scan 
the item as soon as the item enters the cart. Also, the 
data will be managed appropriately for multiple pur-
poses, for example, marketing, grand offers, etc. Fig-
ure 4 shows the smart cart [17]. 
 

 
Figure 4: Smart Cart

Digital Marketing
At present, every other retail shop available nearby 

is not found on the internet; only about 40% of them 
can be found online. There are times when a person 
goes to buy something. However, it is not available 
at that particular time at that particular shop, which 
wastes the time of the customer and energy, giving a 
poor impression of that shop. We can take an example 
of just dial, where as soon as we search in the just dial 

app, it will show some of the top 10 results. Those are 
the ones who had registered with just dial. Multiple 
shops are not listed on just dial or any other app or 
sites, where necessary things would be available at a 
much cheaper price than other shops. Since people 
are not aware of the shops available nearby, it becomes 
difficult for the customer and the retailers [18]. 

Potential Implementation
The idea is to create a website where all small to big 

retailers will register themselves, and a team of four 
to five people will be the admin. The team of that city 
will verify the registration for any fraud by visiting the 
shop’s location.

If the user wishes to access the website, his location 
information will be taken to give the nearest result. 
With the help of the search engine provided, users will 
also search for every item needed. There will be var-
ious categories such as general stores, medical shops, 
garment shops, furniture stores, etc [19]. The owner 
will be responsible for updating every item with their 
price on the website. This method will prove effective, 
as it will reduce the time consumption of a person 
traveling to a shop where the desired product is not 
found. It will also help the shops to get the recognition 
they deserve. This strategy will help all the retailers to 
satisfy the increasing demands of the customer.

Also, the feedback section will be provided on the 
website so the users can give their feedback and sugges-
tions to improve the idea’s work. In case the price given 
on the website does not match with the retailer’s price 
at the shop, users have full right to register a complaint 
against that shop. If multiple complaints come from the 
same shop, necessary actions will be taken by the ad-
min team. The idea is to do digital marketing of every 
small to big shop available in the city [20]. 

Conclusion
This study aims to highlight the challenges faced by re-

tailers and give solutions to eliminate those challenges. At 
present, considerable growth has been seen in the digital 
environment. However, numerous untapped opportuni-
ties can be identified and worked upon. The customer’s 
journey from traditional shopping behaviour to the cur-
rent use of the mobile device, internet, and social network 
makes the traditional online-physical dichotomy obsolete. 
In this paper, few propositions are introduced which lever-
age the fact that retiling firms are transforming themselves 
digitally. However, the older generation may not find it ap-



Issue 25. December 2022 | Cardiometry | 527

pealing and easy to use technology. Therefore, the system, 
application, tool developed for these propositions have to 
be user-friendly. Otherwise, it will fail to attract the ex-
pected customer base. Digitalization has completely trans-
formed India’s commerce industries, banking infrastruc-
ture, manufacturing, and various sectors. Mobile banking 
was introduced in the early twenty-first century with lim-
ited operations. However, with advancements in informa-
tion and technology over the years, it is now emerging as 
a new normal in the banking infrastructure. Mobile bank-
ing has successfully met the needs of customers with few 
drawbacks and in providing customer satisfaction. Factors 
such as increasing smartphone and internet user penetra-
tion, ease of access, convenience, and security in conduct-
ing digital transactions are all important considerations 
that have proven to be the foundation for expanding mo-
bile banking services in India.
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Abstract
The purpose of this study is to determine the influence of 
Covid-19 on the intention to purchase online fashion clothing. 
A structured questionnaire was used to collect data from 231 
customers in an online survey. The researchers utilised explor-
atory factor analysis to uncover the most important elements 
that influence customer behaviour while purchasing online 
fashion items. Multiple regression study revealed that situa-
tional variables, practical motive, and safety and precaution 
had a positive and substantial influence on customers’ on-
line buy intention for fashion items. Hedonic incentive, on the 
other hand, had a minor impact, despite being beneficial on 
purpose. A structured questionnaire was shared with the re-
spondents for data collection. The Questionnaire was floated 
between individuals who purchase fashion apparel online. The 
questions assessing the four predictors were first subjected 
to an exploratory factor analysis. Second, multiple regression 
was used to determine the influence of these variables on on-
line purchase intentions among customers.
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INTRODUCTION
The emergence of the Covid-19 pandemic has in-

fluenced the world economy and individuals by pos-
ing fresh and distinct situations impacting normalcy 
and their purchasing orientation since the initial cur-
few and subsequent lockdowns across India and the 
world [1]. According to Saha (2020), Community Mo-
bility as an outcome of threat to health has decreased 
by 73.4% between mid-Feb to End-April (Saha, Bar-
man, & Chouhan, 2020). As local movement norms 
and potential risks because of exposure to the virus 
come into the picture, unusual consumer behavioural 
changes are being witnessed worldwide, like hoard-
ing essential consumer goods (Roozbeh, Miri, Ali, & 
Alavian, 2020). The behaviour shown is argued to be 
a safety and self-protective measure that a consumer 
takes, like avoiding travel (Wen, Kavanaugh, & Hui-
min, 2005).

The consumers & youth today are driven by glo-
balized brand consciousness and being up-to-date 
approach (Williams & Page, 2011). According to a re-
port, there is a projected increase in the E-commerce 
Growth rate to whooping 1200 percent by 2026, in 
which fashion apparel encompasses a 29% share in 
Online Transactions (IBEF, 2020). This presents an 
opportunity to leverage the existing situation and cre-
ate an ecosystem consisting of mass acceptance, adop-
tion, and a continuation of such a platform, satisfying 
consumer needs for a longer duration [2]. Moreover, 
these circumstances have shaken the physically pres-
ent, local, and branded retail Fashion Apparel stores 
as an outcome of social-distancing norms, closures of 
Brick and Mortar stores following a nationwide lock-
down [3]. 

Generally, consumers are driven by two motivators 
towards intention, Utilitarian and Hedonic (Babin 
& Harris, 2017). But when an unexpected personal 
change to lives occurs or because of unique circum-
stances present, a consumer opts for alternatives and 
adopts the same (Hand, Riley, Harris, Singh, & Rettie, 
2009). There has been significant research conduct-
ed to identify predictors that lead to fashion apparel 
intention. Still, a study on which motivators generate 
online fashion apparel purchase intention for consum-
ers amidst a pandemic is initiated by the authors and 
how situational influences, as well as consumer moti-
vations, play a role is aimed at [4]. 
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Along the same lines, consumers’ motivation and 
situational influences of covid-19 were studied to an-
alyze the impact of the current situation on Online 
Book purchase intention (Nguyen, Tran, Huy, Nguy-
en, Do, & Nguyen, 2020). The authors of the research 
aim to study the effects of covid-19 situational influ-
ences and two primary motivators of online fashion 
apparel purchase intention, i.e., utilitarian & Hedonic 
taking different demographics, product category, and 
introducing new aspects, i.e., safety and precaution 
[5]. Here, the unknown factor is expected to increase 
motivation and as a predictor to purchase intention. 
Considering the situation, this factor is deemed of the 
utmost importance in times like this as consumers in-
crease “self-intention to isolate and avoid travelling” 
(Laato, Islam, Farooq, & Dhir, 2020). Online retailers 
and sellers are stressing a reduction in perceived risk 
associated with buying fashion apparel online by mar-
keting hygiene and sanitizing practices as Standard 
operating procedure across its touch points, be it in 
terms of safe delivery, zero-contact delivery policies, 
sanitized product packaging, etc [6]. 

The findings of the study will not only explain what 
lead consumers who have a prior online shopping ex-
perience and those who have not to shop for fashion 
apparel online but also if it is just the situational in-
fluences that in still in them to opt for this option and 
subsequently some of them will intend to continue to 
extract utility from offline buying as the situation of 
pandemic subsides [7]. 

Research Objective
To study the impact of situational factors, Motiva-

tions factors, and safety & precaution on online pur-
chase intention of fashion apparel during the Covid-19 
pandemic [8]. 

REVIEW OF LITERATURE

Covid-19 and Consumer Behaviour
Covid-19, since its outbreak, which resulted in 

a global pandemic, is deemed to have significant ef-
fects on the World economy and impact on the Indian 
economy, in particular, is considered to be a macro-
economic shock(Nath, 2020). On the micro-level, 
i.e., on consumers, unusual changes in consumer be-
haviour are reported worldwide, such as hoarding of 
toilet paper, etc [9]. The underlying reason presumed 
is scepticism about the longevity of closure of brick 

&mortar stores, health risks, the possibility of being 
quarantined, and problems in the supply chain mech-
anism.(Roozbeh, Miri, Ali, & Alavian, 2020). Having 
a significant impact on individuals’ professional and 
personal lives during a pandemic, there is consider-
able inclination to avoid travelling [10]. Moreover, a 
consumer’s behavioural changes directly result from 
self-motivation (Risk for life and Possible Exposure 
to Disease) and Government restrictions (Wen et al., 
2005). Here, for an individual to voluntarily indulge 
in health-protective behaviour like avoiding travelling, 
an effectively communicated message about the risks 
of exposure to the virus should be directed towards 
citizens, a direct outcome of the magnitude of scientif-
ic knowledge, novelty, and ambiguity [11]. Therefore, 
the greater is the perceived risk, the safer options an 
individual opts for. (Brug, Aro, & Richardus, 2009) On 
similar lines, it was found that preventive behaviours 
&self-protection motivation had a positive correlation 
with perceived severity; sensitivity also increased con-
cerns over self-efficacy is a point of focus during such 
epidemics (Sharifirad, Yarmohammadi, Sharifabad, & 
Rahaei, 2014). Even in this unique situation, self-in-
tention in terms of self-isolating & unexpected pur-
chase behaviour were linked together (Laato, Islam, 
Farooq, & Dhir, 2020). 

Online Purchase Intention
“Consumer behaviour might be anticipated from 

their intents, according to the idea of reasoned action.” 
(Ajzen & Fishbein, 1980). It was also elaborated that 
all variables of attitudes and intentions credibly lead 
to actual behaviours exhibited by consumers (Chen, 
Yan, Fan, & Gordon, 2015). In terms of effectiveness as 
and when an individual may buy, intentional measures 
overtake behavioural measures to engage customers 
in buying as consumers tend to ignore actual prefer-
ences due to some constraints (Day, 1969). In terms 
of online shopping, perceptions about web security, 
ease of website navigation, and usefulness play a criti-
cal role in strengthening a consumer’s intent to engage 
in specific online behaviours, as well as establishing 
that perceived web security plays a significant role in 
determining the online purchase in general [12]. The 
author elaborated that online purchase intention pro-
vides and determines the magnitude of strength to 
exhibit a specific buying behaviour (Salisbury, Pear-
son, Pearson, & Miller, 2001). Pavlou (2003)claimed 
that to accurately assess a consumer’s behaviour on 
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web-based merchants or sellers, and Online purchase 
intention is dependent on several elements based on 
TRA & TAM, among which anticipated views of utili-
ty and ease of use come in play.(Salisbury, 2001). 

Based on previous research and to establish an 
augmented study on antecedents and relation of brand 
familiarity with the attitude towards a brand and on 
confidence, which influences the purchase Intention, 
the author asserts that such variables can measure the 
purchase intention [13]. Moreover, variables such as 
confidence positively influenced the choice, and faith 
is differentiable from the attitude towards a brand. 
However, brand familiarity is proven to positively 
affect confidence (Laroche, Kim, & Zhou, 1996)(La-
roche & Sadokierski, 1994). Changa, Cheung, & Lai 
(2004)developing upon 45 empirical studies conduct-
ed over time, the primary purpose was to identify 
and summarize critical drivers towards engaging in 
online shopping by translating more than eighty an-
tecedents under the categories of ‘attributes of prod-
ucts’, ‘perceived characteristics of website’ and ‘types 
of the consumer [14] ’. Taking all in a single study by 
inter-relating the effects of shopping orientation, ex-
isting knowledge, confidence, and demographics and 
their subsequent results have never been studied. The 
author concluded that due to inconsistencies in the 
past studies regarding antecedents to online intention 
to shop like Risk & Trust and less exploration of few 
variables, further studies could be based upon linking 
TRA & TAM with variables [15]. 

However, dynamics have wholly shifted as new-
er ways of online shopping came into existence, like 
M-commerce and E-commerce [16]. More unique 
aspects leading to intention to purchase through so-
cial media are established and positively impact the 
same, i.e., website quality or design and system quality, 
which includes usability and accessibility. (Cassandra, 
Rudy, & Kristin, 2017)

Hedonic & Utilitarian Motivations and 
Online Purchase Intention

“The underlying causes or driving forces behind 
human behaviours that motivate consumers to fulfil 
actual needs,” according to motivations.” (Babin & 
Harris, 2017). Both hedonic and utilitarian incentives 
are important in predicting and influencing attitudes 
about internet purchasing. [17]. With e-commerce 
taking over, consumers are driven primarily not just 
for the reason of convenience but also aesthetically 

rich experience that this platform offers while empha-
sizing the importance of new media; the authors elab-
orate the perception framing and capturing of mind of 
consumers through utilitarian variables as predictors 
such as ease of navigation, convenience, substitutabili-
ty play an equivalent role( Childers, Carr, Peck, & Car-
son, 2001)).

In confirmatory of the two unique constructs, i.e., 
hedonic and utilitarian, which primarily forms atti-
tudes about a particular brand, here, the overall atti-
tude as measured using uni-dimensional scales (SD), 
but to gain insights into the magnitude of how differ-
ent product categories and attitude framing compo-
nents derive Behavioural Intentions towards a partic-
ular product, here an “Adequacy-Importance Model” 
can be applicable where consumers allocate rating to 
various development attributes as required [18]. “The 
hedonic component is linked with sensory, experi-
encing, and product qualities, whereas the utilitarian 
component is related with instrumental, functional 
attributes,” it was also noted.” (Batra & Ahtola, 1991).

The author said that, while both influenced both 
the objectives, the practical explanation was the im-
portant determinant in terms of overall intent, i.e., 
search and buy intent, to validate and broaden the ex-
tent of the dual motivation’s effect on search intention 
and purchase intention. [19]. Hedonic motivation also 
influenced the buying decision indirectly but directly 
by causing a search intention. “The utilitarian values, 
ranked by their relative importance, are: convenience, 
cost-saving, information availability, and selection,” 
and “the hedonic values, ranked by their relative im-
portance, are: adventure/explore authority, and status, 
“to express what variables play a significant role in the 
order of importance.” To (2007). Stating that a rich and 
aesthetically appealing online environment could in-
crease intention to search and explore, leading to an in-
crease in intent to buy (Impulsive purchase intention)
(To, Liao, & Lin, 2007). According to (Chakraborty & 
Soodan, 2019), determining the impact of both moti-
vations on intention in an online platform using mod-
eration of product browsing behaviour extracts an 
outcome of positive restraint with hedonic motivation 
and not with Utilitarian [20]. Moreover, considering 
variables of both explanations comes in confirmatory 
with the result of (To, Liao, & Lin, 2007). 

Now, as SNS continues to thrive and use web 2.0 
technologies wherein commerce and social interac-
tion go hand in hand reveals that key determinants 
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that measure social commerce intention of SNS users 
are social and Hedonic motivations, signifying that 
product-oriented information and utility comes in af-
ter the first two are satisfactory (Ko & Chang, 2017)

Situational Factors
“A situation is most simply defined by a locus in 

time and space” (Belk, 1975). In his subsequent paper, 
the author extends to define a behavioural setting (an 
expected pattern of behaviour in specified time and 
place) and an environment that constitutes both situa-
tion and behavioural setting. He concluded that to un-
derstand the crisis’s impact on behaviour, a two-per-
spective option was proposed, i.e., “psychological and 
objective”. One is to understand how individuals per-
ceive a situation and the actual attributes that define a 
problem before an individual interprets(BELK, 1975). 
Describing situational Influences using two dimen-
sions, i.e., universal vs. specific and direct vs. indirect 
factors that impact a decision-making process, the au-
thor states that situational influences are all non-per-
sonal / non- characteristically or where decision op-
tions are absent driven factors that guide intention to 
purchase (Ross & Robertson, 2003)

According to (Hand, Riley, Harris, Singh, & Rettie, 
2009), the role of situational influences on purchas-
ing through an online platform or refraining further 
(adoption or discontinuance), the author using cluster 
analysis explains two cluster groups of which such live 
events may trigger the adoption process and subse-
quent discontinuance after the condition/factor that 
led to adoption subsidies in case of dissatisfaction 
from the quality of service or in special conditions/cir-
cumstances where shopping initiated as an outcome of 
an erratic process rather than planned action or cogni-
tive decision process. 

Fashion Apparel and Online Purchase 
Intention

Fashion implies a current industry acknowledged 
and produced trend that the population at large ac-
cepts in Clothing, Footwear, Accessories, etc. The 
Fashion industry, as of date, thrives in a more than the 
ever globalized world, and countries like India being 
at the epicentres of it. 

To study what variables influence the intention to 
purchase, the author identifies a 46% variance in char-
acteristically driven intention compared to 9% driven 
because of Demographics. Openness as an influencer 

had the highest impact on how pleasing and socially 
acceptable it is to buy particular apparel. Others being 
the magnitude of how Extrovert, Open-minded, stables 
a person is. The more these are, the more is the positive 
impact on purchase intention of fashion apparel. Tak-
ing Demographics factors, Younger consumers tend to 
be more inclined to consider buying fashion apparel. 
Age had a direct result, but the personality traits were 
more receptive, agreeable. Female consumers were 
found to be more inclined than male counterparts on 
fashion apparel purchase intention (Roy, Sethuraman, 
& Saran, 2016). In developing countries with signifi-
cant youth, most of the marketing strategies are often 
revolved around them as the focus. This generation is 
peer and identity-driven, and all their purchases have 
a substantial impact on these two. They also perceive 
that their identity is reflected from the products they 
purchase of which Fashion apparel being one of their 
top priorities (Williams & Page, 2011). 

To identify shopping patterns and styles across the 
age group of Generation Y author argues that Individ-
uals of this Gen have increased purchasing power and 
are often indulged in impulsive buying behaviour in 
terms of their fashion apparel. They conclude that this 
generation constituting today’s youth is highly fash-
ion-conscious and is hedonically motivation-driven. 
Gen Y intent to be updated with the trends and re-
flect them being up to date to peer groups (Mandhlazi, 
Dhurup, & Mafini, 2013)

RESEARCH METHODOLOGY

Data Collection
The research looks at the effect of Covid-19 on 

online fashion clothing purchasing intent. A struc-
tured questionnaire was shared with the respondents 
for data collection. The Questionnaire was floated 
between individuals who purchase fashion apparel 
online. We used a convenience sampling method to 
invite respondents to fill out the Questionnaire using 
Google forms (https://docs.google.com/forms/).

All responders were told that the information they 
provided would be kept private. To guarantee that this 
study has a high level of confidence, 250 people were 
invited to complete an online questionnaire. Out of 
the total individuals the form was shared, 231 respons-
es were collected for further analysis after reducing the 
number of reactions with either missing values or un-
filled response forms.
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Questionnaire Formulation
There were two sections to the questionnaire. The 

first portion contained demographic information 
about the respondents, followed by a section contain-
ing study-related questions. To, Liao, and Lin’s items 
for assessing happiness, pleasure, and utility from 
online fashion garment purchases were used (2007). 
Nguyen et al. provided items for assessing Covid-19 
situation-based variables connected to online Fashion 
Apparel (2020),Items for safety and precaution were 
accepted as a predictor of desire to buy online fashion 
clothing(Shahbaz, Bilal, Moiz, Zubai, & Iqbal, 2020).
(Martn & Herrero, 2011) and (Martn & Herrero, 
2011) were used to develop Purchase Intention mea-
sures (van der Heijden, 2004). The items were mea-
sured using a five-point Likert scale with (1) “Strongly 
disagree” and (5) “Strongly agree” as the anchors.

DATA ANALYSIS

Demographic Data
The first portion of the Questionnaire collected de-

mographic data about the respondents, such as their 
name, age, gender, and income. Young folks made up the 
bulk of the respondents: 58.9% of the respondents were 
between the ages of 20 and 25, 22.5 percent were between 
the ages of 25 and 30, 9.1 percent were above the age of 
40, and the remaining respondents were between the 
ages of 30 and 40 and below the age of 20. The gender 
ratio of the respondents was 58 % male, 41.1 % female, 
and 0.9 % preferred not to say. 60.2% of the respondents 
were dependents,17.3% earn between 5 lakhs to 12 lakh 
per annum,14.3% of the respondents earn more than 12 
lakhs per annum, while 8.2% earn less than 5 lakhs an-
nually. Also, when asked how often does the applicant 
Purchase online Fashion Apparel Online, 44% expressed 
buying once every quarterly, 38% every month, 15.4% 
once a year, and 2.6% every week, signifying a substantial 
amount of purchases done in a short period.

RESULTS
There were two steps to the data analysis. The 

questions assessing the four predictors were first sub-
jected to an exploratory factor analysis. Second, multi-
ple regression was used to determine the influence of 
these variables on online purchase intentions among 
customers. The data was subjected to descriptive sta-
tistics and reliability testing before moving on to the 
next phases, as indicated in Table 1.

TABLE 1
Demographic distribution

Characteristics Numbers 
(n=231)

Percentage

Gender Male 134 58
Female 95 41.1
Prefer not to say 2 0.9

Age < 20 2 0.9
20-25 136 58.9
25-30 52 22.5
30-40 20 8.7
> 40 21 9.1

Income Dependant 139 60.2
Less than 5 lakhs 19 8.2
5-12 Lakhs annually 40 17.3
More than 12 Lakhs 33 14.3

The variables’ final scores were determined by aver-
aging individual ratings across all statements. The Cron-
bach’s coefficient alpha was used to assess the factors’ re-
liability. Table 1 shows that there were no reliability issues 
with the variables because the Cronbach’s alpha () value 
was more than 0.7 for all of the variables as mentioned 
by(Hair Jr, Black, Babin, & Anderson, 2010)

Exploratory Factor Analysis (EFA)
Using principal components with Varimax rotation, 

EFA was done for the items assessing the four predic-
tors: situational variables, utilitarian, hedonic, safe-
ty, and precaution. The KMO value was 0.760, with a 
significance level of 0.001 for Bartlett’s Test, indicating 
that the data were valid for EFA. The screen plot in Fig-
ure 1 shows the eigen values of four components that 
are more significant than one. Table 2 shows that the 
variables explained 72.992 percent of the total variance, 
with factor loadings larger than 0.5.As shown in Ta-
ble 3. The four factors representing a single component 
1 were named as “Situational Factor”. Component 2, as 
extracted from analysis which contained four items, is 
denoted by “Utilitarian Motivation”. Component three, 
containing four things, is marked as “Hedonic Moti-
vation,” and three articles of the fourth component are 
denoted by “Safety and Precaution”.

Multiple Regression Analysis
As EFA extracts principal components, a regression 

can be done, saving the factors used as independent 
variables for further analysis. Thus, among the inde-
pendent variables, the issue of Collinearity is solved 
(Amine, 2015)
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FIGURE 1.Scree Plot

TABLE 2
Variables and properties

Variables(Cronbach’s Alpha) Mean(M) Standard 
Deviation 

(SD)
Situational Factors (α= 0.890)
Utilitarian Motivation (α= 0.825)
Hedonic Motivation (α= 0.915)
Safety and Precaution (α= 0.712)
Online Purchase Intention (α= 0.832)

3.67
4.06
4.27
3.85
3.81

1.05
0.81
0.97
0.88
1.07

Note: SD = Standard deviation; α = Cronbach’s Alpha

The effect of the four variables of the consumer’s 
online purchasing intention on fashion clothing was 
investigated using multiple regression analysis. Box 
plots, scatter plots, Mahalanobis distance, tolerance 
value, and the variance inflation factor were used to 
verify all regression assumptions. Multivariate outliers 
and multicollinearity were also not a problem.

As demonstrated in Table 4, the situational com-
ponent (β = 0.452, p<0.05), helpful motivation (β = 
0.394, p<0.05), and safety and precaution (β = 0.175, 
p<0.05) all had a favourable and substantial influence 
on consumer online buy intention on fashion cloth-
ing. Although hedonic motivation had a favourable 
influence on online purchase intention (β = 0.074, p 
> 0.05), it was not significant. The four variables to-
gether explained 39.50 percent of the variance in on-
line purchasing intention, R2 = 0.395, F = 36.948, p< 
0.05. Also, it was the impact of situational factors that 
applied the strongest impact as resulted from multi-
ple regression analysis on online purchase intention, 
demonstrated by the standardized regression coeffi-
cients having value (β = 0.452), followed by practical 
motivation (β = 0.394), safety and precaution (β = 
0.175) and lastly hedonic motivation (β = 0.074).

TABLE 3
Exploratory factor analysis

Factors Loading Variance Explained (%)

Factor 1: Situational Factors 
During the COVID-19 epidemic, several fashion stores were forced to close.
Visiting physical stores/showrooms during the COVID-19 epidemic carries 
severe health hazards.
During the COVID-19 epidemic, online fashion clothing stores/websites 
expand their product portfolio.
During the COVID-19 epidemic, online fashion websites provide additional 
sales deals.

0.847

0.893

0.758

0.848

22.023

Factor 2: Hedonic Motivation 
Online Fashion Apparel shopping is fun
Online Fashion Apparel shopping is exciting
Online Fashion Apparel shopping is pleasant
Online Fashion Apparel shopping is entertaining

0.975
0.605
0.978
0.974

19.99

Factor 3: Utilitarian Motivation 
Online Fashion Apparel shopping is helpful
Online Fashion Apparel shopping is useful
Online Fashion Apparel shopping is functional
Online Fashion Apparel shopping is practical

0.764
0.801
0.731
0.808

17.79

Factor 4: Safety and Precaution 
Online Sellers Offer Safer delivery and Sanitized products during Covid-19
Online Sellers Assure Safety and Hygienic Standards Across Its Sites
During Covid-19, I was pleased with the product packing provided by inter-
net merchants.

0.890
0.846

0.557

13.17

Total variance explained 72.992%
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TABLE 4
Results of multiple regressions

Variable Multiple Regression
B(Unstan-
dardized)

β(Stan-
dardized)

t Sig. (p)

(Constant)
Situational factor
Hedonic Motiva-
tion
Utilitarian Moti-
vation
Safety and pre-
caution

11.424
1.263

0.207

1.099

0.489

0.452

0.074

0.394

0.175

79.248
8.740

1.430

7.609

3.388

0.000
0.000

0.154

0.000

0.001

Note: Significant at * p<0.05; Dependent variable – “Online 
Fashion Apparel Purchase Intention.”

CONCLUSION AND DISCUSSION
A significant amount of research has been conducted 

on online purchase intention and fashion apparel; how-
ever, as a novel virus covid-19 since it turned into a pan-
demic, it has resulted in brick and mortar stores/show-
rooms shut temporarily until circumstances improve. In 
this study, the authors aimed to determine what leads a 
consumer to purchase fashion apparel through an on-
line platform like websites and social media. This study 
is considered among very few conducted towards ex-
ploring the impact on online purchase intention during 
a pandemic, especially considering fashion apparel in 
focus measuring effect and significance of four factors, 
namely situational influences of covid-19, motivations 
(utilitarian and hedonic), and safety &precaution. The 
results also enlarge the scope of such studies conducted 
previously by bringing into focus two factors that authors 
believe will have a significant impact. 

The analysis of data using two methods, i.e., Ex-
ploratory factor analysis and multiple regression anal-
ysis, results that such circumstances of a disease that 
turn into a worldwide pandemic have a considerable 
impact on the consumer’s behavioural approach to-
wards their shopping orientation as a direct outcome 
of change indifference in the level of motivations 
of purchase intention. The results depict that the 
covid-19 pandemic had a significant influence and 
positively impacted purchasing online fashion appar-
el. The factor which affected most and was completely 
substantial in determining the online fashion apparel 
purchase intention was the “situational factor” (β = 
0.452). The role of this predictor comes in confirma-
tory of (Hand 2001), elaborating through cluster anal-
ysis that situational influences may trigger purchase 
intention as a result of unique circumstances like one 

in the current scenario covid-19 pandemic where con-
sumers to satisfy adopt for an alternative way to meet 
needs (Hand, Riley, Harris, Singh, & Rettie, 2009). The 
reasons being that during the pandemic, the majority 
of retail fashion apparel stores/showrooms got closed 
following government restrictions, online sellers of-
fering product line extension, sales promotion on 
online platforms, which acted as a catalyst to increase 
the intention. However, the following two predictors 
in order of sequence were Utilitarian Motivation and 
Safety & Precaution. 

The practical motivation could be reasoned as they 
seek practicality and usefulness as their top priorities. 
This can be explained by stating that they get a more 
comprehensive selection of variety and convenience 
(saving time and resources) directly from the manu-
facturers. Another factor that seems to impact posi-
tively and have a significant impact in a pandemic is 
Safety and Precaution (β = 0.175); as the disease is eas-
ily transmissible through person to person in the form 
of aerosols or even from unhygienic infected surfaces, 
safe delivery is offered by online sellers assuring se-
cure handling and sensitization of consumer products 
motivate a consumer. The last predictor being an im-
portant one and having a positive but not significant 
impact is hedonic motivations, in which consumers 
seek excitement, pleasantness, fun, and entertain-
ment. This can be elaborated, stating that individuals, 
in general, are scared for their lives and strive to sat-
isfy basic needs along with safety and then proceed to 
other categories of needs up the ladder which parallels 
with hedonic characteristics (Maslow, 1943). 

Overall, Online sellers should focus on leveraging 
the given situation as more people seek alternatives to 
the traditional way of shopping and adopt online pur-
chases. The focus should be on extending their product 
portfolio, offering sales promotion to price-sensitive 
and seeking value being pragmatic. Also, sales promo-
tion could include Additional discounts for first-time 
buyers, introducing members-loyalty programs to en-
gage consumers for the long term, building upon an 
effective customer lifetime value model, and investing 
initially in them. Sellers can promote heavily using dif-
ferent modes of media to generate awareness among 
potential consumers targeting usefulness and function-
ality as the main content in their messages. Emphasis 
along all these along delivering messages about safe and 
sanitized delivery and product handling confirming to 
government Norms increasing consumers’ confidence.
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FUTURE SCOPE
There are several ways in which research studies 

shortly can be broadened and refined using the current 
research. The sample was collected using convenience 
sampling, due to which there could be a chance of biased 
opinions. One of the probability sampling techniques, 
such as random sampling, can be used to eliminate this.

Also, the data is collected from 231 consumers, 
which can be increased to make the study’s result more 
credible, thereby generalizing the study’s outcome. Fi-
nally, an analysis can be directed to more potential de-
termining factors of online Fashion apparel purchase 
intention, which may impact the purchase behaviour 
previously and during the Covid-19. A similar study can 
also be initiated in new Demographic territory. Also, a 
comparative analysis can be done on the impact of fac-
tors determining purchase intention of online fashion 
apparel during pre-covid-19 and post-covid-19. 
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Abstract
The World Health Organization (WHO) declared coronavirus 
(COVID-19) as a global health emergency in January, which has 
impacted different sectors worldwide. The education sector in In-
dia and worldwide is no exception, as the current health crisis and 
lockdown regulations disrupted the educational learning system. 
Educational institutions have slowly acclimatized to digital learn-
ing platforms to minimize the impact of the pandemic on educa-
tion. Even the post-graduate students in India have also moved to 
the virtual mode of learning. Accessible technologies have made 
it possible for the students to step gradually to flexible learning. 
Flexible learning is learner-centered, giving independence and en-
couraging flexibility in the time, mode, evaluations, academic and 
personal excellence, and study location.
AIM: This research aims to analyze management students’ per-
ception towards flexible learning methodology for self-devel-
opment and active learning in times of the ongoing COVID-19 
pandemic in India. 
METHODOLOGY: A self-administered online structured ques-
tionnaire was drafted and sent to 410 management students. 
The research is based on methods of quantitative analysis from 
the students pursuing an MBA. The survey data is mainly based 
on the factors that motivate and enhances management stu-
dent’s participation in flexible learning.
RESULT: A total of 244 management students responded to the 
questionnaire. The study highlights that five main factors are 
important for the management students to lead them to an ef-
fective way of learning regarding flexibility dimensions: resourc-
es, content, delivery, time, and pedagogy.
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Introduction
The highly contagious disease known as corona-

virus has spread worldwide, affecting human society 
and the economic cycle. This infectious disease has 
rattled all the businesses, and the fear has even ex-
tended to the educational sector. The world has been 
put under lockdown, including educational institu-
tions to contain the virus’s spread, which has affected 
all the learners, ranging from school-going children to 
post-graduate students. ACCORDING TO THE UN-
ESCO INSTITUTE FOR STATISTICS, the COVID-19 
pandemic has contributed to closing schools in 188 
nations, impacting more than 1.5 billion children and 
63 million primary and secondary teachers global-
ly, according to the UNESCO Institute for Statistics 
(Rana, 2020). This pandemic has led to a situation of 
uncertainty regarding the reopening of institutions 
[1]. The Ministry of Human Resources Development 
(MHRD) has created various arrangements, including 
online portals and educational channels through di-
rect-to-home TV and radios, to continue learning.

In India, during the government’s five lockdown 
phases, no relaxation was given to academic institu-
tions across the country in carrying out the traditional 
educational practices. The pandemic has raised the 
pressure on the higher qualified graduates. The Uni-
versities are closed, and many of the semester-end 
exams at colleges have been postponed. The change 
from a classroom environment to an electronic frame-
work has been a problem for institutions. Universities 
have started looking at the education system from 
a dynamic perspective [2]. There has been a drastic 
change in learning mode to curb this loss on student 
education on a long-term basis. Higher education, in-
cluding several disciplines, has been hindered a lot by 
the virtual learning mode model, which has reduced 
the experiential learning mode among the students 
and has also affected the one-on-one interaction with 



Issue 25. December 2022 | Cardiometry | 537

the teachers. Management college students are no ex-
ception to this. Learning is a continuous process and 
to remain unaffected. There is a total shift from tradi-
tional learning to virtual learning, one of the largest 
educational experiments. This generation of students 
possesses the ability to gather information and learn 
quickly. The learning approach needs to be systematic, 
methodical, and learner-centric to create relatedness 
between students and developing learning outcomes. 
This pandemic and lockdown period has caused the 
educational institutions to remain closed temporarily 
but has provided an opportunity to enhance students 
learning perspective through a technologically col-
laborated system. A lot of management educational 
associations and universities are collaborating with 
multiple groups of people such as government-driv-
en education bodies, education, technology providers 
(Zoom meets, Microsoft teams, google meets, etc.) to 
continue the teaching practices by adopting digitiza-
tion [3]. 

One such practice and approach to learning is Flex-
ible Learning. Lee and McLoughlin (2010) defined 
flexible learning as a “set of educational approaches 
and systems concerned with providing learners with 
increased choice, convenience, and personalization to 
suit their needs. In particular, flexible learning pro-
vides learners with choices about where, when, and 
how learning occurs, by using a range of technologies 
to support the teaching and learning process”. It has 
provided a balanced pragmatic and personal flexibil-
ity learning approach to management students. It has 
promoted self-reliance during this pandemic period 
and built confidence among the students. It has helped 
the students to reach out to the global educational 
platforms to improve their individualized learning [4]. 
‘Flexible Learning is a set of educational philosophies 
and systems, concerned with providing learners with 
increased choice, convenience, and personalization 
to suit the learner. In particular, flexible learning pro-
vides learners with choices about where, when, and 
how learning occurs. Sometimes, it is also referred to 
as personalized learning.

Literature Review
In this pandemic situation, flexible learning gave 

a friendly learning environment to the management 
students. This platform has provided learner’s choices 
using several instructional approaches, such as lec-
tures with tutorials, independent study, discussion, 

seminar groups, debates, student-led discovery ap-
proaches, and educational gamification. It has helped 
the students get enthusiastic, motivated and improved 
the learning quality [5]. 

Flexible learning has given a wide range of oppor-
tunities to connect with ongoing opportunities and 
provide them with various authenticated materials. 
The students can apply three learning theories: Con-
nectivism, Constructivism, and Engagement, and also 
they use various flexible learning methods, like Blend-
ed learning, Massive Open Online Courses (MOOCs), 
and experiential learning. 

Many educational institutions have started us-
ing various technology platforms for different learn-
ing ways, which has helped the institutions provide 
continuous and uninterrupted learning during the 
COVID-19 pandemic situation. Learning engagement 
in a context of self-determined learning requires the 
satisfaction of a sense of autonomy. “Flexible learning 
is an alternative to the face-to-face teaching model tra-
ditionally associated with higher education [6]. ” 

The faculty involvement has been a challenge in 
this flexible mode of learning. Nevertheless, the de-
veloped and the structured course outline has helped 
both the instructor and the students to dedicate their 
time to learning. Successful flexible learning is techno-
logically driven, leading to better subject knowledge 
and advanced IT capabilities, which are important for 
management students joining the workforce.

The management students have now started a web-
based learning skill to encounter the recent changes 
happening all over. For higher education, the expres-
sion ‘flexible’ is sometimes combined with ‘teaching,’ 
‘delivery,’ and ‘ learning.’ It has allowed students to 
learn in a holistic view and use their parameters to 
learn new subjects or topics. The word embraces in-
dividuality and self-direction in studying, which sug-
gests that students are motivated individuals and so-
cially to achieve and learn [7]. 

Flexible learning is often correlated with e-learn-
ing, open learning, distance-learning, or blended 
learning. Many universities have started the use of dy-
namic learning platforms for management students to 
increase their knowledge base. The students face some 
problems in the flexible learning approach, but it has 
not impacted the students much. It was highlighted in 
the studies that deficiencies, such as the vulnerability 
of the online educational system, instructor inexperi-
ence, knowledge gap, a complex home environment, 
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have a minor impact on learning. The virtual learning 
environment allows management students to create 
a world of learning experience through interaction, 
simulation, and collaboration, making it an immersive 
environment.

The adaptive learning approach can be applied at 
different levels, including teaching and learner man-
agement, organizational management, and institu-
tional management. According to a ministry survey 
report, the Ministry of Human Resource Development 
(MHRD), Government of India, which was conducted 
on higher education, found that there are 993 univer-
sities, 39931 Colleges, and 10725 standalone institu-
tions listed on their portal, which contribute to educa-
tion and has been affected during this pandemic [8]. 

COVID-19 pandemic and lockdown restrictions 
have paved the way for digital learning. They have 
forced the education institutions to incorporate tech-
nology to another level for student-faculty and stu-
dent-student interaction to happen smoothly in tradi-
tional classroom learning lines. 

Every system has its advantages and its disadvan-
tages. Learning needs to be transferred constructively 
and functionally to make this learning student-centric. 
Online learning is described as a learning experience 
in synchronous or asynchronous environments using 
various internet-connected devices where students 
can interact with teachers anywhere. Various dimen-
sions have been defined to focus on flexibility at the 
teaching and learner management level. Some of them 
that can be mentioned are time, content, delivery, ped-
agogy, resources, support, etc. The time dimension 
category can be elaborated to the tempo for a learner 
through the course, time flexibility due to course out-
line, and structured planning for assessments. Content 
dimension provides scope for personalized learning, 
approach to the topic, ways of learning through dif-
ferent activities, etc. The delivery dimension caters to 
the ease of understanding of a topic and the mode in 
which learning is carried out [9]. 

Students learn in various ways; some prefer visu-
al studies while others prefer textual material studies, 
some are self-motivated active learners, while others 
are dependent on others, some prefer engaging in 
group learning. The methods of obtaining knowledge 
and keeping the continuous learning objective as per 
one’s convenience also point out the access to quality 
resources. The management institutions in India pro-
mote learning with optimal utilization of technology 

to minimize the gap between the learners and educa-
tion during this COVID-19 pandemic. 

This study involves highlighting the perception of 
management students towards the virtual platform 
learning to provide active and convenient learning 
(flexible learning) in light of India’s coronavirus pan-
demic and lockdown period [10]. 

Research Methodology
The research is based on methods of quantitative 

analysis, and the data is primary data. The study is 
based on convenience sampling. A structured ques-
tionnaire consisting of 19 statements was administered 
to 410 Post Graduate management students through 
online platforms, out of which 253 responded. Nine 
respondents were excluded from the study because 
of incomplete responses. As per data received of 244 
respondents with a response rate of 61%, the analysis 
was done using IBM SPSS Statistics 25.

The questionnaire seeks to find the factors motivat-
ing students to participate in flexible learning during 
the COVID-19 scenario. The questionnaire focuses on 
getting students’ responses on the level of agreement 
for the set of statements related to methods in the vir-
tual model of learning compared to the traditional 
mode of learning, time management of students, and 
approach towards flexible learning [11]. The respon-
dents were asked to rate the student perspectives to-
wards these statements on a 4-pointer Likert scale (1= 
Strongly disagree, 2=disagree, 3=agree, 4=Strongly 
agree). Frequency analysis was done to understand the 
respondents’ demographic (gender, age group, virtual 
learning experience, and Preference of Gadget/device 
for virtual classes).

In order to determine how closely related these 
statements are, a reliability test was done. The value 
for Cronbach’s alpha was calculated to bring out the 
consistency in the statements. An Independent sample 
T-test has been performed to check whether there are 
any differences in the respondent’s virtual learning ex-
perience concerning these 19 statements. Factor anal-
ysis is done to extract the important factors towards 
the dimensions of flexibility [12]. 

Findings
In this study, a total of 244 management students 

responded to the questionnaire. Descriptive statistics 
were used to find out the different demographics of 
the respondents. Table1 reveals the participants’ de-
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mographics along with experience of virtual learning 
and preferences of the devices used for virtual classes. 
Out of the entire study population, 94 (38.5%) were 
female, and 150 (61.5%) were male. 

The maximum respondents were from the age 
group 23-26 (N=167, 68.4%), followed by the students 
belonging to age group 20-22 (N=37, 15.2%). There 
were very few respondents from the age group 27-30 
(N=29, 11.9%) and 30 and above (N=11, 4.5%).

The study population reported that 167 students 
(68.4%) have prior virtual learning experiences from 
the data collected. The study also reveals that out of 
the total population, 48.4% of students preferred to 

use only laptops, followed by 21.7% of students using 
mobiles and laptops for the virtual classes [13]. 

Figure 1 indicates the motivator factor for the man-
agement students to participate in flexible learning. 
“Increase in knowledge skills” (77.45%) was the most 
important motivator for the students participating 
in virtual learning. Around (53.68%) of the students 
were inclined towards E-learning because of interest 
in topics. The study revealed that (43.31%) were in-
terested in flexible learning because of “Certificate for 
successful completion” as a motivator factor. It also 
showed that the “Required by college professor” fac-
tor did not motivate many students for active learning; 
rather, students were motivated because of “Employ-
ment [14]. ” 

The reliability test was done to check the internal 
consistency of all 19 statements related to students’ 
perception towards flexible learning as an active learn-
ing methodology to enhance growth concerning the 
dimensions of flexibility. The Cronbach’s alpha was 
0.872, which shows good reliability, and the state-
ments are closely related (see Table 2).

The frequency and the percentage for each of the 19 
statements rated on a four-point scale were calculated 
(see Table 3). Most of the students (N=126,51.6%) in-
dicated that the course provided flexible learning and 
a better understanding of the subject and topic. Many 
students (N=104,42.6) believed that the course gives 
them the freedom to customize on subjects [15]. It ap-
peared that nearly half of the students (N=124,50.8%) 
believed that learning practice is self-directed and stu-
dents (N=121,49.6) can support their learning because 
of lecturers making good use of the web. It was found 
that students (N=120,49.2%) liked active learning be-
cause of the high-quality resources provided by the 
lecturers for easy understanding of the topic. There 

Table 1
Descriptive Statistics

DETAILS DESCRIPTION FRE-
QUENCY

PERCENT-
AGE %

Gender Female 94 38.5
Male 150 61.5

Age group 20-22 37 15.2
23-26 167 68.4
27-30 29 11.9
30 and above 11 4.5

Any experience of 
virtual learning?

Yes 167 68.4

No 77 31.6
Preference of 
gadget/device for 
virtual classes

Laptop 118 48.4

Mobile 45 18.4
Tablet 1 0.4
Laptop & Tablet 14 5.7
Mobile & Laptop 53 21.7
Mobile, Laptop 
& Tablet

13 5.3

 

Figure 1: Factors Motivating To Participate In Flexible Learning
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was a mixed feeling among the students (N=92,37.7) 
that use of jargon. 

Used by the lecturers had hampered the learning 
and understanding of the topic. It reflected that some 
of the students agreed to have convenience in virtual 
learning and better understand the subject. However, 
few of them agreed that traditional learning is more 
convenient. Nearly half of the students (N=118,48.4) 
showed that the course provides them flexibility in 
assessment and evaluating academic programs. It ap-
peared that most of the students (N=88,36.1) found 
it difficult to organize time for teamwork and group 
study. It indicated that nearly half of the students 
(N=112,45.9) found that the course outline is struc-
tured. Students (N=110,45.1) prefer to give group 
assessments for sharing knowledge. Many students 
(N=116,47.5) believed that there is transparency in 
the course to progress on subjects for self-monitor-
ing [16]. A neutral feeling among the students for the 
study material shared by the lecturer is sufficient to 
understand the subject. Most students (N=115,47.1) 
believed that OER (Open Educational Resources) had 
enhanced their learning. Nearly half of the students 
(N=116,47.5) agreed that virtual learning creates a lack 
of interaction between the learners and facilitators. A 
balanced belief among the students utilized time in 
prior learning before the actual session(N=103,42.2). 
Students strongly agreed that (N=103,42.2) flexible 
learning had created a balance between work, study, 
and social life. Many students (N=99,40.6) agreed that 
their course provides flexibility for other skill develop-
ment activities for professional growth.

Independent Sample T-Test:
The independent sample T-test is performed to an-

alyze whether there is a contrast of respondent’s atti-
tude having past virtual learning experience concern-
ing the 19 statements governing flexible learning. The 
null hypothesis is that there is no significant difference 
in the respondent’s virtual learning experience con-
cerning the 19 statements. The alternate hypothesis is 
that there is a significant difference in the respondent’s 
virtual learning experience concerning the 19 state-
ments. Table 4 gives us the descriptive statistics for the 
two groups and the mean and standard deviation of 
the various statements [17]. From the table, we can say 
that there is a significant difference between people 
having prior experience of virtual learning and peo-
ple not having a prior experience of virtual learning 

Table 2
Reliability Test

Case Summary
 N %

Cases Valid 244 100
Excludeda 0 0
Total 244 100

Reliability Statistics
Cronbach’s Alpha N of Items

0.872 19

Table 3
Frequency analysis

Statements based on a 4-point Likert 
scale 

Highest 
frequency 

Percent-
age %

1. Understanding topic by flexible 
learning 126 51.6

2. Customization on subjects 104 42.6

3. Self-directed learning 124 50.8

4. Lecturers provide high-quality re-
sources 120 49.2

5. Effective use of the web for learning 121 49.6

6. Use of jargons hinders learning 92 37.7

7. Virtual learning is more convenient 
than traditional classroom learning 68 27.9

8. a better understanding of the virtual 
platform 84 34.4

9. Difficulty in managing time for 
group-work 88 36.1

10. Flexibility in the assessment of aca-
demic programs 118 48.4

11. Structured course outline to en-
hance time flexibility 112 45.9

12. Enhancement of learning by group 
assessments 110 45.1

13. Transparency for self-monitoring to 
promote active learning. 116 47.5

14. Sufficient Online study materials by 
lecturers 90 36.9

15. OER (Open Educational Resources) 
courses enhance my learning 115 47.1

16. Virtual learning creates a lack of 
interaction between learners and 
facilitators.

116
47.5

17. Prior-learning for better under-
standing 103 42.2

18. Flexible learning creates a balance 
between work, study, and social life 103 42.2

19. Flexibility for other skill develop-
ment activities for professional growth. 99 40.6
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towards the provision of flexible learning in the course 
and understanding of the topic (p=.000 & p=.001); per-
sonalized learning for students (p=.012 & p=.013); the 
practice of learning is self-directed (p=.004 & p=.007); 
provision of high-quality resources by lecturers for a 

better understanding of the topic (p=.019 & p=.029); 
flexibility in assessment pattern and evaluation of aca-
demic programs (p=.004 & p=.007); structured course 
outline for time flexibility (p=.016 & p=.018); better 
learning from Open Educational Resources (p=.002 

Table 4
Group Descriptive Statistics & Independent Sample T-Test

Any experi-
ence of Virtu-
al learning?

N Mean Std. 
Devia-

tion

Std. 
Error 
Mean

Signif-
icance 

(2-tailed)
1. My course provides flexible learning and helps me to under-
stand the subject/topic better.

Yes 167 3.42 .604 .047 .000
No 77 3.10 .661 .075 .001

2. My course gives freedom for customization on subjects (per-
sonalized learning for students).

Yes 167 3.23 .821 .064 .012
No 77 2.95 .826 .094 .013

3. The practice of learning is self-directed. Yes 167 3.47 .692 .054 .004
No 77 3.17 .834 .095 .007

4. Lecturers provide high-quality resources (podcasts, Open edu-
cational resources, videos, etc.) to understand the topic.

Yes 167 3.19 .702 .054 .019
No 77 2.95 .841 .096 .029

5. Lecturers make good use of the web to support my learning. Yes 167 3.26 .687 .053 .179
No 77 3.13 .784 .089 .201

6. Lecturers use of jargon hinders my learning and understanding 
of the topic.

Yes 167 2.90 .920 .071 .968
No 77 2.91 .846 .096 .967

7. Virtual learning is more convenient than traditional classroom 
learning.

Yes 167 2.56 1.117 .086 .227
No 77 2.38 1.113 .127 .227

8. Lectures held on the virtual platform help me to understand my 
subjects better.

Yes 167 2.78 .927 .072 .060
No 77 2.53 .981 .112 .066

9. I find it difficult to organize teamwork and collaboration among 
the students for group study.

Yes 167 3.00 .938 .073 .918
No 77 2.99 .851 .097 .915

10. My course provides flexibility in assessment patterns and eval-
uation of academic programs.

Yes 167 3.22 .723 .056 .004
No 77 2.92 .823 .094 .007

11. My course outline is designed in a structured manner to en-
hance time flexibility.

Yes 167 3.29 .729 .056 .016
No 77 3.04 .768 .088 .018

12. I prefer to give group assessments as they are an effective way 
of sharing k2wledge and enhancing learning.

Yes 167 3.26 .713 .055 .662
No 77 3.22 .700 .080 .660

13. My course is transparent towards progress on subjects for 
self-monitoring to promote active learning.

Yes 167 3.12 .805 .062 .792
No 77 3.09 .764 .087 .788

14. Online study materials shared with me by lecturers are suffi-
cient to understand the subject.

Yes 167 2.94 .942 .073 .250
No 77 2.79 .908 .103 .244

15. I believe that OER (Open Educational Resources) courses en-
hance my learning. (Ex.- Freely available licensed resources, inter-
active mini-lessons and simulations, etc.)

Yes 167 3.38 .646 .050 .002
No 77 3.08 .791 .090 .004

16. Virtual learning creates a lack of interaction between learners 
and facilitators.

Yes 167 3.25 .839 .065 .904
No 77 3.26 .894 .102 .906

17. I utilize my time in prior learning to better understand the topic 
before the actual sessions.

Yes 167 3.05 .880 .068 .498
No 77 2.97 .794 .091 .482

18. Flexible learning in curriculum creates a balance between work, 
study, and family commitments.

Yes 167 3.31 .827 .064 .014
No 77 3.03 .794 .091 .013

19. My course gives flexibility for other skill development activities 
for professional growth.

Yes 167 3.26 .843 .065 .004
No 77 2.91 .906 .103 .005
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& p=.004); flexible learning balances work, study and 
social life (p=.014 & p=.013); engagement in other 
skill development activities because of flexible course 
outline (p=.004 & p=.005). This significant difference 
can be attributed to the fact that students having prior 
experience of the virtual platform are very much ac-
customed to the system, instructions to be followed, 
how to get full advantage of the virtual learning class-
es, proper adoption to the approach of online, blend-
ed learning and can manage and adapt to the course 
timeline. For the remaining set of statements, the null 
hypothesis is getting accepted. Hence, there is no sig-
nificant difference in the student’s prior experience of 
virtual-based learning concerning the flexible learn-
ing pedagogy [18]. Table 4 shows the Group Descrip-
tive Statistics & Independent Sample T-Test

Factor analysis:
The KMO measure of sampling adequacy tells us 

whether the responses given are adequate or not. A 
high value of KMO statistics shows the appropriate-
ness of factor analysis. KMO statistics’ value is mea-
sured to be 0.864 and comes under the factor analysis 
model’s acceptance region. Bartlett’s test of sphericity 

is conducted to negate the hypothesis that the correla-
tion matrix is an identity matrix. The existence of an 
identity matrix places a question on the correctness 
of factor analysis. By getting the significance value of 
(0.000), which is less than (0.05), we reject the hypoth-
esis. The Chi-square value comes out to be 1578.024 
with the degree of freedom 171 (see Table 5).

Table 5.
KMO and Bartlett’s Test

Kaiser-Meyer-Olkin Measure of Sam-
pling Adequacy. 0.864

Bartlett’s Test of 
Sphericity

Approx. Chi-
Square 1578.024

df 171
Sig. 0

The Communalities table tells the measure of vari-
ance a component shares with the other components 
considering the factor analysis model. This table con-
sists of initial communalities, which is considered 
1.000, and the extracted communalities. Comparative-
ly smaller values are to be removed and not considered 
for factor analysis (see Table 6) [19]. 

Table 6
Communalities
 Initial Extraction
1. Understanding topic by flexible learning 1 0.558
2. Customization on subjects 1 0.538
3. Self-directed learning 1 0.71
4. Lecturers provide high-quality resources 1 0.674
5. Effective use of the web for learning 1 0.561
6. Use of jargons hinders learning 1 0.636
7. Virtual learning is more convenient than traditional classroom learning 1 0.66
8. a better understanding of the virtual platform 1 0.756
9. Difficulty in managing time for group-work 1 0.71
10. Flexibility in the assessment of academic programs 1 0.591
11. Structured course outline to enhance time flexibility 1 0.528
12. Enhancement of learning by group assessments 1 0.694
13. Transparency for self-monitoring to promote active learning. 1 0.722
14. Sufficient Online study materials by lecturers 1 0.526
15. OER (Open Educational Resources) courses enhance my learning 1 0.504
16. Virtual learning creates a lack of interaction between learners and facilitators. 1 0.692
17. Prior-learning for better understanding 1 0.331
18. Flexible learning creates a balance between work, study, and social life 1 0.372
19. Flexibility for other skill development activities for professional growth. 1 0.587
(Extraction Method: Principal Component Analysis.)
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The total variance explained in a table (see Table 7) 
gives the eigenvalues. It consists of three sub-groups, 
i.e., initial eigenvalues, extraction sums of squared 
loadings, and rotation sums of squared loadings. The 
eigenvalue gives the degree of variance in a compo-
nent taken into consideration associated with a factor. 
As per the study, only five factors are having an eigen-
value of more than (1). All these five factors, taken to-
gether, account for 59.739% of the total variance. The 
% of variance gives us the share of variance in each 
factor concerning the total variance. Here, factor 1 
has an eigenvalue of 6.159, which holds the maximum 
share of 32.416 % of the variance. 

A rotated component matrix is the rotated ver-
sion of the component matrix for ease of interpreta-
tion and a simple structure for grouping the compo-
nents. Component matrix gives the extracted values 
generated, which are called loadings. The higher the 
value of the loading, the factor contributes more to 
the component. There is a requirement of rotation 
because the originally unrotated factors are difficult 
to interpret. ‘Varimax procedure’ is used for rotation 

here. The column here gives each component’s fac-
tor loading towards a particular factor (see Table 8). 
The cut-off point for the absolute value is kept at 
(0.6) [20]. 

From Table 7, the rotational component matrix 
gives us:
• Lecturers provide high-quality resources, effective 

use of the web for learning, OER (Open Educa-
tional Resources) courses enhance my learning. 
Understanding a topic by flexible learning has high 
loading on factor 1. These factors are grouped un-
der one common factor called ‘Resources.’

• Transparency for self-monitoring to promote ac-
tive learning, flexibility in assessing academic pro-
grams, flexibility for other skill development ac-
tivities for professional growth, and enhancement 
of learning by group assessments are having high 
loading on factor 2. These factors are grouped un-
der one common factor called ‘Content.’

• Virtual learning is more convenient than tradi-
tional classroom learning; better understanding 
of virtual platform have high loading on factor 3. 

Table 7
Total Variance Explained

Compo-
nent

Initial Eigenvalues Extraction Sums of Squared Load-
ings

Rotation Sums of Squared Loadings

Total % of vari-
ance

Cumulative 
%

Total % of vari-
ance

Cumulative 
%

Total % of vari-
ance

Cumulative 
%

1 6.159 32.416 32.416 6.159 32.416 32.416 2.937 15.46 15.46
2 1.64 8.63 41.047 1.64 8.63 41.047 2.713 14.279 29.739
3 1.339 7.046 48.093 1.339 7.046 48.093 2.526 13.296 43.034
4 1.145 6.024 54.117 1.145 6.024 54.117 1.828 9.62 52.654
5 1.068 5.622 59.739 1.068 5.622 59.739 1.346 7.085 59.739
6 0.911 4.796 64.535       
7 0.828 4.357 68.892       
8 0.746 3.928 72.821       
9 0.726 3.821 76.641       
10 0.656 3.455 80.096       
11 0.577 3.036 83.132       
12 0.543 2.856 85.988       
13 0.513 2.701 88.689       
14 0.459 2.416 91.105       
15 0.427 2.249 93.353       
16 0.396 2.085 95.439       
17 0.345 1.817 97.255       
18 0.316 1.661 98.916       
19 0.206 1.084 100       

(Extraction Method: Principal Component Analysis.)
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These factors are grouped under one common fac-
tor called ‘Delivery.’

• Difficulty in managing time for group work, use of 
jargon hinders learning, and virtual learning creates 
lack of interaction between learners and facilitators 
have high loading on factor 4. These factors are 
grouped under one common factor called ‘Time.’

• Self-directed learning has high loading on factor 5. 
These factors are grouped under one common fac-
tor called ‘Pedagogy.’
Based on the factor analysis, the five factors for this 

study in terms of flexibility dimensions are resources, 
content, delivery, time, and pedagogy.

In Scree Plot (Figure 2), we see the components or 
the factors on X-axis and the eigenvalues along Y-axis. 
The plot helps decide and analyze the number of fac-
tors extracted based on the share of variance explained. 
We can see that the plot is getting considerably leveled 
out after point 5; five factors will be extracted.

Discussion
This study’s primary purpose was to examine the 

management student’s perception of flexible learning 
during this COVID-19 pandemic; it showed that most 
of the students had prior virtual learning experience. 
Many students were also able to cope with the techno-
logical advancement towards management learning. 

Table 8
Rotated Component Matrix

 
Component

1 2 3 4 5
4. Lecturers provide high-quality resources 0.790     
5. Effective use of the web for learning 0.688     
15. OER (Open Educational Resources) courses enhance my learning 0.627     
1. Understanding topic by flexible learning 0.624     
17. Prior-learning for better understanding      
13. Transparency in progress on subjects for self-monitoring to promote active 
learning.  0.744    

10. Flexibility in the assessment of academic programs  0.660    
19. Flexibility for other skill development activities for professional growth.  0.610    
12. Enhancement of learning by group assessments  0.610    
11. Structured course outline to enhance time flexibility      
18. Flexible learning creates a balance between work, study, and social life      
7. Virtual learning is more convenient than traditional classroom learning   0.777   
8.Better understanding of the virtual platform   0.757   
14. Online study materials shared by lecturers are sufficient to understand the 
subject.      

9. Difficulty in managing time for group-work    0.802  
6. Use of jargons hinders learning    0.649  
16. Virtual learning creates a lack of interaction between learners and facilita-
tors.    0.606  

3.Self-directed learning     0.743
2.Customization on subjects      
(Extraction Method: Principal Component Analysis.) 
(Rotation Method: Varimax with Kaiser Normalization.)
(a. Rotation converged in 13 iterations.)

 

Figure 2: Scree Plot
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As per analysis, five factors motivated the students to 
develop productivity and adapt to an effective learning 
way. These made it convenient for the management 
students to strengthen their skills and can design their 
programs flexibly.

Resources
As per Scree Plot, the most important component 

is always listed first and is extracted. The students 
believe that for learning to happen flexibly, resourc-
es play a very important role in enhancing self-devel-
opment and effective structuring of their topics based 
on their academic interests. As per analysis, manage-
ment students acquire successful active learning and 
understanding of the topic by providing high-quality 
resources by the lecturers, OER courses, and the use of 
web by lecturers for advanced teaching methodology. 
OER (Open Educational Resources) projects oppor-
tunities for flexible, efficient, and quality learning re-
sources and is constantly widening its presence across 
the country [21]. 

Content
This factor has satisfied the management student’s 

flexibility in learning by providing transparency in 
students’ progress, selecting assessment patterns and 
evaluating academic programs, enhancing learning 
through group assessments, and engaging in other 
skill development activities for professional growth. 
The wide range of topics and subjects available helped 
the students to learn and earn critical thinking skills. 
The transparency in the course content, outcomes, 
expectations, and feedback on performance, makes it 
convenient for students to improve and allows them to 
have sequential growth [22]. 

Delivery
As per analysis, lecturers’ mode of delivery of 

management practices was an important factor to 
consider by the management students towards the 
flexible learning methodology. This factor comprises 
the learning suitability between traditional classroom 
learning and virtual learning and better understanding 
through virtual platforms. Due to this pandemic, un-
derstanding MBA practices virtually affects students’ 
learning as the course is more interactive based. On 
the other hand, virtual learning offers students a mas-
sive benefit as a student can study anywhere. Thus, the 
management students consider the mode of delivery 

of lectures as one of the important factors towards ef-
fective learning. The electronic medium has created 
remote access to study materials, course outlines, and 
detailing to students from any place as per their con-
venience.

Time
The time factor comprises organizing time for 

teamwork and collaboration among the students for 
group study, lack of interaction and participation from 
students on virtual mode compared to the traditional 
mode of learning, and difficulty understanding topics 
because of jargon lecturers. It was convenient to work 
in an online course in collaborative groups without 
rearranging everyone’s schedule as one might do in 
the conventional classroom. The usage of jargon by 
lecturers creates less interaction between learner and 
lecturer, affecting students’ learning.

Pedagogy
The pedagogy factor comprises self-directed learn-

ing. Management students prefer the practice of learn-
ing to be self-directed by setting their targets, tracking 
and assessing their progress. We can say that this can 
be an advantageous approach to learning. It provides 
more flexibility towards self-management. Students 
can structure their time-table and hence the way of 
flexible learning.

Conclusion
With the outbreak of the COVID-19 pandemic, the 

social distancing measure requirement has changed 
the learning environment to online platforms. The 
study revealed various factors which are motivating 
the students to prefer a flexible learning approach. 
It has helped students to eradicate all the barriers in 
the process of learning. Flexible learning has given 
students a wide range of freedom to learn and under-
stand the subject. The study showed positive results 
from the students in terms of active learning. It has 
provided students to learn holistically. But the study 
also showed some drawbacks among the students for 
the use of flexible learning. It has provided students to 
learn in an innovative approach and understand the 
criticality of any subject matter.

The findings also revealed that students had shown 
positivity towards learning during the COVID-19 
pandemic. It has given many advantages based on con-
venience, delivery mode, resources, and content. The 
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students should engage themselves in flexible learning 
to enhance their knowledge base and work in the cor-
porate world with greater success. There is also a need 
for students to acclimatize themselves with technolog-
ical advancement to gain exposure to the learner’s in-
terest and eagerness. Hence, the study concluded that 
there are some negative and positive effects of flexible 
learning on the students. 

Limitations
The study was limited and focused on the manage-

ment students and their perspective towards flexible 
learning by the virtual learning model in these crucial 
coronavirus and lockdown periods. Furthermore, the 
study was only designed to consider the student’s per-
ception. No analysis was conducted to understand the 
teacher’s perception.

Future Scope
Due to the ongoing coronavirus health crisis, many 

other education disciplines have been affected. The 
practice of imparting education has been hindered. 
Holding this in mind, the study can be broadened to 
multiple streams of education and a large portion of 
students to understand the thoughts and perception 
by equipping an active way of learning for the profes-
sional growth and self-development of learners. As the 
pandemic period continues, the various education ad-
ministrations and universities need to maintain an ef-
fective and interactive way of learning for both learn-
er’s and lecturers’ convenience. COVID-19 pandemic 
has provided an opportunity to drive technological ad-
vancements to another level. Virtual interactive-based 
learning should be seen as a permanent learning pro-
cess between learner and education provider by adapt-
ing to the everyday growing digitization.
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Abstract
During a pandemic, the most affected aspects are the business 
economy and other sectors and areas globally. This research 
analyses the IT sector’s condition during COVID-19 by taking 
a sample of four companies, analyzing the stock market and 
financial records of the previous few months, and predicting 
future stock market value to see the stock market graph. Ran-
dom function and MS excel used for prediction of future stock 
market and records of the previous financial year to conclude 
status of the company with graphs. After analyzing a four-sam-
ple company, a conclusion for the sector is provided. Research 
analysis found most companies are stable even though they are 
going through certain losses because of their existing assets, 
fluctuating financial records, and stock market graphs. Sample 
companies can easily recover losses and still showing a bullish 
graph successfully. Even though suffering a percentage of er-
ror with the actual stock market price, it successfully portrayed 
the IT industry scenario in this uncertain situation. However, the 
magnitude of the impact has never been precisely calculated. 
This thesis suggests a COVID-19 impact calculation model. As-
sets gains in the COVID-19 timeframe are weighted means of 
prior COVID-19 standard yields and COVID-19-induced returns 
in the proposed model. The COVID-19-generated gains are 
negatively auto-correlated and extremely unpredictable, and 
they substitute the prior COVID-19 standard gains. During the 
COVID-19 era, the COVID-19-generated gains are unique nat-
ural gains.
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Introduction
New COVID-19 has influenced all financial mar-

kets worldwide, with a dramatic and consistent decline 
in share prices in particular. In India, the economic 
impact of the 2020 coronavirus pandemic has been 
extensively devastating. According to the Ministry 
of Statistics, India’s growth fell to 3.1% in the fourth 
quarter of 2020. Chief economic adviser to the Indian 
administration stated this decline is large because of 
coronavirus’s epidemic impact on the Indian market, 
as India is also experiencing an economic slowdown. 
India, too, has seen a sharp decline in GDP [1]. Indi-
an stock markets registered as the most severe histo-
ry deficits on 23 March 2020; SENSEX dropped 4000 
points around 14%. NSE NIFTY fell to 1150 points, 
around 13%. However, SENSEX posted its highest 
gains in 11 years on 25 March, one day after the Prime 
Minister declared a total 21-day lock-down, adding 
an investment value of 4.7 lakh scores, 66 billion US 
dollars. Markets have loomed under terror since the 
COVID-19 blast, as confusion prevails and sent out 
worldwide markets crashing to levels not seen since 
the 2008 global financial crisis [2]. Amid strong links 
to global market developments and indices, such as 
BSE Sensex and Nifty 50 declined by 38%.

The total market cap has fallen by a whopping 
27.31% since the beginning of the year. Financial sta-
bility and business during pandemic situations can be 
a boon or bliss on a company’s performance. However, 
most of us fail to recognize IT business’s future when it 
comes to business. Research analyses business factors 
with samples; it reveals the IT sector’s future effects 
post COVID-19 situation financially, economically, 
and how a company does in the market [3]. During 
this pandemic situation, the country’s economy is af-
fected by health, food, travel, and several others be-
cause of a decrease in demand for products and end 
services. Most countries have issued policies in re-
spective sectors to stabilize the financial condition 
and restore the sector’s health, which is still observed 
after being levied. This paper will thoroughly analyze 
few companies based on their share market and reve-
nue factors, which will show us a further scenario, as 
they will be taken as a sample study for the IT busi-
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ness sector. We will forecast the company’s shares’ fu-
ture opening price and depict the economic scenario 
to represent the sector. Paper will analyze globally, as 
factors are different in business concerning sectors. 
This paper will analyze already available financial and 
economic information in a market. Simultaneously, it 
tries to forecast the company’s share price and overall 
revenue to conclude a sector’s condition as a sample 
to rightfully state scenarios before, after, and during a 
pandemic.

Literature Review
As existing papers deal with analyzing based on 

coronavirus case on world meter in a paper by Peter-
son Ozil, Central Bank of Nigeria, Nigeria and Than-
kom Arun, University of Essex, United Kingdom, a pa-
per by Nuhu A. Sansa, Guangxi University, Economics 
Department, Nanning, China where it deals with pol-
icies and thorough effect of the virus on the US and 
China’s economy on the stock market. Research pa-
pers by Prof. Arup Barman, Dept. of Business Admin-
istration Assam University, deal with the global econ-
omy or give summarized details on each sector, like 
supply chain, marketing, and other sectors, referring 
to a report of big companies, as done in a paper by Mr. 
Girish Jadhav, Assistant Professor, Navinchandra Me-
hta Institute of Technology and Development, Dadar, 
while discussing the post-COVID-19 situation of the 
business in terms of challenges and opportunities. All 
papers are either dealt with by a global market, USA/
China present and post COVID-19 situations, or sum-
marized details on the sector. Simultaneously, most of 
them have not yet considered information technology 
as IT is the heart and support of many product-based 
companies and service-based companies. India-based 
business post-COVID-19 and present scenario analy-
sis are also done but not in-depth research about this 
sector, which is very important in revenue generation 
and keeps serving people. Taking a sample of few in-
dustries and giving a good representation of this in-
dustry will help us know this sector well. This paper 
will consider some facts and policies already covered 
by several research papers and market information 
about IT companies. The limitation of this paper is 
all information about all IT companies is not easily 
available for analysis and global impact only on the IT 
sector cannot be measured by a small sample, but is as-
sumed based on analysis that scenario of this company 
does reflect a part of the sector in India, mainly while 

comparing it with other countries. As this paper will 
analyze the IT sector, it will light the actual IT scenario 
in India. Simultaneously, some reflection on the global 
IT sector will also be reflected through analyzing the 
model. We will get to know specific factors about IT 
business, which plays a major role in financial stability, 
which can help situations like a pandemic in future, 
after discovering whole IT business and management 
aspect.

Research Objective
This paper aims to study IT business conditions 

before, during, and after pandemic situations to un-
derstand a sectorial business scenario while examin-
ing their revenue, stock prices, and profits or losses. 
Examine their policy, methodical approaches, or 
modified approaches to curb adverse effects of situa-
tion and learn IT business’s main factors and methods 
to remain stable in every situation.

Methodology
The research method considers observations of 

the company’s existing share market prices from share 
market size and forecasting share price for the future 
in an excel sheet. Considered available information 
about company’s revenue and financial sheets avail-
able to analyze factors to see how they perform during 
a pandemic to depict its financial and economic fu-
ture. We also considered policies and methods taken 
by a company to stabilize factors [4]. A primary analy-
sis is done to depict the loss or profit of a company on 
research-based points on a company’s past and pres-
ent performance, as present and future information 
gathered already is available regarding their policies 
and methodological approaches, which results in their 
current and future economic scenario to understand 
factors driving sector’s business. This paper analyses 
each company’s yearly figures to represent IT business. 
Take a sample of four reputed IT companies, which 
shows a bullish graph in its previous financial year and 
fit the random function method of getting future stock 
in analyzing. Captured financial records and data were 
available from money controls and yahoo finance. 
Further, we used the formula below while working on 
probability and predicting further closing stock prices

 =Previous value of predicted closing value* 
 (1+Average of close price *(1/242)+Annualized  
 Standard Deviation *SQRT(1/242)* 
 NORMSINV(RAND()))  (1)
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Resembling resources’ worth on an Excel spread-
sheet will lay out a further straightforward depiction of 
portfolio appraisal. Take away from using this way of 
prediction is to understand simulated prices to verify 
effectiveness. Excel, therefore, helps with back-testing 
to produce random price changes using a Monte Carlo 
simulation; this can also measure historical variability 
to provide greater precision when plugging into mod-
els while giving us near-perfect results through predic-
tions. This data will allow determining the next possi-
ble step asset will make and less possible movements. 

First of all, some prior hypotheses are expected of 
the model. For example, we assume regular returns of 
such properties, or “r(t),” which is usually disseminat-
ed with average, “(μ),” and standard deviation sigma, 
“(ÿ).” Taken basic assumptions will be used here, al-
though several other ways could improve the model’s 
accuracy. However, for now, accuracy is quite near to 
the actual price

 r(t)=S(t)−S(t−1)/S(t−1)∼N(μ,σ)  
 which gives S(t)=closetS(t−1)=closet−1,  (2)

Which results into?

 r(t)=S(t−1)/S(t)−S(t−1)=μδt+ σϕδt (3)

Where

 δt=1 day =1/365 of a year

 μ=meanϕ≅N(0,1) 

 σ=annualized volatility

Resulting into-

 S(t)−S(t−1)/S(t−1) = μδt+ σϕδtS(t−1)  
 S(t)−S(t−1)=μδt+ σϕδt-4]  (4)

To calculate μ, which is the average of regular gains, 
we use and apply n consecutive previous close costs, 
which is the mean sum of n previous prices.

 μ=1/nt=1∑nr(t) (5)

Probability estimates ÿ-volatility
μ is an average variance with random variable 0 and 

standard deviation 1. In methodology, Excel function 
“= NORMSINV (RAND))” is used. The function adds 
a stray number with an average of 0 and a standard 
deviation of 1 based on a normal distribution method. 
To calculate μ, just mean gains applying function Ln 
(.): log-normal distribution. A log-normal distribution 

is the mathematical arrangement of arithmetic rates 
via a standard pattern associated with it. For related 
arithmetic estimations, a log-normal pattern can be 
converted into a regular pattern and vice versa. After 
calculating μ, we calculate daily variance, annualized 
variance, and annualized standard deviation using

 Ln (P (t) / P (t-1) (6)

 (Ln (P (t) / P (t-1))^2  (7)

respectively.

 Finally, having “trend” and standard deviation  
 of past regular returns (volatility) and using  
 the formula: S(t−1)=S(t−1)(1+μδt+σϕ(δt)^1/2)

Finally, we do duration simulation, for which past 
data were taken. Images of analyzed excel sheet with 
predicted closing price for a further week are present-
ed in the same sheet mentioned in analyzing the anal-
ysis part for each company, providing raw financial 
data to conclude each of them.

Results & Discussion
As a sample, we are taking four companies to an-

alyze financial and economic conditions, considered 
historical data for the previous year to do forecasting 
for the following week, and see error percentages and 
consider IT industry scenario. Gathered historical data 
and financial data from available information sites like 
yahoo finance and money control and various site 
providing entire financial scenarios of respective com-
panies. In this paper, random function RAND()used 
to forecast future stock price by taking the previous 
year’s closing stock prices; predicted share price shows 
an error from 0.6% to 2% with actual share prices in 
the stock market. Hence, the paper has established the 
correctness of the analysis method [5]. 

Table 1 shows the predicted stock price of first com-
pany Infosys Limited, as the profit difference between 
last and second last quarter is 19000. EBITDA, which 
is earnings before interest, tax, depreciation, and 
amortization of the company for the 4th quarter of the 
year 2019, was 8,27,000 for the 1st quarter of 2020 and 
7,58,000, hence showing a decline with previous se-
mester’s profit [6]. EBDITA calculates a corporation’s 
overall financial performance, which is used in some 
cases as an alternative to a company’s net income. As 
per available information, their net profit percent fell 
by 2.9%. As we further forecast the upcoming open-
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ing value of days, we also see volatile fluctuation from 
the given calculation in Figure 1 [7]. Table 1shows the 
Predicted stock price for Infosys.

Predicted closing price using RAND() Function

Table 1
Predicted stock price for Infosys

22-06-2020 703.7
23-06-2020 684.4292
24-06-2020 712.806

25-06-2020 726.233
26-06-2020 733.4993
27-06-2020 680.861
28-06-2020 684.2491

29-06-2020 702.5168
30-06-2020 687.5619
1-07-2020 676.6546

2-07-2020 659.2861
3-07-2020 706.5314

Figure 1 excel sheet predicts raw data collected 
and used with RAND () function and gives predict-
ed value in column O for one week further in future 
when prediction did [14]. The opening price suffers 
a loss of -0.73%. All-over loss and fluctuation lead to 
a graph showing bullish because fluctuations are by a 
very small number. Hence, we can say the loss of the 
company is recoverable further in the future. Figure 
2 graph shows fluctuation in predicted stock market 
price [8]. 

Analysis and financial records specify somewhere 
a company is suffering through loss, however, by in-
troducing certain policies which, if introduced at the 
earliest, the loss can be recovered.

Table 2 provides earnings per share and growth 
estimates are showing in negative, respectively. While 
referring to growth estimate, the company’s situation 
(to infer from data) might recover by the first quarter of 
next year, 2021 [15]. 

 
Figure 1: Data from column A to G is from yahoo finance and predicted RAND() Function

 
Figure 2: Graph showing fluctuation in predicted stock market price
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Table 2
Financial record of previous financial year’s record from Yahoo 
finance for Infosys

Breakdown MAR’20 DEC’19 SEP’20 JUN’19
Revenue 3,197,000 3,243,000 3,210,000 3,131,000
Operating Exp 366,000 373,000 369,000 359,000
Total Profit 1,065,000 1,084,000 1,070,000 1,009,000
Operating 
Income 699,000 711,000 701,000 650,000

Expense 2,498,000 2,532,000 2,509,000 2,481,000
EBITDA 758,000 827,000 785,000 748,000

The second company is Tata Consultancy Ser-
vices; analyzing their market price shows profit com-
ing down by 1044 crore from March 2020 to June 
2020. Net profit of this quarter is 7049 crore. EBITDA 
also came down from 10,763 in March to 9,646 crores 
in June 2020 as per the Quarterly report. Even though 
with loss, the share market predicts their graph bullish 
as they have low debts and increase share prices. As 

forecasted with random function, we got future pre-
dicted prices shown in Figure 3, below pictures and 
graphs [9]. 

Predicted closing price
Based on Table 3 prediction, which is listed above, 

Figure 4 is the graph chart we get.

Table 3
Predicted stock prices for TCS

14-07-2020 2171.95
15-07-2020 2294.374
16-07-2020 2303.781
17-07-2020 2368.655
18-07-2020 2253.625
19-07-2020 2197.552
20-07-2020 2153.893
21-07-2020 2224.242
22-07-2020 2231.999
23-07-2020 2196.461
24-07-2020 2178.642
25-07-2020 2244.859

 
Figure 3: Data of TCS taken from column A to G is taken from yahoo finance and predicted with RAND() Function

 
Figure 4:Graph chart on predicted future stock price
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Analyzed on excel, the predicted closing price 
chart shows higher fluctuation in the future closing 
stock market. Hence, it shows the volatile nature of the 
company’s market share [10]. 

Table 4 shows a volatile pattern, while prices are 
quite close to each other and opening price dwells 
between 2100 and 2250 INR [16]. Hence, company 
shares do not show a much lower share price drop 
and not high raise from their present price, shows a 
good investment to present and future investors. With 
low debt, as per information available, even when the 
company’s profit came down by 1000 crore, it can 
be analyzed as a stable condition for the company to 
recover current loss occurring in market shares and 
profits [11]. 

The next company is Accenture; its statement 
shows an increase in profit quarterly; profit increased 
from 3,359,171in February 2020 to 3,528,688 in May 
2020, hence showing a marginal increase. Their net 

income has not shown much increase, but it still 
shows an increase in profit and marketing. Table 5: 
Financial records of the financial year 2019-2020 of 
Accenture [17] 

As forecasted, it shows an increasing pattern in 
opening share price in Figure 5.

Predicted closing price
Table 6 shows the Predicted stock price for Accen-

ture.
From Figure 6, the company’s predicted values are 

showing a slight rise or drop. However, after some 
days, stability can be seen on the closing price’s pre-
dicted value. Profit also increases until recent quarter’s 
financial records. Hence we can say there are continu-
al increases and no loss for this company [18]. 

The last company for a sample is Cognizant. We 
see profit registered and available for March 2020. 
Profit registered 147800, which came down from prof-
it registered in December 2019 [19]. 

Table 4
Financial data provided for company taken from Yahoo Finance.

Quarterly JUN’20 MAR’20 DEC’19 SEP’19 JUN’19

Sales 38,322.00 39,946.00 39,854.00 38,977.00 38,172.00

Income 598.00 738.00 818.00 1,361.00 1,675.00

Total Earning 38,920.00 40,648.00 40,672.00 40,338.00 39,847.00

Total Exp 29,274.00 29,921.00 29,880.00 29,616.00 28,952.00

EBITDA 9,464.00 10,763.00 10,792.00 10,722.00 10,895.00

Interest 142.00 251.00 223.00 193.00 257.00

Tax 2,455.00 2,419.00 2,426.00 2,471.00 2,485.00

Net Profit 7,049.00 8,093.00 8,143.00 8,058.00 8,153.00

Table 5
Financial records of the financial year 2019-2020 of Accenture

3 months ended MAY’20 FEB’20 NOV’19 AUG’2019

Revenues 10,991,305 11,141,505 11,358,958 11,055,650

Cost of services (7,462,617) (7,782,334) (7,711,199) (7,621,034)

Gross profit 3,528,688 3,359,171 3,647,759 3,433,616

Sales and Marketing (1,118,204) (1,162,653) (1,191,123) (1,173,240)

General/Admin costs (697,751) (707,573) ()689,373 (689,883)

Operating Income 1,712,733 1,488,945 1,767,263 1,571,493

Interest Income 12,671 21,386 27,419 27,394

Interest expense (4,961) (8,567) (5,474) (7,491)

Income before Income tax 1,680,773 1,509,556 1,800,647 1,560,752

Income tax expense (428,134) (257,474) (425,479) (415,204)

Net Income 1,252,639 1,252,082 1,375,168 1,145,548

Net Income attributable to Accenture PLC 1,228,202 1,234,740 1,356,968 1,130,427
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Table 6
Predicted stock price for Accenture

14-07-2020 219.16

15-07-2020 218.9594

16-07-2020 225.0763

17-07-2020 222.0977

18-07-2020 221.4287

19-07-2020 214.8181

20-07-2020 206.0842

21-07-2020 207.6772

22-07-2020 211.9007

23-07-2020 209.0086

24-07-2020 217.9681

25-07-2020 220.126

Table 7 shows the financial records of the last 
quarter of the company. Further, analysis shows share 
prices are going to increase. Their decrease in profit is 
very marginal with the company’s zero debt and main-
tenance. They perceived the company is doing moder-
ate while keeping their income stable to their current 
revenue states 7.3 billion dollars, which has increased 
from their previous quarter [20]. Table 8 shows the 
predicted closing price for this company below

Predicted Closing Price
Figure 7 shows Raw Data’s analysis from Colum A 

to G is taken from money control, and column O is 
predicted closing price on excel sheet.

The analysis shown in Figure 8 is the closing price 
consistently increasing by the day, even with a profit 
decrease. Further, it will recover their losses [12]. 

 
Figure 5: Excel sheet showing prediction using RAND() function

 
Figure 6:Graph chart based on predicted values
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Table 7
Financial records of the previous quarter for Cognizant

Breakdown MAR’20 DEC’19 SEP’19 JUN’2019
Gross revenue 4,225,000 4,282,000 4,284,000 4,141,000
Operating Revenue 4,225,000 4,284,000 4,284,000 4,141,000
Profit 1,478,000 1,535,000 1,567,000 1,512,000
Depreciation and Amortization 133,000 132,000 127,000 125,000
Operating Income 634,000 843,000 669,000 619,000
Total Income 367,000 395,000 497,000 509,000
Total Expense 3,591,000 3,441,000 3,579,000 3,522,000
EBITDA 516,000 632,000 665,000 682,000

 
Figure 7: Raw Data from column A to G is taken from money control, and column O is the predicted closing price.

 
Figure 8:Graph chart showing predicted closing price
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Table 8
Predicting stock prices of Cognizant

15-07-2020 58.99
16-07-2020 58.0873
17-07-2020 56.63958
18-07-2020 56.13019
19-07-2020 57.2282
20-07-2020 59.50171
21-07-2020 61.81875
22-07-2020 61.06375
23-07-2020 62.18494
24-07-2020 61.88156
25-07-2020 64.38863
26-07-2020 60.63389

Hence, showing the company doing well during 
uncertainties. Hence, it shows companies are going 
through marginal loss and profits in different sectors 
like profits and market shares. However, companies 
are barely going through losses because of their ser-
vice-based nature. Their profit earned decreases in the 
range of 1-15% and not dropping down drastically [13]. 

Conclusion
Paper analysis shows the IT sector is also suffering 

from losses. However, losses are recoverable as profit 
margins are gained or marginal loss. They can recover 
depending on their liabilities, assets, and profit mar-
gins. Some companies are doing moderate, some are 
stable, and some extremely good, as we see in sam-
ple companies. It is concluded 75% are going through 
recoverable loss, and 25% of companies are still do-
ing good. Indian IT firms will face the full impact of 
market disruption in the US and Europe due to the 
COVID-19-induced shutdown in the quarter to June. 
Analysts expect firms to record a 5-10% drop in reve-
nue due to customers canceling or postponing discre-
tionary technology spending over three months. With 
a slowdown in growth during the first half of 2020-21, 
margins will also be negatively impacted before a like-
ly recovery in the next financial year. Sales and mar-
keting have been relatively down, but service-based 
companies are still doing good. Lastly, it can be recov-
erable as per many articles. From this analysis, we also 
come to know the IT sector’s scenario in uncertainties 
market. Earning per share has been volatile in most 
companies, as predicted. The final verdict is IT mar-
ket is volatile but recoverable and can cope with their 
profit in these uncertainties.
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Abstract
The Home Appliance industry is going through an unpredict-
able situation due to corona virus. Customers’ preferences are 
also changing from time to time. Authors have discussed vari-
ous variables and their impact on the consumer purchasing de-
cision and revealed how much brand influences the consumer 
compared to other factors while purchasing appliance prod-
ucts. Corona virus outbreak is continuously hitting the Indian 
economy and directly impacting the Appliance Industry. This 
research work also aims to address the change in consumer 
habits before and after corona virus. The convenience sampling 
method is used in this research to collect the sample data. The 
help of Quantitative methods does interpretation of research. 
From the end of December 2019, the COVID-19 pandemic be-
gan to spread around the world. Its spread harmed all sectors 
of the world, posing a new challenge to the Indian entrepre-
neurship ecosystem. It had an impact on the enterprise’s via-
bility and growth. Entrepreneurs must deal with social isolation, 
working from home, travel restrictions, and a lockdown to pre-
vent the corona virus spread. Some businesses have had to 
close temporarily, while others have had to conduct small-scale 
operations. As a result, innovators must be visible in all aspects 
of entrepreneurial endeavors. This epidemic’s carriers must be 
defeated. Businesses must find ways to survive and thrive.
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trepreneurs
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Introduction
Among developing economies, the demand for 

appliance products is increasing every year. Own-
ers are outsourcing the manufacturing operation to 
lower the production cost and improve productivity. 
Many brands are investing in R&D to become suc-
cessful in the market and to know consumer behavior. 
Indian appliance industry contributes majorly to the 
country’s economic growth. This industry includes 
mechanical and electrical devices used for household 
work. Many companies in the appliance industry are 
famous worldwide and competing to manufacture 
and sell. The Home appliance industry is divided into 
two sectors: Large and Small domestic appliances. The 
large appliance industry includes large products which 
we used in our daily life like refrigerators, washing ma-
chines, stoves, air conditioners, water purifiers, etc [1]. 
The second type of sector includes small appliances 
like food processors, hairdryer, toasters, coffee-mak-
ers, etc. In India, home appliances developed at a 
steady rate, powered both by large and small applianc-
es. The industry has an enormous untapped demand 
for appliances, such as air conditioners (AC), washing 
machines, and refrigerators. The appliance industry’s 
main growth factors are increased affordability, more 
energy-efficient products, and better services. Suppose 
India’s company wants to achieve commercial success 
in the market for electronic home appliances. In that 
case, its managers must understand consumer behav-
ior because consumers are the most important part of 
any industry [2]. Consumer buying decision tells how 
well company is successful in attracting the customer 
and fitting into the market. There are many reasons 
for the impact of consumer’s decision-making process. 
Many factors, such as friends, family, and society, in-
fluence consumer buying decisions. However, it is not 
easy to understand consumer behavior. Research has 
shown that customer behavior, even for field experts, 
is hard to predict. Due to the extraordinary situations 
of corona virus, all industries are facing unpredictable 
changes. Corona virus is also impacting the home ap-
pliance industry. The sales of appliance products are 
reduced due to the lockdown. Consumers are target-
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ing to buy products differently than before due to this 
pandemic.

Literature Review
Dr. Sai Ganesh and Naveen Kumar, G. (2017) study 

consumer perceptions and buying behavior towards 
selected home appliance products in Bangalore rural 
districts [3]. According to this research from the last 
three decades, marketing today faces many obstacles 
because identifying customers is a thorough under-
taking because each buyer has different preferences 
and different expectations, while customer satisfac-
tion has become an important part due to evolving be-
haviors from time to time. Various variables can influ-
ence consumers, such as age, family life span, beliefs, 
personality, history, and traditions, as specific criteria 
have been introduced to determine the customer’s 
preferences and dislike for buying goods. The research 
focuses on home appliances commonly used in Ban-
galore’s rural districts; products include washing ma-
chines, air-conditioners, refrigerators, television, and 
mixer grinders. The research assesses place-wise cus-
tomer purchasing behavior against home appliance 
goods in rural districts of Bangalore [4]. 

Shrirang Altekar, Anil Keskar (2014) study reveals 
the factors impacting consumers’ buying decisions. 
This study evaluates the factors influencing consum-
er decision in three steps – Introduction, Influenc-
ing, and Decision-making WRT (concerning) some 
consumer durables. Study results also reveal that 
although advertisement plays a primary role during 
the launch process, the family plays an important role 
in selecting the brand, affecting its choice and deci-
sion-making about its choice. This study also reveals 
that the spouse is the predominant influence item 
for home appliances, while children are the domi-
nant component for electronic products within the 
household particular; more research is recommend-
ed to consider factors influencing the preference of 
retail modes, individual shops, and whether income 
plays a deciding role in the decision-making process 
concerning the same. The sampling technique was 
used for ease [5]. 

Prof. Nisha S. Tatkar (2016) studied the populace’s 
varying tendencies and their impact on the home 
appliances market. This paper reflects on how home 
appliances can operate through increasing per capita 
income to sharpen the financial gains by relying on 
the incentives associated with expanded disposable 

income. It will be an observational analysis for discov-
ering evidence based on the secondary data.

Rehman Ebrahim, Ahmad Ghoneim, Zahir Irani 
& Ying Fan (2016). This study aims to provide deep 
knowledge of brand preference development by ex-
plaining the following questions: The effect of the 
multiple brand knowledge factors on customer brand 
preferences. Another thing that is explained in this 
study that how brand experiences impact customer 
preferences. This study also explains how the custom-
er brand experience and brand preference motivate 
the customer’s repurchase intention [6]. 

S. Vijayalakshmi, V. Mahalakshmi, and S. Magesh 
(2013) study consumer buying behavior towards se-
lective electronic home appliances in Hyderabad city. 
Without home appliances, the modern home is unfin-
ished, particularly in big cities and other urban areas. 
In this research, researchers are trying to find the buy-
ing behavior of customers in Hyderabad city. Products 
like Television, Microwave, Washing Machine, Air 
Cooler, and Refrigerator are taken in this study.

M. Țichindelean (2015); the objective of this pa-
per is to determine the compatibility of the customer 
personality with the established brand personality 
increases their brand preference. The paper was or-
ganized in two parts to accomplish this purpose; the 
first section includes a general literature analysis of 
the behavior theory of the consumer and its motivat-
ing factors, and a more detailed one about the defini-
tions of customer and personality of the brand. The 
second section explains the methods of analysis used 
to attain the purpose of the paper. This research sup-
ported the hypothesis that an association between 
customers’ personality and the brand identity they 
perceive is positively associated with their products’ 
preferences [7]. 

Dennis D. Lapid (1994); this study’s motive is to 
assess the impact on the appliance industry’s perfor-
mance, structure, and competitiveness from recent 
experiences with the trade policy reform. The analysis 
also explores the linkages between market structure 
changes and changes in business performance and 
competitiveness. Because of the increased compet-
itive pressure from imports, the industry’s efficiency 
and profitability are expected to improve under the 
trade reform. The study also measures export earn-
ings, production, and production output. Therefore, 
to conduct this research, the appliance industry is 
divided into four sectors: 1-Audio-Video appliances, 
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2-Cooking, heating 3-Refrigerators, Air Conditioners, 
4- Miscellaneous appliances.

Research Gaps
The analysis of literature represents an essential 

step in the research process. In India, the lifestyle of 
people is changing rapidly due to growing urban-
ization and various other factors. A review of earlier 
studies reveals various factors that affect consumer 
behavior; wherein many researchers conducted vari-
ous types of research at the micro and macro levels 
about consumer behavior, growing urbanization, and 
factors affecting purchasing decisions. This research is 
an attempt to analyze the brand’s impact on custom-
er decision-making. Recently, due to the corona virus 
pandemic, many unexpected changes are happening 
in the market, so special attention is provided in this 
research to analyze the factors that impact consumer 
purchasing decisions [8]. 

Objectives of Study
• To study which factor affects the most between price 

and brand while making a purchasing decision?
• To analyze whether consumers prefer to purchase 

appliance products online or from electronics 
shops before and after corona virus.

• To define and quantify the behavioral aspects of 
individual brand purchasing habits during a pan-
demic.

• To compare the influential parameters to which 
consumer attracts towards the brand in the pan-
demic.

• To offer findings and suggestions to the appliance 
industry experts.

Scope of the Study
This research limited the comparison of some im-

portant factors of consumer behavior and consumers’ 
changing behavior before and after the corona virus 
pandemic. This research is performed in a short time, 
so the number of respondents is limited in number [9]. 

Research Methodology
Various methods are adopted to conduct this re-

search. Research is performed with the help of prima-
ry and secondary data. For primary data collection, a 
well-structured online survey is performed to collect 
data from rural and urban respondents. The survey 
is divided into three parts: First part of the question-

naire includes demographics questions. The second 
part consists of consumer behavior information. The 
third part consists of questions about the change in 
consumer buying behavior before and after the coro-
na virus pandemic. The design of the questionnaire is 
done after review and understanding the various re-
search papers. Secondary data is collected from books, 
magazines, research articles, and websites.

Quantitative Approach
To gain the demographic details insights simple 

probability method is used. For a better understanding 
of the survey responses, the SPSS tool is used to inter-
pret the questionnaire. Various suited methods are ap-
plied according to the nature of the question. Knowing 
the factors that influence the purchase decision, fac-
tors that consumers considered before final selection, 
and factors that consumers consider after the corona 
virus pandemic, a multi-response frequency method 
is used. Bayesian estimates of the coefficient method 
are used to understand the important factor between 
Price and Brand. For gaining insights into the behav-
ior of consumers before and after corona virus pan-
demic descriptive statistics method is used [10]. 

Sample Design
A sample is a representative part of the population. 

The probability method of convenience sampling was 
followed to select the sample respondents. The sam-
ple size of 77 household respondents has been select-
ed from various parts of India, from urban and rural 
areas. There is a total of 60 (78%) from urban and 17 
(22%) from rural (Table 1). Most respondents’ age is 
below 25 years (Table 2), and the income of most of 
the respondents is below 30,000 (Table 3).

Table 1
Place of Living

Place of Living Percentage
Urban 78%
Rural 22%

Table 2
Age of Respondents

Age of  Respondents Percentage
Below 25 70.1%
25-30 23.4%
31-40 1.3%
Above 40 5.4%
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Table 3
Income of Respondent

Income of Respondent Percentage
Below 20,000 35.1%
20,000-30,000 37.7%
30,000-40,000 11.7%
40,000-50,000 2.6%
Above 50,000 13.0%

Variable Selection For Factors Influencing To 
Make Purchase Decision For Appliance Products
• Family
• Friends/Colleagues
• Internet Reviews
• Past Brand Experience
• Newspaper/Magazine
• Social Media

Variable Selection For Preferring A Particular 
Product
• Brand name
• Affordable price
• Quality
• Latest technology
• After-sales service
• Warranty
• Easy availability

Survey Data
Authors have analyzed various factors that influ-

ence the purchase decision, and consumer considers 
before the final selection. The authors analyzed the 
most important factor between Price and Brand while 
considering the new appliance product [17]. In this 
research, the authors explained the changing behavior 
of consumers after the coronavirus pandemic. So this 
study gives relevant results to prove the objectives of 
the research. The sample size of the respondent is 77 
for this study [11]. 

Change In Habits Of Consumers Before And After 
Corona Virus Pandemic.

Findings and Recommendations
According to the analysis of the results, major find-

ing reveals that from sample data 65 out of 77 respon-
dents choose past brand experience as an influencing 
factor to purchase home appliance products. All the 
factors past brand experience make 29.3% impact fol-
lowed by internet reviews 25.2% (Table 4). Some other 
factors also impact the purchase decision that includes 

family, friends/colleagues, and social media [12]. It 
also reveals that nowadays, newspaper ads make very 
little impact on consumer purchasing decisions. For 
the final selection of appliance products, the product’s 
quality impacts 22.5% for preferring any product fol-
lowed by Brand name 20.4%, affordable price 16.5%, 
and latest technology 15.4% (Table 5). With the help of 
Bayesian estimates of coefficient, more people are like-
ly to buy a product with a known brand despite high 
prices (Table 6). Fewer customers prefer to buy low-
price and unknown brand products (Table 7). Even if 
unknown brands give products with a warranty, peo-
ple are not interested in buying that product. People 
want to choose affordable and good quality products 
with a known brand. So, between Price and Brand, 
people usually choose a brand [13]. 

Table 4
Influencing Factors

Influencing Factors N Percent
Family 40 18.0%
Friends/Colleagues 37 16.7%
Internet Reviews 56 25.2%
Past Brand Experience 65 29.3%
Newspaper/Magazine 6 2.7%
Social Media 19 8.1%
Total 222 100.0%

 
Table 5
Factors Impacting Final Decision

Parameter N Percent
Brand Name 58 20.4%
Affordable Price 47 16.5%
Quality 64 22.5%
Latest Technology 44 15.4%
After Sales Service 20 7.0%
Warranty 35 12.3%
Easy Availability 17 6.0%
Total 285 100.0%

Table 6
Preference between High Price and Known Brand

Parameter For High Price and 
known brand

Posterior 
Mean

Variance

Strongly Disagree 0.000 .000
Disagree 3.000 .289
Neutral 3.500 .031
Agree 3.697 .026
Strongly Agree 4.154 .067
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Table 7
Preference between Low Price and Unknown Brand

Parameter For Low Price  
and Unknown Brand

Posterior 
Mean

Variance

Strongly Disagree 3.884 .020
Disagree 3.560 .034
Neutral 3.000 .122
Agree 3.000 .427
Strongly Agree 0.00 .000

Corona virus has changed many customers’ tra-
ditional habits; nowadays, more people prefer to 
buy appliance products online than before (Table 
8). Expenditure on home appliance products is re-
duced a bit after corona virus. Entrepreneurs are 
presented in Table 9 [16]. This study also revealed 
the main factor that attracts customers towards 
home appliances during a pandemic is the easy 
reachability of the product, 38.6% of customers 
consider easy reachability as a major influencing 
factor after the corona virus pandemic, followed by 
brand name31%. Price Preference Before and Af-
ter Corona virus Pandemic presented in Table 10. 
Some customers prefer to buy affordable products 
and attract attractive advertisements during the 
lockdown (Table 11) [14]. 

Table 8
Online Purchasing Before and After Corona virus Pandemic

Prefer to buy Home Appliance  
Online

Before 
Corona

After 
Corona

Strongly Disagree 13.0% 6.5%
Disagree 14.3% 3.9%
Neutral 39.0% 33.8%
Agree 24.7% 41.6%
Strongly Agree 9.1% 14.3%
Total 100.0% 100.0%

Table 9
Expenditure on Home Appliances Before and After Coronavirus 
Pandemic

Expenditure on Home Appliances Before 
Corona

After 
Corona

Very High 5.2% 10.4%
High 13.0% 24.7%
Neutral 67.5% 59.7%
Low 11.7% 5.2%
Very Low 2.6% 0.0%
Total 100.0% 100.0%

 Table 10
Price Preference Before and After Corona virus Pandemic

Price Preference Before 
Corona

After 
Corona

Very High 7.8% 11.7%
High 27.3% 22.1%
Neutral 46.8% 42.9%
Low 16.9% 22.1%
Very Low 1.3% 1.3%
Total 100.0% 100.0%

Table 11
Influencing Factors during Corona virus Pandemic

Influencing Factors during Corona N Percent

Easy Reachability 61 38.6%
Brand Name 49 31.0%

Low Price 32 20.3%
Attractive Advertisement 13 8.2%

Other 3 1.9%
Total 158 100.0%

So, recommendations for the appliance industry 
are, they need to focus on the quality of the product and 
services they offer, before launching any new product, 
they should come up with strong marketing strategies 
to make it successful before launch and internet reviews 
play a major role to make a product focus, so the com-
pany should focus more on that side [15]. 

Conclusion
Consumer behavior plays an important role in 

making any purchasing decision. This research ana-
lyzed various factors and changing habits that make an 
impact on consumer’s buying decisions. The research 
analysis and interpretation reveal that the product’s 
brand image and quality play an important role in pur-
chasing decisions. Companies should focus more on 
consumer behavior, such as customer attitude, prefer-
ence, psychology, and taste. Before implementing GST, 
the government believed that it would undoubtedly 
positively impact all sectors, both from the govern-
ment’s and consumers’ standpoint. Another goal was 
to improve the overall system’s transparency. Howev-
er, based on the preceding analysis, we can conclude 
that GST does not positively impact all sectors from 
consumers’ perspectives. However, it will undoubtedly 
help make the system clearer and more transparent, 
generating more government revenue than the previ-
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ous taxation system. According to the preceding dis-
cussion, it makes the indirect taxation system trans-
parent; however, the implementation of GST does not 
benefit all sectors of our economy; in fact, and it harms 
some of them. Initially, GST increased the tax burden 
on ordinary citizens as well as small business owners. 
Some goods and services became more expensive as a 
result of GST.
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Abstract
COVID-19 has created a misbalance in the global economy by 
affecting multiple sectors. It has also affected the mindset and, 
consequently, the behavior of economic agents, one of whom 
is the investors. This study aims to learn about investors’ in-
vestment behavior in COVID-19 by looking at their preferred 
sources of information, which influence investment decisions, 
and their preferred investment avenues. A deep learning model 
is also proposed for accurately predicting stock market move-
ment. For this study, data was collected from 50 investors. 
Factors such as the respondents’ age, salary, educational back-
ground, investment experience, and income were considered 
when selecting the sample. According to the findings, most 
investors trust modern investment vehicles such as stocks and 
mutual funds. For most investors, liquidity and fund safety have 
emerged as the most important factors influencing their invest-
ment goals. A deep learning model proposed is a combination 
of CNN network plus bidirectional LSTM network.
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Introduction
Disruptions have happened, and new trends have 

emerged. Changes are evident as we could see a new 
era of financial technology is emerging in the Indian 
context. New trends, dimensions, patterns of thinking 

have emerged, which would impact far deep future is 
promising. There are challenges and issues as the fi-
nancial world impacted by the technological world has 
changed and modified due to the COVID-19 crisis [1]. 
A new world has emerged out of the crisis, and this 
world is very challenging and very odd, which cannot 
be described or understood. The pandemic has struck 
the world, and Charles Dickens as rightly describes it: 

“It was the best of the times; it was the worst of the 
times.” – Charles Dickens.

These words appropriately define and provide us 
with an understanding of the modern environment 
prevailing in this world today. A new pandemic has 
struck us, which has redefined our way of living and 
understanding of it. New norms, procedures, rules, 
and regulations have come into force. Lockdown, iso-
lation, social distancing have become new forms of or-
der. There is fear, anguish, and anxiety as our existing 
values could be modified in today’s context [2]. How 
do we face this epidemic? How do we adapt ourselves 
to these new situations? What new strategies could be 
formulated to manage this new way of life? What solu-
tions can be provided to us? What can we do about 
this? How do we adapt to these changes and overcome 
our anxieties, fears, and phobias surrounding us?

These fears and phobias have also impacted the en-
tire domain of finance and its effective management. 
Mc Kinsey and company’s report has evaluated and 
concluded that the output and productivity of each 
industry are bound to be affected negatively to the 
extent of almost 70% due to this pandemic, which is 
huge indeed.

The Indian financial markets are one of the world’s 
biggest markets providing innovative financial solu-
tions, products, and services for millions across the 
country and worldwide. In this country, investors on 
a day-to-day basis invest in stocks, buy-sell, and reg-
ular Intra and inter-day trading for millions of USD. 
However, indeed there has been no effective empirical 
model, software, or program, which has been designed 
to manage these tough, complex, and challenging phe-
nomena [3]. 

Biyalogorsky and Gerstner have said that investors’ 
choices also depend on the various types of products 
and services, which are available, and each product 
and feature has its own associated risk in the process. 
We could find here that the nature, period, and mode 
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of investments and the returns gained, expected – the 
inner psychological need or pattern or expectations of 
investor has not been effectively understood or empir-
ically studied effectively, enhancing predictions.

A study had been conducted by Horan on the role 
of the external environment & had concluded that 
the environment plays a crucial role in investors’ fu-
ture investment patterns. Therefore, there is a need 
to analyze and determine the role and impact of the 
technological environment and its effects on inves-
tors, investment modes & patterns, which are bound 
to change [4]. 

An evaluative study had been conducted by Diet 
Vorst, Simmons, and Massey. It had concluded that 
the modern investment behavior of investors in India, 
their attitudes and perceptions can no longer be effec-
tively predicted or their behavior to be forecasted.

As the current pandemic, COVID-19 has changed 
investor perception, attitude, and behavior (dependent 
variable). Therefore, when there is a change in the finan-
cial markets and performances due to COVID-19, this 
would also impact the investor behavior and patterns of 
investing, which could be positive, negative, and no ef-
fects. This study will try to find out how the pandemic 
affects investor and their investment behavior [5]. 

Literature review
Kannadhasan has conducted a study to evaluate 

the nature and mode of investments prevalent over the 
last few decades. The conventional investment deci-
sion-makers are rational by nature and tend to take long-
term decisions and orientations regarding investments. 
They do not have any bias about the future, and biases 
on investments do not influence them. Their mode of 
operations, procedures, and implementable mechanisms 
operate differently from conventional investors.

The investors take rational and long-term deci-
sions, which are economically feasible and operate 
able on each occasion. The decisions are short-term, 
with quick returns, but the risks are more in certain 
investments.

During the last century and in the early periods of 
this century, the investors were largely conservative to 
a larger and greater extent. The predominant and con-
ventional forms of investments are gold, real estate, 
and fixed deposits in banks. The turns and twists of 
the century had made the investor rational. They start-
ed exploring other modes of investments like stock 
market trading and commodity investments [6]. 

Thaler has categorically said that the nature of in-
dividual investments is taken into cognizance with the 
extent of risk, which is taken. Risk lovers who look for 
diversified new portfolios alter their choices, generate 
new ideas, and provide fresh thinking in individual 
investments.

Although we could find that risk-loving perspec-
tive is there in investors since time immemorial, 
however, they do not want to be fast and agile in tak-
ing their decisions are investing their money. They 
want empirical models, methods, and techniques 
to evaluate and classify their financial risks so that 
they can take appropriate decisions. Therefore, many 
types of research on current empirical models are re-
quired, which can help us assess investors’ financial 
behavior. Work is also required to find out about the 
shift in the viewpoint of modern investors because 
of COVID-19.

It was discussed and evaluated by Nofsinger, John 
regarding modern investors and says that they are mo-
mentous, spontaneous with emotions raised for short-
term gains, profits, and success.

They are immediate in their decisions, and they are 
very bothered about the long term in their decision. 
They intend to take very high risk as it also provides 
them with good returns. There are individual factors, 
which tend to prevail on the economic and investment 
decisions among these modern investors to a larger 
and greater extent [7]. 

Even though investors are willing to take high 
risks, there are no assured returns or safe returns for 
individual investors. Therefore, there is a need to de-
velop models and frameworks, which can provide safe 
and assured returns.

Harlow and Brown have said that although various 
individual factors primordially decide on the nature 
and extent of investment made and returns obtained, 
the study concluded that there tends to be a specific 
and special mechanism that prevails with all these in-
dividual investors.

As this study states that other than risk and returns 
factors, various factors also influence investors’ finan-
cial behavior. These are very important factors by na-
ture – gender and income and their role in financial 
investment behavior have to be studied in the Indian 
context today with the COVID-19 crisis. In India, we 
lack regional studies on investor behavior, patterns 
and modes of investments. More studies that are em-
pirical have to be conducted in these dimensions [8]. 
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Factors influencing individual investment 
behavior and practices

A study had been conducted by Ajmi assessing and 
analyzing the behavior of individual investors and their 
risk tolerance among 1,500 respondents. The analysis 
showed people to be less risk-aversive than women. In-
vestors with fewer experiences are less inclined to seek 
chances on assets. The research also found that age is a 
significant element in the management of expenditure 
and operation. In this study, the conceptual model for 
individual investor decision-making and the factors 
that affect the entire process is provided below.

This study postulates various hypotheses, which 
have to be tested in the Indian context and situations. 
The individual extent of risk-taking behavior and risk 
tolerance behavior in investments has to be examined 
and evaluated. Educational level and its impact on 
individual investment behavior have to be assessed. 
Gender and investment behavior is a factor, which has 
been empirically studied to a very less extent in India 
and has to be done.

A study had been conducted by De Bondt et al. on 
the New York stock exchange and had addressed the 
challenge of whether the New York stock exchange 
overreacts. The study concluded that cognitive bias-
es and bad news over a period could negatively affect 
pricing in these exchanges. Information and manage-
ment are crucial for investors and their investment be-
havior, which has to be managed very effectively.

Stock markets all over the world function on mass 
sentiments, decisions, and momentary impulsive de-
cisions. The nature and extent of mass sentiments and 
how it affects India’s investor behavior must be empir-
ically studied. The prevailing biases and perceptions 
in individual investors in Indian stock markets have to 
be empirically studied. The roles of emotion and cog-
nitive biases & family, which influence investors, have 
to be examined in depth [9]. 

From 1998 to 2008, Economou, Kostakis, and 
Philippas (2010) conducted a study to determine in-
vestor behavior by analyzing investment patterns and 
modes in the Greek, Italian, Spanish, and Portuguese 
stock markets. According to the findings, there is 
asymmetric behavior and correlations among return 
volatility, trade volume, and market returns.

The research was carried out by Engin Demirel et 
al. to determine the nature and type of relationships 
that exist between gender and investment patterns. 
According to the study, financial behavior impacts 

overreaction, herding, cognitive behavior, and irratio-
nal thinking.

An evaluation had been made by Merikas et al. 
on the Greek stock exchange and has concluded that 
investor stock purchase decisions are associated with 
economic factors and other variables. There is a posi-
tive correlation of behavior finance theory with other 
variables, which concludes that there are factors of in-
fluence for an average investor.

The economic factor and the economic capabilities 
of individual investors and their role in individual in-
vesting and patterns have to be dissected in depth.

A study had been conducted by Kaleem, Wajid, 
and Hussain on the Pakistani stock exchange. It con-
cluded that a positive association exists between ages; 
income, gender, language, and educational orientation 
affect individual investment decisions [10]. 

The role of income and Individual investor behav-
ior in India is a novel dimension yet explored in India. 
Studies have to be conducted on educational orienta-
tions and their impact on individual investors’ finan-
cial behavior in India.

A study had been conducted by Geetha and Ra-
mesh and found that demography has an important 
role to play in influencing investment decisions, and 
other elements or factors did not have a major impact 
on the entire process.

The role of demographic factors like age, income, 
number of persons in the family, disposable income, 
and its impact on individual investing has not been 
studied, which has to be done in India.

Alleyne and Broome had conducted an evaluator 
study to determine the position of planned behavior 
theory and risk propensity among students who would 
grow as potential investors. The study concluded that 
the theory of planned behavior had a significant im-
pact on investments.

Students worldwide are a potential group of inves-
tors. Their nature and pattern of investments and inter-
ests have never been attempted in India. There is a need 
to understand and evaluate the role of students and 
their contributions to investments in the Indian stock 
market, which has to be done as an empirical study.

The study also found that attitude, reference 
groups, potential obstacles, and opportunities enabled 
predicting potential investors’ intentions. The influ-
encing role of friends & relatives with easy access to 
funds enables us to know investors’ potential and their 
investment pattern among students [11]. 
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Nagy and Obenberger had done a study to evalu-
ate the various factors, which influence investor de-
cisions. A questionnaire was developed for evaluating 
the decision-making patterns of individual investors 
using 34 questions. For investors, the maximization 
of wealth is the most important criterion; brokerage 
houses, private equity traders, family members, and 
co-workers have a major impact on the company and 
the successful strategic decisions to function and run.

Increasing returns and benefits are the essential 
criteria for individual investors in India instead of in-
vestors in the above-mentioned report. It is important 
to research the role of co-workers in investment de-
cisions, the type of decisions made, and their impact.

Rakesh has found that investors do not find them-
selves investing across all asset and investment-related 
choices. They utilize prudence and wisdom in these 
choices. They trade aggressively, keeping in mind their 
past performances and stocks past performance as a 
key indicator in the entire process of investing.

Mittal and Vyas researched how investment prefer-
ences are primarily affected by demographic charac-
teristics. This knowledge would enable financial advi-
sors to provide the right kind of inputs and knowledge 
to investors. The salaried class has a general preference 
for equity and mutual funds.

The investors’ moods, sentiments, and choices that 
prevail in the Indian stock market have to be properly 
understood based on empirical data. Major patterns 
and behavior are known and evident. However, small 
minor indicators, which play a role in the investor pat-
terns, have to be analyzed and inferred [12]. 

It was analyzed and said by Lamm that when calcu-
lating risk-adjusted returns, the structure of risky eq-
uity assets commands preferences in traditional bonds 
and premium portfolios. Flexible investment agree-
ments may replace securities and capital as a prudent 
mechanism as risk costs decline, particularly where 
speculations on supporting assets are used.

The risks and irking influences on returns and the 
extent of returns, patterns, and behavior have to be 
systematically studied and documented in the Indian 
context.

It was said by Clare et al. that using rules centered 
on strength; we consider that growth will beat all vir-
tually indistinguishable buying and keeping types and 
value theory types, a result that is probably unbeliev-
able for thoughts on the cost of trading. Buying and 
holding for a period is a long-term investment strate-

gy. Its implications on modem investors and their in-
vestment patterns have to be examined.

Demography is a crucial, significant determinant 
of intergenerational differences in the outcomes of re-
tirement planning, according to Nejadmalayeri, who 
found that the relative size of aggregate savers as mea-
sured by the middle age to young population ratio is 
a crucial, significant determinant of intergenerational 
differences in the outcomes of retirement planning. In 
their retirement portfolios, savers should use demog-
raphy to determine the weight of asset classes, espe-
cially if they do not have a long time to plan.

Real estate betas were discussed by Mladina and 
the implications of asset allocation for investors. For 
an individual investor, asset allocation is a critical 
component. It is necessary to assess and examine the 
role and impact of various factors and their contribu-
tions to it [13]. 

Research gap
Although research studies have been conducted by 

various researchers using a linear algorithm to predict 
the investor and their financial behavior, we do not 
find any specific study, which can predict their finan-
cial behavior amidst COVID-19 situations.

In the COVID-19 situation, the investor has more 
risk and could expect only lesser returns as liquidity and 
money value has become lesser. The prices have gone 
up. The investor has become more conservative and in 
thinking. There is a need to provide an effective solution 
for the modern investor during these turbulent situa-
tions. So this research is attempted in this direction.

Objectives
The study’s main objectives are as follows:
1. To study aims for determining the investment 

behavior of investors in the COVID-19 scenario.
2. To identify the preferred investment avenues of 

the investors in the COVID-19 situation.
3. To suggest a model for better returns.

Research methodologies
The current research is primarily based on prima-

ry data and is a behavioral study. On the other hand, 
secondary data is also used to create the model for a 
typical situation.

The primary information was gathered using a 
structured questionnaire. The questionnaire was cre-
ated with the goals of the current study in mind.
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The questionnaire consists of 13 questions. The 
first few foci on demographic characteristics and the 
remaining questions are focusing on investor behav-
ior. Secondary data was gathered from the machine 
learning repository website, which can be found at 
https://archive.ics.uci.edu/ml.

Tables and graphs are used to interpret and analyze 
the data and information collected through question-
naires and other sources [14]. 

We chose 50 investors from various business sec-
tors to participate in the study. Considerations such 
as the respondents’ class of service, age, salary, edu-
cational background, investment experience, and in-
come were considered when selecting the sample.

Data type
Primary Data used for Abnormal (COVID-19) 

scenario (Conducted by Survey)
Secondary Data used in Normal (Pre-COVID-19) 

scenario (Website https://archive.ics.uci.edu)
Statistical Analysis Tool: Python and MS-Excel.
Analysis and findings

Normal (Pre-COVID-19) scenario
Stocks were chosen from the S&P500 equity in-

dex, which is focused on the market capitalization 
of 500 major joint-stock firms traded on NYSE and 
NASDAQ.

To develop the dataset, Yi-Cheng Liu and I-Cheng 
Yeh use the “Simplex Centroid Design of Experiments 
with Mixtures,” We obtain 2q - 1 = 63 combinations of 
weights.

“Backtesting” through which the performances of 
portfolios are obtained, using a stock market database. 
We will use this dataset to obtain a predictive model 
that helps us determine these portfolio performance 
parameters using weights as inputs. Moreover, the 

dataset comprises 5 subsets of data, 4 which take into 
account different periods (5 years each) and 1 data-
set that take into account the overall performance (20 
years) of a portfolio.

We will use predictive models with all 5 datasets 
separately to indicate whether the models are better at 
short-term or long-term dataset predictions [15]. 

A deep learning model proposed is a combination 
of CNN network plus bidirectional LSTM network. In 
this combination, CNN will be foremost, and its out-
put will be used as input to bidirectional LSTM. This 
combination will predict stock market movement with 
significant accuracy, which will help modern investors 
take efficient, rational decisions.

This model, by nature, would also help the inves-
tors know, evaluate various stocks, purchase patterns, 
shifts, and shifts in patterns is shown in Table 1.

The benefits of using this model will help us 
achieve: 
1. Increased return rates and provide more profits.
2. Reduction of systematic risk and absolute risk.
3. Increase in rates and return rates.

Below are the snippets showing actual and predict-
ed graphs derived from the above model with accura-
cies.

Interpretation: From the above Figure 1 graph, we 
can see that we can capture the annual return within a 
very good margin for the given timeframe, even con-
sidering the peaks and troughs during the specified 
period.

Interpretation: From Figure 2 graph, we can see 
that we can capture almost every peak for the tested 
timeframe, and accuracy is very significant. We can 
see that predicted values are in range with actual val-
ues. In addition, any peaks or troughs in the actual 
values model can replicate them for almost 90% of the 
overall period.

Table 1
Different variables RMSE & MAPE values

S.NO VARIABLE OUT-SAMPLE RMSE OUT-SAMPLE MAPE

1 Annual Return 0.107 4.043

2 Excess Return 0.089 8.235

3 Systematic Risk 0.056 3.449

4 Total Risk 0.072 5.092

5 Abs. Win Rate 0.079 1.001

6 Rel. Win Rate 0.097 3.876
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Interpretation: From Figure 3 graph, we can see 
that the win rate pattern of absolute win rate is quite 
unpredictable, but still, through our model, we can 
capture its behavior. We can also see that our residuals 

are heteroskedastic, which means that the error vari-
ance varies depending on the level of our dependent 
variable. As a result, the regression coefficients’ stan-
dard errors are reduced.

 
Figure 1. Return pattern of annual return & excess return

 
Figure 2. Risk pattern of systematic risk & total risk
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Abnormal (COVID-19 Scenario):
Demographical Classification of Investors Re-

sults & Analysis
Tables 2 and Figure 4 show gender classification, 

and we discovered that out of 50 respondents, the 
majority (88%) are males, and only a few are females 
(12%)

Table 2
Gender wise classification

Gender Number of Investors  Percentage
Male 44 88%
Female 6 12%
Total 50 100%

 
Figure 4. Gender wise classification

Table 3 and Figure 5 show that the majority of re-
spondents (34%) are between the ages of 41 and 50 
years, with 4 (8%) respondents under 30 years, 15 
(30%) respondents in the 30–40-year range, 9 (18%) 

respondents in the 51–60-year range, and 5 (10%) re-
spondents over 60 years.

Table 3
Age-wise classification

Parameter Number of Investors Percentage

Below 30 4 8%

30-40 15 30%

41-50 17 34%

51-60 9 18%

Above 60 5 10%

Total 50 100%

 
Figure 5. Age-wise classification

Table 4 and Figure 6 show that the majority of the 
respondents, 30 (60%), are graduates, 5 (10%) are un-
dergraduates, 13 (26%) are postgraduates, and 2 (4%) 
are professionals.

 
Figure 3. Win rate pattern of absolute win rate & relative win rate
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Table 4
Educational qualification -wise classifications

Parameter Number of Investors Percentage

Under Graduate 5 10%

Graduate 30 60%

Post Graduate 13 26%

Professional 2 4%

Total 50 100%

 
Figure 6. Educational qualification -wise classifications

Table 5 and Figure 7 show that the majority of the 
respondents, 27 (54%) are in the Rs. 1,00,000-2,00,000 
income group, 19 (38%) are in the Rs. 1,00,000 in-
come group, and 4 (8%) are in the Rs. 3,00,000 income 
group.

Table 5
Income -wise classifications

Parameter Number of Investors Percentage

Less than Rs. 1,00,000 19 38%

1,00,000-2,00,000 27 54%

More than 3,00,000 4 8%

Total 50 100%

 
Figure 7. Income -wise classifications

Table 6 and Figure 8 show that the majority of re-
spondents, 23 (46%), have 1-3 years of investment ex-
perience, 4 (8%) have less than 1 year of investment 
experience, 14 (28%) have 4-6 years of investment 
experience, and 9 (18%) have more than 6 years of in-
vestment experience.

Table 6
Investment experience

Parameter Number of Investors Percentage

Less than 1 year 4 8%

1-3 years 23 46%

4-6 years 14 28%

More than 6 years 9 18%

Total 50 100%

 

Figure 8. Investment experience

Table 7 and Figure 9 show that when asked about 
their preferred investment options, it was discovered 
that 29 (58%) respondents preferred equity shares, 11 
respondents preferred mutual funds, and four respon-
dents preferred fixed deposits.

Table 7
Preferences of investment options

Parameter Number of Investors Percentage

Equity Shares 29 58%

Fixed Deposits 4 8%

Mutual Funds 11 22%

Real Estate 3 6%

Bonds 1 2%

Others 2 4%

Total 50 100%

 

Figure 9. Preferences of investment options

Table 8 and Figure 10 show that out of 50 re-
spondents, 23 (46%) preferred liquidity and safety of 
funds, 10 preferred regular flow of income, 13 pre-
ferred higher return and four preferred tax benefits 
on income.
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Table 8
Purpose of investment

Parameter Number of Re-
spondents

Percentage

Higher Return 13 26%
Availing Tax Benefits 4 8%
Regular Flow of Income 10 20%
Liquidity & Safety of Funds 23 46%
Speculative Motive - -
Total 50 100%

 
Figure 10. Purpose of investment

Table 9 and Figure 11 show that most investors be-
long to the New Generation 35 (70%), and the remain-
ing 15 (30%) are hereditary investors.

Table 9
Type of investor

Parameter Number of Investors Percentage
Hereditary Investor 15 30%
New Generation 
Investor 35 70%
Total 50 100%

 Figure 11. Type of investor

Table 10 and Figure 12 show that when respon-
dents were asked about their investment time horizon, 
15 (30%) said they would invest for the medium term 
(1-5 years), while 25 (50%) said they would invest for 
the long term.

Table 11 and Figure 13 show that when respon-
dents were asked about their preferred sources of in-
vestment information, 28 (56%) preferred the Inter-
net, 9 (18%) preferred to invest with brokers, and 7 
respondents preferred newspapers.

Table 10
Time-period for which investors invest

Period to Invest Number of Respon-
dents

Percentage

Short term (0-1yrs) 10 20%
Medium-term (1-5yrs) 15 30%
Long term (> 5yrs) 25 50%
Total 50 100%

 
Figure 12. Time-period for which investors invest

Table 11
Source of information for investment

Source of Information
Number of Respon-

dents Percentage
Internet 28 56%
Newspaper 7 14%
Periodicals/Magazines 2 4%
Brokers 9 18%
TV Advertisement 3 6%
Others 1 2%
Total 50 100%

 
Figure 13. Source of information for investment

According to Table 12 and Figure 14, most respon-
dents, 20 (40%), invest 15-30% of their income, fol-
lowed by 16 (32%) who invest 0-15% of their income.

Table 12
Percentage of income invested

Income Invest Number of Respondents Percentage
0-15% 16 32%
15-30% 20 40%
30-45% 13 26%
45-60% 1 2%
Total 50 100%
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Figure 14. Percentage of income invested

Table 13 and Figure 15 show that when respon-
dents were asked about investment monitoring, 
24 (48%) monitor their investments monthly, fol-
lowed by 18 (36%) who monitor their investments 
weekly.

Table 13
Monitoring of investment
Monitor Investment Number of Respondents Percentage

Daily 6 12%

Weekly 18 36%

Monthly 24 48%

Occasionally 2 4%

Total 50 100%

 
Figure 15. Monitoring of investment

Table 14 and Figure 16 shows that when respon-
dents were asked about factors to consider before 
investing, 18 (36%) want the safety of their principal 
amount to be a factor. In comparison, only 14 (28%) 
want to invest based on return.

Table 14
Factors to be considered before investing

Factors Number of Respon-
dents

Percentage

Safety of principal 18 36%

Risk 11 22%

Return 14 28%

Macroeconomic Factor 7 14%

Total 50 100%

 

Figure 16. Factors to be considered before investing

Findings
The proposed model is quite accurate in terms of 

accuracy, but it is only useful under normal circum-
stances. We discovered that 88% of the 50 respondents 
are male, and the remaining 12% are female. Our re-
search revealed that 30 out of 50 respondents were 
graduates who were neither highly qualified nor un-
dergraduates. When we asked the respondents about 
their income, we discovered that most of them earn 
between Rs. 1,00,000 and Rs. 2,00,000 per month. [16]. 

The majority of respondents have experience of in-
vestment less than three years.

We discovered that most respondents believe in 
modern sources of investment such as equity shares 
and mutual funds and that only a small percentage of 
the total surveyed respondents prefer to invest their 
money in LIC policies, fixed deposits, and other simi-
lar products [17]. 

We discovered that the respondent’s primary invest-
ment goals are liquidity and fund safety, followed by a 
higher return and a consistent income stream [18]. 

The respondents monitor their investment po-
sitions every month, with only two respondents not 
bothering to do so. They only check their investment 
positions regularly [19]. 

Conclusions
• Portfolio Distribution

Before COVID-19, investors had a diverse port-
folio where they preferred equal weightage of debt 
investments, equity as well as commodities like gold, 
silver, crude oil. In the survey conducted, 70% of the 
participants preferred having a diverse portfolio with 
40% investment in debt instruments like corporate 
bonds and government bonds whereas 50%of their 
stock market shares in equity shares whereas remain-
ing 10% of their portfolio comprised of commodities. 
The reason behind this diverse portfolio was muted 
growth in the equity market after 2018, where the mar-
ket remained flat for most of the period; thus, returns 
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from debt and commodity market helped in enhanc-
ing returns on capital employed. After COVID-19, 
90% of the investor portfolio comprises equity stocks, 
as the returns are higher in the equity market as most 
of the stocks have touched their 52 weeks low. There 
is much correction that remains in the coming times 
for these stocks.
• Nature Of Risk

Before COVID-19, investors were risk-takers. 
They preferred investing in small-cap and mid-cap 
stocks that are more volatile and show less correlation 
with the movement of Index like NIFTY 50 and BSE. 
Based on the responses, 60% of the total participants 
preferred heavy investments in small-cap and mid-
cap stocks due to their high volatility, leading to high-
er returns if the stock analysis is to the point. After 
COVID-19, investors have become risk-averse. They 
prefer to invest in large-cap stocks that show a higher 
correlation with the market. It is easier to predict their 
movement when compared with small-cap and medi-
um-cap stocks.
• Correlation With The International Market

Before COVID-19, investors selected stocks based 
more on the domestic news related to that particular 
stock. He used a broader picture of the international 
indexes like S&P, Dow, NASDAQ, and SGX to under-
stand the next day’s movement in the Indian market. 
90% of the participants felt that knowing the growth 
in the foreign indices was enough to predict the move-
ment in NIFTY, as they had lesser equity investment 
and felt that there is a lesser requirement to deep dive 
into stock-specific news. After COVID-19, the stock 
movement in the NSE has become highly dependent 
on the international market sentiment. For example, 
pharma stock is being affected by any news from the 
international markets like that of the US. Thus, more 
investors prefer to have a broader picture with more 
knowledge on domestic and international markets.
• Shift in Sectoral Focus

Investors’ stock portfolio was heavy on Banking and 
Financial services stocks. Before COVID-19, stocks 
from the BFSI sector used to be the top gainers in the 
market. These stocks showed a beta of more than 1, 
which meant more volatile movement of these stocks 
when compared to the market movement. As per the 
survey conducted, 80% of the participants considered 
the BFSI sector as their focus sector to buy stocks. Af-
ter COVID-19, there has been a shift in the sectoral 
focus, with pharma, auto, and FMCG dominating the 

market rather than BFSI. Thus, investors are consid-
ering more pharma, FMCG, and auto stocks in their 
portfolio rather than BFSI stocks that are struggling 
due to the continuous reforms brought in by RBI.

Liquidity of Stocks
Investors were not affected or considerate about 

the liquidity of the stocks as the market was stable, and 
situations like circuit freeze in stocks were rare. Inves-
tors felt confident in buying less liquid stocks because 
their demand and supply behavior was not at all er-
ratic. After COVID-19, investors are looking to invest 
in highly liquid stocks as illiquid stocks are at risk of 
circuit freeze because of fewer buyers and sellers and a 
high percentage change in the value of the stock daily.
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Abstract
Post COVID-19, there is increased psychological stress and de-
pression over the whole world population. Multiple factors like 
perception of safety, risk of contagion, confinement, stigma, 
social alienation, financial loss, and job insecurity create much 
stress for the working population. Top management at various 
companies implements various stress management policies to 
reduce the employees’ fear and stress. Job stress scales used in 
many companies are incapable of measuring stress manage-
ment practices post-COVID-19. This work proposes a new job 
stress scale for effective stress measurement in companies post 
COVID-19. The novel job stress scale’s effectiveness is tested 
against a corporate company’s pilot study to analyze the ef-
fectiveness of various stress management practices followed 
in the company post-COVID-19. The unprecedented impact of 
the COVID-19 pandemic has prompted action to address the 
global crisis, which is critical for psychiatry. As mental health 
professionals, we are on the front lines of providing psycholog-
ical support to those affected by the pandemic. Empirical tools, 
such as validated scales and questionnaires, are essential for 
managing mental health issues. Such tools would help manage 
mental health occupational burden and other psychosocial is-
sues and manage future uncertainty.
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Introduction
COVID-19 is a contagious disorder induced by 

a coronavirus. It was first found out in China in De-
cember 2019. Since then, it has spread rapidly to many 
countries. Many countries adopted lockdown of all 
places to halt the disease’s rapid proliferation, where 
people gathered, and travels were severely restricted. 
Many countries all over the world went for a complete 
shutdown. All business establishments were closed, 
and people were forced to stay home. Except for emer-
gency and essential services, all services went for a 
grinding halt. 

Post lockdown scenario, many businesses were al-
lowed to operate under restrictions regarding work 
from home and limited mobility. The revenue and 
sales of almost many businesses took a severe hit. 
There is a negative impact on business sustainabil-
ity and individual employment post-COVID-19. 
COVID-19 has forced many companies to revaluate 
their operation and working with more digital chan-
nels to support business continuity. COVID-19 has 
created intense stress for the whole world population. 
Multiple factors like safety, risk of contagion, on-
line-working, job loss fears, etc., have caused higher 
distress and depression. Employee mental health is 
on rapid drain post-COVID-19. Many companies are 
adopting various stress management practices intend-
ing to create a stress-free working environment for the 
employees. Many short- and long-term organizational 
plans are rolled in by top management with human re-
source management professionals to reduce employee 
stress levels, foster a positive attitude, reinforce team 
cohesion and reduce social isolation in the telework-
ing environment. Teleworking nature contributes to 
increased stress in part anticipation, co-worker/man-
ager assistance, and profession-life imbalances. 

There are many existing job stress scales to mea-
sure stress. The existing job stress scales do not incor-
porate the newly induced stressors due to COVID-19 
like safety, the risk to life, Quarantine, work-life im-
balances due to teleworking, financial loss and job 
insecurity, etc. This study proposes a new job stress 
scale that accommodates the new stressors introduced 
by COVID-19 and methods to validate and conduct 



Issue 25. December 2022 | Cardiometry | 577

reliability analysis for the new stress scale. The effec-
tiveness of it is measured with a pilot study of stress 
management policies of a corporate company. The hy-
pothesis is designed and validated using the new job 
stress scale.

The literature survey is done to understand the ex-
isting job stress scales. 

Authors in [1] conducted the correlation between 
eight physical symptoms and various organizational 
stressors. Stressors like organization constraints, con-
flicts within self and team, workload, working hours, 
etc., are analyzed. The mental analysis is carried out 
using the Rosenthal approach. Stress in the bank-
ing sector is analyzed in [2]. Questionnaire analysis 
was carried out with 100 employees. The responses 
were analyzed using ANOVA. The analysis is based 
on finding the significance of role stress. A new job 
stress scale to evaluate the stress specific to the Indi-
an work environment is proposed [3]. The scale was 
created based on theoretical job stress models. Vari-
ous questionnaire models used for the same purpose 
are analyzed. Reliability and validity test on this new 
stress scale is done using factor and correlation anal-
ysis. Authors in [4] proposed an employee sick-listed 
risk model. The model is adapted from the association 
amid employee sickness and work-related stress. The 
work-stress questionnaire was distributed to subjects, 
and test-retest-based reliability testing was done. A 
self-addressed questionnaire-based method for stress 
assessment is proposed in [5]. Empirical standpoint 
and the qualitative study are the two factors used for 
the design of the questionnaire. The analysis was car-
ried out with consideration for factors at work and at 
a personal level. Based on the two factors, a question-
naire was designed. Test-Retest analysis was used to 
check the validity of the survey. The impact of orga-
nizational changes on the mental well-being of the 
employees was studied in [6]. As part of the work, 
two stress models were proposed. Effort-reward im-
balance, job strains, over-commitment, social support 
were the stressors considered for the study. The study 
concluded that there is widespread psychosocial dis-
tress on the employees’ mental health during major 
organizational changes. Authors in [7] introduced 
various health measurement scales and guidelines to 
construct new health measurement scales. Individu-
al questionnaire items were developed considering 
the response bias and response options. Based on this 
analysis, various response items are included in the 

scale. The reliability and validity of the scale are carried 
using Test-Retest analysis. Work in [8] focused on the 
development and validation of stress scores. Stressors 
are identified using exploratory factor analysis. Explo-
ration is done using methods like oblique rotation and 
maximum likelihood. Authors in [9] proposed a new 
job stress assessment method for employees. High 
priority items were selected using various web-based 
questionnaires and scales employed in a major organi-
zation. The questionnaire item is then checked against 
personal health parameters. Each item selected is then 
analyzed using a correlation coefficient. The analy-
sis resulted in 23-item questionnaires. A pilot study 
was then conducted for Japanese employees. The re-
sponses were analyzed for reliability and validity using 
test-retest analysis. Osipow questionnaire for occupa-
tional stress is analyzed for reliability and validity in 
[10]. A pilot study was conducted with Tehran munic-
ipality. The responses from employees are used to test 
the occupational stress. Six factors in the responses 
were correlated with higher occupational stress than 
others. The work also identified a higher correlation 
amid work weariness and professional pressure. With 
the increase in job burnout, occupational pressure also 
increases. Authors in [11] developed three job stress-
or scales. Interpersonal conflicts, organizational con-
straints, quantitative workload are three stress scales 
proposed in this work. Meta-analysis is carried out to 
find the correlation between the job scale and other 
variables. Validity analysis proves a moderate con-
vergence for the proposed job stress scale. Authors in 
[12] studied the employee control, stress model. The 
hypothesis was designed for correlating the control to 
the stress. Employees under less control tend to be less 
stressed. Using a work stress questionnaire to prevent 
the sickness absence in healthcare workers is carried 
out in [13]. A randomized control trial was conducted 
on a study population of 271 individuals. The study 
identified a higher correlation of work stress question-
naire to the sickness absence of health care workers. 
Authors in [14] assessed the Psychometric properties 
in General Nordic Questionnaire for Psychological 
and Social Factors at Work. 24 out of 26 scales in the 
General Nordic Questionnaire were considered for 
this study. A pilot study for a large group of Swedish 
country council employees was done. The work proved 
the validity of the General Nordic Questionnaire for 
Psychological and Social Factors at Work to be a good 
indicator for health-related factors in the work en-
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vironment. Analysis of the psychosocial stressors at 
work and their correlation to the mental disorder is 
analyzed [15]. The study’s data is obtained from elec-
tronic databases like MEDLINE, Embase, PsycINFO, 
Web of Science, CINAHL, and other databases like 
Grey Literature Report, WHO-IRIS, and Open Grey. 
The analysis was carried out three most recognized 
models - job demand control support model, vulnera-
bility to work tension, effort-reward imbalance model. 
PRIMA and MOOSE guidelines were followed for me-
ta-analysis. An objective study of the correlation be-
tween sickness absence and mental disorder is carried 
out. Effort–reward imbalance was identified as the 
most important stressor. The relation between psy-
chotropic medications and job stressors is studied in 
[16]. The data for the study was obtained from seven 
electronic databases. The study was selected based on 
whether they involved a work irritant or mental and 
practical ongoing state with psychotropic medication. 
The study inferred that the risk of psychotropic med-
ication use is associated with high job demands. The 
association between the workplace stressors and the 
objective measurements of mental health is analyzed 
in [17]. A pilot study on white-collar workers in Cana-
da was done. Cox regression analysis was used to study 
the connection amid the psychic well-being indicators 
and the work stressors. The study was conducted gen-
der-wise, and women were more exposed to mental 
health disorders than men. The connection amid lack 
of medical illness and workplace bullying is studied in 
[18]. The study was conducted across 10,691 employ-
ees across Norway. Regression analysis was carried out 
to identify the association. The study shows that lack 
of prolonged illness is related to the increased threat of 
workplace harassment. Association between the med-
ical sickness and emotional dissonance of the employ-
ees is studied in [19]. The factors identified for emo-
tional dissonance were increased work demands, role 
clarity, role conflict, and decision control. A negative 
binomial hurdle model was used to study the impact 
of emotional dissonance factors. The study found that 
all factor’s role conflict was the important risk factors 
influencing the sickness absence than other factors. 
General Health Questionnaire (GHQ-12) was used to 
analyze the connection between psychological trouble 
and sickness absence [20]. The survey was conducted 
on about 8000 employees. The General Health Ques-
tionnaire (GHQ-12) responses from these employees 
are used to find the association using regression anal-

ysis. Assessment from a co-worker is also used to con-
trol for the bias. The study was conducted for a long 
period of two years. Adjustments were made for other 
factors like alcohol consumption, smoking, etc. The 
correlation coefficient is found to be higher in high 
socio-economic positions compared to low socio-eco-
nomic positions. 

Materials and Methods/Methodology

Rationale of the Study
COVID-19 is a new phenomenon to date, and there 

are not many works on analyzing the impact of stress 
management policies implemented in most organi-
zations post-COVID-19 scenarios. The existing job 
stress scales do not accommodate the new stressors 
introduced post COVID scenario, which motivates us 
to approach this problem and design new job stress 
scales adapted to post COVID-19 scenario. 

Aim:
• This work proposes a new job stress scale accom-

modating the stressors introduced post COVID-19 
scenario on the employees and conducts reliability 
and validity analysis on the proposed stress scale.

Scope:
• Even though COVID-19 is still spreading and the 

future is unknown, this work considers the stress 
after lockdown, and the study focuses more on 
stress associated with post-COVID-19 on tele-
working environment alone.

Objectives: 
• To design a job stress scale to analyze the impact 

of stress management policies implemented post-
COVID-19 scenario. 

• Conduct reliability and validity analysis of the pro-
posed job stress scale against a corporate compa-
ny’s pilot study. 

Methodology
The new job stress scale measures following stress-

ors introduced a post-COVID-19 scenario.
1. Anxiety/Time stress
2. Role conflicts stress 
3. Co-worker/Manager support deficit stress
4. Work-life imbalance stress
5. Health/safety stress
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Due to the social isolation of teleworking, there is 
tremendous anxiety on the employee. The reasons are 
unavailability of tools, support materials due to the 
server and network connection interruptions. Under 
the environment of poor/interrupted network con-
nectivity, an additional deadline constraint put extra 
time-related stress on the employees. Managers must 
consider the teleworking complexities and provide 
flexibility to deadline constraints to reduce anxiety-re-
lated disorders. 

Teleworking environment also results in role con-
flicts. Lack of team coordination results in many inter-
nal conflicts. Controlling schedule slippage and qual-
ity control becomes even more difficult, resulting in 
someone taking the blame. Managers need to reinvent 
effective coordination measures to avoid role conflicts 
in teams. 

Lack of support from co-workers or Managers in 
the teleworking environment creates a lot of stress. 
Employees look for timely assistance from their se-
niors for work-related queries, which becomes very 
difficult to manage in a teleworking environment, es-
pecially for new employees. 

Teleworking has resulted in employee overworking 
since there is no definite time boundary on the work-
ing hours. The working hours are stretched, and this 
affects the mental health of the employees. 

The safety of life of employees and their family 
members create panic in employees. Especially the 
medical expenses and safety-related expenses due to 
COVID-19 create a financial burden. 

The new job stress scale is designed as 23-item ques-
tionnaires with 7 items for Anxiety/Time stress, 4 items 
for role conflicts stress, 4 items for co-worker/manager 
support deficit stress, 4 items for work-life imbalance, 
and 4 items for health/safety-related stress. Each item 
response is a Likert five-point scale as below:
A. Strongly Disagree (1)
B. Disagree (2)
C. Undecided (3)
D. Agree (4)
E. Strongly agree (5)

The questionnaires of the job stress scale are given 
below in Table 1

Following tests were done to check for reliability of 
the stress scale
1. Internal consistency 
2. Test-Retest analysis 
3. Intra class coefficient analysis. 

Table 1
New Job Stress Scale

Time and anxiety stress
1 I am overloaded and lacking in time
2 I feel bad when there is no work
3 I feel there is no leave
4 I am nervous about my job challenges
5 I am feeling heavy with my job
6 My job is a big burden most of the times
7 I get a hard feeling in my chest thinking about the job

Role expectation conflict
8 My senior demands burden me

9 There is difficulty in satisfying conflicting demands 
from my team

10 There is difficulty in satisfying conflicting demands 
from clients

11 I am burdened by different expectation from team and 
clients

Co-worker/Manager support
12 Am I getting enough information from my team?
13 Are my team and colleagues understanding enough?
14 Am I getting enough feedback about my work?
15 Am I getting enough assistance from my team?

Work-life imbalance
16 There is enough time for work-life balance

17 It becomes difficult to balance my work and other 
management activities

18 I am satisfied with work balance
19 I believe all my team works is also balanced

Health security stress
20 Me and my family fife is covered due to COVID-19

21 Me and my family medical expenses due to COVID-19 
are covered

22 I feel safe with travel facilities provided for urgent 
travel to the company or client site

23 A counselor is available at any time to help me

Internal consistency is checked by checking the ho-
mogeneity of all 23 items. The homogeneity is evalu-
ated using Cronbach’s alpha coefficient. For deciding 
the internal consistency, Cronbach’s coefficient of 0.7 
or higher is decided as the threshold. 

Factor-based validity is verified by calculating the 
proportion of variance for all the scales and checking 
several items above the average. 

Test-Retest analysis was done by calculating the 
Pearson’s correlation coefficient and an intra class co-
efficient for all the participants’ responses. 

For testing the validity and reliability of the new 
job stress scale, a pilot study was conducted against the 
corporate company with 100 employees with 60 males 
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and 40 females. The following hypothesis was tested 
based on the new job stress scale, and Table 2 shows 
the results.

Table 2
Hypothesis

ID Null Hypothesis Alternate Hypothesis
H1 Job stress has not reduced 

after management activ-
ities

Job stress has reduced af-
ter management activities

H2 Job stress has not reduced 
homogenously across 
genders

Job stress has reduced 
homogenously across 
genders 

Results
The questionnaire was distributed to all 100 em-

ployees, and the responses were collected. The mean 
and standard deviation of the responses from 100 par-
ticipants is given in Table 3

Table 3
Mean and SD of the Responses
Question Response Mean Response Standard deviation

1 3.74 .86
2 3.43 1.02
3 3.43 0.94
4 3.52 0.88
5 3.30 0.98
6 2.96 0.83
7 3.04 0.68
8 3.21 0.95
9 2.73 0.88
10 2.74 0.95
11 2.70 0.85
12 2.77 1.03
13 2.86 0.94
14 3.44 0.76
15 3.41 0.73
16 3.14 0.87
17 3.35 0.77
18 2.89 0.76
19 2.84 0.72
20 3.37 0.77
21 3.13 0.86
22 3.18 0.77
23 3.42 0.71

The mean score falls between 2.5 and 3.5. Time 
stress and co-worker support had a higher value for 

a mean score. Test-Retest was done all the response 
items for all items. The result of the Pearson correla-
tion coefficient and Cronbach’s alpha coefficient is 
given in Table 4.

Table 4
Correlation Coefficient

Question Items Cronbach’s alpha 
coefficient

Item’s Pearson correla-
tion coefficient

1 0.81 .76
2 0.81 0.91
3 0.82 0.92
4 0.81 0.81
5 0.80 0.97
6 0.79 0.99
7 0.80 0.97
8 0.79 0.98
9 0.80 0.99
10 0.79 0.98
11 0.81 0.97
12 0.80 0.91
13 0.80 0.99
14 0.81 0.98
15 0.81 0.96
16 0.81 0.97
17 0.81 0.91
18 0.82 0.92
19 0.82 0.94
20 0.82 0.95
21 0.81 0.95
22 0.82 0.91
23 0.79 0.92

For all the items, the Cronbach’s alpha coefficient is 
greater than the threshold value of 0.7, and the Test-re-
test reliability score is greater than 0.5. These two re-
sults indicate high internal consistency reliability. 

A. Hypothesis 1
The job stress scale was measured before and after 

the launch of the stress management policies. The mean 
score for all 23 items before and after the launch of stress 
management policies is calculated and given in Table 5

Paired sample T-test is done in Figure 1 with a t 
value as 2.170

With the degree of freedom as 22, checking against 
the t table, the p-value is 0.004, proving the alternate 
hypothesis that job stress has reduced after the man-
agement policies. 
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Table 5
Means of Responses before and after Launch

Question Mean before launch Mean after launch
1 2.71 3.74
2 2.13 3.43
3 2.13 3.43
4 2.52 3.52
5 2.33 3.30
6 1.86 2.96
7 2.34 3.04
8 2.31 3.21
9 2.73 2.73
10 2.14 2.74
11 2.17 2.70
12 1.77 2.77
13 1.76 2.86
14 1.42 3.44
15 2.45 3.41
16 1.44 3.14
17 2.85 3.35
18 2.19 2.89
19 2.12 2.84
20 1.33 3.37
21 1.47 3.13
22 1.74 3.18
23 2.12 3.42

B. Hypothesis 2
The job stress scale was measured after the stress 

management policies’ launch is split into male and fe-
male categories. The mean for all 23 items is calculated 
for men and women, as Table 6.

Table 6
Mean Of Responses for Men and Women

Question Mean for Men Mean for women
1 3.75 3.73
2 3.45 3.44
3 3.46 3.40
4 3.53 3.51
5 3.27 3.33
6 2.90 3.02
7 3 3.08
8 3.22 3.20
9 2.73 2.73
10 2.74 2.74
11 2.71 2.72
12 2.77 2.77
13 2.88 2.84
14 3.45 3.43
15 3.41 3.41
16 3.16 3.12
17 3.35 3.35

 
Figure 1: Paired T-test for Hypothesis 1
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Question Mean for Men Mean for women
18 2.91 2.87
19 2.86 2.82
20 3.37 3.37
21 3.15 3.12
22 3.20 3.16
23 3.38 3.46

Paired sample T-test is done, which is shown in 
Figure 2 with a t value of 0. For the degree of freedom 
of 22, the p-value is 0.002, which proves the alternate 
hypothesis that Job stress has reduced homogenously 
across genders. 

Conclusion
A new job stress scale to analyze the effective-

ness of stress management policies post-COVID-19 
is proposed. The new stress scale is a 23-item ques-
tionnaire accommodating all the stresses caused due 
to post COVID-19 scenario. The validity and reliabil-
ity of the new stress scale are proved using test-retest 
analysis. The proposed stress scale was tested against 
a pilot study of a corporate company. The hypothesis 
was designed to check the effectiveness of the stress 

management policies, and the hypothesis was proved 
using the proposed job stress scale. The COVID-19 
pandemic’s unprecedented impact has prompted ac-
tion to address the global crisis critical for psychiatry. 
We are on the front lines of providing psychological 
support to those affected by the pandemic as mental 
health professionals. Empirical tools, such as validat-
ed scales and questionnaires, are critical for managing 
mental health issues. Such tools would help manage 
mental health occupational burden and other psycho-
social issues, and future uncertainty.
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Abstract
Background: Biodiversity is one of the proud domains of any coun-
try in the world. Wildlife as a whole is one of the greatest contribu-
tors to the environment worldwide in the human race. It is known 
as one of the vital assets of all countries of the world. Protecting 
wildlife is also synonymously used as protecting the future of the 
earth and humanity by researchers worldwide. It becomes essen-
tial in the changing environment to give more attention to the 
conservation of wildlife. There seem many inherent problems in 
protecting wildlife, and it is very difficult to deal with these prob-
lems. One of the needs is to address the problems of audit and au-
dit ability of wildlife in general and snakes, particularly in India. We 
need data and facts for auditing. Can this be done with ‘counting 
snakes? (Interesting / chilling /challenging?) The management and 
governance problems even with the controlled environment like 
reserved forests from audit perspective for the bodies like forest 
department of the country and government agencies like “Zoo-
logical Survey of India (ZSI)/Botanical Survey of India (BSI),” etc. 
How difficult is it to count animals? Especially snakes? Almost im-
possible. Needs innovative approaches to solving these problems. 
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Background 
Wildlife conservation is not only about animals 

but about the protection of flora and fauna in the 
country. The fauna of British India and all its parts 
are dedicated to wildlife understanding of India in 
the British Regime. Volume III -Serpentes is a part of 
this series, which speaks about snakes [1]. Till now, 
many researchers and organizations are contributing 
to conserving/protecting wildlife for different reasons. 
Globally, the Governments of various countries are 
taking many initiatives in this domain, and India is 
no exception. With the changing priorities of the peo-
ple and the governments, it is known that forest areas 
are shrinking because of faster urbanization [2]. Re-
searchers very well understand that auditing wildlife 
is one of the most difficult tasks to achieve with the 
changing nature of problems faced by wildlife and civ-
ilizations. Moreover, now, there is also a need to devel-
op new technology-based methodologies to solve the 
problems [3]. 

Understanding the nature of problems it is a very 
difficult task because of the uncontrolled environment 
of wildlife. It is seen that audits and auditing are diffi-
cult in an uncontrolled environment. The new study is 
saying that there are serious challenges to stop species 
loss. Forestry in India is a major source of rural indus-
try and environmental resources. Multiple reports are 
stressing the shrinking of forests [4]. 

As per the “Controller and Auditor General of In-
dia, environment, and climate change auditing guide-
lines,” Environmental Audit is an emerging audit vital 
for India; it is also a major interest area of Supreme 
Audit Institutions. As per the CAGs auditing guide-
lines, the audit is categorized as a financial audit, com-
pliance audit, and performance audit [5]. The audit 
will help to address the environmental issues. The 
guidelines speak about the array of topics like “Bio-
logical Diversity including forests and forest man-
agement, wetlands, mangroves, air pollution, water 
pollution, waste management, climate change, coastal 
zone management,” etc. For this paper, the research-
ers are interested in finding out problems and proba-
ble solutions in conservation. The basic requirement 
is for biological diversity and conservation, including 
forests and forest management in general and reptiles/
snakes in particular within this topic [6]. The docu-
ment also focuses on items like liabilities, contingen-
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cies, commitments, asset impairments provisions, etc., 
which is all based on “Article 48A in the Constitution 
of India 1949”. The guidelines also speak about pro-
viding an expected logical framework for undertaking 
environment audits. If the environment is protected, 
only humankind and the surrounded environment, 
including animals and all living organisms, will sur-
vive. The cost required for such things is too high. 
However, considering future threats like any pandem-
ic, it is essential to incur the cost on the environment 
and its sustainability [7]. It is well understood that 
such audits are the job of high-level professional skill 
auditors. However, it needs a deep understanding of 
issues. One such issue is raised and discussed in this 
research paper. As per environment audit guidelines, 
there are four steps in auditing: 1.The understanding 
problem of environment and impact on society/econ-
omy 2. The response of government towards these 
issues 3. Selection of the audit topic and deciding pri-
orities of audit and objectives 4, [8] Carrying out the 
audit. Only population surveys and audits should not 
be the objective of audit as far as reptiles in general 
and snakes, in particular, are concerned. Census word 
that is closer to the universe survey from a statistical 
perspective may never be achieved in the wildlife for 
smaller animals and reptiles [9]. There are many laws 
and acts with guidelines published from time to time 
by the government about wildlife and its protection/
conservation, especially since 1972 when “The Indian 
Wildlife (Protection) Act, 1972,” came into the picture. 
After that, amendments were done from time to time

Review of literature 
A review of the literature consists of mainly the 

guideline documents and acts/laws from the govern-
ment of India. Internationally, there are many guide-
lines available about wildlife conservation and protec-
tion in general. It mainly includes performance audit 
documentation. It is not very evident that those docu-
ments include reptiles in general and snakes in partic-
ular from an auditing perspective [10]. The searches 
come back with more documents from African, Asian, 
and European/American countries depending on the 
availability of wildlife in the country, which speaks 
about big animals and birds with marine biodiver-
sity. Very little work is done on geckos, lizards, and 
snakes, particularly in India. Conservation success 
depends on effective and efficient monitoring meth-
ods. Sampling and detection efficiencies are related to 

cost efficiencies [11]. The cost-effectiveness of census 
depends upon the appropriate method for monitoring 
methods for wildlife. However, there is little attention 
paid to cost-effectiveness. The participation of citizen 
science is becoming one of the major parts and also 
big data analytics in action for population estimation. 
Citizen-based monitoring systems are important for 
monitoring efforts and crowed sourcing the efforts, 
which can be evident from the recent research paper 
published about the monitoring of Greylag goose.

However, no such effort was taken in India for 
reptiles and snakes. “The Supreme Audit Institution 
(SAI) India” is controlled by the “Controller and Au-
ditor General (CAG) of India.” It is a constitutional 
authority. The CAG of India derives its mandate from 
Articles 148 to 151 of the Indian Constitution, which 
prescribes functions, duties, and powers of the “CAG 
(Comptroller and Auditor General of India, 2008).” 
The Ministry of Environment and Forests conduct 
the environment and forestry programs. It is also a 
nodal agency in the country for the United National 
Environment Program (UNEP) [12]. A report pub-
lished by Controller and Auditor General of India on 
Environment auditing in India throws light on air, 
water, waste, biodiversity, and environment manage-
ment systems. Nevertheless, very few such reports 
and laws speak about reptiles in general and snake 
in particular. Recently “CAG report on performance 
audit for Karnataka” is published where the species of 
reptiles found are listed. However, there is no men-
tion of statistical evidence of the population of those 
species. The report has some records which state that 
the reptiles are killed in the forest area, but the report 
is silent on the road kills of reptiles [13]. As per the 
report, many reptiles and amphibians end up in road 
kills while crossing the roads, which is critical in the 
Western Ghats, which might lead to a deviation in the 
audit report if accurate data cannot be recorded and 
reported further, which applies almost to all states. 
Maharashtra is not an exception for that. From an au-
dit perspective, it is very important to have statistically 
analyzed numbers to have a true and fair examination 
of the situation from a wildlife audit perspective [14]. 
The literature review cannot be completed without the 
mention of the Wild-life Protection Act 1972, where 
the legal framework and guidelines are mentioned 
about the conservation and protection of wildlife in 
India. The act is amended several times. Six schedules 
provide varying degrees of protection to wildlife in In-
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dia. It was very difficult to find the literature from a 
reptiles/snakes auditing perspective except for species 
at different locations [15]. “Zoological Survey of India 
(ZSI),” which is the initiative of the “Ministry of En-
vironment, Forest and Climate Change, Government 
of India,” has different projects running about bio-
diversity and wildlife. Its primary objectives include 
many which are relevant to auditing.” However, none 
of their publication list, which is published in 2014, 
speaks about reptiles and snakes, in particular, directly 
[16]. Some organizations like the World Wildlife Fund 
(WWF) and others work in very specific specialized 
areas for conservation and protection of wildlife, car-
rying out various studies. However, again, these efforts 
seem concentrated on more pure science studies ex-
cept auditing perspective of the same as a whole. Of 
course, these are also required for the topics discussed 
in this research paper [17] 

Existing methods and efforts in estimating 
the population of snakes 

Identifying and statistical surveying of wild ani-
mals in general and snakes, in particular, is kind of a 
non-trivial problem. Especially when it comes to in-
sects and reptiles, the degree of difficulty is very high 
in the field. It might be a little easier with European or 
Western countries than India because of the acts and 
procedures for the permissions. There are two major 
categories, which include the presence or absence of 
researchers in the field. The cost-effectiveness of these 
survey/sampling methods is also very important with 
herpetofauna [18]. There are many existing methodol-
ogies for surveying the snakes in the field. It is always a 
challenge surveying snakes in the field because of their 
secretive habits. Few approaches try to include hybrid 
approaches depending on the availability of resources 
and understanding of the field. “Henry S. Fitch did an 
interesting study, Division of Biological Sciences, the 
University of Kansas.” [18] They have tested it on 43 
seasons and compared the effectiveness of these meth-
ods. They tried it with three methods 1) Live Traps, 2) 
Artificial Shelters, and 3) Random Encounters, which 
was done from 980 to May 1991. As per their obser-
vations, artificial shelters were the most successful 
and Live traps for the intermediate size of snakes out 
of these three [19]. Some of these methods with the 
experiment are discussed in a study as ‘Efficiency of 
snake sampling methods in the Brazilian semiarid re-
gion.’ Existing methodologies of such surveys include: 

Walkabout search 
This method is a traditional method for many 

years adopted by the researchers, which needs the 
researcher to be present in the field. A team of re-
searchers explores the designated/marked field for 
the sighting of snakes depending on their behavioral 
habits. Like all other animals, snakes also have specific 
requirements of physical/environmental conditions to 
be seen. Though this is one of the very common ap-
proaches, identifying individuals is very difficult with 
this approach. Here, the idea is to walk along your sur-
vey route, also known as transect at your site, which 
involves 1) slow walking as reptiles have very strong 
senses and high sensitivity for vibrations, 2) looking 
for basking spots (reptiles need sunlight), 3) Avoiding 
sudden movements. 4) By hearing a rustle, you may 
find animals after some time at the same spot 5) By 
observing natural refugia, i.e., to look carefully under 
old sheets, stones, wooden planks, etc. 6) You may 
find molts of snakes near the rocks where they shed 
their skin. 7) Recording the environmental variables 
like temperature, humidity, hiding spots, etc. Usually, 
the recommended approach for this has multiple visits 
depending on the species habitat requirements in dif-
ferent seasons.

Time-Constrained Search
This is done given the time constraint, and the re-

searcher needs to be in the field to carry out this meth-
od. The time frame is decided to carry out the survey.

Occasional encounters
This is one of the common methods used for the 

survey. Whenever researchers are in the field, they keep 
recording over the period where they encounter any 
species. This method does not require the research-
er to constantly be in the field, hard to standardize. It 
does not have strict planning and is also criticized by 
many. However, still, this is useful when you have a 
very large number of researchers in the field.

Artificial Traps
This is a method that does not require the research-

er to be in the field. Pitfall traps (PIT) are the most 
commonly used method.

Artificial Shelters
This is rarely used. It needs funding and resources 

to carry out the survey, which may depend upon the 
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environmental study and abundance of species in the 
specific area.

GPS telemetry
For the last few years, technology is bringing 

change in many areas. The use of GPS telemetry now 
is more frequent depending on the ’Acts and Regula-
tions’ of a specific country. Snakes are also no excep-
tion for the same. Mainly it is being deployed to mam-
mals and birds. The basic understanding is that for 
conservation purposes, these technologies may gen-
erate high-quality data about ecology and behavior. 
These have been tested on ‘large constricting snakes,’ 
as studied by Smith et al., which yielded interesting re-
sults. One such very successful effort was made by re-
searchers in the “Environmental Information System 
(ENVIS) Centre” at “the Wildlife Institute of India.” 
The publication is known as ‘Application of radio te-
lemetry techniques in snake research: King Cobra, as 
observed by Ophiophagus Hannah, Cantor in Agum-
be, Karnataka, India.’

Here, researchers could get very important ecolog-
ical parameters, including home range, translocation 
paths, den sites, etc. The first-ever field study in In-
dia for snakes using radio telemetry. They were also 
able to obtain crucial information on the King Cobra’s 
spatial ecology, which allowed them to develop bet-
ter conservation plans, resulting in the “world’s largest 
venomous snake’s pioneering research.”

For the last few years, many snake species are stud-
ied worldwide using telemetry and able to reveal data 
about ecological parameters, which address move-
ments (distance, duration), ethology (diet, predation), 
demography (abundance, age, mortality), life history 
(grown, fecundity), habitat, reproduction, and conser-
vation, etc.

The primary aim of this study was to quantify sea-
sonal movement patterns, home range characteris-
tics, habitat, comparing the spatial ecology of rescued 
snakes, and also, to study the translocated snakes and 
their paths, thermal ecology, which is more important 
for female snakes attending nests, remotely observing 
daily/seasonal activity patterns of King Cobra, etc., 
which was also to use GIS to examine habitat frag-
mentation of King Cobra and come out with the con-
servation strategies by studying habitat requirements. 
Here, they rescued five adult King Cobras from the 
human habitat and got them to Agumbe Rainforest 
Research Station (ARRS). They were implanted with 

a 25-g temperature sensing radio transmitter (Model 
AI-2T, Holohil Ltd., Ontario, Canada with three years 
of battery life)

They were released 24 hours after surgery, and they 
released three snakes at exact locations where they are 
captured. Two were released away 20 km from where 
they were captured.

“International Union for Conservation of Nature 
(IUCN) organization,” was created in 1948. Since 
then, it has grown into the largest and most diverse 
environmental network in the world. It is composed 
of government and civil society organizations. Now, 
it has approximately 1,300 member organizations and 
around 13,000 experts. They are organized into six 
commissions: Species Survival, Environmental Law, 
Protected Areas, Social and Economic Policy, Ecosys-
tem Management and Education, and Communica-
tion. As they are involved in so many activities, inter-
ested people can visit their website. In this article, we 
will look at their efforts in statistical data collection 
about snakes. IUCN maintains a list known as the Red 
List of Threatened Species [20] , one of the most com-
prehensive lists. It tries to maintain the inventory of 
the ‘global conservation statuses of plant and animal 
species. It tries to look at the extinction risk of species 
and subspecies.

This list is used by government agencies, wildlife 
departments, conservation-related NGOs, natural re-
source planners, educational organizations, students, 
and the business community.

The status is alarming. Quoting from the IUCN 
website,” The bad news, however, is that biodiversity is 
declining. There are more than 91,520 species on The 
IUCN Red List, and more than 25,820 are threatened 
with extinction, including 41.

Despite these figures, we are working to reverse or 
halt the decline in biodiversity. Increased assessments 
will help to build The IUCN Red List into a complete 
Barometer of Life. To do this, we need to increase the 
number of species assessed to at least 160,000 by 2020.

A research was published as ’Are snake populations 
in widespread decline? Published in the ‘Biology Let-
ters’ by the ’Royal Society Publication’ in December 
2010. As per their results, 17 snake populations, which 
included eight species from France, Nigeria, Australia, 
Italy, and the UK, 11 species saw a sharp decline. Of 
course, there are multiple variables, including habitat 
quality deterioration, prey availability, global climate 
change, pollution, disease, etc. The methodology used 
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by the researcher was an identical survey methodolo-
gy every year.

Мethods
While looking at the usefulness of technology, the 

researcher developed an android application with his 
team named ‘Pranimitra’ in the year 2014. It was tested 
in the field (Maharashtra in general and Pune in spe-
cific) for five months, i.e., from Jun 2014 to October 
2014. The snake rescuers primarily used this applica-
tion after a small training module to them about how 
to use this application. This application also included 
birds and mammals with snakes for the sighting of the 
animals. Here, the idea was to start crowdsourcing for 
information about the sighting of the snakes. They 
did not have to worry about the species, though this 
application was included detailed scientific informa-
tion about species. Once a snake is sighted, they just 
had to click on the photograph of the snake, and other 
information like latitude, longitude, temperature, and 
humidity was fetched online and stored. The main 
aim of this project was to document the evidence of 
occurrences of the species and, if possible, and reveal 
the relationship between environmental factors like 
temperature and humidity. The relationship between 
these two important variables to the reptiles, includ-
ing species, is well known in the scientific community. 
The researcher has tried to analyze the results of this 
activity. 

Though this sample size is not good enough to es-
tablish scientific results, the universe itself is not yet 
possible to define. Because of these efforts, it was ev-
ident that technology and crowdsourcing are possible 
for wildlife conservation efforts. Of course, many tech-
nologies can be immensely useful for these activities. 
Even for the wildlife audit purpose, enough required 
data needs to be collected. There are some methods for 
the census of animals, but those seem ‘not enough’ or 
‘less effective’ near nothing for the snakes. Following 
are few images of the ‘Pranimitra’ app interface. Figure 
1 Indicates the Interface for Application User to Call the 
Accessible Numbers of the Rescuers Area Wise. 

Figure 2 indicates the photographs of the snakes 
for identification of the snake sighted. This interface 
also has a facility where the user can click on the im-
age once the snake is identified. The database will be 
populated with the species name, time of the sighting, 
latitude-longitude data, and environmental data like 
temperature and humidity.

 
Figure 1. Rescue a snake

 
Figure 2. Snake catalogue

Figure 3 shows the different categories of the ani-
mals which are part of the application, like mammals, 
birds, reptiles, etc.
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Figure 3. Different categories of the animals

The following graph (Figure 4) shows the number 
of snakes reported on the app for various varieties 
during the said period. It was noticed that the maxi-
mum reported snakes are Indian Cat Snakes during 
that period in Maharashtra in general and Pune in 
specific. The researcher experiences that the proba-
bility of Indian cat snake citing is more because the 
period covers the rainy season.

 
Figure 4. Types and number of snakes

The above graph (Figure 5) shows the atmosphere 
of the place where the snakes were reported.

Problems in auditing wildlife
The list of problems starts from the beginning it-

self Environment, Ecology, Forestry, Zoology, Bota-

ny, Biodiversity, Biology, Management, Governance/
Government, Social Studies, Geology, Geography, and 
many more domains are engaged in these studies if 
we truly want to categorize the problems in different 
disciplines/domains. This multidisciplinary domain is 
making wildlife studies more complex. The expertise 
needed to encompass the whole understanding of the 
ecosystem; is so large that it becomes difficult to get all 
threads together.
• The primary problem of auditing wildlife is the lack 

of valid and authentic primary data. It is extremely 
difficult to have such data even with the controlled 
environment if the area under study is more. The 
sampling methods are not sufficient to have such 
data that can estimate the population of the species. 
The existing methodologies address the census of 
large animals like tigers, elephants, rhinos, lions, 
etc. This problem is more serious with the reptiles, 
especially with the snakes, where no primary popu-
lation data is available for different reasons. It is very 
important to have such data from the audit perspec-
tive, starting with the controlled environment. 

• One of the major hurdles in auditing wildlife in 
general and reptiles-snakes, in particular, is in the 
wild they are not seen as we can see bigger animals 
like tigers, elephants, or deer. Identification and 
tracking of these reptile species need greater sci-
entific skills. Above all, identifying individuals is 
extremely difficult, even if they are seen without a 
taxonomical study of the species. So, in wildlife, ac-
quaintances of snakes are very rare in nature unless 
they are being followed with the help of technology. 

• Like any other wild animal species, many of the 
snakes may also be endangered. International 
Union for Conservation of Nature IUCN keeps a 
red list of threatened species. In Southeast Asia’s list 

 
Figure 5. Atmosphere
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Ahaetulla dispar (Gunther’s Vine Snake) is Near 
Threatened, but many of the snakes we can see 
Data Deficient in this list for India. So, we do not 
have a clear idea about the status from an auditing 
perspective. Some studies are done for a specific 
region or species, but not really from population 
perspectives. These studies are more from a zoo-
logical or environmental perspective. The ecology 
of snakes is still a distinct dream for India excep-
tionally. The study about Ophiophagus Hannah 
(King Cobra) carried out by famous herpetologist 
Romulus Whitekar is world-famous, but this seems 
a unique case about such a study.

• The reports are repeatedly saying that wild animals, 
plant population monitoring surveys are poorly 
designed. They are not correctly representing the 
species, which we would like to understand, lead-
ing to wrong assumptions and estimated trends. It 
is extremely difficult to plan or develop conserva-
tion programs because of misleading data.

• Forests are shrinking due to the changing priorities 
of the human worldwide, especially in India and 
Indian urbanization scenario. This phenomenon 
poses a great danger to wildlife in India and from 
plain lands to the Himalayas, the problem is being 
observed. With current news, we can see the aston-
ishing impact of industrial projects on the forests. 
Artificial forests cannot be a solution to this prob-
lem. Even Indian Governments auditor acknowl-
edges that conditions under which these projects 
are given forest land are widely violated, and experts 
said government data are under-estimates. TV Ra-
machandra at IISC says that dense forest areas in 
northern, central, and southern Western Ghats have 
decreased by 2.84%, 4.38%, and 5.77%, respective-
ly over the last decade, which is also impacting the 
reptiles and snakes as they are cold-blooded and 
highly dependent on environmental factor change. 

• One of the serious problems of auditing reptiles/
snakes is the spread of these species in the wild-
life and human habitats. This spread is diverse. 
Frequently, new species are being discovered. For 
different environmental and ecological reasons, 
reptiles and snakes are diversified in different geo-
graphic regions. Though many of them are common 
species found in many places, identifying them is 
still difficult even for experts in the area. The envi-
ronment also poses threats to snakes as some of the 

news flashed in 2003 about dying snakes because of 
cold waves as they are cold-blooded.

• Because they are found even in the human habi-
tat, conflicts are more common than the bigger 
wild animals like tigers. Leopards are known more 
near the human habitat; snakes live in the human 
habitat itself. Current unstarred question No. 2581 
speaks about conflicts and non-compiled data for 
the human-wildlife conflict because of the concep-
tions and misconceptions about the snakes; most 
of the time, they have killed the so-called threats 
which they pose to human life. So, the acquain-
tances are more in an urban area with snakes. The 
general tendency is to kill this animal, which is also 
a threat to conservation which is also one of the 
side effects of urbanization of the society. 

• Many times, it is also observed that the so-called 
wildlife rescuers involved in illegal activities are 
one of the threats to wildlife conservation/protec-
tion. Different parts of these wild animals are the 
source of income for such people, and they are sold 
in the market. Also, auditing is difficult for the 
snakes and other species because of the number of 
these people. Governing these kinds of situations is 
also difficult for governments, especially in India.

• Awareness about snakes and scientific knowledge 
about the same is a major challenge in India. Be-
cause of the volume of people to be made scien-
tifically aware of the facts of snakes, the primary 
data required to undertake the audit is extremely 
difficult. As snakes are popular religious beliefs 
worldwide, they have many different connotations 
attached even for the sighting of snakes. So, crowd 
sourcing for such scientific activities is very diffi-
cult to even for sample data. 

• So, it seems extremely difficult to raise expecta-
tions as per the standard auditing understanding 
of the true and fair examination of records, as no 
authentic records are available. Because of the mul-
tidisciplinary nature of the subject, experts seem to 
work in silos, and the common thread is missing, 
which will compile all this information together 
from an auditing perspective.

• As yet, no formal scientific studies have been done 
on wildlife corridors, especially for the snakes. It 
becomes more important to study the habitat, ecol-
ogy, and behavioral biology of the snakes. Howev-
er, nobody seems to know whether all species of 
snakes have a home range and where they stay. 
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There are different reports on previously unseen 
behavior of snakes and reptiles as not confirmed 
studies are available, which is again one of the hin-
drances in carrying out audits for the reptiles and 
snakes in particular.

Approaches to face challenges of auditing 
wildlife
• Being said all the above, we need better and bet-

ter approaches to face these challenges. We cannot 
escape without coming out with more rational ap-
proaches, methodologies, and ways to deal with 
the situation for a better future. Conservation of 
wildlife in India supported by well-designed plans 
is a need of an hour.

• We need a better understanding of wildlife and 
surrounding with a scientific approach for reptiles/
snakes. The current report submitted by the Gov-
ernment of Karnataka is also recommending that 
all endemic species need to be monitored. Appro-
priate conservation plans can be drawn for better 
management, which stresses more and more ac-
tivities for getting scientific information about the 
species to be monitored. Unless we get the authen-
tic and audible data that can be verified, we cannot 
deal with audit and audit requirements.

• We need better sampling and survey methodol-
ogies designed separately for snakes and reptiles. 
There are existing methodologies, and new meth-
odologies need to be supported by innovative tech-
nologies. Though the use of GPS is already started 
for surveys, the efforts and the number of people 
required are extremely large. We do not have those 
many experts available.

• We will need more scientific awareness about snakes 
in the population, stressing ecosystem conservation 
requirements. The participation of local communities 
for conservation and protection is going to play a vi-
tal role. Again, even with the government, we need to 
have these communities aware of reptiles and snakes 
in particular. Now, as per the Lok Sabha starred ques-
tion no. *270, the local communities are involved 
in tiger and elephant reserves. However, there is no 
mention of any other species than these two.

• In India, we need more awareness about the de-
pendency of human civilization on wildlife than 
ever before. Crowd sourcing such programs need 
to be undertaken. Though everybody seems to 
know about wildlife, it is more from the attraction 

perspective than the scientific awareness aspect. 
The interdependency of environment protection 
and human existence needs to be stressed in differ-
ent ways and methods.

• Better governance systems need to be designed 
to deal with reptiles and snakes in particular by 
understanding the ecologies and environmental 
variables better. Population surveys on the local/
regional level and the data compiled centrally will 
help better understand the situation. 

• Possible use of technologies needs to be explored 
from an auditing perspective. GPS use needs to be 
increased for reporting the species. The location of 
species with scientific parameters like temperature, 
humidity, etc., needs to be recorded.

• More frequent scientific efforts and collaborations 
need to be initiated. As we do not know the uni-
verse from a statistics perspective, the sampling 
size is difficult to decide. We might need to devise 
a better sampling size formula for reptiles, in par-
ticular including snakes.

• Scientific documentation about population and 
other biological factors needs strengthening. A 
Management Information System needs to be de-
signed and developed for better auditing capabili-
ties for wildlife in general.

Conclusions 
It is evident from the above discussions and analysis 

of the existing situation that auditing in wildlife is diffi-
cult and a critical task for the world and India. We need 
to put much effort into wildlife auditing in general and 
reptiles/snakes in particular. We also need to have a bet-
ter understanding of environmental issues and their in-
terdependencies. System dynamic model development 
might help to understand the whole picture of wildlife 
and environmental issues. Many challenges need to 
put on higher priorities before it is too late. Apart from 
big animals, there is a larger population of reptiles and 
snakes, which is neglected. However, they might be the 
key to the conservation of overall environmental com-
ponents, including big animals, as they contribute to 
the food chain and ecological dependencies. New ap-
proaches for sampling, surveys using technologies need 
to be explored and implemented to audit the existing 
population and thus help maintain the balance of wild-
life in general. Reptiles and snakes cannot be ignored 
while devising plans for the conservation and protec-
tion of wildlife, which seems neglected at this moment.
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Abstract
COVID-19 crisis has changed the way we work. Work-from-
home, which was a possibility in some sectors, has become a 
compulsion for all, which has affected the work-life balance of 
working professionals. Depending on where the employees are 
working, the office hours have noticeably increased by one to 
five hours longer as this supplementary time is spent in confer-
ences and follow-ups, or an endeavor to improve productivity, 
or just being unaware of the time as there is no clear boundary 
that exists between work and life now. During this unprecedent-
ed time, the augmented center of attention should be towards 
the welfare of the employees and the acknowledgment, rec-
ognition, and acceptance of the fact that work and personal/
family needs will overlap. This paper intends to investigate the 
various factors impacting work-life balance during the lock-
down imposed by the government in light of the coronavirus, 
which is spreading at a rapid pace. Key insights were obtained 
by conducting a factor analysis and extracting four main fac-
tors, which have been explained further below. Data was col-
lected from 225 employees across India belonging to various 
sectors. The findings of this study can be a crucial contributor 
to organizations by taking inputs. Then this prescience will help 
organizations to be prepared during unforeseen events by fur-
ther refining their policies to benefit their employees. 
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Introduction 
The sudden outbreak of the coronavirus disease 

(COVID-19) pandemic has affected millions world-
wide and, at the same time, has brought the whole 
world to a standstill. With the unavailability of a vac-
cine that can bring the situation under control with 
immediate effect, health measures have been adopted 
and implemented by the world, including social dis-
tancing, closing workplaces (such as schools, offices, 
etc.), and quarantine [1]. The government of India 
has implemented nationwide lockdown measures and 
self-isolation policies to curb the spread of this disease. 
A “lockdown” refers to an emergency protocol that re-
stricts the movement of individuals inside or outside 
of a specific area. In such situations, only essentials 
services such as health care, groceries, pharmacies, 
etc., can continue to serve the people [2]. These mea-
sures have led to occupational and educational inter-
ference causing a psychological disturbance for many 
individuals. This paper aims to check the factors cur-
rently affecting the work-life balance of working pro-
fessionals during these times.

Concept and importance
Work-life balance is established on an ideology 

that refers to understanding when to draw a line be-
tween personal and professional life. The construct of 
this concept is based on the ideology that paid efforts, 
and private lives should not be viewed as a competitive 
priority but rather as an element contributing towards 
a better quality of life. [3] The method to attain this is 
to embrace the viewpoint that is “conceptualized as a 
two-way process involving a consideration of employ-
ees’ needs and those of employers.” A flexible working 
environment helps boost the employee’s morale, level 
of job satisfaction, maintain a healthier lifestyle which 
will help in decreasing stress [4]. 

Due to the constant evolution of technology and 
innovation over the years (which include project man-
agement platforms, communication tools, adaptive 
Wi-Fi, etc.), it has led to employees constantly work-
ing without being able to disengage when required 
(especially amidst COVID-19, where work from home 
is the new normal). However, this seems to cause ten-
sion between professional and personal life. During 
such times, it is more crucial to balance as it has a sig-
nificant impact on an individual’s physical and mental 
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well-being, which will lead to frequent burnouts fol-
lowed by decreased productivity [5]. 

Work-life balance policies in India
Taking into account the comprehensive employee 

experience, organizations have started several initia-
tives. Household management responsibilities and em-
ployee assistance programs are considered an integral 
component of any organization’s benefits programs or 
compensation packages. A few common family-friend-
ly policies/work-life balance policies, as studied by La-
zar et al., during normal circumstances are:
• Flexible Working Hours: The employee has to work 

for a definite number of core hours but can choose 
their timings.

• Childcare Services: On-site daycare, paid leaves, 
child care subsidies, etc., are a few ways to support 
employees, which in turn improves attendance and 
lowers the turnover rate.

• Telework: This is the work from a home arrange-
ment that allowed employees to use different tech-
nologies to communicate with others. Currently, 
most employees have to practice this due to the 
pandemic.

• Job Time: This is an employment arrangement that 
involves the working of two people (on a part-time 
basis) to complete the job, which under normal 
circumstances is completed by one employee. This 
practice has helped majorly in reducing turnover 
because of the flexibility in work that it offers.

• Paid Time Off (PTO): This system allows employ-
ees with a pool of bankable hours supplied by the 
employer, which can be used for any personal pur-
pose or requirement.

Need for study 
In the wake of the coronavirus pandemic, work ar-

rangements have completely changed. The physical of-
fices have been isolated, developing an alternate world 
where working from home has become normal. Now 
that the physical boundaries between home and office 
are blurry, one needs to know whether employees can 
disengage from work [6]. This study constitutes a de-
scriptive study with cross-sectional analysis. The focus 
is to check the factors responsible for work-life balance 
while considering the challenges they faced during the 
lockdown (Phases 1 and 2). The aim is to study how 
precisely organizations execute the work-life balance 
policies and whether the employees are familiar or 

acquainted with their entitlements. A new aspect that 
should also be considered is whether the organizations 
are taking measures to look into the health and safe-
ty of employees as this is a cause of distress for them 
since the onset of this disease [7]. Irrespective of this, 
the idea of work-life balance has found to be studied 
predominantly in Western countries. It should be not-
ed that the beliefs, sentiments, attitudes, functioning, 
practices, and performance of employees in the west-
ern world are poles apart from developing economies, 
like India’s, where families play a crucial role.

Literature Review
The term “work-family balance” was coined in the 

UK in the late 1970s to describe the concept of striking 
a balance between a professional’s work life and his or 
her family life. Other factors, aside from family, have 
been discovered to contribute to this balance as time 
has passed [8]. [Eight] Fatigue/tiredness, frequent 
overtime work, as observed by Ahmad, proximity to 
the other half (spouse), involvement in household 
affairs, the impact of work demand, social participa-
tions, obscurity about rules, overload of work com-
mitment, and low compensation, work role overload, 
work/person conflict, work/family conflict, and fami-
ly/work conflict were identified and re-identified. As a 
result, the term “work-life balance” was coined, recog-
nizing that people may be involved in roles other than 
family to achieve their various goals. This term’s three 
essential elements can be interpreted in the following 
way [9]. [Nine] In layman’s terms, “work” refers to any 
paid job, “life” refers to the pursuits and activities that 
an individual engages in outside of work, and “bal-
ance” refers to “an equal distribution of commitment 
toward work and life.” “Work-life balance is defined as 
“satisfaction and good functioning at work and home, 
with a minimum of role conflict,” as studied by Clark, 
which can also be defined as “global assessment that 
works and family resources are sufficient to meet work 
and family demands such that participation is effec-
tive in both domains.” Apart from these, Kirchmeyer 
defined it as “achieving satisfying experiences in all life 
domains, and to do so requires well-distributed per-
sonal resources such as energy, time, and commitment 
across domains.” [10] Kofodimos defined it as a “satis-
fying, healthy, and productive life that includes work, 
play, and love, that integrates a range of life activities 
with attention to self, personal, and spiritual develop-
ment, and that expresses a person’s unique wishes, in-
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terests, and values.” “Work-life balance is experienced 
when demands from the domain of work are compati-
ble with demands from other domains, such as family,” 
according to Pichler.

From an Indian perspective, as per Buddhapriya, 
the cause behind the imbalance of work and life is in-
sufficient time available to cope up with official respon-
sibilities along with family or personal commitments. 
She further explains that the task of being able to com-
plete both duties is not tiring. However, it is stressful 
to manage, which leads to absence or skipping work, 
which eventually hinders the employee’s productivity 
[11]. It was also highlighted that it was more difficult 
for women to manage work-life balance, especially if 
they bear young children and do not have any daycare/
crèche facility to drop them to work without any guilt. 
Bhargava and Baral revealed that characteristics such 
as individual assessments, reassurance from boss or 
manager, and support from home have an encourag-
ing effect on the family to work balance. On the other 
hand, factors such as identifying tasks, understanding 
the significance of tasks, variety in skill, and autonomy 
have a healthy contribution to family balance [12]. 

The fact was recognized by Doble and Supriya that 
employees admire and value the efforts taken by an 
organization towards helping them balance their lives. 
On these grounds, two aspects of understanding the 
office environment were evaluated: support from the 
manager or supervisor and support from colleague’s/
team members.

A crucial part of this research is the WLB poli-
cies that organizations adopt. Researchers have also 
observed that improving work-life balance policies 
directly impacts various factors such as productivity, 
individual welfare, morale, motivation, and reducing 
costs, and improving employee retention. Brough and 
O’Discroll made a similar observation. They have stat-
ed that work-life balance policies can be connected 
with increased employee satisfaction, employee ded-
ication, and productivity, and decreasing turnover 
rates and levels of emotional and physical anxiety, 
which is a win-win situation for both parties, i.e., or-
ganization and employee. Other studies also indicate 
towards work-life balance policies creating a construc-
tive and healthier work environment and minimizing 
stress [13]. As per Dulk, these policies have different 
effects and include statutory rights during an employ-
ee’s work-life arrangement along with the formal orga-
nizational rules which may vary, but the impact or re-

sults of these policies differ based on different aspects 
which are mentioned by Ackers, who explains that 
comparing policies is arduous due to ethnic mosaic in 
the employment policies, government direction, mar-
ket circumstances, and industrial scenario. 

Baral and Bhargava addressed the situations and 
obstacles for the constructive execution of work-
place support policies. It was discovered that 1) fami-
ly-friendly policies were a huge area of concern since 
the time of industrialization 2) Over the years, the 
span and range of actions had broadened and taken 
a more individualistic growth approach apart from 
the regular family welfare 3) these initiatives are more 
evident in services and it/software companies 4) the 
scope of work-life balance policies differs across com-
panies [14]. The authors underline the fact that these 
initiatives offered in segments do not improve the sit-
uation in general. However, at the same time, there is 
no common program that is suitable to fit all.

A more recent perspective, Wong et al. investigat-
ed the stress level towards deficient work-life balance 
policies among the employees after WHO declared 
coronavirus as a global pandemic. The importance of 
workplace initiatives and health care policies was cru-
cial during a time like this. The authors also implied 
towards employees’ mental health during this trying 
period as it may cause post-traumatic stress [15]. 

Methodologies 

Measures 
For this study, the variables measured by items 

have been deliberately selected and adopted from 
the preceding literature. The study of effect was done 
during the pandemic. The variables have been divided 
into four, namely, COVID-19 Response, Work-Place 
Support, Work-Life Satisfaction, Work-Life Interfer-
ence, having 5, 5, 4, 5 items measured each. Some of 
these items have been adopted from Banu and Durai-
pandian. All the mentioned items have been estimated 
on a five-point Likert scale ranging from 1 (Strongly 
Agree) to 5 (Strongly Disagree) [16]. 

Sampling Technique 
Since the population of working personnel is in-

finite, probability sampling was not possible. There-
fore, due to time and geographical constraints, the 
convenience sampling technique (non-probability 
sampling) was used. The respondents of the research 
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are from India and belong to various sectors, includ-
ing government, education, IT, etc.

Data Collection 
Primary collection methods are being used to mea-

sure the impact of COVID-19 on work-life balance 
for analysis. A deliberate attempt was made to include 
respondents from different vocations, both public and 
private sector undertakings, and different age groups to 
improve the general ability of the results and reduce sys-
tematic bias in sampling. Forms were distributed online 
via e-mails and other social media platforms to collect 
responses. SPSS 19 was used to conduct the analysis. 
Cronbach’s alpha was calculated, and exploratory factor 
analysis was performed to test the reliability [17]. 

A total of 225 responses were received. There was 
no missing data since all the questions were compul-
sory. Table 1 displays the demographic profile records 
of the respondents.

Table 1
Demographic Profile of Respondents

Variable N=225 Percentage
Gender
Male
Female

149
76

66.2
33.8

Age
Below 30
30-40
41-50
Above 50

49
19
48
109

21.8
8.4
21.3
48.4

Marital Status
Married
Single

168
57

74.7
25.3

Number of dependents
0
1
2
2+

61
21
60
83

27.1
9.3
26.7
36.9

Apart from this, 23.1% of respondents have worked 
at their current organization between 1 to 3 years, 12.9% 
have worked between 4 to 6 years, 4.9% have worked 
between 7 and 9 years, 4% have worked between 10 to 
12 years, and 42.2% have worked over 12 years.

Data Analysis and Outcome
Cronbach’s alpha was used to determine the re-

search’s reliability. Table 2 displays the outcome of the 
reliability test and descriptive analysis that had been 
performed. According to Taber, the range from 0.6 to 

0.7 is considered acceptable, and the values ranging 
between 0.81 and 0.9 are considered good, according 
to Fisher. In our study, the value of the variables rang-
es from 0.636 to 0.898. The value for all 19 items was 
0.844, which is considered way above the threshold 
value. Hence, we can conclude that all the measurable 
items in this study are reliable [18]. 

Table 2
Reliability and Descriptive Statistics

Variables Cronbach’s 
Alpha 

Value (α)

Mean(M) Standard 
Deviation 

(SD)
COVID-19 Response
Work Place Support 
Work-Life Satisfaction
Work-Life Interference

.898

.870
.818
.636

2.016
2.712
2.215
2.88

1.22
1.23
1.36
1.25

The final result of each variable has been com-
puted by considering the average value of the indi-
vidual scores of the factors. As per the observations 
from the above table, Work-Life Interference has the 
highest mean indicating agreement towards the items 
that have been listed, which is followed by Work Place 
Support.

An exploratory factor analysis was performed 
on the items, resulting in four variables that will be 
discussed further. The Kaiser-Meyer-Olkin (KMO) 
sampling adequacy measure was used to establish 
and check the appropriateness of data for the factor 
analysis. Table 3 shows this statistic, which depicts the 
amount of variance for the variables included in this 
study:

Table 3
KMO and Bartlett’s Test
Kaiser-Meyer-Olkin Measure of Sampling Adequacy
Bartlett’s Test of Approx. Chi-Square
Sphericity df
Sig.

.869
2375.461

171
.000

As can be seen, the KMO measure of sampling ad-
equacy has a value of 0.869, which is higher than 0.6 
(the adequate value), indicating that it is an acceptable 
value.

Bartlett’s Test of Sphericity indicates that the val-
ues in question are significant and can be accepted 
to imply that non-zero correlations exist at a sig-
nificant level of 0.000. This interpretation provides 
a solid foundation for moving forward with factor 
analysis [19]. 
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Nineteen factors have been analyzed with the help 
of the Principal Component Analysis extraction meth-
od while using Kaiser Normalization and the Varimax 
rotation method. This investigation was conducted 
in an attempt to identify crucial and appropriate fac-
tors. The columns here represent each variable’s factor 
loading for the concerned factor after rotation. The 
Table 4 shows the simplification importance of rota-
tion. The four final variables that have been extracted 
for this study are COVID-19 Response, Work-Place 
Support, Work-Life Satisfaction, and Work-Life In-
terference [20]. The results of the factor loadings have 
been recorded in Table 4.

The extracted communalities were examined to 
determine whether the factor analysis was correct. All 
of the values were relatively high (greater than 0.5), 
implying that the data was appropriate. 

The amount of variance explained by the factor 
is referred to as the eigenvalue. It demonstrates how 
much data a factor has gathered. According to the 
screening test, four factors with eigenvalues greater 
than 1 ranging from 1.304 to 7.149 have been identi-
fied, indicating the importance of each factor and its 
relative descriptive power. The factors “COVID-19 

Response,” “Workplace Support,” and “Work-Life In-
terference” together account for more than half of the 
variance.

Figure 1 is the scree plot which displays the opti-
mal number of retained factors for the final solution. 
It records the factors with an eigenvalue greater than 1.

 
Figure 1. Screen plot which displays the optimal number of factors

Discussions
Let us look into the details of all the four factors 

that have been extracted in this study.

Table 4
Final Values of Factors

Final Factors Factor Loading 
Value

Eigen Value Variance 
Explained

FACTOR 1: Response to COVID-19 -19
The appropriate response to COVID-19
Confidence to overcome challenges faced by this pandemic
Comfortable in addressing concerns 
Higher Authorities care about my health and safety
Providing infrastructure support to work at home

.871
.855
.815
.794
.501

7.149 21.177%

FACTOR 2: Support at Work Place
Management belief in healthy work-life practice
An environment that is supportive of my family and personal commitments
Management believes in happy people at work
Employees awareness about work-life balance policies
The manager is concerned about my welfare.

.805

.646

.808
.791
.632

2.198 17.944 %

FACTOR 3: Satisfaction of Work-life balance
Balanced life gives me the ability to function effectively
Happy with contributions towards home and family
Satisfied with the way I divide my work and personal life
Time to be able to achieve my personal and career goals satisfactorily

.600

.549

.735

.745

1.640 14.307 %

FACTOR 4: Interferences in work-life
Workplace demands make life difficult. 
Work-related stress has resulted in physical ailments such as headaches, high 
blood pressure, and depression. 
Disconnecting from work is difficult for you. 
Due to the amount of work assigned to me
I am frequently sleep-deprived. 
The number of hours I work is a source of concern for me.

.621

.639

.734

.656

.565

1.304 11.262 %

Total variance explained 64.691 %
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COVID-19 Response
The first factor that has been extracted is the 

COVID-19 response. It looks into the concerns em-
ployees have, which are specific to the pandemic. Be-
fore the outbreak of the coronavirus, the working sce-
nario was completely different. Employees followed 
the conventional way and had regular working hours, 
and physical presence was required in the offices. 
However, under the emerging circumstances, the situ-
ation has completely changed. To abide by health and 
safety measures, employees had to switch to remote 
working. 

The pandemic was not a foreseen event. Organiza-
tions worldwide were puzzled, but since humans are 
prone to adjust to any situation they face, companies 
had to adopt suitable measures to tackle these issues. 
The aim should not be just to adopt the measures, but 
rather to instill confidence in the employees that they 
can rely on their organization under any condition. 
Hence, factor 1 records the sentiments and thoughts 
of the employees concerning the virus and how their 
company is handling this. 

It was found that 55% of respondents think that 
their organization has taken appropriate measures in 
response to COVID-19, and 47% have confidence in 
the organization’s ability to overcome the challenges. 

Apart from this, 43% are comfortable communi-
cating their concerns or making suggestions to higher 
authorities, and 51% agree that higher authorities care 
about their health and safety. Therefore, we can infer 
from this that the measures taken by organizations 
have a positive impact on the employees, which reduc-
es a part of their stress. However, there is a large scope 
of improvement to cope better in this situation. Or-
ganizations should also try to provide infrastructural 
support during these times because, as per the current 
study, only 39% of respondents have received this as-
sistance and are facing difficulties while working. 

Workplace Support
The second factor extracted is Work-Place Sup-

port, which measures the support provided by orga-
nizations through work-life balance policies/practices. 
These practices are meant to improve the level of in-
dependence and freedom among employees regard-
ing work coordination and integration. There is no 
standardized set of practices that are followed across 
organizations uniformly. Instead, they differ and are 
customized as per their norms. 

An astonishing fact found during the study was 
that only 43% of the respondents were aware of their 
organization’s work-life balance policies. Following 
this, it was noticed that 40% of the respondents think 
that their management believes in a healthy work-life 
practice, and 53% believe that the environment in 
which they work is supportive towards their personal 
and family commitments. Lastly, only 44% feel reas-
sured that their manager or supervisor is genuinely 
concerned about their welfare. 

All these parameters/aspects fall below 50% is 
alarming, which indicates that workplace support and 
practices need to be taken into consideration more 
seriously and not merely note the figures. Keeping 
in mind how crucial is the implementation of these 
policies; organizations must strive towards increasing 
awareness levels and extend a helping hand to support 
their employees. 

Work-life satisfaction
The ongoing crisis has led most employees to work 

from home, which has created a blur between the time 
utilized for working and the time spent personally. 
Despite the reduction in commute time, these addi-
tional hours are also spent working. Therefore, this 
factor extracted looks into the current satisfaction in 
employee’s lives while working remotely.

During this study, it was discovered that 42% of 
the respondents felt that a balanced life gives them 
the ability to function effectively. While 36% are hap-
py with their contributions towards their families and 
home, 33% are satisfied with how they can separate 
work and personal life. Finally, 32 % have the time to 
focus and attain their personal and career goals. All 
the above parameters fall below 50% yet again. Thus, 
we can state that even after working in the comfort of 
their homes, employees cannot achieve their desired 
satisfaction. 

Work-Life Interference
There is a fine line between being dedicated, hard-

working, and turning into a workaholic. When people 
engage too much in their work and let it affect their 
health, mind, family, and quality of work negatively, 
they tend to fall into the workaholic category. They 
lose track of time, skip meals, and remain unbothered 
by any other events in and around their lives. In times 
like these, employees should regulate their lifestyle 
and not go to unnecessary lengths to meet deadlines 
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and prove their efficiency. The last factor extracted 
looks into the interference employees have to face de-
spite remote working. 

Through this study, it has come to our notice that 
58% of the respondents are concerned with the num-
ber of hours they work in a week. As per the current sit-
uation, 44% experience high stress from the demands 
from work, because of which 33% are suffering from 
physical ailments such as headaches, blood pressure, 
depression, etc. It has also been observed that 37% of 
the respondents, due to the amount of work they were 
loaded with, have often skipped meals, which indi-
cate that they have to suffer from the negative impact 
of work-life unbalance. Focusing equally on mental 
health and balancing work is the only key to a success-
ful work-life balance. Therefore, organizations should 
not burden their employees with high-load work and 
allow them to work at a more flexible pace.

Findings and Conclusion
After a thorough evaluation, the following findings 

and conclusions were made:
Work and personal life are not self-reliable worlds. 

Instead, they are co-dependent, which involves efficient-
ly integrating the employer’s requirements with the em-
ployee’s requirements. Work-life balance practices intend 
to be employee-friendly and should include a beneficial 
community plan of action. Therefore, these practices 
must be implemented along with other equally powerful 
HR strategies. However, this also requires more practical 
research inputs to draft and implement better strategies 
for achieving a work-life balance of professionals.

It was observed that concerning Work-Life Balance, 
Personal factors, Company WLB Policies and Health and 
Safety of Employees were among the most crucial aspects 
for personnel, but companies and individuals need to 
strive harder towards achieving a finer work-life balance. 
It is pivotal for companies to consider the employees’ 
psychological well-being by empathizing with them and 
forming customizable WLB Policies. From this research, 
we can conclude that the employee’s job impacts their per-
sonal lives. However, there is no significant Work-Life Bal-
ance achieved amidst the pandemic, which is, therefore, 
creating havoc between professional and personal life.

Suggestions
The researcher has the following suggestions which 

may help to maintain work-life balance during this 
tough period-

• Draft weekly plans: - A plan will help you succeed 
in setting up boundaries between personal and 
work schedules, which should include setting a 
timeline for each goal you want to accomplish.

• Setting regular intervals: - Under normal circum-
stances, one allows themselves some leisure time 
by drinking tea/coffee or chatting with colleagues, 
etc. While working at home, one tends to get so 
engrossed in performing the assigned tasks that 
they may forget to disengage from work. Hence, it 
is important to assign breaks in one’s calendar and 
spend time doing what makes one feel refreshed. 
They are efficient and productive once they resume 
working.

• Set up a customized workspace: - A company has a 
designated office or cubicle or some space for each 
employee to work in, but when the situation has 
transitioned to remote working, it is difficult to 
find your corner to work in, especially if you are a 
parent. Thus, it is important to assign a space ex-
clusively for yourself by equipping it with all the 
tools you require to work, creating a division be-
tween work and liberty time.

• Self-Introspection: - These times are strenuous for 
everyone. Health experts have derived that this 
lockdown period has caused mental health turmoil 
on a large population scale. Therefore, one has to 
take care of themselves by trying activities, which 
will help to revitalize the body and the mind. Some 
of these activities could include yoga, meditation, 
or maybe just taking in some fresh air from your 
balcony.

• Set a deadline to end your working day: - Since one 
is working remotely, there are times when one may 
be tempted to work until they complete everything, 
but it is important to remember not to overburden 
yourself as it will eventually reduce productivi-
ty and lead to burnouts. Hence, set the alarm for 
a cut-off point and immediately disconnect from 
work then. For example- Keeping your laptop away 
after 6 pm and turning off your work notifications.

Limitations and Future Scope
Even though this subject has many research ma-

terials, there was still some lack of information as the 
study has never been conducted during such an un-
common circumstance. The survey for research was 
conducted during a specific period, i.e., during phases 
1 and 2 of the lockdown with limited sample size. 
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Therefore, there is a possibility that the information 
might be generalized. This research was conducted 
only in metro cities. In the future, the research could 
be extended to tier II and non-metro cities; apart from 
this, the researcher suggests looking into the employ-
ees’ mental well-being or psychological effects. Inter-
nal evaluations/assessments or company audit reports 
may also help in the future development of this study.
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Abstract
COVID-19 pandemic is far more than just the health crisis. After the 
Great Depression, the dot-com bubble, and the 2008 financial crash, 
we are staring at the biggest challenge for the economy. No indus-
try has been spared from the brunt of this pandemic. The start-up 
sector is bleeding and has undoubtedly taken the hardest hit. With 
nine in ten start-ups registering decline, over third halting operations 
temporarily or permanently, this is an unprecedented downturn in 
the global economy. The aftermath of this crisis will be a long-term 
impact on the mindsets, attitudes, perceptions, and behaviors of 
entrepreneurs and those who want to leap into entrepreneurship.
We should look at this situation as the new playing field and 
bounce back with renewed hope of recovery. Industry analysts 
suggest adopting intrapreneurial traits to instill the confidence 
back and keep the entrepreneurial spirit intact. Intrapreneurship 
is one of the ways of catalyzing recovery with sustained innova-
tion and a competitive edge.
This analysis aims to correlate the key attributes such as risk-tak-
ing, proactiveness, and autonomy in intrapreneurship with sus-
tainable environmental, economic, and social innovation.
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Introduction 
As per a Forbes article, between 1993 and 2003, 60% 

of fortune 1000 companies were new, and the number 
of companies has grown stupendously since then. Entre-
preneurship determines a nation’s competitiveness and 
generates economic development. Entrepreneurship acts 
as a vehicle for innovation and a channel for the diffu-
sion of knowledge, thus generating growth. Recently, the 
COVID-19 virus pandemic and the countrywide lock-
down have brought many businesses to a halt. Start-ups 
are the worst impacted sector due to COVID-19; while 
some sectors are somehow thriving, most others should 
start preparing to deal with the long-term financial im-
plication coronavirus will have on their organizations 
or companies. Pandemic has resulted in start-ups going 
for layoffs or salary cuts to reduce the costs [1]. So, what 
next? Companies focusing on innovation should start 
developing a culture of intrapreneurship.

What is an intrapreneurship? 
Intrapreneurship is an act of replicating the be-

havior of an entrepreneur while working in a large 
organization. Intrapreneurship integrates innovative 
and risk-taking approaches. It also manages to capture 
reward and the motivational part, which traditionally 
falls in the ambit of entrepreneurship.

Currently, companies are adapting to these new-
er circumstances by innovating with multiple global 
players and donning the hat as social entrepreneur-
ship. It is inspiring to know that global companies 
have started to think and act like start-ups and thus 
encouraging “intrapreneurship” [2] 

Companies such as Google, Facebook have em-
braced the concept of intrapreneurship and are ac-
tively encouraging their employees to work on their 
projects and rewarding their employees for their en-
trepreneurial ideas.

Intrapreneurship is a good way to increase innovation, 
and it helps the company sustain itself over the long run. 
There is concord around the idea that organizations need 
radical innovation and incremental improvements in their 
current business. Some suggest building capabilities that 
would enable the organization to switch back and forth 
between the exploitation and exploratory mode.

Entrepreneurship is all about creating organiza-
tions, whereas intrapreneurship is all about driving 
them to glory [3]. 
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Motivation for the study
As a result of the global COVID-19 pandemic, 

the global economy is witnessing an unprecedented 
downturn. At the time of writing, numbers are show-
casing the gloomy reality which entrepreneurs have to 
face. With countries like India, France recording the 
biggest slump in GDP and the USA crossing num-
ber of unemployed populations over 40 million, it 
depicts the fragile nature of our economies and their 
weak fundamentals. Businesses or companies that 
fall under any one of the sports industries, hotel, re-
tail, and entertainment, or restaurant, entrepreneurs 
in COVID-impacted sectors might have to lose 50% 
to 70% of their annual turnover and a major portion 
of their market value, which underlines the fact that 
entrepreneurs are worst affected in this pandemic. In 
the next 10-12 years, markets recovered from it, and 
now almost everyone recovered what they lost in that 
downturn. However, one thing which was observed 
and was always emphasized is that financial crises im-
pact the labor productivity leading to a drop in it that 
takes a long time to reverse [4] and at this time, it is 
not only labor productivity but also the entrepreneur-
ial mindset which also taking a big hit, which is where 
the “Intrapreneurship” comes into the picture. This re-
search paper will analyze why intrapreneurship is the 
best possible solution to tackle this scenario and how 
it will uplift the nosedived spirit.

Literature Review
There are multiple published studies for intrapre-

neurship as corporate intrapreneurship, corporate 
entrepreneurship, entrepreneurial orientation, or cor-
porate venturing where they have explored achieving 
the goal of growth and development with the help of 
an individual or group of entrepreneurial employees 
inside an existing organization.

Several studies pointed out the prominence of en-
trepreneurship and sustainable development within 
the entrepreneurial organization for a competitive 
edge by achieving economic success, social practices, 
and an innovative environment [5]. However, the re-
search scope is limited to the scientific discourse with 
no elaborate explanation of how the entrepreneurial 
organization is capable of obtaining them.

While applying intrapreneurship for the firm de-
scribes the firm’s ability to possess the specific capacity 
to coordinate different resources and deploy or com-
bine them to achieve the desired result.

This ability is considered a firm’s unique capabili-
ty irrespective of several of its resources it is currently 
possessing.

Intrapreneurship is generally carried inside the 
firm, creating an opportunity for innovative new proj-
ects and activities, such as new product development 
or creating new services altogether [6]. 

The lack of innovation and competitiveness in a firm 
was explained by Kuratko et al., comparing managers’ 
and employees’ decisions or actions with business own-
ers’ behavior. This viewpoint regards intrapreneurs as 
an important factor of intrapreneurship and that they 
have direct responsibility for converting an idea into 
profitable finished products and services through inno-
vation and risk-taking. The intrapreneur recognizes the 
opportunities, evaluates each one of them, and exploits 
them, believing that finding a new path, which is differ-
ent from previous ones, will help the organization suc-
ceed in achieving the objectives. The whole organiza-
tion should always breathe an air of innovation, which 
can be achieved by encouraging the spirit of intrapre-
neurship within an organization; employees can be al-
lowed and uplifted to become company change agents 
who put forward the new ideas pleasant endorsing their 
act through moderate risk-taking abilities [7]. It also 
becomes even more crucial for the company to keep 
a check on aspects that will restrain the intrapreneur-
ial spirit. The aspects are organizations’ resistance to 
change, problems in allocating resources to new ideas, 
lack of training and support for employees, low rewards 
for success coupled with high costs of failure, and lack 
of infrastructure for promising projects. In addition to 
this, corporate bureaucracy may also hamper or slow 
down project approval. Companies can engage in cor-
porate entrepreneurship and intrapreneurship to either 
a higher degree or lesser degree. Their dedication to in-
trapreneurship can be viewed as a spectrum that ranges 
from the highly dedicated company which encourages 
creativity and radical thinking to the non-dedicated 
firms where hierarchical and individual work tasks are 
common [8]. 

In his article, Webb states that the old perception 
about intrapreneurship being the domain of certain 
individuals is being replaced by recognizing that an 
intrapreneurial culture focused on the customer expe-
rience and guided by entrepreneurial values is import-
ant for sustained innovation.

Literature shows that if an employee wants to ven-
ture into entrepreneurship, they can decide to do so 
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within a company. Alternatively, in other words, by us-
ing Pinchot words, you must not leave the corporation 
to become an entrepreneur. An intrapreneur is a cor-
porate entrepreneur that allows entrepreneurship to 
occur in the existing firm; this setup is usually found 
in large corporate settings.

In 1991, Zahra found that extensive corporate 
strategies have an increased effect on intrapreneurship 
in the studies. Also, it was mentioned that the com-
pany’s external environment, such as dynamism and 
hostility, affected intrapreneurship.

The industry life cycle stage and product demand 
were added as external environmental factors. Intra-
preneurs are not entrepreneurs but are specialists with 
trained knowledge and could use the knowledge for 
innovations and transform them into success [9]. 

According to Morris, Kuratko, and Covin (2007), 
the world will experience an entrepreneurial revolu-
tion. The research in the field of entrepreneurship has 
focused on entrepreneurship within the boundaries 
of existing organizations. The subspecialty of entre-
preneurship research is intrapreneurship or corporate 
entrepreneurship. This phenomenon is important for 
companies as this accelerates organizational growth, 
profits, and renewal and helps sustain the business in 
the long run. The two definitions mentioned above for 
one phenomenon indicate there are different types of 
intrapreneurship. However, all types share one com-
mon feature, namely innovation. The use above men-
tioned as a mechanism to rejuvenate the business, its 
position in the markets, industries, or the arena in 
which the organization competes, also forms the core 
of Intrapreneurship [10]. 

Research Methodology
In the deductive approach, the first step of the re-

search is theory. These theories are then used in com-
parisons to observations or findings of the study. In our 
research, we focused on theories about entrepreneurs, 
intrapreneurs before conducting our interviews. We 
followed this by comparing data to what was stated in 
the theories. The deductive research approach is one 
of the most accepted views, which focuses on how the-
ory and research are related. 

A hypothesis is created when a researcher is carry-
ing out deductive research from the existing theories 
using deduction, which usually comprises concepts 
that the researcher is interested in to translate these 
concepts into existing objects that can be further re-

searched [11] and therefore to achieve this, the re-
searcher must utilize the hypotheses’ concepts to 
create an appropriate data collection. The deductive 
study process is linear, where there is a clear and prop-
er order with having one step at a time followed by the 
rest. In the deductive approach, we test the theories 
and find relationships among those testing theories. 

Even though the deductive approach is often relat-
ed to using a quantitative study and testing hypoth-
eses, it can also be used in a qualitative study where 
the theories are used as a background. Although the 
nature of the research paper is qualitative, utilization 
of the theories emphasizes the deductive approach as 
the perfect choice.

Selection of Theories
We considered articles where employees have dis-

cussed the motivation part rather than students as it is 
relevant for our study. So, all those articles or papers 
focusing on the perception of students are not con-
sidered. Our theoretical focus is on topics that cover 
entrepreneurs, intrapreneurs, psychological character, 
and motivation.

For the research purpose, we compared the rele-
vant theories to check their approach. We explored 
multiple articles and understood their approach while 
deriving the conclusion, which, in turn, helped us to 
understand the theory and connect them with the 
research topic. Our goal for the research was to find 
theories that would relate the research purpose to the 
question. Theories must cover at least one of the per-
spectives, either entrepreneurs or intrapreneurs [12]. 
These are,

• Personality traits,
• Motivational factors,
• Psychological perspective.

Let Us Look At Theories One By One
Personality Traits: As we are interested in discov-

ering common traits, let us look at them one by one.
Leadership Ability: For both successful intrapre-

neurs and entrepreneurs, strong leadership skills are 
one of the most sought-after skills. Leadership skills 
separate successful intrapreneurs and entrepreneurs 
from the rest. They ensure that it creates a healthy en-
vironment leading to motivated individuals and team 
members to reach the common goal [13]. 

Intelligence and Vision: It is necessary to possess 
the right skill sets and tools to achieve the desired re-
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sults within the given timeframe. Vision means the 
ability to catch the trend and capitalize on those. Most 
successful entrepreneurs and intrapreneurs use their 
intelligence or business acumen to balance passion 
and innovation. 

Adaptability: Adaptability suggests how to tack-
le and respond to roadblocks such as problems and 
challenges as soon as they arise. Decisions should 
take you out of the trouble and making it possible 
to succeed. 

Motivational Factors: Motivation is an important 
element related to job satisfaction and reward systems. 
Firms need to keep their employees motivated as it 
leads to improved productivity and helps retain valu-
able human resources. On the other hand, motivation 
helps individuals face challenges to push their limits 
further and use their skills to the fullest. This section 
digs into some of the motivational theories based on 
extrinsic and intrinsic motivational factors. 

Intrinsic Motivation: Intrinsic motivation oc-
curs when an individual pursues a task or undertakes 
a challenging activity to enhance his skills and gain 
self-fulfillment. This type of motivation comes into 
the picture when employees take their assigned task 
with a positive reaction. This type of motivation in-
creases when employees are given independence and 
more self-control over their work, enhancing their 
sense of job security and stability [14]. 

Accomplishment: Accomplishment is one of the 
intrinsic motivators according to a satisfaction theory. 
A person is satisfied when he achieves his goals, gains 
responsibility, and grows as an individual. 

Accomplishment According To Entrepreneurs: 
Studies show that a person must strive for Accom-
plishment and achievement to become a successful 
entrepreneur. Entrepreneurs are motivated by a sense 
of independence and being one’s boss by starting their 
business. The more companies they start, the more ac-
complished they feel. 

Accomplishment According To Intrapreneurs: 
Sense of Accomplishment can motivate intrapreneurs 
who desire to achieve their goals and gain success 
in their professional lives. Companies’ training pro-
grams have also been shown to motivate employees by 
learning new skills or pursuing their desire for further 
learning/ research. 

Power: Authority and responsibility fall within the 
ambit of power. People with power are more likely to 
take risks, are more focused, and more competent. 

They are more confident in taking control of things 
and situations. Being a leader can be a factor of self-ac-
tualization for a person. 

Power According To Entrepreneurs: Being a suc-
cessful entrepreneur can be a status of power in society. 
Being an entrepreneur gives complete decision-mak-
ing capability to a person who can set directions for 
the company and survive challenging times [15]. 

Power According To Intrapreneurs: Studies have 
shown that intrapreneurs are highly motivated if given 
a management role in the company and are involved 
in the decision-making process. Intrapreneurs thrive 
on working when they can directly impact what is 
done and how it is done. 

Extrinsic Motivation: Extrinsic motivators re-
late to external factors such as receiving materialis-
tic rewards in the form of incentives or bonuses or 
avoiding some punishment, or it could be related to 
profit-making and advancement of an organization. 
Apart from these tangible awards, verbal motivation 
is also considered a form of extrinsic motivation. Ex-
ternal motivators are important when individuals are 
not satisfied and motivated by the tasks assigned and 
are expecting monetary rewards in return for their 
services. Monetary rewards in the form of high pay 
would ensure that employees’ standard of living is en-
hanced. Organizations can also invest in training and 
higher education of their employees. Some examples 
of non-monetary rewards include flexible work sched-
ules and opportunities for individuals to develop new 
learning skills. 

Monetary Rewards: The above can be considered 
an extrinsic factor, where an employee is rewarded 
with higher perks and incentives in recognition of his 
work. A higher salary can be considered as a “hygiene 
factor.” It is a deciding factor in enhancing a person’s 
“safety-security” needs.

Challenges: Challenges in the form of conditions 
and environment of the organization or facing dis-
approval from others can be considered as extrinsic 
factors requiring motivation to overcome these situ-
ations. Overcoming obstacles of challenges can be a 
threat to the need for “safety-security.” Achieving job 
security can be a factor of motivation during challeng-
ing times [16]. 

Motivational Theories 
Self-Determination Theory: Deci and Ryan came 

up with this theory of motivation which describes how 
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human needs can be a source of self-motivation. This 
theory talks about three basic needs in the form of relat-
edness, autonomy, and competence. Relatedness refers 
to an interpersonal need of an individual to stay con-
nected with important people. It is more of an intrinsic 
motivator that develops a sense of belongingness in a 
person. Through autonomy, a person gets to choose 
certain activities and is motivated intrinsically when 
their job is self-determined. Competence refers to the 
ability of a person to be more effective and successful. 
Competence becomes an intrinsic motivator when an 
employee strives for innovation, undertakes risks and 
challenges and tries to improve his capabilities, and 
develops new skills for his personal and organization-
al growth as a whole. SDT mainly focuses on intrinsic 
factors of motivation and argues that extrinsic factors 
such as paid employment can fulfill requirements at 
the same time. A well-salaried employee can develop 
new relations at his workplace, gain competence and be 
more autonomous by raising his standard of living. 

Motivational Theory by McClelland: This theory 
takes into consideration three needs – power, achieve-
ment, and affiliation. Employees tend to perform bet-
ter when allowed to control and influence others. The 
second need is an achievement, where people perform 
a task better to succeed and avoid failures. The need 
for affiliation can motivate people with a need to be 
appreciated and recognized for their work. McClel-
land believes that people with a high need of affilia-
tion require some form of extrinsic motivation such as 
feedback or rewards to know how their work is being 
recognized in the organization. 

Psychological Theories: A great study has been 
conducted into the psychological characteristics usu-
ally shown by an intrapreneur and entrepreneur. We 
will focus on the psychological aspects of entrepre-
neurship in this paper.

Psychological conceptualization plays an import-
ant role in every phase, though the individual entre-
preneur is probably the most vital in the pre-launch, 
development, and post-launch phase. The influence 
might wane as the organization spreads [17]. 

Process: Firstly, we aim to show the method em-
ployed for sample selection followed by the design of 
our questions and interview guide, which we select-
ed throughout the process. We will present the inter-
views’ information, interview position, duration, and 
type of interview. We will also point out the category 
in which the interviewee falls, either intrapreneur or 

entrepreneur, to help the audience get more clarity 
about the topic. 

Respondents: As we have decided to focus on con-
ducting the qualitative study, we collected data with 
interviews. The sampling method we used was pur-
poseful sampling, a non-probability sampling meth-
od. The individuals possess expertise within their field 
of work. Both intrapreneurs and entrepreneurs were 
prominent personalities within the area and capable 
of providing the required data and insights. As we 
weigh quality over quantity, we have gone ahead with 
a handful of interviewees. 

Connecting with the Respondents
As we need to consider both entrepreneurs and 

intrapreneurs’ opinions, we picked up four entrepre-
neurs and intrapreneurs each while conducting inter-
views; the strict lockdown was enforced due to a surge 
in COVID-19 cases, which resulted in us giving up 
on the face-to-face interview, which provides a more 
in-depth interview than any other online medium. 
The length of interviews varied from 20 minutes to 
45 minutes. For a purposeful sampling method, an 
individual cannot fall under both categories, i.e., the 
person should not be in the same position, which is 
why the industries, positions, companies of every in-
terviewee are different. We maintained gender diver-
sity by participating in both men and women in the 
process to avoid bias.

We selected interviewees who were successful as ei-
ther entrepreneurs or intrapreneurs with some differ-
ences among each one. We looked for entrepreneurs 
and intrapreneurs with the right set of abilities over 
social media websites such as LinkedIn. The preferred 
region, while selecting the entrepreneurs and intrapre-
neurs, was India. To avoid bias, we avoided selecting 
the people whom we know. So, convenience sampling 
was out of the picture.

We took the help of LinkedIn and contacted the 
set of interviewees through InMail, mentioning the 
purpose of the research and asked for participation 
in our study. The InMail format was fixed with minor 
changes, such as altering the name while contacting 
the individual.

The date was mutually fixed, and the question-
naire was sent to each one to prepare in advance. The 
preferred mode for an individual was Skype, Zoom, 
or telephone. Table 1 represents the overview of inter-
viewees [18]. 
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Overview of Interviewees
Qualitative Interviews: When we compare the 

qualitative interviews with the surveys, it tends to 
be less structured, as there are no predetermined an-
swers for every question we pose. Surveys are highly 
structured and a choice to choose from a set of an-
swers or options. All personal information was kept 
anonymous, did not record the audio or video, and 
noted the responses simultaneously while the inter-
view was in the process. The qualitative interviews are 
usually semi-structured or unstructured. We chose 
the semi-structured interviews to open the plethora of 
other areas after initializing with a few questions.

Guide Design for Interview: For the qualitative 
study, it is recommended to set a specific design guide 
for the interviews. The guide confirms that the same 
set of questions is retained for all interviews, making 
it easy to compare all the interviews as the same topics 
and questions are present in every interview. 

As we were interested in broad answers and know-
ing interviewees’ opinions, we finalized semi-struc-
tured interviews. There are certain steps for writing 
the guide and things it must include, such as initiating 
the date and interview mode.

Icebreaker questions play a crucial role in inter-
views. When you start with the icebreaker, followed 
by pertinent questions, it makes the interviewer and 
the interviewee feel comfortable, and the interviewee 
starts contributing more.

We followed certain steps, such as welcoming 
the interviewee, thanking them for being part of 
this process, which is followed by exact information 

about the research’s goal. It was ensured that the in-
terview guide comprised of questions on relevant 
topics and proper flow is present throughout the 
guide. The language selected was easy to understand, 
and questions were generic – not too specific. Ques-
tions with a broader scope were selected, ensuring 
that interviewees understood the question and com-
fortable answering it.

We avoided any questions which might give a hint 
or idea about the specific answers we were looking for, 
which was a crucial aspect, where we eliminated any 
influence or bias with true reflections of the actual 
opinions.

Questions were framed so that it avoids misinter-
pretations and encourages broad answers rather than 
just a few words, “yes” or “no” type of questions, which 
were strictly avoided, and those questions that require 
an explanation about opinions and experiences of the 
interviewee were selected.

The expected timeframe for each question was as-
signed to wrap up the things within a certain time lim-
it. We started with general questions about the main 
keywords and area of a research paper. After this, we 
asked specific questions about COVID-19 and its im-
plication for their own business. Also, interviewees’ 
perception of the most affected industry to least affect-
ed industry. Follow-up questions ensured that every 
nitty-gritty about the topic gets covered.

The follow-up questions helped interviewees to 
understand the different concepts. We explained dif-
ferent viewpoints if there felt any need to bring out 
more output from the interviewees.

Table 1
Overview of Interviewees.
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We collected information such as background infor-
mation, years of experience, current role, then a brief dis-
cussion about how the entrepreneurial mindset is getting 
impacted due to the current pandemic situation.

The positive and negative sides of both intrapre-
neurship and entrepreneurship were part of it. The 
funding part from the perception of both was touched 
upon and how risk-averse attitude needs to be built 
after analyzing the current situation.

Before finishing the interview, we asked every inter-
viewee if there were any added inputs and any question(s) 
they would like to revisit. If someone could not recollect 
or recall at any specific moment, the same information 
can be added in later stages. The interview was conduct-
ed in English, and participants were from India, having 
good command and comfort in the English language.

Results and Analysis: 
After analyzing and interpreting the data, we have 

collected forms of the core of a paper. There are two 
types of data,

First is the primary data, gathered by interviewing 
respondents or by surveys.

Second is the secondary data, where we use data 
gathered through scientific articles and books to ana-
lyze and interpret.

To ensure that we can get useful insights, we focused 
on a limited volume of data and level, which was man-
ageable. We have transcribed the primary data while 
conducting the interviews. So, we removed all the irrel-
evant data which was not pertinent to the topic. 

We used the “general analytical procedure” coined 
by Miles and Huberman to analyze the qualitative 
data. This procedure mainly consists of three steps,

a) Data reduction, 
b) Select the data, simplify, and reorganize.
c) Display the data and draw the conclusions
After reducing the data, only relevant data was left; 

this approach made it possible for me to draw a valid 
conclusion. All the data lying outside our area of inter-
est was removed. We used this reduced data and sum-
marized it into a matrix consisting of a table of rows and 
columns with proper headings. Once data was put in a 
table, we could conclude with patterns in my findings, 
which eased off our concluding task. Personality Traits 
of an Entrepreneur is presented in Table 2. In Table 3, 
the Personality Traits of an Intrapreneur is shown; in 
Table 4, Extrinsic Motivation Factor of an Entrepreneur 
and Intrapreneur factor is shown; in Table 5, Intrinsic 

Motivation Factor of an Entrepreneur and Intrapreneur 
is represented. In Table 6, the Psychology of an Entre-
preneur and Intrapreneur is presented.

Table 2
Personality Traits of an Entrepreneur.

Entre-
preneurs Personality traits

E1 Productive opportunity-seeking determinant 
risk-taking

E2 Productive Effective Change prone Independent
E3 Initiative taker Flexible Determinant
E4 Productive Controlling Innovative Creativity

Table 3
Personality Traits of an Intrapreneur.

Intra-
preneur Personality traits

I1 Curious Creative Customer-oriented Independent
I2 Determinate Creative Effective Change prone

I3 Challenger Curious Customer-oriented Result 
oriented

I4 Flexible Effective Clever Communicative

Table 4
Extrinsic Motivation Factor of an Entrepreneur and Intrapreneur.

Extrinsic factors
Factors Entrepreneurs Intrapreneurs

Monetary 
rewards

Not main motivator
Acts as a driving force
Monetary support is 
crucial
Possible to invest the 
surplus amount
Financial backup is of 
utmost importance

Higher monetary re-
wards, not the sole 
motivating factor
Financial implications 
of your decision on the 
firm.
Good paycheck and title.

Challeng-
es

Detect the problem
Accessible and imple-
mentable solution

Tests theories and per-
ceptions
Learning and develop-
ment while resolving 
the issues when facing 
them.

Discussions

Discussing Personality Traits:
After interviewing the entrepreneurs, the most 

common personality traits of entrepreneurs were Pro-
ductive, Determinant, seeking Risk-taking, Opportuni-
ty seeking, etc. As per entrepreneurs, these traits help 
develop leadership ability, set up the vision, and adapt.
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When we interviewed, intrapreneurs emphasized 
being Independent, Change prone, Challenger as the 
most common traits in their opinion. Even though the 
personality traits are not the same for both entrepre-
neurs and intrapreneurs, the traits, according to inter-
viewees, are two sides of the same coin, which means 
traits share a common foundation and similarities. 
Our study suggested that it is the following theory we 
discussed in the selection of theories. 

Discussing Extrinsic Motivational 
Parameters:

Quite surprisingly, both entrepreneurs and intra-
preneurs share the same thought process about the 
motivating parameters. As per the interviewees, mon-
ey acts a motivating factor, but it is not necessary to 

be only a motivational factor, so they considered as a 
hygiene factor, and Maslow’s theory reiterated on sim-
ilar lines.

However, one entrepreneur attributed financial re-
ward as the focus and stated that there are many entre-
preneurs whose preliminary focus is on the monetary 
award.

In the case of intrapreneurs, financial rewards were 
not a major motivator. The consensus that a decent 
salary and a nice title can influence intrapreneurs’ be-
havior, but are not of prime importance.

As Maslow discussed the financial stability, mone-
tary rewards are not a major motivator but contribute 
to their motivation. Even McClelland considers this 
factor as a gateway to fulfill the needs.

To conclude, money acts as an indirect motivator 
for entrepreneurs. On the other hand, even if the proj-
ect fails for intrapreneurs, salary is credited for being 
the part of the organization, which is why money acts 
as a motivating factor in the case of entrepreneurs than 
intrapreneurs, which is the reason all the entrepreneurs 
suggested that in such pandemic situation being intra-
preneur hands over the sense of job security compared 
to being entrepreneurs along with monetary rewards.

Both entrepreneurs and intrapreneurs face sim-
ilar sorts of challenges daily. The biggest differenti-
ating factor is the funding part. For entrepreneurs, a 
big chunk of time is invested in grabbing the funding, 
which is not the case for intrapreneurs.

Discussing Intrinsic Motivational 
Parameters:

All the interviewees considered that they were 
motivated by power. Irrespective of personal traits 
showcased by individuals, there were no substantial 
differences in the need for power. As intrapreneurs are 
part of an organization, the number of controls that 
intrapreneurs have is quite less than entrepreneurs 
who are the business’s actual owner. The power for in-
trapreneurs can be interpreted as controlling the team 
or lead the team.

As the definition of Accomplishment varies for 
all individuals, we believe that personal trait plays a 
crucial role in determining each person’s Accomplish-
ment. After interviewing individual respondent, it has 
been noted that both entrepreneurs and intrapreneurs 
accomplishment of a goal turns out to be one of the 
motivating parameters, but the way of achieving dif-
fers for every individual.

Table 5
Intrinsic Motivation Factor of an Entrepreneur and Intrapreneur.

Intrinsic factors
Motiva-

tors
Entrepreneurs Intrapreneurs

Accom-
plishment

Bring changes in so-
ciety.
Implement ideas.
Make a mark.

Creating results.
Finish projects.
Making progress.

Power Control of progress.
Authority to take deci-
sions.
Lead and mentor col-
leagues.

Lead and set an ex-
ample for the team 
members.
Guide and show path.
Substantial control for 
growth.

Table 6
Psychology of an Entrepreneur and Intrapreneur.

Psychological Factors
Factors Entrepreneurs Intrapreneurs
Passion Intense positive emo-

tion.
Flow and engagement 
are the outcomes.
Key for successful 
entrepreneurial perfor-
mance.

Drives innovation.
Creative joy.

Handling 
stress

An important factor 
in such turbulent sce-
narios.
Prepares for uncertain-
ty and risks.

Necessary to lead the 
organization or the 
team.
If handled properly, it 
can get better out of 
worse situations.

Optimism 
and 

Hope

Drivers for the suc-
cessful entrepreneurial 
journey.

Infuse the confidence 
within the individuals of 
the team.
Helps to take strategic 
decisions.
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Discussing psychological parameters:
Ideas, vision, and motivation required for Entre-

preneur and Intrapreneur are almost overlapping 
from the participant’s perspective. For a successful En-
trepreneur or Intrapreneur, it has been observed that 
the mindset and psychology in both cases overlap the 
psychological aspect that helps a person to reach the 
goal with a better outcome.

In the COVID-19 scenario, the psychological abili-
ty of entrepreneurs is getting tested. To deal with such 
situations having a strong mental ability, risk-taking 
nature, and focused attitude are necessary.

Psychological factors reflect on his/her job, and 
leadership skills help in growing as a person. A positive 
attitude does wonder by generating different thoughts 
and out-of-the-box innovations as per respondents.

Discussing “can intrapreneurship help  
in keeping entrepreneurial spirit intact post-
COVID-19?”

When asked whether COVID-19 badly impacts 
their sector, the common answer was “Yes,” almost all 
the sectors or the areas where our Intrapreneurs and 
Entrepreneurs are currently working have suffered in 
terms of revenues and growth. The worst affected be-
ing the hospitality sector and the least being a publish-
ing group.

Except for the risk-taking part, every participant 
agreed that the psychological characteristics required 
for both entrepreneur and intrapreneur are the same.

Entrepreneur E1 explained how both entrepre-
neur and intrapreneur are necessary elements for the 
economy to grow. E1 emphasized that the risks in in-
trapreneurs get mitigated due to the already built-in 
foundation, which is not in the case of entrepreneurs, 
where they need to take the risk and build the things. 
From the COVID-19 point of view, E1 opined that this 
risk factor makes it a plus point considering the cur-
rent scenario, where most start-ups find it difficult to 
survive. However, as per E1, there is a need to build 
the businesses “disaster-proof ” to be least affected 
in such a scenario. So, just because of this pandemic 
going towards the intrapreneurship can be an act of 
selfishness.

Entrepreneur E2 agreed to the fact that entrepre-
neurial spirit indeed took a hit, but he pointed out that 
we need innovative minds not to be bogged down by 
this pandemic, which might happen, and that is the 
reason we need intrapreneurs to keep this spirit and 

then transition into full-fledged entrepreneurship, 
once you find the idea on the proper time. E2 pointed 
out that the main difference is the investment, as this 
is the part that the intrapreneur should learn over the 
period.

Entrepreneur E3 accepted that their sector is the 
worst affected and chances that it may take a year to 
recover from it and do the business as usual. The lay-
offs, mandatory unpaid leaves are the common picture 
for the hospitality sector. Intrapreneurship will hand 
over youth’s opportunity to taste the flavor of entrepre-
neurship, which they can capitalize later.

Entrepreneur E4 pointed out that risk-taking abil-
ity is the main factor that differentiates intrapreneurs 
and entrepreneurs. E4 seems to be neutral, as accord-
ing to E4 pandemic opened many opportunities and 
everything shifted to the digital platform, it is an op-
portunity to create something new. So, depending 
upon honing your interests and skills that you want, 
you should decide which stream to choose. 

Intrapreneur I1 mentioned that I1 is glad about 
the quality of work and role in the organization. Right 
now, it is necessary to take up Intrapreneurship for 
those who want to dive into entrepreneurship later, 
which will ensure that they either get trained on the 
job or their inherent skills honed for the same.

Intrapreneur I2 emphasized that entrepreneurs 
have the freedom to decide, whereas the same is not 
true for an intrapreneur. Apart from this, the respon-
sibility and psychological characteristics required to 
take on the project are like entrepreneurial work.

Intrapreneur I3 advised upcoming entrepreneurial 
minds to give it a shot at Intrapreneurship and then 
gradually shift into entrepreneurs. Jumping directly 
into the entrepreneurship journey with the half-baked 
idea will backfire in such scenarios.

Intrapreneur I4 compared the functioning of both 
entrepreneurs as well as intrapreneurs. The mantra is, 
“Just do not do entrepreneurship because everyone 
else is doing it.” Intrapreneurs are getting recognition 
of all other worlds, which is why the organization 
should promote and support the employees to devel-
op new ideas. Also, more autonomy should be hand-
ed over to the intrapreneurs, which will boost morale. 
The interview summary is shown in Table 7.

Conclusion and Recommendation:
Except for entrepreneurs E1 and E4, the rest all the 

respondents agreed that intrapreneurship could be a 
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way to help upcoming entrepreneurs to uplift their 
bogged down spirit. Respondents even suggested that 
intrapreneurs need to imbibe the above table’s men-
tioned characteristics and provided monetary awards; 
both can generate tangible results. With India staring 
at the lowest in 11 years for the fourth quarter and 
FY20, it needs the hour to embrace intrapreneurship, 
as the most suitable choice in the upcoming years. Al-
most all the personality traits fall on the same page, 
which is why the world must accept with open hands 
and recognize the intrapreneurs with the same respect 
as that of the entrepreneurs. 

The risk-taking factor which differentiates the en-
trepreneurs from intrapreneurs is the most important 
aspect as right now more than revenue; it is all about 
surviving by creating the robust ecosystem and reap 
the benefit in later stages, which is the reason intra-
preneurship can be the solution to the task ahead of 
us, as it will provide the necessary blueprint and the 
motivation to showcase the talent.

Limitations:
The location of the study can be considered as a 

limitation of the research paper. As respondents are 
from India, the opinion or results might vary for other 
countries. Also, the sample size can be an issue. In my 
case, I interviewed eight participants, which is rather a 
small sample size.

I focused on interviewing successful entrepre-
neurs, and intrapreneurs due to this, and the gathered 
answers may not be applicable for the younger or less 
experienced entrepreneurs and intrapreneurs.

Going forward, it will be preferable to select a larg-
er number of respondents and a different location to 
check if it reflects the same results
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Abstract
The objective of this paper is to determine the factors that will 
impact Brand Perception post-COVID-19. COVID-19 is the talk 
of the town as consumers witness a once-in-a-generation un-
precedented pandemic, which significantly affects the attitude 
and behavior of both consumers and firms in the long term. 
Consumers’ responses are mixed; some prioritize demands for 
hygiene products, some rushed for panic hoarding of staples, 
while some remain indifferent and continue with their daily rou-
tine. To maintain long-lasting relations with consumers having 
varied responses, firms must build brand loyalty. Brand Percep-
tion sets the tone for building a relationship between a brand 
and the consumer. Positive brand perception will result in more 
business than the competitor and vice versa for negative brand 
perception. Brand Perception, a crucial part of Brand Manage-
ment, differentiates a brand amongst its peers, and once estab-
lished, it has to lead the path from ‘a brand’ to ‘the brand’ and 
maintain the same in the current scenario. A survey was devel-
oped for this inquires for primary data collection. It compris-
es two sections. Section one measures the brand perception, 
brand loyalty amidst COVID-19, and their sentiment about the 
various industries. Section two administers the factors influenc-
ing brand perception, consumers’ purchase behavior, and driv-
ing negative discernment. The convenience sampling approach 
is used for sampling. The study provides insights into the fac-
tors affecting brand perception, which will help develop new 
strategies for brand development and improving brand per-
ception in the future. In crisis-ridden scenarios like COVID-19, 
the research is crucial as businesses and brands struggle to stay 
afloat and imprint themselves in customers’ minds.
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INTRODUCTION
Consumer behavior (Fongsuwan W, 2014) is the 

investigation of buyers and the procedures they use to 
pick, use (devour), and discard items and administra-
tions, including shoppers’ passionate, mental, and social 
reactions (Solomon, 2009). Buyer conduct consolidates 
thoughts from a few sciences, including brain research, 
science, and economics [1]. Customer behavior is cru-
cial because it allows advertisers to understand what 
influences customers’ purchase decisions. By observing 
how purchasers select products, they may fill in the gap 
in the market and discern between essential and obso-
lete items. Consideration of buyer behavior also leads 
advertisers to decide how to present their products 
in a way that has the most impact on buyers [2]. Un-
derstanding consumer purchase behavior is the key to 
approaching and attracting customers and convincing 
them to buy from you. Various factors influence buyer 
behavior regularly (Dodds et al., 1991; Ofir, 2004; Turk 
and Avcilar, 2009). Advertisers should think about buy-
ing to acquire instances and deciphering buyer habits 
(Lattin and Bucklin, 1989). Many times, businesses in-
fluence customer behavior only through factors under 
their control, such as how IKEA looks to encourage you 
to spend more than you planned each time you walk 
into the shop [3]. A buyer conduct investigation should 
reveal what customers think and feel about various 
alternatives (brands, items, and so on.), What factors 
influence purchasers’ decision to choose amongst sev-
eral options; Consumers’ behavior when exploring and 
shopping; how customers’ circumstances (companion-
ship, family, media, etc.) influence their behavior. For 
example, a brand name is frequently hailed as a symbol 
or an intermediary of object quality used by buyers in 
evaluating products or organizations before making a 
purchase decision. (Dodds et al., 1991) Examiners ar-
gued that when a substantial worth is provided alone, 
as opposed to combined with a brand name, the im-
pression will be more grounded. It was also said that 
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if customers recognize differences between brands, the 
brand name becomes a feature of information in the 
purchase decision or repurchase point [4]. Clients, be-
lieve it or not, utilize brands to create or transmit their 
psychological self-picture or status. Customers may 
pledge allegiance to a particular brand (O’Cass and 
Frost, 2002; Escalas and Bettman, 2003) when they pick 
a brand and an image based on their relationship with 
the maker’s picture name (Fugate, 1986; Aaker, 1997). 
Furthermore, brand names add to the image of the cus-
tomer and the financial success of the organizations 
(Alreck and Settle, 1999; Ataman and Ulengin, 2003).

Brand management has become a significant 
course in the executives’ advancement for ventures 
far and wide. In the web condition of data innova-
tion, consumers′ requests and selections of items or 
administrations are continually evolving quickly. The 
business sectors accentuate quality, administration, 
and customization; this has been changing the utili-
zation examples of buyers in the dynamic procedure 
or organizations’ creation designs [5]. Understanding 
the changes in the usage and creation sides and pro-
gressively focusing on the relationship of connection 
with buyers is critical for the successful improvement 
of ventures. Images are essential components in brand 
the executives and picture development in the brand 
plan. A brand planner willing to make a company’s 
image more precise is guaranteed to instill brand loy-
alty in customers and strengthen the business’s image. 
Wang emphasizes that, in the field of configuration, 
brand character plays a vital role in the development of 
brand worth, and brand pictures may assist brand ad-
ministrators in expressing their brand’s value [6]. The 
semantics of configuration should concentrate on cor-
respondence and connection with buyers. (Krippen-
dorff, 1984) proposes images in plan semantics, and 
the manners in which they are introduced will affect 
client recognitions and inclinations. Along these lines, 
brand image configuration is critical because it sets 
the course of the executives. Numerous researchers 
propose that brand character can assist ventures with 
interfacing with shoppers (Kotler, 2006; Aaker, 2010; 
Azoulay, 2003). Many accept client devotion as prog-
ress and gainfulness for café organizations (Hagini, 
2012). Step-by-step instructions to increase consumer 
loyalty have become popular among company execu-
tives and researchers (Hallowell, 1996; Heskett, 1994) 
[7]. Thus, ventures can upgrade their image structure 
by utilizing great brand images to draw in buyers. In 

related investigations directed before, most specialists 
(Bian, 2011; Bruwer, 2012; Aaker, 2001) concentrated 
on the brand picture, brand value, and brand charac-
ter. It is not many taken a shot at brand images. This 
study is primarily intended to discuss and grasp the 
influence of brand pictures on consumer behavior and 
provide the findings as a resource for brand designers 
and administrators.

As per a recent article by McKinsey on “Impact of 
the uncertainty of COVID-19 on consumer sentiment 
and behavior, “even in nations that have incompletely 
revived, buyer hopefulness stays quieted, and burn-
ing through aim is still beneath pre-emergency levels. 
Although the pandemic’s effect has changed across 
countries, the following topics have gotten obvious 
among shoppers over the globe: 

The Move to Esteem and Basics
Even as certain nations have revived, numerous cus-

tomers all around are proceeding to see their earnings 
fall. Also, they aren’t feeling too idealistic about their 
nations’ monetary standpoint. Buyers in China and In-
dia stay more romantic than their partners in the re-
mainder of Asia, Europe, or the United States. There 
has been a move to careful shopping including some 
exchanging down for esteem. As buyers dig in for a 
drawn-out time of budgetary vulnerability, they expect 
to keep moving their spending to a great extent to fun-
damentals, for example, essential food items and family 
unit supplies and decreasing most optional classifica-
tions. Buyers in China, India, and Korea are announc-
ing positive burning through aim on a more extensive 
scope of categories, including food takeout and convey-
ance, bites, skincare and cosmetics, non-food youngster 
items, wellness, and well-being, and gas [8]. 

Trip to Computerize and Omnichannel
Most classifications have seen more than 10 per-

cent development in their online client base during 
the pandemic, and numerous customers state they 
intend to keep shopping on the web in any event 
when physical stores revive. Notwithstanding internet 
business, other advanced and contactless adminis-
trations–including curbside pickup, conveyance, and 
drive-through help–are likewise observing a lot higher 
appropriation rates. While a portion of these propen-
sities is viewed as a work-around to the emergency, 
numerous at-home answers for routine exercises will 
probably be embraced as long as possible. 



616 | Cardiometry | Issue 25. December 2022

Stun to Loyalty
For specific items and brands, COVID-19 caused 

chain interruptions flexibly. Furthermore, when buyers 
couldn’t locate their favored item at their preferred re-
tailer, they changed their shopping conduct: numerous 
buyers have attempted an alternate brand or shopped at 
an alternate retailer during an emergency. Worth, acces-
sibility, and quality or natural items were the fundamen-
tal drivers for customers trying an alternate brand [9]. 

Well-being and “Mindful” Economy
Across nations, review respondents state that when 

choosing where to shop, they search for retailers with 
noticeable security estimates, for example, upgraded 
cleaning and physical boundaries. Moreover, they pur-
chase more from organizations and brands with solid 
and sterile bundling and exhibit care and worry for 
workers during these problematic occasions; custom-
ers have an uplifted familiarity with how organizations 
collaborate with partners, nearby networks, and soci-
ety extensively. Organizations’ moves during this pan-
demic are probably going to be recollected long after 
COVID-19 has been won.

On similar lines, various articles in ET regarding ef-
fective management of brand communication amidst 
the COVID-19 pandemic or how brands should re-
spond amidst COVID-19 depict that creativity is 
necessary to communicate the message of the brand 
effectively. Building an association with new clients 
and keeping up your prior ones will be currently more 
troublesome than it has been in the ongoing past [10]. 

Social Media Will Assume a Significant Job
With the majority of the open at home rehearsing 

social removing, their online action would have just 
expanded, as internet-based life would presumably 
turn into essential methods for correspondence with 
others. With simple web get to, various distinctive on-
line networking stages, and an expected 375million+ 
social media clients in India, it would be encouraged 
to utilize internet-based life to build your image visi-
bility through natural methods. With every stage hav-
ing an alternate style of substance and considering an 
alternate kind of purchaser, innovativeness will be re-
quired in making content explicit to the objective set.

Remote Client Care amid Lockdown
Particular administrations that require an up-close 

and personal collaboration sooner or later will most 

likely need many changes in their techniques for activ-
ity. Utilize your online life records to help disseminate 
information about the shift in activities. Use modes 
of communication to set up clients, such as messag-
es and apps, to do the same. With virtually the whole 
workforce now working remotely, assist your admin-
istration team in becoming accustomed to managing 
customers and clients through the internet, and help 
your clients have a positive experience controlling 
your image [11]. 

Accept a Respite from the Same Old Thing 
Advertising

If you have an item that could sell a ton during 
this timeframe, reconsider the correspondence as the 
message could put on a show of being heartless and 
over-artful. With individuals effectively under a great 
deal of worry due to COVID-19, a few notes could put 
on a show of being a strategy to expand sales if not 
executed elegantly.

Instruct Your Crowd
Instead, use these opportunities to raise awareness 

about preventative actions. You will build and main-
tain trust with your audience by teaching people in 
general, which should be your goal. While most com-
panies may not have massive assets, they all have the 
potential to help increase awareness. The crowd will 
cherish informative and straightforward nuggets of 
information.

Correspondence Should Be Compassionate
While people are still unsure about what is going on 

and what is in store, being empathetic to their needs 
and worries will leave you alone while also recognizing 
what sort of messages will be treasured. If you have the 
opportunity to make a nice gesture during this time, 
take advantage of it. It can help you build trust and 
generosity with the general public while also demon-
strating that you care for them [12]. 

LITERATURE REVIEW

Brand
There are many contending meanings of what 

‘brand’ really implies. Seth God in characterized a 
brand as many “desires, recollections, stories and 
connections” that in blend drive the choice to pick a 
specific organization, item, or administration. Fun-
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damentally, it is a psychological creation, which en-
courages buyers to comprehend an organization over 
another. This is important to understand what has be-
come a dire market. 

Brand Identity
Brand identity is the assortment of components 

that an organization makes to depict the correct pic-
ture to its buyer. Brand personality is not quite the 
same as “brand image” and “branding,” although these 
terms are sometimes rewarded as interchangeable. A 
brand picture (Park et al., 1986) is a clients’ view of the 
brand comprising different affiliations identified with 
it and recollections about interfacing with it (Aaker, 
1996). A brand character and its components originate 
from an organization’s strategy, incentive, long haul 
objectives, serious situation available, and pertinence 
to the qualities and interests of the intended interest 
group. These elements have a primary nature and, in 
the marking procedure, portray what an organization 
needs to convey (Kotler, 2006) [13]. The term brand-
ing alludes to the advertising practice of effectively 
molding a particular brand. The brand is the impres-
sion of the organization according to the world.

Brand Loyalty
Customer dedication remembers items and ad-

ministrations for expansion to business client main-
tenance, which ideally shields clients from changing 
to contender administrations. It is additionally an 
approach to grow the business employing informal 
exchange from fulfilled clients, which underpins and 
advances the information on the items and adminis-
trations. This is an advantage for the company over the 
long haul. The advancement of associations with cli-
ents and the assistance with the item and administra-
tion mark the loyalty with the client Caruana (, 1999).

It was expressed that administration dependability 
is one of the many significant structures in administra-
tion promoting because of its major impact on rehashed 
buys by the client. Indeed, such dedicated clients who 
buy multiple times are considered the marking of any 
business. Consequently, this exploration means to con-
template the relationship between these three ideas. 
Furthermore, an uplifting disposition will work for the 
business and influence client steadfastness, consumer 
loyalty, trust, and relationship with client devotion [14]. 

The average positive effect on consumer loyal-
ty and the trust and faithfulness of clients or buyers 

accordingly from the assessment after utilizing mer-
chandise or administrations. The components of men-
tal conduct incorporate two sorts of outside conduct 
or alleged conduct, which is an activity that others can 
watch and measure. In contrast, undercover behavior 
happens inside the individual, for example, emotions, 
perspectives, convictions, discernment, and so forth. 
It was stated that client devotion is impacted by mental 
components or components inside the buyer and out-
er elements outside the impact of the earth.

Brand Perception
Brand perception is the whole of sentiments a buy-

er has about a brand. These musings and emotions 
happen when a shopper knows about the brand and 
what follows when that buyer hears, sees, or inter-
faces with the brand and its item. Brand recognition 
is the thing that moves the needle for organizations, 
taking a specific item and giving it components that 
inspire enthusiastic emotions. Each vehicle advertise-
ment during football season engages a watcher’s feel-
ings about the brand. Each skincare promotion tries 
to influence a customer’s feelings into making an ideal 
brand recognition/ [15]. 

Brand perception joins a vast number of territories 
that address the brand’s client cooperation. Brand rec-
ognition is a high-level gauge of an item’s visual near-
ness, altruism, and passionate character, from item 
improvement and bundling to advertising and social 
commitment. These can play into the item’s prosperity. 

A year ago, Face book’s image discernment became 
undesirable with numerous because of security issues 
and the stage being seen as the channel of bogus or 
deceiving reports. Brand perception of Facebook was 
fundamentally changed in 2018, which is why the 
organization is currently making moves to make an 
overall assessment of its image more positive. 

Brand perception is significant because it reflects 
consumers’ opinions of an organization’s way of life. 
You may see a marked TV spot, read an audit, or catch 
a pre-move YouTube advertisement. These concise 
connections can rapidly change a purchaser’s impres-
sion of an organization from negative to impartial or 
unbiased to positive. That is the intensity of brand ob-
servation, and that is the reason it is essential.

Shoppers, not brands, possess brand perception 
notwithstanding your message, whatever individuals 
are contemplating your image, which is your image. 
Reviews and center gatherings can frame a significant 
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piece of any methodology in estimating and improv-
ing brand recognition. Perhaps the most straight-
forward approach to exploring what individuals are 
stating about your image is to utilize social tuning to 
discover important brand refers to inside the billions 
of unedited online discussions. The innate detect abili-
ty of person-to-person communication locales implies 
you can begin from nothing and rapidly construct an 
intensive image of your image that mirrors the current 
reality. 

By breaking down social discussions, brands can 
more readily comprehend what angles are adding to 
their perception. These bits of knowledge would then 
be utilized to help bolster activities to reshape and build 
brand discernment. Both positive and negative senti-
ments add to improving brand observation. Breaking 
down discussions with negative assumptions will as-
sist you with recognizing the different client gives that 
could be hurting your image recognition. Knowing 
your clients’ overall age, sex, area, language, callings, 
and interests are fundamental while thinking about 
what shapes your image recognition. When purchasers 
plan credit in their psyches, whether positive, negative, 
or unbiased, it’s challenging to change their convictions. 

Organizations need to make a solid effort to quan-
tify brand recognition. A brand proprietor must gauge 
the brand from the outside to genuinely see how indi-
viduals see it. Until target clients have encountered your 
item, accepted your image guarantee, and built up an 
adequately positive discernment to purchase (and re-
buy) it, your image will not develop. At the point when 
a brand conveys or surpasses client desires, it can set up 
an entire lifetime of faithful brand value.

Identifying Need and Extent of Research
We live in a universe of the frame. Particularly with 

over a large portion of the world’s nations coming out 
of a multi-month lockdown, our encounters are re-
stricted, contained inside the edge. We do not find out 
about them; we just observe them. Political observer 
Bill Whittle watches, “As we invest increasingly more 
energy encountering the world through the edge and 
since the web has brought the whole world into our 
homes (however just what is inside the frame) a fasci-
nating wonder is going on. We appear to talk to each 
other less, and rather, we are watching what each other 
does.” This implies our language has gotten visual.

Because of the remarkable circumstance of COVID 
19, we are amidst a significant cultural moment; its 

hazardousness is just made more intense by the pat-
tern of moving from perusing, which is a legitimate, 
thinking mental movement, to visual, which is an 
inclination and unreasoning action. While we need 
both, we additionally need to understand that, as of 
now, we’re vigorously inclining toward one side, and 
that implies insecurity. 

How brands shape perception is considerably more 
essential at this point. Each correspondence should be 
pressure tried for sentiments. Each image each mes-
sage should be examined for any conceivable offense. 
A few crowds via web-based networking media will be 
searching for irregularities to drag your idea through 
the open square, which can substantially affect share 
costs. 

Many experienced job losses and pay cuts, due to 
which there will be lower investing for some time to 
come, till sentiments move back up. As employments, 
additions, and advancements get the hatchet during the 
pandemic, the cheer required for economy-siphoning 
spending will be absent for quite a while. Brands must 
consider what should be possible to carry good faith 
and inspiration to how purchasers act after the infec-
tion is defeated or is in a condition of suspended ces-
sation? It will consistently be a great idea to have been 
a mindful brand during the COVID-19 pandemic. 
On the off chance that a brand places benefits above 
individuals, those individuals will recollect the dou-
ble-crossing. Suppose a brand helped casualties and 
took positive activities like creating PPE units, N95 
veils, or shipping material to poor regions every day. In 
that case, it will be recollected somewhat as a touchy 
brand – the pessimists may state that this is simply eye-
wash – organizations are never proper for the client; 
they are for themselves as it were. On the off chance 
that organizations did not lay off representatives when 
they were the most defenseless, or if they offered their 
processing plants and lodgings to be changed over into 
remote offices, would they be recalled at all after the ar-
rival to regularity? Presumably, the new ordinary would 
be a bit not the same as the type we knew.

RESEARCH METHODOLOGY

Identification of Factors Impacting Brand 
Perception

Given the unprecedented times of COVID-19, 
with varying consumer sentiment, there is one ques-
tion on the minds of every brand professional: “How 
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to respond to the crisis? Will it impact brand percep-
tion? What are the factors that will affect brand strat-
egy?” With most businesses already experiencing a 
slowdown, if not a total closure, marketing at this time 
will necessitate a great degree of creativity and friend-
liness to ensure that the brand’s message is effectively 
delivered.

Since there is no tried and tested brand strategy to 
follow, it is essential to gauge the factors and parameters 
first rather than making a rash decision. The pandemic 
has uncovered new drivers of saw esteem, dangers to 
named brands, and approaches to ensure and develop 
the brand through this emergency and past. The re-
search aims to understand the consumers’ sentiment, 
measure brand loyalty, identify the factors that will 
affect brand perception, influence consumers’ buying 
behavior, and influence negative perception amidst 
COVID-19. Keeping these points into consideration, 
the following factors were considered in the survey:

First, the main parameters that define brand iden-
tity, i.e., Price, Quality, Value for Money, and Status 
Symbol, were asked to see the Impact of COVID-19 on 
these parameters. Will the customer buy the product 
despite the price rise (due to economic recession) if the 
price is still associated with the brand? Post that follow-
ing factors were considered for Brand Perception:

Support Brands That Do CSR Activities: Due to the 
unprecedented situation of COVID-19, doing nothing 
to benefit the community will hamper brand perception.

Buy Products Endorsed by Favorite Celebrities: Since 
brand perception has always varied based on the celebri-
ty associated with the brand, this factor is added to check 
whether the situation is the same or will change.

Loyal Customer for a Particular Brand and Fre-
quently Changing the Brand: To check brand loyalty 
post-COVID-19.

Country of Origin: To check whether brand percep-
tion will vary based on country of origin as many custom-
ers have negative sentiments about Chinese products.

Brand Recommendation by Others: Is word-of-
mouth still prevails, or have the priorities changed.

A Likert scale measures different aspects such 
as consumer perceptions of various sectors, brand 
perceptions, and brand loyalty (1-5). For this study, 
a self-administered survey with two components 
was created. The first section assesses the partici-
pants’ opinions on brand image, brand loyalty inside 
COVID-19, and attitudes about other industries. The 
second section discusses the impact of variables that 

influence brand perception and the reasons that lead 
to the lousy brand impression (the need of the hour for 
having a solid brand position).

The data was gathered through an online survey 
launched in April-March 2020 to obtain information 
on the earlier criteria. The poll was distributed over 
social media platforms such as WhatsApp and Face-
book as a Google form. Because of the time limitation, 
it would be difficult to conduct a probabilistic sample 
for the lengthy list necessary. Convenience sampling 
also provides a practical perspective. A total of 207 an-
swers were collected.

Data Collection
The demographic information for the respondents 

is shown in Table 1. The majority of respondents are 
students (undergraduates and graduates) and working 
professionals, the target demographic for brand per-
ception research. Gender equality has been achieved 
since the number of male and female responses is al-
most equal (males are slightly greater than females).

TABLE 1
Demographic details of the respondents
Parameters Description Total Percentage

Gender
Female 93 45%
Male 114 55%

Age Group

Less than 16 11 5%
16-21 85 41%
21-25 55 27%
25-30 44 21%
30-40 9 4%
40+ 3 1%

Profession

Student 121 58%
Working Professional 40 19%
Homemaker 20 10%
Others 26 13%

Total 207 100%

Parameters for Analysis
The dimensions for brand perception are measured 

by their CSR activities, endorsement by the favorite celeb-
rities, loyalty, preference for brands that provide self-es-
teem, frequently changing the brand, its origin country, 
and if the perception is based on the recommendation 
supplied by others, price, post-sales service, engagement, 
ease of communication/information, uniqueness, qual-
ity, durability, and trustworthiness. Factors imparting 
negative brand perception are indicated by inappropri-
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ate customer service, poor company branding, prefer-
ence towards sales rather than building an audience, no 
uniqueness in products, no transparency about different 
business aspects, poor employee treatment, poor brand 
impression, inconsistent presence across all platforms 
and Position on social/political issue.

Furthermore, while defining a brand, Brand Iden-
tity assesses the relevance of quality, affordability, and 
value for money, as well as status symbols. As previ-
ously stated, the measurement was done on a 5-point 
Likert scale, with 1 indicating least probable, 2 mean-
ing less likely, 3 indicating neutral, 4 indicating quite 
possible, and 5 indicating extremely likely. Table 2 
shows the questionnaire and indicator parameters.

TABLE 2
Parameters for questionnaire and indicators

Parameters Indicators
Brand Iden-
tity

Best Quality, Value for Money
High Price, Status Symbol

Brand Per-
ception
(BP)

Support brands which does CSR activities
Buy products endorsed by favorite celebrities.
Loyal customer for a particular brand
Prefer brands that provide a self-esteem
Frequently changing the brand.
Country of Origin
Brand recommendation by others
Price, Post Sales Service, Engagement
Ease of Communication/Information
Uniqueness, Quality, Durability, Trustworthy

Perception 
of various 
industries

Grocery, Food/Beverages, Restaurants
Cleaning Products, Pharmacy
OTT, Social Media
Banks/Economy, Airlines, Beauty care prod-
ucts

Brand Loyalty Believe in Brand Loyalty
Will remain loyal post COVID-19
Will buy Chinese products post COVID-19
Continue to purchase despite the price rise.
Continue to purchase if purchasing platform 
changed to online medium

Factors im-
parting Neg-
ative Brand 
Perception

Inappropriate Customer service
Poor Company Branding
Preference for building an audience rather 
than sales
No uniqueness in products
Not Transparent about different business 
aspects
Poor Employee Treatment
Poor Brand Impression
Inconsistent presence across all platform
Position on social/political issue

DATA ANALYSIS AND RESULTS

Primary Analysis
A total of 207 people took part in the survey, and 

all of the responses were gathered for Analysis. Males 
made up 55% of the poll respondents, while females 
made up 45%.

Primary Analysis comprises analyzing data for 
brand identity, the relationship between the factors, 
and their importance in identifying the brand. The 
perception of various industries is done to understand 
consumers’ sentiment about the market. Lastly, brand 
loyalty is measured based on variation in price, change 
in purchasing platform, and switching to new brands. 
Figure 1 show Results for Brand Identity.

Results for Brand Identity are as Follows
• 41% (highly likely) and 29% (very likely) of total 

respondents perceive that brand identity is related 
to the brand’s quality.

• 23% (very likely) of total respondents perceive that 
brand identity is related to the price of the brand, 
whereas 32% perceive themselves as neutral.

• 29% (highly likely) and 31% (very likely) of total 
respondents perceive that brand identity is related 
to the value for money of the brand.

• 32% (very likely) of total respondents perceive that 
brand identity is related to the status symbol of the 
brand, whereas 29% stands neutral. Figure 2 shows 
the Results for Respondents Perception. Table 3 
shows the Respondents’ sentiment.

Results for Respondents’ Perception are as 
below

TABLE 3
Respondents’ sentiment

Industries Negative Neutral Positive
Grocery 1.45% 33.33% 65.22%
Food/Beverages 3.38% 24.64% 71.98%
Cleaning Product 6.28% 46.38% 47.34%
Restaurant 18.84% 30.43% 50.72%
Pharmacy 4.35% 31.40% 64.25%
OTT 2.90% 48.31% 48.79%
Social Media 35.46% 20.10% 44.44%
Banks/Economy 50.45% 34.78% 14.77%
Airlines 50.10% 40.72% 9.18%
Personal Care/Beauty 
Care 5.31% 34.91% 59.78%
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Secondary Analysis
The survey asked the participants to state the im-

pact of factors namely Price, Post Sales Service, En-
gagement, Support brands which does CSR activities, 
Buy products endorsed by favorite celebrities, Loyal 
customer for a particular brand, Frequently changing 
the brand, Country of Origin, Brand recommendation 
by others, Ease of Communication/Information by 
brand, Uniqueness, Quality, Durability, Trustworthy 
on Brand Perception post-COVID-19. 

The survey also comprised of the impact of factors 
imparting negative brand perception such as Inappro-
priate Customer service, Poor Company Branding, 
Preference for building an audience rather than sales, 
No uniqueness in products, Not Transparent about 
different business aspects, Poor Employee Treatment, 
Poor Brand Impression, Inconsistent presence across 
all platform, Position on social/political issue was 
done as it is the need of the hour to avoid negative sen-
timent in such unprecedented situation.

On a Likert scale of one to five, the impact of the 
factors was computed. Each numerical value represents 
the degree of importance of the factor: 1- indicates that 
the factor is ‘Not Important,’ 2 indicates that the factor 
is ‘Slightly Important,’ 3 shows that the element is ‘Im-
portant,’ 4 indicates that the factor is ‘Fairly Important,’ 
and 5 indicates that the factor is ‘Very Important.’

Descriptive Statistics for the factors are shown in 
Table 4

We have considered mean as the characteristic sta-
tistic. From Table 4, it is evident that the factor con-
sidered of most extreme significance by the members 
of the overview was Quality and Trustworthiness with 
a mean of 4.26, followed by Inappropriate Customer 
Service with a standard of 4.20, After-sales service 
with a mean of 4.19, Poor employee treatment with 
mean as 4.12, price with mean as 4.11, uniqueness in 
product variety with mean as 4.10 and so on. 

Furthermore, the factors’ significance and validity 
were determined by utilizing the exploratory factor 
analysis (EFA) approach to investigations the elements 
in SPSS for dimension reduction. This approach com-
bines the highest common variance of all variables 
into a single score.

The sampling adequacy was checked using the Kai-
ser Meyer Olkin (KMO) test. For the data to be accept-
able for factor analysis, the KMO test result must be 
more significant than 0.5. Bartlett’s test of sphericity 
was used to determine the strength of the connection 

between the items. A value of 0.5 is necessary for good 
sampling; values between 0.5 and 0.7 are considered 
average; values between 0.7 and 0.8 are considered 
good; if the value is between 0.8 and 0.9, the sampling 
adequacy is excellent; and any value 0.9 and above is 
called exceptional sample adequacy.

Using SPSS, the Kaiser Meyer-Olkin (KMO) val-
ue for the data was 0.882 (see Table 5 for reference), 
which is larger than the threshold value of 0.5 and is 
deemed an “excellent” number for KMO’s sample ad-
equacy metric. To determine the strength of the con-
nection, the Bartlett Test of Sphericity was used.

TABLE 5
Bartlett’s test and kaiser-Meyer-olkin (KMO)

KMO and Bartlett’s Test

Kaiser-Meyer-Olkin Measure of Sampling Ade-
quacy.

.882

Bartlett’s Test of Sphe-
ricity

Approx. Chi-Square 1732.675
df 136
Sig. .000

TABLE 4
Descriptive statistics for the factors

Factors Mean Std. Deviation
Brand supporting CSR ac-
tivities

3.44 1.209

Brand Loyalty post COVID-19 3.65 1.185
Products endorsed by ce-
lebrities

3.43 1.120

Country of Origin 3.31 1.330
Recommend Brand to others 3.71 1.208
Price 4.11 1.056
After Sales Service 4.19 .999
Ease of Communication/
Information

3.57 .878

Engagement 3.12 1.050
Uniqueness 4.10 1.031

Quality 4.26 1.009
Durability 3.69 .982
Trustworthy 4.26 .970
Inappropriate Customer 
Service

4.20 .984

Prefer building sales rather 
than the audience

4.04 1.018

No. of Transparency 4.09 1.053
Poor employee treatment 4.12 1.052
Position on social/political 
issue

3.61 1.077
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The component scores were found to be associated 
with a level of significance of 0.000 (see Table 5 for 
reference), which was modest enough to reject the null 
hypothesis that the original correlation matrix was an 
identity matrix. The significance value of the test re-
sult would have gone out of range if this number had 
been considerably different from zero. As a result, the 
data were tested to see if it was suitable for dimension 
reduction using exploratory factor analysis.

We used PCA to analyze the data, utilizing orthog-
onal Varimax as the rotation technique and Kaiser 
Normalization as the normalization method. This piv-
ot type was chosen because it allows the results to have 
a fundamental structure. The following is an example 
of an organized outcome:

“On an eigenvector, situations in which factors 
load at near to 1 or almost 0 (factor) Factors that pile 
near to 1 are crucial in the factor’s translation, whereas 
factors that pile close to 0 are irrelevant. In this way, 
a simple structure rearranges the assignment of inter-
preting the variables.”

According to Kaiser (1960), the eigenvalue that is 
more prominent than one must be kept as segments 
for subsequent translations while testing for the dif-

ference described by the elements. On the off chance 
that the eigenvalue of any part is less than one, at that 
point, we ought not to think about it as a factor. Based 
on this edge, we get three factors that have eigenvalue 
more prominent than one. 

Table 5 indicates that three components explain 
61.023 percent of the total variation. With an Eigen 
esteem of 6.204, the initial component provided a sub-
stantial 36.493 percent of the total variation revealed 
in the first information. The third segment explained 
11.156 percent of the variance fluctuation with an Ei-
genvalue of 1.896, and the fourth segment clarified 
13.375 percent of the overall variation with an Eigen 
esteem of 2.274. (See Table 6)

The factor loadings for each of the eighteen factors 
against each of the three pivoted segments are shown 
in the Rotated Component Matrix (see Table 6), divid-
ing which items determine which section. The vari-
ation clarified by the object on that specific factor is 
shown by factor loading. Factor loadings should be 
greater than 0.7 according to the general criterion for 
unified legitimacy, while factor loadings greater than 
0.6 are still acceptable for exploratory inquiry (Yana et 
al., 2015). The factor loadings of most of the eighteen 

TABLE 6
Total variance explained
Component Initial Eigenvalues Extraction Sums of Squared Load-

ings
Rotation Sums of Squared Loadings

Total % of vari-
ance

Cumulative 
%

Total %of vari-
ance

Cumulative 
%

Total % of vari-
ance

Cumulative 
%

 1 6.204 36.493 36.493 6.204 36.493 36.493 4.205 24.737 24.737
2 2.274 13.375 49.868 2.274 13.375 49.868 3.592 21.131 45.868
3 1.896 11.156 61.023 1.896 11.156 61.023 2.576 15.156 61.023
4 .977 5.745 66.768       
5 .807 4.747 71.515       
6 .718 4.222 75.737       
7 .642 3.774 79.511       
8 .504 2.967 82.478       
9 .483 2.841 85.319       
10 .405 2.383 87.702       
11 .396 2.330 90.032       
12 .386 2.273 92.305       
13 .316 1.858 94.163       
14 .294 1.729 95.892       
15 .257 1.514 97.405       
16 .240 1.410 98.815       
17 .201 1.185 99.071       
18 .186 .930 100.000       
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items are higher than 0.7 for their single component 
(see Table 6).

We see from Rotated Component Matrix (see Ta-
ble 7) which thing is spoken to under which segments 
or factor; Component 1 involves “Price”, “After Sales 
Service”, “Ease of Communication/Information”, “ En-
gagement”, “ Uniqueness “,” Quality “,” Durability “, and 
“ Trustworthy “. Component 2 comprises of “ Inappro-
priate Customer Service”, “ Prefer building sales rather 
than audience”, “No Transparency “, “ Poor Employee 
Treatment “,” Position on social/political issue “, and ulti-
mately Component 3 is comprised of “ Brand supporting 
CSR activities “, and “ Brand Loyalty post COVID-19”, “ 
Products endorsed by celebrities”, “ Country of Origin”, 
and “ Recommend brand to others “.

TABLE 7
Rotated component matrix

Component

1 2 3
Brand supporting CSR activities .653
Brand Loyalty post COVID-19 .708
Products endorsed by celebrities .723
Country of Origin .691
Recommend Brand to others .727
Price .642  
After Sales Service .615  
Ease of Communication/Information .773  
Engagement .674  
Uniqueness .727  
Quality .776  
Durability .838  
Trustworthy .757  
Inappropriate Customer Service .721
Prefer building sales rather than an 
audience

.842

No Transparency  .781  
Poor employee treatment .834
Position on social/political issue .626

DISCUSSION AND CONCLUSION
The study’s objective was to determine the elements 

influencing brand perception and customer percep-
tion following the COVID-19 epidemic and to see if 
the parameter that was previously judgmental still has 
the same impact or if there has been an underlying 
shift. It is evident from the primary Analysis that the 
order for brand identity is as follows: Quality > Val-
ue for money > Status symbol > Price. Consumers are 

optimistic about Grocery, food/beverages, pharma-
cy, OTT, restaurants, social media, and personal care 
but have negative sentiment regarding the economy 
and airlines. Regarding the Impact of COVID-19 on 
brand perception, the highest percentage for maybe 
(46%) depicts the confusion present in respondents’ 
minds followed by yes (39%), i.e., their brand percep-
tion will be impacted. Contradicting the perception, 
respondents turned out to be loyal to selected prod-
ucts (47%), while 16% stated that they do not exhibit 
brand loyalty and price is the only consideration. Due 
to negative sentiment, 69% of respondents chose not 
to buy Chinese products. If the price increases, 50% 
stated that they would buy it only if it increased to a 
certain level, whereas 33% said they would start look-
ing for substitutes. 65% of respondents stated that they 
would continue to buy their desired products online if 
the situation asks for the same. The secondary Analy-
sis measures the factors impacting brand perception.

Based on the above findings, it is evident that this 
isn’t an advertising chance to underwrite. Focusing 
just on benefits in these difficult stretches won’t help 
your image over the long haul – truth be told, it may 
very well blowback. Making a gift or offering your 
items/administrations at a limited rate to individuals 
in critical need right now will be a signal that can be 
associated with years to come. Brands ought to recog-
nize the extraordinary job it plays in the lives of their 
purchasers and how it could help them during this 
emergency. The clients will invite whatever’s a point 
of relief and convenience. To avoid making a negative 
brand impression and harming the brand notoriety, 
brands need to guarantee that their correspondence is 
brand protected and pertinent. As an ever-increasing 
number of individuals are asked to self-disengage and 
remain at home, brands need to foresee changes in 
shopper conduct that may affect how buyers connect 
with their brands. Their requirements and desires may 
change radically. Brands need to remain put resources 
into shopper connections throughout the emergency, 
increase the value of their lives, and gain their trust. 
By keeping them refreshed about the genuine circum-
stance and steps you are taking to serve them better, 
brands can help lessen their inconvenience and keep 
them from moving to another brand. Investigate little 
approaches to please your customers yet just on the 
off chance it bodes well for your image. Continuous-
ly recollect, it is better to remain in your path and be 
consistent with your image ethos than to ride on the 
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infection. Brands need to alter their media specu-
lations dependent on the dispositions and desires of 
shoppers. Building brand believability ought to be or-
ganized over deals advancement. Rather than trying 
to gain new clients, web-based business advertisers 
should concentrate on sustaining existing clients with 
the most elevated lifetime esteem. 

This writing can be applied uniquely for brand ob-
servation settings and in no other industry. The com-
parative examination should be led on various lines in 
the wake of understanding the purchaser’s needs and 
recognition. Past that, the need to incorporate factors 
progressively can’t be disparaged. That would give a 
total perspective on the conduct of shoppers, and 
more data can be extricated for organizations to in-
vestigate. Since innovation is a distinct advantage, the 
sub-factors need to develop time to help keep the ex-
amination significant continually. Similarly, the inclu-
sion of subjective data will consider an all-encompass-
ing perspective because various theoretical ends may 
be formed that will aid in understanding the mental 
angle. Organizations will be able to prepare better pro-
cesses due to the growth of this data, and implementa-
tion will be more straightforward.

LIMITATIONS AND FUTURE SCOPE
The population, in this case, is not large enough 

to cover India’s whole geology. The probabilistic ap-
proach for examining with aid in creating layers and 
providing more consistent data might happen if the 
study hour is too long. We were unable to obtain fur-
ther information due to scheduling constraints. Several 
respondents were perplexed by the chaos and couldn’t 
decide which limits to choose. More constructs can be 
added to make the factors more robust. However, this 
should only be feasible if clients decide and gain clar-
ity. If the independent investigation continues, future 
research should take these perspectives into account.

REFERENCES
1. W. Fongsuwan, “Structural equation model of 
customer perception of service and product quali-
ty factors that affects,” Thai Information Technology 
Customer Loyalty¸ (2014). https://scialert.net/fulltex-
t/?doi=rjbm.2014.412.426
2. Economic Times (ET Brand Equity, 2020) Ef-
fectively managing brand communication amidst 
the COVID-19 pandemic. https://brandequity.
economictimes.indiatimes.com/news/market-

ing/effectively-managing-brand-communica-
tion-amidst-covid-19-pandemic/74978011
3. M. R. Solomon, “Consumer behaviour: A europe-
an perspective.” Financial Times Prentice Hall, Lon-
don, ISBN: 9780273717263, p. 700, (2009).
4. W. B. Dodds, K. B. Monroe and D. Grewal, “Ef-
fects of price, brand, and store information on buyers’ 
product evaluations,” J. Market Res., vol. 28, pp. 307-
319, (1991).
5. https://www.jstor.org/stable/3172866?seq=1
6. C. Ofir, “Reexamining latitude of price acceptabil-
ity and price thresholds: Predicting basic consumer 
reaction to price,” J. Consum. Res., vol. 30, pp. 612-
621, (2004)
7. https://academic.oup.com/jcr/art icle-ab-
stract/30/4/612/1828793?redirectedFrom=fulltext
8. Z. Turk, and M.Y. Avcilar, “The effects of perceived 
service quality of audit firms on satisfaction and be-
havioral intentions: A research on the Istanbul stock 
exchange-listed companies,” Res. J. Bus. Manage., vol. 
3, pp. 36-46, (2009). https://scialert.net/abstract/?-
doi=rjbm.2009.36.46
9. J. M. Lattin and R. E. Bucklin, “Reference effects 
of price and promotion on brand choice behavior,” J. 
Market Res., vol. 26, pp. 299-310.
10. https://www.jstor.org/stable/3172902?seq=1
11. D. L. Fugate, “The effects of manufacturer disclo-
sure on consumer perceptions of private brand gro-
cery product attributes,” J. Consum. Affairs, vol. 20, 
pp. 118-130, (1986).
12. h t t p s : / / o n l i n e l i b r a r y. w i l e y. c o m / d o i /
abs/10.1111/j.1745-6606.1986.tb00371.x
13. J. L. Aaker, “Dimensions of brand personality,” J. 
Market. Res., vol. 34, pp. 347-356, (1997). http://www.
jstor.org/stable/3151897
14. J. E. Escalas and J. R. Bettman, “You are what they 
eat: The influence of reference groups on consumer’s 
connections to brands,” J. Consumer Psychol., vol. 13, 
pp. 339-348, (2003). https://www.sciencedirect.com/
science/article/abs/pii/S1057740803702022?via%3Di-
hub
15. A. O’Cass and H. Frost, “Status brands: Examining 
the effects of non-product-related brand associations 
on the status and conspicuous consumption,” J. Prod. 
Brand Manage., pp. 11, pp. 67-88, (2002).
16. https://www.emerald.com/insight/content/
doi/10.1108/10610420210423455/full/html
17. P. L. Alreck and R. B. Settle, “Strategies for building 
consumer brand preference,” J. Prod. Brand Manage., 



626 | Cardiometry | Issue 25. December 2022

vol. 8, pp. 130-144, (1999). https://www.ingentaconnect.
com/content/mcb/096/1999/00000008/00000002/
art00004
18. B. Ataman and B. Ulengin, “A note on the effect 
of brand image on sales,” J. Prod. Brand Manage., vol. 
12, pp. 237-250, (2003). https://www.emerald.com/in-
sight/content/doi/10.1108/10610420310485041/full/
html
19. K. Krippendorff and R. Butter, “Product seman-
tics-exploring the symbolic qualities of form,” innova-
tion, vol. 3, pp. 4–9, (1984).

20. https://repository.upenn.edu/cgi/viewcontent.
cgi?article=1040&context=asc_papers
21. C. W. Park, B. J. Jaworski and D. J. Maclnnis, “Stra-
tegic brand concept-image management,” J. Mark, 
pp. 135–145¸(1986). https://journals.sagepub.com/
doi/10.1177/002224298605000401.



Issue 25. December 2022 | Cardiometry | 627

ORIGINAL RESEARCH Submitted: 28.10.2022; Accepted: 18.11.2022; Published online: 25.12.2022

Impact of COVID-19  
and Online Streaming Services  
on the Movie Theater

Mohd Akram1, and Pravin Kumar Bhoyar2*

1,2Symbiosis Institute of Management Studies, Symbiosis Inter-
national (Deemed University), Pune, Maharashtra, India

Corresponding author:
pravink@sims.edu

Abstract
Movie Theaters in India face a big crisis amid COVID-19, which 
leads to the shutdown of Theaters for more than five months. 
In the meantime, Online Streaming Services are expanding 
their business and revenue like never before. This scenario 
raises the very prominent questions (1) whether the movie 
theater business will survive this hard time and get back to 
normal growth and business once COVID-19 cases will re-
duce. The situation gets back to ‘old normal’. (2) Will Online 
Streaming services and Movie Theater business co-exist in 
the future, as Satellite TV and Movie Theater exist for many 
decades. Based on data from an empirical survey conducted 
among regular moviegoers, this paper questions the claims of 
the industry that the Movie Theater business is in danger due 
to the emergence of online streaming services. It has been 
observed that the increase in traffic on these online streaming 
services is mainly because of the lockdown situation, and once 
theater reopens and the COVID-19 health crisis went, people 
will get back to Theaters in a large number. Data from the 
reopening of Theaters in other countries are also showing the 
same result.
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Introduction 
COVID-19 has affected almost every industry 

and sector in one way or another and the enter-
tainment industry is no exception. In India, many 
Theaters were closed even before Lockdown 1, 
which started on 24 March 2020. Since that time, 
all Theaters are closed. There is no news of re-
opening Theaters because coronavirus cases are 
increasing at an increasing rate. While Online 
Streaming Services like Netflix, Amazon Prime 
Video, Disney+Hotstar, etc., benefitted from this 
situation, as people are locked in their home and 
for entertainment, they are getting everything at 
their home comfort [1]. 

Even before the COVID-19 pandemic, many 
experts believed that the Rise of Online Streaming 
services is a serious threat to the industry after Web 
Series success like Sacred Games, Mirzapur, Inside 
Edge, Family Manages, etc. However, this was not 
a problem because there was good revenue coming 
from the theatrical business too. However, during a 
pandemic, the public’s habits got changed. Online 
streaming services added a large chunk of subscrib-
ers and audience in these times, which poses a se-
rious question of whether people will get back to 
movie Theaters like how they used to visit? What 
changes could we expect in the forthcoming days 
due to the expansion of the online streaming busi-
ness? [2]. 

This paper is structured in the following man-
ner: This short introduction is followed by Data 
and Facts about Rising in Online Streaming Ser-
vices from a study conducted by BARC and Neilsen. 
Afterward, it refers to various interviews and state-
ments of several industry experts, directors, exhib-
itors, and producers. They think about the impact 
of COVID-19 and online streaming services on the 
movie Theater. The next part of this section pro-
vides an overview analysis from the empirical on-
line survey in India. This section also takes some 
data from media reports, like Ormax Media. The 
next section puts forward some pragmatic sugges-
tions for the Indian movie Theater chains to ad-
dress public health and appropriate measure. The 
paper concludes with some closing remarks and 
points out the limitations of this study and future 
research scope [3]. 
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Literature Survey

The Rise in Online Streaming Services (OTT)
According to Boston Consulting Company, The 

Indian online streaming market is expected to grow to 
$5 billion in 2023, from $500 million in 2018.

Although various reasons drive the growth of on-
line streaming services in India, the biggest credit 
undoubtedly goes to the introduction of Jio Telecom 
Services in 2016. This incident opened the gate for for-
eign players like Netflix, Amazon. It boosted Indian 
Players like Hotstar and introduced new platforms like 
MX Player, Zee5, etc., which hold a significant market 
in India [4]. 

As per eMarketer’s (a subscription-based online 
research company) report, in 2019, consumers spent 
about 82 minutes a day while streaming online, which 
grows to 92 minutes in 2020. The global entertain-
ment market is expected to grow to $688.7 billion by 
2024; in the projected 2019-2024, it will grow at the 
rate of 19.1 CAGR.

COVID-19 situation increased content consump-
tion across the globe, and India is no exception. 
US-based data analytics company Nielsen and the 
Broadcast Audience Research Council (BARC) has 
published the third edition of its study on TV and mo-
bile use. This study considers all the streaming giants 
in India like Netflix, Disney+Hotstar, Amazon Prime 
Video, MX Player, Voot, and Zee5 [5]. 

A BARC and Nielsen study predicts an increase of 
96 percent in the user base and a 7 percent rise in time 
spent on streaming services. Rohit Jain, Managing Di-
rector of Lionsgate South Asia, said streaming services 
witnessed an 80 percent rise in streams in May 2020 
compared to March 2020 [6]. 

Survey also shows that consumer spends 32 percent 
more time watching the platform’s original show, like 
Panchayat of Amazon Prime Video and Special Ops of 
Disney+Hotstar. There has also been a 52 percent rise 
in the films seen in the middle of the shutdown due to 
the closing of cinema halls [7]. 

Here is the overview of the Netflix, Amazon Prime, 
Hotstar, MX Player, Voot, and Zee5 analyzed by BARC 
during the lockdown period in India:

Netflix: eMarketer analyst Eric Haggstrom said, 
Netflix is least affected by COVID-19” and will con-
tinue to flourish in the coming days. They give an 
estimated figure of 2.3 million new subscribers join-
ing Netflix in the lockdown period, compared to only 

5,50,000 new members in the last months of 2019. 
Netflix has more than 182 million subscribers world-
wide. According to Statista, the estimated revenue in 
2020 for Netflix India will be 328.3 million US dollars 
compared to 179.41 million US dollars in 2019 [8]. 

Zee5: The Zee5 has witnessed an increase of more 
than 45 percent in viewership; also, the subscriber 
base increases by 80 percent during the lockdown. 
Zee5 CEO Tarun Katial said, “With Daily Active Users 
(DAUs), viewing time has increased by over 50 per-
cent, and app downloads have also increased by over 
15 percent.

Amazon Prime: The Prime Videos had more than 
150 million subscribers worldwide in January 2020, 
which has grown to more than 400 subscriptions as 
of May 2020. The overall company increased by 189 
percent, and the subscription increased by 67 percent.

MX Player Online: MX Player is a Times Internet 
proprietary video-sharing app. It is emerging as the 
fastest-growing online streaming platform. In this 
lockdown period, this platform gets 8 percent unique 
users. Total users were 130 million in February 2020, 
which rises to 141 million during the lockdown peri-
od. Time spent on the platform also rises by 23 per-
cent. MX player runs on an ad-based revenue model 
compared to Netflix, Amazon Prime Video, which has 
a subscription-based revenue model [9]. 

While many sectors collapsed during the 
COVID-19 lockdown, but Online Streaming Services 
have a great time during this period. It flourishes like 
never before and gives a sense of happiness and a rea-
son to celebrate by the people associated with this in-
dustry.

Experts and Industry People’s Opinion  
on Impact of Covid-19 and Online 
Streaming Services on the Movie Theater

Renowned Indian Film Director S. S. Rajamouli, in 
an interview with trade expert, Komal Nahta explains 
why he thinks there will be no harm to the movie The-
ater business in the future once the lockdown gets over 
and Theater reopens. He emphasizes that movie The-
aters, Online Streaming Services, and Satellite TV will 
continue to exist and serve different audiences as it is. 
He said once the Theaters open, and the audience will 
come in huge numbers because they get an altogether 
different experience, which they cannot get anywhere 
else. They will come to the Theaters not because of 
good movies, but to take a different experience and 
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experience it with many people, which is irreplaceable 
because humans are social animals and, therefore, they 
would want a social experience. He also said that when 
people get back to Theaters, they will be more evolved 
and have a great sense of cinema and stories because 
most of them watched different kinds of content from 
across the globe. Therefore, filmmakers, too, need to 
evolve and should make good content and serve the 
audience [10]. 

In his TED Talk, Film Exhibitor & Distributor 
Akshaye Rathi said, ‘The Impact of OTT Platforms 
on Cinema’ emphasizes that watching movies in the 
Theater and watching anything on mobile and laptop 
are two different things. He gives three reasons and 
instances when watching films on Theater is a great 
experience. First is the movie’s big-screen experience, 
like Avengers, Spiderman, Bahubali, etc., which has an 
altogether different experience in Theaters. Second, 
the immersive experience of horror and paranormal 
activity movies gives in-the-moment experience to 
people, which cannot be replicated on mobile phones 
or television screens. The third is the collective view-
ing experience in watching movies of favorite super-
stars. Once the audience is sitting with a whole bunch 
of people, who also admire the particular superstar, in 
the same manner, the celebration is different. He said 
these are the things that differentiate watching good 
content anywhere. Watching it on the big screens and 
the cinema is here to stay [11]. 

Recently, Akshaye Rathi said that there was OTT 
and Cinema even before COVID-19. However, if you 
put Big Ticket Films, like KGF2, RRR, Sooryavanshi, 
there is no comparison between these two platforms. 
He further added that people watching Online Stream-
ing Services would end, as negligible content is being 
made for all the platforms. Therefore, COVID-19 
would affect OTT too.

Bihar-based exhibitor Vishek Chauhan has a dif-
ferent opinion. He said that digital content affects cin-
emas in a big way because they are bombarding with 
too much content and breaking the habit of going to 
the Theater.

An exhibitor from Purnia, Bihar, worried about the 
convenience and comfort provided by Online Stream-
ing Services. He said people could watch unlimited con-
tent at the choice of their time, which is very luxurious. 
That kind of comfort cinema cannot give to anyone.

Some people believe that theatrical experience will 
always win over home Theater experience because it 

provides socializing elements and experience, like a 
date, anniversary, or a birthday. People are social be-
ings, and they continue to enjoy things together. Cin-
ema provides that option and ways to explore things.

Nitin Datar, President of Cinema Owners and Ex-
hibitors Association of India, thinks the opening of 
Theaters should be in stages; Chauhan said that creat-
ing an atmosphere that inspires people to come to the 
Theater would be a challenge [12]. 

Research Methodology 

Expected Theater-Going Behavior  
in India Post Covid-19

Because this is a behavior study of the audience, we 
needed real-time data directly from the moviegoers. 
We look for media agency reports from agencies like 
Ormax Media and Motion Pictures Association. 

The author conducted an empirical study, mainly 
on students in the age bracket between 20 and 30.

Based on Ormax Media report titled, ‘Back to The-
ater,’ where the firm had taken responses
• 1,000 regular movie Theater-goers
• Every respondent was above the age of 15 Years
• Demographic profile was selected as per 2019 

Box Office footfalls (number of people who visit 
to watch the movie in Theaters). It included Three 
Languages, Hindi, Telugu, and Tamil, in 58 cities & 
towns in India.

• The survey was conducted in May 2020 in an online 
format. The result from the empirical study con-
ducted by the author with 130 respondents, where 

• 125 respondents were in the age bracket of 20-30.
• 114 were students.
• 88 respondents were males and 42 females.
• Let us talk about the frequency of going to a movie 

Theater. Only six people were going every week, 25 
people twice/thrice a month, 37 people once in a 
month, and the majority of 62 people were going 
once in 2-3 months.

• When we asked them which streaming platforms 
they use more often, the top four appeared: You-
tube, Amazon Prime Video, Netflix, and Disne-
y+Hotstar.

• In answer to the question, did you take a subscrip-
tion after COVID-19 Pandemic, 53 people (40.8%) 
said yes, and 77 people (59.2%) said no.

• In response to the monthly cost for these streaming 
services that they have taken, 34 people (26.2%) 
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said they are using them for free, eight people 
(6.2%) said they are paying less than Rs. 100, 31 
people (23.8%) said they are paying between Rs. 
100 and 200, 35 people (26.9%) said they are pay-
ing between 200 and 500, and 22 people (16.9%) 
said they are paying more than Rs. 500 per month.

• In response to a question about what they watch 
more often with the help of these streaming services, 
111 people (85.4%) said they watch movies, and 107 
people (82.3%) said they watch web series content.

• In response to a question, how regularly do you 
stream videos online, 84 people (65.1%) said they 
stream daily, 32 people (24.8%) said they stream 
few times a week, rest 14 people chose other op-
tions that imply that people are streaming web 
content on a very frequent basis due to COVID-19 
lockdown.
According to this survey, only 57.7 are already 

missing going to the Theater, which is less than Or-
max Media Reports. The difference between Ormax 
Media Report and this survey is that it includes fre-
quent moviegoers, and took input from people who 
visit movie Theaters occasionally.
• 86.2% agreed that their watch time increased 

during this lockdown period. 
• People are not in favor of opening Theaters again. 

63.1% of people think Theaters should shut down 
until the COVID-19 pandemic is going on. 

• In response to whether they will start going to 
movie Theaters if it reopens, only 26.2% of people 
are ready to go. The main thing to notice here is, it 
is not negligible. Even during the pandemic, and 
when they are getting entertainment at their home 
comfort, more than one-fourth of people still want 
to go to movie Theaters.

• In response to a question, whether they like to 
watch movies in the Theater or at their home com-
fort, only 14.6% of people like to stream at home, 
whereas 77.7% think both have their benefits.

• 89.2% think that the movie Theaters and online 
streaming services will co-exist and grow at the 
same time shortly, which indicates that the impact 
of COVID-19 and the Rise of Online Streaming 
Services are not strong enough to push people 
back from not going to watch movies in the The-
ater. This debate of will movie Theaters survives 
just another threat that the movie Theater industry 
will pass as they did in the past with the emergence 
of VCR and Satellite TV.

Results and Discussion 

Safety Measures to Ensure Public Health
Although the majority is afraid of going to the The-

aters, given the fact that the owner of these Theaters 
is bearing huge losses, and once the situation normal-
izes and for those who want to watch movies in the 
Theater, these Multiplexes’ and Movie Theaters’ chain 
should take several safety measures to ensure public 
health:
• Sanitization after each show
• Clean & well-maintained washrooms
• Hygiene of the Theater staff
• Social distancing in the lobby
• Making masks compulsory
• Easy access to hand sanitizers
• Providing gloves for staff
• Providing masks at the entrance
• Adequate Time gap between shows.
• Temperature Check
• No Human Contact at the Food Stall and Ticket 

Counter
• Alternate or 50% seating capacity

Reopening of theaters in other countries
The great news is coming from South Korea that 

South Korea’s local horror film ‘Alive’ has come from 
the first box office HIT after the lockdowns. In the first 
week (nine days), it grossed around $9 million. South 
Korea has not seen a full shutdown like other nations, 
but regional lockdowns that have always been on, al-
beit very few) in some parts of the country. However, 
the business has only been picked up in recent weeks 
because of new content [13]. 

First, Innocence had a few numbers and grossed 
$5.5 million in 23 days, and this movie Alive took the 
box office to a new peak in the COVID-19 era.

There is also good news from France, as it has seen 
a positive response to the opening of cinemas. The first 
week back saw some $6 million in sales on all launches, 
which is pretty good, as 650,000 tickets were sold amid 
these test periods. The usual pre-COVID-19 week in 
France in 2020 was about $20 million, down to 70 per-
cent. However, that is still really strong given the un-
certainty that a 3-month lockout would carry. There 
was no major Hollywood movie on top, a French box 
office star [14]. 

Beijing is also expected to reopen cinemas on 24 
July in its “low-risk areas,” officials said. However, oc-
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cupancy will be restricted to 30%, and no concessions 
will be offered. Cineworld, the world’s second-largest 
cinema chain, will delay the reopening of its US movie 
Theaters until mid-August, as the country’s coronavi-
rus epidemic continues [15]. 

In the last 4-6 weeks, there have been some strong 
numbers in South Korea, and now Spain, which was 
hit hard by the pandemic, sees the audience returning 
to the Theaters.

The local Spanish film Padre No Hay Mas Que Uno 
2 (Father There Is Only One 2) released is doing ex-
tremely well at the end of July, despite many cinemas 
being shut down and capacity restrictions imposed on 
all the open cinemas, which is 8 percent better with 
fewer restrained capacity cinemas and one of the 
strictest lockdowns anywhere in the world, in a coun-
try that is coming off.

This news clearly shows that once the situation 
normalizes, the cinemas will open, and people will 
come in large numbers.

Conclusions 
Every medium has its benefit, and reports indicated 

that although there is a surge in subscription and watch 
time on online streaming services. However, studies are 
also giving a hint on the importance of movie-watching 
experience in Theaters. Movie Theater provides the sur-
roundings and environment to watch movies, which no 
medium could provide until now. Some sections of the 
audience must explore streaming at home, but stream-
ing at home was there for a long time, be it VCR, CD/
DVD, Satellite TV, or movie in-demand services. Online 
streaming services may be the biggest threat to Satellite 
TV. The recent launch of Jio Fiber, Airtel Xstream fiber, 
BSNL Airfiber are also helping online streaming services 
grow and giving tough competition to Satellite TV ser-
vices in Big Metro Cities. Talking about COVID-19, one 
cannot do much about it, wait for vaccines, and improve 
medical services, so that cases go down. Movie Theaters 
will open as they opened in other countries. Many big 
films are already in queue to release to entertain the au-
dience by giving them a big-screen experience. Once the 
situation becomes normal, movie Theaters would open 
gradually, see the public’s response, and then release the 
big-ticket and high-budget films. After few weeks of 
opening the Theaters, when the fear of coronavirus di-
minishes, and once that fear is gone, people craving to 
socialize and watch movies in Theater will come in huge 
numbers like never before.

Limitations and Scope of Future Research 
Although almost everything was considered 

during the study, whether it was collecting primary 
responses or taking secondary media reports, whether 
it was quantifying the responses or taking expert opin-
ion over the issue in the form of qualitative data. The 
limitation may arise in the less sample size of prima-
ry data collection or selecting a very selective set of 
people in the case of the media report of Ormax. Al-
though considering the size and population of India, 
there is always a scope to have different studies on the 
same topic by taking different segments of the popula-
tion in different proportions. In addition, the data set 
and people’s opinions over things keep on changing. 
Therefore, this data might become less relevant in the 
coming days. This study also did not explore the im-
pact on Satellite and DTH due to the Rise of Online 
Streaming Services and how these two platforms could 
not affect the Movie Theater business simultaneously; 
this could be a good topic for Future Research.
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Abstract
The county of origin research has studied the influence of a prod-
uct’s origination on a buyer’s impression. According to the liter-
ature, the country-of-origin effect would lead Indian consumers 
to choose domestic cosmetics and skincare goods over import-
ed cosmetics and skincare products. Age and gender are taken 
into account to see how they affect the COO and other factors 
in the research. The study’s goal was to get 266 active surveys. 
SPSS 21.0 was used to analyze the data. To assess consideration, 
factor analysis was carried out using a t-test and a one-way  
ANOVA. The findings revealed a flimsy beneficial influence on 
Indian individuals’ views and thinking of foreign products. The 
study’s conceptual and pragmatic inference is proven by mak-
ing suggestions for additional investigation. Cosmetics are be-
coming increasingly important for women and men worldwide 
as the need for beauty and personal care grows in modern 
life. This study provided an overview of the influence of extrin-
sic signals linked to cosmetic goods such as brand, price, and 
country-of-origin (COO) on female customers and the cosmetic 
business in Vietnam, based on papers with relevant theories and 
literature. The information might be used to develop a model or 
framework for future consumer behaviour research.
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Introduction 
Cosmetic products usage in India is not a new con-

cept. Instead, it dates back to the Indus Valley Civili-
sation. Both men and women have been observed to 
indulge in cosmetics as it gives them happiness and en-
hances their personalities. This industry has matured 
from home-grown trends to the modern usage of Cos-
metics and skincare products by various brands in our 
day-to-day lives through e-commerce. According to 
the observations, the cosmetics industry has a signifi-
cant rise every year. One of the reasons for this growth 
is due to foreign/international brands’ presence in the 
Indian market and its impact on the consumer’s choic-
es and preferences. Cosmetics and skincare purchases 
have been considered retail therapy for consumers as 
it gives them confidence and boosts their self-esteem. 

Competition among local and international brands 
is rising continuously as the companies want to in-
crease their market presence. A company’s growth 
depends upon various factors, namely brand name, 
perception about a particular country. Among all the 
other factors, the COO plays an integral part in the 
competitive market. It has been observed that the 
country of origin plays a noteworthy aspect in con-
sumer purchase intention [1]. 

Consumers consider both intrinsic and extrinsic 
factors while making a purchase decision. Therefore, 
outside factors such as country of origin cannot be ig-
nored. Country of Origin, an acronym of COO, can 
be defined as a country that manufactures, outlines, 
or constructs a product associated with a brand. It is 
through the COO that a consumer makes assump-
tions regarding a product and its attributes.

For a consumer choosing a product is a complex 
process as there are innumerable substitutes available 
in the cosmetics and skincare industry. Due to the 
online presence of cosmetics and skincare products 
has become more convenient for consumers to com-
pare products based on their price, COO, reviews, etc. 
When there is sufficient information available about 
a product, the buying decision for the consumer be-
comes easier. The final decision of a consumer is after 
going through the data. This research aims at studying 
the effect of COO on cosmetics and skincare products 
in India. This study aims to find out the thinking of an 
Indian individual towards foreign cosmetics and skin-
care products through this study.
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LITERATURE REVIEW

Constructive Consideration
A common and recurring notion in many studies 

is that customers create “option sets” in each given 
buying scenario [1]. Consumers have been known to 
confine themselves to a small group of items termed 
a “consideration set” [2] that they desperately consid-
er purchasing. The Funnel Metaphor, developed by 
McKinsey Institute in 2009, is credited with this no-
tion. According to Howard (1977:306), the contempla-
tion set is a subset of items that a buyer is contemplat-
ing buying from a more extensive set of products in a 
specific product category [3]. 

The consumer decision-making model [4] com-
prises the consumer’s preferences for items that con-
tain five aspects. These five characteristics are said to 
be individualized to each individual since each indi-
vidual’s experiences influence them [5]. Among the 
other five elements, consumer attitude is regarded 
to be of considerable interest. When it comes to psy-
chological variables, consumer attitudes are the most 
susceptible to change. As a result, the majority of mar-
keting efforts are focused on changing customer views 
[6]. According to many definitions of attitudes, it may 
be argued that a consumer’s attitude determines how 
they evaluate a product. A variety of criteria, including 
the strength of the items’ qualities, would drive such 
estimation [7]. 

Product features can be classed as either “intrinsic” 
or “extrinsic,” meaning they have both physical and 
non-physical characteristics [8]. If a product has ex-
cellent features and a positive brand image, it is more 
likely to be chosen. To determine a product’s strength, 
we can evaluate a variety of different factors/product 
characteristics. As a result, consumers’ attitudes to-
ward product qualities, which are often dependent on 

product attributes, influence product selection in their 
decision-making process. As a result, understanding 
these factors may be the key to determining which 
items should be considered for selection. Figure 1 rep-
resents the Traditional Tunnel.

Background of Country of Origin
In the present day generation, which is highly com-

petitive, international marketing is expanding gradu-
ally, and the country of origin is a critical framework 
and has been studied thoroughly. Another important 
note to be made from the study is that the consumers 
are concerned regarding the product’s whereabouts, 
i.e., where it was manufactured and which country 
it belongs to. These components are considered for 
judging the quality of products [9]. 

COO’s impact on customer buying intention has ex-
isted to be a talking point for many decades. This prob-
lem has ramifications for various factors, one of which is 
the nation of origin, which plays a critical role in compet-
itive marketplaces and consumer behaviour. The coun-
try’s political culture, government, and economy can 
serve as a basis for responding to individuals [10]. 

Schooler (1965) discovered the country-of-origin 
(COO) phenomena in an experimental consumer be-
haviour study. The research found data indicating that 
the location of product manufacture influenced cus-
tomer product evaluations [11]. The term “country of 
origin” refers to the location with which a firm is asso-
ciated; most commonly, it is a home nation [12] , such 
as Maybelline for New York and L’Oréal for France. It 
is concerned with customers’ perceptions of the rela-
tive quality of goods and services produced in various 
nations [13]. Consumers in developed countries wide-
ly believe that developed-country items are of higher 
quality than products from less developed ones. This 
offers producers in more developed industrialized 

 FIGURE 1.The Traditional Funnel.
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nations an advantage since they may direct premium 
prices [14]. 

Consumer Attitudes
By moving away from the company’s relationship 

with its nation of origin and focusing on customers’ 
views regarding COO, it can be shown that they have 
either a good or negative attitude toward the product, 
depending on their actual or imagined picture of it. As 
a result, a firm should transfer its product or service 
to existing attitudes rather than creating new ones be-
cause current attitudes are more likely to be ingrained 
in customers’ minds.

The country of origin effect may be classified into 
two categories based on how a customer perceives a 
country’s overall image: good (halo effect) or nega-
tive (negative impact) (horns effect). This will harm 
the product and brand [15]. Niss (1996) acknowledg-
es that the COO is not a hidden assessment criteri-
on for consumers. The country-of-origin impact is 
significant if customers are unaware of a product’s or 
manufacturer’s location. However, views might shift 
depending on whether one’s image is improving or 
deteriorating. Consumer sentiments regarding the 
nation of origin, demonstrating the importance of 
heritage, vary by product category. Do higher-quality 
cosmetics and skin care goods, such as those originat-
ing in other countries, mean more to consumers than 
those deriving in the United States?

Purchase Intention
In today’s era, the international trade market is 

very aggressive, and various recommendations are 
available in the market to lure customers. In such a 
scenario, customers find multiple substitutes for buy-
ing products. However, various factors have a conse-
quence on product success in a market and customer 
purchase intention.

A conclusion has been made that intention and at-
titude are not the same. While attitude is defined as 
the estimation of products, the choice is the person’s 
stimulation in their discretion to perform behaviour. 
Another way to describe purchase intention is when 
a customer seeks to buy a brand based on their per-
ception. 

Demographic variables impact the importance of 
customer attitudes about foreign items in determining 
consumers’ decision to buy convenience products. Ac-
cording to the findings, foreign items in still a positive 

attitude in customers’ minds and therefore are includ-
ed in their consideration set.

COO and Consumer Perception
Customers utilize the COO effect to judge the price 

and quality of a product; thus, the halo effect’s object 
summary impact may be considered while making a 
purchasing choice. In terms of COO, the halo effect 
occurs when consumers are unfamiliar with the coun-
try’s goods and form trust based on the country’s im-
age. When customers know a nation and its goods, 
they build an impression of the country based on pre-
vious encounters with product traits and attributes. 
Numerous studies have shown that COO is the most 
critical factor in customers’ perceptions of a product’s 
final quality and usability.

The notion of brand genesis is another topic to in-
vestigate (BO). BO is the location of a brand that its 
target customers know in plain terms. Due to a lack of 
appropriate knowledge about a brand, the awareness 
of COO and BO differs. Though it is presented as a 
brand’s genesis, it is also included in brand personality. 
Brand personality develops once a customer interacts 
with a brand. As a result, it is described as a consum-
er’s intellect-based view, which builds a mental picture 
of the brand based on their knowledge, experiences, 
misunderstanding, and integrity. Marketers should 
develop a humanized and sophisticated effect to make 
brands more appealing to customers. Detecting the 
COO may have both a good and negative impact on 
consumers’ perception of a product’s worth.

Consumer Purchasing Decisions
Purchasing behaviour may be seen in a variety of 

ways. One model, which consists of five phases, can 
decide whether or not a person will buy a product. 
The first step is to identify the problem or the need 
for restructuring. In the cosmetics and skincare sec-
tor, this might be a customer who needs the most 
up-to-date product as soon as possible. The next step 
is to do an information search. With the advance-
ment of technology, consumers can now explore the 
internet as the information is abundantly available 
at their fingertips. Consumers can browse the web-
sites and apps on mobile phones to look for a prod-
uct they desire to buy. The third step is looking for 
alternatives. In cosmetics and skincare, the products 
are similar and readily available quickly over differ-
ent platforms. So, the consumer can conduct an as-
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sessment based on the price, quality, quantity, and 
other attributes, in-store availability, shipping cost if 
shopping online, and delivery time. Showing a prod-
uct and seller evaluation can assist the consumer in 
making the best selection. The purchasing decision 
is the fourth stage. The next step is to make a de-
cision based on the results of the evaluation. Now 
the customer may decide whether or not they want 
the goods. The post-purchase behaviour is the final 
stage in this paradigm. This could be buyer regret if 
the product did not fulfil their expectations or buyer 
happiness if it met their expectations perfectly.

Consumer Ethnocentrism (CE)
Consumer ethnocentrism can be interpreted as the 

thought process of how a consumer observes things 
in a higher-level approach and all others back it. A 
consumer’s opinion of a domestic product is more fa-
vourable than that of a foreign product because it leads 
to benefits for the country, such as job creation and 
economic sustainability. They are more likely to aban-
don standards and symbols incompatible with their 
culture, politics, and economics. According to a study, 
the following characteristics can influence product na-
tionality perception:
• The representation of home vs. international prod-

ucts;
• COO is recognized as the primary product by most 

products.
• The image of manufacturing firms as national or 

worldwide; 
• The idea is communicated to consumers through 

the brand name or logo.
Customers in developing countries react differ-

ently to products than those in developed countries. 
If there are a few well-known hybrid companies con-
nected to the home nation, it can reduce the risk of 
ethnocentrism. Research reveals that patriotism and 
ethnocentrism are vital components in the aggressive 
global market despite the global market’s growing ho-
mogeneity.

According to one study, if a domestic product is 
unavailable, buyers with a high level of nationalism 
and ethnocentrism prefer to buy international items 
from nations with comparable cultures to their own 
rather than from countries with cultures with which 
they are unfamiliar. Another viewpoint is that custom-
ers’ patriotism might manifest in an adverse reaction 
to foreign advertising and products.

COO and Brand Perception
COO impacts all respondents’ views and attitudes 

regarding the country’s and company’s brands. In a 
few situations, the influence was also determined by 
where the branded items were made, the category of 
the branded products, whether the brand was region-
al or worldwide, and if local manufacturing was fa-
voured. However, a brand’s COE varied depending on 
the situation and especially on the consumer. Accord-
ing to customers, price and quality standards are two 
significant elements that might alter the COO’s effect.

One research in South Korea pointed out that the 
consumers have a positive image of the country. Coo 
and brand image have constructive and remarkable 
impacts on purchasing Etude House cosmetics partly 
and concurrently. Put, if a brand’s and a country’s ap-
pearance in customers’ minds is favourable, they will 
buy more of that brand’s items. Furthermore, people 
purchased this brand because it promotes self-motiva-
tion rather than because of the goods.

Conclusion
After further investigation, it was discovered that 

COO information trumps other product indications. 
Even though the formulation of the consideration set 
is unknown, it is assumed that COO knowledge al-
ters brand considerations. According to a COO study, 
companies from developed nations are more likely to 
gain favourable attention from customers. At the same 
time, other items are disapproved because of the dis-
tinction between consideration and estimate. Accord-
ing to research, items belonging to different categories 
need different levels of customer participation. The 
following hypothesis was established due to COO in-
formation being analyzed to succeed in other product 
aspects. (also shown in Figure 2):

 

Purchase 
Intension 

Attitude of 
Indian 

consumers

COO

Age, 
Gender

FIGURE 2. Conceptual framework.
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H1: To see if COO has an impact on Indian cos-
metics and skincare product decisions.

H2: To determine Indian consumers’ opinions re-
garding international cosmetics and skincare goods.

H3: To determine whether there are variations 
in views toward foreign items based on age and 
gender.

A hypothesis is defined as a theory that describes a 
specific collection of events that govern the research. 
Hypotheses were developed to identify connections 
between categories and to disclose a sample of the data 
gathered.

RESEARCH METHODOLOGY
To gather information and explore the link be-

tween the COO and its influence on the Cosmetics 
and Skincare sector in India and the effect of other 
demographic factors on such a relationship, the inter-
pretation took the form of descriptive and exploratory 
research survey. The goal of the empirical study was 
to see how the COO effect affects consumer attitudes 
toward Cosmetics and Skincare products and how it 
is influenced by moderating factors such as consumer 
ethnocentrism, brand attitude, foreign product knowl-
edge, face-saving, perceived product quality, product 
attitude, and purchase intention in the Cosmetics and 
Skincare industry.

Sampling
Approximately 300 people participated in this 

study, representing a variety of occupations and age 
groups. The size of the sample gathered determines 
the reliability of the study data. A quota sampling 
benchmark was used, which consisted of the demo-
graphic characteristics of age, gender, occupation, 
and city of residence. Respondents were chosen who 
showed traits and curiosity towards the Cosmetics and 
Skincare industry. A final useable sample for the study 
consisted of 266 completed questionnaires. Table 1 
shows the summary of case processing.

TABLE 1
Case Processing Summary.

N %

Cases
Valid 266 100.0

Excluded 0 .0
Total 266 100.0

a. List wise deletion based on all variables in the procedure.

Data Collection
To collect data, a self-completion questionnaire was 

used. The questionnaire was divided into two sections: 
the first had demographic questions, and the second 
contained product consideration questions. The ques-
tions were developed specifically to focus on this re-
search. Questions were graded on a Likert scale, with 
responses ranging from 1 to 5, with 1 indicating strong 
disagreement and 5 indicating strong agreement. Data 
was gathered from various areas of India. The quan-
titative research approach - an online questionnaire 
survey – was chosen as an excellent way to collect data. 
The research instrument – a questionnaire – had 27 
items, with demographic questions excluded.

Data Analysis
The method utilized was exploratory factor analy-

sis, which was used to discover the critical variables of 
research or specified data set using factor analysis. The 
primary data for factor analysis is the variable matrix. 
There are no pre-determined dependent variables in 
factor analysis. The primary goal of the explorative anal-
ysis is to summarise a data set and conduct a principal 
component analysis. The total variance identified was 
examined in this study. The main diagonal represents 
the measured variables in the correlation matrix, but 
in factor analysis, the primary diagonal represents the 
correlation matrix’s amount of interaction. Explorative 
approaches will correlate to the primary components if 
the degree of intersection is close to one.

In contrast to factor analysis, principal components are 
calculated to reflect the variance of the discovered vari-
ables in the most diminutive dimensions. The data matrix 
in factor analysis should contain important information. 
The Barlett chi-square test is used to determine the rele-
vance of the data. The critical restriction for this study is 
the relevance or importance of Bartlett’s trial and the chi-
square statistic. Only in the null hypothesis is it assumed 
that the variables are correlated among themselves in Bart-
lett’s test. “If the null hypothesis is rejected, it indicates that 
the correlation matrix contains substantial information 
and that factor analysis is possible.” The sphericity test is 
what it’s called. The Statistical Package for Social Sciences 
(SPSS) version 21.0 was used to analyze the data.

Results 
After analyzing the data, it was observed that 6 fac-

tors were obtained, which was a combination of differ-
ent variables taken in the study.
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Reliability
The reliability and validity of the research will in-

fluence the study’s success. The degree to which an 
instrument calculates what it wishes to measure is de-
scribed as validity. The degree to which the findings 
of an examination and method can be replicated is 
known as reliability. The Cronbach’s Alpha is used to 
assess the reliability and validity of the analysis.

The separation between measuring devices, pri-
marily a questionnaire, or ambiguity of the quali-
ties being assessed can lead to a lack of dependabili-
ty, which will inevitably influence the validity of the 
questionnaire. The survey received a score of 0.845. A 
score of 0.7 or above is regarded as acceptable and in-
dicates that the questionnaire is trustworthy. The sta-
tistics of dependability are shown in Table 2.

TABLE 2
Reliability Statistics.

Cronbach’s Alpha N Number of Items
.845 27

Normality
In this research, Skewness has been observed, and 

the range lies between -1.96 to +1.96. Therefore, the 
data follows Normal Distribution.

Discussions
According to demographic data, 69.9% of the 266 

respondents were female, and 30.1% were male. The 
research included participants of both genders, al-
though female responses outnumbered male respon-
dents. With 42.1 percent, 18-23 years has the highest 
frequency, followed by 24-29 years with 39.5 percent. 
Table 3 shows the gender. Table 4 shows the age, and 
Table 5 shows the descriptive statistics.

TABLE 3
Gender.

 N Percent

Valid
Female 186 69.9
Male 80 30.1
Total 266 100

TABLE 4
Age.

 N Percent

Valid

18-23 112 42.1
24-29 105 39.5
30-36 36 13.5
37-42 9 3.4
43-50 4 1.5
Total 266 100

TABLE 5
Descriptive Statistics.

Sr. No. Mean Std. Deviation Analysis N

1

Country of Origin

Consider COO 2.838 1.2560 266

2 COO Quality 3.312 1.1212 266

3 COO Expensive Product 3.297 1.2371 266

4 COO Little Experience 3.274 1.2021 266

5

Ethnocentrism

Un Indian 2.387 1.2334 266

6 Purchase Indian Manufactured 3.192 1.2608 266

7 Cause Unemployment 3.090 1.2066 266

8 Buy Indian Products 2.816 1.2529 266

9
Brand Attitude

good quality 3.519 1.1132 266

10 Prestigious Product 3.323 1.0923 266

11
Foreign Product Knowledge

Have Knowledge 2.932 1.1987 266

12 No Assistance Required 3.000 1.2317 266

13
Face Saving

Decision Influenced 2.534 1.3063 266

14 social status 2.286 1.2260 266

15

Perceived Product Quality

value for money 3.199 1.0928 266

16 Looks_GoodOnMe 3.248 1.0948 266

17 Positive Impact Environment 2.827 1.1559 266

18 Reasonable 2.643 1.1801 266
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As discussed, after collecting the data, it is a requi-
site to implement exploratory factor analysis to with-
draw and recognize the components. Therefore, the 27 
variables taken were analyzed to determine the effect 
of COO on the Cosmetics and Skincare industry in In-
dia and identify its influential factors. The factor anal-
ysis was used to narrow down the research variables 
to get fewer factors and calculate the effect of those 
factors. The calculated results show that the data has 
good internal cohesiveness and that the sample size 
is sufficient to articulate the correlation between the 
study variables (KMO=0.842), as it is more than 0.7. 
This indicates that the questionnaire is reliable. The 
significance is likewise less than 0.05, indicating that 
the matrix is not an identity matrix, indicating that 
the variables are not connected. Six variables with 
Eigenvalues more significant than one were extorted 
according to Kaiser’s criterion. Table 6 shows show the 
test taken under KMO and Bartlett.

TABLE 6
KMO and Bartlett’s Test.
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .842

Bartlett’s Test of Sphericity
Approx. Chi-Square 2571.505
df 351
Sig. .000

Table 7 shows the Eigen values, percentage of vari-
ance, and cumulative; Table 8 indicates the Rotated 
Component Matrix.

TABLE 7
The Extracted Factors, together with their Eigen Values, Per-
centage of Variance, and Cumulative.

Factor No. Eigen Value
Variance 

Percentage of 
Eigen Values

Cumulative 
Variance 

Percentage
1 6.555 24.279 24.279
2 2.808 10.400 34.680
3 2.227 8.249 42.929
4 1.602 5.934 48.862
5 1.447 5.361 54.223
6 1.149 4.257 58.480

Sr. No. Mean Std. Deviation Analysis N

19

Product Attitude

Good Product Impression 3.395 1.1152 266

20 Worth My Money 3.248 1.1778 266

21 Wise Idea 3.169 1.0268 266

22 Pleasurable 3.274 1.0728 266

23

Purchase Intention

Purchase More Compared To Friends 2.711 1.2778 266

24 Buy Product This Year 2.959 1.2537 266

25 Feel_ Happy Buying 3.342 1.1258 266

26 Excited 3.177 1.1763 266

27 Sold Remote Places Surprised 3.515 1.0928 266

TABLE 8
Rotated Component Matrix.

 
Component

1 2 3 4 5 6
Reasonable .774      
Social Status .621      
Purchase More_ Compared To Friends .593      
Wise_ Idea .558      
Decision_ Influenced .533      
Sold_ Remote Places_ Surprised  .751     
Excited  .749     
Feel_ Happy Buying  .713     
Buy product _ This Year.  .685     
Consider_ COO   .829    
COO_ Quality   .782    
COO_ Expensive Product   .747    
COO_ Little Experience   .721    
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Component 1
According to the Rotated Component Matrix, this 

factor is the most important as it forms consumers’ buy-
ing behaviour towards foreign Cosmetics and Skincare 
products in India. This factor accounts for 24.279% of 
the variance. Out of twenty-seven variables, five variables 
load on this factor, including attributes like Reasonable 
product, Social Status, purchasing more products com-
pared to their friends, a Wise idea to invest in foreign 
Skincare and Cosmetics products, and the last is that 
others influence their decision to buy foreign products. 
As it can be observed, the price of imported cosmetics 
or skincare products plays a critical purpose in the buy-
ing decision of a consumer, and every consumer prefers 
to buy an economical product. 19.5% of respondents 
(52 respondents) strongly disagreed (1 rating) that the 
price of Imported Cosmetics and Skincare products is 
reasonable, and 28.6% of respondents (76 respondents) 
disagreed (2 ratings). Only 6.4% of respondents (17 re-
spondents) strongly agreed (5 ratings) that the imported 
Cosmetics and Skincare products are reasonable. The 
mean of responses of this variable was 2.643.

Consumers consider imported products to en-
hance their social status in society, which is the second 
variable under this factor. Maximum respondents said 
they do not buy imported Cosmetics and Skincare 
products to improve their social quality, i.e., 35% of 
respondents (93 respondents) strongly disagreed. In 
contrast, only 4.9% (13 respondents) strongly agreed 
with this statement. The mean of responses of this 
variable was 2.286.

The third variable under this component is that 
the consumers purchase more imported cosmet-
ics and skincare products than their friends. Only 
11.3% of respondents (30 respondents) strongly 
agreed (5 ratings) to this statement. This shows 
that even today, consumers do not prefer to buy 
imported cosmetics and skincare products; the rea-
son could be because they are unfamiliar, do not 
trust foreign brands, consider imported products/
brands as expensive, etc. Many imported brands are 
still not present in the Indian market officially. This 
might be why consumers don’t purchase imported 
products as they have to pay heavy import duty or 
taxes to get them delivered. The mean of responses 
is 2.711.

Buying imported cosmetics and skincare products 
is wise and the fourth variable under the first compo-
nent. The mean of responses is 3.169, which is a neu-
tral response. The last variable is the decision of the 
consumer to buy imported Cosmetics and Skincare 
products that other people would influence. Makeup 
has become the most talked-about topic over social 
media, where beauty bloggers/influencers give their 
recommendations to purchase a particular product. 
Therefore, influencers will continue to be in demand 
for brands considering promoting their products. Sur-
prisingly, only 9.4% of respondents (25 respondents) 
strongly agree (5 ratings) that others influence their 
buying decision, and 16.9% of respondents (45 re-
spondents) agree (4 ratings). The mean of responses 
is 2.534.

 
Component

1 2 3 4 5 6
Cause_ Unemployment    .770   
Buy_ Indian Products.    .768   
Purchase_ Indian Manufactured    .755   
Un Indian    .616   
Good product_ Impression     .738  
Good Quality     .703  
Prestigious Product     .680  
Worth My Money     .505  
Positive impact_ Environment      .711
Looks_ Good On Me      .663
Value For Money      .611
Extraction Method: Principal Component Analysis. 
Rotation Method: Varimax with Kaiser Normalization.

a. Rotation converged in 7 iterations.
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Component 2
The rotated component matrix shows that the re-

spondents acknowledge this factor as most import-
ant, with a variance of 10.40%. The second factor is 
a combination of four variables. The first variable is 
that consumers feel surprised to see imported cos-
metics and skincare products sold in remote plac-
es. 18.8% of respondents (50 respondents) strongly 
agree (5 ratings) that they are astounded to see im-
ported products sold in secluded areas. 36.1% of re-
spondents (96 respondents) agree (4 ratings) to this 
statement. The mean of responses is 3.515. There-
fore, more than half of the respondents agree with 
this statement. Other variables include excitement, 
feeling happy while buying imported products, and 
purchasing imported cosmetics and skincare prod-
ucts this year. The mean of responses is 3.177, 3.342, 
and 2.959, respectively. The almost neutral response 
is received for these variables. All these variables 
indicate a consumer’s purchase intention, which, 
in turn, measures consumer behavior. More signif-
icant the connection between consumers and these 
variables more is the inclination towards buying the 
products.

Component 3
The rotated component matrix shows that the re-

spondents acknowledge this factor as most important, 
with a variance of 8.249%. This factor consists of vari-
ables that the consumers consider COO information 
before buying an imported cosmetics and skincare 
products. 9.4% respondents (25 respondents) strongly 
agree (5 rating) and 25.6% respondents (68 respon-
dents) agree (4 rating). The answer average is 2.838. 
As a result, there are still buyers who do not consider 
learning about the COO of a product before purchas-
ing it. This factor is also a combination of other vari-
ables, such as checking the COO to determine product 
quality, considering COO information when purchas-
ing an expensive product, and searching COO infor-
mation when making a purchase decision for import-
ed cosmetics and skin care products you have little 
experience. The mean of responses is 3.312, 3.297, and 
3.274, respectively. It has been observed that when it 
comes to detecting the quality of a product, buying an 
expensive product, or when does not have knowledge 
about imported products, respondents do consider in-
vestigating COO information as the response received 
is more than neutral. 

Component 4
The rotated component matrix shows that the re-

spondents acknowledge this factor as crucial, with a 
variance of 5.934%. Out of twenty-seven variables con-
sidered in this study, four variables are included in this 
factor. Buying imported skincare and cosmetics items 
harms Indian businesses and creates unemployment; 
buying solely Indian cosmetics and skincare products, 
rather than allowing other nations to profit from us; 
and purchasing foreign cosmetics and skincare prod-
ucts is deemed un-Indian. The mean of responses 
is 3.090, 2.816, 3.192, and 2.389. These variables are 
termed ethnocentrism which refers to the inclination 
of respondents towards products of their own culture, 
i.e., made in their own country.

Component 5
The rotated component matrix shows that the re-

spondents acknowledge this factor as crucial, with a 
variance of 5.361%. Four out of twenty-seven variables 
seem to load on significantly to this factor. Variable 
is that the general impression of imported Cosmetics 
and Skincare products is that they represent a good 
quality product, prestigious product, and are worth the 
money. The mean of responses is 3.395, 3.519, 3.323, 
and 3.248, respectively. This shows the perception of 
Indian respondents towards the imported cosmetics 
and skincare products, and it is more than neutral.

Component 6
The rotated component matrix shows that the re-

spondents acknowledge this factor as crucial with 
a variance of 4.257%. This factor comprises three 
variables out of twenty-seven. Variables are that the 
imported Cosmetics and Skincare products positive-
ly impact the environment, look good on them, and 
have value for money. The mean of responses is 2.827, 
3.248, and 3.199. 

Consequently, the findings suggest that these six 
characteristics identified in the data analysis may com-
pletely predict 58.48 percent of the changes, which is a 
significant estimate.

T-Test
The t-test was used to see a significant difference 

between male and female attitudes toward certain 
statements/variables.

Country of origin was checked, which included 
four statements. 
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H1 (Alternative Hypothesis): There is no discern-
ible difference in male and female attitudes about their 
country of origin. The null hypothesis was accepted, 
as there was no real difference in male and female atti-
tudes about COO while purchasing imported cosmet-
ics and skin care goods in India. Because the sign was 
more significant than 0.05, all four assertions accepted 
the null hypothesis. Table 9 indicates the sample test 
taken independently.

A t-test was applied to check for Perceived Product 
Quality and significance with gender. Similarly, null 
hypothesis and alternate hypothesis were taken.

H1 (Alternative Hypothesis): There is no discern-
ible difference between male and female attitudes re-
garding Perceived Product Quality.

The analysis revealed a significant difference in 
male and female attitudes toward perceived product 

quality while purchasing imported cosmetics and 
skincare items in India for three variables, with sig-
nificantly less than 0.05. Those three statements which 
rejected the null hypothesis are:
• Imported Cosmetics and Skincare products look 

good on me.
• Imported Cosmetics and Skincare products have a 

positive impact on the environment.
• The price of Imported Cosmetics and Skincare 

products is reasonable.
• One variable/statement accepted the null hypoth-

esis, which is: 
• Though much more expensive, imported Cosmet-

ics and Skincare products have better value for 
money.

• Table 10 shows the sample test taken indepen-
dently.

TABLE 9
Independent Samples Test.

 t-test for Equality of Means

Sig. (2-tailed) Mean Differ-
ence

Std. Error 
Difference

Consider COO Assumption of equal variances .826 -.0370 .1682

The assumption of equal variances is not made. .833 -.0370 .1747

COO_ quality Assumption of equal variances .718 .0543 .1501

The assumption of equal variances is not made. .722 .0543 .1521

COO_ Expensive Product Assumption of equal variances .246 -.1923 .1653

The assumption of equal variances is not made. .278 -.1923 .1767

COO_ Little Experience Assumption of equal variances .821 .0366 .1610

The assumption of equal variances is not made. .823 .0366 .1627

TABLE 10
Independent Samples Test.

 t-test for Equality of Means 

Sig. (2-tailed) Mean Differ-
ence

Std. Error 
Difference

Value For Money Assumption of equal variances .268 .1620 .1460

The assumption of equal variances is not made. .271 .1620 .1465

Looks_ Good On Me Assumption of equal variances .014 .3602 .1450

The assumption of equal variances is not made. .013 .3602 .1437

Positive impact_ Environment Assumption of equal variances .001 .4976 .1518

The assumption of equal variances is not made. .002 .4976 .1567

Reasonable Assumption of equal variances .004 .4571 .1556

The assumption of equal variances is not made. .005 .4571 .1604
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ANOVA
One-way ANOVA was used to see if there was a 

significant age difference based on country of origin. It 
was decided to test the null and alternative hypotheses.

H1 (Alternative Hypothesis): There is a consider-
able age disparity across countries of origin.

After analysis, the alternative hypothesis was re-
jected, i.e., there is no significant difference in respon-
dents’ ages based on their country of origin because 
the threshold of significance was more than 0.05. Ta-
ble 11 shows the ANOVA Table data’s

Conclusions 
According to the findings, the place of origin is not 

the first factor customers consider when purchasing 
imported cosmetics and skin care goods in India. Still, 
they think if they want to know about the product’s 
quality or buy an expensive item. When a customer is 
unfamiliar with foreign cosmetics and skincare prod-
ucts, COO information is also considered. To gather 
information and explore the link between the COO 
and its influence on the Cosmetics and Skincare sec-
tor in India and the effect of other demographic fac-
tors on such a relationship, the interpretation took the 
form of descriptive and exploratory research survey. A 
T-test and a one-way ANOVA were used to evaluate 
the significance level and establish if gender and age 
have a significant difference towards various variables. 
A T-test was used for gender with two populations, 

whereas, forage with more than two populations, a 
one-way ANOVA was used. The findings indicat-
ed that Indian consumers had a relatively reasonable 
opinion toward international cosmetics and skincare 
items, implying that foreign products will be included 
in a consumer’s consideration set.

MANAGERIAL IMPLICATIONS 
Companies may more effectively communicate 

their products and services by interpreting the influ-
ence of a product’s country of origin. In categories like 
cosmetics and skincare, where product differentiation 
can be difficult, foreign marketing businesses may 
choose to emphasize the place of origin of their goods 
to differentiate them from their competitors. COOs 
play an essential role since having a favorable image 
allows companies to highlight a product’s place of ori-
gin because it is given some thought.

FUTURE SCOPE
Future research may consider examining two or 

more foreign brands and the attitude of consumers 
towards them. Focussing on one type of brand may 
perhaps reveal the brand characteristics and value of 
that particular brand. Also, the sample size should be 
increased, and the researcher can focus on a specif-
ic occupation of the respondents. Researchers should 
consider exploring the attitudes of Indian consumers 
towards products from a particular country. 

TABLE 11
ANOVA.

Sum of 
Squares

df Mean Square F Sig.

Consider COO Between Groups 1.438 4 .360 .225 .924

Within Groups 416.611 261 1.596

Total 418.049 265

COO Quality Between Groups 4.682 4 1.171 .930 .447

Within Groups 328.419 261 1.258

Total 333.102 265

COO Expensive Product Between Groups 7.117 4 1.779 1.166 .326

Within Groups 398.420 261 1.527

Total 405.538 265

COO Little Experience Between Groups 3.340 4 .835 .574 .682

Within Groups 379.626 261 1.455

Total 382.966 265
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LIMITATIONS
There were limitations to this study. Firstly, the 

sample size was small, limiting the ability to concep-
tualize what is discovered in this study to the general 
Cosmetics and Skincare industry. So, future research 
should consider taking a large sample size. In addi-
tion, there might be users who have not used foreign 
skincare or cosmetics products; this impacts the study. 
Thus, using authentic users for future research is pref-
erable. In this research, there was no focus on brands, 
i.e., no specific brand was taken into consideration, 
and in general, the cosmetics and skincare industry in 
India was studied.
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Abstract
Purpose: The COVID-19 pandemic has brought about several 
changes in the regular life of consumers. One such field is eGro-
cery, where a surge in online grocery orders were seen when 
the nation was on lockdown. The purpose of this study is to 
study the impact of COVID-19 on eGrocery and to find a rela-
tion between consumer’s demographic characteristics and the 
satisfaction level of ordering groceries online. Design/method-
ology/approach: The author has conducted primary research 
by doing a survey online. One hundred sixty diverse responses 
were received, which were further analyzed using SPSS soft-
ware and visually represented through Tableau. Findings: The 
paper finds that demographic variables, especially gender and 
age, affect consumers’ behavior while making online grocery 
purchases. Findings also reveal there is a difference among the 
five recognized attributes, Convenient Delivery Slots, Better 
Deals/Discounts, Cash free transactions, Return policy, and so-
cial distancing, before and during the lockdown. We also find 
that respondents leaned towards brick and mortar stores for 
their grocery shopping before the outbreak and more towards 
eGrocery platforms such as BigBasket (45%), Zomato (25%) 
during the pandemic. Originality/value: The main contribution 
of this paper is to analyze the behavior of consumers during 
the pandemic of 2020. Currently, not many relevant papers are 
there for reference. This paper can serve as a reference for the 
students who opt for a similar topic, want to study, and write on 
the COVID-19 outbreak.
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Introduction 
The COVID-19 pandemic has affected over 12 mil-

lion confirmed cases and over 559,000 deaths world-
wide (https://covid19.who.int/). There have been fears 
of moving toward money-related crises and down-
turns. Social removing, self-seclusion, and limitations 
on traveling have provoked a decreased workforce 
over every budgetary territory and increased unem-
ployment. Educational institutions have been closed, 
and the necessity for various products has lessened as 
a no-brainer [1]. The demand for medical supplies, 
such as hand sanitizers, surgical and N95 facemasks, 
and health category products, has increased. Lock-
down and curfew, which led to panic buying among 
people (USA, UK), also saw an increase in demand in 
the food sector. People have been hoarding and stor-
ing food supplies (Lufkin, B. 2020, March 5). 

In this digital age, online shopping is a method 
of sparing time and warmly greeting innovation. In 
India, for the most part, individuals shop offline by 
visiting physical markets and stores. Because of the 
lockdown forced from March 25, 2020, the method 
of consumption of individuals has changed. Sever-
al online grocery marketplaces have emerged during 
this lockdown to convey staple goods directly to your 
doorstep [2]. In light of this worldwide outbreak, we 
summarize the Impact of COVID-19 on eGrocery 
and how the companies have modified their business 
model to provide to the public in India and globally. 

In India, for the most part, individuals are used to 
visiting local corner shops (Kirana stores). In econom-
ic time, an overview finds from 70% of the more than 
90 million in several online customers are impacted 
by the data they gather from the Internet; just 16% of 
online customers wind up purchasing on the Internet 
[3]. It incorporates all items, for instance, Durable and 
Perishable Goods. 

As indicated by the reiteration of online grocery 
platforms, practically all fresh food purchases are 
made offline, while 1-2 % of exchanges are on the 
web (Outlook, 2017, December 13). Due to lockdown 
(COVID-19), basic products are accessible at both on-
line and brick-and-mortar stores. Numerous individ-
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uals would prefer not to face the challenge of safety 
by visiting the physical market to buy their essentials. 
In this way, they like to purchase basic merchandise 
from the web. Such destinations are Big Basket, Go-
fers, Bazaar Cart, and bringing in the regular market 
and taking conveyance at home by paying some de-
livery charges [4]. Many companies who were not in 
this sector have tied up with online delivery services 
to launch grocery delivery services in different cities, 
reaching customers far and wide. Some examples of 
companies who have expanded into the grocery sector 
due to this pandemic include Paytm Mall, Shopclues, 
Snapdeal, Meesho, and NoBroker, a real estate firm.

Review of literature
Haiqiang Chen, Wenlan Qian, and Qiang Wen 

(2020), in their study, discovered the effect of 
COVID-19 on consumption after the outbreak in 
China. They recorded and evaluated the effects of 
COVID-19 on total consumption. Certain questions 
were answered, such as how large the decline in con-
sumption was? The impact on different types and 
classes of consumption. How constant was this effect, 
and how did they start recovering? Wuhan saw a 70% 
decline in their offline consumption during 12 weeks. 
They also observed that China saw diminished offline 
consumption by about 1 trillion RMB in two months, 
or 1% of China’s GDP. However, the focus was on of-
fline consumption, and no essence of online spending 
was mentioned, which is a gap we will cover in this 
paper [5]. 

Yannelis (2020), in their paper, gave the first per-
spective on family spending during the ongoing long 
stretches of the COVID-19 outbreak in the USA. The 
authors have used transaction-level household finan-
cial data in this paper; Americans’ spending reaction 
was observed to the ascent in infection cases and the 
various policies set up by city and state governments. 
The limitation of the study is demographic heteroge-
neity. Their data is skewed towards younger users.

In their study, Riaz Aghaf summed up the impacts 
of COVID-19 on individual parts of the world econ-
omy, center being around essential divisions, which 
incorporate ventures, engaged with the extraction of 
crude materials, auxiliary segments associated with 
the creation of finished products, and tertiary areas to 
incorporate all assistance arrangement enterprises [6]. 

According to Rahman Shaik Shafeequr, growth in 
online buying is based on customer satisfaction as a 

measure of safety, price, quality, and awareness factors. 
In this study, the researcher emphasizes customer sat-
isfaction, which is the key to developing strategic busi-
ness development policies, increasing profitability for 
developing a strong foundation to develop a successful 
business. He concluded that some factors would not 
affect online and conventional buying, but in the long 
run, it will defiantly impact [7]. 

The customers’ buying behavior is classified by 
Barackath B. related to online shopping or offline 
shopping, customers focus on quality, quantity, color, 
fitting, brand name, efficiency, and solace, etc., based 
on their qualifications.

Ramus and Nielson (2005) used the Theory of 
Planned Behavior system to formulate the question-
naire they used in all focus groups [8]. The study re-
veals that buyers consider online shopping as an ad-
vantage compared to traditional grocery shopping, 
which people do in brick-and-mortar stores, etc. 
Based on variables, such as convenience, the range of 
products, and the price of products. Some disadvan-
tages of this online shopping are the risk of accepting 
the substandard quality of goods and the tangible ex-
perience of physically choosing consumption items.

In their paper, Prasad and Raghu studied attributes 
of online grocery shopping. These attributes were mo-
tivational factors, which affected consumers while 
buying groceries online. They studied seven factors: 
convenience, flexible transaction, security, trust, price 
promotion, personalized attention, and service support, 
which affected consumers [9]. A convenience sampling 
technique was used, and research was done in Bangalore, 
Karnataka. A total of 183 responses were collected.

Kaur and Shukla (2017) examined shopping fac-
tors, technical barriers, and social influence for grocery 
shopping in Delhi to study the behavior of respon-
dents. They identified that consumers concerned about 
the quality of products, among other fear factors and 
technical barriers, such as internet speed, bandwidth, 
and unknown grocery shopping websites, hindered the 
acceptance in India. Website design, content, platform, 
and product pics required diversification for adequate 
search and easy ordering process. The results of this 
analysis state that demographic variables had two sig-
nificant factors, which are age and family income [10]. 

Objectives
• This study aims to determine if the satisfaction lev-

el of using eGrocery platforms is affected by cus-
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tomers’ demographic characteristics such as gen-
der, age, and income. The study includes the effects 
of COVID-19 on individual’s motivations for shop-
ping and the types of categories purchased. 

• We also study the difference in consumers’ attitudes 
towards online grocery platforms before lockdown 
and during the lockdown. Five attributes have been 
chosen, and the respondents rate them according 
to importance while purchasing groceries online 
on a 5-point Likert scale.

• An analysis of the surge in online grocery orders, 
pre-lockdown and post-lockdown, has been shown.

• We will also highlight how businesses have 
changed their model to adapt to the changing sce-
nario of online grocery delivery services during the 
COVID-19 pandemic.

Companies
Along with existing players in the market (such 

as BigBasket and Grofers), India also saw new play-
ers emerging in this eGrocery sector. The companies 
looked at the lockdown as an opportunity to learn and 
innovate by expanding rather than as just a crisis [11]. 
One such company, a fresh food brand ID Fresh Food, 
launched a Store Finder feature on their website, which 
provides consumers with information on ID products 
available at stores near them and the quantity sup-
plied every day. They have partnered up with Swiggy, 
Zomato, eat.fit, and Dunzo for deliveries and record-
er their best performance in March with ₹23.8 crore 
sales (https://www.thehindubusinessline.com/econo-
my/e-grocery-start-ups-unwrap-new-business-models-
amidst-lockdown/article31459802.ece#).

Amazon
Amazon started its Pantry service with a rocky 

start due to limited resources and labor shortage. Still, 
eventually, it expanded services of delivering packaged 
food, pulses, and cleaning products to 300 cities during 
the lockdown, according to Abrar. Another service of 
Amazon Fresh delivers vegetables, fruits, etc., in two 
days focusing on the needs of consumers of getting 
them products as early as possible. These steps are a 
challenge to the existing players in the market, such as 
Swiggy and Zomato.

Flipkart
The Walmart-owned company tied up with Tata 

Consumer Products, Spencer’s, and Uber Technolo-

gies and delivered groceries during the lockdown. They 
have also partnered up with Meru, a cab services com-
pany for the same purpose, as stated by Srivastava, M.

Zomato
Zomato started delivering groceries in over 80 cit-

ies across the nation during the lockdown. The ser-
vice was named Zomato Market, and they collaborat-
ed with Grofers for the same and together have been 
meeting consumers’ grocery needs since mid-April 
2020.

Swiggy
Swiggy adopted a similar business model as Zoma-

to and partnered with firms like P&G, Dabur, Godrej, 
Hindustan Unilever, etc., after the lockdown and en-
tered the grocery delivery market [12]. There were 
several restrictions on food delivery companies in the 
early phases of the lockdown; this grocery delivery 
move strategy made them a competitor to BigBasket 
and Grofers. Consumers got another option of choos-
ing a platform, as researched by Gupta, P.

These were some big examples of companies ex-
panding into unknown domains. Even such large 
conglomerates had to change their focus areas to new 
sectors and ventures to get a constant revenue stream. 
Other companies include Meesho, Paytm Mall, Shop-
clues, Snapdeal, NoBroker, Ninjacart, BharatPe, etc., 
who never indulged in grocery dealing before the 
lockdown.

Big Basket and Grofers
In an interview, the CEO of BigBasket, Hari Me-

non, revealed that pre-COVID-19 fulfilled 1.5 lakh or-
ders per day. This number fell to 30,000 orders per day 
during the first few days of the nationwide lockdown, 
as the workforce was limited. The strategy that they 
adopted was to cut down their 3,800 SKUs to 2,500-
3,000 SKUs. They managed to increase their produc-
tivity by 23% and deliver with technology and business 
process re-engineering [13]. Now, they can fulfill 2.83 
lakh orders per day. Figure 6 shows the infographics.

Hypothesis of the study
• H01: There are no statistically significant differ-

ences in the satisfaction level between males and 
females using eGrocery platforms.

• H02: There is no relationship between the age 
group of respondents and the satisfaction level of 
using eGrocery platforms.
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• H03: There is no relationship between income and 
the satisfaction level of respondents.

• H04: There is no significant difference in consum-
ers’ attitude towards eGrocery pre-lockdown and 
during the lockdown period.

Research Methodologies

Sampling
• Area of study

The study has been done in different parts of India.
• Sampling frame

Samples are drawn from this sampling frame. It is 
a list of people within the population. For my research 
purpose, I have selected my batch mates and their rel-
atives in their hometowns, aged 15 and above.
• Sampling size

The Sample Size for the study is 160.
• Sampling technique

The technique used for the survey is Non-Proba-
bility, which includes convenience and snowball sam-
pling.

Data collection
• Data collection method

Primary Data: - Primary data are gathered from first-
hand sources. In this survey, the source of primary data is 
Questionnaire Method created on Google Forms.
• Tools for analysis

IBM SPSS
Tableau
Ms Excel

Questionnaire Design
A formal standardized questionnaire was prepared 

because the survey was in context to study and ana-
lyze the hypothesis. The previous studies were stud-
ied, and based on the various parameters; the ques-
tionnaire was designed [14]. The questionnaire that 
we floated consisted of questions, which has an even 
spread of demographic variables, consumer awareness 
of online grocery applications and websites, consumer 
satisfaction level using eGrocery platforms, and be-
havior during the lockdown period. The snapshot of 
the questionnaire floated will be attached at the end of 
the proposal. 

For basic information regarding respondents’ 
purchasing patterns for grocery and online shop-
ping, multiple-choice questions have been asked in 

the questionnaire for measuring satisfaction level 
and consumers’ attitude against five chosen factors, 
pre-lockdown. During the lockdown period, a 5-point 
Likert scale has been used [15]. 

Results and Discussion 

Respondents Demographic Attributes
The respondents for my research purpose were 

adult females and males in the age group as given be-
low. As shown in Table 1, male respondents (61.3%) 
were more than female respondents (38.8%). Most 
of the respondents (70.6%) were in the age group of 
20-25. The major chunk of respondents were students 
(72.5%), and 75.2% of the respondents were living 
with their parents/family. It can be interpreted that the 
reason for staying with family was lockdown imposed 
by the Government of India across all states.

Table 1
Respondent.

Variable Description Frequency Percent
Gender Male 98 61.3%

Female 62 38.8%
Age Group 15-19 4 2.5%

20-25 113 70.6%
26-32 42 26.3%
Above 33 1 0.6%

Occupation Student 116 72.5%
Employed 31 19.4%
Unemployed 4 2.5%
Business 7 4.4%
Other 2 1.3%

Personal Annual 
Income

Below 150,000 18 11.3%

150,000-350,000 5 3.1%
350,000-600,000 6 3.8%
Above 600,000 30 18.8%
I Don’t Earn Yet 101 63.1%

City Tier 1 101 63.1%
Tier 2 54 33.8%
Tier 3 5 3.1%

Reliability Test
Cronbach’s alpha measures the internal consisten-

cy of data, which is reliability.
Table 2 explained the Cronbach’s alpha came out 

to be 0.753, which is considered good and indicates a 
high internal consistency of our data.
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Table 2
Reliability Statistics.

Cronbach’s Alpha Cronbach’s Alpha 
Based on Stan-
dardized Items

N of Items

0.753 0.769 23

Inferential statistics
We used descriptive statistics and reliability tests 

to set the basis for our variables. Inferential statistical 
techniques like Mann-Whitney U Test, Kruskal-Wallis 
Test, and Wilcoxon Signed Rank Test are used next for 
testing the formulated hypothesis [16]. The analysis and 
interpretations are described in the following figures.

Mann-whitney u test 
• Satisfaction level and gender

H01: There is no statistically significant difference 
in the satisfaction level between males and females us-
ing eGrocery platforms.

A two independent samples test was conducted to 
examine the mean difference in the satisfaction level 
while using eGrocery platforms between two genders. 
The Satisfaction level, the Test variable list, was on a 
5-point Likert scale and gender as a grouping variable. 
The result is as follows: 

The mean rank and sum of ranks for the two 
groups (i.e., the male and female) are shown in the 
Ranks table. Table 3 is useful because it indicates the 
group with the higher satisfaction level, overall; name-
ly, the group with the highest mean rank. In this case, 
the female had the highest satisfaction level.

Table 3
Satisfaction Rank Level. Ranks

Gender N Mean 
Rank

Sum of 
Ranks

On a Scale of 1-5 how 
satisfied are you using 
eGrocery platforms

Male 98 74.45 7296.50
Female 62 90.06 5583.50
Total 160

• Test statistics table
We get to know the significance value of the test in 

this table. We can observe the test statistic, U statistic, 
and the asymptotic significance (2-tailed) p-value in 
the table.

Findings shown in Table 4 reveals that respon-
dents’ gender (Sig.=0.024) has a statistically signifi-
cant influence on the satisfaction level. The p-value is 
less than alpha. (p<0.05). Therefore, H01 has failed to 

be retained, and an alternate hypothesis was accepted. 
Moreover, females can have a higher level of satisfac-
tion than males based on the sample [17]. 

Table 4
Respondent in Gender.  Test Statisticsa

On a Scale of 1-5 how satisfied are 
you using eGrocery platforms

Mann-Whitney U 2445.500
Wilcoxon W 7296.500
Z -2.254
Asymp. Sig. (2-tailed) 0.024

a. Grouping Variable: Gender.

Independent samples kruskal-wallis test
• Satisfaction level and Age

H02: There is no relationship between the age 
group of respondents and the satisfaction level of us-
ing eGrocery platforms.

Independent Samples Kruskal-Wallis test was applied 
taking satisfaction level as Test field and Age Group as 
Groups to examine the significant difference in the satis-
faction level among the age group of respondents.

Table 5
Hypothesis Test.

Null Hypothesis Test Sig.a,b Decision
1 The Distribution of 

on a scale of 1-5 how 
satisfied are you using 
eGrocery platforms is 
the same across cate-
gories of Age Group

Indepen-
dent- Sam-
ple-Kruskal 
Wallis Test 

0.851 Retain the 
Null Hy-
pothesis

a. The Significance level is 0.050.
b. Asymptotic Significance is displayed.

Findings shown in Table 6 tell us that respondents’ 
age group (Sig.=.851) has no statistically significant in-
fluence on the satisfaction level. The p-value is more than 
alpha. Therefore, H02, null hypothesis was retained. As 
also stated in Table 5 Hypothesis test summary is given.

Table 6
Respondent Age Group.
Independent- Sample-Kruskal Wallis Test Summary
Total N 160
Test Statistics 0.794a,b
Degree of Freedom 3
Asymp. Sig. (2-sided Test) 0.851

a. The Test Statistics is adjusted for ties
b. Multiple comparisons are not performed because the overall 
test does not show significant differences across samples.
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Kruskal-wallis test
• Satisfaction level and Annual Personal Income

H03: There is no relationship between income and 
the satisfaction level of respondents.

The Kruskal-Wallis test was applied to examine the 
significant difference in the satisfaction level among 
different income groups of respondents, taking satis-
faction level as Test Variable list and Annual Personal 
Income as Grouping Variable [18]. 

The mean rank given in Table 7 for each Personal 
Annual Income group is used to compare the satisfac-
tion level of different annual income group respon-
dents. 

Table 7
Personal Annual Income Group. Ranks

Personal Annual Income Mean 
Rank

Sum of 
Ranks

On a Scale of 1-5 how 
satisfied are you using 
eGrocery platforms

Below 150,000 18 55.81
150,000-350,000 5 92.30
350,000-600,000 6 104.50
Above 600,000 30 78.48
I don’t earn yet 101 83.49
Total 160

Test Statistics table presents the result of the Krus-
kal-Wallis H test, which is used to assess if the income 
groups and satisfaction level has any relationship.

We can see that the p-value (or significance) is 
0.064, which is more than the alpha (0.05, confidence 
level 95%). Therefore the alternate hypothesis is ac-
cepted, and the null hypothesis is rejected.

Findings shown in Table 8 reveal that respondents’ 
annual income group (Sig.=.064) has a statistically sig-
nificant influence on the satisfaction level of respon-
dents using eGrocery platforms. χ2(2) = 8.877, p = 0.

Table 8
Respondent in Annual Income Group. Test Statisticsa,b

On a Scale of 1-5 how satisfied are you 
using eGrocery platforms

Kruskal Wallis Test 8.877
df 4
Asymp. Sig. 0.064

a. Kruskal Wallis Test
b. Grouping Variable: Personal Annual Income

Wilcoxon test
• Pre-Lockdown VS. During Lockdown

H04: There is no significant difference in consum-
ers’ attitude towards eGrocery pre-lockdown and 
during the lockdown period.

The Wilcoxon test also called the Rank Sum test 
or the Signed Rank test, compares two paired groups 
[19]. The difference between the two pairs is calculat-
ed and then analyzed to find if the two pairs are statis-
tically significantly different from each other or not. 

For this test, 5-point Likert scale questions were 
analyzed based on five attributes: Convenient delivery 
slots, Cash-free transactions, Better deals/discounts, 
Return policy, and Social Distancing. The same set of 
respondents were asked to rate these attributes based 
on their importance on their buying behavior of gro-
ceries online before lockdown and after lockdown 
[20]. Then this data was transformed using Compute 
Variable tool of IBM SPSS into Attributes affecting 
Consumers’ attitude towards eGrocery before lock-
down and Attributes affecting Consumers’ attitude to-
wards eGrocery during the lockdown. Next, the Wil-
coxon test was run on these two groups. 

Findings shown in Table 9 reveal p ≤α, (0.000<0.05, 
95% confidence level). Therefore, H04 was rejected. An 
alternate hypothesis was accepted, which means that 
there are some differences between the two periods 
and that the lockdown period affected the respon-
dents based on the importance of attributes. 

Table 9
Hypothesis Test Summary.

Null Hypothesis Test Sig.a,b Decision
1 The median of dif-

ferences between 
Attributes affecting 
consumers attitude 
towards eGrocery 
before lockdown 
and attitude during 
eGrocery before 
lockdown

Related-Sam-
ples Wilcoxon 
Signed Rank 
Test

0.000 Reject the 
Null Hy-
pothesis

a. The Significance level is 0.050.
b. Asymptotic Significance is displayed.

• Wilcoxon Signed-Rank Test
H05: There is no significant difference in the impor-

tance of social distancing before lockdown and during 
the lockdown.

To examine how the respondents perceived Social 
Distancing, one of the major playing factors during 
lockdown owing to COVID-19 was kept in mind 
while grocery shopping before and during the lock-
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down; another test was done [21]. Table 10 shows re-
lated samples rank test summary. 

Table 10
Wilcoxon Signed Rank Test Summary.

Total N 160
Test Statistics 6501.500
Standard Error 411.549
Standardized Test Statistic 5.923
Asymp. Sig. (2-sided Test) 0.000

In Table 11, the Ranks table shows us three categories, 
Negative ranks, Positive ranks, and Ties. The negative ranks 
(N=0, Mean=.00) indicate that none of the respondents 
gave a rank to Social Distancing (on the 5-point Likert 
scale) higher before lockdown than during lockdown.

The positive ranks (N=155, Mean=78) indicate 
that 155 respondents gave higher ratings to Social Dis-
tancing during lockdown than before lockdown. 

The ties (N=5) indicate that out of 160 respon-
dents, 5 felt that Social Distancing, while grocery 
shopping was equally important before lockdown and 
during the lockdown.

Table 11
Rank Table. Ranks

N Mean Rank Sum of Ranks
Negative Ranks 0a 0.00 0.00
Positive Ranks 155b 78.00 12090.00
Ties 5c

Total 160

a.Importance of Social Distancing during Lockdown< Impor-
tance of Social Distancing before Lockdown
b.Importance of Social Distancing during Lockdown> Impor-
tance of Social Distancing before Lockdown
c.Importance of Social Distancing during Lockdown= Impor-
tance of Social Distancing before Lockdown

Findings shown in Table 12 reveal p ≤α, (0.000<0.05, 
95% confidence level). The test suggests that the two 
medians are different. 

Table 12
Wilcoxon Test Statistics. Test Statisticsa

Importance of Social Distancing 
during Lockdown- Importance of 

Social Distancing before Lockdown
Z -11.203b
Asymp. Sig. (2-tailed) 0.000

a. Wilcoxon Signed Ranks Test.
b. Based on negative ranks.

Therefore, H05 was rejected. An alternate hypoth-
esis was accepted, which means that the respondents 

felt some difference in the importance level of Social 
Distancing before and during the lockdown.

Figures and charts
Several charts and graphs are made on Tableau and 

Excel to visualize better and analyze the data collected.
In Figure 1, we can see a demographic split of the 

data collected from respondents. 38.75% of the re-
spondents were male and in the age group of 20-25, 
whereas 31.87% were females in the same age group.

 
Figure 1. Gender and Age Group.

According to Figure 2, students and Tier 1 cities are 
the majority users of eGrocery as compared to other 
tier cities and occupations.

 Figure 2. City Occupations.
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In Figure 3 and Figure 4, we can see the differ-
ence between grocery shopping of the respondents, 
which has been affected by a novel coronavirus. Usu-
ally, consumers preferred shopping for grocery items 
in supermarkets and local corner shops, but as [22]. 
Then, gradually, the whole nation was affected by 
COVID-19. The government imposed lockdown in 
the majority of the states, with a restriction on timings 
to be out for essential needs; we can see that majority 
of the respondents stopped going out to supermarkets 
(figures 4 and 2 respondents) and instead preferred lo-
cal corner shops and online stores (eGrocery).

In Figure 3, we can see a total of 58 respondents 
voted for local corner shops for grocery shopping 
and a meager 26 for online grocery stores before 
COVID-19. In contrast, the numbers changed to 110 
and 43, respectively. 

It can be interpreted that a major chunk of respon-
dents prefers local shops to eGrocery. It might be be-

cause of several reasons, such as picking out groceries 
oneself, groceries not available online, etc., which we 
will discuss further in the implications part [23]. 

According to Figure 5, approximately 66.73% of 
the respondents shopped for Food/Grocery since 
COVID-19, 47.5% for Health & Wellness products. It 
can be interpreted that people have been giving pref-
erence to safety and precautions first before anything 
else during the pandemic. 

According to Figure 6 and Figure 7, we can see the 
difference between the respondents’ eGrocery app/
website choices where they preferred to shop during 
and before the outbreak.

52.5% of the respondents preferred brick-and-
mortar stores, and 41.4 % preferred BigBasket for gro-
cery shopping before the pandemic. It can be inter-
preted that as most of the respondents were students, 
BigBasket is very famous among them for grocery 
shopping [24]. 

 Figure 3. Grocery Shopping. 
 

Figure 4. Grocery Shopping of the Respondents.

 

Figure 5. Shopping in Food Respondent.
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The same set of respondents chooses BigBasket 
(45%) and brick-and-mortar (35%) during the out-
break. We can say that people are still reluctant of 
online transactions and securities, so they still would 
prefer brick-and-mortar to some extent.

Figure 8 represents the five attributes given above. The 
respondents rated on a 5-point Likert scale based on their 
importance on the respondent’s buying behavior towards 
eGrocery before lockdown and during the lockdown.

The figure indicates that the respondents consid-
ered cash-free transactions (average of 4.69) to be the 
most important attribute they considered while buy-
ing groceries online. Social distancing (average 2.81) 
was the least important attribute. The period is before 
lockdown, whereas during the lockdown, there was a 
massive spike in the importance of social distancing 

(average of 4.81), which respondents considered while 
using eGrocery platforms. 

The reason behind such a spike is strongly suggest-
ed due to COVID-19 transmission through respirato-
ry droplets and contact routes. 

According to Figure 9, 37.5% of the respondents 
will prefer online retailers to buy essential grocer-
ies, apparel, etc., 35.63% will prefer brick and mortar 
stores, and 26.88% would prefer online stores for a few 
months shifting towards physical stores.

Summing up, we can say that eGroceries have quite 
benefitted during the lockdown imposed due to novel 
coronavirus. Companies such as BigBasket, Amazon 
pantry, Zomato, and even new players in the market, 
who were not in the grocery sector earlier, came out to 
succeed in their operations after few mishaps. 

 
Figure 6. Online Grocery Shopping.

 
Figure 7. Different Respondent of Shopping.



654 | Cardiometry | Issue 25. December 2022

 

Figure 9. Respondent in Online Retailers.

Limitations
• Time Factor - the study has been completed in a 

limited time, which may not justify the actual study.
• The study has been using convenience sampling, so 

it might not give proper justification.
• The Research covers a survey of only 160 respon-

dents. Hence, we admit that the sample size is very 
small as compared to the large population.

Implications
The findings and interpretations from this paper 

are important for online grocery retailers. The demand 
for online grocery platforms has been increasing each 
year, and it peaked during this pandemic. Marketers 
and online grocery retailers can gather information 

from this paper and respond to the dynamic needs of 
the consumers in the Indian eGrocery market; they 
can also revamp their business model and strategize 
according to the demands of the consumers at least till 
the COVID-19 episode is over.
• The results show that it is important to recognize 

how demographic characteristics such as age, gen-
der, city, etc., of online consumers, significantly in-
fluence grocery buying behavior. With 66.4% of the 
respondents agreeing that online shops and deliv-
ery services are convenient during the pandemic, 
marketers should keep this in mind when they for-
mulate strategies in the future. Among this, 66.4% 
majority of the respondents belong to the younger 
generation. We interpret that the older generation 
is still reluctant when it comes to shopping online. 
Marketers can tap them by first getting to know 
why their unsurety, for instance, security reasons, 
and work towards developing the same.

• Also, the demographic results will help eGrocery 
retailers to modify their business and marketing 
strategies by focusing more on STP that is, seg-
menting, targeting, and positioning their products 
in the minds of the consumers according to the 
consumers needs.

• The findings indicate that cash-free transaction is a 
highly influencing attribute for consumers’ online 
grocery buying behavior. It is implied that online 
stores should take advantage of this attribute and 
give a richer experience to their customers. Appli-
cations and websites should be made more conve-
nient such as BigBasket and Amazon have done 

 

Figure 8. Likert Scale.
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for their customers, one-click purchase system for 
repeat purchases.

• Findings also indicate that people still lack trust 
and faith when it comes to security and risk of on-
line payment methods, which can be said one of 
the reasons people prefer physical stores. Some 
studies have been done, which confirmed that 
transaction security is one reason why online con-
sumers are hesitant when it comes to sharing their 
credit information, as studied by Liao and Cheung. 
So, online grocery retailers need to gain the trust of 
the online users, who are still not their customers. 
It can be done so by data encryption and firewalls, 
among other methods.

• As the research is done on a current happening, 
not many papers are relevant for a reference. This 
paper can serve as a reference for the students who 
opt for a similar topic, want to study, and write on 
the COVID-19 outbreak.

Conclusions 
This paper has found demographic variables that 

affect the consumers’ behavior while making online 
grocery purchases. The whole paper has been focused 
on eGrocery during the COVID-19 outbreak. This 
study supports the findings of other studies too.

We found that gender is a major factor influencing 
making online grocery purchases based on our sample 
of respondents. At the same time, income does not, 
according to Baker, S., Farrokhnia, R., Meyer S., Pagel, 
M., Yannelis, C. We also saw how there is a difference 
between the same five attributes, convenient delivery 
slots, better deals/discounts, cash-free transactions, 
return policy, and social distancing, before and during 
the lockdown. People before the outbreak considered 
cash-free transactions to be of utmost importance 
while buying groceries online, but social distancing 
came out to be on top during the lockdown. Avoiding 
public places and direct contact was a major reason 
people preferred to shop while staying home. Respon-
dents were most interested in shopping for food and 
grocery since COVID-19, health and wellness cate-
gory, which includes hand sanitizers, facemasks, and 
disinfectants, coming in second place than any other 
product category studied by Li, J., Hallsworth. AG and 
Coca-Stefaniak, J.A. As represented using figures and 
charts, respondents leaned towards brick and mortar 
stores for their grocery shopping before the outbreak 
and more towards eGrocery platforms such as BigBas-

ket (45%) and Zomato (25%) during the pandemic. 
We see that 35% of the respondents are still favoring 
brick-and-mortar stores during the pandemic. We in-
terpret that some people are still reluctant to buy their 
groceries online, which could be because of several 
reasons, such as security and quality. They prefer go-
ing out and picking out groceries on their own, though 
we caution that our data is skewed towards users, who 
are students in their post-graduation. Professionals 
working in the industry and older generations might 
behave differently under the same circumstances.

EGrocery is the new big thing in the digital era. 
Even though it has been growing at a very slow pace, 
the outbreak proved how convenient and a source of 
revenue supply it could be if adopted properly with 
resources, labor, operations, and a constant supply. 
The companies that changed their business model 
and adapted into grocery delivery services helped the 
consumers by providing multiple options to choose 
from and ease of access to essential daily needs during 
the nationwide lockdown. The trust factor with the 
customers is maintained simply by providing quality 
products and delivering on time as and when required. 
When companies were laying off employees because of 
a shortage of work, online grocery platforms were hir-
ing tens of thousands of workers for their distribution 
centers and warehouses (ET Bureau). As mentioned 
in the paper, the online grocery market is forecasted 
to top $3 billion in sales this year in India and approx-
imately $58 billion in sales in the USA. We are set to 
see how conglomerates are taking advantage of this era 
and turning this crisis into a steady stream of revenue 
while also focusing on their customers’ continuous 
needs and demands. 
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Abstract
In today’s highly competitive market when it comes to having a 
competitive advantage over others, providing superior service qual-
ity to the customers is the most important criteria for any industry. 
To provide superior service quality, it is a must for businesses to rec-
ognize the factors contributing to the customer perception towards 
service quality. The primary purpose of this study was to decide the 
factors influencing the decision of a customer while booking a ho-
tel using performance only scale SERVPERF. The SERVPERF scale 
aims to measure the customer perception regarding the services 
offered. The performance only scale comprises of 22 service quality 
items under four factors, namely, Tangibility, Reliability, Assurance – 
Responsiveness, and Empathy. A primary survey was floated which 
was validated in person before floating to check the reliability of 
the questions asked in the survey. The data collected was analyzed 
using supervised classification technique – Logistic Regression to 
determine the factor that has the highest contribution in customer 
perception for the decision making while booking a hotel. The study 
and the overall findings depicted that the highest contributing factor 
among all the dimensions’ is tangibility as the model has the highest 
accuracy and precision, followed by Empathy. Hotel operators and 
Hotel managers can focus their major efforts in these two factors to 
provide superior service quality based on the customer perception 
to have a competitive advantage in the market to maximize their 
overall sales in this service industry.
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Introduction 
Businesses pertaining to the service industry are 

attempting their best to enhance the customer sat-
isfaction by providing better and improved service 
quality, especially the hotel businesses. The world 
markets have seen a drastic change in trends from 
Agriculture-related markets to Service-related mar-
kets. Currently, the principal focus of hotel operators 
is to maintain quality levels so to meet the essential 
requirements and the desires of the customers. Hotel 
operators have a greater chance to envision and com-
plete their customers’ requirements if the require-
ments of their customers are distinctly identified and 
understood. In today’s competitive market, superior 
service quality is essential to achieve greater success, 
progress, and endurance with competitors [1]. Provid-
ing high-quality service would result in an overall con-
tended customer, which is the main key for sustainable 
advantage in the competitive market. 

Over the past few decades, both in the develop-
ing countries and the developed countries, service 
industry and notably the hotel-based hospitality in-
dustry has been viewed as the main driver for dom-
ination and development for the national economies. 
The ever-increasing competitive struggle to survive 
and outperform other competitors to maintain their 
customer relations and protect their own, as well as 
the stakeholders’ interest, has led the hotel operators 
and managers to deliver better service quality to the 
customers and have a basic understanding about the 
customer needs to differentiate themselves from the 
competitor and increase the upper hand advantage in 
the market [2]. The only lane to achieving business ac-
complishments on the competitive market is to deliver 
better service quality in order to surpass customers’ 
expectations.

This study aims to focus on the factors affecting 
the decision of a customer while booking a hotel using 
SERVPERF scale. SERVPERF is a performance only 
scale and is believed to be a preferable tool for reli-
ability and validity as it only takes into consideration 
the perceived service quality and does not ponder 
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upon the expected service quality [3]. (Brady, 2002) 
suggested that service performance only (SERVPERF) 
scale can be used to determine the overall service 
quality, in contradiction to the difference between ex-
pectations and perceptions based SERVQUAL scale. 
Hence, suggesting that the SERVPERF scale was more 
acceptable for measuring the service quality in many 
service-related industries [4]. (Jain and Gupta, 2004) 
in their study examined that SERVPERF when com-
pared to SERVQUAL gives higher variance in deter-
mining the service quality, which prompted the utili-
zation of SERVPERF and increasing further strength. 
The corresponding 22 items and 5 dimensions that are 
used to measure the SERVQUAL scale are utilized in 
the service performance scale SERVPERF as well, the 
only difference pertaining to SERVPERF scale is that 
it considers only the perception of the customer [5]. 

Hence, performance only SERVPERF scale has 
been used for this research to determine the factors 
affecting the decision of a customer while booking a 
hotel. This research can be helpful to the hotel oper-
ators to know beforehand the factors that should be 
taken into consideration to deliver the superior quality 
service possible to the customers to gain a competitive 
advantage in the market. The factors considered in the 
SERVPERF scale are Empathy, Tangibility, Reliability, 
and Assurance- Responsiveness. Each of the factors 
consists of 5 to 6 attributes defining the respective fac-
tors. Supervised Classification Technique – Logistic 
Regression has been used on collected categorical data 
to analyze the results and findings [6]. 

The research is segregated into three main parts. Part 
one of the research deals with the objectives of the study, 
the insights taken from the existing literature, and the 
gaps that were analyzed to carry forward the study. Part 
one also states the hypothesis that the study will try to 
prove in accordance with the existing studies. The sec-
ond part of the research deals with the data collection, 
methodology, statistical tool applied, results, and find-
ings of the study, part two also deals with the discussion 
and conclusion of the data collected and its relevance 
with the objectives of this study. Finally, the third part of 
the research deals with the limitations of this study and 
the future scope that the next researchers can take into 
consideration to move this forward more efficiently [7]. 

Literature Review
The ever-growing hospitality industry and in that 

the hotel sector specifically, has seen an increase in 

need from the hotel operators and hotel managers and 
industry experts to understand how the customers 
or clients select hotels to visit and what are the deter-
minants that affect their decision making of select-
ing a hotel to stay in. There has been an exceptional 
growth in the quantity of visitors and travelers around 
the globe for the last several decades [8]. The num-
ber has increased to 1.2 billion in 2016 which was 525 
million in 1995 for the hospitality industry according 
to (World Bank, 2017). The services in the hospitality 
industry are endeavoring their level best to enhance 
their service quality to make the customers satisfy 
with their services, particularly the hotel industry. The 
factors which help the hotel industry to enhance the 
service provided will be the ones affecting the custom-
er’s decision on booking a hotel. Service quality is vital 
for the hotel industry and hotels having high service 
quality will be able to increase their market share and 
their profit-making ability [9]. 

The interest in service quality has seen a growth 
substantially, and studies have proved that service 
quality is an essential for progress and endurance in 
the present competitive market, especially in the hos-
pitality industry. The key to competitive advantage 
lies in giving improved quality service to satisfy the 
customer needs. SERVQUAL is the scale that has been 
universally used to determine the service quality in 
Service-related market and the hospitality industry 
[10]. As per the SERVQUAL scale, service quality can 
be determined by recognizing the deviation between 
the customers’ expectation for the service being of-
fered and the customers’ perception after he/she has 
received the same service, if the expectations meet or 
exceed their perceptions of the real service provided. 
However, there have been certain criticisms about the 
scale, despite the value it provides and the popularity it 
has gained. (Cronin and Brand, 2002) stressed on the 
point that expectations do not provide any additional 
data in determining the overall service quality [11]. 

Service quality was rightly affected by percep-
tions of the service parameters and performance; the 
researchers came up with a scale of service perfor-
mance SERVPERF (Taylor and Cronin, 1994), a ser-
vice performance scale that appears to produce more 
accurate outcomes when compared to SERVQUAL. 
(Brady, 2002) suggested that service performance in 
the service quality can be determined utilizing a per-
formance (perception) only scale, in contradiction to 
the difference based SERVQUAL scale [12]. Hence, 
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proving that SERVPERF was more suitable for de-
termining and estimating the service quality in Ser-
vice-related/hospitality industries. (Jain and Gupta, 
2004) in their study examined that SERVPERF when 
compared to SERVQUAL gives higher variance in the 
estimation of service quality, which prompted the uti-
lization of SERVPERF and achieving further strength. 
The corresponding 22 items and 5 dimensions that are 
used to measure the SERVQUAL scale are utilized in 
the service performance scale SERVPERF as well, the 
only difference pertaining to SERVPERF scale is that 
it considers only the perception of the customer [13]. 

(Dr. P. Srinivas. Rao. and Dr. Padma.Charan.Sahu, 
2013) in their research about the Effect of Service 
Quality on the customer satisfaction in the hotel in-
dustry assessed the expectations of the customers and 
their respective perception level towards the service 
quality provided by the hotel and was measured via 
four dimensions: Tangibility, Empathy, Assurance-Re-
sponsiveness, and Reliability. The study was about the 
satisfaction or evaluation that is formed via compar-
ison of the pre-purchase customers’ expectations to 
their respective perception level of the service that 
they received. The study interpreted that the deviation 
between the customers’ expectations and perceptions 
of the service quality by the business should be mini-
mized by keeping in mind all the factors affecting the 
four dimensions of the measurement for the service 
performance [14]. 

In the study of Factors determining the selection 
of hotels and the dynamic decision-making proce-
dure (Vladan Pantelic, 2017) listed different factors 
that have its impact on the selection of a hotel. The 
study identifies the factors that influence consumers 
while settling on choice for a hotel stays. (Dube and 
Renaghan, 2000) found the attributes contributing in 
the selection process. The top five hotel selection at-
tributes are “location”, “brand and reputation”, “phys-
ical property”, “room design” and “customer service”. 
(Vladan Pantelic, 2017) portrayed a literature map and 
explained the discoveries related to the hotel selection 
attributes, the map showed that location, price, facil-
ities, and services are the major factors influencing a 
customers’ perception in booking a hotel [15]. The 
theory is made from 3 main features viz. perceived 
price, perceived value, and perceived quality. (Vladan-
Pantelic, 2017) recommended that more research and 
investment from the management and owners are to 
be put in the determination of the factors influencing 

the decision making while booking a hotel. Research 
done is carried forward in the same path to analyze the 
factors mentioned.

(Drazen Maric, RadenkoMaric, Veljko Marinkov-
ic, and Darko Dimitrovski in 2015) in their analysis 
of Tangible and Intangible service quality components 
for hotels identified the importance of individual 
components of the hotel service offering. The study 
concluded that in the hospitality and hotel industry, 
the customers generally tend to give more importance 
to the intangible attributes such as empathy of the em-
ployees towards the customers [16]. The primary im-
portance for the customer is the services offered by the 
employees and the staff. The secondary importance 
for the customer is the physical offerings of the hotel 
(tangibility).

In the study of estimation of service quality in 
the hotel industry (Ibrahim Yilmaz, 2009) demon-
strated that the scale used for determining of service 
performance was SERVPERF and the scale consisted 
of 4 dimensions viz. tangibility, empathy, reliability, 
and assurance-responsiveness. The utilization of the 
SERVPERF scale gives valuable information to the 
hotel managers for maintaining the services offered 
to gain a competitive advantage. The result also im-
plied that the most important dimension or factor that 
contributes to a customer perception for the hotel in-
dustry is the empathy. In the light of the literature re-
view, present study endeavors to investigate the factors 
affecting the decision of a customer while booking a 
hotel, the study done has also taken into consideration 
the safety and hygiene needs of a customer due to pan-
demic times and which will be a sustaining future for 
the hotel and the hospitality industry [17]. 

Research Gap
(Vladan Pantelic, 2017) has done a secondary re-

search on the ‘Factors determining the hotel selection 
and their contribution in the decision-making pro-
cesses. The limitations of the review and the future 
scope of the study states the research to be conducted 
in the form of primary surveys and interviews as part 
of primary research to get the proper customer feed-
back in regards of selection for the hotel stay, he also 
stated that the further researches should have their at-
tention on the decision-making process instead of the 
choice attributes. Hence, to fulfil the research gap, this 
study has been conducted as a primary research via 
survey data collection (Questionnaire) and the focus 



660 | Cardiometry | Issue 25. December 2022

is also on the decision-making factors of a customer 
while booking a hotel using the performance only 
scale [18]. 

Research Objectives
In accordance with the scope of this research and 

the existing gap, objectives of this research are as fol-
lows –
• To determine the factors affecting the customer 

perception while booking a hotel.
• To analyse the factors that will help a hotel to max-

imize its sales.

Research Hypothesis

Tangibility
The inclusion of physical facilities as physical fac-

tors of service used to provide that service, and the 
physical appearance of the personnel. As explained 
by (Dr. Abhishek Kumar, Biplap Kumar Biswal, and 
Sumana Chaudhari, 2018) Tangibility is the physical 
aspect of the facilities, appearance, and personnel.

H1: Tangibility influences the Decision Making 
While Booking A Hotel

Reliability
The capability of the hotel operators to execute the 

service accurately, willingly, and consistently; the cus-
tomers can depend on the staff completely for their 
requirements is known as reliability aspect of hotels. 
The service performance of the hotel operators right 
the very first time is also a part of this factor [19]. 

H2: Reliability influences the Decision Making 
While Booking A Hotel

Assurance – Responsiveness
The desire of the hotel operators to offer apt and 

prompt service to the customers and to help them for 
all their requirements. The ability of the operators to 
convey certainty and trust to the customers with the 
complete knowledge of the services is termed as As-
surance – Responsiveness.

H3: Assurance - Responsiveness Influences the 
Decision Making While Booking A Hotel

Empathy
The staff and operators provide personal care and 

attention to the customers while understanding their 
basic safety needs and showing sincere efforts in solv-

ing the customers’ problems is termed as Empathy. A 
Conceptual framework of overall service quality using 
SERVPERF is shown in Figure 1.

H4: Empathy Influences the Decision Making 
While Booking a Hotel

Conceptual Model

 
 

Tangibility 

Reliability 

Assurance - Responsiveness 

Empathy 

Overall Service Quality 

H1 

H2 

H3 

H4 

Figure 1. A Conceptual Framework of Overall Service Quality 
Using SERVPERF.

Data and Methodology
The research was conducted to determine the fac-

tors that will influence the decision making of a cus-
tomer/guest while booking a hotel. To do as such, a 
service performance only scale SERVPERF is utilized 
which is based on the perception, the customers have 
with regards to the hotel services. The scale used for 
the determination of the factors had various indica-
tors. The indicators consisted of Tangibility, Reliabil-
ity, Empathy, and Assurance-Responsiveness. These 
factors come under the SERVPERF scale (the service 
performance scale). The scale consisted of 4 dimen-
sions and 20 attributes contributing to those dimen-
sions [20]. 

A sample survey method was adopted to gather 
primary data. A questionnaire was floated to the cus-
tomers and the SERVPERF scale was employed in the 
study to collect the primary data regarding the cus-
tomer perception related to the decision making while 
booking a hotel. The sampling method used was Con-
venience Sampling. This sampling is a non-probability 
sampling technique in which the sample is taken out 
from the population that is convenient (close to hand) 
to the researcher. The survey comprised of two prima-
ry areas; the first section of the questionnaire includ-
ed the questions about the demographic data (Age, 
Gender, Occupation, Frequency of the visit, Reason 
of the visit), the second section of the questionnaire 
comprised of questions about the perceptions of the 
service quality. A 5-point Likert scale was inculcated 
in the questionnaire, 1 being the least important and 
5 being the most important. The questionnaire was 
administered by close friends and relatives via a for-
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mal interview before floating it for sample collection 
to have the clarity and validity of the questions asked.

The sample size used for analysis was 182. The 
sample had diversity in demographics related to the 
age group, occupation, the regularity of their visits 
to the hotel before and after the pandemic, and the 
reasons of their visits to the hotel before and after 
the pandemic. After the questions pertaining to the 
demographic details, the next section of the ques-
tionnaire consisted of the 5-point Likert scale related 
to the factors influencing the decision making while 
hotel booking. The response of the 5-Point Likert 
scale was converted into categorical data to apply su-
pervised classification technique – Logistic Regres-
sion to check the significance of each of the factors 
contributing to the decision making while booking 
a hotel. Overall service quality was taken as the de-
pendent variable and all the attributes of the respec-
tive factors were taken as the independent variables 
to get the final accuracy of each model and factor to 
check the significance [21]. 

Results and Findings 
The Table shown below (Table 1), displays the 

demographic outline of the respondents for the data 
gathering and analysis. Out of the total data collect-
ed, (61.5%) samples were of Male and the rest (38.5%) 
samples were of Females.

The maximum age group of samples (67.6%) be-
longed to the age group of 25 or below, followed by 
(25.7%) belonging to the age group of 26 to 35 years. 
When it comes to occupation, the maximum number 
of samples were of students (60.4%) followed by pro-
fessionals (29.7%), and (7.1%) samples had their occu-
pation as self-employed. The questionnaire included 
some questions related to the effect of pandemic on 
customer perception while booking a hotel. The de-
mographic factor related to this was the frequencies 
of the hotel visits and the reasons for the hotel visits 
before and after the pandemic. Before the pandemic, 
maximum people (36.8%) visited the hotel once in a 
time of 6 months and (83.5%) samples had their reason 
of the visit as vacations. After the pandemic, (47.3%) 
of people are willing to decrease their frequency of the 
visit to once in a year. The major reason for hotel visits 
before pandemic was Vacation, followed by business 
related visits (25.3%). After the pandemic, people are 
willing to visits the hotel mainly due to business relat-
ed activities (50%) [22]. 

Table 1
The Profile of Respondents (n=182).

Frequency Percentage
Gender
Male 112 61.5%
Female 70 38.5%
Age Group
25 or Below 123 67.6%
26 to 35 47 25.8%
36 to 45 4 2.2%
46 to 55 3 1.6%
56 or Above 5 2.7%
Occupation
Student 110 60.4%
Self-Employed 13 7.1%
Professionals 55 29.7%
Retired 2 1.1%
Frequency of Visit before Pandemic
More than once a month 8 4.4%
Once in a month 15 8.2%
Once in 3 months 44 24.2%
Once in 6 months 67 36.8%
One in a year 48 26.4%
Reasons of Visit before Pandemic
Business related 46 25.3%
Vacation 152 83.5%
To celebrate any occasion 66 36.3%
Enjoy Staying at hotel 16 8.8%
Other 3 1.5%
Frequency of Visit after Pandemic
More than once a month 3 1.6%
Once in a month 14 7.7%
Once in 3 months 24 13.2%
Once in 6 months 55 30.2%
One in a year 86 47.3%
Reasons of Visit after Pandemic
Business related 91 50%
Vacation 117 64.3%
To celebrate any occasion 56 30.8%
Enjoy Staying at hotel 14 7.7%
Other 6 3%

Classification Technique – Logistic 
Regression

The respondents were requested to evaluate some 
attributes in a five-point Likert scale describing the 
factors influencing their hotel booking decision. The 
main factors used to determine the service quality 
using the SERVPERF scale was Assurance – Respon-
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siveness, Empathy, Tangibility, and Reliability. Each of 
these constructs/ factors had 5-6 variables defining the 
respective attributes.

Data so collected was then cleaned and trans-
formed into required categorical scaling to apply the 
statistical tool for classification. The 5-point Likert 
scale was then transformed into Binary data where 
the ratings 4 & 5 were taken as 1 and the ratings 1, 
2 & 3 were taken as 0. Logistic Regression is used to 
speculate the categorical value of the dependent vari-
able using a set of given independent variable. After 
data transformation, logistic regression was applied 
on Python to get the Accuracy, Recall, Precision, and 
F-measure for the respective factors.

The above specified performance measures are cal-
culated to check the significance of the model using 
SERVPERF scale to check the most applicable fac-
tors influencing the decision making while booking 
a hotel. The following analysis and tables show the 
outcome of Confusion Matrix, Accuracy, Precision, 
Recall, and F-measure for all the main four factors of 
SERVPERF scale – Tangibility, Reliability, Assurance – 
Responsiveness, and Empathy [23]. 

The code executed for Logistic Regression is done 
in Python and the outcome is shown in Table 2 and 
Table 3 shows the Performance Measures for Tangibil-
ity where the training dataset is 85% of entire dataset 
and the test dataset is 15% of entire dataset to model 
the outcome of the analysis.

Table 2
Confusion Matrix for Tangibility.
Confusion Matrix Predicted Values

Actual Values
Class = Yes Class = No

Class = Yes 7 1
Class = No 3 2

Table 3
Performance Measures for Tangibility.

Tangibility
Accuracy 0.692
Precision 0.701

Recall 0.875
F-Measure 0.778

Tangibility
The above Table 4 & Table 5 shows the Confu-

sion Matrix and Performance measurements for the 

two factors viz. Tangibility and Reliability. The per-
formance measurements are calculated from the 
True-positive and the True-negative values of the 
Confusion matrix, respectively. The significance of 
the model is correct as value of accuracy & precision 
is greater than 0.5 [24].

Reliability

Table 4
Confusion Matrix for Reliability.

Confusion Matrix Predicted Values

Actual Values
Class = Yes Class = No

Class = Yes 6 3
Class = No 4 2

Table 5
Performance Measures for Reliability.

Reliability
Accuracy 0.533
Precision 0.610

Recall 0.666
F-Measure 0.631

Assurance – Responsiveness
The Table 6, Table 7, Table 8 & Table 9 show the 

Confusion Matrix and Performance measurements 
for the two factors viz. Assurance-Responsiveness 
and Empathy. The measurements are calculated from 
the True-positive and the True-negative values of the 
Confusion matrix, respectively. The significance of the 
model is correct as value of accuracy & precision is 
greater than 0.5.

Table 6
Confusion Matrix for Assurance – Responsiveness.
Confusion Matrix Predicted Values

Actual Values
Class = Yes Class = No

Class = Yes 6 2
Class = No 4 1

Table 7
Performance Measures for Assurance – Responsiveness.
Confusion Matrix Predicted Values

Actual Values

Class = Yes Class = No

Class = Yes 5 5

Class = No 3 10
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Empathy
Table 8
Confusion Matrix for Empathy.

Empathy
Accuracy 0.652
Precision 0.625

Recall 0.523
F-Measure 0.557

Table 9
Performance Measures for Empathy.

Assurance - Responsiveness
Accuracy 0.538
Precision 0.622

Recall 0.753
F-Measure 0.666

Overall Outcome of the Logistic Regression
The shown in Table 10 signifies that the model is 

fine as all the performance measurements are greater 
than 0.5. For the model to work properly, accuracy is 
the key measurement. Accuracy is explained as the ratio 
of Total True-positive & True-negative values to that of 
Total True.Positive, True.Negative, False.Positive, and 
False.Negative values. Higher the accuracy better is the 
working of the model. It is clear from the above over-
all outcome of the Logistic Regression that Tangibility 
has the highest accuracy and precision amongst all the 
factors of the SERVPERF scale defined for the service 
quality of hotels. It can be inferred that Tangibility is 
the most significant factor impacting the decision of a 
customer while booking a hotel, followed by Empathy. 
Since hotels are a part of service & hospitality industry 
and services are nonphysical; customers might perceive 
tangible factors for indication of the services they expe-
rienced as the prime criterion of service quality.
Table 10
Overall Outcome of the Logistic Regression.

Tangibility Reliability Assurance-Re-
sponsiveness

Empathy

Accuracy 0.692 0.533 0.538 0.652
Precision 0.701 0.610 0.622 0.625
Recall 0.875 0.666 0.753 0.523
F-Measure 0.778 0.631 0.666 0.557

To execute the code in Python for applying logis-
tic regression – classification technique for the cate-
gorical data collected, following was the procedure 

applied. ‘numpy’ and ‘pandas’ were libraries imported 
to the code. Numpy is used for scientific computation 
on high performing multi-dimensional array object 
and Pandas is used for data manipulation and analysis 
on Python. The data was transformed from a 5-point 
Likert scale to a 2-point Binary data set, and import-
ed to the data frame of Python. The dataset was then 
divided into 2 parts viz. training data set on which the 
code was applied and a model was build, the second 
part was the test data set on which the code was tested 
to get the accuracy, precision, recall, and F-measure 
of the model. Overall Service Quality was taken as 
the dependent variable and all the rest attributes for 
respective factors – Empathy, Reliability, Assurance- 
Responsiveness, and Tangibility were taken as the in-
dependent variables to check the performance mea-
surements of each of the factors and to get the highest 
contributing factors amongst the 4 factors defining the 
SERVPERF scale in impacting the decision of a cus-
tomer while booking a hotel.

Discussions
The paper analysed various factors impacting the 

decision of a customer while booking a hotel using 
the SERVPERF scale. There are not many research-
es published regarding the Service Performance 
(SERVPERF) only scale used to measure the service 
quality of the hotel industry. This paper bolsters the 
claim of many analysts (as referred in the Literature 
Review above) that service performance only scale can 
be utilized to quantify the service quality of a hotel in-
dustry. SERVPERF scale is an acceptable predictor of 
service quality and an adequate one to determine the 
service quality of the hotel industry [25]. 

Many researchers also highlighted the difficulties 
affiliated with administrating SERVQUAL scale for 
determining the service quality in the hotel business. 
In their research (Van der Wieleand Bouman, 1992) 
claimed that during the assessment via SERVQUAL, 
the respondents get befuddled by two administrations 
– the prior and the post viewpoint of the expectations 
and perceptions about the overall service quality and 
also the respondents tend to be bored by giving a pro-
longed response regarding their perceptions and ex-
pectations regarding the service quality. SERVPERF 
scale being less time consuming, it becomes easier to 
use, substantial measurement tool, and reliable thus it 
can be favoured above SERVQUAL for measuring the 
overall service quality in hotel industry.
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The paper claims to apply Service Performance 
only scale (SERVPERF) to quantify the overall service 
quality of the hotel industry. A self-administered ques-
tionnaire was prepared keeping in mind all the demo-
graphic variables into consideration and all the four 
factors defining the SERVPERF scale, tangibility, re-
liability, empathy, and assurance-responsiveness. The 
questionnaire was reviewed and validated by 10 indi-
viduals to check the reliability of the questions asked. 
After certain changes in the questions the proper 
questionnaire was floated to get the response related to 
all the 4 factors to determine the service quality. Each 
of the factor consisted of 5-6 attributes with a 5-point 
Likert scale answer to check the importance of each 
attribute of the respective factor to measure the overall 
service quality of the hotel business that will influence 
the decision of a customer before booking a hotel.

In a total 182 responses were collected with a di-
verse demographic background of various age groups 
and various occupation levels. To check the influence 
of each factor in the overall decision making for hotel 
booking, the statistical tool applied was Logistic Re-
gression – Classification Technique. The data was first 
cleaned and transformed into categorical data to apply 
the required tool. The attributes defining the factors 
were a 5-point Likert scale questions. The responses of 
the 5-point Likert scale were converted into a binary 
categorical data to apply logistic regression. The value 
of 4 & 5 of the Likert scale was scaled to 1 and the val-
ue of 1, 2 & 3 were scaled to 0 as binary values. Over-
all service quality was taken as the dependent variable 
and all the attributes of the respective factors defining 
the SERVPERF scale were taken as the independent 
variables. A code was applied in Python to run the Lo-
gistic Regression for each of the factors to check the 
significance of each factor contributing to the overall 
decision making of a customer while booking a hotel.

For each of the factors, after applying logistic re-
gression keeping the overall service quality as the pre-
dicted variable and all the attributes for the respective 
factor as the independent variables (predictor vari-
ables), confusion matrix was generated to calculate 
the overall accuracy, precision, recall, and F-measure 
(performance measurements) for the model to deter-
mine the significance of each factor for decision mak-
ing From the above results and findings of the logistic 
regression, we can observe that all the performance 
measurements for all the factors are greater than 0.5 
and hence it can be said that all those 4 factors con-

tribute to the Service performance (SERVPERF) only 
scale to measure the service quality. Among the 4 fac-
tors, Tangibility has the highest accuracy and preci-
sion, implying that the tangibility is the factor having 
the highest significance for SERVPERF scale and will 
be the most influential factor affecting the decision of 
a customer while booking a hotel. It can be inferred 
that Tangibility is the most significant factor impact-
ing the choice of a customer while booking a hotel, 
followed by Empathy. Since hotels are a part of service 
& hospitality industry and services are nonphysical; 
customers might perceive tangible factors for indica-
tion of the services they experienced as the prime in-
dicators of service quality.

The results shown above are in sync with few of 
the studies stating that SERVPERF scale is enough to 
determine the overall service quality of a hotel indus-
try. (Ibrahim Yilmaz, 2009) claims that the utilization 
of SERVPERF scale is a valuable scale to provide valid 
information to the mangers of the hotel for improv-
ing their strategies focusing on quality improvement 
to have a competitive advantage. (Nadiriand Hussain, 
2005) mentioned that the service performance only 
scale produces a customer’s perspective concerning 
the diagnostic values of the service quality. (Layton 
and Luke, 2004) states that using SERVPERF given 
an advantage in terms of administering the survey 
and also reduces the overall cost. As proven above 
that Tangibility is the most important and significant 
factor contributing to the decision making of a hotel 
booking, this result is in line with the result of (Ibra-
him Yilmaz, 2009) who proved that the hotel operators 
should give maximum focuson the tangible aspects of 
the service quality [26]. 

Conclusions 
According to the empirical results shown above 

in this study, it can be concluded that the four factors 
of the Service Performance only scale SERVPERF is 
a valid instrument in measuring the customer per-
ception of the services in hotel industry and to deter-
mine the factors affecting the decision of a customer 
while booking a hotel. The results also revealed that 
the four factors possess a strong positive impact on the 
customer perception as the significance level for each 
of the factor is above 0.5. As observed from the tables 
above, the customer perception towards Reliability 
and Assurance – Responsiveness is in the moderate 
level, whereas the factors Tangibility and Empathy 
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have higher contribution to the decision making of 
the customers. Of the top 2 factors having the highest 
significance, it can be concluded that Tangibility has 
the highest Accuracy & Precision (both around 70%) 
and thus is the most significant factor in influencing 
the customer perception in hotel industry using the 
SERVPERF scale.

The above study and results also give insights to 
the hotel operators to put more focus on certain fac-
tors to improve the service quality, hence from the 
significance of the factors in the results we can con-
clude that the hotel operators should focus upon the 
Tangible (Physical) factors of services like appear-
ance of personnel, room design, product offerings, 
and physical services. Thus, keeping more attention 
towards tangible factors can help in maximizing the 
overall sales of the hotel. Hotel operators should not 
forget that empathy is also one of the deciding factors 
for the customer perception in the hotel industry as 
it has high accuracy and precision values. The cus-
tomers in the urban cities of India majorly have been 
focused in the above study. People in these cities have 
access to better living conditions and incomes. Hence, 
we can conclude that Service Performance only scale 
SERVPERF is an appropriate instrument to determine 
the factors affecting the decision of a customer while 
booking a hotel.

Limitations and Future Scope
Due to the current scenario, the method for sam-

pling was non-probability Convenience sampling to 
determine the factors influencing the hotel bookings. 
For future scope, this study can be expanded to the 
customers of the hotel after their visits to have a clear 
picture regarding their perceptions about the factors 
that would affect them for visiting a hotel next time 
and booking it. In the present study the sample size 
is small, so the outcomes of the study probably won’t 
represent the hotel industry for the whole country. A 
relatively larger sample size would result in a more 
accurate modelling and meaningful analysis. For 
future researchers, hotels can be considered at a na-
tional level and the questionnaire can be filled by the 
respective customers as samples for accurate analysis. 
Overall Service quality and hotel performances can 
be grouped demographically as well (cultural group) 
wise and also the seasons of the hotel visits and factors 
affecting according to various seasons can also be con-
sidered while modelling.

References
1. Ababa, A. (2006). Measuring service quality 
in the hotel industry: A study in a business hotel in 
Turkey. International Journal of Hospitality Manage-
ment,25(2), 170-192.
2. Akan, P. (1995). Dimensions of service quality: A 
study in Istanbul. Managing Service Organized Quali-
ty: An International Journal,5(6), 39-43.
3. Arı, E., Yılmaz, V., &Özkan, C. (2017). Measure-
ment of Service Quality At Tax Journal of Business 
Chambers by SERVQUAL Analysis. Alphanumeric 
Journal.
4. Armstrong, R. W., Mok, C., Go, F. M., & Chan, A. 
(1997). The importance of cross-cultural expectations 
in the measurement of service quality perceptions in 
the hotel industry. International Journal of Hospitality 
Management,16(2), 181-190.
5. Asubonteng, P., Mccleary, K. J., & Swan, J. E. 
(1996). SERVQUAL revisited: A critical traditional 
market. review of service quality. Journal of Services 
Marketing,10(6), 62-81.
6. Babakus, E., &Boller, G. W. (1992). An empirical 
assessment of the SERVQUAL scale. Journal of Busi-
ness Research,24(3), 253-268.
7. Baker, J., Parasuraman, A., Grewal, D., & Voss, G. 
B. (2002). The Influence of Multiple Store Environment 
Cues on Perceived Merchandise Value and Patronage 
Intentions. Journal of Marketing,66(2), 120-141.
8. Banahene, S., Ahudey, E., & Asamoah, A. (2017). 
Analysis of SERVQUAL Application to Service Quali-
ty Measurement and Its Impact on Loyalty in Ghana-
ian Private Universities. Journal of Management and 
Strategy,8(4), 18.
9. Boulding, W., Kalra, A., Staelin, R., & Zeithaml, V. 
A. (1993). A Dynamic Process Model of Service Qual-
ity: From Expectations to Behavioral Intentions. Jour-
nal of Marketing Research,30(1), 7.
10. Bouman, M., &Wiele, T. V. (1992). Measuring Ser-
vice Quality in the Car Service Industry: Building and 
Testing an Instrument. International Journal of Ser-
vice Industry Management,3(4), 4-16.
11. Brady, M. K., Cronin, J., & Brand, R. R. (2002). 
Performance-only measurement of service quality: 
A replication and extension. Journal of Business Re-
search,55(1), 17-31.
12. Carrillat, F. A., Jaramillo, F., & Mulki, J. P. (2007). 
The validity of the SERVQUAL and SERVPERF scales. 
International Journal of Service Industry Manage-
ment,18(5), 472-490



666 | Cardiometry | Issue 25. December 2022

13. Churchill, G.A. &Suprenant, C. (1992) An Investi-
gation into the Determinant of Customer Satisfaction. 
Journal of Marketing Research, Vol.19, pp.491-504. 
14. Cronin, J. J., & Taylor, S. A. (1994). SERVPERF 
versus SERVQUAL: Reconciling Performance-Based 
and Perceptions-Minus-Expectations Measurement of 
Service Quality. Journal of Marketing,58(1), 125.
15. Fick, G. R., & Ritchie, J. B. (1991). Measuring Ser-
vice Quality in the Travel and Tourism Industry. Jour-
nal of Travel Research,30(2), 2-9. 
16. Ghobadian, A., Speller, S., & Jones, M. (1994). Ser-
vice Quality. International Journal of Quality & Reli-
ability Management,11(9), 43-66.
17. Juwaheer, T. D., & Ross, D. L. (2003). A study of ho-
tel guest perceptions in Mauritius. International Jour-
nal of Contemporary Hospitality Management,15(2), 
105-115.
18. Kim, W. G., & Cha, Y. (2002). Hotel Customer Ser-
vice Quality Scales. PsycTESTS Dataset.
19. Maric, D., Marinkovic, V., Maric, R., &Dimitrovs-
ki, D. (2016). Analysis of tangible and intangible hotel 
service quality components. Industrija,44(1), 7-25.

20. Pantelic, Vladan. (2017). Factors influencing hotel 
selection: Decision making process.
21. Parasuraman, A., Zeithaml, V. A., & Berry, L. L. 
(1985). A Conceptual Model of Service Quality and Its 
Implications for Future Research. Journal of Market-
ing,49(4), 41.
22. Parasuraman, A., Zeithaml, V.A. and Berry, L.L. 
(1988). SERVQUAL: A Multiple-item Scale for Mea-
suring Consumer Perceptions of Service Quality, Jour-
nal of Retailing, 64(1):12-40. 
23. Rao, P. S. (2013). Impact of Service Quality on 
Customer Satisfaction in Hotel Industry. IOSR Journal 
Of Humanities And Social Science,18(5), 39-44.
24. Samen, A. A., Akroush, M. N., & Abu‐Lail, B. N. 
(2013). Mobile SERVQUAL. International Journal of 
Quality & Reliability Management,30(4), 403-425.
25. Yilmaz, I. (2009). Measurement of Service Quality 
in the Hotel Industry. Anatolia,20(2), 375-386.
26. Zaharia, M., Enachescu, D., Balacescu, A. (2014). 
Evolutions of Employment and Turnover in Services 
in EU, Industry, 42(2), 21-34.



Issue 25. December 2022 | Cardiometry | 667

ORIGINAL RESEARCH Submitted: 21.9.2022; Accepted: 14.10.2022; Published online: 25.12.2022

COVID-19 impact on Global 
Network Performance
Anirban Chatterjee1, Samaya Pillai2*

1,2 Symbiosis Institute of Digital and Telecom Management, 
Symbiosis International (Deemed University), Pune, India.

Corresponding author:
samaya.pillai@sidtm.edu.in

Abstract
The outbreak of the Covid-19 pandemic has created a pro-
found impact on every sector of our life. The most signifi-
cant effect of this global pandemic is “global lockdown.» The 
lockdown has brought many changes in our lifestyle. One of 
the substantial changes in the usage of network connectivity. 
Many people have started to work from home, the number 
of online learning other uses like the OTT, social media, etc., 
have increased. It’s observed that internet traffic has signifi-
cantly increased by 25%-30%. In this paper, the authors have 
analyzed the global network connectivity performance con-
cerning the changes in usage. They examined various service 
providers’ or companies’ feedback to these unprecedented 
conditions. The authors used secondary research methodolo-
gy for quantitative analysis to understand the increase in us-
age. Also, this pandemic is opening up new opportunities for 
the service provider as this pandemic is accelerating remote 
working, so the service provider is going for more and more 
automation which reduces the field headcount and the cost. 
Also, operators have started to offer new collaboration apps, 
video conferencing tools, and learning platforms which open 
up new business opportunities. Many new businesses have 
begun to transform their business in digital, which also opens 
up a unique opportunity.
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Introduction 
It has been a few months as we are fighting against 

the Covid-19 pandemic, which is caused for all-
around shocks throughout the globe. This disease is 
highly contagious, resulting in different policy actions 
such as asking for social distancing, self-isolation, 
closure of institutions, restrictions on mobility, start-
ing a new work culture known as work from home, 
and imposing lockdown in various parts of the globe. 
And these action leads to some severe consequences 
around the world. And among these consequences, a 
profound impact on network connectivity is a signif-
icant one [1]. So far, the world has already witnessed 
several epidemics. In 1918, the Spanish Flu was the 
outbreak of HIV/AIDS, SARS (Severe Acute Respira-
tory Syndrome), MERS (Middle East Respiratory Syn-
drome), and Ebola. However, the episode of Covid-19 
is something different and seems to be more danger-
ous. In December 2019, this Covid-19 originated from 
Wuhan, China, and spreads quickly over the new few 
months to almost all parts of the entire globe and turn 
out to be one of the biggest health threats [2]. 

Since the case is rising significantly, at the time of 
writing of this paper (June 5, 2020), the total number 
of Covid-19 cases worldwide is 6,747,148, and death 
cases are 394,306. So far, recovery cases are 3,277,057. 
The USA seems to be one of the most affected coun-
tries globally as total cases are 1927647 with a death 
count of 110306. Russia, Spain, UK, Italy, and Germa-
ny are the most affected countries in Europe, which 
have a total case of 449834, 287740, 283311, 234013, 
and 184923, respectively. In the Asia region, India is 
the most affected country, with total cases of 233576. 
Brazil, Australia, and South Africa are the most affect-
ed countries in South America, Oceania, and Africa. 
Below in Figure 1, we can see the regional distribution 
of the total cases and death cases so far [3]. 

Below in Figure 1, we can observe the global figure 
of total COVID-19 cases:

Below in Figure 2, we can observe the global figure 
of total active and recovered cases:

India recorded the first case of the disease on Jan-
uary 30, 2020. Since then, the cases have increased 
steadily and significantly. 

In today’s age, network connectivity is one of the 
essential things of our day-to-day life. And the internet 
is a major part of it. Rising the growth of IT infrastruc-
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ture, different social media platforms, e-Commerce 
platforms, significant OTT platforms, etc., are the 
most influential platforms where we consume internet 
data the most. Moreover, with the rapid digital trans-
formation, everything is becoming data-dependent, 
making us more internet-dependent [4]. It has been 
observed that in India, 4G data usage was more than 
11 GB per month in 2019, whereas in the USA, 4G 
data usage crosses more than 31 GB monthly. Cheap 
data price is one of the significant reasons behind this, 
as shown in Figure 2.

But this pandemic of COVID-19 accelerates the 
usage globally with a tremendous increase rate as what 
we are doing online has been changed now. It has been 
observed that Internet traffic and data consumption 

have significantly increased by 25% to 30% globally. 
As per one of the AKAMAI reports, there is usually a 
3% growth in data consumption. But after COVID-19, 
a significant growth rate has been observed, around 
30% is. In the last year, 2019, Akamai’s peak traffic 
was 82Tbps, whereas this year, the peak was around 
167Tbps. [5] Also, Internet exchanges in Amsterdam, 
Frankfurt, and London have a significant increase rate, 
which is around 10-20% in March. Also Milan, there 
was an increase of 40% has been observed during this 
quarantine period.

Internet Usage In The Pre-Covid-19 Era
Before discussing the post-COVID-19 effect on 

internet usage and its global impact, we should know 
about the history and existence of the internet in the 
pre-COVID -19 era.

History: It has already been a few decades since the 
internet has become a very significant part of our life. 
For example, since 1960, email service; since 1970, file 
sharing, and since 1982, the use of TCP/IP protocol. 
However, the creation of the World Wide Web was 
in 1989, which brought a revolution in the history of 
communication [6]. 

Global Internet User: Till now, the internet is the 
most transformative and fastest-growing technology 
in our world. The number of internet consumers is 
increasing significantly. It has reached 413 million by 
2000 and become more than 3.4 billion in 2016 with 
a rapid growth rate. It has been observed that for the 
last five years, every day, on average, 6.4 lac people are 
going online for the first time.

If we see the number of users country-wise, we can 
see that China and India are the top two countries as 
per the internet user. However, they have only 50 per-
cent and 26 percent of their population respectively as 
an active internet user.

In the below Figure 3, we can see the number of 
internet users for the top 6 countries globally as per 
2016/2017 data.

The rate of internet users is so high as in India, 
Bangladesh, Cote d’Ivoire, Ghana, and Malawi coun-
tries, the number of internet users has doubled in the 
last three years.

There are few important reasons behind this signif-
icant rise of internet users in the last couple of years. 
Now we will see those reasons [7]. 

Broadband Access: A broadband subscription is a 
fixed subscription to get high-speed internet access. It is 

 
FIGURE 1. Globally COVID-19 Total Active Cases.

 
 FIGURE 2. Total Active and Recovered Cases Globally.
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a TCP/IP connection with a downstream speed of equal 
to or more than 256 kbps. This broadband subscription 
includes cable modem, DSL, fiber-to-the-home, other 
fixed (wired)-broadband subscriptions, satellite broad-
band, and terrestrial fixed wireless broadband. In the 
below chart, we can see the top few countries along 
with the world where the broadband connection has 
been adopted primarily as per the subscription of per 
100 users as per 2017 data as shown in Figure 4.

Increase of Mobile Phone Subscription:
The mobile phone is one of the most considerable 

disruptive technological development in our world. 
The growth of mobile subscriptions was relatively slow 
in the late 1990s. Still, it has observed a significant 
growth in mobile subscriptions due to the invention 
of smartphones since the beginning of the 21st cen-

tury. Especially the invention of 4G technology which 
has offered an immense speed in data [8] , worked as a 
major driver in this rising number of mobile subscrib-
ers. Below is the graph. We can see the Mobile phone 
subscriptions, measured as the number per 100 people 
for the top few countries and the entire world as per 
2017 data as shown in Figure 5.

 
FIGURE 5. Country-wise Mobile Subscription.

The Rise of Social Media: 
Social Media is one more rapid and vast adoption 

of this technology evolution. This social media has 
changed the world totally from accessing the news 
information, finding a new partner, or organizing to 
bring political change [10]. 

Facebook is the largest social media platform cur-
rently in the world. It has a total of 2.4 billion users 
as per the 2018 data. Other significant social media 
platforms are YouTube and WhatsApp who also have 
more than 1 billion subscribers globally. So we can ob-
serve that almost every one of the people in three peo-
ple uses the internet via a social media platform [9]. 

We can also see the example of TikTok. It launched 
in 2016. Within 2018, it has reached a user base of 
more than 500 million.

In Figure 6, we can see the customer base of a few 
significant leading social media platforms and their 
user base as per the 2018 record.

 
FIGURE 6. Active user in different Social Media Platform.

 
FIGURE 3. Country-wise Internet User.

 

 
 FIGURE 4. Country-wise Broadband Subscription.
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Post Covid-19 Pandemic Network Impact
• COVID-19 Impact on Global Internet Perfor-

mance: 
To analyze the impact of COVID-19 on global 

internet performance, we are using a secondary re-
search methodology. In this research, we have found 
the required data for the entire globe: Mobile Down-
load percentage change, Mobile average download, 
Fixed Download percentage change, and Fixed aver-
age download. We have taken December 16, 2019, to 
December 22, 2019, as our base week. And we have 
collected data up from June 1, 2020, to June 7, 2020. 
So here, we will analyze the impact based on data col-
lected between this duration [11]. 

Our analysis will first portray how the data usage 
changes globally, and then we will analyze region-wise.
• Impact on Global Internet Performance due to 

COVID-19: 
So in our analysis, we have taken a period from 

December to the end of June start. We have compared 
the data of fixed average download speed and mobile 
average download speed. We have found that for the 
Fixed Average Download speed, the mean is 74.76 
Mbps and the Median is 74.39 Mbps, whereas for 
the Mobile Average Download speed mean is 32.11 
Mbps, and the Median is 32.22 Mbps, for the entire 
duration [12]. We will now analyze the mean data for 
each month during this duration and understand how 
it has impacted.

If we talk about the monthly mobile average down-
load speed, we can see a slow decreasing factor in the 
average download speed. In December average speed 
was 32.85 Mbps; in January, it was 32.41 Mbps. In Feb-
ruary, it was 31.44 Mbps, and in March, it was 31.13 
Mbps, in April 30.5Mbps, in May 33.896, and in June 
34.65. [13] So clearly, we see a decreasing factor in 
average download speed in this duration, which indi-
cates that the bandwidth utilization has increased, and 
people have started to consume more data in the mid-
dle of this pandemic [14]. Though in the latter half, 
as in the June first week, the network service provid-
er managed well and started to recover the download 
speed. Though in the case of fixed broadband aver-
age download speed, the download speed was 72.74 
Mbps in December, 73.87Mbps in January, 74.28Mbps 
in February, 75.05Mbps in March, 74Mbps in April, 
76.56Mbps, and 77.07Mbps in June. So clearly, an in-
creasing trend can be observed and understand that 
broadband internet provider is managing well in this 
severe crisis as shown in Figure 7.

Now we will do our analysis region basis as to how 
this COVID-19 has impacted various regions in this 
globe.

Impact on North America Region:
Now we will analyze the impact in the North Amer-

ican region. We are considering the same timeframe 
data as we mentioned for the Global impact analysis 

 
FIGURE 7. Comparison of Mobile average Download vs. Fixed average Download – Globally.
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above. Here we are considering three countries’ data 
as United States, Canada, and Mexico. In the figure 
below, we compare the speed test volume change to 
pre COVID-19 12-week average data. We can observe 
in the below figure as there is a considerable fluctua-
tion in speed test volume. Also, Mobile data speed test 
volume does not significantly change, whereas Fixed 
Broadband speed test volume has been substantially 
changed, and it reached to top at the end of March to 
approx. 82%, as shown in Figure 9.

Also, if we consider the country-wise average speed 
of these three country.

So here we can observe in Table 1 that in Canada, 
Mobile Data download has been maximum through-
out this period whereas in the USA fixed Broadband 
download speed is maximum.

Impact in Asia Pacific Region:
Now we will analyze the Asia Pacific region. Here 

we have collected the data for 30 countries, includ-

 
FIGURE 8. Global comparison of % change comparison of Mobile average download vs. Fixed average download in contrast with 
a 12-week pre-COVID-19 average.

 
FIGURE 9. North America Comparison of % change comparison of Mobile average download vs. Fixed average download in con-
trast with the 12-week pre-COVID-19 average.
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ing Asian countries like China, India, Japan, Myan-
mar, Sri Lanka, Bangladesh, Korea, and the Oceanian 
countries like Australia, New Zealand, etc. For these 
countries also we have collected the data for the same 
period. With these data, we have drawn the line graph 
below to compare Mobile Speed test volume and Fixed 
Broadband speed test volume with their 12-week av-
erage data of pre-COVID-19. From the below line 
graph, we can observe that mobile data speed test vol-
ume has increased from March first week to June first 
week compared to the pre-COVID-19 period, and 
it has reached its peak to 250% more in March mid-
week. Though fixed broadband data speed test volume 
was relatively high throughout this period, as shown 
in Figure 10.

Here we have also drawn the speed test volume 
comparison graph for this same duration for India. 
We can observe that in comparison with other Asian 
countries, India has kept a relatively lower increase. 
Even till March mid-week, speed test volume data for 
both the parameter was low, and in few weeks, it went 
below the 0 bar line, which is a significant issue. After 
March midweek, speed test volume data for both mo-
bile and fixed broadband data has rapidly increased 
and peaked from 60% to 80%.

We have also extracted the average download speed 
for both mobile data and fixed data average download 
speed. Among them, in the table below, we have re-
moved a few countries’ average download speed data 
for both parameters. We can see Australia in Oceania 
and China in the Asia region have experienced max-
imum average download speed for both parameters, 
followed by New Zealand, Singapore, Macau(SAR), 
etc. India has observed an average download speed of 
10.71 Mbps for mobile data and 27.20 Mbps for fixed 
broadband data, as in Table 2.

TABLE 2
Speed test Volume comparison in APAC.

Country 
Name

Mobile Data Average 
Download Speed 

(Mbps)

Fixed Broadband 
Download Speed 

(Mbps)
China 63.77 126.29
Australia 74.84 58.87
New Zealand 53.19 145.61
Macau (SAR) 47.98 122.88
Singapore 55.68 171.62
India 10.71 27.20

Impact in LATAM/South America Region: 
Now we will analyze the LATAM/South America 

region. Here we have collected the data for 19 coun-
tries, including Latin American countries like Brazil, 
Argentina, and the Caribbean island. For these coun-
tries also we have collected the data for the same pe-
riod. With these data, we have drawn the line graph 
below to compare Mobile Speed test volume and Fixed 
Broadband speed test volume with their 12-week av-

TABLE 1
Speed test Volume comparison in North America.

Country 
Name

Mobile Data Average 
Download Speed 

(Mbps)

Fixed Broadband 
Download Speed 

(Mbps)
Canada 72.55 122.8108
Mexico 28.6 36.5536
USA 43.38 137.7652

 
FIGURE 10. APAC Comparison of % change comparison of Mobile average download vs. Fixed average download in contrast with 
the 12-week pre-COVID-19 average.
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erage data of pre-COVID-19. From Figure 11, we can 
observe that mobile data speed test volume is relatively 
low throughout the period, though during march end, 
mobile data speed test volume has increased to 25%-
50% approx. In comparison with a pre-COVID-19 pe-
riod. Though fixed broadband data speed test volume 
was relatively high throughout this period, it peaked 
at more than 150% in March end. For both the Mobile 
and broadband, usage has been compared to its peak 
during this March-end.

We have also extracted the average download speed 
for both mobile data and fixed data average download 
speed. Among them, in the table below, we have removed 
a few countries’ average download speed data for both 
parameters. Jamaica and Uruguay in the Latin America 
region have experienced maximum average download 
speed for both parameters, followed by Trinidad & To-
bago, Argentina, Brazil, etc., as shown in Table 3.

TABLE 3
Speed test Volume comparison in LATAM.

Country Name Mobile Data Av-
erage Download 

Speed (Mbps)

Fixed Broadband 
Download Speed 

(Mbps)
Jamaica 32.70 40.89
Trinidad and 
Tobago

23.58 34.72

Uruguay 32.70 40.89
Argentina 25.47 36.47
Brazil 25.29 35.87

Impact on Europe Region: 
Now we will analyze Europe. Here we have col-

lected the data for 43 countries, including the UK, 
Russia, and other European countries. For these 
countries also we have collected the information for 
the same period. With these data, we have drawn the 
line graph below to compare Mobile Speed test vol-
ume and Fixed Broadband speed test volume with 
their 12-week average data of pre-COVID-19. From 
the below line graph, we can observe during January 
first week to March-end mobile data speed test vol-
ume had been increased rapidly, and it had reached 
its peak to 100% more than the pre-COVID-19 situa-
tion during the initial stage of this pandemic. Though 
from March mid to May last week, fixed broadband 
data speed test had been increased and peaked to ap-
proximately 140% during March last week as shown 
in Figure 12.

We have also extracted the average download 
speed for both mobile data and fixed data average 
download speed. Among them, in the table below, 
we have removed a few countries’ average download 
speed data for both parameters. We can see Neth-
erland has experienced maximum average download 
speed for both parameters, followed by Norway, Bul-
garia. Also, we have mentioned to busiest countries 
of Europe as the UK and Germany and can see the 
average download speed has dropped significantly in 
Table 4.

 
FIGURE 11. LATAM Comparison of % change comparison of Mobile average download vs. Fixed average download in contrast with 
the 12-week pre-COVID-19 average
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TABLE 4
Speed Test Volume comparison in Europe.

Country 
Name

Mobile Data Average 
Download Speed 

(Mbps)

Fixed Broadband 
Download Speed 

(Mbps)
Netherland 71.36 107.33
Norway 67.28 85.59
Bulgaria 67.08 84.94
UK 36.35 75.42
Germany 37.58 79.64

Impact on the Middle East and Africa Region:  
(Data Source: OOKLA)

Now we will analyze the Middle East and Africa 
region. Here we have collected the data for 20 coun-
tries, including the African and Middle East countries. 
For these countries also we have collected the data for 
the same period. With these data, we have drawn the 

line graph below to see the comparison between Mo-
bile Speed test volume and Fixed Broadband speed 
test volume with their pre-COVID-19 12-week aver-
age data. From Figure 13, we can observe that Mobile 
data speed volume increased rapidly from January 
first week to February end. It peaked at 300% more 
than the pre-COVID-19 situation during the 2nd week 
of February. Though from March 1 weak to June first 
week, the fixed broadband data speed test had been 
increased and peaked to approximately 190% during 
April second week.

We have also extracted the average download speed 
for both mobile data and fixed data average download 
speed. In Table 5, we have extracted a few countries’ 
average download speed data for both parameters. 
We can see UAE has experienced maximum average 
download speed for both parameters, followed by Qa-
tar, Saudi Arabia, and Kuwait, as shown in Table 5.

 
FIGURE 12. Europe Comparison of % change comparison of Mobile average download vs. Fixed average download in contrast 
with the 12-week pre-COVID-19 average.

 
FIGURE 13. A Comparison of % change comparison of Mobile average download vs. Fixed average download in contrast with the 
12-week pre-COVID-19 average.
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TABLE 5
Speed Test Volume comparison in MEA.

Country Name Mobile Data Av-
erage Download 

Speed (Mbps)

Fixed Broadband 
Download Speed 

(Mbps)
United Arab Emir-
ates

89.70 104.10

Qatar 84.43 91.77
Saudi Arabia 29.95 63.71
Kuwait 45.45 70.32

Covid-19 Impact on Global Voice Traffc
Now we will also analyze how this global pandemic 

has impacted global voice traffic. ‘I3forum’ has recent-
ly released data regarding this impact. We can observe 
an increase of 20% in international voice traffic in 
their data this March compared to the last year, 2019. 
Also, a significant drop in roaming traffic has been 
identified, which is approximately 30%. Also, it has 
been identified as the average voice call length has in-
creased by 30% in March 2020 and 60% in April 2020 
compared to the same month in the last year 2019.

This impact is the statistics of an international 
voice call due to two primary factors as a significant 
rise in remote working (WFH) and the global lock-
down imposed by different governments. It has been 
noticed that international regular traffic volume has 
experienced an initial spark, though it came back to 
regular by April end. The most significant factor was 
the call length duration has started to get longer.

Challenges Faced by Network Service Providers
So far, we have discussed how COVID-19 has pro-

foundly impacted network utilization, creating a se-
vere challenge to network service providers. But apart 
from that, this global pandemic is also made some 
more challenges for these network service operators, 
which we will discuss below.

Supply Chain Disruption:
Major global network vendors like Huawei, Sam-

sung, Ericsson, Nokia, and ZTE have already reported 
a profound supply chain disruption due to this world-
wide pandemic, which has profoundly impacted their 
revenue growth.

This pandemic has profoundly impacted the tele-
com Infrastructure Service. This supply chain disrup-
tion leads to factory shutdown and furloughs, which 
caused the unavailability of network components and 
optical equipment.

Logistics challenges also lead to face restrictions 
for the engineering and installation team along with 
health concerns.

In maintenance service, the operator is looking for 
decommissioning of retiring technologies as copper 
access, 2G, 3G, SONET/SDH, ATM, and TDM switch-
es. Still, due to the pandemic, this decommissioning 
is halted, especially in those markets where voice ser-
vices are essential.

Disruption in 5G Rollout: 
Due to social distancing and lockdown, accessing 

some cell sites has become one of the significant is-
sues. In countries like the US, the 5G rollout has been 
already started. The local government has given its 
approval for the new cell sites, which are operating at 
significantly less efficiency. In Europe, the 5G rollout 
has been affected due to this pandemic. There will be 
an impact on RAN vendors’ earnings. Apart from that, 
due to this pandemic, the 5G auction has also been 
getting delayed.

Challenges faced in Telecom Regulations due 
to COVID-19: 

In this COVID-19 emergency, telecom regulators 
are constantly trying to protect the customers from 
technical and financial constraints and fake informa-
tion. They are also trying to ensure a stable connection 
by observing the network performance. They have 
taken the below measures to protect the customer, 
which is creating significant challenges.
• Shielding vulnerable customers: 

No charge on overdue calls in Colombia, Portugal, 
etc.

Non-interruption in service in case of due payment 
in Portugal, Romania, Spain, Peru, etc.

They have introduced no-cost tariffs for low-in-
come, vulnerable customers.
• Access to required information: 

Regulators have also worked on the guidance of 
how to access helpful information, such as technolo-
gy use for work, how to raise awareness related to the 
risk of fake news, etc. For example, In France (EU), the 
concerned regulator has released an updated version 
regarding the guidance in this COVID-19 pandemic.
• Steps towards ensuring service availability: 

Regulators were concerns in the early stage of lock-
down regarding the network pressure due to this pan-
demic. So to ensure this service availability, they have 
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taken steps towards the access of spectrum and under-
pin network resilience.
• Suspension of some measures: 

Due to this pandemic, the service provider has 
faced various operational difficulties, for which reg-
ulators have decided to give temporary relaxations in 
some regulations. For example, UK telecom regulato-
ry has already declared a revised regulation guideline 
for FY 2020-21.

Companies Overview on This Pandemic 
Impact on Network Traffic:
• So far, we have analyzed the global data and observed 

how this COVID-19 has significantly impacted net-
work traffic. We will now focus on companies’ and 
different organization bodies’ direct reviews that 
primarily provide their service in this domain.

• Global Company Nokia has observed an aggre-
gate traffic volume of more than 25% after this 
COVID-19 impact.

• WIOCC is one of the largest internet providers in 
South Africa. They have observed an increase of 
daily peak to 50Gbps from 25Gbps in South Africa 
on the WACS subsea cable.

• On May 30, 2020, Vodafone released a statement in 
which they mentioned that they had observed sig-
nificant data usage via desktop and the other fixed 
terminal. There is an increase of approximately 50 
PCs throughout the day, which shows a high level 
of internet utilization during working hours than 
regular use.

• NBN Australia is one of the largest data service 
providers in Australia. They have published a state-
ment that the downstream network throughput in-
creased by 12% to 12.3Tbps in evening busy times 
and has increased by 12% to 11Tbps in early eve-
ning hours at its peak.

• Chinese giant Huawei states that India has ob-
served an increase in data consumption by up to 
30% during the lockdown, taking India as one of 
India’s top data consumption countries.

• In one of the latest reports published by the Body of 
European Regulators for Electronic Communica-
tions, it has been stated that during this COVID-19 
crisis, there is a significant rise in the COVID-19 
crisis. However, the congestion has been success-
fully handled. However, they have mentioned that 
in Luxembourg and Portugal, a slight decrease in 
internet use has been observed.

• Videotron’s network has been experienced an av-
erage increase of mobile telephone calls of 40%, 
which was reached its peak on March 23 up to 66%. 
In comparison, the data usage reached its peak on 
April 13, which was 50% more than normal.

• GCI Network experienced an average use of 22% 
more than the pre-COVID-19 situation through-
out this pandemic, which peaked in the last half of 
April to 44% more usage than usual.

• Cogent stated that due to Work from Home, there 
is a significant usage increase of corporate band-
width as they need more bandwidth in their offic-
es, and more VPN have been added for their Work 
from Home employees.

• We were already aware that OTT players are one 
of the significant reasons for these high bandwidth 
usages. Sandvine has stated on May 7 that YouTube 
has become the main reason for this high internet 
traffic as YouTube has consumed 15% of the entire 
global internet traffic on commercial consumer 
networks. Netflix is not lagging too in internet data 
consumption as they also down 11% of total traf-
fic. PlayStation and Xbox also account for 7.5% of 
overall traffic in America.

• Openreach published a statement about the data 
usage of the UK as the average user has been in-
creased to 24% after this lockdown started. Lon-
don has experienced the most significant jump in 
internet consumption to 112.37 petabytes till April.

• LINX is one of the popular internet service pro-
viders that provides its service to more than 800 
network providers in more than 80 countries. They 
also experienced an increase in data usage of 30% 
since this global crisis has started.

• DE-CIX, a renowned internet data service provid-
er, has to experience a 120% increase in video con-
ference traffic and a 30% increase in gaming traffic 
during this pandemic.

• In the latest report published by Verizon, they have 
stated that there is an overall increase of 19% in data 
consumption than in the pre-COVID-19 era. How-
ever, this data usage has been reached to stability.

• Bell has published interesting stats regarding these 
high network usage in this COVID crisis. They 
have mentioned a data usage increase of 60% in the 
daytime and a 20% increase in the evening. Voice 
traffic has also increased by 200%, while the con-
ference call goes up to 250% during the peak work-
ing hours.
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Conclusions 
So far, we have discussed how this global pandem-

ic has created a profound impact globally on network 
usage and performance. This unprecedented usage has 
become a deep concern for the service providers as it 
opens up some weaknesses and loopholes in their ser-
vice capacity and created challenges. In the above dis-
cussion, we have seen what these challenges are. But 
service provider is not lagging too as we can see how 
these network service providers are trying to tackle 
this crisis. The use of data analytics is one of them. As 
in the above analysis, we have seen that there is some 
specific time when the user is rapidly increased in an 
entire day, so the service provider has started to use 
data analytics to identify that timeframe and manipu-
late the service according to that. Also, this pandemic 
is opening up new opportunities for the service pro-
vider as this pandemic is accelerating remote working, 
so the service provider is going for more and more au-
tomation which reduces the field headcount and the 
cost. Also, operators have started to offer new collab-
oration apps, video conferencing tools, and learning 
platforms which open up new business opportunities. 
Many new businesses have begun to transform their 
business in digital, which also opens up a unique op-
portunity. Overall this COVID-19 global pandemic 
has become a blessing in disguise.
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Abstract
Precision farming refers to the latest trends in agriculture that 
use technology to improve quality, quantity, and productivity, 
thereby ensuring profitability, sustainability, betterment, and 
preservation of the environment. The paper discusses the de-
velopment and needs for precision agriculture in India with its 
existing problems and opportunities. The challenges in the fu-
ture cannot be resolved with ancient methods. In order to make 
agriculture efficient and sustainable, investment in new technol-
ogies accompanied by research and development is required. 
Agronomics is the highest contributor to national income. More 
than 70% of the total workforce is dependent on it. The agricul-
ture industry needs top priority because the government and 
the nation both would fail to succeed in this sector. The paper 
identifies various challenges associated with the adoption of 
precision farming in India and the technologies that could be 
used for better results and the betterment of both farmers and 
the Agri industry of India. Keywords: Precision, technology, dig-
ital, information, obstacles, approach
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Introduction 
In order to increase profits, facilitate reduction of 

waste and maintain a qualitative environment, crop 
production (seed, fertilizer, pesticides, etc.) should be 
managed with the use of technology. Agriculture is 
called the backbone of the economy.

In today’s world, technological innovations are re-
shaping farming activities because digital technologies 
have caused new concepts to emerge, which are how 

precision farming appeared, where a new branch of 
science lately engages in agriculture. The United States 
initially invented the concept of precision agriculture 
in the early 1980s. It was initially based on the Global 
Positioning System initially, developed by the United 
States of America. Precision agriculture is an infor-
mative and technical agriculture management system. 
The usage of inputs (i.e., chemical fertilizers and pes-
ticides) is based on the adequate quantity, adequate 
time, and adequate place.

Precision agriculture is straightforward words, “A 
modern farming management system using the latest 
technology to improve the agricultural production 
processes, which results in controlling the usage of 
fertilizer, cost, water, and environmental impact.” The 
difference between traditional Management and Pre-
cision Management is shown in Figure 1.

 

Figure 1. Traditional Management v/s. Precision Management.

Precision agricultural is information-intense. One-
third of the global population depends on farming to 
survive. Although precision agricultural technologies 
need huge investments in developing countries, farm-
ers are trying to implement this. However, awareness 
and assistance are required for + farmers in India. 
Three gears that precision agriculture focuses on are 
information, technology, and management.

The UN projects’ results show that the global pop-
ulation will increase up to 9.7 billion by 2050, which 
leads the global agricultural production up to 69%; 
therefore, to level this, food production must effec-
tively double from current levels to feed everyone 
[1]. With new ideas and technological advancements 
in precision agriculture, every farmer can feed 265 
people on an equivalent acreage. Much of this drastic 
growth is predicted from many countries like India, 
China, Brazil, etc., which possess a huge geographical 
area concerning arable land for agriculture. The world 
food production must witness a rise by 70 percent to 
feed the whole world population to maintain the pop-
ulation explosion and static rise in income.
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The regular implementation of precision farming 
is achieved by introducing various technologies, like 
GPS, GSM, and now using android devices and var-
ious smart android applications by using the camera, 
accelerometer, microphone, etc [2]. 

Success in precision farming is based on how well 
it is implemented to assess, manage, and monitor the 
timescale in crop production, which is used to analyze 
the current and potential abilities. Precision farming 
concept is embedded with technology. It is implement-
ed by a specific technology, which effectively assesses 
and manages many factors, which are the essential 
details of farming, which is never before obtainable, 
and when it worked correctly, at levels of quality never 
before achieved.

More effective use of many inputs from various 
data analyzed from the sensors will increase crop yield 
and quality without affecting the environment. It can 
end in sustainable farming and sustainable develop-
ment. It will reduce the hazards to the environment, 
especially groundwater contamination and nitrate 
leaching, by optimizing agrochemical products.

Hence, precision agriculture is about doing the 
right thing, at the right place, in the right way, at the 
proper time. Farmers need to be encouraged effi-
ciently by conducting training programs to provide 
knowledge about technology and its related specifica-
tion, which would motivate them to organize them as 
modern agricultural actors within the 21st century, is 
shown in Figure 2.

Literature Review
In the early 1900s, hybridization was the latest 

technology. Therefore, science was believed to be at 
its limit, but this has changed. Innovations like the 
arrival of the latest fertility, biotechnology tools, and 
crop protection catapulted the industry forward. It 
is interesting to note that most changes, which occur 
in farming technology, have often been handled with 
risk. The basic concept of precision farming is collect-
ing data, and decision-making processes on that data 
have been an essential part. The working progress and 
execution of precision farming have been made pos-
sible by using Geographic Information Systems (GIS) 

Industry Background of PA

 
Figure 2. Precision Agriculture Industry Background.
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and Global Positioning System. The data were collect-
ed with exact position by GPS receivers for mapping 
roads, field boundaries, irrigation systems, areas, and 
crops, which had problems like weeds or disease, using 
the above-mentioned technologies mentioned earlier.

Stated that most of the major agriculture commu-
nity is illiterate, making precision farming difficult; 
therefore, guidelines will be provided through an in-
teractive interface to overcome these [3]. The purpose 
was to create a repository to store data, and which 
would later help in decision-making [4]. This paper 
has proposed the reasons to adopt a particular tech-
nology and stated that profit is the foremost reason 
and environmental benefits come second. Also, stated 
that educated and experienced farmers work for profit 
and the younger farmers work for environment.

With an increase in the world’s population, the 
availability of food to all will be a challenge [5]. These 
challenges need to be addressed by adopting technol-
ogy, such as IOT (INTERNET OF THINGS), as it has 
great potential to play. The wastage of resources and 
cost of operation is reduced.

It is stated that the importance of improving the 
water usage in irrigation, agriculture, and how I will 
help in water monitoring [6]. Attention is paid to ad-
vanced monitoring methods for precision agriculture 
[7]. Talks about how precision farming is related to 
industry 4.0, also known as agriculture 4.0, underline 
the importance of an integrated information system 
(IIS). Also stated how raw data becomes information 
only when useful during the decision-making process.

This paper focused on the factors that policymak-
ers need to take into consideration while adopting 
the policy [8]. A model, “Adapted Unified Theory of 
Acceptance and Usage of Technology (AUT2),” was 
developed to know individual farmers’ intentions to 
adopt precision farming.

Their paper discusses the Precision farming tools 
(Pft’s). Precision farming is technology-based farm-
ing, where many new and complicated tools are used 
and how these digital tools affect the farmer’s work [9]. 

In this paper, they have discussed the limitations or 
challenges faced by the farmers while implementing 
precision farming and defining the role of manage-
ment information systems in processing data [10]. 

Research Methodology 
Agriculture is excessively important, as around 

60% of the population worldwide depends on agri-

culture today. Agriculture demands technology and 
data processing in the future to establish innovation in 
food production.

“Technological development, like the utilization of 
data systems and data transmission, has introduced 
radical changes to the agricultural working environ-
ment. In recent years, as by 2050, the world’s popu-
lation will reach 9.1 billion (34% greater than today), 
with 70% of the global population will be urban (equal 
to 49% today). In order to supply food to this large pop-
ulation, food production must increase by 70% [11]. 

The technologies used in smart farming will in-
crease food production in the face of constraints, such 
as climate change and other issues in the environment.”

Precision agriculture is highly beneficial, with 
some excellent educational institutes working on the 
latest technologies and R&D for the improvement in 
the agriculture sector.

The focus should be on 
• High impact area (low yield resulting per acre high 

impact)
• Manageable Area (arable land – not too small or 

too big)
• Proximity to Research Centre (access to domain 

experts, scientist, and right resources)
• Farmers are techno-savvy and financial well off 
• High on financial literacy

Technologies Involved 
GPS/GNSS

This innovation is utilized in agriculture for 
routing. It empowers the consistent information as-
sortment, giving exact position data, which leads to 
productive analysis and control of much geospatial 
information. GPS has supplanted the stripped natu-
ral eye, field area, and experienced mystery in trac-
tor guidance, crop exploring, and other farm assign-
ments. GPS empowers the farmers to precede with 
work during low permeability climatic conditions like 
rain, dust, haze, and darkness. The execution of preci-
sion agriculture and site-explicit cultivating has been 
empowered by consolidating GPS and geographic 
information frameworks. Analysts and crop advisors 
utilize the information from GPS to battle vermin 
proficiently, creepy crawlies, or weed invasions in the 
field. Harvest dusters that are furnished with GPS can 
fly over fields while applying synthetic compounds to 
the poor regions as they were. These minimize com-
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pound float by reducing over splashing in zones that 
do not require showering. Accordingly, it is helpful for 
the earth’s ground [12]. 

IoT
The Internet of things is prepared to encourage 

prolonged farming to ensure high levels of farming. 
Smart agribusiness is getting progressively typical 
among farmers, and innovative farming is rapidly 
turning into the standard. Farmers have just started 
utilizing some innovative cultivating strategies and 
advancements to improve the efficiency of their daily 
working processes, as the sensors set in fields permit 
farmers to get details of both the geology and assets in-
side a territory, additional factors like acidity and tem-
perature of the dirt. Tech is used in climate forecast to 
predict weather patterns [12]. 

Farmers can utilize their cell phones to track their 
gear, crops remotely, and different things on the field 
and acquire details on their animal’s feeding and pro-
duce. They can even utilize this innovation to run 
measurable predictions for the crops and domesticat-
ed animals. 

What is more! Drones turned into a valuable de-
vice for farmers to study their territories and generate 
crop information.

As a solid model, John Deere (one of the most sig-
nificant names in farming gear) has started associating 
its tractors to the net and has made a system to show 
information about farmers’ crop yields. Like smart ve-
hicles, the enterprise spearheads self-driving tractors, 
which will discharge farmers to perform different du-
ties and further increment efficiency.

Mobile Apps
The portable agriculture applications have truly 

increased boundless acceptance among present-day 
producers because of their flexible nature. These appli-
cations can perform many tasks inside the farm fields, 
which incorporate making farm maps, managing prop-
erty information, exploring the farm, and flying agri-
cultural automatons over the field, among numerous 
different employments that the farmers require. The 
helpful and convenient nature of Agri-portal applica-
tions is the thing that has empowered them to acknowl-
edge prevalence among farmers. Rural experts have 
kept on picking benefits and profitability by utilizing 
versatile innovation improvements. Extending from in-
formation collection and tracking machine execution 

to recording crop exploring exercises and controlling 
automatons, portable applications are currently a key 
part of the realm of precision agribusiness [12]. 

Sensors
The accurate monitoring of crops is done by the 

implementation of smart sensors and mapping fields. 
This method allows the farmers to optimize fertilizers, 
weed treatments, and water only if needed. Sensors are 
important tools in modern agriculture management. 
They are deployed to boost productivity in agriculture 
and reduce both cost and impact on the environment. 
It optimizes nitrogen fertilizer use, which reduces the 
amount of nitrous oxide released from soil, and soil 
health is managed and monitored, eliminating nutri-
ent depletion. There are various sensing technologies; 
some of them are implied in precision agriculture to 
give data to observe and optimize crop yields.
• Optical Sensors: The purpose of an optical sensor 

is to measure a physical quantity of light, which is 
used to measure soil properties. These Sensors can 
be fixed on the agriculture equipment, mainly on 
vehicles, and are developed to know the moisture 
content, chemical content, and fertility of the soil.

• Location Sensors: GPS maps the locations by 
knowing the geo-points, such as latitudes, longi-
tudes, and altitudes of the fields.

• Electrochemical Sensors: These sensors tell about 
the pH and nutrient contents of the soil. Electrodes 
in these sensors work by detecting specific ions 
within the soil.

Rate controllers
They are used as stand-alone systems. It is import-

ant to monitor and reduce chemical inputs, like pes-
ticides and fertilizers, either liquid or granular, in the 
field, which is done by Rate controllers and monitors 
the speed of vehicles used for work in the field. 

Precision Irrigation Systems
There is much focus on the irrigation system. Drip 

irrigation and better management of farms through 
good irrigation systems are important to achieve effi-
ciency in water use on the fields. The focus is on farm-
ers to teach them the language of irrigation.

Scope and Adoption of Precision Farming
It is essential to take PA forward by making an im-

mense asset of designers, researchers, and agricultur-
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ists to create different innovation segments. Further-
more, it is conceivable with incredible labor and thus 
great R and D, PA to succeed.

In precision farming for mini-farms, compact 
farm machinery, technologies like robots can be used, 
which are not indulging in compacting the soil and 
are runnable on the source of renewable fuels, such 
as biogas, compressed biogas, and agriculture residual 
formed electricity. In such farms, precision agriculture 
tends to be effective, as many farms in the US and Eu-
rope have already started using robots. There are sev-
eral compact robotic machines and drones available. 
It could be an ideal way to boost the precision agricul-
ture application.

Industries need to take hold since they will develop 
the technical machine and found out the leasing agen-
cies leading to job creation in precision agriculture. 
More students would be able to pursue their careers 
in agriculture.

Market Components
• Sensors will dominate the precision farming mar-

ket in 2025 with a share of over 18%, as shown in 
Figure 3.

• The high-precision positioning systems held a 
dominant share of over 27% in 2018.

• The yield monitoring application segment held a 
significant portion of over 24% of the market in 
2018.

• Irrigation Management is poised to grow at 32% 
over the next five years in emerging markets [13] 

 
Figure 3. Precision Farming Market, by Component.

Indicative Approach
Figure 4. shows the Detailed Approach to Precision 

Farming.

Obstacles
In Precision Agriculture, the paradigm associat-

ed with it is a foremost concern, but the technologies 
have never been the concern. Technologies deter-
mined and accepted to be a remarkable notion only 
in some areas where it is feasible for farmers markets. 
The sophistication of precision agriculture demands a 
higher expenditure. 

In order to reinstate the development cost, innova-
tors and companies are trading the types of machinery 
and equipment is on a higher price scale. These are 
easily accessible by the farmers willing to spend a huge 

 
Figure 4. Approach to Precision Farming.
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amount of money on developing an economically vi-
able solution. 

Furthermore, operating these machines is quite 
complex. It requires knowing the detailing of the us 
module along with a basic understanding of technol-
ogy. The result is that inducing access to precision ag-
riculture is quite difficult and onerous in the locale, 
which marks the scarcity of resources, education, and 
expenditures. Perhaps, it is strongly recommended to 
find a way to spread precision agriculture at the global 
level to enhance food availability further.

Information gathered may be advanced for farmers. 
In this manner, investigation and understanding devic-
es may also be required, which is an extra expense.

Farmers’ education and awareness about the useful-
ness of precision farming could change the rigid behav-
ior of the farming industry for being techno-friendly. 
The money-saving advantage examination proportion 
is another key point. Farmers cannot unquestionably 
build up when they would earn back the original in-
vestment and beat their expenses and inevitably show 
signs of improvement pay off, like the after-effect of 
Precision Farming.

Farmers are not so financially sound, which is one 
of the major drawbacks of implementing Precision 
agriculture; mostly small-scale farmers suffer due to 
this and are afraid to invest. They continue using their 
traditional techniques for farming.

Good internet connectivity is still the issue in rural 
locations, making precision farming a tough choice 
for farmers [14]. The bandwidth speeds and network 
issues must be given utmost importance, or imple-
mentation of digital farming will remain problematic. 
The use of AI will shoot up, relieving farmers of most 
of their decision-making roles. However, the amount 
of e-waste generation will also rise. Without proper 
management, we will have another big problem at our 
hands before one is solved. The challenges are aplenty, 
and it remains to be seen how well we prepare our-
selves to face them.

In huge farms, the old farming methods that in-
volve more hard work and personal inspections can-
not be followed, which would lower the speed of food 
production. Smart work and automation in farming 
would solve the existing problems.

Results and Discussion 
PA is doing a great job, but there is a need for 

more predictive maintenance tools that would antici-

pate damages and help avoid losses. Teaching farmers 
about the same is the need of the hour. Farmers should 
have an entire knowledge, so the platforms are often 
configured optimally.

Small-scale farmers usually find it difficult to par-
ticipate in the implementation of precision farming, 
the reason being they are less aware of the technolo-
gies and lack enough funds to invest, but this could be 
solved only if a large MNC can accept the agreement 
with small-scale farmers and assist in technical help 
and financial aids required for implementing Preci-
sion agriculture.

In return, the farmers can agree to share their prof-
it percentage. The government can actively participate 
in providing financial, nonfinancial, and technical as-
sistance [15]. 

Unsurprisingly, technology heavyweights, such as 
IBM, Amazon, and Microsoft, are also taking preci-
sion agriculture seriously. For instance, Microsoft has 
a beta platform called “Farm Beats” that intends to be 
the “underlying plumbing” of the precision agriculture 
world. Farm Beats solves the farm connectivity prob-
lem using TV white spaces (the frequency of unused 
TV channels) to connect the farm to the cloud. A lot 
of the decisions that growers make are based on guess-
work. It is important to replace that guesswork with 
data.” “It is not just about growing more food. We need 
to grow more nutritious food, good food, and we need 
to grow that increased good food without harming the 
environment [17]. ”

Potential solutions for challenges do exist. Like 
other industries faced with multiple technologies and 
business model disruptions, players in the precision ag-
riculture field need to take some unconventional steps. 
First, a critical look at future core competencies is nec-
essary. An understanding of the required investments 
to build or acquire these core competencies must be 
developed. Based on this understanding, companies 
must evaluate how they can finance the transition from 
old core competencies to new core competencies. Even 
more importantly, a decision must be made on manag-
ing the transition phase itself, during which both sets 
of competencies need to be supported. Accordingly, re-
sources need to be pooled across industry participants 
and potentially between competitors.

Conclusions 
Farming in India should be an important concern. 

Precision agriculture should be given utmost impor-
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tance, as it has various opportunities for farmers. The 
right kind of technology can be identified for their 
work, which would ease working. However, farmers 
should be educated about the same [15]. The govern-
ment should take the initiative and provide loans to 
the industry in an easy manner and provide them op-
portunities to learn the use of technology to motivate 
and uplift themselves in PA activities. Precision farm-
ing will become the standard. Automation will help 
farmers manage the farm with fewer people, and the 
agriculture sector will further consolidate [16]. The 
degree of professionalism will increase, especially on 
large farms. A shortage of qualified people in the field 
of agriculture will be a major challenge. The Internet 
of things and advanced analytics are two major attri-
butes in the new farming industry. Data science plays 
a major role, as advanced analytics helps forecast data 
and ensure that things are done right in the field. The 
farmers need to be focused and coordinate with data 
science companies to learn how analytics work, which 
would, in turn, help farmers to plan actions according-
ly. Educating farmers is the need to operate the right 
kind of activities in farming and make it better with 
less hard work and more smart work. Precision agri-
culture should become the only choice in agriculture 
to meet tomorrow’s needs and today’s requirements.
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Abstract
Objectives: To find the impact of COVID-19 on the sports in-
dustry and how the industry will adapt to the changes. 
Methodology: Secondary data was collected from several 
websites related to various sports’ revenues, broadcasting, and 
sponsorships. Primary data was collected in the form of public 
opinion to analyze the change in the coming years. A qualita-
tive method was used for the analysis. 
Findings: After analyzing the data following results are in-
dicated concerning the changes in the sports industry: a) 
Sports industry is set to take a massive loss in terms of rev-
enue, b) The public would not attend any sports event until 
early next year or until a vaccine is developed, whichever is 
the earliest. 
Limitations: The limitations of the research could be the 
revenue data which is likely to change with the resumption 
of sporting activities. Public opinion might vary as the situ-
ation improves, and the idea will differ from one country to 
another.
Application: The study will be helpful for all sports enthusiasts 
as they would get to know the overall industry scenario and for 
students who would want to explore the sports industry from 
the outside.
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INTRODUCTION
When we hear the word sports, the adrenaline rush 

it generates inside our bodies is immense. Sports not 
only help us keep ourselves fit and fine but also aids 
in cleaning the mental blockage. One should spend at 
least half an hour doing yoga or performing some ex-
ercise, which can be as simple as walking. 

In today’s day and age, sports play an essential part 
in everyone’s life, given the speed our life is going. 
With time, it has become a profession where there is 
no shortage of fame and money. Although the compe-
tition is sky-high, rewards are worth giving it a shot. 
This brings us to talk about the sports industry, which 
is growing day by day [1]. According to the sports in-
dustry is worth USD 488 billion, which is indeed a 
mind-boggling number. The industry is often termed 
a crisis-proof industry. The industry has been disrupt-
ed only in times of war. Other than that, it has been 
on a roll. 

In December 2019, last year, in a Chinese city called 
Wuhan, a virus broke out, which initially affected the 
country and, over time, turned pandemic. According 
to the novel coronavirus gains entry into the human 
body via the cell receptors as the severe acute respirato-
ry syndrome (SARS). The primary source of the virus is 
supposedly said to be a bat since the RNA sequencing is 
similar to 2 bat corona viruses [2]. The virus has affect-
ed almost 62 lakh people worldwide, killing more than 
3.7 lakh people (Wikipedia). The virus has forced gov-
ernments around the world to impose strict lockdowns 
in their respective countries. This means that the global 
economy is in great danger, with almost every industry 
taking a significant hit. In this scenario, the so-called 
“recession-proof industry” is also set to suffer massive 
losses due to the coronavirus pandemic. This research 
paper will look at how significant a loss is for the sports 
industry and how it will look once lockdowns are lifted 
around the world [3]. 

OBJECTIVE
First, we need to understand that the world will 

never be the same again, and the time in which we are 
living is going to be divided into two eras, namely be-
fore corona and after corona. People worldwide will 
adapt to the new normal, which would include social 
distancing, compulsory wearing of masks, regularly 
washing hands with soap, and using sanitizers. As of 
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today, since the majority of the countries have imposed 
lockdown, people are getting used to this. The chal-
lenge would be to see that people stick to these rules, 
irrespective of their place, whether it be while travel-
ing or on office premises. This thing becomes hugely 
critical for a professional sports person. The reason is 
that apart from a few sports that can be played individ-
ually, most of the jokes are team-oriented. It becomes 
imperative that they take care of their health and play 
the game with minimal physical contact.

The objective of the research is to explore how the 
sports industry is currently facing the COVID-19 cri-
sis and what changes must be incorporated within the 
industry in general so that it gradually gets on its feet 
and become the reason behind the smile of billions of 
people hooked to the industry for their entertainment.

LITERATURE REVIEW

Sports Industry
First, let’s look at what the sports industry is all 

about and what we mean when we talk about the in-
dustry. It is not about the games played in an arena, a 
stadium, or some sport complexities. It is much broad-
er, and everything related to the sports, be it indoor 
games, the outdoor games, athletes, sportspersons, the 
pieces of equipment used while playing a game, the 
apparel worn by the athletes, to name a few are some 
of the things that makes up the industry [4]. 

According to the sports industry is defined as the 
mass congregation of people in the economic-related in 
the sports field - those who exchange products and ser-
vices, organizers of sporting events, providers and users 
of sports information, and other operators of the sports 
market. He further elaborated that the sports industry 
is made up of fans, comprises several companies which 
manufacture sports-related goods and sports person-
alities [5]. According to the sports industry is vaguely 
described as an industry in which the products in the 
offering are directly related to fitness, sport, and leisure 
activities. Sports industry products include recreation-
al, fitness, sports activities, and all services and material 
goods related to these fields. Moreover, the sports indus-
try comprises marketing, management, finance, and oth-
er administrative and business interests and services [6]. 

As per the modern era, the sports industry consists 
of activities to promote public welfare to the country. 
Technology has evolved in the past few years and has 
cut through various industries. The sports industry 

is growing with technology, and in the coming years, 
it is expected to play a massive role in the industry’s 
growth. According to specific economic indicators, 
the one industry which is an area of constant change 
and progress is the sports industry [7]. According to, 
the quick profit made by the sports industry indicates 
how developed the sports industry is. Figuratively 
speaking, the profit made by the industry in 2006, 
which was around 106 billion dollars, has increased to 
approximately 146 billion dollars in 2014.

The fate of Major Sporting Events
Due to the spread of coronavirus worldwide, al-

most all the sporting fraternities decided to postpone 
the sports events until the situation improved. Initially, 
several events were held without any crowd support to 
break the coronavirus chain and ensure that the trans-
mission of the virus doesn’t occur among the fans [8]. 
The NBA season was canceled after a player was tested 
positive [9]. Various other sporting events were forced 
to cancel as soon as the virus spread from one region 
to another. Public gathering was banned to prevent the 
spread of the virus [10]. On March 24, 2020, it was de-
cided that the Olympic and Paralympic Games Tokyo 
2020 would be postponed to Summer 2021 by the IOC 
(International Olympic Committee) [11]. 

Let’s look at all the events that have been postponed 
or canceled in the wake of the coronavirus. The most 
popular sports globally [12] , governed by FIFA and 
other regional bodies, have also called for a postpone-
ment of various events. The football league season of 
South Korea restarted on May 8. The Bundesliga re-
sumed on May 16 behind closed doctors. Copa Amer-
ica has been postponed until further notice, and the 
Euro 2020 has also suffered the same fate [13]. The 
International Tennis Federation (ITF) has also sus-
pended all its major events, including the Grand Slams 
such as Wimbledon, French Open, and various ATP 
events in the wake of the coronavirus pandemic [14]. 
The second most popular sport globally, cricket [15] , 
has suffered a setback due to the coronavirus. England 
tour to Sri Lanka has been rescheduled to January 
2021. The richest cricket league in the world, IPL, has 
also been postponed indefinitely but will take some 
later this year at some point in time. Formula One is 
all set to start from July 3 behind closed doors, as it will 
resume the Austrian Grand Prix, followed by the Brit-
ish Grand Prix. The rugby test matches to be played in 
July have been postponed until further notice due to 
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the rising coronavirus cases and travel bans across the 
globe. This was announced by the governing body of 
world rugby on May 15 [16]. 

As can be seen that almost every sporting event has 
been canceled or postponed until further notice, it is 
expected that the sports industry is going to take a mas-
sive hit due to the coronavirus pandemic. The three 
central revenue generation of sports are 1) broadcast-
ing wherein media rights are sold, 2) commercial which 
deals with sponsorships and advertisings, and 3) match 
day revenues which includes hospitality and ticketing. 
With all the three income streams set to be affected, the 
industry as a whole will take a massive hit [17]. 

RESEARCH METHODOLOGY
We referred to various sports websites, sports ar-

ticles, periodicals, and blogs to get the desired data 
for the research and data analysis. For this particular 
research, we have used both primary data as well as 
secondary data.

To figure out the number of losses suffered by vari-
ous sports bodies and the sports, in particular, second-
ary data was collected.

A questionnaire was developed to find out the 
people’s mood as to how their lives have been affected 
by the lack of sports, and in general, about the sports 
industry [18]. So, their responses which we collected 
would be a source of primary data.

A total of 153 people, whose age varied from 20 
to 50 years, were asked a series of questions about 
the industry. Out of the 13 questions, 4 were related 
to attending any sports event, 3 questions dealt with 
their fitness and if they would be comfortable going 
to the gym. In contrast, the remaining six questions 
were about the sports industry and how people feel the 
industry should work post the coronavirus pandemic. 

So, both primary and secondary data were used for 
the research purpose.

DATA ANALYSIS
Now that we have seen that almost every sport is 

being affected by the coronavirus, let’s talk about the 
numbers because it would matter. We will cover all 
the major sports, including the Olympics, and see how 
heavy a loss is for the industry [19]. 

National Basketball Association (NBA)
Potential loss of ticketing revenue for NBA: USD 

690.7 million

The gate revenue accounted for USD 450 million, 
whereas the non-ticketing revenue accounted for USD 
200 million, and the remaining USD 40.7 were miscel-
laneous expenses [20]. 

Olympics
No of people set to be impacted due to the post-

ponement of the Tokyo Olympics due to the coronavi-
rus pandemic: [21] 
1. Olympic Athletes = 11000
2. Paralympic Athletes = 4400
3. Unpaid volunteers = 80000

Expected loss to the major stakeholders of the To-
kyo Olympics due to the coronavirus pandemic: [22] 
1. Japanese organizing committee = USD 5.59 billion
2. City of Tokyo = USD 5.53 billion
3. Japanese businesses = USD 3.22 billion
4. Central government = USD 1.39 billion
5. No of new stadium constructed for the event = 277
6. Total spent = USD 13.4 billion

Expected loss to partners and advertisers associat-
ed with the Tokyo Olympics due to the coronavirus 
pandemic: [23] 
1. Local sponsorship partner = USD 900 billion
2. NBC advertising = USD 1.25 billion

Insured cost of Tokyo Olympics
1. Total cost including TV rights and sponsorships = 

USD 2 billion
2. Hospitality = USD 600 million
3. Reinsurance premium lost after a postponement of 

Olympics = USD 750 million [24] 

Football
Expected loss to the UEFA by postponing the 

EURO 2020 [25] 
• In the scenario when it gets postponed, it will cost 

around USD 333 million
• In the scenario when it gets canceled, it will cost 

around USD 444 million
• Maximum revenue loss of European Football 

League [26] 
• Premier League
1. Matchday = USD 199 million
2. Broadcasting = USD 888 million
3. Commercial = USD 333 million
• La Liga
1. Matchday = USD 188 million
2. Broadcasting = USD 666 million
3. Commercial = USD 222 million
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• Bundesliga
1. Matchday = USD 154 million
2. Broadcasting = USD 444 million
3. Commercial = USD 275 million
• Serie A
1. Matchday = USD 111 million
2. Broadcasting = USD 495 million
3. Commercial = USD 165 million
• Ligue 1
1. Matchday = USD 66 million
2. Broadcasting = USD 222 million
3. Commercial = 154 million
4. Revenue loss of Serie A football league [27] 
• Matchday = USD 77 million
• Commercial = USD 110 million
• Broadcasting = USD 594 million

Estimated revenue loss of Juventus FC [28] 
• Tickets = USD 27.5 million
• Sponsorship = USD 44 million
• TV rights = USD 49.5 million

Formula One (F1)
• Potential loss of revenue for F1 [29] 
• Average hosting fee per race = USD 28.7 million
• Total hosting fee for season = USD 602.1 million
• Revenue loss = USD 84.3 million
• Loss in market value of F1 = USD 5 billion
• Loss of revenue due to cancellation of 
• Chinese Grand Prix [30] 
1. Hosting fee = USD 33.1 million
2. Corporate hospitality ticket = USD 5.1 million
• Vietnam Grand Prix [31] 
1. Hosting fee = USD 35 million
2. Title sponsor = USD 6 million
3. Corporate hospitality ticket = USD 5.1 million

National Football League (NFL)
An estimated loss of revenue if games are played 

without fans [32] 
• Local revenue per team = USD 100 million
• League-wide revenue = USD 3.2 billion

Cricket
• The estimated loss to BCCI if IPL is canceled this 

year = USD 530 million [33] 
• The estimated loss to ECB and Wales Cricket 

Board, if the entire cricketing season is canceled = 
USD 481.626 million [34] 

• The estimated loss to Cricket Australia, due to 
coronavirus pandemic = USD 313.42 million (sub-
ject to the condition that if India’s tour to Australia 
gets canceled) [35] 

The Way Ahead
Now that we have seen the financial implications of 

coronavirus on the sports industry, it’s pretty evident 
that one must learn to live with the virus until a vac-
cine is developed. Individuals, and especially athletes 
involved in the industry, must take proper precautions 
to see that they are not infected with the virus.

Need for Prevention
As athletes are expected to be fit, given their in-

dustry, the chances of them getting infected by the vi-
rus are significantly less. In today’s scenario, nothing 
can be left to chance, and proper precaution must be 
taken. First, it must be seen that the transmission of 
COVID-19 is prevented among individuals living in a 
society who are more prone to the coronavirus, which 
includes the geriatric population, and immune com-
promised [36]. The prevention of the virus is impera-
tive for a sportsperson to reduce obstacles in training 
and the adverse effects on their respiratory tract and 
aerobic capacity for a longer and shorter duration.

Preventing Transmission
The first known case of the coronavirus can be 

traced back to the seafood market in Wuhan. The vi-
rus started spreading from one person to another via 
respiratory droplets [37]. The transmission can occur 
when the virus gets transferred from one body to an-
other in respiratory secretion from sneezing or cough-
ing [38]. According to data, the rate of secondary 
COVID-19 infection falls in the bracket of 1 to 5 %. 
It’s advisable to avoid touching one’s ears, nose, mouth, 
and eyes before washing one’s hand with soap and wa-
ter because if a person comes in contact with the virus, 
he is expected to get infected by the virus.

Meanwhile, sports trainers must support the ath-
letes and teams during the current COVID-19 pan-
demic by telling them to adopt the following preven-
tive measures.
• Hand Hygiene: It is recommended that one wash 

their hands with soap and water for a minimum 
of 20 seconds or use sanitizers if there is no soap 
and water option. Since it is observed that the vi-
rus can live and manage to survive for 12 hours, it 
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is advisable that the surfaces and objects that are 
regularly touched must be frequently cleaned and 
disinfected [39] 

• Social Distancing: The most potent weapon to fight 
the coronavirus in the world today is wearing a mask 
and social distancing. It means that a certain distance 
must be maintained between individuals to mitigate 
the risk of transmission of the virus. It varies from 
one region to another. It is advisable to maintain a 
distance of 6 feet between individuals. This practice 
is being promoted by governments around the world 
and is promoted by athletes as well [40] 

• Travel: To lower the transmission rate, the major-
ity of the countries have imposed lockdown, due 
to which traveling has been restricted. Several 
measures have been taken, ranging from canceling 
flights, imposing travel bans from severely affect-
ed countries to quarantine for 14 days after re-
turning from a region where the virus is spreading 
like wildfire. Various measures are in place, such 
as checking the body temperature and assessing 
for symptoms of COVID-19. Traveling within the 
country has started in many countries, but athletes 
are training not to transmit the virus. As and when 
the tournament begins, athletes will take extra care 
of themselves and their surroundings.

• Face Mask: The so-called new-normal starts with 
the use of face masks. Those asymptomatic athletes 
are advised not to wear masks to prevent them from 
being affected in the community setting. The inap-
propriate use of shows will lead to disruption in the 
supply chain, wherein health care workers can have 
a shortage of masks, which can prove fatal.

RESULTS

Public Opinion
To find out how much has the coronavirus affect-

ed the commoner when it comes to their perspective 
about the sports sector and their experience of attend-
ing any major sporting events in the coming months? 
There were a total of 153 respondents, which belonged 
to various age groups. The distribution of the age 
group was as follows.

Out of the 153 correspondents, 37 belonged to 
age group 20-25, 21 belonged to age group 26-30, 44 
belonged to 30-35, 26 belonged to 35-40, and the re-
maining 25 belonged to the 40+ age group shown in 
figure 1.

 
FIGURE 1.Age group

First question
What measures must be taken to ensure fans feel 

safe to attend sports events during the pandemic?
The responses were as follows.
Figure 2 shows we can see, the need to wear masks 

was the top priority, with 141 respondents opting for 
shows while attending any event.

 
FIGURE 2.Measures were taken to attend Sports Events
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The use of hand sanitizers also got 138 votes, which 
is also said to be a part of our system.

Thermometer screening of patients got 132 re-
sponses as people feel patients with high body tem-
perature will not be allowed to attend the event.

The information that the entire arena is sanitized 
also helped its cause as 129 respondents felt safer.

The use of thermal imaging cameras got the sup-
port of 111 people.

Second question:
What should be done before the fans feel safe to 

attend an event during the pandemic? Let’s see what 
people think.

Figure 3 shows Out of the 153 respondents, 97 re-
spondents feel that they will attend any sporting event 
only when a vaccine becomes widely available. 39 peo-
ple think that when treatment for symptoms becomes 
widely available, they will follow any sporting event. 
So, we can see that safety is the highest priority for the 
majority of the respondents.

Third Question:
Based on what you know about the coronavirus, 

are you currently more or less likely to go to the gym?

Figure 4 shows the majority of the people are less 
likely to go to the gym during the pandemic, as 109 are 
much less likely, and 30 are somewhat less likely to go 
to the gym. This further implies people are not willing 
to take the risk amid a pandemic.

Fourth Question:
Figure 5 shows the estimated time scale for being 

able to go to the gym or an exercise class due to the 
coronavirus (COVID-19) pandemic

Figure 5 shows we can see, almost 74% of the re-
spondents, which is about 113 people, think that only 
in the next six months or so, it would be safe to go to a 
nearby gym or an exercise class. Here too, safety is the 
most crucial criterion.

Fifth question:
How much do you think the coronavirus has had 

a positive or negative impact on the sports industry?
Figure 6 shows can be seen from the response, 139 

respondents feel that sports have been negatively im-
pacted, and of those, 103 respondents think that the 
impact has been a major one. It is also clear from the 
analysis we have done earlier how significant the result 
has been for the industry.

 
FIGURE 3.Milestones to attain before sports fans feel comfortable attending a sporting event

 
FIGURE 4.Response on going to the gym
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Sixth Question:
The opinion of the people whether they think 

sports leagues are doing the right thing by suspending 
the sporting activities

Figure 7 explained everyone, that is, 143 respon-
dents, feels that the sports league is doing the right by 
suspending the season in the wake of the coronavirus 
pandemic. Although it will have a financial implica-
tion, the safety and well-being of the players are of ut-
most importance.

Seventh Question:
How much impact has the lack of live sports due to 

the coronavirus (COVID-19) pandemic had on your 
daily life?

Figure 8 shows 67 respondents feel that their life has 
been moderately impacted due to the lack of live sports. 
53 respondents have either been influenced strongly or 
strongly, whereas the remaining 33 respondents have not 
been affected that much due to the lack of live sports.

Eighth Question:
Preferred alternative content to live sports during 

the coronavirus (COVID-19) pandemic

The respondents either watch classic games or 
sports countdown shows as 106 respondents have cho-
sen either of the two, whereas the remaining select-
ed talk shows or documentaries to replace live sports 
shown in Figure 9.

Ninth Question:
What do you think should happen to sports events 

which the coronavirus outbreak has impacted?
Figure 10 shows pie chart; we can see that 106 re-

spondents feel that the sports event should be post-
poned until the situation improves 27 respondents 
who look as sports enthusiasts feel that sports should 
be held behind closed doors. The remaining 20 re-
spondents thought that the event should be canceled. 
This implies that most people believe that sports can 
be organized later once the situation improves.

Tenth Question:
Should the Indian Premier League 2020 started 

during the coronavirus (COVID-19) pandemic
Figure 11 shows we get two contradicting opin-

ions. 67 respondents feel that the IPL should be held 
behind closed doors, whereas 53 respondents think 

 
FIGURE 5.Timescale before venturing out to the gym

 
FIGURE 6.Impact of coronavirus on the sports industry
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FIGURE 7.Response whether cancelling the league is correct or not

 FIGURE 8.Impact on daily life due to lack of live sports

 
FIGURE 9.Alternative content to live sports

 FIGURE 10.Response to the fate of sports events during the pandemic
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the event should be canceled this year. The remaining 
33 respondents are either unsure or are waiting for the 
situation to improve before it can be conducted. Since 
cricket has a huge fan following in the country, people 
feel that the IPL is scheduled in September might help 
the economy and lift the nation’s mood.

Eleventh Question:
Figure 12 shows the sports team lay off full-time 

staff due to coronavirus (COVID-19) pandemic since 
the economy is precarious, sports teams are trying to 
lay off full-time staff, but people feel that they should 
not be laid off as the staff also have a family to look af-

ter and have mouths to feed. If they are laid off, then it 
would mean trouble for many households. Hence 132 
respondents feel that this is not the right thing to do.

Twelfth Question:
Based on what you know about the coronavirus, 

are you currently more or less likely to go to sporting 
events?

A figure 13 show the situation is pretty grim right 
now; the respondent also feels that they are doubtful 
to attend any sports event if it is held right now. 138 
respondents would not participate in any sports event, 
as seen from the pie chart above. 

 
FIGURE 11.Response to the fate of IPL for the current year

 FIGURE 12.Response to laying off of full-time staff

 
FIGURE 13.Response to attending sports events in the current scenario
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Last Question:
Based on what you know about the coronavirus, 

when do you expect to feel comfortable attending a 
live sporting event in person again?’

Figure 14 shows this question sums up the people’s 
mood as a whopping 133 respondents would either 
wait for the vaccine to develop or attend any sports 
events next year. This year the entire sports event has 
to do away with the crowd. It will lose its sheen, but as 
we say, the show must go on. 

LIMITATIONS AND FUTURE AREAS  
OF RESEARCH

The scope of research in this area is quite broad, 
as we can see countries are trying to open up and get 
their economic activities up and running. The sports 
industry also plays a significant part in it since, in Eu-
ropean countries, football leagues have started resum-
ing their pending season. The numbers mentioned in 
the research might vary a little. The United States of 
America (USA) has also opened up but is yet to an-
nounce any resumption of significant sporting activ-
ity. The overall scenario is pretty much grim around 
the world. The limitations of the research could be 
the revenue data which is likely to change with the re-
sumption of sporting activities. Public opinion might 
vary as the situation improves, and the idea will also 
differ from one country to another. In countries where 
the curve has flattened, such as New Zealand and Aus-
tralia, people would be eager to go out and explore, 
whereas, in India, people would be hesitant since the 
cases are still increasing.

CONCLUSION
The research analysis was bifurcated into two seg-

ments, wherein the first segment was about the ex-

pected losses various sporting bodies and particular 
sports, in general, would suffer. In contrast, the sec-
ond segment was all about seeking the public’s opin-
ion, about how they think the sports industry has been 
affected, and how their life has been affected due to 
the absence of live sports and not being able to go to 
the gym.

In the first segment, we saw how massive the loss 
was for every individual sport and its financial impli-
cations on the postponement of the Olympics, and to 
Japan in particular who is supposed to host the event. 
The only scenario where the event will altogether be 
canceled will be if the virus is not contained by the end 
of the year or the vaccine is yet to come out. In that 
scenario, the losses will be twice as much as is there 
in the event of postponement or, who knows, maybe 
beyond that. It is now upon individual sporting bodies 
managing the respective sports as to how to go about 
in this scenario where thousands of jobs are at stake. 
They must figure out a way so that at least the employ-
ees’ jobs remain intact, even if it means a cut in pay 
cheques.

In the second segment, one came across a common 
factor affecting all the respondents’ answers, which is 
safety. Safety is the primary concern in the public as 
they are well aware that until and unless the present 
scenario improves, they would not venture out from 
their home. The respondents were also aware that the 
coronavirus had a significant negative impact on the 
sports industry and felt that it would be better if vari-
ous sporting leagues worldwide resumed once the sit-
uation improved. Most respondents would attend any 
sporting event only after a vaccine is developed to fight 
the deadly virus. As the economy is slowly opening up, 
sporting activities are also taking place in many parts 
of the world. But it would take some time before we 

 
FIGURE 14.Response to the month in which the people will feel comfortable attending the sporting events
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see things getting back to normal. Hopefully, a vaccine 
would do the trick.
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Abstract
The world witnessed the biggest pandemic in almost 100 years, 
the impact of which is felt in all walks of life. It will be early days 
to predict too many things. But it is essential to foresee the 
economic impact of COVID-19. In India, which was already in 
economic turmoil, it remains to be seen how this new blow will 
affect the economic cycle. The paper attempts to do this in var-
ious sectors like agriculture, tourism, and industrial sectors. Sec-
ondary data is reviewed for the study. The paper also discusses 
innovations in this reference, and it also discusses the steps that 
the country is taking to sustain this situation. It uses estimation 
techniques for predicting the economic impact in the various 
sectors. The paper identifies and analyses the various factors 
that led to the significant disturbance of farming systems and 
the agricultural sector as a whole following the lockout, using 
quantitative and qualitative sources of knowledge with an em-
phasis on the Indian state of Uttar Pradesh, including expert 
elicitation and a farmer survey. Our research found that a short-
age of migrant labor in some regions and a surplus of jobs in 
others had a significant impact on the April crop, resulting in 
a decrease in agricultural wages in some communities and an 
increase in others, as well as significant production losses.
Keywords: Economic Turmoil, Quantitative Knowledge, Agricul-
tural Sector, Farmer Survey, Agricultural Wages
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Introduction 
On 31st December 2019 in Wuhan Town, in Chi-

na first patient with coronavirus disease was found. 
After that, coronavirus diseases (COVID-19) have 
been spread across the world, causing all economies 

to fall. The COVID-19 outbreak has affected globally 
in greater numbers. The Indian economy was facing 
an economic slowdown before the COVID-19 hit the 
Indian economy. The first patient was found in Ker-
ala state in India; after that, it spread like wildfire. 
The rapid spread of COVID-19 made many coun-
tries do lockdowns [1]. World Health Organization 
(WHO) declared it as a global pandemic, and world-
wide patients are increasing day by day. The report 
stated by WHO says that more than 227 countries 
are affected globally. Worldwide confirmed cases of 
COVID-19 are 5.34 Million, Recovered 2.14 Mil-
lion, and deaths are 3,43,0000. In India, COVID-19 
confirmed cases are 13, 20,000 recovered 54,111, 
and deaths 3,867 according to World meter as of 
24th May 2020. Coronavirus greatly impacted the 
economy. Because of this, many businesses are shut 
down. Since all markets are interconnected global-
ly, the lockdown of china affected the supply chain. 
Lockdown affected the economy’s supply and de-
mand curve, resulting in supply and demand shock, 
which is the worst phase that the economy is fac-
ing. The Gross Domestic Product (GDP) of India is 
likely to decrease from 5.8–1.9% in FY21, estimated 
by the International Monetary Fund (IMF), which 
is the “worst recession since the Great Depression.” 
It would overshadow the economic harm a decade 
ago caused by the global financial crisis. In this lock-
down situation, many companies are shutting down, 
lakhs of employees are being fired out [2]. They are 
bailing out people temporarily. Major sectors that 
needed labor for their production are in a frozen 
state it includes manufacturing industries, aviation 
industries, sports and entertainment industries, etc. 
On the other hand, the agriculture sector was affect-
ed badly, as it was before harvesting, the crops are 
still in the field, and farmers are facing huge losses. 
The agriculture sector’s contribution to the GDP is 
high, so its GDP growth will be affected this year, 
2020-21.

Objective
This paper has the goal of

• To know the specifics of how different sectors in-
fluenced COVID-19. 

• The age of COVID-19 is an emerging break-
through.

• State steps to get the economy back on track.
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Literature Review
COVID-19 is another respiratory disease that dis-

rupted the supply chain, which disrupted the supply 
and demand curve. Essentials are costly because the 
supply failed down abruptly. Demand-side shock and 
supply-side impact were described [3]. On the Indian 
economy and supply chain. This paper also explained 
how the economy is losing $4.5billion every day, im-
pacting the economy, although production is also on 
standby. Goods that are on the intermediate and final 
stage of production facing a shortage of components as 
India is the highest exporter of raw material to many 
countries. The global recession made the COVID-19 
worsens, and social isolation contributed to the finan-
cial markets, companies, and events being shut down. 
Furthermore, protecting public health and business 
protection by the customer made this difficult to sur-
vive for most economies, which has speeded up the 
epidemic’s rapid development. The resultant situation 
is a prolonged lockdown [4]. A very limited amount of 
study has been done on this topic. But, as the virus has 
been spreading rapidly, which cannot be controlled 
through any vaccines, there is a need for certain stud-
ies that would suggest possible ways in which an econ-
omy should progress when the lockdown gets over. 

Research Methodology
Information in this report is utilizing secondary re-

search, including the research which was already pres-
ent. In this report, the word GDP representing Gross 
Domestic Product and 2020* and 2021* indicates the 
data is using estimation. The research structure first 
identifies the impact on an economy and how the dif-
ferent innovations emerged in a different sector to re-
cover the lost business and a new way of distribution 
channel with the less human touch. This research pa-
per would examine the impact of COVID-19 as well 
as government policies. The confinements in this ex-
ploration paper are constrained access to the ideal in-
formation, and data may vary over time (i.e., number 
of COVID-19 cases). There is a continuous update in 
this data [5]. Not all policies have been discussed, and 
the policies were chosen according to the report’s flow.

Impacts on major sectors

Agriculture Sector
Agriculture commodities which include vegeta-

bles, rice, sugar, grapes, etc., bulk demand was fallen 

by 15–20%, which was the supplier for hotels, restau-
rants, markets, and teashops. Different industry com-
mittees, including textile, Poultry, sugar industries, 
started approaching the government to get the neces-
sary financial help to survive this pandemic. The RBI’s 
satisfaction is also attributed to India’s food grain pro-
duction expected to be 292 million tons in 2019–20, 
up 2.4% from 2018–19 [6]. 

AMUL milk has noted that six lakhs farmers 
across India are proceeding smoothly with their farm-
ing. 1.50 lakhs liters of milk are distributed every day 
across India in terms of quantity. After three to four 
days of lockdown, panic sales and people started to 
15–20% more purchases. The first reason is the 30% 
declining in sales was because people were done buy-
ing in a panic situation. And the second reason for 
revenue cuts was that the hotels, restaurants, stores, 
etc., were closed down. The overall supply chain was 
not problematic in starting days, but one month lat-
er, the prices increased and seen a sharp spike in food 
prices. It might be worst over the period if lockdown 
is prolonged more.

Tourism Sector
Indian tourism is one of the most profitable busi-

nesses that projected its loss of 1.25 trillion in 2020 
because of its lockdown situation. Most of the hotels, 
restaurants are the major part of this sector which 
happens to be shut down. Indian tourism and hospi-
tality sectors will face employment losses of nearly 38 
million, 70% of the total workforce [7]. 

The aviation and tourism sector impacted badly, 
leading to the collapse of this sector, majorly included 
in the cancellation of visas and stringent restrictions 
on domestic and international airports. As revenue 
streams, the drying company will be forced to restruc-
ture the workforce. The next two months will be sal-
ary pay cuts, reduced working hours, and downsizing 
workforce will be the companies’ new norms. Inbound, 
outbound, and domestic, and nearly all vertical tour-
ism-recreation, travel, heritage, cruise, corporate and 
other segments are affected by COVID-19, which is 
the worst crisis ever hit by the tourism industry-shap-
ing all of its products around the value chain [8]. 

It has reached the entire tourism value chain that in-
cludes hotels, tour agents, tour operations, travel com-
panies, attractions, restaurants, family entertainment 
venues, air, ground, sea transport. India’s travel and 
tourism industry is looking at job losses on a wide scale.
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Results & Discussion

Industrial Sector 
Figure 1 represents the percentage of Essential Ag-

ricultural Commodities at WPI change.Main players 
in the industrial sector are steel, textile, chemical, ce-
ment, software, mining, petroleum, etc. These sectors 
play a major role in the economy’s economic develop-
ment, but due to lockdown, most industries are laying 
off the employees in bigger numbers. The lockdown 
is excluded from power generation, steel processing, 
fertilizers, fuel, drugs, petroleum products, and min-
ing because this output is continuing even if it is on 
a small scale [9]. Some industries have been excluded 
from these guidelines provided by the government’s 
Ministry of Health and Family Welfare which pro-
duced essential products. Other industries have to 
follow strict constraints. Table 1 lets us know about 
the consumption of petroleum at various dates. Table 
2 lets us know the Power Generation consumption at 
various dates.

CMIE DATA
Industrial requirement for oil and petroleum is de-

creased in March 2020, which shows that most indus-
tries were on standby, not producing outcomes. Tables 

3 and Table 4 represent coal being taken at various dates 
and Production of Finished Steel at various dates.

Table 1
Consumption of Petroleum Y-o-Y.

Consumption of Petroleum Y-o-Y (% change)
Dates Consumptionof Petroleum
Mar-17 -0.6
Jul-17 2.1

Nov-17 7.3
Mar-18 7.2
Jul-18 6.9

Nov-18 -3.4
Mar-19 5
Jul-19 3.8

Nov-19 8.8
Mar-20 -17.8

Table 2
Power Generation of Y-o-Y.

Power Generation Y-o-Y (% change)
Dates Power Generation
Mar-17 5.8
Jul-17 3.7

Nov-17 2.1

 
Figure 1. Change in Percentage of Essential Agricultural Commodities at WPI, y-o-y (Source: MOSPI).
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Power Generation Y-o-Y (% change)
Dates Power Generation
Mar-18 3.7
Jul-18 4.7

Nov-18 4.5
Mar-19 5.4
Jul-19 5.6

Nov-19 -6.1
Mar-20 -8.8

Table 3
Off Take of Coal by CIL Y-o-Y.

Off take of Coal by CIL Y-o-Y(% change)
Dates Off take of coal (%)
Mar-17 6.5
Jul-17 6.9

Nov-17 5.3
Mar-18 5.7
Jul-18 8.7

Nov-18 1.1
Mar-19 7.8
Jul-19 -2.8

Nov-19 7.6
Mar-20 -10.3

Table 4
Production of Finished Steel Y-o-Y.

Production of Finished Steel Y-o-Y(% change)
Dates Production (%)
Mar-17 8.6
Jul-17 21.5

Nov-17 16.9
Mar-18 12.8
Jul-18 -20.1

Nov-18 -20.1
Mar-19 -20.6
Jul-19 5.5

Nov-19 -0.1
Mar-20 -27.4

Manufacturing Sector
The manufacturing sector, which contributes al-

most 20% (50% of this contributed to the auto indus-
try) to GDP, is going under a lot of strain because of an 
ongoing lockdown situation. However, the auto indus-
try was not in great shape before COVID-19 hit the 
Indian economy. The auto industry was not doing well 
before the lockdown situation, with sales down by 15% 

and production cuts of order 5–10% or more [10]. The 
manufacturing industry has been hit in many ways by 
COVID-19, which mainly includes lower production 
due to lower off-take. As some distributors started 
to create a shortage situation to make benefits out of 
it,longer credits were given to producers, who before 
the complete shutdown were willing to continue busi-
ness operations.

 

Figure 2. Unemployment rate (%).

More and more workers have stopped coming to 
work as it decreases the size of the operation, produc-
tion volume, and expense due to government orders 
[11] which has affected the turnover over a period 
that slows down to a trickle. The suppliers to large 
producers start feeling the pinch, start to disengage, 
and play safe, to protect their interests because their 
capacity to bear risks is much lower than their big cus-
tomers. Figure 2 represents the Unemployment rate. 
Due to all this interruption, the customer also started 
to postpone the non-essential purchasing and lowered 
consumption by decreasing their demands. Compa-
nies that operate their high quality, high production, 
well-trained staff, and well-maintained machines are 
going to take off faster than others [12]. The shutdown 
for these companies may be a new chance for them 
to strategize a new growth plan while other compa-
nies would build a survival strategy for their presence 
in this market. The industrial sector hires 12% of the 
population directly. Organizations may either follow 
one approach to reduce the cost reduction approach, 
higher sales strategy, or new product strategy.

Impact on household income
84% of household income has fallen across India 

shown in the figure. With the sharp increase in unem-
ployment and a sharp decrease in labor force partic-
ipation, the income fall was consistently recorded in 
the CPHS data immediately after the lockdown went 
into effect, as shown in Figure 2.
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The national lock-up suddenly and dramatically 
influenced the emotions of the family–its current ex-
istence and prospects. Family and its current existence 
and prospects’ emotions were influenced dramatically 
and suddenly by a national lock-up situation [13]. The 
number of successful cases rose to 96 at the end of the 
second week and the customer satisfaction index to 
101.8. The index was 102.5 during the first week of 
March 2020.

Table 5
CMIE Data. 

% of Household Facing Change in Income 
Dates No Change in 

Income (%)
Rise in In-
come (%)

Fall in Income 
(%)

28-04-2019 58.00 33.30 8.80
30-06-2019 58.20 33.20 8.60
25-08-2019 54.50 37.20 8.30
27-10-2019 59.10 31.80 9.10
29-12-2019 56.60 36.50 6.90
23-02-2020 60.20 31.10 8.80
12-04-2020 43.70 10.60 45.70

Unemployment
The lockout came into force after 25th March, as 

a result of which more than 120 million Indian work-
ers lost their jobs, mostly to small traders, the daily 
wage earner. The data released by CMIE reveals that 
from 8.7% in March, unemployment shot up to 23.5 
in April. Migrant workers suffered more as they had 
stopped their source income and had to leave the city 
to abandon their hometown and hundreds of kilome-
ters away are represented in Table 5.

In 2020, about 27 million of India’s youth lost their 
jobs and could have the most damaging effects on fu-
ture countries [14]. 

Emerging Innovations
Corona outbreak made all business change their 

business models and their strategy towards the con-
sumer since the government direction to have less hu-
man touch, which will prevent a coronavirus spread. 
In this lockdown, the situation business is finding its 
way to do business, making them change its strategy, 
tools, technologies, safety equipment, and marketing 
methods to survive in the industry. Here are some 
technologies highlighted in this situation, and most of 
the companies are using them.

• Cashier-free grocery store
Amazon opened a store named ‘just walk out,’ which is 

the first grocery store for testing the use of cashless tech-
nology by retailers. Amazon has opened 255 more such 
shops in the US. Go grocery store lets customers shop 
fresh fruit, meat, fish, bakery goods, important household 
items, dairy products, simple to make dinner choices for 
everyday food items. Products are connected to the shop-
per’s virtual cart, using cameras and sensors, as they are re-
moved from shelves. When the customer leaves the shop, 
the cart will automatically be checked out using their pay-
ment card on paper. It will save consumers money because 
there are no queues or waiting queues. On the other hand, 
the workers are released to take care of certain company 
issues such as customer service.
• Hands-free door openers

Many hygiene-friendly door-hook varieties are in 
the pipeline – intended to help us handle the difficult 
moment when we need to open doors with hygienic 
hands. Epidemiologists believe that the coronavirus 
will spend three days living on surfaces such as stain-
less steel. These tools may be a game-changer in set-
tings such as hospital wards, where hand sanitation is 
a matter of life and death.
• Smart helmets

This helmet comes with a feature of temperature 
detection and even supports a vehicle registration 
plate. It comes with a head display that can read the 
body temperature of anyone in real-time. China is 
already using these smart helmets for police officers, 
which can keep track of people. The police officers 
need to wear the helmet and look at someone to check 
their body temperature. It made it easy to find some 
who needs to be quarantined. Dubai and UAE already 
started to use this smart helmet [15]. 
• Telemedicine

Telemedicine is one-way healthcare professionals 
can communicate, evaluate, diagnose, and treat pa-
tients using telecommunication technology. The tele-
medicine platform also includes the online consulting 
clinic, where experts are available 24/7. In this way, 
experts can conduct preliminary screening through 
remote consulting, avoiding infection risk in hospitals. 
Telemedicine avoids close contact and also decreases 
the COVID-19 infection. Many countries are using 
telemedicine to keep a distance from each other.
• Drones

Emerging technologies like drones have played an 
important role during COVID-19 for law enforce-
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ment, delivery of healthcare services, and e-commerce 
delivery e-commerce supply chain is disrupted, mak-
ing it easier by using drone deliveries to deliver the 
products. Increase in demand from traditional de-
livery mechanisms to preferable contactless delivery 
of food, medicines, and essentials. The Indian drone 
market has a potential of $900 million by the end of 
2021 compared to the global market, which rests at 
$21.47 billion.

Conclusions 
In this present study of the impact of COVID-19 

on the Indian economy is studied. This study also 
reported how COVID-19 impacted the different sec-
tors, which lost their business because of lockdown. 
COVID-19 also affected our supply chain worldwide 
and the daily operations of companies, which results 
in unemployment, which is reported in this paper. 
COVID-19 is at the peak right now, which made the 
situation worst worldwide. In this situation, many 
businesses are changing their business model, which 
will help survive in this situation, and some of the 
businesses are working on a recovery plan. For this, 
many of the technological innovations are coming 
into implementation, which might help companies. 
We also covered some innovations in this paper. Most 
countries are trying hard to create a vaccine that may 
cure this coronavirus in the future. The fact that India 
is a developing nation with an agro-based economy 
is likely the main reason why the pre-existing health 
threats of COVID-19 have been greatly amplified in 
a socio-economic context, and why the pandemic has 

affected India as a whole so significantly, and not just 
economically, even though there were initially just a 
few incidents compared to the country’s size. 
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Abstract
Aviation has been a sector that has heavily contributed towards 
easing lives, addressing transportation needs, and paving the 
way for new job roles. Since the invention of aircraft, its usage 
has increased dramatically, which has caused a rampant surge 
in the frequency of flying. Ever since industrialization, pollution 
and its harmful effects on the environment have been a press-
ing issue. Due to this, the airline industry has continuously tak-
en initiatives to protect the atmosphere without disturbing the 
frequency of flying. Initiatives including better aircraft design, 
fuel efficiency, optimized routes, restrictions on flight cargo, 
etc., have been constantly adapted and experimented with to 
reduce aircrafts’ carbon footprint. Recently, flights had to be 
suspended on a large scale to avoid coronavirus spread and 
promote social distancing. Initially, foreign flights were banned 
from entering Indian soil. The ban was soon extended to do-
mestic travel. This paper focuses on the impact of this preven-
tive measure on the environment. The report follows a sys-
tematic approach by analyzing the environmental conditions 
before and after the suspension of flights in India and checks 
for significant changes in critical ecological health indicators. 
The purpose of this paper is to analyze and document the im-
pact of this measure and highlight its benefits, thereby aiding 
to take novel initiatives at corporate and at government levels 
to ensure a sustainable future.
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Introduction 
Aviation, a sector that has heavily contributed to 

easing lives, has increased transportation opportuni-
ties and paved the way for new job designations and 
roles in tourism, journalism, mergers and acquisi-
tions, international on-sites jobs, and aviation itself. 
[1] The choice of air transport began in 1903, and the 
first-ever passenger flight took off on January 1, 1914. 
Ever since it has evolved incredibly by touching new 
milestones, this was predominantly fueled by indus-
trialization and technological advancements. Over 
these years, the need for flying has increased, giving 
rise to the modification in the types and design of air-
craft and the frequency of flying. [12] This is proved 
by statistics which states that a flight takes off every 45 
seconds in Heath row airport as of June 2018.

Almost every commercial activity has an environ-
mental effect. The aviation industry is responsible for 
around 5% of global warming. The emissions have in-
creased by 32% between 2013 and 2018. Though the 
aviation industry is beneficial to various fields of busi-
ness, it has been contributing extensively to noise and 
air pollution worldwide due to both its air and ground 
operations. [3] In the purview of this, the airline com-
panies have considered the climatic effects due to the 
operation of large aircraft. The direct emission of fu-
els into the atmosphere plays the role of a significant 
contributor to air pollution. Along with the modifica-
tion of airplane design, the fuels consumed have been 
worked upon to reduce the effects on the atmosphere.

The coronavirus outbreak, an ongoing fear-induc-
ing pandemic, has led to the suspension of flights to 
promote social distancing as a preventive measure of 
COVID-19. [4] Though few cargo flights are allowed 
to transport essential goods, 7.5 million flights have 
been canceled until July, according to the Internation-
al Air Transport Association(IATA). Airline compa-
nies are currently operating their fleet as cargo-only 
to compensate for the loss of business from passenger 
flights.

In the past triennial, India’s aviation (civil) indus-
try has seen swift growth, making it the 3rd largest 
domestic civil aviation market globally. As of FY20, 



704 | Cardiometry | Issue 25. December 2022

domestic passenger traffic was four times more than 
international passenger traffic. The domestic aircraft 
movement in FY20 is five times the global aircraft 
movement, making the domestic market more wide-
spread. [5] This has brought about the need for more 
airports in the country, which the government is look-
ing into with plans of introducing over two-fold the 
current number of airports in the next 20 years.

Domestic aviation plays a significant role and 
hence would have a more significant impact on the 
environment in India. Therefore, in this paper, the in-
formation discussed will be concerning the domestic 
market. [6] This paper will focus on the impact of the 
suspension of flights on the environment concern-
ing India. Since the international aircraft have barely 
been operational since March 2020, the global market 
will be neglected for this study. Further, the paper will 
compare data with the previous condition of the envi-
ronment to examine the difference.

Literature Review
Air transportation has grown globally at the rate 

of 5-6% per year since 1950. This applies to both pas-
senger and freight sectors. [7] Aviation is responsible 
for approximately 2-4 percent of overall greenhouse 
gas emissions associated with oil. CO2 heavily con-
tributes to the greenhouse effect due to its abundance. 
Airline-induced CO2 emissions have traditionally ac-
counted for about three percent of radiative forcing, 
i.e., the difference between incoming solar irradiance 
and outgoing thermal energy.

2000-2010 was represented by exponential global 
demand for air transport services. [8] This was proven 
by European airlines, which exhibited an increase in 
Revenue Passenger Kilometres (RPK) and Available 
Seat Kilometres (ASK) of 26.7% and 18.4%. Few un-
fortunate events like the outbreak of SARS in 2003, 
the 9/11 terrorist attacks, and the 2007 financial cri-
sis had affected the airlines globally. This involved the 
performance of airlines’ which led to the reduction in 
demand for their services. Despite this, the aviation 
industry managed to grow.

This has brought a high rate of interest in the en-
vironmental impact of aviation. [9] Air pollution is 
related to climate change, noise, and other social and 
economic problems. EU (Directorate-General for Cli-
mate Change of the European Commission (Europa, 
2015)) pressures to minimize CO2 emissions, which 
serves as evidence that the airline industry and IATA 

are committed to achieving carbon-neutral growth by 
2020.

The air quality index depicts the health of the envi-
ronment. AQI of various stations is measured to ana-
lyze its health. The CO2 emissions are later calculated 
to see the impact of CO2 on the health of the environ-
ment. [10] The AQI is calculated based on pollutants, 
where every individual pollutant’s deliberation is con-
verted toward a single index via a suitable aggregation 
method. Traditionally, the estimation of AQI was ex-
pected to be based on five pollutant parameters (i.e., 
PM2.5, PM10, SO2, NO2, and CO) as the maximum 
sub-index method.

The revised Indian National Air Quality Index 
Standards has taken 12 parameters. They are PM2.5, 
i.e., Particulate Matter greater than 2.5 µm, PM10, i.e., 
Particulate matter more significant than 10µm, Nitro-
gen Dioxide (NO2), Sulphur Dioxide (SO2), Ozone 
(O3), Carbon Monoxide (CO), Lead (Pb), Ammo-
nia (NH3), Benzene (C6H6), Arsenic (As), Benzo(a)
Pyrene (BaP) and Nickel (Ni). Out of the 12 param-
eters, four of them possess an annual standard. The 
remaining eight parameters (first eight) have a brief 
(i.e., 1/8/24 h) and annual standards, except O3 and 
CO. [11] The seven parameters have been selected 
primarily on the objectives earlier stated, the duration, 
regularity monitoring, and accessibility of data (Lynes 
& Dredge, 2006).

Global air pollution has many related factors, 
namely Electricity, Energy, Construction, Agri. Trans-
portation, manufacturing. The aviation industry is a 
significant transport feature. The following are few 
airlines that carry the most significant number of pas-
sengers and take long and high emission-intensive 
routes. These airlines are Qantas, Emirates, Jetstar, 
Malaysia Airlines, Virgin Australia, Air New Zealand, 
Cathay Pacific, Singapore Airlines. Their main com-
petitors are Delta Air Lines, United Airlines, Hawaiian 
Airlines, AirAsia X, Garuda, and Etihad. [12] These 
airlines connect 30 airports/cities between Austra-
lia and the top seven countries, i.e., Australia, USA, 
Singapore, UAE, New Zealand, Hong Kong, Malaysia, 
and Indonesia. The CO2 emissions profiles of 9 of the 
top 10 carriers by passenger numbers flying between 
Australia and Hong Kong, USA, New Zealand, UAE, 
Indonesia, Singapore, Malaysia in2012 became the 
least CO2 efficient from being the most. These airlines 
were Emirates (EK), Singapore Airlines (SQ), Virgin 
Australia (VA), AirAsia X (D7), Malaysia Airlines 



Issue 25. December 2022 | Cardiometry | 705

(MH), Jetstar (JQ), Air New Zealand (NZ), Qantas 
(QF), Cathay Pacific (CX). Their main competitors are 
United Airlines (UA), Garuda GA), Etihad (EY), Delta 
Airlines (DL), and Hawaiian Airlines (HA). AirAsia X 
has been ranked the most CO2 efficient, while United 
Airlines has been the least CO2 efficient. This varia-
tion arises because of the various initiatives taken by 
the airline company to be eco-friendly.

The negative impacts of the airline industry on the 
environment include noise pollution, air pollution, 
and effects on public health. Supersonic aircraft cause 
a large burst of sound, which has proven to harm hu-
man health. [13]. To counter this, supersonic flights 
are banned in most parts of the world, and aircraft are 
situated far from residential areas. Air pollution has 
been the most pressing among all the other concerns. 
The airline industry has responded by better aircraft 
designs, advanced fuel technology for maximized fuel 
usage, reduced ground idling time, luggage restric-
tions, green airports, carbon taxes, etc.

Over the years, airlines’ have taken various mea-
sures to be environment friendly. For instance, AirA-
sia X was ranked the most CO2 efficient. It emitted 
64.86 g of CO2 per passenger-km flown. This is be-
cause of the usage of the new powerful A330-300’s 
and due to the high seating capacity of the airline. [14] 
United Airlines was ranked as the least CO2 efficient 
because aircraft that fly to the USA (mainland) have 
less furl efficient and old models, namely, B747-400s. 
In 2012, Australian airlines had CO2 efficiency lower 
than the average value. 

The average value was 80.6g of CO2 for every pas-
senger-km. Qantas (QF) was graded for maximum 
emission, followed by Emirates, Singapore Airlines, 
and Cathay Pacific.

International flights that travel for short distances 
emit 2.5 Mt CO2. International flights with medium 
and long-hauls emit above 5 Mt CO2. AirAsia and 
Emirates being the most CO2- efficient airlines, re-
lease between 65g-66g of CO2 for every passenger-km. 
Irrespective of the distance. Depending on the spaces 
traveled, airlines can have significant variations in CO2 
efficiencies. [15] Passengers, bags, and freight make 
up the payload on each flight. The CO2 efficiency is 
decided by calculating the overall CO2 generated from 
each passenger and their luggage and freight on each 
flight. Malaysian Airlines was not as CO2 effective on 
its journeys between Malaysia and Australia as much 
as AirAsia X. AirAsia X carried fewer passengers and 

more cargo and yet was more efficient comparatively. 
Cathay Pacific achieves comparable CO2 performance 
on non-stop/direct flights. Cathay Pacific uses A330-
300 on 98 percent of its Australian flights. Cathay Pa-
cific has a 77.4 percent passenger load factor vs. 77.53 
percent on AirAsia X, though AirAsia X operates on 
reduced capacity seats over 60 seats. Cathay pacific has 
bagged the 2nd best CO2 performance by moving more 
freight than AirAsia X on each journey (10.82 t v 4.18 
t). These journeys are medium-haul routes. The extra 
6.64t of cargo is equal to an addition of 60 passengers, 
with the assumption that each passenger weighs 110 
kg along with their checked-in baggage.

On a global scale, United Nations Framework 
Convention on Climate Change (UNFCCC) gives 
guidelines based on the Kyoto protocol, giving coun-
try-wise emission targets for CO2. In India, the Min-
istry of Civil Aviation regulates protocols and norms 
for the airline industry. The Director-General of Civil 
Aviation (DGCA) executes these policies and operates 
closely with the Ministry. [16] Since 2009, an Avia-
tion Environment Unit has been set up as part of the 
DGCA, which addresses environmental issues about 
Indian Aviation. Besides these, the Airports Authori-
ty of India is a crucial regulatory body that supervises 
125 airports in India. This body lays the framework 
for ground operations in the airport.

Few other airlines have taken similar initiatives to 
Japanese airlines. From the mid-1990s, substantial im-
provements in the fleet mix were undertaken. Japan 
Airlines and All Nippon Airways introduced Boeing 
777–200 aircraft in 1995 and began replacing Boeing 
747s. Boeing 777–300s were introduced to the domes-
tic market in 1998, with over 500 seats.

The airlines embarked on a range of financial 
projects in addition to replacing old generation air-
craft. Some of the steps they took were implementing 
the automated optimized flight control system, min-
imizing fuel tanking measures, and starting engine 
cleaning.

These measures were essential towards developing 
the energy efficiency of the daily operation of aircraft. 
Various airline companies later took these measures to 
be sustainable and eco-friendly in the Industry. These 
initiatives were supreme at the moment as the demand 
for air transport was increasing. The need has seen re-
markable growth over the past two decades. However, 
other problems, such as economic and social consid-
erations, should also be discussed to improve produc-
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tivity. Despite this, airlines have started implementing 
robust CSR approaches.

According to Dray’s report, if all passenger aircraft 
and freight aircraft get replaced by the latest technolo-
gies currently available, the usage of fuel (globally) and 
CO2 emissions would decrease by approximately 9%.

Research Methodology 

Coronavirus
Coronavirus is RNA viruses that cause diseases. In 

humans, these viruses cause infections in the respira-
tory tract, varying from mild to fetal. The outbreak of 
the virus has caused a major impact worldwide. The 
virus is known to have started its spread from Wuhan, 
China, and slowly begun to capture all the nooks and 
corners of the world. It was extremely severe in Chi-
na in November 2019, while the rest of the world was 
unaffected.

By the first month of 2020, coronavirus was de-
clared as a pandemic due to its extreme contagion. 
Though the virus was not air-borne, it spread to var-
ious continents, and in no time, the entire world was 
starting to see new cases. One of the primary reasons 
for this was air transportation. Major hubs of the avia-
tion industry led to increased affected numbers due to 
close contact with unaffected persons. Travelers mov-
ing across countries carried the virus with them, thus 
spreading it further. As a preventive measure, gov-
ernments started restricting the frequent movement 
of people. Some governments even went to take the 
extreme action of completely sealing their borders.

As a consequence of restricted air travel, flights 
were suspended ever since January 2020. While some 
countries have resumed flights, others have still sus-
pended flights. In India, domestic and international 
flights were first arrested in March 2020. The Director-
ate General of Civil Aviation (DGCA) is the aviation 
regulator in India, which plays a crucial role in deci-
sion-making regarding the suspension and resuming 
of aircraft. Few domestic flights are operating in the 
country, with a wide range of precautions being un-
dertaken to protect the staff and travelers. Though the 
DGCA has permitted to resume international flights, 
the activity has not come to effect due to operational 
hurdles as of June 2020. It is expected that when inter-
national flights resume, the passengers being permit-
ted only on a case-to-case basis with the decision to 
resume flights will now rest in the hands of the state 

owing to the varied concentration of COVID-19 cases 
across the geography of the country.

Data Collection
Data collection for the paper is organized into two 

parts:
Data Collection for comparison of environmental 

conditions before and after the ban on civil aviation
Data Collection for studying the impact of the Air-

line industry on the Indian environment before and 
after the pandemic

Data Collection for comparison  
of environmental conditions before  
and after the ban on civil aviation

The Air Quality Index (AQI) is measured using six 
parameters, namely PM2.5, PM10, NO2, SO2, CO, O3. 
The parameter that records the highest reading is tak-
en as the AQI for the hour. This data for analyzing the 
environmental condition is drawn from NAQI (Na-
tional Air Quality Index), WHO, ACIQN, Air Plume 
Labs. The AQI is computed based on pollutants using 
the appropriate aggregation method. In this method, 
every individual pollutant is converted into one index. 
The Indian National Air Quality Standards (INAQS) 
use twelve parameters, namely, PM2.5, PM10, Sulphur 
Dioxide (SO2), Carbon Monoxide (CO), Nitrogen 
Dioxide (NO2), Ozone (O3), Ammonia (NH3), Lead 
(Pb), Benzo(a)Pyrene (BaP), Nickel (Ni), Benzene 
(C6H6) and Arsenic (As) for the aggregation method. 
But the parameters explicit are PM2.5, PM10, NO2, 
SO2, CO, and Ozone because the other parameters are 
negligible. Figure 1, Figure 2 shows the Concentration 
of PM 2.5. Then Figure 3 shows the concentration of 
NO2, then Figure 4 and Figure 5 shows the concentra-
tion of O3 and SO2. -Figure 6 displays the details of 
the environmental condition per parameter in India 
this year.

In the above figures, various ranges of AQI are 
represented using different colors. Bright colors like 
red, purple, and maroon signify a high concentration 
of the respective parameters, while light colors like 
green, yellow, and orange represent low parameters. 
The greener, the better is the air quality. Figure 8 ex-
plains the implication of various colors clearly.

NAQI has divided all the states in India into dif-
ferent cities. These cities are divided into different ar-
eas known as stations. The AQI and other parameters 
for these stations have been recorded daily. Figure 7 
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Figure 1. Concentration of PM 2.5 (India, 2020).

 

Figure 2. Concentration of PM2.5 (India,2020).

 

Figure 3. The concentration of NO2 (India, 2020).

 

Figure 4. The concentration of O3 (India, 2020).

 

Figure 5. The attention of SO2 (India, 2020).
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shows health implications and a Cautionary statement 
for different AQI rages. There are 223 stations in In-
dia. To simplify the methodology, 52 stations from 
all over India have been considered. The readings of 
PM2.5, PM10, NO2, SO2, CO, Ozone, and AQI have 
been drawn for March 15 and May 25 of 2020. This is 
depicted in Table 1 and Table 2.

Data Collection for studying the impact 
of the Airline industry on the Indian 
environment before and after the pandemic

Apart from climatic conditions, aviation pollu-
tion affects the air quality severely. The paper focuses 
on the contribution of the airlines industry towards 
air pollution in India. Since the global pandemic has 
caused for suspension of flights across countries, 
only selective domestic flights are operational in In-
dia. Hence, only domestic aviation is being consid-
ered.

International aircrafts enter and leave the geograph-
ical boundaries a few hours before taxation and after 
take-off, respectively. Also, there have barely been any 
international flights, so their emissions are being ne-
glected for this study. The aviation industry is drawn 
from International Aviation and Transport Association 
(IATA) and International Civil Aviation Organization 
(ICAO). Aircraft engines emit carbon monoxide (CO), 
nitrogen oxides (NOx), sulphur oxides (SOx), Particu-
late Matter (PM), unburned hydrocarbons (HC), and 
smoke. These emissions affect air quality. There are 
plenty of options available to the executives in the avi-
ation industry to address the causes of concern of the 
impact aircrafts have on the climate and air quality. Of 
them, standards for emissions with stringent monitor-
ing and increased fuel efficiencies are few. The emis-
sions NOx and CO have gradually reduced due to the 
usage of improved engine designs. It has also eradicated 
emission of hydrocarbon and smoke.

 

Figure 6.The concentration of CO (India, 2020).

 Figure 7. Health Implications and Cautionary Statement for different AQI ranges.
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Table 1
March 15 and May 25 readings of PM2.5, PM10, NO2, SO2, CO, Ozone and AQI for the first 28 stations in India.

State City Area
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Andhra 
Pradesh

Tirupati Tirumala 56 59 36 9 28 34 59 57 73 11 6 3
1

72 73

Andhra 
Pradesh

Amaravati Secretariat 45 48 12 28 24 35 48 28 56 5 9 17 47 56

Andhra 
Pradesh

Vishakapata-
nam

GVM Corpo-
ration

50 73 28 30 38 15 73 31 74 28 10 6 25 74

Andhra 
Pradesh

Rajamahen-
dravaram

Ananda Kala 
Kshetram

26 59 20 12 23 38 59 29 50 8 8 29 60 60

Assam Guwahati Railway 
Colony

105 130 12 17 11 19 130 29 29 12 19 21 26 29

Bihar Hajipur Industrial 
Area

36 45 16 4 26 9 45 47 118 9 12 3
0

16 118

Bihar Patna Rajbansi 
Nagar

38 38 140 18 30 11 140 71 117 45 4 40 50 117

Bihar Gaya Collect orate 34 120 1 17 44 81 81 101 34 29 21 45 73 101

Bihar Muzzafarpur Muzzafarpur 
Collect orate

64 49 30 32 41 74 74 54 21 30 18 43 47 54

Chandigarh Chandigarh Sector-25 14 28 12 12 23 18 28 48 88 6 19 20 53 88

Delhi Delhi R K Puram 71 100 75 14 17 45 100 86 102 42 34 32 64 102

Delhi Delhi Panipat 71 108 93 17 12 27 108 162 166 110 9 47 67 166

Delhi Delhi Lodhi Road 71 90 14 78 15 41 90 85 117 8 42 21 65 117

Delhi Delhi IGI Airport 
(T3)

106 128 198 85 50 17 198 126 130 76 34 94 34 130

Delhi Delhi Okla Phase 2 100 115 43 17 34 38 115 97 131 39 6 25 12 131

Delhi Delhi North Cam-
pus

80 89 36 55 70 20 89 79 133 24 42 41 46 133

Delhi Delhi Ashok Vihar 192 107 45 19 33 33 192 116 117 23 38 29 86 117

Delhi Delhi ITO 117 98 62 7 43 8 117 198 54 49 12 109 49 198

Delhi Delhi Anand Vihar 140 120 63 12 98 37 140 142 102 37 24 59 155 155

Delhi Delhi Dwaraka 168 169 64 27 9 50 169 124 154 29 44 28 92 154

Gujarat Ankleshwar GIDC 122 168 17 73 55 56 168 40 72 9 10 20 45 72

Gujarat Vatva Phase 4, 
GIDC

84 115 47 31 20 25 115 59 75 7 6 43 25 75

Gujarat Vapi Phase I, 
GIDC

137 136 62 30 88 4 137 31 52 4 25 28 9 52

Gujarat Ahmedabad Mari nagar 67 108 40 33 10 36 108 43 74 21 13 31 61 74

Gujarat Gandhi 
Nagar

Sector 10 42 86 8 7 39 42 86 34 67 4 13 33 29 67

Haryana Faridabad Sector 30 110 153 7 7 39 30 153 120 139 14 2 32 51 139
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According to statistics, the demand for domestic 
flights calculated in terms of Available seat Kilome-
ters (ASK) and revenue passenger kilometers (RPK) 
is 155,033.4 million km and 136,631.4 million km for 
in India in FY19. The Indian passenger traffic, freight 
traffic and aircraft movement has been discussed for 
the years FY16-FY20. The Indian passenger traffic 
grew at a compound rate (CAGR) of 11.13% and it 
currently, i.e., in FY20, stands at 341.05 million. This 
is segregated as Domestic passenger traffic and Inter-
national passenger traffic. The Domestic Passenger 

traffic rose with 12.91% CAGR and it currently stands 
at 274.50 million in FY20 and the International pas-
senger traffic rose with 5.01% CAGR and currently 
stands at 66.54 million. Freight traffic has increased 
at a CAGR of 5.32% from 2.70 MT to 3.33MT. It was 
projected to increase at a CAGR of 7.27% in FY23 and 
stands at 4.14 MT. This projection may not hold now 
considering the hit on aviation industry due to the 
spread of COVID-19. Aircraft movement increased 
at a CAGR of 9.56% from 1.60 million to2.59 million 
from FY16-FY20. This is further categorized into Do-

Table 2
March 15 and May 25 readings of PM2.5, PM10, NO2, SO2, CO, Ozone and AQI for the next 28 stations in India.
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Jharkhand jorapokhar Tata stadium 120 160 14 32 89 24 160 100 145 13 29 37 30 145
Karnataka Chikkamanga-

luru
Kalayana Nagar 49 64 17 4 24 61 64 31 35 30 3 20 23 35

Karnataka Bangalore Hebbal 46 80 11 12 82 73 82 25 44 16 9 20 42 44
Kerala Kozhikode Palayam 54 57 25 7 28 14 57 31 38 8 3 16 6 38
Madhya 
Pradesh

Indore Chhoti Gwaltoli 48 130 78 9 15 35 130 28 99 47 10 12 71 99

Madhya 
Pradesh

Bhopal TT Nagar 43 129 25 13 23 85 129 29 41 6 14 16 34 41

Maharashtra Thane Pimpleshwar 
Mandir

128 17 81 41 49 31 128 69 5 21 5 51 12 69

Maharashtra Pune Karve Road 134 106 27 71 92 45 134 44 43 13 35 58 28 58
Maharashtra Mumbai Powai 81 127 19 5 54 40 127 17 59 2 7 13 17 17
Maharashtra Mumbai Chhtrapati Shi-

vaji Internationl
133 194 68 15 43 58 194 13 43 21 3 8 6 43

Meghalaya Shilling Lumpyngngad 80 60 3 6 8 45 80 25 25 3 11 8 10 25
Mizoram Aizawal Sikulpuikawan 76 48 1 6 20 92 76 17 17 10 14 9 44 17
Odisha Talcher Talcher Coal 

Fields
22 22 17 86 65 19 86 31 37 23 36 78 7 78

Punjab Amristar Golden Temple 41 82 16 26 35 37 82 24 69 13 17 32 17 69
Rajasthan Jaipur Adarsh Nagar 60 103 38 13 44 67 103 70 113 22 18 43 60 113
Rajasthan Udaipur Ashok Nagar 78 89 36 17 41 63 89 51 65 13 10 26 42 65
Rajasthan Jodhpur Collectorate 204 143 19 11 44 6 204 99 99 18 8 22 60 99
Tamil Nadu Coimbatore SIDCO kurichi 60 54 67 13 29 49 67 36 32 57 8 44 17 57
Tamil Nadu Chennai Alandur Bus 

Depot
74 67 18 10 39 49 74 20 16 4 26 27 27

Telangana Hyderabad Central Univer-
sity

40 74 37 3 14 32 74 51 95 26 8 11 53 95

Uttar Pradesh Meerut Ganga Nagar 53 89 26 12 44 15 89 119 160 33 27 52 34 160
Uttar Pradesh Lucknow Talkatro District 

Indust
88 55 27 4 57 89 88 249 11 43 3 50 66 249

Uttar Pradesh Noida Sector 125 98 111 62 10 38 39 111 60 44 32 19 15 15 44
West Bengal Howrah Belur Math 23 45 48 23 12 92 48 17 38 17 11 13 54 54
West Bengal Kolkata Fort William 41 51 36 12 19 59 59 33 51 8 3 7 5 51



Issue 25. December 2022 | Cardiometry | 711

mestic and International aircraft movement where the 
Domestic aircraft movement increased at a CAGR of 
9.83% and International aircraft movement has in-
creased at a CAGR of 3.57%. It currently stands at 
2,155,000 and 433,000 respectively.

Table 3 and Table 4 depict the domestic flights re-
corded as of March 2020 and May 2020 is 1,42,070 and 
12,400 respectively. There is a reduction of 91.27% in 
flights due to the suspension of flights as a covid-19 
prevention measure. The carbon emissions from these 
aircrafts is calculated, and the percentage of contribu-
tion towards pollution is depicted.

Table 3
Comparison of Aircraft movement, passengers and freight in 
India in March 2020.

CATEGORY MARCH CHANGE %
2019-20 2018-19

Aircraft Movement (in ‘000)
International 22.00 37.74 -41.7
Domestic 142.07 175.39 -19.0
Total 164.07 213.13 -23.0
General Aviation 16.81 26.96 -37.7

Passenger (in Million)
International 2.57 5.89 -56.2
Domestic 14.96 22.29 -32.9
Total 17.53 28.18 -37.8

Freight (in ‘000 ton)
International 133.31 195.23 -31.7
Domestic 76.80 113.86 -32.5
Total 210.11 309.09 -32.0

Table 4
Comparison of Aircraft movement, passengers and freight in 
India in May 2020.

CATEGORY MARCH CHANGE %
2020-21 2019-20

Aircraft Movement (in ‘000)
International 4.63 34.99 -89.7
Domestic 12.4 177.94 -93.0
Total 17.03 212.93 -92.0
General Aviation 7.73 25.98 -70.2

Passenger (in Million)
International 0.11 5.69 -0.98
Domestic 0.6 23.22 -97.4
Total 0.71 28.91 -97.5

Freight (in ‘000 ton)
International 75.75 181.37 -58.2
Domestic 19.17 112.32 -82.9
Total 94.92 293.69 -67.7

Methodology
The six parameters in NAQI used to determine the 

Air Quality Index (AQI) have been collected for two 
dates, March 15 and May 25. Since, Domestic flights 
were suspended from functioning on March 25, these 
dates were chosen to gather statistical data before and 
after the suspension of flights. These six parameters 
determining the AQI will be recorded for important 
stations in every city and state in India. These record-
ed values were compared using a paired T-test to find 
out the significant difference between them.

H0: There is no significance difference between 
PM2.5 values recorded in March 2020 and May 2020

Ha: There is a significance difference between 
PM2.5 values recorded in March 2020 and May 2020

H0: There is no significance difference between 
PM10 values recorded in March 2020 and May 2020

Ha: There is a significance difference between 
PM10 values recorded in March 2020 and May 2020

H0: There is no significance difference between 
NO2 values recorded in March 2020 and May 2020

Ha: There is a significance difference between NO2 
values recorded in March 2020 and May 2020

H0: There is no significance difference between 
SO2 values recorded in March 2020 and May 2020

Ha: There is a significance difference between SO2 
values recorded in March 2020 and May 2020

H0: There is no significance difference between O3 
values recorded in March 2020 and May 2020

Ha: There is a significance difference between O3 
values recorded in March 2020 and May 2020

H0: There is no significance difference between 
CO values recorded in March 2020 and May 2020

Ha: There is a significance difference between CO 
values recorded in March 2020 and May 2020

Also, the AQI for all the stations in India has been 
collected on an hourly basis for March 15 and May 25. 
The average AQI for each station is calculated for the 
dates considered and tested using Paired T-test to find 
the significant difference between them.

H0: There is no significance difference between 
AQI values recorded in March 2020 and May 2020

Ha: There is a significance difference between AQI 
values recorded in March 2020 and May 2020

After analyzing the significant difference in the 
Air Quality parameters, the contribution of CO2 
emissions from the Indian domestic aviation is cal-
culated. The procedure to calculate this is given in 
detail below.



712 | Cardiometry | Issue 25. December 2022

Results and Analysis
The two sets of data are tested for significant dif-

ference. Simultaneously, the impact of domestic avia-
tion on the environment is computed using a carbon 
emission calculator provided by ICAO (ICAO.int, 
n.d.). Domestic flights have maximum impact on the 
climate over India’s geographical area than interna-
tional flights for which the paper focuses on the same. 
In Indian domestic aviation, there are only 6 operating 
airlines. They are Air India, Indigo, SpiceJet, Vistara, 
Go Air, AirAsia, which connects various cities of In-
dia. The aircrafts used to fly to and fro between these 
cities frequently, before the suspension of passenger 
flights. The carbon emission calculator takes in the 
destination and arrival cities and calculates the carbon 
emitted (in kg) on a single trip journey. The shortest 
distance discharges 25.5kg of carbon dioxide on this 
analysis and the longest distance discharges 175.4kg. 
This value is multiplied with the number of domestic 
aircrafts in March and May to find out the contribu-
tion of thethe aviation industry towards pollution.

Table 5 depicts the CO2 emissions for the shortest 
and longest haul for all domestic aircrafts in India. The 
maximum CO2 emissions, i.e., the emissions for the 
longest haul is175.4 kg and the minimum CO2 emis-
sions, i.e., the emissions for the shortest haul is 25.5 kg.

Table 5
Contribution of aviation industry towards pollution in India for 
March and May in 2020

May March
Number of Aircrafts/Total carbon 
Emissions per journey

12,400 1,42,070

Maximum (175.4kg) 21,74,960 2,49,19,078
Minimum (25.5kg) 3,16,200 36,22,785

The number of aircrafts in March 2020 has been 
recorded as 1,42,070 flights. The number of aircraft 
movements in May 2020 is recorded as 12,400 flights. 
The average CO2 emissions for the month of march 
and may has been calculated by multiplying these 
values. This is done by calculating the average of the 
maximum and minimum CO2 emissions which is 
100.45 kg. This value is multiplied with the number 
of aircrafts drawn from Table 1 and Table 2. This gives 
the average CO2 emissions for the month of march 
and may in the year 2020. The average CO2 emissions 
for March and May 2020 are 1,42,70,931.5 kg and 
12,45,580 kg respectively. From March 25, all domes-

tic and international flights were suspended. 6 days of 
inactivity has been recorded in March. The total CO2 

emissions in March would have been 1,76,95,955.06 kg 
if no inactivity was recorded. This calculated value is 
considered to calculate the contribution to pollution.

There are three steps involved in the calculation 
percentage of contribution of domestic aviation to 
national CO2 emissions. First, CO2 emissions in In-
dia are calculated. This value is found by multiply-
ing CO2 emissions per capita with the population of 
India. The CO2 emissions per capita in the year 2018 
were 1.9 metric tonnes. 2018 is considered as it is the 
most recently updated data. The population of India 
in 2018 was 135.26 crores. The CO2 emissions in In-
dia are found to be 2,56,99,40,000 Mt CO2. The sec-
ond step involves the calculation of CO2 emissions in 
India per month. This value is found by dividing the 
previously calculated by 12. The value obtained now 
is 21,41,61,666.7 Mt CO2. The final step calculates the 
percentage of contribution by the Indian domestic 
aviation industry to air pollution. The total CO2 emis-
sions in March across India by the airline industry are 
divided by the total CO2 emission by India in a month. 
This value is multiplied by 100 to obtain its percentage 
value.

CO2 emissions in India = CO2 emissions per capita 
x population of India in that year

CO2 emissions in India / 12 = Total CO2 emission 
by India in a month

(Total CO2 emissions in March across India by 
airline industry/ Total CO2 emission by India in a 
month) x100

On comparing and testing the values of the con-
centration of PM2.5, PM10, NO2, SO2, Ozone and CO in 
the atmosphere recorded in two different dates in May 
and March which signify the period before and after 
suspension of flights due to COVID-19 and applying 
the Paired T-test to find the significant difference, each 
parameter shows different types of results. Among the 
listed parameters are PM2.5, PM10, NO2, SO2, Ozone 
and CO. Table 6 shows values used to calculate the 
contribution of domestic aviation to air pollution. 
One set of parameters (PM2.5, PM10, NO2, SO2) show a 
type of result, while another set of parameters (Ozone, 
CO) show a different result. The null hypothesis states 
that there is no significant difference between the two 
sets of data points which were collected before and af-
ter the suspension of flights in March and May while 
the alternate hypothesis states that there is a signifi-
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cant difference between the two sets of data collected 
during the same intervals of March and May months. 
The data points of the concentration of PM2.5, PM10, 
NO2 and SO2 shows the results rejecting the null hy-
pothesis. This is shown in Table 7, Table 8, Table 9 and 
Table 10.

Table 6
Values Used To Calculate The Contribution Of Domestic Avia-
tion To Air Pollution.

Total CO2 emis-
sions in the 

month of march

Total CO2 emission by 
India in a month

Contribution of 
domestic aviation

1,76,95,955.06 kg 2,14,16,16,66,666.67 Kg 0.008263%
~ 0.01%

Table 7
Results of Paired T-Test for NO2.

NO2 NO2

Mean 39.88461538 23.36538

Variance 1266.417798 391.4913

Observations 52 52

Pearson Correla-
tion

0.677720656

Hypothesized 
Mean Difference

0

df 51

tStat 4.49113936

P(T<=t) One-Tail 2.03915E-05

T Critical One-Tail 1.67528495

P(T<=t) Two-Tail 4.07831E-05

T Critical Two-Tail 2.00758377

Table 8
Results of Paired T-Test for PM 2.5.

PM2.5 PM2.5

Mean 79.05769231 64.46154
Variance 1827.114253 2441.234
Observations 52 52
Pearson Correla-
tion

0.385585868

Hypothesized 
Mean Difference

0

df 51
tStat 2.048643242
P(T<=t) One-Tail 0.022830043
T Critical One-Tail 1.67528495
P(T<=t) Two-Tail 0.045660087
T Critical Two-Tail 2.00758377

Table 9
Results of Paired T-Test for PM10.

PM10 PM10

Mean 92.34615 73.48077
Variance 1668.662 1827.156
Observations 52 52
Pearson Correla-
tion

0.383568

Hypothesized 
Mean Difference

0

df 51
tStat 2.92962
P(T<=t) One-Tail 0.002532
T Critical One-Tail 1.675285
P(T<=t) Two-Tail 0.005065
T Critical Two-Tail 2.007584

Table 10
Results of Paired T-Test for SO2.

SO2 SO2

Mean 22.65385 15.57692
Variance 453.7602 137.3077
Observations 52 52
Pearson Correla-
tion

0.574183

Hypothesized 
Mean Difference

0

df 51
tStat 2.924864
P(T<=t) One-Tail 0.002566
T Critical One-Tail 1.675285
P(T<=t) Two-Tail 0.110607
T Critical Two-Tail 2.007584

Thereby, it implicitly accepts the alternate hypoth-
esis and signifies that there is a change in atmospheric 
composition of PM2.5, PM10, NO2, and SO2 before and 
after the suspension of the flights. This shows a direct 
correlation between the data points of concentration 
of the PM2.5, PM10, NO2, and SO2 in the atmosphere 
before and after the suspension of the flights.

But CO and Ozone shows a different type of re-
sult. The test conducted for the set two parameters 
shows that they accept the null hypothesis, which 
shows no significant difference in the concentration 
of CO and Ozone in the atmosphere before and after 
flight suspension. This is shown in Table 11 and Table 
12. Therefore, the CO and Ozone levels above India 
do not correlate with the activity of flights. Hence, 
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the suspension of flights has not affected the CO and 
Ozone levels above India.

Table 11
Results of Paired T-Test for CO.

CO CO
Mean 38.34615 32.94231
Variance 524.819 464.1339
Observations 52 52
Pearson 
Correlation

0.418384

Hypothesized 
Mean Difference

0

df 51
tStat 1.623695
P(T<=t) One-Tail 0.055303
T Critical One-Tail 1.675285
P(T<=t) Two-Tail 0.110607
T Critical Two-Tail 2.007584

Table 12
Results of Paired T-Test for O3.

OZONE OZONE
Mean 39.67308 41.34615
Variance 565.2832 784.9367
Observations 52 52
Pearson 
Correlation

0.173993

Hypothesized 
Mean Difference

0

df 51
tStat -0.36076
P(T<=t) One-Tail 0.359885
T Critical One-Tail 1.675285
P(T<=t) Two-Tail 0.719771
T Critical Two-Tail 2.007584

Discussions
PM2.5, PM10, NO2, and SO2 have stated a positive 

significant difference between them. The percentage 
difference between the two sets of data for every pa-
rameter was calculated, and it showed negative val-
ues, which implies that they have been significantly 
affected. The effect has been positive in that these 
compounds have been reduced significantly due to 
suspension of the flights. This is a point to be explored 
for further research to see the reason behind the sta-
ble concentration of CO and Ozone before and after 

the lockdown despite changes in the concentration of 
other parameters (PM2.5, PM10, NO2, SO2). It can be 
inferred here is that CO and Ozone concentration is 
correlated to some other pollution activity rather than 
just the pollutants from the exhaust of flights. The to-
tal AQI also rejects the null hypothesis, i.e., it states 
that there is a significant positive difference in the air 
quality, which means the AQI has increased, leading 
to an improvement in air quality which shows that the 
climatic condition has become healthier. It is inferred 
here that the AQI is more dependent on the concen-
tration of PM2.5, PM10, NO2, SO2 and not much depen-
dent on CO and Ozone.

Aviation industry, specifically Indian domestic avi-
ation contributes 1,76,95,955.06 kg carbon emissions 
on an average, i.e., 0.01% of the total aviation sector. 
Therefore, there is a positive connection between 
the suspension of flights and the improvement in 
the Air Quality Index, which shows that the suspen-
sion of flights has improved the air quality in the last 
2 months. Hence the aviation industry should work 
towards innovating the fuel system and the turbine 
to decrease the output of PM2.5, PM10, NO2, SO2 into 
the atmosphere. Further, since CO is a very import-
ant compound which causes atmosphere degradation, 
identification of the reason behind the independence 
of the suspension of flights and CO concentration in 
the atmosphere is also a important variable to be in-
ferred to get an idea of how to decrease CO concentra-
tion in the atmosphere. All these improvements can 
gradually improve the air quality levels in the atmo-
sphere, thereby supporting the environment.

Conclusion and Recommendations
The aviation industry has been predominant in 

India. It has led to the rise of various opportunities 
and economic growth. With its commendable bene-
fits comes dangerous risks. The Industry directly af-
fects the environment, which needs to be protected 
and nurtured for survival. The Industry has taken 
various advanced and modern initiatives to be more 
eco-friendly. These efforts have been successful and 
have alleviated the carbon footprint greatly over the 
past two decades. The unpredictable widespread of 
coronavirus has led to the implementation of unprec-
edented decisions. Such a decision was the suspen-
sion of domestic and international flights all over the 
world. The suspension of domestic flights in India has 
had a positive impact on the country’s pollution levels.
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Analysis shows a distinguishable difference in air 
quality levels over the two months of complete inac-
tivity. Various factors affect climate improvement, but 
the aviation industry has a 1% contribution towards 
it. The aviation industry consists of passenger air-
crafts, logistics aircrafts, defence aircrafts and ground 
operations. The passenger domestic aircrafts in India 
contributes 0.01% of CO2 emissions. With this knowl-
edge and the assumption that the new normalcy will 
include adaptation to the virus, it is advisable to im-
plement new regulations in the aviation industry to be 
sustainable, economic and environmentally friendly. 
The initiative of using modified engines has been one 
of the major ways of being eco-friendly. Apart from 
this idea, Sustainable Aviation Fuel (SAF) is a biofuel, 
that acts as a an alternate to jet fuel. This is usually 
used in jets where the jet fuel is blended with SAF. The 
blended fuel does not require any special infrastruc-
ture or equipment. It also reduces CO2 emissions, 
improves fuel efficiency and air quality. Due to its nu-
merous advantages, it is recommended that this fuel 
can be tried with passenger flights. It can be used in 
aircrafts along with usual fuels to provide a greener 
environment. Recycling programmes adopted by air-
lines have proved to be more CO2 efficient. Emphasiz-
ing on the importance of recycling and teaching it as 
a habit has produced environment friendly outcomes. 
These are a few of the measures that airlines can un-
dertake to reduce emissions from their side. Besides 
this, the aviation industry has to adapt to the increase 
in demand for air transportation and COVID-19 to 
sustain on the longer run. These measures will help 
to ensure zero contact amongst travellers and aviation 
employees. Such measures have been recommended 
and explained briefly. 

One of them is the digitization of the usual process 
flow. This will include reducing paper by digitizing 
important documents like ID proof, boarding pass, 
tickets etc. Apps can be created to store the details of 
these documents, which would be shared securely with 
an OTP. This way the transfer will be encrypted, and 
the data will not be misused. As the lockdown rules 
are being revised and relaxed, passengers choosing air 
transportation will increase. The frequency of travel 
may also increase. At that moment, airport services 
need to be modernized accordingly. For instance, all 
toilets can be replaced with automated toilets. Hubs, 
lounges, waiting areas, immigration, seating areas, 
restaurants, shops, and all kinds of places in airports 

need to be sanitized frequently. Innovative seating ar-
rangements can be made to ensure social distancing. 

Also, every airlines can set up food stalls near 
boarding gates and offer organic food to passengers. 
This is an alternate to the food supply in the aircraft. 
The number of food packets given to a passenger can 
vary depending on the duration of the journey. This 
method guarantees sanitization, recyclability, and re-
duction of physical contact between the crew and pas-
sengers during the journey. More importantly, as the 
population starts adapting to the new normal life, the 
schedule of departures and arrivals can be optimized. 

A definite number of flights (lesser than the usual) 
can be scheduled for a day to strike a balance between 
growth and corporate responsibility. When passen-
ger count falls, single aircraft can be used for multi-
ple small routes by combining them. This way all the 
passengers can be accommodated with a reduction 
in the movement of aircrafts. This paves the way for 
the Industry to be eco-friendlier and more efficient. 
In today’s rapidly advancing world, it is wise to take 
decisions on the long run, specially after witnessing 
the demented after effects after the spread of corona-
virus. This can bring in tremendous changes yet have 
a low influence on the Industry’s profits in the long 
run. These factors can be considered as the new goals 
for the future.

Limitations
The paper focuses on the impact of domestic 

flights in India towards the health of the environment. 
Passenger aircrafts consists of both domestic and in-
ternational flights. The paper does not include inter-
national flights. It is confined to domestic aircrafts be-
cause international flights leave the Indian boundary 
within half an hour or hour after take-off. Similarly, 
it enters the Indian geographical area a few hours be-
fore landing. Therefore, to simplify the calculation, 
international flights have not been considered. Also, 
only passenger aircrafts have been concentrated on. It 
does not look at other kinds of aircrafts like defence 
aircrafts, freight aircrafts, private jets, etc. the reason 
is that these aircrafts are considerably small in num-
ber and their CO2 emissions are negligible. Due to this 
narrowed down approach, the paper is not holistic. 
The contribution of aviation industry towards air pol-
lution may differ slightly when these factors are tak-
en into consideration. The longest haul and shortest 
haul data have been drawn from ICAO. The average 
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of these two distances has been considered to reduce 
the complexity of calculation. If not, all the routes be-
tween various cities in India should have been taken to 
get the accurate average of CO2 emissions. The aver-
age calculated with long and shirt hauls is assumed to 
give precise results equivalent to the complex method. 
Another limitation is the data chosen for calculating 
the Total CO2 emissions in India. The latest recorded 
value was 1.9 metric tonnes in the year 2018. The To-
tal CO2 emissions in India for the year 2020 was not 
available due to which this proven data was consid-
ered. The 2018 data was multiplied with the popula-
tion of India in 2018. This might have slight variations 
in the calculation, but it is negligible as the population 
and CO2 emissions have not had any drastic hike from 
2018-2020.
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Abstract
Ambala, a small settlement located near the town of Ramtek, 
is known for its landscape. The landscape of Ambala compris-
es an ensemble of the physical and human environment with 
tangible and intangible qualities is paid from Ramtek due to the 
geographical setting. The historical settlement of Ambala has a 
water tank surrounded by the typology of Ghats, temples, Ch-
hatries, Kunds, Gate, etc. The ensemble is the center of human 
interaction through a medium of various ritualistic activities and 
performances. The development in the region of Ramtek be-
gan in the 5th century A.D. by the “Vakataka Dynasty” and con-
tinued till the 18th century A.D. ruled by the “Bhonsala Dynasty”. 
The United Nations Educational, Scientific and Cultural Orga-
nization (UNESCO) recommend the Historic Urban Landscape, 
defined as the urban area understood as a historical layering 
of cultural values and its geographical setting. The fieldwork 
involved a reconnaissance survey investigating the settlement 
and built structures within a km radius at Ambala tank, Ramtek. 
The basic methodology adopted was a reconnaissance survey 
that included the documentation work of sculptures and various 
built installations situated around the Ambala tank. The paper 
investigates the Ambala tank’s historical landscape and contex-
tual study in Ramtek, Maharashtra, India. The context of the 
study would include topography, natural features, built envi-
ronment, land use, spatial organization, open spaces, practices 
and values, tangible and intangible dimensions of the heritage.
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Ancient Structures, Historic Landscape, Intangible, Rituals, Tan-
gible, Typology.
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INTRODUCTION
Ramtek is a beautiful town comprising 22,310 

people (Census of India, 2020). The most dominant 
landscape feature in the beautiful city is critical archi-
tectural structures, hills, natural water bodies, etc. The 
socio-cultural landmarks and street networks are dic-
tated by the form and presence of several hills & lakes. 
Ramtek is known as a place to a historical temple of 
Lord Ram built during the Vakataka period. The peo-
ple believe that Ramtek was the place where Rama (The 
Hindu God) rested with his wife Sita (The Hindu God-
dess) and brother Lakshman (The Hindu God). This 
place is also known for its relation with the great San-
skrit poet and playwright Kalidas. There are numerous 
religious activities and rituals are performed in Ramtek 
every year, on the auspicious occasion of Ramnavami, 
mainly inside the Rama temple complex [1]. 

Town Profile

Context and Setting
The town Ramtek (210.28’N, 790.28’E) is located 

around 45 kilometers away from the northeast di-
rection of Nagpur (Maharashtra). The uninterrupted 
historical development has been examined through 
archaeological monuments from the fourth century 
A.D. to the present day in Ramtek (Bekker, 1989). His-
torical Development of Ramtek shows organic growth 
of the settlements with a variety of cultural and reli-
gious activities. Ramtek counts as an important heri-
tage site in the Vidarbha Region [2]. The town setting 
is rich in natural resources with forest, water bodies, 
black cotton soil, etc. Jain settlement is one of the old-
est settlements observed in this region in the Mourya 
period (Narad et al., 2019). Ambala Lake and Ramgiri 
hill have played a significant role in the evolution of 
their contemporary form and character. Most of the 
people of Ramtek town are engaged in agricultural 
and allied activities. The Figure 1 maps showcase the 
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regional setting, context, and geographical location of 
the city. Figure 2 and Figure 3 shows the Maharashtra 
state surrounding in natural features.

Historical Evolution of Ambala Tank
Figure 4 shows the Location of Ramtek in the Nag-

pur District of Eastern Vidarbha. It is believed that the 
lake was shaped after the battle between Hindu God 

Vishnu in his Narasimha avatar and Hiranyakashyap 
(Hindu Demon). After murdering the evil presence 
and tossed him with such power, it molded a giant 
pit at the lower regions of Ramtek temple, known as 
Ambala Lake (Dange, 2017). Another story of the lake 
is that once a Suryavansi Rajput king named Amba 
reached the spot of the present tank. While hunting, 
he took water from a spring and washed his face and 

Source: Survey of India, Department of Science & Technology.

 
FIGURE 1.Geographical location of Maharashtra State on the map of India. 

Source: Survey of India, Department of Science & Technology.

 
FIGURE 2.Maharashtra state with its surrounding natural features. 
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hands with it [3]. Hefound himself cured of lepro-
sy disease. He, therefore, excavated the spring and 
brought water from Ganga. For this reason, people 
used to throw the ashes of the dead into the tank, 
whose water is as sacred as that of the Ganga (Ma-
harashtra State Government of India, 2005) (Dange, 
2017). The development of Ambala had been done by 
King Ambarish around the 14th century A.D.; hence 
it bears his name. 

Figure 5 shows the Ambala tank, lined with steps 
and stone revetments throughout, has an array of tem-
ples on its banks. The appearance of the historic land-
scape in the morning, when the sun reflects on the 
tank with hills, is stunning. Among the temples, one 
is dedicated to the sun called the sun temple [4]. The 
peaceful environment of Ambala reflects an emotion-
al state of pilgrims engaged in religious activities, in-
cluding rituals of burial, bathing rituals, immersion of 

Source: Survey of India, Department of Science & Technology.

 
FIGURE 3.The location of Vidarbhainside the state of Maharashtra.

Source: Survey of India, Department of Science & Technology

 
FIGURE 4.Location of Ramtek in the Nagpur District of Eastern Vidarbha
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ashes into the holy waters; Pind Daan, etc. take place 
at tank premise. Mahadev (Lord Shiva) rules this small 
valley with several Shiv temples built around Ambala 
Lake as offerings to the God of Death. 

TYPOLOGY AND SIGNIFICANCE  
OF THE ANCIENT STRUCTURES

The period of the Vakatakakingdom is often count-
ed as a classical era, which has produced distinctive 
and progressive monuments. Ramtek holds a lot of 
mythological significance [5]. Investigating ancient 
structures and monuments encourages our compre-
hension of the more immaterial parts of the Vakataka 
time of religion and belief system. Great architecture 
and sculptural artistry can likewise be characteristic of 
the flourishing kingdom of a realm, support, and reli-
gion, just as dynamic endeavours by systems to legit-
imize their position over the landscape. The listing of 
various ancient historic structures is carried out in this 
architectural documentation process [6]. The listed 
significant architectural forms and structures found in 
Ramtek town and the Ambala lake are mentioned in 
the table 2 below. The modest scale of temples around 
the small lake surrounded by lush green hills has a 
lasting impact on pilgrims and visitors (Maharashtra 
State Government of India, 2005). Table 2 shows the 
Inventory table with drawings of typologies of ancient 
structures at Ambala tank, and shown in Figure 6, Fig-
ure 7, Figure 8 and Figure 9.

Ghats and the Kunds
The pilgrimage places may be considered a sea-

shore,river, lake, Kunds, or Ghats. Settlement bound-
aries are also defined by riverside Ghats that existed 
in the town or city. The physical transition from land 
to water has mythological and symbolical significance, 
representing rituals and spiritual activities on the edg-
es (Kamble&Chundeli, 2016). The Kunds are formed 
in an organic pattern and gradually developed into 
several steps with a platform directed towards the wa-
ter body [7]. At the Ghats of Ambala, there is one main 
road along with Ghatrunning parallel to the lake.In 
the premise of the Ambala tank, the ghats and kinds 
act as a human interface for nature and human beings 
connected by ritualistic activities. To immerse the ash-
es of the dead, a particular part of the tank on the east 
has been set aside, and a ghat has been built, known as 
DasakriyaGhat(Dange, 2017).

Temples
Most temples and sculptures are related to the 

dominant Hindu “Brahmanical” tradition, with evi-
dence of Shiva and Vishnu affiliation. There is vari-
ous evidence relating to the diligence of local shrines 
found near-religious landscape (Kawathekar et al., 
2016). The entire place seems to merge with its natural 
setting. Several types of temple designs are on view at 
Ambala, and the resulting diversity in form & detail of 
temples is unified by consistency in their scale and or-

Source: Google Maps.

 
FIGURE 5.Map indicating the listing of typologies of ancient structures around the Ambala tank. Drawing courtesy: Author, 2019. 



Issue 25. December 2022 | Cardiometry | 721

TABLE 1
Listing of typologies of ancient structures at Ambala tank

S.N. Name of Structure Symbolism of
Structure

Present
Status Period Geotag location

(Latitude/Longitude)

1 MahadeoMandir 1 Shiva Temple Good 17th – 18th C 21.391921, 79.344923

2 MahadeoMandir 2 Shiva Temple Partially Ruined 17th – 18th C 21.391817, 79.344924

3 MahadeoMandir 3 Shiva Temple Partially Ruined 17th – 18th C 21.391712, 79.344960

4 Shiva Mandir 1 Shiva Temple Partially Ruined 17th – 18th C 21.392032, 79.344908

5 Shiva Mandir 2 Shiva Temple Partially Ruined 17th – 18th C 21.392171, 79.344915

6 Shiva Mandir 3 Shiva Temple Partially Ruined 17th – 18th C 21.392297, 79.344951

7 Surya Mandir Sun Temple Good 17th – 18th C 21.392600, 79.344924

8 PanchmukhiMahadeo Shiva Temple Partially Ruined 17th – 18th C 21.392624, 79.344980

9 Ganesh Mandir Ganesha Temple Good 17th – 18th C 21.392817, 79.344517

10 PanchShikhariMandir Shiva Temple Partially Ruined 17th – 18th C 21.393348, 79.346537

11 HariharMandir Shiva Temple Partially Ruined 17th – 18th C 21.394079, 79.345259

12 Renuka Mata Mandir Renuka Partially Ruined 17th – 18th C 21.391668, 79.348707

13 JaggannathMandir Jaggannath Temple Good 17th – 18th C 21.391623, 79.348868

14 BhutaleshwarMandir Shiva Temple Partially Ruined 17th – 18th C 21.390494, 79.346671

15 Dagdi Mahal Samadhi Partially Ruined 17th – 18th C 21.392936, 79.347495

16 Rani Bai Samadhi Samadhi Partially Ruined 18th – 19th C 21.392650, 79.344946

17 Chhatri 1 Samadhi Partially Ruined 18th – 19th C 21.390757, 79.345761

18 Chhatri 2 Samadhi Partially Ruined 18th – 19th C 21.390885, 79.345639

19 Chhatri 3 Samadhi Partially Ruined 18th – 19th C 21.391424, 79.344988

20 Chhatri 4 Samadhi Partially Ruined 18th – 19th C 21.393154, 79.346836

21 Chhatri 5 Samadhi Partially Ruined 18th – 19th C 21.392936, 79.347806

22 Laxminarayan Mandir Vishnu Temple Good 17th – 18th C 21.394562, 79.342432

23 Kashi Darwaza Entrance Gate Good 17th – 18th C 21.390089, 79.346341

Source: Author, (Kamble&Chundeli, 2016), (Kawathekar et al., 2016), (Maharashtra State Government of India, 2005),  
(Google Maps, 2020).

TABLE 2
Inventory table with drawings of typologies of ancient structures at Ambala tank
S.N. Typology Architectural Drawings Architectural Feature

1 Ghat

 

FIGURE 6.Site section of Ambala Ghat. Drawing courtesy: Author, 2019

A place for rituals and spiritual 
activities on the edges with the 
physical transition from land to 

water.
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ganization. Ambala is indeed a rare example of water-
front development of such exquisite quality. Shri Ram 
Mandir complex on the Ramgiri hill is linked to the 
Ambala lake in the valley below with a series of steps 
descending from the mountain, this link being both 
physical and symbolic [8]. Narasimha Temples sur-
round the banks of the Ambala lake, and boat rides can 
be enjoyed to visit these temples. Most of the temples 
(eight in numbers) along the ghats of the Ambala tank 
are dedicated to Lord Shiva. The other temples belong 
to Surya (one in number) and Vishnu (three in num-

bers). The primary activity along the ghats and Kunds 
of the Ambala tank involves submerging the ashes 
of the dead and associated rituals with death. Due to 
this association of activities majority of the temples 
are dedicated to Lord Shiva. The development period 
around the Ambala lake is between the mid-18th and 
19th centuries (Kamble&Chundeli,2016). The archi-
tectural characteristics of the temples along the ghats 
can be understood based on their spatial planning, de-
sign and form, material, and ornamentation [9]. The 
temples around the Ambala tank are built before oth-

S.N. Typology Architectural Drawings Architectural Feature

2 Temple

 
FIGURE 7.Drawings of Shiva Temple. Drawing courtesy: Author, 2019

A place of worship. Shiva and 
Vishnu temples are found ma-
jorly around the Ambala lake.

3 Chhatri

 
FIGURE 8.Drawings of Chhatri. Drawing courtesy: Author, 2019

An ancient typology of the built 
structure represents Samadhi.

4 Gate

 
FIGURE 9.Elevation of Kashi Darwaza at Ambala Lake.Drawing courtesy: Au-
thor, 2019

The entrance door is a part of 
a fortification.

Source: Aurthor, 2019
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er temples of Ramtek and show a similarity to Islamic 
features in their plan and use of elements. The temples 
have a central mandapa supported by four columns 
and bays projecting outside on three sides. The man-
dapa is supported by columns and arches and has a 
large dome above the roof. Unlike the other temples 
built by Bhonsle of Nagpur, the temples at Ambala are 
underdeveloped.

Chhatries
The Chhatri is an ancient typology of a built struc-

ture that represents Samadhi. A total of five Chhatries 
existed around the Ambala lake created by the Gond 
and Bhonsala Dynasty. The plan of all the Chhatries 
are typical and having Islamic features such as a cir-
cular dome with the pointed arches standing on eight 
or six columns. Figure no. 08 showing drawings of 
the Chhatries situated on Ambala Tank. As the tank 
is dedicated to performing rituals after death, traces 
of the same can be seen in the structures around the 
tank [10]. There are Samadhies and chhatris, which 
are burial places dedicated to prominent individuals 
of the respective era. The designs are similar to the 
Bhonsala burial chhatris in Nagpur but underdevel-
oped in terms of their architecture. The Chhatris are 
supported by columns and arches and adorned by a 
circular dome roof above.

Entrance gate
The entrance gate is also known as Kashi Darwaza. 

During the 18th century, the gate and a road running 
along the lake were established by Bhonsle King as a 
fortification. The gate has been built from sandstone, 
brick, and lime, having an area of around 140.80 sq. M. 
It has two bastions on both sides of the Circular Arch-
way facing towards the Southern side of the lake. It is 
the most significant historic structure on the premises 
of Ambala Tank. It has a circular arched opening lead-
ing to the circumambulatory path around the tank. 

RITUALS AND FESTIVALS AT AMBALA 
TANK

The Ambala tank is used for various ritual activities, 
i.e., Pitru Pooja, PindDaan, etc. One important festival 
of Kartik Purnima occurs 15 days after the Indian fes-
tival Diwali. The Kartik fair is also set up during the 
same time at Ramtek. A large, densely packed crowd 
of devotees visit the Ambala tank to take a holy show-
er before rising to the Ram Mandir(Kamble&Chun-

deli, 2016). Another important festival is the Sharad 
Purnima, which is celebrated during the month of Au-
gust-September. The circulation and movement pat-
tern of people remains the same as the Kartik Purni-
ma festival. Then another day-to-day activity is done 
by people here is PindDaan. This ritual offers to pay 
respect to one’s predecessors; thus, it is done consis-
tently throughout the year.The central place where 
the PindDaan ritual is used is the AsthiVisarjanKund; 
hence the ritual shower is also done on the Ghats. The 
battery for leprosy cure happens during the “Amavas,” 
for example, the new moon days of the year. After the 
holy bath, visitors go to the Laxmi Narayan temple and 
worship Vishnu (Kamble&Chundeli, 2016). 

OBSERVATIONS AND DISCUSSIONS
Figure 10 shows the Ambala tank is used for vari-

ous temple rituals, bathing, fishing, washing, etc. The 
water body is also getting polluted due to the drained 
of few drain outlets from the settlement. The urban 
local body should initiate the task of cleanliness and 
maintenance. Public-Private Participation is one solu-
tion identified with the strategic plan to involve the 
urban local body, the local public, and the improve-
ment trust for water conservation management from 
Ambala tank (Kawathekar&Sanyal, 2016). There is an 

 

 
FIGURE 10.Pitru Pooja ritual activity on the Ghats. Photo courte-
sy: Author, Date: 25/11/2019
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excellent scope of waterfront development with recre-
ational activities, including boating, water sports, etc. 
The Ambala lake is bound at the edges with concrete 
steps and can be a decent spot to spend early morning 
and evening. Located away from the chaos of life, the 
lake is tranquil and is a fantastic spot to relax, slow 
down and get rid of all anxieties of this material world.

CONCLUSION
Restoration and preservation of ancient monu-

ments is an environmentally friendly technique. The 
Archaeological Survey of India and local authorities 
play an essential role in it. The old structures attract 
tourists, especially those who love to experience the 
“spirit” of the city, which is explored through archi-
tecture. Tourism could be one of the best options to 
boost the economic prosperity of the town. Due to 
poor maintenance and lack of public awareness, the 
place is losing its significance and value. An awareness 
campaign towards conservation and promotion of cul-
tural tourism for this ancient historic place could be 
worked out with the support from Ramtek Nager Par-
ishad. To make the environment sustainable, it should 
be restricted to throw eatables, ritual waste, and other 
pollutants into the water tank. By involving the local 
public, some maintenance activities should plan for 
the long-run sustainability of the culture and heritage. 
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Abstract
Work-life balance is highly desirable and involves maintaining 
equilibrium between professional and personal work. With the 
onset of a novel coronavirus pandemic, the workforce has seen 
unprecedented changes. Instead of the COVID-19 pandemic, 
the Government of India implemented a nationwide lockdown 
and several isolation policies. IT industry has seen a massive in-
crease in work from home policy. Many companies permanent-
ly shift working patterns to embrace remote working. Because 
of this lockdown, many employees working in this sector have 
experienced psychological distress. With companies expecting 
their employees to perform with the same productivity, work-
life balance has taken a toll. It becomes imperative to identify 
the factors that most influence the balance. The responses are 
collected from employees across the IT industry in various re-
gions of India. Factor analysis is employed to identify the most 
and least important factors that affect work-life balance during 
COVID-19 lockdown. 
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Introduction 
Over the years, many have attempted to define 

‘Work-life Balance’ with several overlapping discours-
es. Work-life balance can be defined as a concept that 
talks about maintaining the right balance between ca-
reer and personal life [1]. 

It is a phenomenon through which an employee 
working in an organization can maintain a healthy life-
style at home while still being productive at work. An in-
dividual who can maintain such a balance can prioritize 
work while still being present for familial commitments. 

Internal and external factors influence work-life bal-
ance; internal factors include anxiety, emotional stability, 
support of the manager, etc., and external factors include 
organization policies, workplace culture, peers, etc.

In today’s competitive environment, organizations 
lure in talent by promising a workplace that provides 
the opportunity to its employees to maintain such a 
balance. Having the right combination of these factors 
is crucial in achieving the desired work-life balance. 
However, when these factors are not weighed in, these 
strategies remain ineffectual.

Since economic liberalization, the IT sector in India 
has seen many changes. The most significant of these 
changes has been the change in work hours. Many Indi-
an IT firms provide their services to organizations based 
in the European and North American regions, which re-
sults in stretching employee working hours. With the tal-
ent race at its peak, employees are willing to work longer 
hours, provided they are paid well, which has resulted 
in work-life balance taking a huge toll. Greenhouse and 
colleagues have recently defined work-family balance 
broadly as multiple role conflict thus: ‘Work-family bal-
ance reflects an individual’s orientation across

World Health Organization (WHO) declared the 
outbreak of novel coronavirus disease (COVID-19) in 
January 2020 and later in March 2020. It was declared 
a pandemic [2]. Now, with the onset of the COVID-19 
pandemic, the situation has worsened. The three-
month lockdown has forced companies to make their 
employees work from home. Major Tech companies 
in India have now started enabling employees to work 
from home [3] , which has pushed work and personal 
life under the same roof for most corporate employees. 
The struggle to manage it all is now discernible to both 
employees and employers.

This paper aims to identify the factors that most affect 
this balance for corporate employees in IT firms in India.

Literature Review
Work-life balance is defined as an employee’s per-

ception of maintaining multiple domains of family 
care, personal time and work with the least amount 
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of role conflict possible [4]. It is the perfect balance 
of professional and personal involvement. Any mis-
alignment of the two roles’ responsibilities causes an 
imbalance [5]. 

 [6] Suggested that individuals have the desired bal-
ance. This balance is the standard against which they 
compare their perception of WLB at any given time.

This balance is a significant consideration for or-
ganizations and employees because a successful work-
life balance can help an employee lead a less stressful 
life and increase job satisfaction.

From previously researched the subject, it can be 
deduced that finding the right work-life balance has 
become a trend. Therefore, understanding the fac-
tors that affect it becomes important in correcting 
this issue [7]. The increasing work pressure, global-
ization, and advancement significantly impact both 
these aspects of an individual’s life [8]. Companies 
around the world use a wide array of strategies to 
combat burnout and maintain work-life balance. 
These include conferences, limitation of work hours, 
self-care, retreats, etc. [9]. 

The changing societal perception has resulted in 
the new psychological contract between organiza-
tions and their employees. WLB seems to be a big 
part of it [10]. 

‘Lockdown’ is an individual staying at home to re-
strict the movement of people in a specific area except 
for important activities [11]. These measures forced 
companies to allow work from home for those em-
ployees who can do their jobs remotely. Because of 
this, there is increased psychological distress for many 
individuals.

Remote working is believed to offer more flexibili-
ty to employees while reducing costs for the organiza-
tion and improving productivity [12]. However, some 
studies suggest increased stress for careerists due to 
increased demands from employers, increased work-
load, and distorted boundaries between work and per-
sonal life [13]. Family-friendly policies and culture are 
crucial for creating a nurturing workplace [14]. Case 
studies suggest that employees working long weekly 
hours have worse work-life balance problems [15]. 
Remote working has significantly aided in extending 
work hours and the fulfillment of workers’ needs for 
more time at work [16]. 

Employers have higher expectations of constant 
connectivity even after official work hours, which in-
trude into employee’s time, leaving no time for them 

to recover from the physical and mental demands of 
the job [17]. Maintaining a healthy work-life balance 
is not only the employee’s responsibility but also the 
employer’s. The company must take the initiative and 
offer valuable assistance to employees to achieve a bet-
ter work-life balance.

Gender and the expectations of gender also affect 
how an individual employee might struggle between 
work and life roles, ultimately resulting in stress and 
internal conflict.

A large number of people in India have been un-
employed instead of plummeting the economy. Some 
projections suggest the scale of job dislocation could 
be greater than anything the global economy has ex-
perienced since the Great Depression [18]. 

Rationale of Study
Some studies suggest high physical and mental 

stress levels amongst IT professionals, credited to long 
hours of sitting in front of screens accompanied by 
low physical activity. In such a scenario, identifying 
factors that help maintain the right work-life balance 
becomes important. Similarly, from an employer’s per-
spective, identifying these factors becomes important 
to create policies that increase productivity and lower 
absenteeism due to stress.

With the increase in several nuclear families in 
India and more female employees, it becomes imper-
ative for employers to identify factors that influence 
this balance. Previously, scholars have identified fac-
tors that affect work-life balance. There is further 
scope with the onset of pandemics and telecommute 
becoming the new normal. This paper offers find-
ings that Human Resources professionals can utilize 
in their organizations to capitalize on the factors that 
most affect work-life balance for IT professionals 
with the rise of work from home policies instead of 
COVID-19.

Objective
This study aims to identify the most important in-

fluencing factors that affect work-life balance in the 
IT sector, given the prevalence of work-from-home 
policies in the wake of the COVID-19 pandemic. 
These factors are examined across demographics in 
the study. Factor analysis is used to identify the factors 
that influence the work-life balance of IT employees, 
which businesses can also use in the development of 
various workplace policies.
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Research Methodologies

Description of sample
For this study, a random sampling technique was 

used. Since the study focused on only employees of 
these sectors, all 100 respondents were from these ex-
clusively private sectors. The age of respondents lies 
between the range of 20 and 50 years to represent di-
verse generations and to analyze various other dimen-
sions.

Description of the tool used
Primary Data was collected using a self-construct-

ed questionnaire. For primary research, the question-
naire was created with the help of a thorough literature 
review. The questionnaire enlisted various indepen-
dent variables that were then extracted to form factors 
that impact work-life balance. The basic demographic 
information was also included in the questionnaire for 
more nuanced findings.

SPSS was used to find the reliability coefficient, 
which was 0.76, which means the tool is reliable. 
The acceptable range of alpha lies between 0 and 1. 
The independent variables determine the dependent 
variable, in this case, work-life balance, by applying a 
Likert scale with 10 items.

Data collection
The questionnaire was distributed to IT & ITES 

professionals. A total of 120 questionnaires were cir-
culated, and 100 filled responses were collected.

Analysis and interpretation
The data were analyzed using SPSS (Statistical 

Package for the Social Sciences) version 16 for sta-
tistical testing. Factor analysis is used to identify the 
most important factors for IT employees to maintain 
a work-life balance. The key findings were as follows.

Results and Discussions
The independent variables were deduced using a 

thorough literature review is shown in Table 1.
The respondents’ names were considered based on 

the list of items under each component and their respec-
tive loadings. The factor analysis yielded four important 
work-life balance factors. The names were based on the 
list of items under each component and their respective 
loadings. The graph plot between eigenvalues and Com-
ponent Numbers is shown in Figure 1.

Table 1
Statistical Values of Independent Variables.

Independent Variables Mean Std. Devi-
ation

Positive Work environment 7.03 1.851
Telecommuting 6.16 2.894
Well-defined performance appraisal 6.89 1.613
Planned career growth 8.54 1.864
Familial support 7.09 2.048
Attitude of Superior 8.16 1.930
Nature of work 7.01 2.074
Achievable Tasks 7.18 1.740
No stretch assignments 6.89 2.129
Miscellaneous facilities 5.01 2.625

 

Figure 1. Plot between Eigen Values vs. Component Numbers.

Findings
The variables that impact work-life balance for an 

employee based on his age are shown in Table 2.

Table 2
Age That Impact Work-Life Balance.

Age Group Most important Least important 
18-25 years Organization Policies Hygiene factors
26-35 years Attitude of superior Nature of work
36 and above years Attitude of superior Hygiene factors

For the female employees, it was observed that the 
most important factor amongst the four factors was 
the attitude of the superiors. Independent variables 
such as spousal support and family events played a 
more important role in maintaining work-life balance 
in married individuals is shown in Table 3.

For unmarried employees, organization policies 
were more important, which is shown in Table 4. For 
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male employees in the sector, the attitude of superi-
ors plays a more significant role while hygiene factors 
have low significance.

Table 3
Gender that Impact Work-Life Balance.

Gender Most important Least important 
Female Attitude of superior Hygiene factors
Male Organization Policies Hygiene factors

Table 4
Marital that Impact Work-Life Balance.

Marital Status Most important Least important 
Married Attitude of superior Nature of work
Unmarried Organization Policies Hygiene factors

It is observed that hygiene factors play the least im-
portant role in maintaining work-life balance for em-
ployees with greater work experience (refer to Table 5).

Table 5
Work Experience that Impact Work-Life Balance.

Work 
Experience 

Most crucial variables Least important 
Variables

0-2 years Positive work environment Telecommute
2-5 years Organization Policies Hygiene factors
5-10 years Attitude of superior Hygiene factors
>10 years Telecommute Hygiene factors

Conclusions 
It can be concluded that women under the age of 

30 and unmarried find factors, such as “Timely pro-
motions & well-planned career growth,” positively im-
pact their work-life balance. On the contrary, married 
women are more affected by the familial support and 
attitude of their superiors.

The respondents’ names were considered based 
on the list of items under each component and their 
respective loadings. The factor analysis yielded four 
important work-life balance factors. The names were 
based on the list of items under each component and 
their respective loadings.
• Factor 1- consists of variables like facilities like a 

canteen, restroom, medical, crèche, etc. This factor 
is called ‘Hygiene Factors.

• Factor 2- ‘Nature of work’ accounts for overall Sat-
isfaction with work, profile, and company.

• Factor 3 indicates that employees are positively af-
fected by the support they have from their superi-

ors. Therefore, we can term this factor as ‘Attitude 
of Superior.’

• Factor 4 ‘Organization policies’ indicate that if the 
organizations have a good performance appraisal 
system, the employees can have a good work-life 
balance. 
Work-life balance is primarily influenced by hy-

giene factors, work environment, superior attitude, 
timely promotions, and planned career growth. There 
is scope for researching factors influencing employees 
‘ work-life balance during lockdown policies in vari-
ous other sectors, such as education, banking, insur-
ance, real estate, and e-commerce.

Scope of the study
This research is limited to the IT sector and em-

ployees working in this sector. The respondents differ 
based on their age, companies, work experience, mar-
ital status, etc. The scope of this study covers employ-
ees from various regions of the country, working for 
different profiles in their respective IT firms.

Limitations and suggestions
Looking at the findings, it can be suggested that IT 

companies, while making HR policies, can pay attention 
to these factors, as they predominantly influence the 
work-life balance of IT employees of different demo-
graphic. Further research can help formulate strategies 
that these organizations can introduce to enhance work-
life balance and further reduce stress in the employees 
of the sector. Research findings indicate four factors that 
influence work-life balance. Therefore, the following rec-
ommendations can be made based on the findings.

Companies should encourage the team leaders to 
show empathy to their subordinates, as the attitude 
of the superiors plays a crucial role in maintaining a 
work-life balance.

Companies should provide basic hygiene factors.
Proper HR policies should be in place for timely 

promotions & career growth.
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Abstract
Covid-19 is creating a flurry of fear and stigma across the globe. 
The individual fear is of discrimination at isolation centers, fears 
of dying alone with no funeral as per rituals. The mass fear is 
fueled by social and news media through negative news, dis-
seminating medical knowledge, and confusing multiple math-
ematical projection models. Hence, firstly need to impede this 
pandemic of fear and stigma. Equally vital is to embrace the 
science of prevention by stringently following WHOguidelines. 
The general population should not fall prey to non-scientific 
news on social media. There should be restricted, systematic, 
and timely dissemination of medical knowledge to the medi-
cal fraternity. Identify limited expert spokesperson to present 
factual positive data and strategies of prevention. Disengag-
ing politics and conflicts of commercial interests and educating 
the population for social changes and norms are required to 
control the pandemic. Increased GDP allocation to the health 
sector; Population Control, Improved Literacy rates are other 
long-term measures.

Keywords
Covid-19, health sector, Prevention, GDP, WHO, Pandemic, Iso-
lation center, Literacy rate.
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Introduction 
Covid-19 has globally caused 12,964,809 death 

cases, including 570,288 confirmed deaths report-

ed by WHO [1]. The number of cases and the death 
toll proceeded to grow, with India also contributing 
majorly to this increase. India, the second most pop-
ular country globally, with high rising cases due to 
Covid-19, is worrisome. There are approximately 0.9 
million confirmed cases and 24915 deaths in India on 
16 July 2020 [2]. There could be invisible numbers due 
to asymptomatic cases and other factors like non-re-
porting symptoms due to fear [3] and stigma related 
to the disease.

Fear and Stigma In Covid-19

The psyche of Individual fear
As per [3] , the study says that the individuals 

fear getting admitted to Isolation centers. Their fam-
ily members will be sent to quarantine centers, dis-
crimination, and Ill-treatment at these centers. They 
will fear dying alone and not being cremated as per 
rituals. A study conducted on suicides in India shows 
that the most common causes were fear of infection, 
loneliness, social boycott, the pressure to be a quaran-
tine, and inability to return home post lockdown. A 
proportionate increase in fear and stigma is pragmatic 
with increasing cases.

The Psyche of Mass Fear
Many experts and non-experts give their opinions 

in news media for self-image building to add to sci-
entific knowledge. Multiple mathematical prediction 
models presented across the world are confusing the 
masses. The latest MIT study says, ‘India may come 
across 2.87 lakhs COVID-19 cases per day within the 
time of winter 2021 [4] , which mainly flashes on the 
Internet on the news media. Data presented by media 
flashing it as ‘Breaking news’ in negative comportment 
adds to the fear. Also, frequent changes in the guide-
line of prevention and scientific knowledge are creat-
ing bewilderment amongst the masses.

Literature Survey
Besides, the transmission of medical knowledge to 

en masses through social media and its use for circu-
lating saddening and negative news are increasing fear 
and stigma related to the disease.

“Is this a Pandemic of Covid-19 or a Pandemic of 
Panic and fear?” [5]. 
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Thus, the first step is to throttle the fear and stigma 
related to Covid-19. 

Covid-19 has perplexing epidemiology; varied 
pathophysiology; unknown natural history being a 
novel disease; diagnostic tool with low sensitivity; [6] 
and cautiously evolving treatment protocols. 

The general reasons of subconscious tension 
throughout the Covid-19 pandemic include the fear of 
falling ill or spread of infection and mortality, dodging 
wellness support because of the dread of infection in 
support, job loss and economical backwardness based 
on the dread of loss of livelihood, fear of living in so-
cial exclusion, the dread of quarantine, feeling pow-
erlessness in guarding themselves and their family 
and relatives [16]. The dread of being isolated from 
custodians, the dread of helplessness, loss of pride to 
do things in their day-to-day life [7] , isolation, and 
despair because of staying lonely and re-experiencing 
a previous pandemic [8]. 

In addition to the above difficulties, coronavirus 
disease-19 can create subconscious answers like the 
threat of being afflicted during the spreading phase 
of the disease is never fully cleared, general indica-
tions of additional wellness issues increased the con-
cern of the kids staying at residence due to lockdown 
and online classes as the school closed. However, 
the parents need to be at work. So the physical and 
mental health problems for children due to vulnera-
ble gadgets and care reduction leads to a high risk of 
health issues [9]. 

The untrained non-medicos, volunteers, affiliated 
with political parties across cities, towns, and villag-
es have certainly restricted using the science of pre-
vention, which has led to the baffling use of scientific 
terms of isolation and quarantine. It has also created 
poor and chaotic dissemination of medical knowl-
edge. Every small medical trial became public before 
the experts established it. The greatest examples are 
the use of Hydroxy-chloroquine and arrivals of the 
vaccine [11]. 

The SGTM prediction of people who suffered and 
died of COVID-19 is measured and supervised using 
a neural-like structure [10]. 

The prediction of the covid-19 transmission behav-
ior in Indonesian countries utilizes various parame-
ters like the distribution of a virus, mortality rate, cure 
rate, movement, and communication rate. Compared 
with other countries to Indonesia, the appropriate pa-
rameters are measured by WHO [12]. 

“Do not get carried away by social media news un-
less there is scientific evidence.”

Let us embrace the science of prevention.”
The ongoing COVID-19, with many deaths, forced 

the experimental populations to increase the Research 
and Development (R&D) projectson the undergoing 
pandemic situation [13]. 

To guide the scientists in the comprehensive re-
search, the committees, regulators, policymakers, 
andfunders are in the deliberate studies regarding the 
SARS-CoVid-2 challenges [14]. 

Results and Discussions 

Embracing the science of prevention
• Embracing the science of prevention based on cur-

rent knowledge of the disease [7] 
• Physical distancing – Minimum 3 feet distance [15] 
• Avoid Gatherings, crowded places, and unneces-

sary travels and meetings.
• Appropriate use of Mask 
• Hand Hygiene 
• Good Respiratory Hygiene
• Avoid touching eyes, nose, and mouth
• Seek medical attention
• Self – Isolation
• Get information from trusted sources.

Total alignment to the above advisory and ac-
knowledgment of a pandemic’s social game may help 
control ituntil the vaccine is available.

Specific Measures
• Training and deployment of social volunteers to 

stringently implement prevention strategy in the 
field 

• Restricted use of social news media spreading un-
scientific knowledge, negative news. 

• Governments and healthcare [2] authorities use 
social media to disseminate scientific knowledge 
and updates about COVID-19

• Limited experts as spokespersons to disseminate 
factual positive data and strategies of prevention. 

• Disengagement of politics and conflicts of com-
mercial interests during a pandemic

• Systematic and timely dissemination of knowledge 
to the medical fraternity

• Standardization of prevention mechanisms and pa-
tient management protocols 
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• Educate population for social changes and norms 
required to control the pandemic

• Mass media communication to alleviate fear and 
stigma

Conclusions 
Increased GDP allocation to the health sector for 

the robust public health system; Population Control; 
Improved Literacy rates; Stronger economic reforms 
to accommodate the Covid-19 like situation; Im-
proved Lifestyle and Mental Health says restricting 
medical knowledge to the medical fraternity is a key 
intervention required to reduce confusion and fear 
among the population. An over the dissemination of 
medical knowledge not authenticated through scien-
tific research, news, and social media adds fuel to fear 
and stigma. The spread of COVID-19 disease Preven-
tion in the common space is suggested with an AI-
based smart system of gate and website alliance can 
be established. However, there is a lack of systematic 
dissemination of scientific knowledge to the medi-
cal fraternity. Circulation of multiple prevention and 
treatment methods on social media, news media with-
out scientific published data is a heinous crime in this 
pandemic.
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Abstract
Objective: Customer thinks many times before the purchase 
of service or product. Many people prefer different sources to 
identify its legality, such as YouTube, friends, and relatives in-
fluencing their purchase decision. Therefore, the main aim of 
the research reflects on the factors influencing millennial buy-
ing decisions while referring to YouTube. Method: Through the 
structured questionnaire using the Likert scale, the data has 
been collected through an online survey where research found 
132 respondents as sample size. The one-sample test has been 
computed to prove the significance of four factors. Findings: 
The study found there are four factors (Presentation of Product, 
Feedback of Customers, Trust on Familiar Channels, and Satis-
faction Level) that have a significant impact of YouTube on mil-
lennials’ buying behavior. Practical Implication: An implemen-
tation of such factors could work for them if applied effectively 
and attractively. Consumers only want accurate and trustworthy 
detail so that they can think about purchasing. Originality/Val-
ue: By applying theories and evaluating the buying behavior 
of millennials, researchers have studied the impact of YouTube 
on the purchase intention of millennials, but significant factors 
have not come out. The current research considers such factors 
what millennials see on YouTube and impacts on their purchase 
decision

Keywords
YouTube, Millennials, channel, influencing factors, and buying 
behavior
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Introduction 
Today, every organization uses a social media plat-

form for advertising the offered products and services; 
the main reason can be due to a growing mobile audi-
ence, everyone using social media platforms, whether 
for selling product or purchase. Social media is a vital 
platform for every organization that wants to endure 
pertinence and observability in today’s demanding 
online world for the marketing arena. According to 
marketers, social media has facilitated an increase in 
coverage, which means that if people are not utilizing 
social media to its fullest, they miss out on a massive 
opportunity. Social media channels are preeminent to 
promote the product and reach out with customers’ 
queries, complaints, and concerns. They were catego-
rizing new leads and prospects that are parallel to the 
best of consumers and can explore the preferences and 
behaviors of consumers according to their lifestyle.

In India, the marketing of lifestyle products is ex-
pected to see strong growth during the forecast pe-
riod due to rising family spending, urban develop-
ment, and changes in shopping habits, nutrition, and 
increased attention to personal hygiene. Due to the 
increase in disposable income, consumers are spend-
ing more on lifestyle products and luxury items. The 
Indian lifestyle market is segmented by type, gender, 
and region. Depending on the type, the market is di-
vided into food and drink, sports and fitness, leisure, 
free time, etc. Lifestyle marketing is a procedure for 
creating connections between the presented products 
on the market and specific lifestyle groups. It includes 
market segmentation as per lifestyle size, positioning 
the product in an attractive way for the target mar-
ket’s activities, interests, and opinions, and launching 
particular advertising programs that benefit lifestyle 
attractions to improve the product’s market price [1]. 
Social and psychological reasons are the main, which 
influence consumers to purchase the product. Howev-
er, what each includes?

Social Reasons
Social reasons involve groups in reference, aspira-

tional and member, families, roles, and status. More-
over, they directly or indirectly clarify the external in-
fluences of others on customer purchasing behavior. 
Social factor significantly influences the Consumer 
decision.
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Psychological Reasons
It affects the purchasing decision, which involves 

perception, motivation, learning, and attitudes and 
beliefs. Other people frequently encourage a custom-
er’s purchasing behavior. The seller must know which 
audience is interested in the purchasing decision and 
what function each person performs so that promo-
tional tactics can also be directed to these people. 
Marketers should do advertising according to each 
generation. In this fraud scenario, customers search 
for trustworthy or honest information, which can help 
them make a purchase. The focal point of social media 
marketing is to contact the best audience, so it is advis-
able to use familiar channels. 

To purchase the product through a social media 
platform, the customer thinks many times; therefore, 
first, they explore the company before purchasing the 
product. Many people prefer different sources to iden-
tify its legality, such as YouTube, friends, and relatives 
influencing their purchase decision. Therefore, the pri-
mary purpose of the research reflects on the impact of 
YouTube on millennials buying decisions. Millennials 
because they pay more attention to advertising content 
than Gen Z. Gen Z likes fast or short-lived video con-
tent, like Snapchat or Instagram Stories, whereas mil-
lennials appreciate long-lasting content, for example, 
detailed videos or podcasts, which intends that those 
who advertise or market for the millennial generation 
can get away with somewhat longer or deeper content. 
In contrast, those who advertise in Generation Z want 
to present their value proposition more quickly and as 
transparent as probable in marketing programs.

Understanding the age in which an age group can 
assist businesses to find common generational ele-
ments such as inspirations, expenditure or saving hab-
its, or pain points shared by all. Two things that dis-
tinguish each generation’s childhood period involve 
technology and economics. When it comes to getting 
to know brands or products on social media, each 
generation also has its unique individual preferences. 
For instance, Generation Z prefers to get to know the 
products through video-based marketing and social 
media influencers. In contrast, millennials will react to 
a range of promotional tactics comprising more tradi-
tional online advertisements, social media marketing, 
and podcasts brand.

The research involves some existing studies 
demonstrating the millennials influencing their buy-
ing behavior to comprehend the knowledge. Some 

studies show millennial trust in their peer while mak-
ing a purchase decision despite any social media chan-
nel; instead, this research analyses the impact of You-
Tube on millennials buying decisions, which is unique 
itself. A survey was conducted to know about the con-
sumers’ response useful in obtaining the results and 
draw an effective conclusion for the study to follow 
the uniqueness of the research, hopefully, beneficial 
for the organization and those using social media plat-
forms.

Impact of You Tube Ads on Buying 
Behaviour Of Customers

In this digital era, YouTube is used for video ad 
campaigning to attract consumers’ buying behavior by 
promoting the product and services offered by the sell-
er. YouTube channel is the second-largest video search 
engine that is used as an advertising medium by the 
company. YouTube is used for business promotion on 
the company’s official website that increases the cus-
tomer’s buying decision. It is the trending strategy that 
the organization acquires for increasing the sales of the 
business. Everyone is watching YouTube videos for any 
purpose, such as debugging your phone and unlocking 
country code, which is the best clothing brand for peo-
ple and others. Therefore, YouTube makes the youth 
purchasing decision by providing the services offered 
by the sellers. It is used to answer all questions and que-
ries of consumers by communicating the benefits of us-
ing particular services offered by the company. 

YouTube has a great impact on business profit-
ability by exploring the advantage of using specific 
products and services offered by the organization. For 
example, Maybelline eyeliner is used by the actor in 
the video to influence the benefit of using a particu-
lar brand that increases the buying decision of women 
using eyeliner. The customer views and extracts the 
benefits offered by the organization through YouTube 
content that attracts the organization to buy the ser-
vices offered by the company. The majority of viewers 
are the Youth generation who are influenced by the 
opinion of others and consider the opinion of others 
during the purchase of any product and services.

Review of Literature

Social Media Marketing
Social media platform becomes popular, and the 

number of users on social media has increased rapid-
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ly. Millennials spend most of the time on social media, 
and they have higher purchasing power. Companies 
are still uncertain regarding the right social media 
platform that can be used for social media marketing 
activities to shape Millennia’s brand perception and 
purchase intention. 

In order to determine [2] conducted a 12 Millennia’s 
response towards three top social media platforms in 
Malaysia, i.e., YouTube, Facebook, and Instagram. The 
results showed that YouTube marketing activities af-
fect brand awareness and improve brand image among 
the millennial cohort. Instagram marketing activities 
using the framework analysis approach and enhance 
millennial willingness to buy the products if there are 
good reviews, testimonials, and retailers engage with 
them is spontaneous. Surprisingly, Facebook mar-
keting does not improve brand awareness. This study 
extends the understanding of the Hierarchy effects of 
theory by showing that Millennial do not go through a 
sequence of steps in their buying behavior. The study 
involves companies that use the integrated strategic 
approach to using social media channels in social me-
dia marketing activities that are user-generated con-
tent. Over the years, consumer confidence in online 
shopping applications has improved significantly. The 
rise of the numerous channels, on the one side, has 
driven to severe competition, which means superior 
and inexpensive products for consumers, though con-
secutively consumers have their confidentiality aspect 
when it comes to online shopping, which makes on-
line shopping a right subject for scholars.

[3] Attempts to reveal some of the main factors 
of online shopping intents from the Indian aspect, 
where the study results show that a positive outlook 
towards e-WOM and preceding favorable experience 
are the major elements of the online buying behavior 
from Indian buyers. On the other side, the study found 
that social influence and brand image are the drivers 
that significantly affect consumers’ behavior to shop 
online. However, what was the effect of YouTube on 
buying behavior? It is focused on examining the in-
fluence of social media advertising through YouTube 
and Facebook on consumer buying behavior in the 
luxury retail sector in Riyadh, Saudi Arabia. The study 
showed that the target audience, the platform selec-
tion, and the feedback of the follower and publication 
program could account for 64.1% of the variability in 
finding details and had a significant impact on the 
search for information. In contrast, the significance of 

the content, the voice of the content, and the call to 
action had a positive but irrelevant impact on the ev-
idence search phase of the consumer buying behavior 
procedure in the luxury retail sector of Riyadh. 

Effect of you tube Advertising on Purchase 
Behavior

Among numerous social media platforms, You-
Tube has received the least study associated with a 
customer purchasing decision [4] , identified the as-
pects that influence the buying intent of customers 
who watch YouTube videos related to the products. 
Online survey for consumers watching makeup/beau-
ty videos on YouTube has been utilized to examine 
theories. The results revealed that product videos on 
YouTube are vital for persuading buying decision of 
a consumer. Furthermore, numerous elements affect 
the decision to purchase diverse stages on the other 
side [5] , explained that promotion of the product on 
YouTube has become progressively popular for its vast 
potential to attract existing and new target customers 
through extremely interactive video ads.

However, YouTube is criticized for offering content 
generated primarily by lower-value users, which raises 
significant issues among marketers about how resourc-
es can be more efficiently allocated across all platforms 
and how YouTube can be useful as an advertising chan-
nel. The objective of [5] is to examine existing studies 
that discover the efficacy of advertising on YouTube. 
The study contributed to the theoretical study by gath-
ering a series of methods to examine the efficacy of 
advertising and categorizing the aspects that affect it 
in online video advertising. Applicable standards and 
structures for assessing the usefulness of advertising in 
the YouTube video context, social media, online video 
advertising features were analyzed, and the theoreti-
cal basis of online advertising [6]. studied the aspects 
that influence YouTube’s advertising importance and 
its impact on buying behavior. The outcomes showed 
that structuring, entertaining, and trends significant-
ly affected YouTube’s advertising importance; though, 
impatience had an insignificant effect.

Additionally, the results exposed that YouTube’s ad-
vertising importance had a significant impact on pur-
chase behavior. Besides, the study observed whether 
the importance of YouTube advertising features varies 
based on demographic variables. The results showed 
that few of the demographic aspects vary through ad-
vertisements on YouTube. In Indonesia and Taiwan, 
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the impact of user-generated video reviews on cus-
tomer buying decisions was observed to comprehend 
how they utilize electronic word of mouth (eWOM) 
sources as a platform for the YouTube.com website. It 
is examined that eWOM acceptance in the user-gen-
erated video setting is influenced by on cause integrity 
of the individuals that post or make video reviews on 
YouTube, and cause integrity is narrowly associated 
with source expertise and honesty. The research con-
sequences have suggestions for marketing separation 
of the business and recommend specific methods to 
improve performance for the tactical advertising to 
endorse their product on user-generated video.

YouTube is one of the leading social networks and 
arguably the most popular among the youth when 
considering its abundance of social material and vid-
eos [7]. YouTube is a brilliant marketing and adver-
tising tool when trying to reach younger consumers. 
YouTube advertising does not create intention-to-pur-
chase among generation Z consumers [8]. Displayed 
that the more engaging and the more useful the You-
Tube marketing, the more the YouTube marketing im-
portance. However, the customization and irritation 
factors supposed to impact the YouTube marketing 
importance were not confirmed. In conclusion, the 
importance of YouTube marketing considerably im-
pacted the consumers’ buying behavior. It was mod-
erately facilitated by responsiveness towards a brand.

Effect of You tube Advertising on Purchase 
Behavior among Millennials

Millennials are born between the years 1981 to 
1996. They have the nature of focusing only on family 
and having a comfortable life for them. In India, near-
ly 410 million millennials spent an amount of 330 Bil-
lion USD annually [9]. Therefore, shopping behavior 
and buying patterns change rapidly across India and 
the marketplace. Brands were once iconic, now strug-
gle to stay afloat in markets, sometimes almost single 
handily driven by the millennial. In India, millennials 
are the key drivers in the consumer market.

Hence, [9] study focused on identifying the rela-
tionship between functional value price, quality, emo-
tional value, social identity, and consumer behavior 
and on identifying the impact of variables on consum-
er behavior among Millennial in Bangalore, where au-
thors provide a clear view of the variables (functional 
value, social value, emotional value) and attitude are 
statistically significant. All the variables influence con-

sumer-buying behavior. According to the study of [10] 
, today’s emerging digital marketing environment has 
transformed the means of customers to make their 
purchase decision.

Methods of traditional mass marketing no longer 
have the preferred outcome. Millennials are a gener-
ation that spends lots of time online and prioritizes 
social media over other kinds of media. Millennials 
are expected to have a record of buying power and are 
more impacted by user-generated content (UGC) [10]. 
Aim to examine the effect of user-generated video 
content (UGC) among millennials on customer buy-
ing decisions in the YouTube context. Results showed 
that millennials are vigorously looking for their col-
leagues ‘suggestions by viewing a range of UGCs on 
YouTube. One of the primary outcomes has shown 
that millennials rely on individuals to make purchas-
ing decisions towards a brand. The study suggests that 
advertising specialists utilize these outcomes to reor-
ganize their marketing tactics intended for millenni-
al or post-millennial generations. Electronic word of 
mouth (eWOM) has been measured as a suggestively 
efficient device in attracting customers with the ad-
vancement in the network system.

Therefore looked at eWOM from the perspective 
of You Tube beauty videos [11]. The information 
adoption model was used to verify whether these vid-
eos affect the intention of consumers to buy cosmetics, 
where the outcomes confirmed that the superiority of 
the information and the credible source were the de-
termining factors of the usefulness of the information 
perceived, which significantly and positively affect the 
acceptance of the information and the intention to 
purchase. Besides, this study also assisted the compre-
hensive view on the association between information 
superiority and source trustworthiness in the per-
spective of the elaboration likelihood model (ELM). 
Millennials spend lots of time watching online videos; 
therefore, YouTube initiators are more persuasive than 
traditional personalities [12]. 

Consumer Generated Advertising (CGA) affects 
consumer outlooks and decisions to interact with 
YouTube characteristics and transmit electronic word 
of mouth [13] discovered that customers as a source 
have positively improved attitudes in advertising be-
havior and inter-activity. Advanced levels of NFC 
positively improved inter-activity and transmission. 
The results recommend that CGA is a reliable form 
of user-generated content, with an experience that 
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causes interactive interaction with research, evalu-
ation, or comment. The practical suggestions show 
the prospective for online marketers to observe pos-
itive reactions of the customer to CGA-tagged ads 
with the flexibility of the content for a large group 
of customers and better transmission of people with 
high NFC.

Factors Affecting Purchase Intention In 
Youtube

YouTube advertising in the context of entertain-
ment, customization, and credibility positively adds 
the advertising value on YouTube, which signifi-
cantly impacted the purchasing behavior [14]. Social 
media influencers (SMI), electronic word-of-mouth 
(EWOM), and perceived quality (PQ) on purchase in-
tention (PI) of beauty products on YouTube simulta-
neously have a significant impact on buying decisions 
[15]. Nevertheless, only two variables individually 
have a significant impact on buying behavior: social 
media influencer and perceived quality. 

Customers to get information about electronic 
products before buying them read blogs [16]. Discov-
ered that the intention of the consumer to use blogs 
to obtain details and their comparative role in the 
decision to purchase electronic products. Blogs have 
appeared as a new Internet-based communication in-
strument for businesses. The World Wide Web Blogs 
are listed to provide product information, particularly 
in the electronics and the consumer durables sector. 
Factors are influencing the purchase intent of custom-
ers who watch YouTube product-related videos for 
these results revealed that YouTube product-related 
videos are significant for persuading consumer-buy-
ing behavior. Additionally, various factors influence 
purchase intent at diverse levels [17]. 

Instablogger and YouTubers are observed as credi-
ble sources of information and are considered reliable 
by consumers. Besides, positive reviews on YouTube 
and images posted on Instagram influence the pur-
chasing decisions of consumers. YouTube marketing 
is a perfect multimedia stage for executing marketing. 
Reliability, social influence, the quality of the argu-
ments, and the information’s participation are factors 
that impact the consumer perceived the information 
credible on YouTube. The analytical results of [18] also 
revealed a robust and significant correlation between 
credible information perceived and brand/video atti-
tudes [19]. showed that YouTube’s impact and usage 

by college students is the subject of the research. Popu-
lar channels of YouTube are frequently browsed by the 
students and the duration and reason behind their us-
age. As this is an era of smartphones at a very early age, 
students tend to get involved in different applications; 
they are too curious to know about things happening. 
They have an urge to learn things from different tu-
torials. This descriptive research portrays the current 
scenario of our society, where YouTube plays an active 
role among students.

The objective of the research 
Evaluate the factors influencing millennial buying 

decisions while referring to YouTube.

Research Model and Method 

Research method
The proposed descriptive research method de-

scribes the population, situation, or phenomenon 
used to investigate one or more variables. The descrip-
tive method is an appropriate choice to identify char-
acteristics, frequencies, trends, and categories.

Methods of data collection

Primary data
Through the structured questionnaire using Likert 

scale of 1-5 (1=Strongly Disagree, 2=Disagree, 3=Neu-
tral, 4=Agree, and 5=Strongly Agree), the data has 
been collected through an online survey where re-
searchers found a total of 132 respondents as a sam-
ple size in order to fulfill the objective of the paper as 
stated above. Delhi/NCR has been adopted as an area 
for research. 

Secondary data
Secondary data is the study of the investigation that 

was previously collected. Secondary data was obtained 
from journals, old reports, or any other sources where 
relevant information was stored.

Statistical Technique
Further, by using data collected, the one-sample 

test has been adopted to evaluate the impact of You-
Tube, which millennials consider while buying prod-
ucts. Firstly, the research model was proposed for the 
study. Then, hypotheses are framed in order to obtain 
results computed based on some factors.
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Analyses
The hypothesis is framed based on the proposed re-

search model (Figure 1) to evaluate the positive or neg-
ative impact on the related research topic. According to 
the YouTube platform [20] , the presentation of adver-
tisements will interfere with customers, which will not 
positively affect the efficiency of advertising. Advertise-
ments and video content are incredibly applicable; un-
der video content, customers are eager to know about 
product details by selecting advertisements. When 
customers watch a video advertisement, direct prod-
uct placement is better than implicit placement; Video 
ads have better advertising efficacy due to the extraor-
dinary level of consumer engagement in products. To 
evaluate this, the following hypothesis was proposed.

 

Presentation of Product 

Trust on familiar channels 

Feedback of consumers 

Satisfaction level 

Negative 
Impact 

Positive 
Impact 

IMPACT OF YOUTUBE ON MILLENNIALS BUYING 
DECISION 

Figure 1. Proposed Research Model.

Hypothesis 1: Presentation of a product on YouTube 
has a significant impact on millennials buying behavior.

Uncertainty of quality and high search costs to 
identify applicable information from an ocean of in-
formation can prevent consumers from making pur-
chases. [20] Revealed that the number of consumer 
comments is significantly impacted on sales. To evalu-
ate this, the following hypothesis is proposed.

Hypothesis 2: Feedback of Consumers on YouTube 
has a significant impact on millennials’ buying behavior.

According to [15] , consumer confidence in an on-
line retailer was a critical analyst of the perceived trust 
in the Internet and the purpose to seek product details 
through the online retailer. The purpose of looking for 
product details through the online store and the per-
ceived trust in the Internet was essential for analysts 
of the consumer behavior towards the online retailer. 
To evaluate this, the following hypothesis is proposed.

Hypothesis 3: Trust in familiar channels of YouTube 
has a significant impact on millennials’ buying behavior.

According to [10] , millennials energetically seek 
out their peers’ suggestions by viewing a range of 
UGCs on YouTube. One of the primary outcomes re-
vealed that millennials trust people over brands while 
making a purchase decision. To evaluate this, the fol-
lowing hypothesis is proposed.

Hypothesis 4: Satisfaction level achieved from cus-
tomer feedback has a significant impact on millennials’ 
buying behavior.

A one-sample test is computed to evaluate the 
impact of product presentation, customer feedback, 
customer trust on familiar channels, and satisfaction 
level on buying behavior. The results of the same are 
reported in Table 1.

Table 1
One-Sample Statistics.

N Mean Std. De-
viation

Std. Error 
Mean

Presentation of product 132 7.583 2.0603 0.1793
Feedback of customers 132 7.788 1.4982 0.1304
Trust on familiar channels 132 7.947 1.0062 0.0876
Satisfaction level 132 8.371 1.4641 0.1274

From the following of the one-sample test (Ta-
ble 2), p-values are less than 0.001. Therefore, the tests 
are significant at a 5% level of significance (as p-values 
are less than 0.05), indicating that all factors (presenta-
tion of product, customer feedback, customer trust on 
familiar channels, and satisfaction level) significantly 
affect the buying behavior of millennials.

Table 2
One-Sample Test.

Test Value = 0
T Df Sig. 

(2-tailed)
Mean 
Differ-
ence

95% Confi-
dence In-

terval of the 
Difference

Lower Up-
per

Presen-
tation of 
product

42.288 131 p<0.001 7.5833 7.229 7.938

Feedback of 
customers

59.720 131 p<0.001 7.7879 7.530 8.046

Trust on 
familiar 
channels

90.741 131 p<0.001 7.9470 7.774 8.120

Satisfaction 
level

65.691 131 p<0.001 8.3712 8.119 8.623
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Discussions
The omnipresent role of online information from 

different social media platforms in millennial consum-
ers’ lives is universally recognized in organizations. In 
history, the Internet has rapidly become the fastest 
rising source. Progressively, organizations use various 
social media sites as marketing tools, as this is where 
customers talk, share, and create content. The organi-
zation explores the market to know about the custom-
er’s needs or wants to fulfill accordingly. As we know, 
every individual uses a social media channel, whether 
for entertainment purposes or purchase. Organization 
uses different channels such as Facebook, YouTube, 
to advertise their products to come into the insight of 
customers. However, the customer did not purchase 
it immediately; they search for several factors before 
making a purchase. Therefore, the current research 
reflects on the impact of YouTube on Millennials buy-
ing decision and discussion reflects on-Presentation 
of product is the most significant part as it explains 
product benefits or services. The organization must 
be careful while presenting a product on YouTube. 
A customer wants precise detail that can explain the 
product. Youtube is one of the preferred channels to 
present the product through YouTube Stars. Informa-
tion about the video is exceptionally applicable under 
the guidance of video content. Customers will be eager 
to know more about a product and better understand 
the effectiveness of the high level of product, as stated 
by Lai et al. Therefore, it is clear that the organization 
could implement it in detailing the product.

An organization must ensure that the custom-
er gives positive feedback because the customer first 
references point reviews such as likes, dislikes, and 
comments of the product to know whether the prod-
uct is good or bad. As significant results are shown for 
customer feedback, (Table 2) means it significantly 
impact millennials while making a purchase. Cus-
tomer reviews regarding product gives a positive im-
pact on sales, according to Chen et al. As per results 
of the research, product advertisement on a trusted, 
familiar channel of YouTube such as Pocketnow, The 
Verge useful in making purchase and feedback about 
product on trusted, familiar channels influence buy-
ing decision of millennials. Companies must use the 
familiar channels of YouTube while endorsing a prod-
uct. According to O’Connor, millennials trust people 
over brands, while deciding to purchase the product 
similarly, the study found significant results for the 

satisfaction level means to indicate that after watching 
a couple of reviews video on YouTube, the customer 
takes a better decision or can say get satisfied to pur-
chase the product or not.

Conclusions 
Millennials are a vast and profitable audience in 

the market for businesses. Marketing experts are be-
ginning to prioritize this generation, working to com-
prehend the drivers that satisfy this leading group. 
Millennials have posed a difficulty for marketing ex-
perts, as they do not influence traditional media like 
previous generations. Marketing specialists are im-
plementing new marketing techniques that will reach 
Millennium consumers more effectively.

A significant factor in the growing gap between 
buyer and seller is the rise of Millennials into deci-
sion-making roles. Organizations have been the soli-
tary initiators of promoting content and the designers 
of marketing messages intended to persuade audienc-
es to purchase their decision. Mobile technology is in-
creasing information and making marketing scenarios 
more transparent. The current research shows some of 
the factors shaping how Millennials make buying de-
cisions for their organizations while referring to You-
Tube. The study concluded that the presentation of a 
product must be practical and attractive by using im-
ages and graphics precisely, which endorses the prod-
uct on YouTube. Feedback of customers is the most 
critical factor influencing the buying decision. It must 
be careful that the organization uses real content on 
familiar channels, especially to attain positive reviews 
on YouTube results in satisfaction among consumers.

This research consisted of these four factors: - 
• Presentation of the product means how YouTube 

stars endorsing the product on YouTube videos 
and how the utilization of images and graphics in 
detailing the product influences millennial buying 
decisions where analysis found 7.583 mean. Mil-
lennials are attracted to a wide variety by using 
updated status, reviews, images, and video social 
networks to express their feelings openly.

• Feedback of customers showing 7.788 mean where 
product review (likes and dislikes, comments) and 
unbiased review on YouTube one of the first points 
of reference when considering making a purchase. 
Customer feedback plays a significant role in shap-
ing the business. Listening to them may help busi-
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nesses to create strong relations with their custom-
ers.

• Trust on familiar channels showing 7.947 mean 
where feedbacks and product marketing on trust-
ed, familiar channels such as Pocket now, The 
Verge useful in making a purchase. Advertisement 
of a product on trusted and familiar channels in-
fluences the customer purchase decision. In today’s 
growing mobile audience, millennials do not uti-
lize traditional media like Television, as they opt 
for digital alternatives or a social media platform 
like YouTube that has been chosen for the current 
study.

• Satisfaction level showing 8.371 mean watching a 
couple of review videos on YouTube about a par-
ticular product, millennial decide whether to pur-
chase a product or not. It is crucial to choose the 
right medium and understand their habits to offer 
useful tailored marketing messages to reach the 
right audiences at the right place to provide a satis-
faction level towards a product.

• From all the above factors, the study can conclude 
that satisfaction is the most important to influenc-
ing millennials’ buying decisions.

Limitation and future scope of the research 
Primary data is very costly as compared to second-

ary data. It may not be possible to collect primary data 
in a few cases because of its difficulty and essential 
commitment. Hence, it might be problematic to collect 
primary data. The research activity is time-consum-
ing. Future research can be replicated to other states 
of India to examine more comprehensive thoughts of 
millennials. Another social media platform, such as 
Facebook, Instagram, may propose further research.

Contributions
This research is on the subject of the impact of 

YouTube on Millennials buying decision where it has 
contributed in diverse ways, such as: 

Contribution to theory: The study shows its signifi-
cance and applicability regarding its impact on millen-
nials’ buying behavior. Future researchers would sig-
nificantly advance in their studies from the practical 
outlook applied to the same. Contribution to research: 
The contributions made by the research on the impact 
of YouTube on Millennials’ buying decisions, primar-
ily by increasing knowledge about factors influencing 
the purchase decision. Contribution to practice: The 

research for organizations in several industries may 
enable tactical decision-making associated with the 
presentation of the product and establish an under-
standing among organizations to provide better and 
trustworthy detailing of the product to achieve more 
and more customers.
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Abstract
Purpose: The paper attempts to understand and analyze the 
factors that influence different types of end consumer’s be-
havior while shopping for groceries both online and offline, 
considering the Covid-19 pandemic situations. Design/ Meth-
od/ Approach: A sample size of 145 members of age vary-
ing from 18 to 60 were surveyed through a digital form of 
a questionnaire. Few factors which generally impact the cus-
tomer ’s shopping behavior were categorized into six different 
factors: Purchase, Personal, Behavioral, Operational, Custom-
er Engagement, and Pandemic factors. The respondents were 
asked to rank the elements according to their preferences. 
Findings: Factors like Quality of the Product, Hygiene practices 
followed by the delivery person, representation of products 
on website/application, Accessibility and Availability of the 
products were given priority amid pandemic, over other fac-
tors which influence customers shopping behavior. We have 
also found that FMCG advertisements that promise hygiene 
and safety during product delivery convinced the respon-
dents, convinced the respondents. Practical Implications: The 
study gives an understanding of the factors influencing the 
retail customers amid the pandemic. This study can develop 
marketing strategies to target the middle-class and age group 
of 18-45.Originality/ Value: Factors influencing the customer ’s 
decision to buy groceries online amid the Covid-19 pandemic 
induced consumer shopping behavior and preferences. Fur-
thermore, the results show how the respondents were affect-
ed by the Hygiene promotions made by FMCG companies 
during the lockdown.
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Covid-19.
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1. Introduction
A disease is called an epidemic when many people 

in a given population are infected quickly. An epidemic 
that spreads uncontrollably to large areas, including to 
other countries, is called a pandemic. These are chal-
lenging to control. One such disease is Ebola, which 
originated in Africa and affected thousands of lives. 
Spanish flu(1918), SARS (2002), and Covid-19(2020) 
are a few other examples of pandemics [1]. These in-
fect thousands of people and trigger an unusual panic 
across nations. When a pandemic hits a country, the 
inevitable direct costs are medical assistance for treat-
ing people and implementing controls to contain the 
disease. During the event having the diseases, harsh 
measures are taken by the countries, which are epi-
demics of the disease. The measures include shutting 
down public places, imposing a curfew, shutting down 
businesses. These measures may help the governments 
contain the disease from spreading, but restricting the 
transportation of people and goods may lead to a few 
rare side effects. These measures take a toll on fuel, gas, 
and other energy sources and mainly the economy on a 
broader level, which is left crippled as the businesses are 
shut, and the revenue is not generated [2]. The smaller 
companies in every sector tend to exist because they fail 
to generate revenues in such situations.

One of the most affected sectors is the retail sector. 
This sector is mainly because of situations like limit-
ed business hours, hike in fuel prices, unavailability of 
labor. The industry is affected by both online and of-
fline modes. Offline mode is a traditional way where a 
customer walks to a store physically and buys grocer-
ies. Online mode is when the customer uses a grocery 
delivery application [3]. A Grocery delivery applica-
tion is an on-demand, third-party e-commerce service 
whose primary function is ordering groceries for de-
livery. Delivery through an application is an innovative 
disrupting technology that saves cost and time. These 
applications have increased the chances of a larger gro-
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cery order by 20% as the customers would not have the 
patience to stand in queues and wait [4]. They would 
rather pay extra to get the groceries delivered to their 
doorstep. The service providers, like Grofers, Ama-
zon’s BigBasket, Milkbasket, have taken a step further 
and are making it more convenient. The retail gro-
cery stores have made these companies their E-com-
merce partners. They have developed a methodology 
in understanding the needs of customers by profiling 
customers and serving them conveniently. Because of 
this, customers spend less time choosing what to order. 
They would save their regular monthly groceries list in 
the application and pay on delivery. Factors influence 
the decision-making of a customer [5]. 

This study helps to understand the factors and how 
they affect customers to choose one application over 
other applications. This choice also helps to under-
stand the e-loyalty and e-satisfaction of the customers. 
This paper tries to understand and analyze the fac-
tors which influence different types of end consum-
ers while shopping for groceries while considering 
situations like Covid-19 through the data gathered by 
surveying a sample. Furthermore, it explains how a 
majority of middle-class income and age groups 18-45 
can be catered [6]. 

2. Literature Review
Covid-19 is the newly evolved disease caused by 

Coronavirus, which spreads rapidly and is declared a 
pandemic. The only way of prevention is self-isolation 
and social distancing. From May 25, 2020, India has 
imposed a nationwide lockdown because of a pan-
demic. This restriction is one of the largest lockdowns 
ever. This act has affected not only the economy but 
also the lifestyles of people [7]. The rule was imposed 
on transportation and business hours. The restriction 
resulted in a surge in demand and a drop in the supply 
of goods. The situation led to customer’s panic-struck 
buying, reduced business hours, and stock shortage in 
supermarkets and local grocery stores. There was a fi-
nal surge in demand for products while the supply of 
products declined. As the norms of the lockdown and 
situation demanded, customers started following so-
cial distancing [8]. The businesses could run only for 
limited hours. Because of the problem, the challenges 
like minimum store crowd limit, waiting in queues, 
unavailability of desired products, hygiene were faced 
by customers regularly during this period. This chal-
lenge led to an opportunity for Electronic Commerce 

applications, which deliver the groceries to a custom-
er’s doorstep. The customer experience will be essen-
tial from the company’s (service provider’s) perspec-
tive [9]. 

There are other factors related to product satisfac-
tion, and product value is considered to be affecting 
the consumers to select a product. Consumers are 
willing to compare the products with available prod-
ucts. Very shortly - “Get assured discounts on all MRP 
products” may change to “Experience world-class 
quality and hygiene at competitive prices.”Customers 
will want to have the best prices. Depending on the 
structure of the company, they will all be close to each 
other and MRP [10]. In a convenient study conducted 
in the national capital region (NRC), one of the most 
prominent Indian retail formats was introduced; qual-
ity display, visual appeal, local brands, and Discount-
ed prices have impacted customer purchase decisions 
while shopping online and offline.In this case, one 
thing that can be done is to offer a different variety of 
the same product other in Cost, Quality, and time tak-
en to deliver. (In project management, one of the three 
constraints – Cost, Quality, time, has to be compro-
mised for the other two to be perfect [11]. If we can pull 
out an analogy from this, we can say that among cost, 
quality, quantity (in this case), and delivery time, all of 
them cannot be fulfilled.). The consumers are trying 
to purchase a product; some usually try to compare 
the prices with other available products. Especially in 
cases where the item is branded and packed, custom-
ers prefer the same thing elsewhere at a lower cost, and 
customers will go for it. Nowadays, delivery platforms 
are coming up with their brands (Eg: Big Basket’s BB 
Royal Basmati Rice) and setting the prices as per the 
market [12]. This delivery platform is a profitable idea 
since companies create a brand while selling prod-
ucts by obtaining margins. Purchasing method, Time 
window, Minimum order requirement play a crucial 
role in customer’s grocery buying behavior amid the 
Covid-19pandemic. Even in times like this, customers 
still prefer to shop in-store purchasing methods.

Most companies that serve in a city are available 
only in some areas due to reasons like strict protocols 
due to Covid-19. Being open is essential, primarily 
where competition is still serving [13]. Alternatively, 
else firstly, we lose out on sales. Secondly, the compet-
itor’s customer base increases. Many customers who 
relied on online delivery platforms in the standard 
time, when they could not go out to buy groceries 
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due to lockdown, have stuck to the media since the 
continuity in business during these times matters a 
lot. It is during these times that customers judge the 
platforms and their reliability. After the lockdown 
rules have eased out, it is essential to go back to pre 
Covid-19 standards of procuring and ensure stability 
in the supply chain [14]. It assures the customers know 
that a product, as they need it, will be available at all 
times irrespective of place of delivery (in metro cities 
especially).

Though it is heartening to see the rapidly increas-
ing digitalization of Kirana shops, the element of hu-
man touch that one has often experienced in these 
shops remains intact. Nevertheless, e-grocers have 
their challenges as they yearn for growth. Anyway, if 
they can add that human touch at scale by playing the 
role of a trusted advisor or guide to the customer, they 
might end up taking a gigantic leap forward. The fac-
tors that deal with the technicality of the online gro-
cery delivery application [15]. 

Both Kirana retail stores and E-retailing services 
continue to progress as people living in urban areas 
try to adopt more modern lifestyles, which eventually 
leads to a preference for E-retail services due to their 
convenience. According to a report generated by the 
Global Agricultural Information network- GAIN, on-
line or e-retailing services have 5% of the total sales 
in the retail sector in India, which is low compared to 
other countries. E- grocery Retail service is a minor 
retail channel (representing 5of total retail grocery 
sales); it is the fastest-growing retail segment with the 
highest potential [16]. Moreover, the report claims 
that it would increase by 27% by the end of 2019, 
considering these online retailers’ support from a de-
veloping country like India. Grocery shopping might 
reach maturity and saturation shortly, but we can see 
the growth of e-commerce models for Grocery deliv-
ery in India. 

‘A survey was conducted on Indians about the im-
pact of the Coronavirus (Covid-19). Most of the re-
spondents could not get all their essential groceries via 
retail food apps [17]. Only about 25 percent could get 
everything easily at retail stores in the 48 hours pre-
ceding the survey period.’(Statistic_id1106418_opin-
ion-on-Impact-of-Covid-19-Lockdown-on-Purchasing-
Grocery-India-2020-by-Channel.Pdf, n.d.).’When the 
organizations provide services through E-commerce 
in their market, with minimum capital investment, 
their market grows from national to international 

level. As this happens, the service providing organiza-
tion can find many customers and attract more inves-
tors.’(Assistant, n.d.)

Tesco supermarkets based in the UK were the first 
franchise to follow internet shopping services [18]. 
They observed an ‘In-Store Picking Up model’. The 
program allowed the customers to choose and order 
any product available in the local store using the in-
ternet as a service. The products selected by the cus-
tomers are sent from the local branch to their residen-
tial address. This model helped Tesco understand and 
profile the customer’s shopping pattern. When Tesco 
supermarkets tried to understand their customers, 
they were able to serve them better [19]. After intro-
ducing this kind of service, the customers were willing 
to visit/ order from the same service provider.

The use of the internet for ordering groceries has 
gone through various developments and, at pres-
ent, is on the customer’s mobile phone. As the model 
evolved, the aspects of customers’ online ordering be-
havior have also been impacted. This aspect is mainly 
because of the value of sociability [20]. Research shows 
that the customers spend time researching the prod-
ucts, which influences their buying behavior. Some 
authors worked and published about the comparison 
between factors affecting online shopping and con-
ventional shopping at stores. The identified shopping 
experience, awareness about dynamic pricing, privacy 
concerns, buying strategy, price perceptions, reprisal 
intentions, and self-protection intentions factors sig-
nificantly influence consumer behavior and their fu-
ture purchase decisions [21]. 

Furthermore, Customers will want to know the 
source of the products to judge the reliability and 
quality in some cases. Transparency is essential in this 
regard. From a company’s perspective (which is out of 
the purview of this paper), sourcing is a critical factor 
since a reliable supplier will help us avoid stock-outs, 
which builds the customer base. When a customer 
finds all the essentials of his liking at one place at all 
times, he will go for it. Moreover, as this happens fre-
quently, his confidence in the company will improve, 
which will help the company maintain customer re-
lationships [22]. Customer emotions store ambiance 
impacts customer’s purchase decisions when they 
shop online. Comparison of products, Ease of access, 
Detailed labeling of the Product, Reasonable price for 
the corresponding quality were some of the factors 
which influenced customers in a study.
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Services offered and delivery conditions affect con-
sumer online shopping according to them. While the 
season in India presently demands hygiene, its need of 
the hour for service providers encourages best practic-
es for packaging [23]. Packaging plays a significant role 
while delivering packed groceries to consumers. Cus-
tomers are willing to return or cancel the purchase or-
ders if the packaging is not proper. The packaging issue 
includes broken seals, unhygienic packaging. Organi-
zations should give attractive packaging and packaging 
design attention. The advertisements made by the com-
panies are said to show an effect on customer buying 
behavior. Advertisements on websites and Facebook 
impact people from rural and urban areas [24]. 

Alternative evaluations or additional options, need 
awareness, information search, deciding to purchase, 
and post-purchasing behavior are factors influencing 
conventional shopping. While the customers come 
across advertise banners or online promotions which 
may catch customers’ attention and influence over 
products. Majorly these factors are classified into four 
categories [25]. Factors like customer lifestyle and 
habits fall under Customer satisfaction. Comprehen-
sive information, Trust, transparency, and application 
functionalities are under the Operational satisfaction 
category. At the same time, trust is essential for cus-
tomers shopping online asit poses additional risks 
compared with offline shopping. The customers want 
to reach their products while ordering. They are will-
ing to compare the product prices and the brands they 
are available. Shopping experience and convenience in 
return for goods are under logistic Satisfaction. And 
purchasing process, pricing, and payment under tech-
nological factors [26]. 

Few other factors, like situational factors, are said 
to impact customers’ purchase behavior very strong-
ly. During situations like pandemics, the behavior of 
consumers can be influenced. The pandemic forces 
businesses to restrain their working hours [27]. This 
force causes an issue with availability and accessibility. 
Customers might be motivated to shop the groceries 
online if they perceive the offered services by the on-
line grocery delivery service provider to be helpful, 
saving their efforts of going out. The applications must 
be easy to use. These are implications for retail and 
marketing managers who are trying to or are already 
in the online retail business [28]. 

Perceived risk is considered one of the significant 
concerns in decision-making for online shoppers. 

As cybercrimes rise, customers are concerned about 
their privacy being violated as their data like name, 
address, and credit card details might be exposed. If 
the service providers do not assure such incidents, 
they might not attract business. Return policy where 
customers face troubles with their orders and would 
like to return the goods after the delivery. Electronic 
word of mouth through social media, prior shopping 
experience- online, offline, and product-wise, and 
online purchase intentions also impact customer’s 
shopping behavior [29]. 

A study was conducted on a younger age group of 
those who were attending college. They were analyzed 
in four sections: age, purchase perception, website 
quality, and attitude towards online purchasing be-
havior. The group was expected to shop online rather 
than stick to traditional retail shopping by visiting the 
store. The study results revealed that the purchase per-
ception and website quality had shown a significant 
relation with the attitude towards online shopping.

Since trust comes into play in dire situations like 
these, the brand value becomes more important, as 
customers will prefer the trusted brands and those 
being used widely. For example, in India, as the Govt 
encourages consumers to opt for Indian-made goods, 
this will further narrow down the brands which Indi-
an customers will prefer. The policy enables customers 
to choose the products from the local brands [30]. 

The same way supply chains adapt to the situa-
tion as demanded, and customers also change their 
behavior as per the situation. This situation main-
ly depends on the packaging and different payment 
methods available and applications. Our study shows 
that Covid-19 has significantly changed the buying 
pattern of consumers. Understanding these patterns 
and making important decisions based on the data 
provided by these patterns is essential for a company 
to succeed during situations like this. The analysis is 
done by advanced analytical methods, which develop 
designs and help the service provided to serve the cus-
tomer better [34]. This pandemic can be seen as an op-
portunity to adopt new technologies like blockchain, 
Machine learning, Artificial Intelligence, Internet of 
Things. Decisions of the consumers can be influenced 
by the company when the pattern is recognized. After 
recognizing the need of the consumers, Swiggy, Big-
Basket, and other major delivery platforms started an 
Ad campaign promising no contact delivery. These 
revolutionary measures change the way customers 
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look at buying groceries and are responsible for the 
change in decisions [31]. 

Considering supply and demand uncertainty, 
maintaining inventory is a problem, especially for 
FMCG, like groceries. The customers would want to 
consider a more reliable e-grocer as one does not wish 
to discover that only five of the ten ordered initially 
products are delivered due to stock-outs and given 
customers to choose the next best alternative if an item 
is rated out of stock at the time of packaging. Though 
it sounds straightforward, performing this at scale re-
quires a lot of planning and coherent decision-making. 
Price, Promotions, Store atmosphere, added services, 
Accessibility, and availability of the products impact 
customer purchase behavior in stores. [32] 

A study conducted amid pandemic in Bangladesh 
on customer internet shopping behavior states that 
product, time-saving, payment, administrative fac-
tors, infrastructure, internet stability, transportations, 
time-saving, and delivery have been considered as the 
essential factors to attract customers amidpandemic. 
Another study conducted during phases of national 
lockdown amid the Covid-19 pandemic in India re-
vealed that customer buying behavior was affected, 
the sale of grocery items has gone up. Some customers 
continued to shop offline as the online services were 
unavailable during the period. [33]. 

3. Objective and Scope
Objective 1: To understand how consumer’s per-

spectives on buying groceries impacted during and 
after the Covid-19pandemic. The affecting factors are 
chosen from the literature review and categorized into 
six main factors: purchasing, operational, behavioral, 
personal, and Customer Engagement, and Pandemic 
factors, respectively. 

Objective 2:To determine whether the mode and 
the frequency of purchase of groceries impact the de-
mographic segmentation of respondents.

Scope: This study investigates the purchase behav-
ior of middle-aged people (18-45) mostly. The partic-
ipants are primarily employees or students residing in 
major cities in India.

4. Methods and Materials
This paper focuses on services availability and 

delivery conditions as an external factor extending 
the online consumer purchase process in the online 
grocery area. The online questionnaire allows the re-

spondents to rank the factors which influenced their 
purchase behavior during the Covid-19 period. The 
survey was conducted online in person, which was 
not possible during the Covid-19 period due to social 
distancing. Most respondents fall under the category 
of young upper-middle-class with facilities like the 
internet and personal gadgets. The individuals were 
chosen as the unit of analysis for the study. Each of the 
responses of the data source and the data was collected 
only once throughout the research period.

Questionnaire: There survey consisted of two sec-
tions. In the first section, the respondent’s information 
like age, occupation, and gender was collected to an-
alyze the demographic segmentation of the respon-
dents.

Furthermore, questions are framed which capture 
the mode (online, offline) and frequency of grocery 
shopping (whenever required, weekly twice, weekly 
once, and monthly once) of respondents during and 
post Covid-19 lockdown in India.

The next section of the questionnaire is framed to 
understand the factors which have influenced the re-
spondent’s grocery shopping style. For research pur-
poses, The factors were categorized into six factors. 
The respondents ranked their preference of choice. 
To establish a relationship between demographic data 
and shopping behavior(advertisement impact, mode, 
and frequency of grocery shopping) Pearson-correla-
tion coefficient method was conducted using IBM’s 
SPSS software.

To analyze customer service factors, a one-sam-
ples-test was conducted to determine whether the 
probabilities of the elements chosen by respondents 
are the same or not.

To analyze the Purchase, Personal, Behavioral, Op-
erational, and pandemic factors, Friedman test for a 
nonparametric alternative to the Repeated measures 
ANOVA was performed for the second section using 
SPSS software. It was used to determine whether or 
not there is a statistically significant difference be-
tween the means of three or more factors ranked in 
which the same subjects show up in each group.

Data Analysis: For the first objective, the Pear-
son-correlation method was used to find a significant 
positive relationship between demographic factors, 
purchase mode&frequency, and Pandemic advertise-
ments about groceries.

Pearson Correlation Coefficient: Table 1 shows the 
research illustrates that the age(-0.228), gender(-0.046), 
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occupation(-0.118) negatively co-related to the sig-
nificant advertisement impact(p<0.001) at 1% level of 
significance, between demographic factors, purchase 
mode, and frequency and advertisements related to 
hygienic delivery amid pandemic. Pearson Correlation 
between demographics, mode, and frequency of gro-
cery shopping and pandemic advertisements.

A One-Sample Chi-Squared T-Test: Service pro-
vided: The three options respondents were asked 
to choose according to their preference were fully 
equipped service, return policy, and on-house offer.

H1:The categories of factors do not occur with 
equal probability.

A one-sample Chi-squared T-test between the fac-
tors fully equipped service, return policy, and house, 
an offer was conducted and rendered a Chi-squared 
value of 27.903, which was significant with p-val-
ue<0.001, which is lesser than 0.05. From Table 8, we 
have sufficient evidence to conclude that the catego-
ries of the factors do not occur with equal probability. 
Hence, we reject the null hypothesis. 

Friedman’s Test: To verify the second objective to 
analyze the respondent’s ranked data among the factors, 
Friedman’s test of differences among the repeated mea-
sures was conducted(Taghizadeh & Fesghandis, 2011).

Purchase factors: The first group of factors are cat-
egorized as purchase factors under which the respon-
dents ranked their preference between cost, quality, 
quantity, and on-time delivery.

H2: There is a significant difference between the 
purchase factors ranked.

A nonparametric Friedman test of differences be-
tween the factors cost, quantity, quality, and on-time 
delivery was conducted and rendered a Chi-squared 
value of 30.658, which was significant with a p-value of 
0.00, which is lesser than 0.05. From Table 7, we have 
sufficient evidence to conclude that the factors are 
ranked to statistically significant differences. Hence, 
we reject the null hypothesis. Therefore, Table 2 shows 
the Purchase factors which influenced respondents 
most to least concerning the mean ranks are On-Time 
Delivery (2.82), quality (2.73), quality (2.37), and cost 
(2.08), respectively.

Personal factors: The second group of elements is 
categorized as individual factors under which the re-
spondents ranked their preference between Packag-
ing, Availability of payment options, different hygiene 
initiatives taken by the companies, and Hygiene prac-
tices followed by the delivery person.

Table 1
R- Pearson Correlation.

Age Gender Occu-
pation

Fre-
quency

Mode Ad 
cam-
paign

Ad 
impact

Age 1 -0.142 0.656** 0.104 0.178* 0.165* -0.228**
Gender 1 0.034 0.036 0.018 0.139 -0.046
Occupation 1 0.106 0.041 0.054 -0.118
Frequency 1 -0.216** -0.153 -0.017
Mode 1 -0.031 -0.400**
Ad cam-
paign

1 0.098

Ad impact 1

Correlation. *. Correlation is significant at the 0.05 level 
(2-tailed). **. Correlation is significant at the 0.01 level (2-tailed).

Friedman Test Mean
Table 2
Purchase Factors.

Purchase Factors Mean Rank
Quantity 2.37
Quality 2.73
LTD 2.82
Cost 2.08

Table 3
Personal Factors.

Personal Factors Mean Rank
Hygiene initiatives by companies 2.31
Packaging of delivery 2.65
Payment options availability 2.22
Hygiene practices by delivery person 2.82

Table 4
Behavioral Factors.

Behavioral Factors Mean Rank
Accessibility 3.61
Brand Loyalty 2.66
Personal Beliefs 2.60
Product Satisfaction 3.42
Social Influence 2.71

Table 5
Operational Factors.

Operational Factors Mean Rank
Ease of use 2.80
Price comparison 3.72
Representation of products 3.79
Payment options 3.30
Payment security 3.72
Service availability 3.66
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H3:There is a significant difference between the 
Personal factors ranked.

A nonparametric Friedman test of differences be-
tween the Personal factors- Packaging, Availability of 
payment options, different hygiene initiatives taken 
by the companies, and Hygiene practices followed 
by the delivery person was conducted and rendered 
a Chi-squared value of 20.777, which was significant 
with a p-value of 0.001 lesser than 0.05. From table 7, 
we have sufficient evidence to conclude that the fac-
tors are ranked to statistically significant differences. 
Hence, we reject the null hypothesis. Therefore, Table 
3 shows the Personal factors which influenced respon-
dents most to least concerning the mean ranks are Hy-
giene practices followed by the delivery person (2.82), 
Packing of delivered goods(2.65), Hygiene initiatives 
by companies (2.31), and Payment options available 
(2.22) respectively.

Behavioral factors: The third group of factors is 
categorized as behavioral factors under which the re-

spondents ranked their preference between social in-
fluence, product satisfaction, brand Loyalty, Personal 
Beliefs, and Accessibility.

H4: There is a significant difference between the 
Behavioural factors ranked.

A nonparametric Friedman test of differences be-
tween the factors cost, quantity, quality, and on-time 
delivery was conducted and rendered a Chi-squared 
value of 53.158, which was significant with a p-val-
ue of 0.00, which is lesser than 0.05. From Table 7, 
we have sufficient evidence to conclude that the fac-
tors are ranked to statistically significant differences. 
Hence, we reject the null hypothesis. Therefore, Table 
4 showsthe Behavioral factors which influenced re-
spondents most to least concerning the mean ranks 
are accessibility (2.82), Product Satisfaction (2.65), 
Social Influence (2.31), Brand Loyalty (2.66), and Per-
sonal Beliefs (2.22), respectively.

Operational factors: The fourth group of factors 
are categorized as Operational factors under which 
the respondents ranked their preference between Ease 
of use, Price comparison between products available, 
Proper Representation of Product, Payment options, 
Payment security, and Service availability.

H5: There is a significant difference between the 
Operational factors ranked.

A nonparametric Friedman test of differences 
between the Ease of use, Price comparison between 
products available, Proper Representation of Product, 
Payment options, Payment security, and Service avail-
ability was conducted and rendered a Chi-squared val-
ue of 30.658, which was significant with a p-value of 
0.001which is lesser than 0.05. From Table 7, we have 
sufficient evidence to conclude that the factors are 
ranked to statistically significant differences. Hence, 
we reject the null hypothesis. Therefore, Table 5 shows 
the Operational factors which influenced respondents 
most to least concerning the mean ranks are Proper 
Representation of Product (3.79), Price comparison 
between products available (3.72), Payment securi-
ty (3.72), Service availability (3.66), Payment options 
(3.30), and Ease of use (2.80) respectively. 

Pandemic factors: In the last analysis, the respon-
dents were asked to give their preferences by ranking 
the overall characteristics, which included all the sig-
nificant aspects like Personal beliefs, Hygiene factors, 
Purchase factors, Customer Service provided, Easy UI 
of the application, Payment System (payment options 
and security), and Accessibility and Availability. 

Table 6
Pandemic Factors.

Pandemic Factors Mean Rank
Ease of use 3.48
Cost Quality and Quantity 3.90
Payment System (options and security) 3.67
Personal Beliefs 3.46
Customer Services Provides 3.61
Accessibility and Availability 4.77
Hygiene Factors 5.12

Table 7
Friedman test statistics.

Pur-
chasing 
Factors

Behav-
ioral 

Factors

Per-
sonal 

Factors

Oper-
ational 
Factors

Pan-
demic 
Factors

K (number of 
factors)

4 4 5 6 7

N (number of 
respondents)

145 145 145 145 145

Q 30.658 20.777 53.159 30.620 82.900
P-value 0.00 0.00 0.00 0.00 0.00

Table 8
One-sample chi-square test for customer service factor.
Total N 145
Test Statistic 27.903a
Degree Of Freedom 2
Asymptotic Sig. (2-sided test) 0.000
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H6: There is a significant difference between the 
Pandemic factors ranked.

A nonparametric Friedman test of differences be-
tween the factors Personal beliefs, Hygiene factors, 
Purchase factors, Customer Service provided, Easy UI 
of the application, Payment System (payment options 
and security), and Accessibility and Availability was 
conducted. Table 2 rendered a Chi-squared value of 
82.9, which was significant with a p-value<0.001. From 
Table 7, we have sufficient evidence to conclude that 
the factors are ranked to statistically significant differ-
ences. Hence, we reject the null hypothesis. Therefore, 
Table 6 showsthe pandemic factors which influenced 
respondents most to least concerning the mean ranks 
are Hygiene factors (5.12), Availability and Accessibil-
ity (4.77), Purchase factors- cost, quality, quantity, and 
on-time delivery (3.90), Product Satisfaction (3.67), 
Customer Service provided (3.61), Easy User Interface 
(3.48), and Personal beliefs (3.46) respectively.

5. Findings and Results
• 39% of the male respondents preferred On-time 

delivery over quality, quantity, and cost, whereas 
41% of the females, 44% of the total sample, select-
ed quality over the other three factors.

• 86% belonged to the 18-45 age group.
• 38% of the respondents were working profession-

als, and 36% were students.
• 70 % of the respondents agreed that pandemic 

changed their purchase behavior and the factors 
they consider while purchasing groceries, whereas 
18% remained neutral.

• 77% of the respondents were influenced by the no-con-
tact delivery ad campaigns by various platforms.

• 49% of the respondents preferred a better return 
policy in case of any issue from the service provid-
er’s end, instead of on-house offer/ fully equipped 
customer service.

• 33% of the respondents said they bought grocer-
ies whenever required, while 30% buy groceries 
monthly.

• 38% ranked On-Time Delivery above Cost, Qual-
ity, and Quantity. At the same time, 34 % ranked 
quality above the other three. Only 12% ranked 
cost above the other three, which is agreeable giv-
en the situation. 40% of the respondents preferred 
cost the least among the above three factors. 

• 40 % of the respondents preferred Hygiene prac-
tices followed by a delivery person over hygiene 

initiatives, Packaging, Availability of Payment op-
tions.

• 39% preferred Accessibility over Brand Loyalty, 
Personal Beliefs, Product satisfaction, Social Influ-
ence. Moreover, 29% felt Personal Beliefs were the 
least important among the above.

• 36% of the respondents preferred Service availabil-
ity over Payment options, Proper Representation 
of Product, Payment security, Ease of use, Price 
comparison between products, and only 6 % of the 
respondents felt Payment options were the most 
critical factor among the above ones. 43% of the 
respondents ranked Proper Representation of the 
Product in the bottom two among the above factors.

• 39 % of the respondents gave importance to Hy-
giene factors over the following seven broad fac-
tors influencing their purchases - Easy UI of the 
application (Cost, Quality and Quantity), Payment 
System (payment options and security), Personal 
beliefs, Customer Service provided, Accessibility 
and Availability, Hygiene factors. Only 30% of the 
respondents thought that Customer service was in 
the top 3 of their preferences in the above seven, 
whereas 70 % believed that Hygiene factors were in 
their top 3 picks. 61% of the respondents felt that 
Personal beliefs were one of the least three pre-
ferred factors. 

6. Discussion
This study aims to understand the impact of Covid-19 

on online and offline grocery shopping as the situation 
led consumers to take precautions like hygiene and sani-
tation of the goods/products they purchase online. Since 
pandemic lockdown has begun, due to strict measures 
by the government, various industries have been affected 
in their ways. Supply Chains were disrupted, and since 
it became difficult for the end consumers to go out and 
buy essentials, it was inevitable that their preferences 
changed. Retailers and e- retailers always attempt to un-
derstand the key factors influencing customers’ purchase 
behavior by adopting marketing strategies according 
to the situation. There has been a surge in the usage of 
these internet-based delivery applications. For future 
predictions and understanding of the impact during 
this period, some common factors are considered and 
are categorized into six main elements. For the factors, 
the possibility of human intervention existed, the factors 
influencing pandemic behavior like pandemic advertise-
ments were considered for the study.
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Demographic Factors: This paper targeted dif-
ferent age groups, occupations, and gender. Further-
more, the questionnaire was set to capture their mode 
of purchase- online or offline, frequency of groceries 
purchased- whenever required, twice a week, weekly, 
and monthly once. A Pearson correlation method was 
used to determine whether the respondents were in-
fluenced by the advertisements promoting the unique 
packaging, zero-contact delivery, and other hygiene 
factors. The results show that the target respondents 
were not affected by the marketing promotions made 
by the companies. 

Purchasing Factors: These are the general supply 
chain management (SCM) factors, which also are seen 
in conventional store shopping. These are the major 
factors that customers consider while making deci-
sions. The way customers choose from among these 
critical factors was studied in our survey. The im-
portance of quality (amongst cost, Quality, time, and 
scope) of the Product cannot be stressed too much.

Cost: Cost is a major deciding factor while shop-
ping for anything for customers. They would live to 
explore the available costs of the product. Even for 
companies to sustain in the market, they need to set 
a price-taking competition into consideration. Some-
times cost is not given much preference because of the 
situations. In our study, the cost was least considered 
when compared to other purchase products.

Quantity: The more, the better is the general ideol-
ogy of customers who shop groceries. Customers gen-
erally will not be ready to compromise on the amount. 
In comparison, some companies have created a brand 
image where quantity is not given priority, but the cus-
tomers still choose their products in lesser quantity. 
Our survey shows that amount was preferred lesser 
when compared to other purchase factors amid pan-
demic.

Quality: The Quality of the Product decides its 
place in the market. Our survey respondents showed 
that the customers had chosen quality as a priority 
over other purchase factors. The quality of the prod-
uct brings customer satisfaction and improves brand 
loyalty.

On-Time Delivery: Customers usually consid-
er the services/applications which provide quick and 
on-time delivery. Late delivery creates dissatisfaction 
among the customers. The customers are generally 
not bothered about the reason or issue, which caused 
the delay in the delivery. Our study shows that respon-

dents preferred On-time delivery over quantity and 
cost.

It is mainly the experience of the quality which 
pushes the customer to go for one specific company. 
The study showed that cost lost its importance after 
the pandemic. The factors like quality and delivery 
time were preferred over cost. Respondents were not 
willing to choose a product with a lower price. The 
study confirms that quality is the most critical factor 
among quality, quantity, cost, on-time delivery. Of-
fering a wide variety of one specific item to meet the 
needs of different customers is a good move. Since 
each customer thinks differently and achieves the 
right balance (which is other for different customers), 
these four factors are critical to cater to all the different 
types of customers with different mindsets. Owing to 
Covid-19, the number of people who prefer cost over 
quality has decreased further. It only stresses the im-
portance of maintaining the standards and letting the 
customers know about it through marketing. We have 
already seen advertising in regards to quality has in-
creased drastically. 

Behavioral factors: The factors by which the cus-
tomer’s behavior is stimulated are considered as Be-
havioural factors. These factors are measurable, and as 
they directly impact decision-making, it is easy to pro-
file customers as per their requirements. A customer’s 
thought process is defined by these factors since these 
are tangible and also eases the last mile operations.

Packaging: It is considered as the protection of the 
groceries. The packaging made by the retailers is not 
only expected to protect the product during product 
transit. However, it should also prevent the develop-
ment from damages during its shelf life in warehous-
es and customer’s home. If there is a broken seal or 
opened package, customers would not hesitate to re-
turn the delivery.

Availability of payment methods: All e-com-
merce applications these days accept different pay-
ment methods. From using the debit card to cash on 
delivery, payments are made for delivery services. Be-
cause of a pandemic, the customers might not pay the 
deliveries through money as it involves physical con-
tact. 

Hygiene initiatives by the companies: After the 
outburst of the Covid-19 pandemic, the world health 
organization (WHO) has provided necessary mea-
sures that should be considered during food and gro-
cery delivery. The customers check this information 
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before ordering. Hygiene and zero-touch initiatives 
taken by the companies serve the customers better. 
Customers have preferred the companies that handle 
such initiatives.

Hygiene practices by a delivery person: The deliv-
ery person might contaminate the products as human 
touch is involved. The measures taken by the delivery 
person like protective equipment, social distancing, 
and awareness of hygiene importance are crucial. The 
customers are very particular about the practices fol-
lowed by the delivery person. Some respondents have 
preferred this factor over other factors.

Covid-19 has made consumers too aware of hygiene 
as consumers would want to go only for packed prod-
ucts instead of wholesale (loose). Also, Cash on Delivery 
has been the least opted mode of payment (since human 
contact will be involved), and for companies, marketing 
regarding hygienic factors is the new normal. 

Personal factors include the availability of price 
comparison, trust, and loyalty, product satisfaction, 
availability of products at the lowest price, perceived 
risk, individual perceptions. The belief that was built 
all the while during pre-Covid-19 times helps the 
company during times like these. 

Social Influence: Every customer is an individual 
but still belongs to a group. Electronic word of mouth 
can influence a customer’s purchase intention. When 
a product affects a particular group, a customer or an 
individual belonging to that group can also be impact-
ed. During a pandemic, the customers tend to reach 
out to their groups to inquire about products. This in-
quiry affects their purchase behavior.

Product satisfaction: When a product is up to the cus-
tomer’s expectation, they tend to have a positive experi-
ence and would prefer the same effect when shopping for 
a similar item. If customers are not satisfied with any prod-
uct, the word spreads faster, influencing their social circles 
about the same. Hence product satisfaction is essential for 
both customers and companies to stay in the market.

Brand loyalty: Retail loyalists are known for the 
commitment they show towards the brands. If a cus-
tomer gets satisfied with a specific brand, they tend to 
stick to it for a longer time. Even if the prices fluctuate 
because of the unstable market, the customers tend to 
show brand loyalty. During the pandemic, the supply 
chain slowed down because of the restrictions imposed 
on businesses, and customers expected their brands to 
be available. Brand loyalty might increase if the compa-
nies are keeping up the supply as per demand.

Personal beliefs: Perception and motivation shape 
the personal opinions of a customer. Salient ideas about 
Ease of use, Compatability, Usefulness, Privacy, and 
usefulness impact customer shopping behavior(Eri et 
al., 2011). During lockdown in India, the customers 
perceived some brands to have standards to handle 
the deliveries during the pandemic and continued to 
shop from them. This shopping can be the other way 
as well, where the customers might perceive that the 
brand might not survive the pandemic, and they have 
changed and adjusted their preferences accordingly.

Accessibility: The services accessible even after the 
pandemic effect will stay longer in the market. Even if 
the revenue was generated because of the number of 
orders received during the initial phase of the pandem-
ic, the companies were stubborn and stayed and found 
ways to serve the customers. Customers preferred these 
services as their accessible amid pandemics.

6.1. Customer Engagement Factors
These factors come into play when a consumer has 

something to learn from the company or any issues 
with his purchase.

Fully equipped customer service - Someone from 
the company must be present to answer any customer’s 
doubts. This presence is one difference between on-
line and offline purchases. FAQs, Chatbots, and other 
AI-aided solutions work fine only when they are com-
prehensive enough. Compromise should not be made 
in this case since it might be the difference between 
this and other Websites/Applications. Nothing better 
than a human present to answer all the questions have 
and help in the purchase.

Issue Resolution - It is pretty possible in large sup-
ply chains that mistakes happen. Customers might re-
ceive faulty products or a different product from what 
they have ordered. A fully equipped issue resolution 
team is necessary for FMCG delivery companies.

On-House Offers - Considering the competition 
between online delivery applications, customer reten-
tion is very important. If the customer is not willing 
to accept the company’s mistake, it has to decide to 
provide the customer with an offer for his next order 
or a free coupon.

6.2. Operational Factors
Ease of use - When the service providers develop 

an application for their customers, they will have to 
take various customers. These customers are of differ-
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ent ages and backgrounds. One cannot always expect 
all the users of the app to be tech-savvy. If it takes half 
an hour to place an order for one soap bar, the inter-
face is probably flawed or/and not customer-centered. 
While an easy UI is bringing business, a complex UI 
might cause customer dissatisfaction.

Price comparison: Price plays a significant role in 
the retail market. When a customer is using an appli-
cation, they might want to compare the prices between 
brands. The respondents preferred the price compar-
ison feature in the application. This comparison also 
shows that the services provided are transparent.

Proper Representation of Product: The products 
are shown on the websites, applications, and advertise-
ments might not seem the same when the customers 
buy them. The customers often find themselves in the 
dilemma of whether the expectations meet reality or 
not. Proper representation of the product is essential 
for any e-commerce application or website. This rep-
resentation is where customers see their product vir-
tually before ordering, and it helps them make a pur-
chase decision.

Payment options available: There are many pay-
ment options available: e-wallets, debit cards, credit 
cards, coupons. An e-commerce app should accept 
payments through more than one option as all the 
customers might not use the same type of payment 
system because of the availability of multiple options. 

Security of payment gateway - Cyber threats have 
been increasing. Double payments/payment gateway 
failures because the money will be debited and credit-
ed back after a specific time may seem honest from the 
company’s perspective. However, customers will not 
want to pay two or three times for the same product, 
despite service providers’ promise to refund it within 
a stipulated time. Every time this happens, we lose a 
part of the customer. This loss is an essential factor for 
both service providers and consumers.

6.3. Pandemic Factors
From the factors affecting customers’ groceries 

purchase behavior, the factors like Personal beliefs, 
Hygiene factors, Purchase elements, Customer Service 
provided, Easy UI of the application, Payment System 
(payment options and security), and Accessibility and 
Availability from regular features were selected ran-
domly and categorized as pandemic factors. The sur-
vey results show that factors Hygiene and Accessibility 
were preferred over other factors. The prime reason 

was the lockdown restriction in the country to control 
the spread of the Covid-19 pandemic. The pandemic 
situation has created an awareness about hygiene in 
customers. 

7. Conclusion
This study was conducted to investigate whether 

the traditional factors which influence the customers 
to shift from offline to online shopping of groceries 
amidpandemic. There was a considerable impact on 
the retail sector. With the country under lockdown, 
service providers came up with different marketing 
strategies to cater to the customers amid the Covid-19 
pandemic. For example, companies like Amazon’s 
BigBasket (groceries delivery application) and Swiggy 
(food delivery application) have adopted the concept 
of ‘Zero contact delivery’. Our survey showed that the 
respondents affected by the campaign and most tra-
ditional in-store groceries shoppers have shifted to 
online shopping. The results state that the pandemic 
has influenced online customer shopping, primarily 
groceries, irrespective of gender, age, and occupation. 
Even though the survey is done through a convenient 
sampling method, our research shows that the respon-
dents’ mode of groceries has been shifted to online 
from traditional offline shopping. The increase in the 
necessity and awareness of hygiene can be claimed to 
be the change. Our research shows that Hygiene fac-
tors and Availability and Accessibility of products and 
advertisements regarding the same have affected cus-
tomers’ online shopping behavior amid the Covid-19 
pandemic. Furthermore, Delivery time, Hygiene prac-
tices followed by the delivery person, Availability and 
Accessibility of the products, Representation of the 
products, Return policy were preferred in the respec-
tive categories by customers.

Limitations and Future Scope
The study was performed using an online ques-

tionnaire and not physically because of the lockdown 
and social distancing. Furthermore, even though the 
respondents of the designed survey were from dif-
ferent occupations, incomes, and age groups, most 
of them were students who had the convenience of 
e-commerce apps. The study is convenient sampling 
which is non-random sampling which leads to limita-
tions that apply to non-random samples. The factors 
considered in the study are taken from the literature 
review; the respondents might not find the desired el-



754 | Cardiometry | Issue 25. December 2022

ement. The statistical methods used in the methodol-
ogy have their limitations.

Future Scope
This research paper can be used as a base paper 

for marketing strategy purposes as it understands 
customers’ preferences amid lockdown. Our research 
concludes that the respondent’s groceries shopping 
behavior has been impacted because of the pandem-
ic. The respondents have also shown interest in the 
brands which provided solutions that showed prom-
ising hygiene practices. Most of the respondents were 
middle-class income and age group ranging from 18-
45. Thus, by analyzing and taking the results and find-
ings of this research paper, marketing strategies can be 
used to cater to the younger generation.
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Abstract
In this ever-changing world full of emerging technologies and 
business ideas, the human touch is neglected, and the sense of 
emotion and feelings goes dull. As much as we have been giv-
ing attention to improve our intelligence quotient and developing 
methods to cultivate it, the other aspect of it which runs parallel, 
that is, the emotional quotient, is ignored. Nowadays, organiza-
tions are experiencing changes very often, and they are educating 
a positive environment at their work settings so that their employ-
ees can defy their turbulent minds off any negativity and balance 
their emotions. Emotional intelligence or EI refers to the ability to 
perceive, regulate and assess one’s own emotions. At workplaces, 
employees need to stay mentally strong. Being emotionally intel-
ligent helps them to increase their decision-making skills, creativ-
ity, and emotional resilience. In the history of research on human 
psychology, EI and its association with the workplace has been 
given less importance. The present research has attempted to de-
termine the relationship between EI and employees’ job perfor-
mance working in the IT industry. The study population consisted 
of employees working in the IT industry, ranging from large scale 
companies to small scale companies, and the sample size was 100. 
For data collection of EI data, a self-assessment EI questionnaire 
based on Goleman’s EI framework was applied, and for evaluating 
job performance, the Paterson work performance questionnaire 
was used, and their Cronbach alpha reliability was 0.97 and 0.98, 
respectively. The results showed that emotional intelligence had a 
more significant effect on employee job performance.
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1. Introduction
Emotion has played a prominent role in the cog-

nitive processes of human minds and has been a 
substantial part of human psychology. It influences 
activities such as learning, memory, perception, rea-
soning, and problem-solving. The socio-behavior-
al characteristics of humans directly affect the way 
they think and behave at different places in their 
daily lives. The studies from past research in human 
psychology have shown more importance to the 
intelligence quotient (IQ) instead of the emotional 
quotient (EQ) of an individual human being. On the 
other hand, current research in human psychology 
and organizational behavior has shown that human 
minds are more affected by the latter than the former. 
Emotional intelligence is defined as the ability to de-
tect, regulate, and assess one’s own and others’ emo-
tions and feelings to shape one’s thought processes 
and behaviors [1]. Emotional intelligence (EI) In due 
time, the subject was widely explored. After Salovey 
and Mayer published their study on emotional intel-
ligence in 1990, it was Goleman who researched the 
topic in more depth, which can then be used to direct 
one’s thoughts and behavior. Emotional intelligence 
is a significant determinant of an individual’s perfor-
mance. While businesses focus on an individual’s in-
tellectual quotient (IQ), they overlook the emotional 
quotient (EQ). 

In 1995, Daniel Goleman released his book on 
emotional intelligence, and the idea has subsequently 
acquired greater recognition and acceptance. Goleman 
described EI as the capacity to manage yourself and 
your relationships with others, lead and guide others, 
and get things done efficiently. In their seminal 1990 
publication, Salovey and the mayor explained that 
emotional intelligence is a subset of social intelligence, 
the ability to monitor, distinguish, and use one’s and 
others’ thoughts and feelings. Their strategy seems to 
divide emotional intelligence into four separate cate-
gories: perceiving emotions, utilizing emotions to rea-
son, understanding emotions, and controlling emo-
tions. [5]. 
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The first section that is included in the model pro-
posed by Salovey and Mayor is perceiving emotion 
shown in Figure 1. It involves knowing and under-
standing our own emotions as well as the feelings of 
others [6]. This is considered the most basic part of 
emotional intelligence. Individuals with high emotion-
al perception allow them to identify and understand 
and peers’ feelings. The second section of emotional 
intelligence is reasoning using emotions. This is the 
ability to use our cognitive activities such as thinking 
and problem solving [7]. This aspect of emotional in-
telligence is connected to social skills. Individuals with 
high emotional intelligence can understand the feel-
ings of others and can choose to change the mood and 
direction of the conversation if they communicate. In 
other cases, it becomes difficult to identify what the 
other person is feeling, which can create ruckus and 
unnecessary emotional unstableness. Understanding 
emotions, the third section of emotional intelligence, 
is the ability to comprehend emotion and relate the dis-
tinctions among emotions [8]. Individuals possessing 
high emotional intelligence are likely sensitive to the 
many complex social relationships in organizations. 
This ability aids an individual in expressing emotions 
more genuinely. The fourth and last section of emo-
tional intelligence is managing emotions. It is defined 
as the ability to manage one’s own emotions to achieve 
personal growth and development and interpersonal 
growth. Individuals with high emotional intelligence 
are less likely to lose control of their emotions [9]. 
They can control their emotions without any difficulty 
and can also influence the emotions of others. 

 

Perceiving emotions
Reasoning using 

emotions

Managing emotions Understanding emotions

Emotional 
Intelligence

Figure 1. EI Model Proposed by Salovey And Mayor

With all the branches explained in the model pro-
posed by Salovey and Mayor, one can infer that there 
are ways by which the emotional quotient (EQ) of an 
individual can be influenced and improved, unlike 

the intelligence quotient (IQ). On the other hand, this 
improvement in the emotional quotient (EQ) can be 
utilized by organizations wherein strategies can be for-
mulated that can enhance the emotional quotient (EQ) 
of the current employees of the organization, thereby 
increasing their productivity and mental health [10]. 
An organization that keeps its employees mentally 
strong has a competitive advantage over other orga-
nizations that focus only on its employees’ intelligence 
quotient. This success can be attributed to each in-
dividual employee’s socio-behavioral characteristics 
and the alterations they make in these characteristics 
based upon their job role. Emotionally intelligent peo-
ple tend to possess the ability to perceive, understand 
and even effectively control their emotions [11]. 

Emotional intelligence enhances creativity among 
individuals, which further affects the individual’s job 
performance in a positive manner. Moreover, job per-
formance further enhances the process of communi-
cation with other employees or peers, which in turn 
can lead to better workplace performance. According 
to Mayer, job performance may be affected by emo-
tional intelligence. Thus, some employees outperform 
others because their emotional intelligence positively 
influences their work-life [12]. As a result, as stated 
previously, there is a high possibility of lead research-
ers in the domain of emotional intelligence. Since 
1990, research in the field of emotional intelligence 
has been sparse [13]. Few researchers have dedicated 
their attention to the topic of Emotional Intelligence 
yet. The research needs to understand the different 
types of emotional intelligence and how they affect in-
dividual employee job performance.

2. Research Background

2.1. Problem Identified
This research aims to discover if workers in the IT 

sector who have high emotional intelligence see bet-
ter results in their job. This study will consider the 
emotional intelligence quotient of the employees and 
gauge it concerning their workplace performance.

2.2. Objectives of the Study
The objectives of this study are as follows:

• To study the impact of emotional intelligence on 
employees working in the IT industry.

• To understand the importance of emotional intelli-
gence in the IT workplace. 
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• To suggest programs and activities that would en-
hance the emotional intelligence level of the 
employees in the IT industry.

2.3. The Hypothesis of the Study
The following hypothesis is explored based on the 

primary objective of the research: A correlation has been 
found between EI and the work performance of IT in-
dustry personnel. Figure 2 demonstrates how the four 
sub-hypotheses addressed in the study are based on the 
dimensions of EI, which Salovey and Mayer suggested:

• Hypothesis 1: There is an association between 
perceiving emotions and job performance.

• Hypothesis 2: There is an association between 
reasoning using emotions and job performance.

• Hypothesis 3: There is an association between 
understanding emotions and job performance.

• Hypothesis 4: There is an association between 
managing emotions and job performance.

 

Job performance

Perceiving 
emotions

Reasoning using 
emotions

Understanding 
emotions

Managing 
emotions

Figure 2. The Hypothesis of the Study.

2.4. Research Conceptual Model
The theoretical framework of the current research 

highlighted the significance of some of the variables in-
side the study’s issue in connection to each other. This 
approach helps sort out the important factors in the data. 
Figure 3 shows the theoretical framework of the research.

 

Emotional Intelligence 

Perceiving emotions 
Reasoning using 

emotions 
Understanding 

emotions 
Managing emotions 

Adaptability 
Conscientiousnes

s  
Trustworthiness 

 

Job Performance 

Figure 3. Research Conceptual Model.

2.5. Need for the Study
Organizations nowadays give more preference to 

those employees who are emotionally intelligent, who 
knows how to handle their emotions and manage 
them to increase their work productivity and deliver 
better results. To become more productive and better 
represent the company, employees need to become 
emotionally savvy. The research is aiming to provide 
research and practice implications with the help of this 
study’s findings.

2.6. Limitations of the Study
• The study does not cover the entire IT industry 
• The study is restricted to only 100 samples 
• Due to the length of the questionnaire, not all the 

employees would have selected their genuine op-
tion in the questionnaire.

3. Literature Review
The emotional intelligence connection to real lead-

ership. The researchers performed a meta-analysis. 
The study’s findings suggested that EI is linked to gen-
uine leadership substantially and beneficially. Another 
study finding was that it does not matter whether the 
study is on male- or female-dominated subjects since 
gender does not impact the findings.

The connection between emotional intelligence 
and corporate conduct the writers have connected 
emotional intelligence to individual behavior inside 
organizations. This was done using multiple regression 
analysis techniques by surveying a sample, including 
students working part-time and teachers working full-
time [14]. The paper extends the definition of emo-
tional intelligence by explaining the four branches 
associated with it, which are namely: perceiving, us-
ing, understanding, and managing emotion. Age, sex, 
hours worked per week, and grade point average was 
taken variables to conduct the test/analysis. After con-
ducting the survey and performing the analysis, the 
results showed that among the sample of students, a 
strong positive relation was found among the sample 
of working professors, no linkage was found. This is 
further deduced to the possibility that their profes-
sional education, experience, and organizational cul-
ture might have affected their emotions, and hence 
such responses were recorded from them.

Emotional intelligence is described in terms of 
self-awareness, self-regulation, self-motivation, empa-
thy, and social abilities, as outlined by Goleman (1998). 
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The research shows that those who are self-aware and 
are able to relate to others seem to have better commu-
nication. Contrary to popular belief, self-esteem was 
shown to have no significant impact on the interper-
sonal communication satisfaction of college students. 
This means there may be opportunities for future re-
search in this area. [15]. 

A widely held belief that employers seek only in-
dustry-related or technical talents. They seek emo-
tional intelligence and the capability to lead (EI). 
High EI means having a solid grasp of self and others, 
self-management, and the ability to manage relation-
ships. Emotional intelligence relies on your ability to 
recognize your triggers. Those in leadership positions 
must be aware of their own emotional triggers to avoid 
massive mental health problems and organizational 
chaos. 

How emotional intelligence affects the women 
employees are working in the IT sector. The findings 
of the study revealed that the five domains such as 
self-awareness, self-regulation, internal motivation, 
empathy, and social skills are the determinants having 
a great effect on any individual working in IT Sector, 
and it was concluded that there was a significant rela-
tionship between the five domains of Emotional Intel-
ligence .

The origin of emotional intelligence and highlights 
the importance of EI to build leadership qualities at 
the workplace and how it affects organizational be-
havior. Various work-based measures of emotional 
intelligence proposed by well-known authors, includ-
ing Goleman, namely Self-emotional appraisal, oth-
ers’ emotional appraisal (OEA), regulation of emo-
tion (ROE), and use of emotion (UOE), are explained 
comprehensively by the author. Furthermore, factors 
influencing emotional intelligence are also mentioned 
by her. These factors are illustrated in a model titled 
“Emotional intelligence and organizational effective-
ness model.” These factors explain how important the 
function of HR helps the employees boost their EQ, 
which in turn leads to the existence of leadership qual-
ities among them. The author also mentions a lack of 
methods that can help in the assessment and predict-
ability of EI leading to success.

The need to create good staff morale may be es-
tablished by emphasizing the importance of emotional 
intelligence. The findings showed that emotional in-
telligence is useful in the workplace since it increases 
staff morale and employee information diversity while 

also increasing workplace expectations. This research 
also indicates that methods of transformational man-
agement may contribute to emotional intelligence. 
The author also offers advice to companies on how to 
put these principles into reality.

A comparative analysis of public sector male and 
female bank workers. The authors of this study be-
lieve that the significance of emotional intelligence 
has been growing for the success of both individuals 
and in the business. About 20% of achievement in life 
is due to intellectual intelligence. The remaining 80% 
may be owed to emotional intelligence. This study’s 
results indicate that not only is emotional intelligence 
beneficial in hiring decisions, but it also influences 
predictions of future performance, negotiation, and 
peer relationships.

The impact of demographic factors such as age, 
education, job length, gender, and marital status on 
employee organizational performance and emotion-
al intelligence level. Women in the banking sector 
have higher emotional intelligence than their male 
colleagues, and an age-based positive connection has 
been discovered between the sexes. Moreover, highly 
educated employees were more likely to have a high 
EI level. Workplace performance is seen to be directly 
tied to employee satisfaction.

Find out how teacher job performance relates to 
emotional intelligence. The researchers chose a study 
sample of 192 primary and secondary school teachers. 
It was discovered that teachers’ emotional intelligence 
and its four components were linked to their job per-
formance.

4. Research Methodology
The research study is based on a descriptive design 

and employs a descriptive survey to gather its data, 
then used quantitatively. To examine the characteris-
tics of a particular population, surveys or question-
naires are used in descriptive research. The dependent 
variable in Salovey and Mayer’s emotional intelligence 
model was job performance, while the independent 
variables were the EI variables and their four branches.

The research group was composed of IT workers, 
including businesses of all sizes, from big corpora-
tions to small firms and organizations. Simple random 
sampling was employed to choose subjects for the ex-
periment. In this investigation, the sample unit was 
IT-industry workers, and it had a size of 100 people. 
The research used a Likert scale to evaluate EQ with 
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the use of questionnaires. To gather data on emotional 
intelligence, a self-assessment questionnaire was used. 

The questionnaire used in this research was divid-
ed into three main parts. Three demographic-related 
questions were included in the first part. A self-assess-
ment Emotional Intelligence questionnaire based on 
Daniel Goleman’s Emotional Intelligence Framework 
was used in the major part of the survey, and it was 
created and modified by the CREI. The last part com-
prised questions to evaluate Paterson’s work perfor-
mance, which was assessed using the questionnaire. 
The design of this survey consisted of variables in-
cluding flexibility, conscientiousness, and trustwor-
thiness. The total number of variables under investi-
gation was measured using 26 questions. Data analysis 
for the questionnaire was conducted using MS Excel’s 
Data Analysis Toolkit. Two different groups of evalu-
ators – researchers and reader lecturers – participated 
in endorsing the questionnaire’s content validity. They 
evaluated the study’s books and articles and the rel-
evant information items and correction remarks. To 
confirm the accuracy of the questionnaire as indicated 
in Table 1. Cronbach’s alpha was applied to our data.

Table 1
Cronbach’s Alpha Test for The Reliability of the Questionnaire

Study variables Sample Cronbach’s 
alpha

EQ (Emotional quotient) 100 0.973
Job performance 100 0.983
Overall reliability of the questionnaire 100 0.978

5. Results and Discussion

5.1. Findings of Demographic Features
The sample population included all IT-sector 

workers from both big and small businesses and or-
ganizations in the current research. A total of 100 in-
dividuals were included in the sample unit (56 males 
and 44 females). This study found that 56 percent of 
the people surveyed were males, and 44 percent were 
women. Nearly half of the whole sample, 42 percent, 
had IT sector experience of fewer than two years, 
while 38 percent had job experience between two and 
four years. The first-level breakdown of job experience 
among the general population is 13 percent having 
over ten years experience, 7 percent with 4 to 10 years 
experience, and the other 80 percent lying between 4 

and 10 years. A further finding was that 37% of the 
sample population’s companies did not have initiatives 
to boost their workers’ emotional quotients. As indi-
cated in Table 2, these demographic data are available.

Table 2
Findings of demographic features

Characteristics Condition Number (%)
Gender Male 56 (56%)

Female 44 (44%)
Work experience Below two years 42 (42%)

2-4 years 38 (38%)
4-10 years 7 (7%)
Above ten years 13 (13%)

Working organization in-
corporating programs that 
could enhance EI

Yes 63 (63%)
No 37 (37%)

5.2. Findings of the Study of Hypothesis
The researchers set out to investigate the effect of 

employee emotional intelligence in the IT sector. To 
identify all the variables and their connection, the 
process of gathering and categorising questions was 
required. The research results were reviewed and eval-
uated for scientific purposes.

A descriptive statistics report and data sort were 
completed prior to starting the investigation. Addi-
tionally, the data were evaluated using appropriate 
statistical procedures. This study’s analyses were done 
using MS Excel’s Data Analysis Toolkit.

5.3. Analysis and Hypothesis Test
With normal distribution of data as basis for eval-

uation, Pearson correlations test was performed. The 
findings may be seen in Table 3.

Table 3
Pearson correlation test of EI and job performance

Independent 
variable

Dependent 
variable

Pearson cor-
relation

Significance 
level

Emotional 
Intelligence

Job perfor-
mance

0.63 0.001

The significance level was revealed in Table 3 to be 
equivalent to 0.001 and lower than 0.05. EI is directly 
and significantly linked to work performance.

The sub-hypotheses of the study were examined 
using research hypotheses identical to the main hy-
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pothesis. The outcome of these experiments, in-
cluding the components of the EI variable and their 
correlation coefficient, are shown in Table 4. Table 4 
shows a clear and direct connection between EI and 
work performance.

Table 4
Pearson correlation test of components of EI and job perfor-
mance
Rank

Hypothesis

Independ-
ent vari-

able

Depend-
ent vari-

able

Pear-
son 

corre-
lation

1 Association between 
perceiving emotions 
and job performance.

Perceiving 
emotions

Job per-
formance

0.66

2 Association between 
reasoning using 
emotions and job 
performance.

Reason-
ing using 
emotions

Job per-
formance

0.65

3 Association between 
understanding emo-
tions and job perfor-
mance.

Under-
standing 
emotions

Job per-
formance

0.62

4 Association between 
managing emotions 
and job performance

Managing 
emotions

Job per-
formance

0.58

The results of the EQ of employees, based upon 
whether their respective companies are engaged in 
programs and activities which enhance their emotion-
al health, are displayed in Table 5

Table 5
Level of EI of employees based on company engagement in EI 
enhancement programs

Characteristic Condi-
tion

Level of EI of 
employees

Level of Job 
performance

Organization incorpo-
rating programs that 
could enhance EI

Yes 0.63 High
No 0.49 Low

As is shown in Table 5, the employees who have 
been a part of those IT organizations that incorporate 
programs and activities that boost the emotional quo-
tient of employees have a higher level of EI and depict 
a higher level of job performance. Thus, it can be said 
that there exists a positive association between EI and 
job performance.

6. Findings of the Study
Based on the results of Table 3, the correlation be-

tween components of the EI and work output was pos-
itively significant. Among EI components, self-aware-

ness had the highest association and regulating, or 
managing emotions had the lowest association with 
job performance, but all were significant. This can 
be observed in the results showed in Table 4. Based 
on past researches, performance and high results are 
for those with high EI. Recognition and control of 
the emotions deliver appropriate and effective perfor-
mance. As the findings show, people with high EI have 
good social skills in handling their relationships and 
are more likely to participate in assessing job success.

The self-awareness variable was the strongest indi-
cator of job performance, based on the results shown 
in Table 4. The main components for predicting job 
performance after self-awareness are reasoning using 
emotions and recognizing emotions, respectively. EI 
can be an appropriate indicator for job performance, 
based on the findings. The best factor for employees’ 
work performance is the self-awareness component. 
Understanding and knowing one’s own emotions, 
controlling them, and utilizing them for the benefit of 
ourselves and others are the characteristics of people 
with high EI. Perceiving feelings, therefore, had the 
greatest significance in EI. People with a high capacity 
to interpret their emotions have more interpersonal 
skills, and their working relationships are strong, and 
they are and are highly effective in the organization.

Based on the results of Table 5, it can be inferred 
that employees who have been a part of companies 
that incorporate programs and activities that enhance 
their workforce’s EQ tend to show a higher emotional 
intelligence, which further positively impacts their job 
performance. On the other hand, the level of EI of em-
ployees, who have not been a part of such programs, 
is low thereby showing a low level of job performance. 
Or, to put it another way, it is advantageous for a com-
pany if it holds educational courses, events, or training 
to familiarise the employees with EI.

7. Conclusion
According to the findings of this research, there 

was a clear and substantial relationship between Emo-
tional Intelligence and job performance in the IT 
sector. As a result, the two metrics have a somewhat 
favorable relationship. So, the more EI a worker has, 
the more productive he will be. As a result, self-aware 
(self-aware) workers can regulate their emotions 
(self-regulation), are self-motivated, and may perform 
better at work. As a result of developing these talents, 
IT companies will be able to increase staff productiv-
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ity and improve theirs. As a result, IT companies may 
benefit from assessing the emotional intelligence of 
their workers and implementing interventions aimed 
at improving emotional intelligence in the workplace. 
As a result of EI, you’ll perform better:

• Adaptability
• Conscientiousness
• Trustworthiness
• The balance between personal life and work
• Decisiveness

IT firms seek after workers with emotional intel-
ligence since these individuals are more likely than 
other employees to be successful at their jobs. Using 
organizational strategies, self-awareness, methods of 
personal management, and learning programs, it’s fea-
sible to create an emotionally intelligent organization. 
According to the study’s findings, emotional intelli-
gence is related to every aspect of job performance and 
is thus of paramount significance.

8. Recommendations
• IT industries should incorporate educational work-

shops, training, and learning programs to improve 
their EI since, based on the study’s findings, high 
EI individuals are more emotionally balanced, have 
a greater comprehension of every scenario, and can 
perform effectively in these circumstances. 

• Since EI is one of the key problems in improving 
the organization’s efficiency and effectiveness, it is 
recommended that EI be regarded as one of its job 
requirements for more talented individuals to join 
the organization. 

• Organizations should periodically assess their em-
ployees’ emotional intelligence (EI) to give them 
feedback and help them perform better. 

• EI is gained and can be increased through training; 
it is recommended that educational courses be kept 
among the employees for those components at a 
low level that provides better service and increases 
performance.
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Abstract
In the long and medium term, the evolution of pandemics and 
the resulting harm to the global economy have been alarming. 
Pandemics have a variety of detrimental effects on the economy. 
They impact families, companies, and the government by reduc-
ing labor supply, worker productivity, and population income, in-
creasing company expenditures and public healthcare infrastruc-
ture costs. This research aims to examine and organize the present 
body of knowledge in the field of pandemics and their economic 
effect. With the help of a systematic literature review and biblio-
metric analysis, the study presents the status and development in 
this area of research. All business sectors, including supply chain, 
logistics, travel & tourism, entertainment, recreation and fitness, 
hospitality, have been negatively impacted worldwide. The paper 
contributes to the existing state of literature by examining the im-
pact of significant pandemics on various business activities around 
the globe. However, there is a surge in telecommunication, includ-
ing data providers and e-commerce businesses.
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INTRODUCTION
The World Health Organization (WHO) defines 

the pandemic as “A pandemic is the worldwide spread 
of a new disease.” (World Health Organization, 2010) 
There have been various pandemics that have affected 
the world. With the advent of every pandemic, there is 
a change in the world [1].

In the long and short term, the evolution of these 
pandemics and the resulting harm to the world econ-
omy have been highly upsetting. Various studies in the 
past have found that population health, as measured by 
life expectancy, infant mortality, and maternal mortali-
ty, is strongly linked to the economy’s economic health 
(Pritchet and Summers, 1996; Bloom and Sachs, 1998). 
These pandemics negatively impact the economy in var-
ious ways; they impact households, businesses, and gov-
ernment by detrimentally affecting labor supply, worker 
productivity, and population incomes, increasing busi-
ness expenses, and mounting costs on public healthcare 
infrastructure. The pandemic changes the way we lead 
our day-to-day life; it changes the government policies 
for health care and changes the business world. All busi-
ness sectors, including supply chain, logistics, travel & 
tourism, entertainment, recreation and fitness, hospital-
ity, have been negatively impacted worldwide. However, 
there is a surge in telecommunication, including data 
providers and e-commerce businesses. Thus, pandemics 
have provided challenges and opportunities to the entire 
industry and economic activities around the globe [2].

In this study, we explore the numerous changes 
that have happened due to the global reaction to past 
pandemics [3]. To the best of the author’s knowledge, 
no research on the subject has been done, and this re-
search will attempt to address that gap. The following 
is the order in which the paper should be read. The first 
part briefly introduces the issue, section 2 discusses 
the aims and methods, section 3 includes a thorough 
review of the literature and content analysis, section 4 
discusses the pandemics and their consequences, and 
section 5 concludes with a conclusion [4].

OBJECTIVES AND METHODOLOGY
This study aims to systematically explore the re-

search and examine the literature available in the area 
of pandemics affecting business operations. We have 
covered pandemics, such as Spanish 19, SARS, H1N1 
influenza, Nipah, and COVID-19 for study [5]. 
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The following research questions guided this Sys-
tematic Literature Review: 
1. How have pandemics been related to business op-

erations? 
2. What was the methodology followed to address the 

crisis?
3. What were the outcomes of the study? 

Similar steps were involved in conducting a sys-
tematic literature review as in the studies done by 
Okoli & Schabram, 2010; Parris & Peachey, 2013; Tan 
et al., 2019. Figure 1 shows the Literature Review - Re-
search stages

 

Stage 1 
Records Identify through 
database searching with 

keywords 
n=119 

Stage 2 
First Screening 

n=119 

Stage 3 
Paper included in the 

systematic review 
 n=38 

Keyword in title, abstract, 
and keywords 
Academic database: 
  Scopus 
Documents: Research 
articles, Review papers, 
book chapter, editor 
Timespan:  
Before 24/04/2020 

n = 119 

Eliminating duplicate papers 
Eliminating book chapters 
and editorials 
Eliminating papers of 
unrelated content 

n=38 

FIGURE 1.Systematic literature review - research stages (com-
piled by authors)

Stage 1: Exploring the Academic Archive
To achieve the objectives of the study foremost, all 

documents available on the Pandemics and their busi-
ness impact were extracted through the Scopus database 
accessible from the authors’ university library system. 
The search was restricted to English Language only. The 
investigation was initiated by the keyword “Pandemics” 
and “Business” and “Impact”. Finally, the documents ob-
tained were recorded. Figure 2 presents all the document 
types extracted and pertinent to the area of our study [6].

The graph depicts the state of research in the area 
of pandemics and its impact on business. The num-
ber of publications so far has been limited. Amongst 
that, the highest type is an article (31) followed by a 
conference paper (9) highlighting the global impact of 
pandemics [7]. 

 

FIGURE 2.Document type (compiled by authors)

Stage 2: Getting an Overview
The articles are classified into the related topic and 

not related to topic categories. The eligibility for an ar-
ticle for selection in the study was; (a) the article must 
be published in the English language; (b) the article 
must not include conference paper, book chapter, and 
editorial‘s; (c) the article should discuss pandemics 
and business impact as the central theme (d) examines 
the business preparedness and response to the global 
pandemics. If any of the above components were not 
satisfied, the articles were excluded. Finally, 38 pub-
lications (n = 36) from peer-reviewed journals that 
met the inclusion criteria from 1996-20 were chosen. 
The gathered list of source titles or journals within the 
analysis and results section [8]

Stage 3: Evaluating the Content
The content of crucial papers and the bibliometric 

analysis of linked research were examined in the final 
stage [9]. The key papers’ substance was scrutinized. 
Conducted by methodically reading chosen articles 
and review papers, and evaluating the paper’s aims, 
methods, and findings (Table 1) To better understand 
the present status of literature, we additionally provide 
the year of publication (Figure 3), year-by-year cita-
tions (Figure 4), and country of publishing (Table 2 
and Figure 5) [10].

REVIEW OF LITERATURE
Previous studies on pandemics suggest their neg-

ative impact on significant businesses like transpor-
tation, travel, logistics, banking and finance, small-
scale companies around the globe (Spriggs, M. 2013; 
Torá-Rocamora et al., 2012). However, some studies 
suggest that specific industries like teleconferenc-
ing and video conferencing observe positive growth 
(Overby, J. et al., 2004). Table 1 presents some of the 
significant contributions from scholars worldwide to 
the existing literature [11].
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Further, the year-wise count of peer-reviewed arti-
cles published between 1996-2020 has been presented 
below. 

Figure 3 depicts the publication’s year-wise distri-
bution indicating the limited number of published ar-

ticles in the chosen field of study [12]. Moreover, the 
citation number of articles published is also not im-
pressed with a maximum of 4 citations per article as 
depicted in Figure 4.

TABLE 1
A comprehensive review of the literature (Compiled by authors)

Source Objectives Method Conclusions
Itzwerth, R., Moa, 
A., & MacIntyre, C. 
R. (2018).

To study the public sector 
preparedness of Australia for 
the pandemic in the year 2009 

Review of documents The 2009 pandemic plans showed that 
their infrastructure is inadequate to deal 
with health emergencies.

Elmahdawy, M. et 
al., (2017)

The article reviews experience 
with Ebola virus disease in an 
economic scenario. 

Review of papers  The articles provide that significant 
investment in health infrastructure and 
cooperation between international 
organizations is required to develop 
vaccines, treatments, and tools to detect 
such diseases.

Chung, L. H. (2015) The influence on airport 
companies during a pandemic 
epidemic is investigated in this 
article.

On secondary data, a simple 
linear regression test was 
performed using time series 
analysis.

Detection through adequate technology 
is essential, which should be placed at 
airports.

Tosh P. et al., (2014) To suggest the plan of action 
for the health care business at 
the time of large-scale pan-
demic or disaster. 

Systematic literature review. 
Survey and Panel based ex-
pert opinion using modified 
Delphi method.

Vibrant supply chain network and infra-
structure including is helpful to deal with 
pandemic related situation

Heiko et al. (2013) To understand the future role 
and the discontinuities in the 
global logistics industry dur-
ing pandemics and resource 
crises.

Experts opinion using Delhi 
online- portal

When discontinuities, including terrorist 
attacks and pandemics, the industry 
should be ready with extreme and wild 
card scenarios. This will leverage the full 
potential of logistics at all times.

Rebmann et al. 
(2013

To study the impact of the 
2009 H1N1 pandemic on US 
businesses

A questionnaire, logistic re-
gression analysis

Businesses reported staffing shortages 
as people were ill. More prominent com-
panies implemented more interventions, 
such as providing education and vac-
cine, in response to the pandemic than 
smaller businesses.

FitzGerald et al. 
(2012

To study the impact of Pan-
demic (H1N1) 2009 on the di-
rectors and staff of Emergency 
Departments of Australia.

Theme analysis, electronic 
surveys, quantitative analysis

The study found that the department 
staff reported issues of lack of awareness 
of pandemic plans, the aggression of 
patient and patient’s family, excessive 
workload at the time of handling pa-
tients during the pandemic.

Torá-Rocamora, et 
al., (2012)

The paper measures the 
impact of the 2009 H1N1 pan-
demic and compare the effect 
between 2007-2010

Time series analysis Businesses were significantly affected. 
Along with economic activities, health, 
education, and the social sector were 
the most dislocated.

Foulke, E.G. (2007) To prepare a plan for business 
and industry to minimize the 
influenza pandemic impact.

Qualitative Study The pandemic influenza maintenance 
operations include working with sup-
pliers to ensure the continuation of 
services, developing a sick level policy 
that does not penalize sick people, and 
identifying possible exposure and health 
risks to the employees.

Overby et al. (2004) To investigate the impact of 
Severe Acute Respiratory 
Syndrome (SARS) on interna-
tional trade.

Qualitative study Banking and finance, global logistics, 
aviation and travel, electronics sectors 
had been negatively affected due to the 
virus. However, there occurred positive 
growth in teleconferencing and vid-
eo-conferencing business.
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TABLE 2
Details of country-wise publications (compiled by authors)

Row Labels Count per Country
United States 15
Australia 7
South Africa 3
Turkey 2
Canada 2
Italy 1
Spain 1
Germany 1
United Kingdom 1
India 1
Egypt 1
Philippines 1
Mexico 1
Japan 1
Grand Total 38

 
FIGURE 3.Year-wise distribution of publications (compiled by authors)

 

 
FIGURE 4.Year-wise citation of publications (Compiled by authors)
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TABLE 3 
List of journals (compiled by authors)

Source Title Count of 
Publications

AFE Facilities Engineering Journal 1
African Journal of AIDS Research 1
African Journal of Hospitality, Tourism, and 
Leisure 1

American Journal of Infection Control 2
Asia Pacific Journal of Marketing and Logistics 1
Biological Trace Element Research 1
BMC Public Health 1
Chest 1
Computational and Mathematical Organization 
Theory 1

Current Osteoporosis Reports 1
Development Southern Africa 1
EMA - Emergency Medicine Australasia 1
Food Science and Technology (London) 1
Foresight 1
International journal of environmental research 
and public health 1

International Journal of Health Care Quality 
Assurance 1

International Journal of Simulation Modeling 1
International Research in the Business Disci-
plines 1

Journal of Air Transport Management 1
Journal of business continuity & emergency 
planning 2

Journal of Global Antimicrobial Resistance 1
Journal of Infectious Diseases 1
Journal of International Development 1
Journal of law and medicine 1
Journal of Medical Systems 1
Journal of Occupational Medicine and Toxicol-
ogy 1

Journal of Public Health Policy 1
Long Range Planning 1
Medical Journal of Australia 1
Microbial Ecology 1
Occupational and Environmental Medicine 1
Proceedings of the National Academy of Sci-
ences of the United States of America 1

Resources, Conservation and Recycling 1
Safety and Health 1
TB & HIV 1
Value in Health Regional Issues 1
Grand Total 38

The graphs from Figure 5 depict that the coun-
try-wise published studies in the area of pandemics 

and their business impact [13]. It can be observed that 
around half of the studies are published in the United 
States (40%), followed by Australia (24%) and South 
Africa (18%). This indicates the need for research on 
this area of study from various parts of the world [14]. 
Further, to understand the scope of publication, the 
list of journals having a magazine in the chosen area 
of study is presented in Table 3. It can be observed 
that Pandemics and its business impact is inter-dis-
ciplinary research covering journals from the field of 
medicine, engineering, business, and environmental 
studies [15].

RESULT AND DISCUSSION 
This section will discuss the various pandemics 

that the world has witnessed and how it has changed 
the world. First, we would be categorizing the pan-
demic into two broad categories, namely, communi-
cable and non-communicable diseases. This classifica-
tion makes it easy to understand and comprehend the 
intensity and scope of the world’s response [16]. 

Cardiovascular disease, chronic respiratory ill-
nesses, malignancies, diabetes, mental illness, and 
other non-communicable diseases (NCDs). In 2012, 
they were the leading cause of death. They accounted 
for 60 percent of total deaths (Allen, 2016) [17]. The 
critical part here is that there is no human-to-hu-
man transmission; hence the containment measures 
do not include the isolation having restrictions on 
movement. The intervention is done at a community 
level promoting lifestyle changes and others. Health 
education and media campaigns have been the pri-
mary form of intervention. The economic burden 
is tough to measure. They are typically measured in 
cost-benefit analysis (Nissinen, Berrios, & Puska, 
2001) [18]. 

The other kind of pandemic is the pandemic aris-
ing out of infectious diseases. They mainly include the 
influenzas flu and many others. Traveling is a signif-
icant factor in spreading infectious diseases (Wild-
er-Smith & Freedman, 2003) [19]. This spreading of 
the disease from human to human makes it essential 
to contain the disease, so the loss of life could be mini-
mized. However, we have to implement stringent mea-
sures in doing so, which causes a significant economic 
loss. We will be discussing the impact of the Spanish 
Flu of 1918, Nipah virus (1999), SARS (2001), H1N1 
(2009), and lastly, COVID-19 (2019). We will also be 
focusing on their economic impact [20]. 
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Spanish Flu - 1918
We begin our discussion with the first pandemic of 

the 20th century, the Spanish Flu of 1918. It has been 
one of the deadliest pandemics that the world has ever 
witnessed. The Spanish flu killed around 50 million 
people worldwide (Jordan, Tumpey, & Jester, n.d.). 
The Spanish flu, being one of the deadliest flu’s in the 
history of humanity, had a mortality rate of 2.5 per-
cent (Billings, 2005). We begin with a pandemic be-
cause the lessons learned from this pandemic are still 
relevant, and still, we continue to use the same tools 
that we had developed to fight this pandemic. World 
War -1 made it easy for the virus to travel around the 
world with the armed forces. Also, the Spanish flu, be-
ing one of the deadliest pandemics, will provide an up-
per bound to the economic damage that can occur be-
cause of the pandemic (Barro, Ursúa, & Weng, 2020). 
The flu happened in three significant waves, first in 
the spring of 1918, then the deadliest wave from Sep-
tember to February 1919, and then the last wave in 
1919 itself. The graph of death rate by the Spanish flu 
was like the ‘W’ shaped. The death rate was exception-
ally high among young people between 15-45 (Reid, 
2001). The high mortality rate among the young re-
sulted in many orphans, and productive capacity suf-
fered a shock. There was no vaccine to protect against 
the virus or their antibiotics for such infections during 
the pandemic. The control measures were confined 
to quarantine, isolation, good personal hygiene, lim-
iting the public gatherings, and disinfectants (United 
States federal agency, n.d.). These control measures 
are very much the same today; even now, during the 
current pandemic, we have been limited to using these 
century-old techniques for controlling the pandemic 
(World Health Organization, n.d.).

Nipah virus - 1999
Nipah virus outbreak in 1999 in Malaysia. The vi-

rus first began to appear in pig farmers. The virus can 
travel from animals to humans and can also transmit 
directly between humans or through food. The fatal-
ity of the virus can range between 40 to 75 percent. 
The initial outbreak of the virus in 1998-1999 result-
ed in 105 deaths (Looi & Chua, 2007). The disease 
was successfully contained and was not allowed to 
spread worldwide, resulting in fewer cases and fewer 
deaths. However, there has been no vaccine or treat-
ment for the virus (Nipah virus, 2018). Post the first 
outbreak in 1998-1999; there have been subsequent 

outbreaks of the virus in India and Bangladesh; how-
ever, it was contained (Chadha et al., 2006; Homaira 
et al., 2010). 

The business impact of this virus was huge in Ma-
laysia. The pig industry had suffered a lot of losses 
due to the virus infection. Millions of the pigs were 
culled due to the virus outbreak (Looi & Chua, 2007). 
The poultry and pig industries were approximately 
94 percent of the total livestock industry in Malaysia 
in 1995. Poultry was one of the exports of Malaysia 
(Jelan & Dahan, 1998). The government could con-
tain the virus by taking swift measures in announcing 
the outbreak, free sharing of information, and proac-
tive decision to compensate the pig farmers (Looi & 
Chua, 2007).   

SARS - 2002
Severe acute respiratory syndrome (SARS) caused 

by the coronavirus (CoV) was first reported in No-
vember 2002 in Guangdong Province, China (Orga-
nization, 2003; Siu & Wong, 2004). The disease could 
transmit from human to human, which allowed it to 
reach 29 countries (Organization, 2003; Siu & Wong, 
2004). The estimated fatality of the disease is around 
10 percent in the total number of deaths was 774, far 
lower than the Spanish Flu (Goldsmith et al., 2004). 
The outbreak of the virus lasted till July 2003. SARS 
was a severe disease as there was no vaccine or treat-
ment for the disease. The result was to control the 
disease through old methods of isolation and quaran-
tine (Organization, 2003). The condition could spread 
through direct contact with the infections droplets 
(Diamond, 2003). 

The business impact of the virus was felt in many 
terms. There was a decline in the travel and tourism 
industry and hospitality sector. The willingness of 
people to go out and eat, cinema’s and retail were im-
pacted negatively (Keogh-Brown & Smith, 2008). The 
SARS reduced the confidence and resulted in the de-
mand shock, which hurt East Asia, including China. 
The shipments were delayed. The loss of faith was also 
reflected via the falling stock prices. The country that 
was most affected by the outbreak was Hong Kong. 
The real GDP for the country fell by 0.3 percent from 
the December quarter. The growth rate of China also 
declined from 9.9 to 8.6 percent (Treasury, 2002). The 
global economic impact of the outbreak was estimat-
ed at around US$30–100 billion by various authors 
(Smith, 2006).
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H1N1 - 2009
In 2009, a novel in fauna virus spread in the world 

from the USA. The virus could transmit from human 
to human (Relman et al., 2010). Till April 2010, as per 
the CDC estimate, there were 60.8 million cases, more 
than 274 thousand hospitalizations, and 12469 deaths 
in the US had occurred within the first year of the pan-
demic (Centers for Disease Control and Prevention, 
2019). Globally the total number of deaths due to the 
disease was estimated to be approximately between 
105,700–395,600 (Dawood et al., 2012). The economic 
and social losses included the loss of wages and school 
days as schools had to be closed for safety (Chen et 
al., 2011). The financial cost of the pandemic was less 
than 1 percent of the world GDP (Smith et al., 2011) 

COVID-19 - 2019
The most recent outbreak of pandemics started 

in December 2019 due to a novel coronavirus. The 
genome of the COVID-19 has 86 percent similarity 
to the SARS virus of 2002. Both viruses have proba-
bly originated from bats (Lai et al., 2020; Rothan & 
Byrareddy, 2020; Wilder-Smith & Freedman, 2003). 
Similar to the SARS virus, it is also capable of trans-
mitting from human to human. The virus can similarly 
share itself as SARS 2002 virus did through tiny drop-
lets of infections (Singhal, 2020). The disease spread 
quickly across the world and was called a pandemic by 
WHO on March 11, 2020 (Cucinotta & Vanelli, 2020). 
Accordingly, to contain the disease, the epicenter of 
the disease, the Chinese authority put the city under 
lockdown. The lockdown lasted for 11 weeks (Coro-
navirus Resource Center, n.d.). During April, most of 
the world witnessed some form of shutdown (Sheth, 
2020). This was in line with the century-old methods 
of isolation and quarantine to check the spread of the 
infection. 

The impact of these global shutdowns will be enor-
mous; however, we will try to briefly highlight the sec-
tor’s issues once the lockdown restrictions are grad-
ually relaxed. The agriculture sector is being affected 
in terms of the fall in the prices of agriculture output 
globally. The demand for food products has plum-
meted due to the shutdown of hotels and restaurants. 
Petroleum has also been impacted. The shutdown of 
economic activities across the world led to a sharp de-
cline in crude oil prices. The sharp deterioration even 
resulted in the adverse price of West Texas Intermedi-
ate (WTI) (Selmi, Bouoiyour, & Hammoudeh, 2020). 

The GDP is expected to contract for the US by 20.3 
percent, and for the developing economy like India, 
it fell by over 23 percent. The impact of this contrac-
tion will in felt in every sector, and unemployment will 
surge (Walmsley, Rose, & Wei, 2020). 

The tertiary sectors include education, hospitality, 
tourism and aviation, real estate, sports industry and 
Information technology, media, research & develop-
ment. The education industry will be severely affected 
by it as one of the first measures that we had learned 
from the Spanish flu was the closure of places of pub-
lic gatherings. As a result, schools, colleges across the 
globe were shut as the first response to the pandemic. 
The closure of schools will also impact the programs 
in developing countries where the schools provide 
the meal, such as the Mid-day meal program in India 
(Nicola et al., 2020; Upadhyay, Patra, & Khan, 2020). 
The government of India demonetized currency in 
2016 and was also promoting the usage of digital cur-
rency (Pal, A., Tiwari, C. K., & Khandelwal, T, 2019). 
The pandemic is expected to increase the movement 
towards the cashless as cash may provide the surface 
for the virus to transmit (Allam, Z., 2020). 

 With the pandemic and stay-in-home orders in 
most parts of the world, people around the globe can-
not move, which has caused a significant fall in de-
mand for the hospitality, tourism, and aviation sector. 
The pandemic has hard hit the sports industry. Most 
of the year’s sporting events have been canceled or 
postponed, including Tokyo Olympics (Chappelet, 
2020). The world may witness a recession because 
of the current pandemic (Fernandes, 2020). The real 
estate sector will also face a significant slump in de-
mand. The overall contraction of the world GDP will 
lead to lesser jobs and reduce the need for housing. 

CONCLUSION
The paper contributes to the existing state of litera-

ture by examining the impact of significant pandemics 
on various business activities around the globe. With 
the help of a systematic literature review and biblio-
metric analysis, the study presents the current status 
and development in this area of research. Scholars 
from United States, Australia, and South Africa have 
contributed the maximum to this field of study. Con-
cerning impact, business activities, education, health, 
and social sector were severely affected due to shut 
down and closure of all economic and non-economic 
activities. Banking and finance, global logistics, avi-
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ation and travel, electronics sectors have been neg-
atively affected due to the virus. However, there oc-
curred growth in automation services, e-commerce, 
telecommunication, including teleconferencing and 
video-conferencing business. To minimize losses, the 
spread of diseases in industry, educating employees, 
other parties about the potential risk of space is es-
sential in maintaining business continuity during a 
pandemic. The government support through the sig-
nificant fiscal stimulus to needy businesses and simul-
taneous keeping the supply chains intact should be the 
prime focus at the time of pandemics to minimize the 
impact. 
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ABSTRACT
Aim: Prediction of coronary illness utilizing novel Novel k near-
est neighbor (KNN) and contrasting its accuracy with decision 
tree algorithm. Materials and Methods: Two gatherings are pro-
posed for foreseeing the accuracy (%) of coronary illness. To be 
specific, novel Novel k nearest neighbor and decision tree algo-
rithm. Here we take 20 examples each for assessment and look 
at. The sample size was calculated using G power with pretest 
power at 80% and the alpha of 0.05 value. Result: The decision 
tree gives better accuracy (84.95%) contrasted with the Novel 
k nearest neighbor accuracy (76.29 %). Along these lines the 
factual meaning of the decision tree is superior to the novel 
k nearest neighbor algorithm with significance value of 0.115. 
Conclusion: From the outcome, it may very well be inferred that 
the decision tree helps in anticipating the coronary illness with 
more precision contrasted with the novel k nearest neighbor 
algorithm.
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INTRODUCTION 
Coronary illness, then again known as cardiovas-

cular sickness, is one of the most widely recognized 
infections in this bustling world (Sivaranjani, Naresh, 
and Murthy 2019). They are the main source of death 

universally. It encases different conditions that sway 
the heart and is the essential premise of death world-
wide over the range of the beyond couple of many 
years (Ali et al. 2021). It partners many danger factors 
in coronary illness and a need for an opportunity to 
get exact, solid, and reasonable ways to deal with and 
make an early determination to accomplish brief ad-
ministration of the infection (C and Chethana 2021). 
In this way, sorting out some way to break down and 
survey coronary sickness fast and fittingly is a subject 
worth exploring (Rajathi and Radhamani 2016).The 
concentrate’s most significant element is to anticipate 
the coronary illness of the patients at high danger and 
generally safe (Shahid and Rahman 2014).

Machine learning is a usually utilized procedure 
used for handling gigantic information in the medi-
cal care area. It is to investigate tremendous complex 
clinical information and help the medical care experts 
to anticipate coronary illness (Krishnamoorthi et al. 
2022). It is significant to analyze the sickness at begin-
ning phases and its administration. In this exploration, 
the model algorithms were made utilizing machine 
learning algorithms that are novel Novel k nearest 
neighbor and decision tree algorithms to survey and 
figure their presentation in terms of accuracy (%) (Al-
mazroi 2022). Our team has extensive knowledge and 
research experience that has translate into high quality 
publications (Chellapa et al. 2020; Lavanya, Kannan, 
and Arivalagan 2021; Raj R, D, and S 2020; Shilpa-Jain 
et al. 2021; S, R, and P 2021; Ramadoss, Padmanaban, 
and Subramanian 2022; Wu et al. 2020; Kalidoss, 
Umapathy, and Rani Thirunavukkarasu 2021; Kaja et 
al. 2020; Antink et al. 2020; Paul et al. 2020; Malaikol-
undhan et al. 2020) 

This article was linked to 12 IEEE investigative dis-
tributions and 8 science direct articles distributed over 
the most recent couple of years to portray the model 
and algorithms. The principal machine learning based 
clinical scoring framework for patients with coronary 
illness was created to give a straightforward and pre-
cise technique for surveying coronary illness (Rooney 
et al. 2021).

MATERIALS AND METHODS 
The lab used for the review climate has a place 

with saveetha school of engineering. The quantity of 
the group included is 2. Where the group 1 is Novel k 
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nearest neighbor and group 2 is the decision tree. The 
total sample taken is 40. The Novel k nearest neighbor 
comprises (N=20) and decision tree comprises (N=20) 
(Duong et al. 2021). 

The dataset was gathered from www.kaggle.com 
and it is a csv record consisting of gathered clinical 
profiles of patients with indications of coronary illness 
(Karri et al. 2021).

The software needed for this review is anaconda 
with jupyter notebook and python. Equipment re-
quired is a pc with windows 10. The technique starts 
by taking the dataset as a contribution to prepare the 
machine learning algorithm with the proposed model, 
which is the Novel k nearest neighbor algorithm and 
decision tree algorithm (Yasmin et al. 2021). Then, at 
that point, both algorithms are executed in anaconda, 
Jupyter scratch pad and python programming. In this 
testing arrangement, we get accuracy % as yield for 
each proposed model (Alzeer et al. 2021). 

Group1 is the Novel k nearest neighbor with N 
=20 and group 2 is the decision tree with N= 20, the 
complete sample size is 40. The sample dataset of both 
Novel k nearest neighbor and decision tree was sent 
out to Microsoft Excel for bringing in it to jupyter 
notebook utilizing python as an info. Anaconda soft-
ware with a jupyter notebook must be installed on the 
PC for preparing the source informational collection. 
The imported information is prepared separately by 
both algorithms. The accuracy (%) is obtained as a 
yield (Ma et al. 2021).

STATISTICAL ANALYSIS 
The Statistical assessment was performed utilizing 

the IBM SPSS instrument. It is utilized for both k near-
est neighbor and decision tree algorithms for informa-
tion investigation (Ju et al. 2021). For both proposed 
algorithms, 20 examples were performed and for each 
sample, the anticipated accuracy (%) was noted for 
computation in the MS Excel sheet and afterward ex-
ecuted in the SPSS instrument. The level of accuracy 
of Novel k nearest neighbor and decision tree were 
looked at utilizing IBM-SPSS and afterward figured 
utilizing an independent sample t-test (Baig 2020).

RESULT
The accuracy gained from 20 samples of two groups 

is shown in Table 1. Novel k nearest neighbor is group 
1 which is the proposed method has an accuracy of 
(71% – 77%) and group 2 is the logistic regression al-

gorithm which has an accuracy of (81% – 85%). From 
the table 1 comparison, it is analyzed that the decision 
tree has better accuracy than KNN.

Table 1
Percentage of accuracy acquired between novel k nearest 
neighbor and decision tree of 20 samples each.

Samples Novel k nearest 
neighbor

Decision tree

1 75.45 83.42

2 76.30 82.92

3 72.15 86.01

4 71.05 85.65

5 77.50 84.96

6 76.90 85.14

7 78.20 83.72

8 77.17 86.14

9 76.63 85.26

10 77.83 84.63

11 77.26 85.36

12 74.39 83.99

13 77.83 84.13

14 76.33 85.49

15 75.98 84.17

16 78.14 86.09

17 77.18 85.05

18 77.70 84.73

19 77.18 85.57

20 76.81 85.66

Table 2 denotes the average accuracy of novel k 
nearest neighbor and decision tree algorithm for re-
spective 20 different samples. Table 3 denotes group 
statistics obtained from statistical analysis by the IBM 
spss tool for KNN and decision tree algorithms. The 
mean value of KNN is 76.29% and decision tree is 
84.95%. The standard deviation and standard mean 
error of the decision tree is better than KNN.

Table 4 denotes the independent sample test ob-
tained from statistical analysis using algorithms like 
novel k nearest neighbor and decision tree with the 
IBM spss tool. The significance value obtained from 
the proposed method is 0.115.

Figure 1 denotes the comparison difference be-
tween the accuracy obtained from KNN and deci-
sion tree to different algorithms with error bar values. 
From fig.1, It is known that decision tree has better 
accuracy than KNN. 
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Table 2
Accuracy of heart disease using novel K nearest neighbor and 
Decision tree algorithm analysis for 20 different samples. 
Group Algorithms Average Accuracy

1 Novel K Nearest Neighbor 84.95%

2 Decision Tree 76.29%

Table 3
Comparison of mean and accuracy of Novel k nearest neighbor 
and decision tree for heart disease prediction.
Param-

eter
Group N mean Std. 

devia-
tion

Std. 
error 
mean

Accuracy Novel k nearest 
neighbor

20 76.2975 1.89430 0.42358

Decision tree 20 84.9545 0.90575 0.20253

DISCUSSION 
In this article of coronary illness prediction, the 

decision tree had a superior accuracy (84.95%), as op-
posed to Novel k nearest neighbor with the accuracy 
(76.29%).Therefore the statistical significance of the 
decision tree is better than the Novel k nearest neigh-
bor algorithm (Gupta, Jain, and Singh 2021). The ob-
jective of the article was to decide the precision (%) 
of the machine learning algorithm in coronary illness 
foreseeing calculations. The discoveries showed that 
the machine learning algorithms can make incredibly 
exact coronary illness forecast medical care frame-
works (Kovacs et al. 2021). 

KNN tries to find similarities between predictors and 
values that are within the dataset. KNN uses a non-para-
metric method as there is not a particular finding of pa-
rameters to a particular functional form.It does not make 

Table 4
Independent sample t-test

Accuracy Levene’s test for equality 
of variances

t-test for equality of means 95% confidence in-
terval of difference

F sig t df Sig 
(2-tailed) 

Mean dif-
ference

Std. error 
difference

Lower upper

Equal varianc-
es assumed

4.149 0.04 18.43 38 0.000 8.657 0.4695 9.6074 7.7065

Equal vari-
ances not 
assumed

18.43 27.25 0.000 8.657 0.4695 9.6199 7.6940

 
Fig 1: Simple bar graph representing the mean accuracy of Novel k nearest neighbor and decision tree algorithms. Both techniques 
appear to produce the results with accuracy. In which decision tree accuracy (84.95%) is more than Novel k nearest neighbor 
accuracy (76.29%).
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any type of assumptions about the features and output of 
the dataset (Jerline Amutha, Padmajavalli, and Prabha-
kar 2018). KNN is also called a lazy classifier as it memo-
rizes the training data and does not exactly learn and fix 
the weights. Hence most of the computing work occurs 
during the classification rather than training time. KNN 
usually works by just trying to see which class is the new 
feature near to and it just puts it to the class closest to that 
point (Kim et al. 2021).

The methodology used in the Decision tree is a com-
monly used data mining method for establishing classifi-
cation and prediction systems based on multiple explan-
atory parameters for developing prediction models for 
a target instance. This path classifies a population into 
branch-like segments in a tree that construct an invert-
ed tree with a root node, internal nodes, and leaf nodes 
(Yasmin et al. 2021). A decision tree is a non-parametric 
algorithm which can efficiently deal with huge, compli-
cated data sets without involving multiple parametric 
structures. If the sample size is large enough, study data 
can be divided into training and validation data sets. Us-
ing the training data set to build a decision tree model 
and a validation data set decide on the appropriate tree 
size to achieve the optimal final model.

CONCLUSION
As far as coronary illness prediction the decision tree 

with the accuracy (84.95%), that utilizes jupyter note-
book and python programming seemed to create better 
results when contrasted with Novel k nearest neighbor 
with the accuracy (76.29%). From the outcome, it tends 
to be reasoned that the decision tree helps in anticipat-
ing the coronary illness with more precision contrasted 
with Novel k nearest neighbor algorithm.
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ABSTRACT
Aim: Prediction of coronary sickness utilizing novel genetic al-
gorithm and contrasting its accuracy with XG boost algorithm. 
Materials and methods: Two models are proposed for foresee-
ing the accuracy (%) of coronary infection. To be unequivocal, 
a novel genetic algorithm and XG boost algorithm. Here we 
take 20 samples each for evaluation and analysis. Result: The 
novel genetic algorithm gives better accuracy (88.35%) than 
the XG boost accuracy (81.88%). Along these lines the genuine 
meaning of novel genetic algorithms is superior to XGBoost 
calculation with significance value of 0.115 Conclusion: From the 
outcome, it may very well be accumulated that a novel genetic 
algorithm helps in expecting the coronary affliction with more 
precision shown distinctively corresponding to XGBoost algo-
rithm.
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INTRODUCTION
Coronary sickness, then again known as cardiovas-

cular problem, is one of the most extensively saw taint-
ing in this clamoring world (Sahoo and Kumar 2018). 
They are the crucial wellspring of death by and large 
(Qu et al. 2021). It encases different conditions that im-
pact the heart and is the central explanation of death 

worldwide over the extent of beyond a few various years 
(Ishikawa et al. 2021). It supplies various danger factors 
in coronary disorder and a need for an opportunity to 
get unequivocal, solid, and reasonable methods of over-
sight to make an early affirmation to accomplish a brief 
association of the illness (Xu et al. 2021). Thus, sort-
ing out some method of isolating and surveying cor-
onary sickness quickly and fittingly is a subject worth 
investigating. The concentrate’s most gigantic part is to 
anticipate the coronary sickness of the patients at high 
danger and greatly ensured (Dogan et al. 2021).

Machine learning is a large utilized system used 
for dealing with gigantic information in the clinical 
thought district (Nayor et al. 2021). It is to investi-
gate colossal complex clinical information and help 
the clinical thought experts to anticipate the coronary 
affliction (Steinfeldt et al. 2022). It is imperative to 
analyze the issue at beginning stages and its associa-
tion. In this examination, the model algorithms uti-
lizing machine learning algorithm are novel genetic 
algorithm and XGBoost algorithm to consider and 
as certain they show similarly as accuracy (%) (Lee et 
al. 2021). Our team has extensive knowledge and re-
search experience that has translate into high quality 
publications (Chellapa et al. 2020; Lavanya, Kannan, 
and Arivalagan 2021; Raj R, D, and S 2020; Shilpa-Jain 
et al. 2021; S, R, and P 2021; Ramadoss, Padmanaban, 
and Subramanian 2022; Wu et al. 2020; Kalidoss, 
Umapathy, and Rani Thirunavukkarasu 2021; Kaja et 
al. 2020; Antink et al. 2020; Paul et al. 2020; Malaikol-
undhan et al. 2020) 

This study was associated with 13 IEEE investiga-
tions and 7 science direct articles passed on over the 
furthest down the line quite a while to portray the 
model and computations. The main machine learning 
based clinical scoring structure for patients with cor-
onary affliction was made to give an immediate and 
precise technique for surveying coronary illness (Cus-
tovic, Siddiqui, and Saglani 2022).

MATERIALS AND METHODS
The lab used for the study climate has a spot with 

saveetha school of designing. The measure of the 
group included is 2. Where the group 1 is genetic and 
group 2 is XGBoost. The total sample taken is 40. The 
novel genetic algorithm contains (N=20) and XGboost 
contains (N=20) (Sun et al. 2021).
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The dataset was gathered from www.kaggle.com 
and it is a csv record including collected clinical pro-
files of patients with indications of coronary infirmity 
(Sefa-Yeboah et al. 2021). 

The software needed for this study is anaconda 
with jupyter scratch pad and python. equipment re-
quired are pc with windows 10. The technique starts 
by taking the dataset as an input to set up the machine 
learning algorithm with the proposed model, which 
is a novel genetic algorithm and XGBoost algorithm. 
Then, at that point, the two algorithms are executed 
in anaconda, jupyter scratch cushion and python pro-
gramming. In this testing plan, we get accuracy (%) 
as yield for each proposed model (Huang et al. 2021). 

Group1 is the novel genetic algorithm with N =20 
and group 2 is the XGBoost algorithm with N= 20, the 
total sample size is 40. The sample dataset of both ge-
netic and XGBoost was passed on to Microsoft Excel 
for getting it to jupyter scratch pad utilizing python 
as a data. Anaconda software with a jupyter notebook 
ought to be introduced on the PC for setting up the 
source instructive grouping. The imported informa-
tion is orchestrated autonomously for the two algo-
rithms. The accuracy (%) is obtained as a yield (Smole 
et al. 2021).

STATISTICAL ANALYSIS
The Statistical assessment was performed utilizing 

the IBM SPSS tool. It is utilized for both genetic and 
XGBoost algorithm (Zekavat et al. 2022). For both pro-
posed models, 20 samples were performed and for each 
sample, the accuracy (%) was noted for estimation in 
the MS Excel sheet and a brief time frame later execut-
ed in the SPSS tool. The level of accuracy of genetic and 
XGBoost algorithm were looked at utilizing IBM-SPSS 
and a brief time frame later figured utilizing an inde-
pendent model t-test (Clapp and McCoy 2021).

RESULT
The accuracy gained from 20 samples of two groups 

is shown in Table 1. Novel genetic algorithm is group 
1 which is the proposed method has an accuracy of 
(82% – 89%) and group 2 is the XGBoost algorithm 
which has an accuracy of (76% – 82%). From the table 
1 comparison, it is analyzed that the genetic algorithm 
has better accuracy than the XGBoost algorithm.

Table 2 denotes the average accuracy of novel k 
nearest neighbor and decision tree algorithm for re-
spective 20 different samples. 

Table 1
Percentage of accuracy acquired between novel genetic algo-
rithm and XGBoost algorithm of 20 samples each.

Samples Novel genetic 
algorithm

XGBoost

1 88.90 81.67
2 86.99 81.34
3 89.67 82.36
4 87.46 83.10
5 89.65 82.78
6 88.34 80.45
7 89.12 80.99
8 86.39 82.89
9 89.72 82.14
10 88.60 81.49
11 88.19 80.93
12 86.95 80.28
13 89.36 81.96
14 88.03 82.62
15 87.53 82.85
16 87.66 82.33
17 89.59 80.77
18 87.51 81.11
19 88.48 83.27
20 89.04 82.43

Table 2
Accuracy of heart disease using novel Genetic Algorithm and 
XGBoost algorithm analysis for 20 different samples. 
Group Algorithms Average Accuracy

1 Novel Genetic Algorithm 88.35%
2 XGBoost 81.88%

Table 3
Comparison of mean and accuracy of Novel Genetic algorithm 
and XGBoost for heart disease prediction.
Param-

eter
Group N mean Std. 

devia-
tion

Std. 
error 
mean

Accuracy Genetic algo-
rithm

20 88.359 1.0193 0.2279

XGBoost 20 81.888 0.9222 0.2062

Table 3 denotes group statistics obtained from sta-
tistical analysis by the IBM spss tool for novel genetic 
and XGBoost algorithms. The mean value of the novel 
genetic algorithm is 88.35% and XGBoost algorithm 
is 84.95%. The standard deviation and standard mean 
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error of the novel genetic algorithm is better than XG-
Boost algorithm.

Table 4 denotes the independent sample test ob-
tained from statistical analysis using algorithms like 
the novel genetic algorithm and XGBoost algorithm 
with the IBM spss tool. The significance value ob-
tained from the proposed method is 0.115.

Figure 1 denotes the comparison difference be-
tween the accuracy obtained from the novel genetic 
algorithm and XGBoost to different algorithms with 
error bar values. From fig.1, It is known that the novel 
genetic algorithm has better accuracy than the XG-
Boost algorithm.

DISCUSSION 
In this article of coronary affliction forecast, the 

novel genetic algorithm had a transcendent accuracy 
(88.35%), rather than the XGBoost algorithm with the 
accuracy (81.88%). Accordingly, the statistical signifi-
cance of the novel genetic algorithm is better than the 

XGBoost algorithm (Borra et al. 2019). The objective of 
the review was to pick the precision (%) of the machine 
learning algorithm in coronary infirmity foreseeing cal-
culations. The divulgences showed that machine learn-
ing can amazingly address coronary sickness check 
clinical thought frameworks (Chen and Jiang 2022). 

Associative classification is a recent and reward-
ing technique which integrates association rule min-
ing and classification to a model for prediction and 
achieves maximum accuracy (Amin, Agarwal, and 
Beg 2013). Associative classifiers are especially fit to 
applications where maximum accuracy is desired to a 
model for prediction. There are many domains such as 
medical where the maximum accuracy of the model is 
desired. Heart disease is a single largest cause of death 
in developed countries and one of the main contribu-
tors to disease burden in developing countries. In this 
paper we propose an efficient associative classification 
algorithm using genetic approach for heart disease 
prediction. The main motivation for using genetic 

Table 4
Independent sample t-test
Accuracy Levene’s test for equality of vari-

ances
t-test for equality of means 95% confidence 

interval of difference
F sig t df Sig 

(2-tailed) 
Mean dif-
ference

Std. error 
difference

Lower upper

Equal variances assumed 0.14 0.704 21.05 38 0.000 6.47 0.3074 5.8488 7.093
Equal variances not assumed 21.05 37.62 0.000 6.47 0.3074 5.8486 7.093

 
Fig 1: Simple bar mean accuracy using novel genetic algorithm and XGBoost algorithm. Both techniques appear to produce the re-
sults with the accuracy (%). In which novel genetic algorithm accuracy (88.35%) is more than XGBoost algorithm accuracy (81.88%).
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algorithms in the discovery of high level prediction 
rules is that the discovered rules are highly compre-
hensible, having high predictive accuracy and of high 
interestingness values. Experimental Results show 
that most of the classifier rules help in the best predic-
tion of heart disease which even helps doctors in their 
diagnosis decisions (Hunter 2010).

Detection of early signs of the diseases at geospa-
tial level can help in promoting evidence-based health 
policies and proper disease management strategies to 
be formulated beforehand. In this paper, we report the 
performance of the XGBoosting algorithm as a part of 
a novel unified predictive modeling framework. The 
proposed scalable end to end tree boosting system 
called XGBoost, results in significantly improved per-
formance (Goel, n.d.).

CONCLUSION
To the degree coronary sickness gauges the novel 

genetic algorithm with the accuracy (88.35%), that 
utilizes jupyter notebook and python programming 
seemed to improve results when stood apart from 
XGBoost with the precision (81.88%). From the out-
come, it will overall be pondered that a novel genetic 
algorithm helps in expecting coronary sickness with 
more precision shown distinctively corresponding to 
the XGBoost algorithm.
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ABSTRACT
Aim: prediction of coronary disease using novel support vector 
machine and comparing its accuracy with logistic regression al-
gorithm. Materials and methods: Two social affairs are proposed 
for predicting the accuracy (%) of coronary disease. To be ex-
plicit, the novel supports vector machine and logistic regression 
algorithms. Here we take 20 samples each for appraisal and 
compare. The sample size was calculated using G power with 
pretest power at 80% and the alpha of 0.05 value. Result: The 
logistic regression gives better precision (87.82%) than the nov-
el support vector machine (SVM) accuracy (81.30%). Thus the 
real significance of logistic regression is better than novel sup-
port vector machine algorithms. Conclusion: From the result, it 
might be gathered that logistic regression helps in expecting 
the coronary sickness with more accuracy to appear differently 
in relation to novel support vector machine algorithms.
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INTRODUCTION 
Coronary disease, on the other hand known as 

cardiovascular disorder, is one of the most broadly 
perceived contamination in this clamoring world (Sel-
vakumar and Rajagopalan 2017). They are the fun-

damental wellspring of death generally (Owusu et al. 
2021). It encases various conditions that influence the 
heart and is the fundamental reason of death world-
wide over the scope of the past two or three numerous 
years (Nahiduzzaman et al. 2019). It accomplishes nu-
merous peril factors in coronary sickness and a need 
of a chance to get definite, strong, and sensible ways 
of managing make an early assurance to achieve brief 
organization of the disease (Kamath, Parab, and Ker-
kar 2018). Along these lines, figuring out some way of 
separating and reviewing coronary ailment quick and 
fittingly is a subject worth exploring. The concentrate’s 
most huge component is to expect the coronary ail-
ment of the patients at high risk and large protected 
(Maharjan, n.d.).Our team has extensive knowledge 
and research experience that has translate into high 
quality publications (Chellapa et al. 2020; Lavanya, 
Kannan, and Arivalagan 2021; Raj R, D, and S 2020; 
Shilpa-Jain et al. 2021; S, R, and P 2021; Ramadoss, 
Padmanaban, and Subramanian 2022; Wu et al. 2020; 
Kalidoss, Umapathy, and Rani Thirunavukkarasu 
2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020) 

Machine learning is a generally used methodology 
utilized for taking care of enormous data in the clini-
cal consideration region (Dasgupta, Ghosh, and Vyas, 
n.d.). It is to explore huge complex clinical data and 
help the clinical consideration specialists to expect 
the coronary ailment (Almazroi 2022). It is important 
to examine the disorder at starting stages and its or-
ganization (Latifah, Slamet, and Sugiyanto 2020). In 
this investigation, the model algorithms made using 
machine learning algorithms are novel support vector 
machine and logistic regression algorithms to study 
and calculate their show as far as accuracy (%) (Kon-
stantonis et al. 2022). 

This survey was connected to 9 IEEE explore and 
8 science direct articles conveyed over the last several 
years to depict the model and calculations. The chief 
machine learning based clinical scoring structure for 
patients with coronary disease was made to give a di-
rect and exact method for reviewing coronary ailment 
(Liu et al. 2021). 

MATERIALS AND METHODS 
The lab utilized for the survey environment has a 

spot with saveetha school of engineering. The amount 
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of groups included is 2. Where group 1 is a novel sup-
port vector machine and group 2 is logistic regression. 
The total sample taken is 40. The novel support vector 
machine contains (N=20) and logistic regression in-
cludes (N=20) (Rani et al. 2018). 

The dataset was collected from www.kaggle.com 
and it is a csv record including an assembled clinical 
profile of patients with signs of coronary ailment (S. 
and M. 2018). 

The software required for this survey is anaconda 
with jupyter notepad and python. hardware required are 
pc with windows 10. The method begins by taking the 
dataset as a commitment to set up the machine learn-
ing algorithm with the proposed model, which is a novel 
support vector machine algorithm and logistic regres-
sion algorithm (More and More 2019). Then, the two al-
gorithms are executed in anaconda, jupyter scratch pad 
and python programming. In this testing plan, we get 
accuracy (%) as yield for each proposed model. 

Group 1 is the novel support vector machine with 
N =20 and group 2 is logistic regression with N= 20, 
the total sample size is 40. The sample dataset of both 
novel support vector machine and logistic regression 
was conveyed to Microsoft Excel for getting it to ju-
pyter scratch pad using python as an information.
Anaconda software with jupyter journal should be 
installed on the PC for setting up the source educa-
tional assortment. The imported data is arranged in-
dependently for both algorithms. The accuracy (%) is 
obtained as a yield (Bano 2019).

STATISTICAL ANALYSIS
The Statistical evaluation was performed using the 

IBM SPSS instrument. It is used for both novel support 
vector machine and logistic regression algorithms,or 
data examination (Kumar and Sahoo 2018). For both 
proposed algorithms, 20 samples were performed and 
for each sample, the expected accuracy (%) was noted 
for calculation in the MS Excel sheet and a short time 
later executed in the SPSS instrument. The level of ac-
curacy of novel support vector machine and logistic 
regression were checked out using IBM-SPSS and a 
short time later figured using an independent example 
t-test (M, Revathy, and Mary, n.d.).

RESULT
The accuracy gained from 20 samples of two 

groups is shown in Table 1. SVM is group 1 which is 
the proposed method has an accuracy of (80% – 85%) 

and group 2 is the logistic regression algorithm which 
has an accuracy of (86% – 90%). From the table 1 com-
parison, it is analyzed that logistic regression has bet-
ter accuracy than SVM.

Table 1
Percentage of accuracy acquired between novel support vector 
machine and logistic regression of 20 samples each.

Samples Novel Support 
vector machine

Logistic regres-
sion

1 80.95 87.13
2 79.90 87.46
3 81.85 88.32
4 82.06 87.29
5 80.73 86.10
6 81.69 88.25
7 82.10 87.62
8 81.33 88.74
9 79.99 86.51
10 80.81 88.88
11 81.88 87.71
12 82.57 88.57
13 79.23 88.69
14 81.24 88.47
15 81.15 88.23
16 82.07 87.81
17 81.97 86.27
18 81.21 88.93
19 81.97 87.34
20 81.50 88.10

Table 2 denotes the average accuracy of Novel sup-
port vector machine and logistic regression algorithm 
for respective 20 different samples.

Table 2
Accuracy of heart disease using novel support vector machine and 
logistic regression algorithm analysis for 20 different samples. 
Group Algorithms Average Accu-

racy
1 Novel support vector machine 81.30%
2 Logistic regression 87.82%

Table 3 denotes group statistics obtained from sta-
tistical analysis by the IBM spss tool for SVM and lo-
gistic regression algorithms. The mean value of SVM 
is 81.30% and logistic regression is 87.82%. The stan-
dard deviation and standard mean error of logistic re-
gression is better than SVM.
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Table 3
Comparison of mean and accuracy of support vector machine 
and logistic regression algorithm for heart disease prediction.
Param-

eter
Group N mean Std. 

devia-
tion

Std. 
error 
mean

Accuracy Novel support 
vector machine

20 81.3010 0.84688 0.18937

Logistic regres-
sion

20 87.8210 0.85445 0.19106

Table 4 denotes the independent sample test ob-
tained from statistical analysis using algorithms like 
logistic regression and SVM with the IBM spss tool. 
The significance value obtained from the proposed 
method is 0.115.

Figure 1 denotes the comparison difference be-
tween the accuracy obtained from logistic regression 
and SVM to different algorithms with error bar values. 

From fig.1, It is known that logistic regression has bet-
ter accuracy than SVM.

DISCUSSION 
In this article of coronary sickness prediction, logis-

tic regression had a predominant accuracy (87.82%), 
instead of novel support vector machine with the ac-
curacy (81.30%). Therefore the statistical significance 
of logistic regression is superior to the novel support 
vector machine (Dasgupta, Ghosh, and Vyas, n.d.). 
The goal of the audit was to choose the accuracy (%) of 
the machine learning algorithm in coronary ailment 
predicting computations. The disclosures showed that 
the machine learning algorithms can make unbeliev-
ably correct coronary disease gauge clinical consider-
ation systems (Latifah, Slamet, and Sugiyanto 2020).

Support vector machine (SVM) proposed by Va-
pnik and Cortes have been successfully applied for 

Table 4: Independent sample t-test
Accuracy Levene’s test for equality 

of variances
t-test for equality of means 95% confidence 

interval of differ-
ence

F sig t df Sig 
(2-tailed) 

Mean dif-
ference

Std. error 
difference

Lower upper

Equal variances 
assumed

2.09 0.765 24.23 38 0.000 6.52 0.269 7.064 5.975

Equal variances not 
assumed

24.23 37.99 0.000 6.52 0.269 7.064 5.975

 
Fig 1: Simple bar mean accuracy using support vector machine and logistic regression. Both techniques appear to produce the 
results with accuracy. In which logistic regression accuracy (87.82%) is more than novel support vector machine accuracy (81.30%).



786 | Cardiometry | Issue 25. December 2022

gender classification problems by many researchers. 
An SVM classifier is a linear classifier where the sepa-
rating hyperplane is chosen to minimize the expected 
classification error of the unseen test patterns (Park et 
al. 2021). SVM is a strong classifier which can iden-
tify two classes. SVM classifies the test image to the 
class which has the maximum distance to the closest 
point in the training. SVM training algorithm builds 
a model that predicts whether the test image falls into 
this class or another. SVM requires a huge amount of 
training data to select an effective decision boundary 
and computational cost is very high even if we restrict 
ourselves to single pose (frontal) detection (Moturi, 
Rao, and Vemuru 2021).

The logistic regression is also known as sigmoid 
function which helps in the easy representation in 
graphs. It also provides high accuracy. In this algorithm 
first the data should be imported and then trained 
(Saraiva et al. 2022). By using equations the logistic re-
gression algorithm is represented in the graphs showing 
the difference between the attributes. From the training 
data we have to estimate the best and approximate coef-
ficient and represent it (Schnellinger et al. 2022).

CONCLUSION
To the extent coronary ailment forecast the logis-

tic regression with the accuracy (87.82%), that uses 
jupyter journal and python programming appeared 
to make better outcomes when stood out from novel 
support vector machine with the accuracy (81.30%). 
From the result, it will in general be considered that 
logistic regression helps in expecting the coronary dis-
ease with more accuracy to appear differently in rela-
tion to novel support vector machine algorithm.
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ABSTRACT
Aim : Prediction of heart disease using Novel Random Forest 
and comparing its accuracy with Naive Bayes algorithm. Mate-
rials and methods: Two groups are proposed for predicting the 
accuracy (%) of heart disease. Namely, the Novel Random Forest 
and Naive Bayes algorithm. Here we take 20 samples each for 
evaluation and compared. The sample size was calculated using 
G power with pretest power at 80% and the alpha of 0.05 value. 
Result : The Novel Random Forest gives better accuracy (86.40%) 
compared to the Naive Bayes accuracy (80.08%). Therefore the 
statistical significance of Novel Random Forest is better than 
Naive Bayes algorithm. Conclusion: From the result, it can be 
concluded that Novel Random Forest helps in predicting heart 
disease with more accuracy compared to Naive Bayes algorithm.
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INTRODUCTION
Heart disease, alternatively known as cardiovascu-

lar disease, is one of the most common diseases in this 
busy world (Owusu et al. 2021). They are the leading 
cause of death globally (Pičulin et al. 2022). It encas-
es various conditions that impact the heart and is the 
primary basis of death worldwide over the span of the 

past few decades (Jiang 2020). It associates many risk 
factors in heart disease and a need of the time to get 
accurate, reliable, and sensible approaches to make an 
early diagnosis to achieve prompt management of the 
disease (Hussain et al. 2022). Therefore, figuring out 
how to analyze and assess coronary illness quickly and 
appropriately is a subject worth exploring.The study’s 
most important feature is to predict the heart disease 
of the patients at high risk and low risk (Krishnamoor-
thi et al. 2022). Our team has extensive knowledge and 
research experience that has translate into high quality 
publications (Chellapa et al. 2020; Lavanya, Kannan, 
and Arivalagan 2021; Raj R, D, and S 2020; Shilpa-Jain 
et al. 2021; S, R, and P 2021; Ramadoss, Padmanaban, 
and Subramanian 2022; Wu et al. 2020; Kalidoss, 
Umapathy, and Rani Thirunavukkarasu 2021; Kaja et 
al. 2020; Antink et al. 2020; Paul et al. 2020; Malaikol-
undhan et al. 2020) 

Machine learning is a commonly used technique 
utilized for processing enormous data in the health-
care domain (Zhuang et al. 2022). It is to analyze huge 
complex medical data and help healthcare profession-
als to predict heart disease (Konstantonis et al. 2022). 
It is crucial to diagnose the disease at early stages and 
its management. In this research, the model algo-
rithms created using machine learning algorithms are 
random forest and Naive Bayes algorithms to assess 
and forecast their performance in terms of accuracy 
(%) (Owusu et al. 2021) . 

This study was linked to 11 IEEE Xplore publica-
tions and 12 science direct articles published in the 
last few years to describe the model and algorithms. 
The first machine learning-based clinical scoring sys-
tem for patients with heart disease was developed to 
provide a simple and accurate method for assessing 
heart disease (Aghaeeaval et al. 2021).

MATERIALS AND METHODS
The lab utilized for the study environment belongs 

to saveetha school of engineering. The number of 
groups involved is 2. Where group 1 is Novel Random 
Forest and group 2 is Naive Bayes. The total sample tak-
en is 40. The Novel Random Forest consists of (N=20), 
Naive Bayes consist of (N=20) (Wan et al. 2021). 

The dataset was collected from www.kaggle.com 
and it is a csv file consisting of collected medical pro-
files of patients with symptoms of heart disease.
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The software required for this study is anaconda 
and python. Hardware required is a desktop with win-
dows 10. The procedure begins by taking the dataset 
as an input to train the machine learning algorithm 
with the proposed model, which is the Novel Random 
Forest algorithm and Naive Bayes algorithm. Then 
both algorithm are implemented in anaconda, jupyter 
notebook and pyt hon software. In this testing setup, 
we obtain accuracy % as output for each proposed 
model (Ramos-Cejudo et al. 2021).

Group1 is the Novel Random Forest with N value 
20 and group 2 is Naive Bayes with N value 20, the total 
sample size is 40. A sample dataset of both Novel Ran-
dom Forest and Naive Bayes was exported to Micro-
soft Excel for importing it to a jupyter notebook using 
python as an input. Anaconda software with a jupyter 
notebook has to be installed on the PC for training the 
source data set. The imported data is trained individ-
ually for each algorithm. The accuracy (%) is obtained 
as an output (Asiimwe et al. 2022).

STATISTICAL ANALYSIS
The Statistical examination was performed using 

the IBM SPSS tool. It is used for both Novel Random 
Forest and Naive Bayes algorithms for data analysis. 
For both proposed algorithms, 20 samples were per-
formed and for each sample, the predicted accuracy 
(%) was noted for calculation in the MS Excel sheet 
and then implemented in the SPSS tool (Baig 2020). 
The percentage of accuracy of Novel Random Forest 
and Naive Bayes were compared using IBM-SPSS and 
then computed using an independent sample t-test 
(Maheswari and Pitchai 2019). 

RESULT
The accuracy gained from 20 samples of two groups 

is shown in Table 1. Novel random forest is group 
1 which is the proposed method has an accuracy of 
(76% – 80%) and group 2 is the naive bayes algorithm 
which has an accuracy of (81% – 87%). From the table 
1 comparison, it is analyzed that logistic regression has 
better accuracy than SVM.

Table 2 denotes the average accuracy of the Novel 
Random Forest and Naive Bayes algorithm for 20 dif-
ferent samples. 

Table 3 denotes group statistics obtained from sta-
tistical analysis by the IBM spss tool for novel random 
forest and naive bayes algorithms. The mean value 
of novel random forest is 86.40% and naive bayes is 

80.08%. The standard deviation and standard mean 
error of novel random forest is better than SVM.

Table 1
Percentage of accuracy acquired between Novel random forest 
and naive bayes of 20 samples each.

Samples Novel random 
forest

Naive bayes

1 86.09 79.42
2 85.92 80.01
3 87.10 81.50
4 88.05 78.95
5 86.79 80.90
6 87.01 81.15
7 85.80 80.75
8 86.42 79.90
9 86.92 80.46
10 86.40 81.22
11 87.01 82.01
12 86.12 80.96
13 86.30 80.45
14 86.45 79.29
15 87.19 80.57
16 86.14 81.60
17 85.55 80.36
18 85.92 80.69
19 84.75 70.80
20 86.24 80.91

Table 2
Accuracy of heart disease using Novel Random Forest and Na-
ive Bayes algorithm analysis for 20 different samples. 
Group Algorithms Average Accuracy

1 Novel Random Forest 86.40%
2 Naive Bayes 80.08%

Table 3
Comparison of mean of Novel Random Forest and Naive Bayes 
for heart disease prediction.
 Param-

eter
Group N Mean Std. 

Devia-
tion

Std. 
Error 
Mean

Accuracy Novel Random 
Forest 

20 86.4035 0.71287 0.15920

Naive Bayes 20 80.0850 2.31990 0.51874

Table 4 denotes the independent sample test ob-
tained from statistical analysis using algorithms like 
novel random forest and naive bayes with the IBM 
spss tool. The significance value obtained from the 
proposed method is 0.115.
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Figure 1 denotes the comparison difference be-
tween the accuracy obtained from novel random for-
est and naive bayes to different algorithms with error 
bar values. From fig.1, It is known that novel random 
forest has better accuracy than naive bayes.

DISCUSSION 
In this article of heart disease prediction, Novel 

Random Forest had a better accuracy (86.40%), in 
contrast to Naive Bayes with the accuracy (80.08%).
Therefore the statistical significance of Novel Ran-
dom Forest is better than Naive Bayes algorithm 
(Jayalakshmi and Santhakumaran 2010). The goal of 
the study was to determine the accuracy (%) of ma-
chine learning algorithms in heart disease predict-
ing algorithms. The findings demonstrated that the 
machine learning algorithms can create extremely 
accurate heart disease prediction healthcare systems 
(Pattekari 2014).

The survey says a 70% mortality rate is due to 
heart-related problems. The term heart disease im-
plies various issues that influence the ordinary work-
ing of the circulatory framework, which comprises 
heart and veins. If the coronary illness is identified 
at the beginning time and the patient is given proper 
and sufficient treatment, at that point it tends to be 
relieved totally, and furthermore, the expense of the 
treatment can be decreased essentially (Wankhede, 
Kumar, and Sambandam 2020). So, there is a need 
to build up an expectation framework to identify the 
proximity of heart diseases in the patient with higher 
exactness (Nawaz, Shoaib, and Ashraf 2021).

Machine learning algorithms are often used for 
cardiac disease prediction systems. Applying machine 
learning may be a key approach to utilize massive vol-
umes of accessible Heart-related knowledge. Machine 
Learning is of nice concern once it involves identifica-
tion, management, and alternative connected clinical 

Table 4
Independent sample t-test

Accuracy Levene’s test for equality of 
variances

t-test for equality of means 95% confidence 
interval of differ-

ence
F sig t df Sig 

(2-tailed) 
Mean dif-
ference

Std. error 
difference

Lower upper

Equal variances assumed 2.309 0.137 11.643 38 0.000 6.31850 0.54268 5.21990 7.41710
Equal variances not 
assumed

11.643 22.556 0.000 6.31850 0.54268 5.19465 7.44235

 
Fig 1: simple bar mean accuracy using Novel Random Forest and Naive Bayes. Both techniques appear to produce the results with 
the accuracy (%). In which Novel Random Forest accuracy (86.40%) is more than Naive Bayes accuracy (80.08%).
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administration aspects. Various machine learning tech-
niques include ensemble classifiers that can be used in 
improving prediction accuracy. Machine learning tech-
niques help in identifying the data and automatically 
make the predictions (Mandala et al. 2020).

CONCLUSION
In terms of heart disease prediction the Novel Ran-

dom Forest with the accuracy (86.40%), that uses jupy-
ter notebook and python programming the Novel Ran-
dom Forest appeared to produce better outcomes when 
compared to Naive Bayes with the accuracy (80.01%). 
From the result, it can be concluded that Novel Ran-
dom Forest helps in predicting heart disease with more 
accuracy compared to Naive Bayes algorithm.
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ABSTRACT
Aim: The goal of this research is to use parallel piped classifi-
ers and bayesian classifiers to predict and detect kidney stones. 
Materials and Methods: This investigation made use of a col-
lection of data from Kaggle website. Samples were considered 
as (N=10) for parallel piped classifiers and (N=10) for bayesian 
classifiers according to clinicalc.com, total sample size calculated. 
The accuracy was calculated by using MATLAB with a standard 
data set. Pretest G power taken as 85 in sample size calculation 
can be done through clinical.com. Results: The accuracy (%) of 
both classification techniques are compared using SPSS software 
by independent sample t-tests. There is a significant difference 
between the two classification techniques. Comparison results 
show that innovative parallel piped classifiers give better classi-
fication with an accuracy of (83.5410%) than bayesian classifiers 
(71.1314%).There is a statistical significant difference between par-
allelepiped classifiers and bayesian classifiers. The parallel piped 
classifiers with p=0.007, p<0.05 significant accuracy (83.54%) 
showed better results in comparison to bayesian classifiers. Con-
clusion: The parallel piped classifiers appear to give better classi-
fication accuracy than the bayesian classifiers.
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INTRODUCTION
The study helps to develop a method for detecting 

kidney stones using parallel piped classifier and bayes-
ian classifier (Ardon et al. 2015). Kidney stones are a 
common problem throughout the world, and their 
rate is increasing every year. There are a variety of kid-
ney stone detection techniques aimed at determining 
the reason for their creation.The majority of them, 
however, are time consuming, difficult, and costly. 
One of the most significant operations in surgical and 
therapeutic planning is the detection and segmenta-
tion ofidney stones for ultrasound imaging. The accu-
racy of the diagnosis is critical for providing the right 
medication to get treatment of the stones and prevent 
future symptoms. However, in actual practice, kidney 
stone segmentation in ultrasound pictures is now pri-
marily done manually (Viswanath and Gunasundari 
2017). As a result, there is a need to develop a kidney 
stone detection system based on classifiers technique. 
In this research a parallel piped classifier along with 
bayesian approach was tried to classify kidney stone 
detection (Harris, Fontanarosa, and Verhaegen 2021).

This study has been linked to 34 google scholar 
and 150 science science direct articles (Schulsinger 
2014). In recent years related to medical images many 
classification methods, and models utilizing machine 
learning have been reported with one of its perfor-
mance measures as classification accuracy. An image 
access through the performance measure of parallel 
piped classifiers accuracy (95.12%) and bayesian clas-
sifier accuracy (78.56%) has been encoded with ma-
chine learning which is the easiest and simplest meth-
od to form the detection of kidney stone (Al-Gburi, 
Ibrahim, and Zakaria 2020).Our team has extensive 
knowledge and research experience that has translate 
into high quality publications (Chellapa et al. 2020; 
Lavanya, Kannan, and Arivalagan 2021; Raj R, D, and 
S 2020; Shilpa-Jain et al. 2021; S, R, and P 2021; Rama-
doss, Padmanaban, and Subramanian 2022; Wu et al. 
2020; Kalidoss, Umapathy, and Rani Thirunavukkara-
su 2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020) 

The goal of this research is to use parallel piped 
classifiers and bayesian classifiers to predict and de-
tect kidney stones at an early stage. The parallel piped 
classifier algorithm exceeds the bayesian classification 
algorithms in terms of accuracy, achieving 83.54%.
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MATERIALS AND METHODS
The study was conducted in a simulation lab at 

Saveetha School of Engineering and samples were 
collected from Kaggle website where ethical approval 
is not necessary. The samples are separated into two 
groups and tested for kidney stone detection using 
parallel pipes and bayesian classifiers. Each group has 
a size of 20 samples. Pretest G power sample size cal-
culation can be done through clinicalc.com. The alpha 
error is 0.05 power: 85, Beta: 0.2 with 95% confidence 
interval.

The findings of both the algorithms are validated 
by statistical analysis. IBM SPSS software was used for 
statistical analysis. The independent variable correla-
tion was tested using an independent sample t-test. 
First, the input images were rescaled to 512x480 pix-
els. Following that, a parallel piped classifier and a 
bayesian classifier algorithms using Matlab software 
were used to extract features to classify kidney stone 
images. In Matlab programming, the estimated sam-
ple values are exported for statistical analysis. Then 
it is trained with features of all the images instead of 
individual images and while testing rather than the 
predicted label of the testing image a whole label of 
obtained features is predicted. If the image of the ma-
jority of features was matching with that of the expect-
ed image then it was a successful recognition. The per-
formance of both algorithms was measured using the 
classification accuracy on kidney stone images. This 
parameter was calculated and evaluated to assess the 
method’s efficacy and comparison of results was done 
for both methods to find which algorithm performed 
significantly better results (Dinesh Peter et al. 2019).

Statistical Analysis
To validate the results of both algorithms, statisti-

cal analysis was done using IBM-SPSS software. As the 
two classifiers are independent to each other, indepen-
dent samples t-test was performed for the independent 
variable classification and detection. The accuracy is a 
dependent variable in this study.

RESULTS
Table 1. represents the comparison of mean accu-

racy value of innovative parallel piped classifier and 
bayesian classifier of sample kidney stone images. Ta-
ble 2. shows a group statistics comparison of parallel 
piped classifier and bayesian classifiers based on accu-
racy. The mean value of accuracy is high (83.5410%) 

for parallel piped classifier and low (71.1314%) for 
bayesian classifier. The standard deviation error of 
mean accuracy is low for parallel piped algorithm 
(.92903) and high (2.13782) for bayesian technique. 

Table 1
Accuracy (%) values of parallel piped classifier and bayesian 
classifiers of sample kidney stone images 

Samples Classification Accuracy (%) 
Parallelepiped Classifier Bayesian Classifier

1 81.2 71.106
2 83.51 73.21
3 83.52 69.51
4 83.51 80.01
5 82.3 62.5
6 81.01 71.118
7 80.95 73.21
8 82.36 69.51
9 83.54 80.01
10 81.01 62.5
11 99.99 62.5
12 83.51 52.43
13 83.52 52.9
14 83.51 71.134
15 82.3 73.218
16 81.02 69.51
17 80.95 80.01
18 82.36 72.52
19 83.54 90.312
20 87.21 85.41

Table 2. 
Group statistics show a comparison of parallel piped classifier 
and bayesian classifiers based on accuracy. The mean value of 
accuracy is high at 83.5410% for parallel piped classifier and low 
at 71.1314% for bayesian classifier. The standard deviation error 
of mean accuracy is low for parallel piped algorithm (0.92903) 
and high (2.13782) for bayesian technique. 

Group N Mean  Standard 
Deviation

Standard 
Error 
Mean

Accuracy Parallel 
piped clas-
sifier 

20 83.5410 4.15477 .92903

Bayesian 
classifier

20 71.1314 9.56062 2.13782

Table 3. represents the independent sample t-test 
which compares the two independent groups (par-
allelepiped and bayesian). The data was statistically 
significant between the two groups. It provides mean 
difference, significance value (2-tailed) standard error 
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difference, and 95% confidence interval of the differ-
ence in both lower and upper levels for accuracy at 
equal variances assumed and not assumed. It portrays 
the mean and standard deviation of the two param-
eters, t-test equality of variance and 95% confidence 
interval. This study has different (N=20) samples, 
the mean difference in equal variances assumed and 
equal variances not assumed with the upper and low-
er (mean difference 12.40960) and the relation of std.
error difference (2.33096) also been considered along 
with the correlation between t- test. 

Figure 1 represents Matlab simulation results of 
parallel piped classifier and bayesian algorithm (a) 
Input image (Kidney stone image), (b) Classification 
result of parallel piped classifier and (c) Classification 
result of bayesian classifier.

    

 
Fig. 1. Matlab simulation results of parallel piped classifier and 
bayesian algorithm (a) Input image (Kidney stone image) (b) 
Classification result of parallel piped classifier (c) Classification 
result of bayesian classifier.

Figure 2 represents bar graph comparison between 
parallel piped classifier and bayesian classifiers. The 
X-Axis represents the two classifiers used to classify 
kidney stone detection and Y-Axis represents the per-
formance measure mean accuracy of both techniques 
with (+ 2 SD) with 95% CI. The comparison of parallel 
piped technique and bayesian classifier based on clas-
sification accuracy reflects the anticipated yield. In ad-
dition, t-test results show up to be a factually inconse-

quential contrast in exactness between two strategies. 
These discoveries have shown that parallel piped can 
be foreseen more rapidly than the bayesian classifier 
technique.

 
Fig. 2. Bar chart representation of the comparison between 
parallel piped classifier and bayesian classifiers.The X-Axis rep-
resents the two classifiers used to classify kidney stone detec-
tion and Y-Axis represents the mean accuracy of both tech-
niques with (+ 2 SD) with 95% CI

DISCUSSION
In this research paper, the parallel piped classifi-

er (83.5410%) outperformed in terms of accuracy 
for detecting kidney stones than bayesian classifier 
(71.1314%). Many researchers have proposed a model 
based on ensemble techniques using a parallelepiped 
classifier, with the purpose of assessing the model’s ac-
curacy, precision. With a precision of 98 percent and 
an accuracy of 54 percent, the findings were accom-
plished in (Eliza and K. 2019). Another investigation 
developed a computer-aided identification approach 
based on the classifiers. Logistic regression and par-
allelepiped classifier (Hassanien and Oliva 2017) have 

Table 3
Independent sample t-test provides mean difference, significance value (2-tailed) standard error difference, and 95% confidence 
interval of the difference in both lower and upper levels for accuracy at equal variances assumed and not assumed. Independent 
Sample t test shows comparison between parallel piped and bayesian classifiers. 

 Parameters Leven’s test 
for equality of 

variance

T-test for equality of variance  95 % of the con-
fidence interval of 

the difference
f sig t df One 

tailed p
Two 

tailed p
Mean 
diff

Std. Er-
ror Diff

 Lower Upper

Accuracy Equal variances 
assumed

8.079 0.007 5.324 38 .0001 .0001 12.04960 2.33096 7.69082 17.12838

Equal variances 
not assumed

  5.324 25.929 .0001 .0001 12.40960 2.33096 7.61761 17.20159
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been used in feature selection and a principal compo-
nent analysis model has been used to correctly detect 
the stone with an accuracy of 90%. Actual (Class 1) 
and Actual (Class 2) selections can be reduced using 
different classifiers (Patgiri and Ganguly 2021). The 
experimental outcomes revealed that SVM-PCA had 
the highest accuracy of 98.9 percent over the parallel 
piped classifier.

The proposed strategy, in combination with the 
suggested classification algorithms, could soon be 
beneficial in the detection of kidney stones. For kid-
ney stone image classification, parallel piped, bayesian 
classifiers and other classifiers have greater accuracy 
and should be updated and improved (Patgiri and 
Ganguly 2021). In future, the algorithms have been 
enhanced so that they can easily use it on detection of 
kidney stones at an early stage. Furthermore, the study 
might be broadened to early prediction by collecting 
data from a number of sites around the world and gen-
erating a more precise and common, discriminating 
model.

CONCLUSION
Parallel piped classifier and bayesian classifiers 

were used to detect kidney stones. Parallel piped clas-
sifier outperforms bayesian classifiers in terms of clas-
sification accuracy for the detection of kidney stones 
using Matlab programming. This research can be used 
to predict kidney stone detection in clinical settings 
such as hospitals and testing centers.
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ABSTRACT
Aim: The aim of this study is to figure out how to predict and 
detect kidney stones using Gaussian maximum likelihood clas-
sifier and Bayesian classifier and also to compare the results of 
classification accuracy between Gaussian maximum Likelihood 
classifier and Bayesian classifier. Materials and Methods: This 
study data was gathered via the kaggle website. Samples were 
considered as (N=10) for gaussian maximum likelihood classifier 
and (N=10) for bayesian classifier according to clinicalc.com, by 
keeping alpha error-threshold value 0.01, enrollment ratio as 0.1, 
95% confidence interval, G power as 80% the total sample size 
was calculated. The accuracy was calculated using MATLAB with 
a standard data set. Results: Comparison of accuracy is done by 
independent sample t test in SPSS software. There is a statis-
tical significant difference between Gaussian maximum Likeli-
hood classifier and Bayesian classifier.Comparison results show 
that innovative Gaussian maximum Likelihood classifier give 
better classification with an accuracy of (81.34%) than bayesian 
classifiers (71.1314%). The gaussian maximum likelihood classifi-
er with p=0.122, p>0.05 hence there is a statistically insignificant 
difference between gaussian maximum likelihood classifiers and 
bayesian classifiers. Gaussian classifiers showed better results in 
comparison to Bayesian classifiers. Conclusion: Gaussian maxi-
mum likelihood classifiers showed better accuracy than Bayesian 
classifiers on kidney stone detection in a faster way. 
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INTRODUCTION
The study helps to develop a method for detecting 

kidney stones using Gaussian maximum Likelihood 
classifiers and innovative Bayesian classifiers. Kidney 
stone disease is one of the major life threatening ail-
ments persisting worldwide. The stone diseases remain 
unnoticed in the initial stage, which in turn damages 
the kidney as they develop (De Perrot et al. 2019). A 
majority of people are affected by kidney failure due 
to diabetes mellitus, hypertension, glomerulonephri-
tis, and so forth. Since kidney malfunctioning can be 
menacing, diagnosis of the problem in the initial stag-
es is advisable (Lukasewycz et al. 2004).Ultrasound 
imaging is one of the available imaging techniques 
used for diagnosis of kidney abnormalities which may 
be like changing the n shape and position and swelling 
of limb (Sudharson and Kokil 2021).

Kidney stones are small hard masses that form with-
in the kidney. Kidney stone testing uses one or more 
methods (De Perrot et al. 2019). This order to help iden-
tify the cause of the stone and Where possible to prevent 
the formation of more stones Ultrasound (US) image is 
one of the currently available methods with noninva-
sive low cost and widely used imaging techniques for 
analyzing kidney diseases (Song et al. 2015). This study 
has been linked to 34 google scholar and 150 science 
ScienceDirect articles were seen related to this work, 
carried out in recent years reporting the developed al-
gorithms methods, and models utilizing machine learn-
ing such as a image access their performance in terms 
of Gaussian maximum Likelihood classifier accuracy 
(99.94%) and Bayesian classifier accuracy (58.56%) has 
been encoded with machine learning which is the easi-
est and simplest method to form the detection of stone 
using two methods (Jessen et al. 2013) (Viswanath and 
Gunasundari 2017). The major goal of this study is to 
create and build a method for detecting and segment-
ing renal disease using a clustering and classification 
methodology (Allen et al. 2005; Kumar and Abhishek 
2012). Kidney stone detection and segmentation for 
ultrasound imaging is now one of the most important 
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operations in surgical and therapy planning. However, 
in actual practice, kidney stone segmentation in ultra-
sound pictures is now primarily done manually (Clark 
and Lyons 2010) (Thomas 2013). Manual stone delin-
eation is difficult and time-consuming, in addition to 
being time-consuming. As a result, we developed a kid-
ney stone detection system based on an artificial neural 
network and segmentation using a Gaussian maximum 
Likelihood classifier approach in this paper. Our team 
has extensive knowledge and research experience that 
has translate into high quality publications (Chellapa et 
al. 2020; Lavanya, Kannan, and Arivalagan 2021; Raj R, 
D, and S 2020; Shilpa-Jain et al. 2021; S, R, and P 2021; 
Ramadoss, Padmanaban, and Subramanian 2022; Wu 
et al. 2020; Kalidoss, Umapathy, and Rani Thirunavuk-
karasu 2021; Kaja et al. 2020; Antink et al. 2020; Paul et 
al. 2020; Malaikolundhan et al. 2020) 

The goal of this research is to use Gaussian max-
imum Likelihood classifier and Bayesian classifier to 
predict and detect kidney stones (Neill et al. 2020). 
Different methods are used in the experiment, includ-
ing parallel piped classifiers, Bayesian classifiers, and 
Gaussian maximum Likelihood classifiers. The Gauss-
ian maximum Likelihood classifier algorithm exceeds 
the previous classification algorithms in terms of accu-
racy achieving 99.36% accuracy and 0.977 sensitivity.

MATERIALS AND METHODS
The study was conducted in a simulation lab at 

Saveetha School of Engineering and samples were 
collected from Kaggle website where ethical approval 
is not necessary. The samples are separated into two 
groups and tested for kidney stone detection using 
parallel pipes and bayesian classifiers. Each group has 
a size of 20 samples. Pretest G power sample size cal-
culation can be done through clinicalc.com. The alpha 
error is 0.05 power: 85, Beta: 0.2 with 95% confidence 
interval.

The study setting was conducted in the Saveetha 
School of Engineering simulation lab where ethical 
approval is not necessary. The samples are separated 
into two groups. Group 1 has kidney stone detection 
using Gaussian max likelihood classifier (Tamilselvi 
2017). Group 2 has kidney stone detection using 
Bayesian Classifiers. According to the sample Group 
1 has 20 and Group 2 has 20 samples. Pretest power 
sample size calculation can be done through clinicalc.
com, with alpha error: 0.05, power: 80, Beta:0.2, 95% 
confidence interval. 

The findings of both the algorithms are validated 
by statistical analysis. IBM SPSS software was used for 
statistical analysis. The independent variable correla-
tion was tested using an independent sample t-test. 
First, the input images were rescaled to 512x480 pix-
els. Following that, a Gaussian max likelihood classi-
fier and a bayesian classifier algorithms using Matlab 
software were used to extract features to classify kid-
ney stone images. In Matlab programming, the esti-
mated sample values are exported for statistical anal-
ysis. Then it is trained with features of all the images 
instead of individual images and while testing rather 
than the predicted label of the testing image a whole 
label of obtained features is predicted. If the image of 
the majority of features was matching with that of the 
expected image then it was a successful recognition. 
The performance of both algorithms was measured 
using the classification accuracy on kidney stone im-
ages. This parameter was calculated and evaluated to 
assess the method’s efficacy and comparison of results 
was done for both methods to find which algorithm 
performed significantly better results (Dinesh Peter et 
al. 2019).

Statistical Analysis
To validate the results of both algorithms, statisti-

cal analysis was done using IBM-SPSS software. As the 
two classifiers are independent to each other, indepen-
dent samples t-test was performed for the independent 
variable classification and detection. The accuracy is a 
dependent variable in this study.

RESULTS
Table 1. represents the comparison of mean accura-

cy using gaussian maximum likelihood classifier and 
bayesian classifiers of kidney stone images. Gaussian 
maximum likelihood classifier was found to have bet-
ter accuracy 81.34%. Table 2. shows a group statistics 
comparison of gaussian maximum likelihood classifi-
ers and bayesian classifiers based on mean accuracy. 
The standard error of mean accuracy is low for Gauss-
ian maximum likelihood classifier (1.22345) and high 
(2.13782) for bayesian technique. 

Table 3. represents the Independent Sample t test 
which compares the two independent groups (Gauss-
ian maximum likelihood and Bayseian). The data was 
statistically insignificant between the two groups. It 
provides mean difference, significance value (2-tailed) 
standard error difference, and 95% confidence inter-
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val of the difference in both lower and upper levels for 
accuracy at equal variances assumed and not assumed. 
It portrays the mean and standard deviation of the two 
parameters, of t-test equality of variance and 95% con-
fidence interval. This has different (N=20) samples, 
the mean difference in equal variances assumed and 
equal variances not assumed in the upper and lower. 

Fig. 1. represents Matlab simulation results of 
gaussian maximum likelihood classifier and bayesian 
algorithm (a) Input image (Kidney stone image) (b) 

Table 1
Accuracy (%) values of using Gaussian maximum Likelihood 
classifier and Bayesian classifiers.

Samples Classification Accuracy (%) 
Gaussian Maximum Likelihood 

Classifier
Bayesian 
Classifier

1 80.23 71.106
2 78.3 73.21
3 90.3 69.51
4 75.2 80.01
5 80.3 62.5
6 81.53 71.118
7 80.2 73.21
8 75.6 69.51
9 72.9 80.01
10 90.3 62.5
11 81.6 62.5
12 89.3 52.43
13 82.6 52.9
14 85.21 71.134
15 79.1 73.218
16 75.02 69.51
17 91.2 80.01
18 81.53 72.52
19 80.6 90.312
20 75.6 85.41

Table 2
Group statistics show a comparison of Gaussian maximum Like-
lihood classifiers and Bayesian classifiers. Based on accuracy. 
The mean value of accuracy is high at 81.34% for Gaussian 
maximum Likelihood classifiers and low at 71.1314% for Bayes-
ian classifiers. The standard deviation error of mean accuracy is 
low for Gaussian maximum Likelihood classifiers (1.22345) and 
high (2.13782) for Bayesian technique. 

Group  N Mean  Stan-
dard 

Devia-
tion

Stan-
dard 
Error 
Mean

Accuracy Gaussian 
maximum 
Likelihood 
classifier

20 81.3400 5.47144 1.22345

Bayesian 
classifier

20 71.1314 9.56062 2.13782

Table 3
Independent Sample t test which compares the two independent groups (Gaussian maximum likelihood and Bayseian). The data 
was statistically insignificant between the two groups.

 Parameters Leven’s test for 
equality of variance

T-test for equality of variance  95 % of the confidence inter-
val of the difference

f sig t df Two
tailed p

Mean 
diff

std. Error 
Diff

Lower upper

Accuracy Equal variances 
assumed

2.504 .122 4.145 38 .000 10.20860 2.46315 5.22221 15.19499

Equal variances 
not assumed

  4.145 30.240 .000 10.20860 2.46315 5.17985 15.23735

   

 
Fig. 1. Matlab simulation results of Gaussian maximum Likelihood classifier and bayesian algorithm (a) Input image (Kidney stone 
image) (b) Classification result of Gaussian maximum Likelihood classifier (c) Classification result of bayesian classifier.



802 | Cardiometry | Issue 25. December 2022

Classification result of gaussian maximum likelihood 
classifier (c) Classification result of bayesian classifier.

Fig. 2. represents bar graph comparison between two 
classifiers. The X-Axis represents the two classifiers used 
to classify kidney stone detection and Y-Axis represents 
the performance measure mean accuracy of both tech-
niques with (+ 2 SD) with 95% CI. The comparison of 
Gaussian maximum Likelihood technique and Bayesian 
classifier based on classification accuracy reflects the an-
ticipated yield. In addition, t-test results show up to be a 
factually inconsequential contrast in exactness between 
two strategies. These discoveries have shown that gauss-
ian maximum likelihood techniques can be foreseen 
more rapidly than the Bayesian classifier.

As a result, this research has a lot of promise be-
cause manual forecasting can simply be converted to 
computerized production. There is a modification in 
algorithms for future better accuracy (100%). The out-
comes are influenced by the same and smaller sample 
size used for validation. If the sampling size and pro-
portion of the training data set are raised, the results 
will grow accordingly as well. It is sensitive to data 
structure and memory constraints on a local level.

DISCUSSION
In this research paper, Gaussian maximum likeli-

hood classifier (81.34%) outperformed in terms of ac-
curacy for detecting kidney stones than bayesian clas-

sifier (71.1314%). Many researchers have proposed a 
model based on ensemble techniques using a Gauss-
ian maximum Likelihood classifier, with the purpose 
of assessing the model’s accuracy. Within the hints of 
the study techniques, the classifier required the com-
parison of mean accuracy from Gaussian maximum 
Likelihood and Bayesian (Viswanath and Gunasund-
ari 2014). This task was done with the help of a matlab 
tool. The performance measure classification accuracy 
is compared to each other on the basis of successful-
ly classified cases (Noll, Li, and Wesarg 2014; Schwier 
and Hahn 2014). Gaussian maximum Likelihood clas-
sifier and Bayesian classifier-based kidney abnormal 
picture segmentation, artificial neural network-based 
classification, and optimization algorithm-based fea-
ture selections are discussed in another research (Ar-
don et al. 2015). Matlab was used to implement the 
Bayesian approach. Accuracy measures were used to 
evaluate the suggested method’s performance (Prevost 
et al. 2014, 2012). The suggested classifier is compared 
to a gaussian classifier, and the results demonstrated 
the effectiveness of the classification stage (Prevost et 
al. 2014). Similarly, the performance of the Gaussian 
maximum Likelihood classifier and the Bayesian clas-
sifier-based segmentation is examined with different 
functions (Noll, Li, and Wesarg 2014). The experi-
mental results clearly showed the proposed method 
based segmentation achieves the maximum accuracy 

 
Fig. 2. Bar chart representation of the comparison between Gaussian maximum Likelihood classifier and bayesian classifiers. The 
X-Axis represents the two classifiers used to classify kidney stone detection and Y-Axis represents the mean accuracy of both 
techniques with (+ 2 SD) with 95% CI
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of 81.34% attaining the better result. In future, to de-
velop different types of disease segmentation and clas-
sification using different algorithms.

CONCLUSION
Gaussian maximum likelihood classifiers and bayes-

ian classifiers were used to detect kidney stones. Gauss-
ian maximum likelihood classifier outperforms bayes-
ian classifiers in terms of classification accuracy for the 
detection of kidney stones using Matlab programming. 
This research can be used to detect kidney stones in clin-
ical settings such as hospitals and testing centers.
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ABSTRACT
Aim: The goal of this research is to use minimum distance to 
mean classifier and bayesian classifiers to predict and detect 
kidney stones. Materials and Methods: This investigation made 
use of a collection of data from Kaggle website. Samples were 
collected (N=10) for normal kidney images and (N=10) for kid-
ney with stone images. Total sample size was calculated using 
clinical.com. As a result the total number of samples 20 was 
considered for analysis. Using Matlab software and a standard 
data set collected from Kaggle website, the classification ac-
curacy was obtained. Pretest G power taken as 85 in sample 
size calculation can be done through clinical.com. Results: The 
accuracy (%) of both classification techniques are compared 
using SPSS software by independent sample t-tests. There is a 
statistical significant difference between minimum distance to 
mean classifier and Bayesian classifier.Comparison results show 
that innovative minimum distance to mean classifier give better 
classification with an accuracy of (78.85%) than bayesian clas-
sifiers (71.1314%).There is a statistical significant difference be-
tween minimum distance to mean classifier and bayesian clas-
sifiers. The Minimum Distance to Mean classifier with p=0.708, 
p>0.05 insignificant and showed better results in comparison 
to Bayesian classifiers. Conclusion: The Minimum Distance to 
Mean Classifier appears to give better accuracy than the Bayes-
ian Classifiers. 
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INTRODUCTION
The study helps to develop a method for detect-

ing kidney stones using minimum distance to mean 
classifiers and bayesian classifiers (Ardon et al. 2015). 
Kidney stones are a common problem throughout the 
world, and their rate is increasing every year. There are 
a variety of kidney stone detection techniques aimed 
at determining the reason for their creation. The ma-
jority of them, however, are time consuming, difficult, 
and costly. One of the most significant operations in 
surgical and therapeutic planning is the detection and 
segmentation of kidney stones for ultrasound imag-
ing. The accuracy of the diagnosis is critical for pro-
viding the right medication to get treatment of the 
stones and prevent future symptoms. However, in ac-
tual practice, kidney stone segmentation in ultrasound 
pictures is now primarily done manually (Viswanath 
and Gunasundari 2017). As a result, there is a need 
to develop a kidney stone detection system based on 
classifiers technique. In this research a minimum 
distance to mean classifier along with a bayesian ap-
proach was tried to classify kidney stone detection. 
(Harris, Fontanarosa, and Verhaegen 2021).Our team 
has extensive knowledge and research experience that 
has translate into high quality publications (Chellapa 
et al. 2020; Lavanya, Kannan, and Arivalagan 2021; 
Raj R, D, and S 2020; Shilpa-Jain et al. 2021; S, R, and 
P 2021; Ramadoss, Padmanaban, and Subramanian 
2022; Wu et al. 2020; Kalidoss, Umapathy, and Rani 
Thirunavukkarasu 2021; Kaja et al. 2020; Antink et al. 
2020; Paul et al. 2020; Malaikolundhan et al. 2020) 

This study has been linked to 34 google scholar and 
150 science science direct articles were seen related to 
this work (Schulsinger 2014). In recent years related to 
medical image classification many classification meth-
ods, and models utilizing machine learning have been 
reported with one of its performance measures as 
classification accuracy. An image access their perfor-
mance in terms of minimum distance to mean classifi-
er accuracy (95.12%) and bayesian classifier accuracy 
(78.56%) has been encoded with machine learning 
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which is the easiest and simplest method to form the 
detection of kidney stone (Al-Gburi, Ibrahim, and Za-
karia 2020).

The goal of this research is to use minimum dis-
tance to mean classifiers and bayesian classifiers to 
predict and detect kidney stones at an early stage. 
The minimum distance to mean classifier algorithm 
exceeds the bayesian classification algorithms in 
terms of accuracy, achieving 78.85% accuracy. This 
research is considered to be one of the methods in 
detecting the kidney stone compared to the other re-
search works.

MATERIALS AND METHODS
Analysis and comparison of kidney stone detec-

tion using a minimum distance to mean classifier and 
a bayesian classifier with improved classification ac-
curacy. The study is conducted in a simulation lab at 
Saveetha School of Engineering and ethical approval is 
not necessary for this. The samples are separated into 
two groups and tested for kidney stone detection using 
minimum distance to mean classifiers and Bayesian 
classifiers. Each group has a size of 20 samples. Pre-
test G power taken as 85 in sample size calculation can 
be done through clinical.com. The alpha error is 0.05 
power: 85 Beta: 0.2 96% confidence interval.

The findings of both algorithms are validated by 
statistical analysis. IBM SPSS Software was used for 
statistical analysis. Because the two algorithms are in-
dependent of one another, the independent variable 
correlation was tested using an independent sample 
t-test. There are no dependent variables in this equa-
tion. For the preparation of group 2 with 20 samples, 
sample preparation for the two processes was done. 
First, the dataset’s input photos were rescaled to 
512x480 pixels. Following that, a minimum distance 
to the mean classifier and a bayesian classifier are used 
to extract and classify features. In MATLAB program-
ming, the estimated sample values are exported for 
additional statistical analysis. Rules are trained with 
features of all the images instead of individual imag-
es and while testing rather than the predicted label of 
the testing image a whole label of obtained features is 
predicted. If the image of the majority of features is 
matching with that of the expected image it is a suc-
cessful recognition.

In sample preparation, for the Group the number 
of kidney stone image samples collected from kaggle 
website. For Group 2 sample preparation, 10 kidney 

stone images were collected. Testing setup is done by 
installing the Matlab R2018a software. After prepa-
ration a Matlab code was implemented for both his-
togram equalization and median filtering methods. 
The performance of both algorithms was measured 
using the PSNR parameter in kidney stone images. 
This parameter was calculated and evaluated to assess 
the method’s efficacy and comparison of results was 
done for both methods to find which algorithm per-
formed significantly better results for enhancing im-
ages (Dinesh Peter et al. 2019).

Statistical Analysis
To validate the results of both algorithms, statisti-

cal analysis was done using IBM-SPSS software. As the 
two classifiers are independent to each other, indepen-
dent samples t-test was performed for the independent 
variable classification and detection. The accuracy is a 
dependent variable in this study.

RESULTS
Table 1 represents the Comparison of mean accura-

cy of minimum distance to mean classifier and Bayes-
ian classifiers. In this inquiry work of calculation, both 
the strategies to deliver the same variable comes about 
with precision ranging from and minimum distance 
to mean classifier ranging from (58.56-59.12). And it 
shows accuracy using a minimum distance to mean 
classifier is high. Table 2. shows a group statistics com-
parison of minimum distance to mean classifiers and 
bayesian classifiers based on accuracy. The standard 
error of mean accuracy is low for minimum distance 
to mean classifier (2.07399) and high (2.13782) for 
Bayesian technique

Table 3 represents the independent sample t test 
which compares the two independent groups (mini-
mum distance to mean and Bayseian). The data was 
statistically significant between the two groups. Mean 
Bayesian classifier accuracy and affectability rep-
resents the sample group. It shows the mean values for 
the two parameters, their standard deviation and the 
standard error in mean obtained as a result of the in-
dependent sample t-test on the samples. It portrays the 
mean and standard deviation of the two parameters, of 
t-test equality of variance and 95% confidence interval 
with different (N=20) samples. The mean difference in 
equal variances assumed and equal variances not as-
sumed the upper and lower (7.71860) and the relation 
of std.error difference (2.97854). 
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Table 1
Comparison of mean accuracy of Minimum distance to mean 
classifier and Bayesian classifiers.

Samples Classification Accuracy (%) 
Minimum distance to 

mean classifier
Bayesian Classifier

1 90 71.106
2 62 73.21
3 71 69.51
4 73 80.01
5 69 62.5
6 80 71.118
7 62 73.21
8 80 69.51
9 72 80.01
10 90 62.5
11 90 62.5
12 88 52.43
13 82 52.9
14 70 71.134
15 90 73.218
16 80 69.51
17 80 80.01
18 80 72.52
19 91 90.312
20 77 85.41

Table 2
Group statistics show a comparison of Minimum Distance to 
Mean Classifier and Bayesian classifiers. Based on accuracy. 
The mean value of accuracy is high at 78.85% for Minimum 
Distance to Mean Classifier and low at 71.1314% for Bayesian 
classifier. The standard error of mean accuracy is low for Mini-
mum Distance to Mean Classifier (2.07399) and high (2.13782) 
for bayesian technique

 
 

Group  N  Mean Std De-
viation

Std.Error 
Mean

 Accu-
racy

Minimum Dis-
tance to Mean 
Classifier 

 10  78.8500  9.27518 2.07399

Bayesian clas-
sifier

 10  71.1314  9.56062 2.13782

Figure 1 represents Matlab simulation results of 
minimum distance to mean classifier and bayesian 
algorithm (a) Input image (Kidney stone image) (b) 
Classification result of minimum distance to mean 
classifier (c) Classification result of bayesian classifier.

   
 Fig. 1. Matlab simulation results of Minimum Distance to Mean 

Classifier and Bayesian algorithm (a) Input image (Kidney stone 
image) (b) Classification result of Minimum Distance to Mean 
Classifier (c) Classification result of Bayesian classifier.

Figure 2 represents bar graph comparison between 
minimum distance to mean classifier and Bayesian 
classifiers. The X-Axis represents the two classifiers 

Table 3
Independent Sample t test which shows comparison between minimum distance to mean classifier and bayesian classifiers. Both 
groups are statistically insignificant.

 Parameters Leven’s test 
for equality of 

variance

 T-test for equality of variance 95 % of the confidence inter-
val of the difference

f  sig  t df One 
tailed p 

Two 
tailed p

Mean 
diff

std. Error 
Diff

 Lower upper

Accuracy
 

Equal variances 
assumed

.142 .708 2.591 38 <0.01 .013 7.71860 2.97854 1.68886 13.74834

Equal variances 
not assumed

   2.591 37.965 <0.01 .013 7.71860 2.97854 1.68867 13.74853

 

Fig. 2. Bar chart representation of the comparison between 
Minimum Distance to Mean Classifier and bayesian classifiers.
The X-Axis represents the two classifiers used to classify kidney 
stone detection and Y-Axis represents the mean accuracy of 
both techniques with (+ 2SD) with 95% CI
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used to classify kidney stone detection and Y-Axis 
represents the performance measure mean accuracy 
of both techniques with (+ 2 SD) with 95% CI. The 
comparison of minimum distance to mean classifier 
technique and Bayesian classifier based on classifica-
tion accuracy reflects the anticipated yield. In addi-
tion, t-test results show up to be a factually inconse-
quential contrast in exactness between two strategies. 
These discoveries have shown that minimum distance 
to mean classifier can be foreseen more rapidly than 
the Bayesian classifier.

DISCUSSION
IIn this research paper, minimum distance to 

mean classifier (78.85%) outperformed in terms of 
accuracy for detecting kidney stones than bayesian 
classifier (71.1314%). Many researchers have pro-
posed a model based on ensemble techniques using 
a minimum distance to mean classifier with the pur-
pose of assessing the model’s accuracy. Within the 
hints of the study techniques, the classifier required 
the comparison of mean accuracy from Gaussian 
maximum likelihood and Bayesian (Viswanath and 
Gunasundari 2014).

Many researchers have proposed a model based 
on ensemble techniques using a parallelepiped clas-
sifier, with the purpose of assessing the model’s ac-
curacy, precision,. With a precision of 98 percent and 
an accuracy of 54 percent, the findings were accom-
plished (Eliza and K. 2019) did another investigation 
and developed a computer-aided identification ap-
proach based on the classifiers Logistic Regression 
and minimum distance to mean classifier (Hassanien 
and Oliva 2017a) used feature selection and a Princi-
pal Component Analysis model to correctly identify 
segmentation with an accuracy of 90%. Actual (Class 
1) and Actual (Class 2) selections can be reduced us-
ing classifiers (Patgiri and Ganguly 2021). (Thako-
re and Bhatt, n.d.) carried out a comparison study 
(Hassanien and Oliva 2017b). The experimental 
outcomes revealed that SVM-PCA had the highest 
accuracy of 98.9 percent over the clinical minimum 
distance to mean classifier data set, out of numerous 
classifiers. Clinical prediction models are evaluated 
using blood smear images and laboratory data and 
accuracy, precision, are 98.99 percent, percent, and 
58.65 percent, respectively, in a comparative analysis 
(Tran et al. 2018).

CONCLUSION 
Minimum distance to mean classifier and Bayes-

ian classifiers were used to predict and detect kidney 
stones. Minimum distance to mean classifier gives bet-
ter results than the Bayesian classifiers for the detec-
tion of kidney stones using MATLAB Programming. 
This work has great potential and can be efficient in 
holding, improving and detecting kidney stones imag-
es, hence it can be implemented in hospitals and diag-
nostic sectors.
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ABSTRACT
Aim: The goal of this research is to use Gaussian maximum Like-
lihood classifier and Minimum distance to mean Classifier to 
predict and detect kidney stones. Materials and Methods: This 
investigation made use of a collection of data from Kaggle web-
site. Samples were collected (N=10) for normal kidney images 
and (N=10) for kidney with stone images. Total sample size was 
calculated using clinical.com. As a result the total number of 
samples 20 was considered for analysis. Using Matlab software 
and a standard data set collected from Kaggle website, the clas-
sification accuracy was obtained. Pretest G power 80, sample size 
calculation can be done through clinicalc.com. Results: The ac-
curacy (%) of both classification techniques are compared using 
SPSS software by independent sample t-tests. There is a statisti-
cal significant difference between Gaussian maximum Likelihood 
classifier and Minimum distance to mean Classifier. Comparison 
results show that innovative Gaussian maximum Likelihood clas-
sifiers give better classification with an accuracy of (81.34%) than 
Minimum distance to mean Classifiers (78.85%).There is a statisti-
cal significant difference between Gaussian maximum Likelihood 
classifier and Minimum distance to mean Classifiers. The Gauss-
ian maximum Likelihood classifier with p=0.022, p<0.05 hence 
significant and showed better results in comparison to Minimum 
distance to mean classifiers. Conclusion: The Gaussian maximum 
likelihood classifier appears to give better classification accuracy 
than the Minimum distance to mean Classifier

Keywords: 
Kidney Stone Detection using Minimum distance to mean Classifi-
er and Gaussian Maximum Likelihood Classifier, Machine learning.
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INTRODUCTION
The study helps to develop a method for detecting 

kidney stones using Gaussian maximum Likelihood 
classifier and bayesian classifier (Ardon et al. 2015).
Ultrasound imaging is one of the available imaging 
techniques used for diagnosis of kidney abnormalities 
which may be like changing the n shape and position 
and swelling of limb. Kidney stones are small hard 
masses that form within the kidney. Kidney stone test-
ing uses one or more method. This order to help iden-
tify the cause of the stone and Where possible bro pre-
vent the formation of more stones (Serrat et al. 2017) 

Kidney stone disease is one of the major life threat-
ening ailments persisting worldwide. The stone dis-
eases remain unnoticed in the initial stage, which in 
turn damages the kidney as they develop. A majority 
of people are affected by kidney failure due to diabe-
tes mellitus, hypertension, glomerulonephritis, and so 
forth. Since kidney malfunctioning can be menacing, 
diagnosis of the problem in the initial stages is advis-
able. Ultrasound image is one of the currently available 
methods with noninvasive low cost and widely used 
imaging techniques for analyzing kidney diseases.

This study has been linked to 34 google scholar and 
150 science science direct articles (Schulsinger 2014). 
In recent years related to medical images many classi-
fication methods, and models utilizing machine learn-
ing have been reported with one of its performance 
measures as classification accuracy. An image ac-
cess through the performance measure of innovative 
Gaussian maximum likelihood classifier (81.5410%) 
and bayesian classifiers accuracy (71.1314%) has been 
encoded with machine learning which is the easiest 
and simplest method to form the detection of kidney 
stone.

MATERIALS AND METHOD
The study was conducted in a simulation lab at 

Saveetha School of Engineering and samples were 
collected from Kaggle website where ethical approval 
is not necessary. The samples are separated into two 
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groups and tested for kidney stone detection using 
parallel pipes and bayesian classifiers. Each group has 
a size of 20 samples. Pretest G power 80, sample size 
calculation can be done through clinicalc.com. The 
alpha error is 0.05 power: 85, Beta: 0.2 with 95% con-
fidence interval.

The study setting was conducted in the Saveetha 
School of Engineering simulation lab where ethical 
approval is not necessary. The samples are separat-
ed into two groups. Group 1 has kidney stone detec-
tion using Gaussian max likelihood classifier (Tam-
ilselvi 2017). Group 2 has kidney stone detection 
using Bayesian Classifiers. According to the sample 
Group 1 has 20 and Group 2 has 20 samples. Pretest 
power sample size calculation can be done through 
clinicalc.com, with alpha error: 0.05, power: 80, 
Beta:0.2, 95% confidence interval. Our team has 
extensive knowledge and research experience that 
has translate into high quality publications (Chel-
lapa et al. 2020; Lavanya, Kannan, and Arivalagan 
2021; Raj R, D, and S 2020; Shilpa-Jain et al. 2021; 
S, R, and P 2021; Ramadoss, Padmanaban, and Sub-
ramanian 2022; Wu et al. 2020; Kalidoss, Umapathy, 
and Rani Thirunavukkarasu 2021; Kaja et al. 2020; 
Antink et al. 2020; Paul et al. 2020; Malaikolundhan 
et al. 2020) 

The findings of both the algorithms are validated 
by statistical analysis. IBM SPSS software was used for 
statistical analysis. The independent variable correla-
tion was tested using an independent sample t-test. 
First, the input images were rescaled to 512x480 pix-
els. Following that, a Gaussian max likelihood classi-
fier and a bayesian classifier algorithms using Matlab 
software were used to extract features to classify kid-
ney stone images. In Matlab programming, the esti-
mated sample values are exported for statistical anal-
ysis. Then it is trained with features of all the images 
instead of individual images and while testing rather 
than the predicted label of the testing image a whole 
label of obtained features is predicted. If the image of 
the majority of features was matching with that of the 
expected image then it was a successful recognition. 
The performance of both algorithms was measured 
using the classification accuracy on kidney stone im-
ages. This parameter was calculated and evaluated to 
assess the method’s efficacy and comparison of results 
was done for both methods to find which algorithm 
performed significantly better results (Dinesh Peter et 
al. 2019).

Statistical Analysis
To validate the results of both algorithms, statisti-

cal analysis was done using IBM-SPSS software. As the 
two classifiers are independent to each other, indepen-
dent samples t-test was performed for the independent 
variable classification and detection. The accuracy is a 
dependent variable in this study.

RESULTS 
Table 1 represents the comparison of mean accu-

racy using Gaussian maximum Likelihood classifier 
and Minimum distance to mean Classifier of sample 
kidney stone images. Gaussian maximum Likelihood 
classifier was found to have better accuracy 81.34% in 
matlab programming Table 2 shows a group statistics 
comparison of minimum distance to mean classifiers 
and Gaussian maximum Likelihood classifier based 
on accuracy. The standard error of mean accuracy 
is low for Gaussian maximum Likelihood classifier 
(1.22345) and high (2.07399) for Minimum distance 
to mean classifier technique.

Table 1
Comparison of mean accuracy of Minimum distance to mean 
and Gaussian Maximum Likelihood Classifier 
Samples Classification Accuracy (%) 

Minimum distance to 
mean classifier

Gaussian Maximum 
Likelihood Classifier

1 90 82.23

2 62 78.3

3 71 90.3

4 73 75.2

5 69 80.3

6 80 81.53

7 62 80.2

8 80 75.6

9 72 72.9

10 90 90.3

11 90 81.6

12 88 89.3

13 82 82.6

14 70 85.21

15 90 79.1

16 80 75.2

17 80 91.2

18 80 81.53

19 91 80.6

20 77 75.6
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Table 2
Group statistics show a comparison of Minimum Distance to Mean 
Classifier and Gaussian Maximum Likelihood Classifier. Based on ac-
curacy. The mean value of accuracy is low at 78.85% for Minimum 
Distance to Mean Classifier and high at 81.34% for Gaussian Max-
imum Likelihood Classifier, The standard error of mean accuracy is 
high for Minimum Distance to Mean Classifier (2.07399) and low 
(1.22345) for Gaussian Maximum Likelihood Classifier technique

 
 

Group  N Mean  Std De-
viation

Std.
Error 
Mean

Accu-
racy

Minimum Dis-
tance to Mean 
Classifier

 10 78.85  9.27518 2.07399

Gaussian Maxi-
mum Likelihood 
Classifier

 10  81.34  5.47144 1.22345

Table 3 represents the independent sample t test 
which compares the two independent groups (Gauss-
ian maximum likelihood and Minimum distance to 
mean Classifier). The data was statistically significant 
between the two groups. It provides mean difference, 
significance value (2-tailed) standard error difference, 
and 95% confidence interval of the difference in both 
lower and upper levels for accuracy at equal variances 
assumed and not assumed. It portrays the mean and 
standard deviation of the two parameters, of t-test 
equality of variance and 95% confidence interval. This 
has different (N=20) samples, the mean difference in 
equal variances assumed and equal variances not as-
sumed the upper and lower (2.49) and the relation of 
std.error difference (2.40796) has also been consid-
ered with the correlation between t- test. 

Figure 1 represents Matlab simulation results of 
Gaussian maximum Likelihood classifier and minimum 
to mean algorithm (a) Input image (Kidney stone image) 
(b) Classification result of Gaussian maximum likeli-
hood classifier (c) Classification result of mean classifier.

Figure 2 represents bar graph comparison be-
tween two classifiers. The X-Axis represents the two 
classifiers used to classify kidney stone detection and 
Y-Axis represents the performance measure mean ac-

curacy of both techniques with (+ 2SD) with 95% CI. 
The comparison of Gaussian maximum Likelihood 
technique and minimum to mean classifier based on 
classification accuracy reflects the anticipated yield. 
In addition, t-test results show up to be a factually in-
consequential contrast in exactness between two strat-
egies. These discoveries have shown that Gaussian 
maximum likelihood technique can be foreseen more 
rapidly than the mean classifier.

 

Fig. 2. Bar chart representation of the comparison between Min-
imum Distance to Mean Classifier and Gaussian Maximum Like-
lihood Classifier. The X-Axis represents the two classifiers used to 
classify kidney stone detection and Y-Axis represents the mean 
accuracy of both techniques with (+ 2 SD) with 95% CI

Table 3
Independent Sample t test which shows comparison between Minimum distance to mean and Gaussian Maximum Likelihood 
Classifier. Both groups are statistically significant.

 Parameters Leven’s test for 
equality of variance

T-test for equality of variance  95 % of the confidence inter-
val of the difference

f  sig  t df One 
sided p 

Two 
sided p

Mean 
difference

std. Error 
Difference

 Lower upper

Accuracy
 

Equal variances 
assumed

5.693 .022 1.034 38 <0.01 .308 2.49 2.40796 7.36466 2.38466

Equal variances 
not assumed

  1.034 30.975 <0.01 .309 2.49 2.40796 7.40240 2.42240

 

 
Fig. 1. Matlab simulation results of Minimum Distance to Mean 
Classifier and Gaussian Maximum Likelihood Classifier algo-
rithm (a) Input image (Kidney stone image) (b) Classification 
result of Minimum Distance to Mean Classifier (c) Classification 
result of Gaussian Maximum Likelihood Classifier.



Issue 25. December 2022 | Cardiometry | 815

As a result, this research has a lot of promise be-
cause manual forecasting can simply be converted to 
computerized production. There is a modification in 
algorithms for future better accuracy (100%). The out-
comes are influenced by the same and smaller sample 
size used for validation. If the sampling size and pro-
portion of the training data set are raised, the results 
will grow accordingly as well. It is sensitive to data 
structure and memory constraints on a local level.

DISCUSSION
There is a statistically significant difference in Gauss-

ian maximum Likelihood classifier p=0.022, p<0.05 
compared to the minimum distance to mean classifier in 
matlab programming. Many researchers have proposed 
a model based on ensemble techniques using a Gauss-
ian maximum Likelihood classifier, with the purpose of 
assessing the model’s accuracy. Within the hints of the 
study techniques, the classifier required the comparison 
of mean accuracy from Gaussian maximum Likelihood 
and Bayesian (Viswanath and Gunasundari 2014). This 
task was done with the help of a matlab tool. The per-
formance measure classification accuracy is compared 
to each other on the basis of successfully classified cas-
es (Noll, Li, and Wesarg 2014; Schwier and Hahn 2014). 
Gaussian maximum Likelihood classifier and Bayesian 
classifier-based kidney abnormal picture segmentation, 
artificial neural network-based classification, and op-
timization algorithm-based feature selections are dis-
cussed in another research (Ardon et al. 2015). Matlab 
was used to implement the Bayesian approach. Accuracy 
measures were used to evaluate the suggested method’s 
performance (Prevost et al. 2014, 2012). The suggested 
classifier is compared to a gaussian classifier, and the re-
sults demonstrated the effectiveness of the classification 
stage (Prevost et al. 2014). Similarly, the performance of 
the Gaussian maximum Likelihood classifier and the 
Bayesian classifier-based segmentation is examined with 
different functions (Noll, Li, and Wesarg 2014). The ex-
perimental results clearly showed the proposed method 
based segmentation achieves the maximum accuracy of 
81.34% attaining the better result. In future, to develop 
different types of disease segmentation and classification 
using different algorithms.

CONCLUSION
Gaussian maximum Likelihood classifiers and 

Minimum distance to mean classifiers were used to 
detect kidney stones. Gaussian maximum Likelihood 

classifier outperforms Minimum distance to mean 
classifiers in terms of classification accuracy for the de-
tection of kidney stones using Matlab programming. 
This research can be used to detect kidney stones in 
clinical settings such as hospitals and testing centers.
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Abstract
Aim: The main goal of this project is image enhancement to 
improve interpretability or perception of information in images 
for human viewers and also to provide better input for other 
automated image processing techniques. Materials and Meth-
ods: In this research different sources of lung images collected 
from Kaggle website were used. Samples were considered as 
(N=30) for median filtering and (N=30) for novel histogram 
equalization technique with total sample size calculated us-
ing clinical.com. As a result the total number of sample was 
calculated to be 60.Using SPSS Software and a standard data 
set,the PSNR was obtained. Both median filter and novel his-
togram technique image enhancement were implemented on 
Lung images through Matlab coding and also extracting PSNR 
values of each image. Then through SPSS software comparison 
and analysis has been made Results: In an image enhancement 
of the image processing pathway, novel histogram equaliza-
tion technique shows the best performance by removing noise 
to improve PSNR of lung images than median filtering. Com-
parison of PSNR values are done by independent sample test 
using IBM-SPSS software. There is a statistical difference be-
tween histogram technique and median filtering. The novel his-
togram equalization technique showed higher results of PSNR 
(69.6557dB) with (p=0.04) in comparison with median filtering 
(37.6427dB). Conclusion: Histogram equalization image en-
hancement technique provides high PSNR values for different 
sources of lung images than median filtering Technique.
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Signal to Noise Ratio (PSNR), Novel Histogram Equalization 
Technique, Image Processing.

Imprint
Sabarish Raja T, Ramadevi R. Analysis and Comparison of Image 
Enhancement Technique for Improving PSNR of Lung Images 
by Median Filtering over Histogram Equalization Technique. 
Cardiometry; Special issue No. 25; December 2022; p. 818-
824; DOI: 10.18137/cardiometry.2022.25.818824; Available from: 
http://www.cardiometry.net/issues/no25-december-2022/his-
togram-equalization-technique

Introduction
Imaging plays an essential role in evaluating the 

lungs, both anatomically and functionally whether it is 
for establishing a diagnosis, monitoring disease sever-
ity, or for screening (Gangolli, Fonseca, and Sonkusare 
2019). Image processing techniques play an import-
ant role in development of medical image diagnostic 
methods based on enhancing the medical images. Im-
age enhancement technique in medical images, par-
ticularly lung images, plays a vital role in medical field 
applications.

There are 240 research articles published on the 
image enhancement to compare with different algo-
rithms and the storage location in science direct and 
165 articles on Google Scholar and 34 research articles 
were found in IEEE xplore.

Image enhancement techniques help to improve 
the clarity of images for medical diagnosis. Novel 
histogram equalization technique is an algorithm for 
image enhancement where PSNR value gets improved 
(El-Baz and Suri 2011). Hence PSNR is considered as 
a performance measure in lung images. Comparison 
is made between median filtering and histogram tech-
nique. In this area of research, ((Sriram 2014; Ohku-
bo et al. 2016) concluded that histogram equalization 
technique has better PSNR values than median filter-
ing technique on lung images. Hence, the major objec-
tive of this research is to improve PSNR of lung images 
by analyzing and comparing median filtering tech-
nique over novel histogram equalization technique.

Genetic, image processing and morphology based 
fully automated segmentation techniques were pro-
posed by (Khan et al. 2019). The proposed technique 
would serve as a pre-processing step of CAD and 
greatly benefit the nodule detection process. Accord-
ing to (O’Riordan et al. 2019) noise filtering techniques 
which maintain image contrast while decreasing im-
age noise had the potential to optimize the quality of 
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Computed Tomography (CT) images acquired at re-
duced radiation dose. The author compared various 
linear and non-linear filters on lung CT scan images 
for removing the noises and expressed the results in 
terms of evaluation metrics such as PSNR. Based on 
the acquired knowledge on this research area the best 
article is (Masood and Al-Jumaily 2013) Our team has 
extensive knowledge and research experience that has 
translate into high quality publications (Chellapa et al. 
2020; Lavanya, Kannan, and Arivalagan 2021; Raj R, 
D, and S 2020; Shilpa-Jain et al. 2021; S, R, and P 2021; 
Ramadoss, Padmanaban, and Subramanian 2022; Wu 
et al. 2020; Kalidoss, Umapathy, and Rani Thirunavuk-
karasu 2021; Kaja et al. 2020; Antink et al. 2020; Paul et 
al. 2020; Malaikolundhan et al. 2020) 

The research gap identified from the survey is that 
there are many methods proposed for medical image 
enhancement but most of the methods which are pro-
posed have less PSNR. The main aim of this study is to 
recognize image enhancement using novel histogram 
equalization techniques and median filtering to im-
prove PSNR.

Materials and Methods
The research work was carried out at the depart-

ment of Biomedical Engineering, Saveetha School of 
Engineering. This study was implemented using Mat-
lab software. Two groups are required for this study. 
The PSNR in image enhancement technique is per-
formed by evaluating two groups. A total of 30 itera-
tions were performed on each group to achieve better 
PSNR. The study uses a CT, X ray, MRI lung images 
dataset downloaded from kaggle website (Geraldo and 
Mascarenhas 2011). It is not necessary to obtain ethi-
cal approval. The sample size calculation was done us-
ing clinicalc.com by keeping alpha error threshold as 
0.05 with 80% g power and value for enrollment ratio 
is 0.1 with 95% confidence Interval. As per calculation 
total sample size is 60.

In sample preparation, for Group1 the number of 
lung image samples collected from CT Scan images 
is 10, X-ray scan images is 10 and MRI scan images 
is 10. The collected image samples are used for PSNR 
based lung image enhancement using median filtering 
technique. For Group 2 sample preparation, 10 lung 
images were collected from X-ray, MRI and CT scan. 
Testing setup is done by installing the Matlab R2018a 
software. After preparation a Matlab code was imple-
mented for both histogram equalization and median 

filtering methods. The performance of both algo-
rithms was measured using the PSNR parameter in 
lung images. This parameter was calculated and eval-
uated to assess the method’s efficacy and comparison 
of results was done for both methods to find which 
algorithm performed significantly better results for 
enhancing images.

Statistical analysis
The SPSS statistical software was used in the re-

search for statistical analysis. Group statistics and 
independent sample t-tests were performed on the 
experimental results and the graph was built for two 
groups with one parameter under study (Senthil Ku-
mar, Venkatalakshmi, and Karthikeyan 2019). The in-
dependent variable is noise which affects the quality of 
an image and the dependent variable is PSNR.

Results
Table 1 shows PSNR (dB) values of 30 lung imag-

es obtained using histogram equalization and median 
filter. The mean value of PSNR (dB) of the histogram 
equalization filter is 69.6557dB and for median filter 
is 37.642dB.

Table 1
Comparison of histogram equalization and median filter with 
improved PSNR of lung images. The mean value of PSNR (dB) 
of the histogram equalization filter is 69.6557dB and for median 
filter 37.6427dB.

Images Histogram Equalization Median Filter
Image 1 37.59 37.42
 Image 2 36.96 36.45
Image 3 36.45 36.32
Image 4 36.32 34.34
 Image 5 34.60 42.26
Image 6 42.31 40.75
Image 7 41.39 39.12
Image 8 40.55 37.40
Image 9 42.97 41.60
Image 10 42.47 43.64
Image 11 42.74 43.65
Image 12 57.54 54.72
Image 13 54.86 58.69
Image 14 59.75 63.32
Image 15 64.24 65.54
Image 16 66.34 67.43
Image 17 69.67 71.24
Image 18 73.33 74.53
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Images Histogram Equalization Median Filter
Image 19 75.34 76.65
Image 20 77.10 77.34
Image 21 77.18 76.16
Image 22 77.22 77.64
Image 23 77.27 77.65
Image 24 78.43 78.54
Image 25 78.44 78.65
Image 26 78.87 78.24
Image 27 79.38 79.65
Image 28 79.76 79.25
Image 29 79.38 79.43
Image 30 79.54 79.32

Table 2 represents group statistics that shows com-
parison of histogram equalization of image enhance-

ment algorithms with median filter based on PSNR 
values. Mean value of PSNR is high (69.6557dB) for 
histogram equalizer and low (37.6427dB) for medi-
an filter. Standard deviation of PSNR is low (2.54849) 

Table 3
Independent sample t-test providing mean difference, significance value (2-tailed), standard error difference and 95% confidence 
interval of the difference in both lower and upper level for PSNR at equal variances assumed and not assumed.

Levene’s test for 
Equality of variance 

T-Test for equality of mean

F Sig t df Sig (2 
-tailed) 

Mean dif-
ference

Std.Error 
Difference

95% confidence of 
Difference

Lower Upper

PSNR Equal variances 
assumed

66.37 0.02 -8.70 58 0.04 -30.35633 2.41234 -35.18516 -25.52751

Equal Variances 
not assumed

-8.70 29.943 0.04 -30.35633 2.41234 -35.18516 -25.52751

 Fig. 1. Simulation results of median filter and histogram equalization algorithm. (a) Input image (X-ray chest), (b) Histogram equal-
ization restored image, (c) Median filter on X-ray image and (d) Intensities analysis of median filter over histogram equalization 
(X-ray image) 

Table 2
Group statistics shows comparison of histogram equalization 
of image enhancement algorithms with median filter based on 
PSNR. Mean value of PSNR is high 69.6557dB for histogram 
equalization and low 37.6427dB for median filter. Standard 
deviation of PSNR is low for median filter (2.54849) and high 
(19.98646) for histogram equalizer. 

Group N Mean Standard 
Devia-

tion

Standard 
Error 
Mean

PSNR Histogram 
equalizer

30 69.6557 19.98646 0.46529

Median filter 30 37.6427 2.54849 3.64901
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for median filter and high (19.98646) for histogram 
equalizer.

Table 3 represents an independent sample test of 
PSNR based image enhancement using histogram 
equalizer and median filter algorithms.The two 
tailed significance p-value is 0.04. The significant 
difference in PSNR is 0.04 and standard mean differ-
ence is -30.35633 with a standard error difference of 
2.41234. In the test confidence interval, the lower val-
ue is (-35.18516) and the upper value is (-25.52751). 
Based on independent sample T test results, histogram 
equalization based image enhancement method per-
formed better than median filtering method with 95% 
confidence interval.

Discussion
Figure 1 represents simulation results of median 

filter and histogram equalization algorithm. (a) Input 
image (X-ray chest), (b) X-ray lung image with histo-
gram equalization restored image, (c) Median filter on 
X-ray lung image, (d) Intensities analysis of median 
filter over histogram equalization (X-ray lung image).

Figure 2 shows a bar chart representing the com-
parison of mean (+/-2 SD) of histogram equalization 
and median filter methods. PSNR appears to produce 
most variable results with its standard deviation rang-
ing from the lower 0.82 to the upper 1.00 and median 
filter appears to produce consistent results with min-

imal standard deviation. X-Axis represents the his-
togram equalization vs median filtering, Y-Axis rep-
resents mean (+/-2 SD).

Image segmentation plays a vital role in many med-
ical imaging applications by automatically locating the 
regions of interest. Image segmentation is the most 
crucial function in image analysis and processing. 
Also segmentation results affect all the subsequent 
processes of image analysis (Mohan, Raj Mohan, and 
Thirugnanam 2013), manual segmentation of medical 
images by the radiologist is not only a tedious but time 
consuming process and also not very accurate. Hence 
it is necessary to develop medical image segmentation 
algorithms that are accurate and efficient. This re-
search proposes a sub-image histogram equalization 
based enhancement techniques. The proposed meth-
od has been tested and evaluated on several medical 
images. In this work, the medical image is lineated and 
extracted out so that it can be viewed individually.

The median filter is performed by taking the mag-
nitude of all of the vectors within a mask and sorted 
according to the magnitudes (Jain and Jain 2013). It 
is based upon moving a window over an image as in 
a convolution and computing the output pixel as the 
median value of the brightness within the input win-
dow. 

Histogram equalization is a technique to obtain a 
uniform histogram for the output image (Arif, Khan, 

 
Fig. 2. Bar chart representation of the comparison between proposed histogram equalization technique and median filter meth-
od. X-Axis represents histogram equalization and median filter and Y-Axis represents mean PSNR of histogram equalization and 
median filter with mean accuracy of +/-2 (+/- SD) and 95% CI
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and Siddique, n.d.). It flattens the histogram and 
stretches the dynamic range of gray levels or in other 
words histogram equalization maps the input image’s 
intensity values over the range 0 to 255 so that the 
histogram of the resulting image will have an approx-
imately uniform distribution. This technique is used 
for contrast stretching and certain modifications in 
this technique can make it useful for preserving the 
brightness of the image. Due to this reason, histogram 
equalization has been found to be a powerful tech-
nique for image enhancement.

The medical image enhancement plays a vital role 
and targets the problems of low contrast and high-lev-
el noise in accurate diagnosis of particular disease and 
also for research documentation and analysis. In this 
research work, authors proposed efficient medical im-
age enhancement using Hue transforms and adaptive 
histogram equalization (Bhairannawar 2018).

Lung segmentation is a process of segmenting the 
lungs from the chest X-ray scan image. The normal 
process of region growing technique for segmenting 
the lungs First choose a pixel from the chest X- ray 
scan image as default (Sundaram, Meenakshi Sund-
aram, and Ravichandr 2013). Then it needs to set a 
threshold value for comparison to find the pixel inten-
sity for the lung area in the chest x-ray scan. 

The default pixel which is chosen is compared with 
the adjacent pixel values. Exclude the adjacent pixel, 
if the difference between the default pixel and the ad-
jacent pixel is greater than the threshold value. The 
standard median filter performs well as long as the 
spatial noise density of the salt and pepper noise is not 
large. The filter performance degrades when the spa-
tial noise variance of the salt and pepper noise increas-
es. The application of adaptive median filter provides 
three major purposes: to denoise images corrupted by 
salt and pepper (impulse) noise; to provide smoothing 
of non- impulsive noise, and also to reduce distortion 
caused by excessive thinning or thickening of object 
boundaries.

Nowadays multi-disciplinary actions are carried 
out for effective and efficient solutions for human 
health and survival (Strickland 2002). One of the most 
popular multi-disciplinary work is on image process-
ing techniques that have been used in various medical 
fields. For removing the noise, erosion, median filters 
are applied to the system respectively. Erosion is one of 
the basic operators in morphological image process-
ing. The main effect of the operator on a binary image 

is to erode away the confines of sites of foreground 
pixels such as white pixels. Median filtering is applied 
to reduce the noise within x-ray images preserving the 
details and smooth non impulsive noise. If the aim is 
to simultaneously minimize noise and conserve edges, 
a median filter is more impressive. 

Major difficulty with median filtering technique 
is background noise removal but novel histogram 
equalization technique shows the best performance 
by removing background noise to improve PSNR of 
lung images. Image processing techniques are used for 
providing meaningful representations of lung image 
patterns. Image Enhancement techniques play a vital 
role in medical field applications in image diagnosis 
of lung images in order to detect respiratory disorders 
like lung cancer, tuberculosis and lung tumor disorder 
and for COVID 19.

Conclusions
The results show that the proposed histogram 

equalization technique performs better than median 
filtering in terms of PSNR. The Proposed histogram 
equalization proved with better PSNR (69.6557dB) 
when compared with median filtering (37.6427dB).
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Abstract
Aim: The goal of study in this image enhancement technique is 
to enhance both contrast and sharpness of an image simulta-
neously to improve PSNR. Materials and Methods: Both un-
sharp mask filter and novel histogram equalization techniques 
were implemented on lung images which were collected from 
kaggle software. Samples were considered as (N=30) for un-
sharp mask filtering and (N=30) for novel histogram equaliza-
tion technique with total sample size calculated using clinical.
com. As a result the total number of samples was calculated 
as 60. Matlab coding was written for extracting PSNR values of 
each image. Comparison and analysis has been made through 
SPSS software. Results: In the final output of image enhance-
ment, novel histogram equalization technique shows better 
performance in improving PSNR of lung images than unsharp 
mask filtering technique. Comparison of PSNR values are done 
by independent sample test using IBM-SPSS software. There is 
a statistical difference between histogram technique and un-
sharp mask filtering. The novel histogram equalization tech-
nique showed higher results of PSNR (67.2860dB) with (p=0.04) 
in comparison with unsharp mask filtering (37.9313dB). Con-
clusion: Within this research study histogram equalization im-
age enhancement technique has greater PSNR value of lung 
images than unsharp mask filtering technique. 
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Introduction
Medical image enhancement processing can provide 

more rich clinically diagnostic information for doctors 
which can help clinicians to examine disease (Xiurong 
2011) and (Shi and Kwok 2013). The unsharp masking 
filter is a good tool for sharpening images, and also an 
anti blurring filter. In this research an algorithm that 
generalizes the classical unsharp masking technique 
which has applications in medical imaging processes 
such as digital radiography, X-ray imaging techniques 
etc., is used (Zhao and Zhou 2016). Image sharpening 
of lung images using unsharp mask filtering, involves 
highlighting respiratory diseases such as asthma, pneu-
monia and early diagnosis of lung cancer.

There are 195 research articles published on the 
image enhancement to compare with different algo-
rithms and the storage location in sciencedirect and 
250 articles on Google Scholar and 54 research arti-
cles were found in IEEE xplore.Our team has extensive 
knowledge and research experience that has translate 
into high quality publications (Chellapa et al. 2020; 
Lavanya, Kannan, and Arivalagan 2021; Raj R, D, and 
S 2020; Shilpa-Jain et al. 2021; S, R, and P 2021; Rama-
doss, Padmanaban, and Subramanian 2022; Wu et al. 
2020; Kalidoss, Umapathy, and Rani Thirunavukkara-
su 2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020) 

 (Chellapa et al. 2020; Lavanya, Kannan, and Ariva-
lagan 2021; Raj R, D, and S 2020; Shilpa-Jain et al. 
2021; S, R, and P 2021; Ramadoss, Padmanaban, and 
Subramanian 2022; Wu et al. 2020; Kalidoss, Umapa-
thy, and Rani Thirunavukkarasu 2021; Kaja et al. 2020; 
Antink et al. 2020; Paul et al. 2020; Malaikolundhan et 
al. 2020) (Chellapa et al. 2020; Lavanya et al. 2021; Raj 
R et al. 2020; Shilpa-Jain et al. 2021; S et al. 2021; Ra-
madoss et al. 2022; Wu et al. 2020; Kalidoss et al. 2021; 
Kaja et al. 2020; Antink et al. 2020; Paul et al. 2020; 
Malaikolundhan et al. 2020) 

Unsharp filter is an operator that enhances edges 
and other high frequency components in an image via 
a procedure which subtracts an unsharp, or smoothed, 
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version of an image from the original image (Mahmoo-
di and Nelson 1984). Unsharp filtering is commonly 
used in the photographic and printing industries for 
crispening edges of an image (Strobel 1996). Output of 
the unsharp mask filter is an enhanced image without 
noise. In unsharp mask filtering the resulting image, 
although clearer, may be a less accurate representation 
of the image’s subject. In the context of signal process-
ing, an unsharp mask is generally a linear or nonlinear 
filter that amplifies the high-frequency components of 
a signal (Yang et al. 2016). The unsharp mask filter en-
hances edges and fine detail and is used to correct shad-
ing distortion throughout an image that is commonly 
manifested in the form of slowly varying background 
intensities (Polesel, Ramponi, and Mathews 2000). Two 
techniques, histogram equalization and unsharp mask 
filtering results in images having their background 
intensity levels which are near to black, therefore it is 
necessary to sharpen the image itself, for this case the 
unsharp masking algorithm is very useful.

For easy and perfect clinical image analysis, a novel 
histogram equalization technique has to be proposed 
for the image enhancement of lung images. Hence in 
this research novel histogram equalization techniques 
were proposed to improve the PSNR of lung images. 
The aim of the study is to analyze and compare image 
enhancement using novel histogram equalization tech-
nique and unsharp mask filtering to improve PSNR.

Materials and Methods
The research work was carried out at the depart-

ment of Biomedical Engineering, Saveetha School 
of Engineering. This Study was implemented using 
Matlab software. The PSNR in image enhancement 
technique is performed by evaluating two groups. A 
total of 30 iterations were performed on each group to 
achieve better PSNR. The study uses a CT, X-ray, MRI 
lung images dataset downloaded from kaggle (Fang et 
al. 2021). It is not necessary to obtain ethical approval. 
The sample size calculation was done using clinicalc.
com by keeping alpha error threshold as 0.05 and g 
power as 80% and value for enrollment ratio as 0.1 
with 95% confidence interval. As per calculation total 
sample size is 60. 

In sample preparation, for Group1 the number of 
lung images collected from 10 CT Scan images, 10 
X-ray scan images and 10 MRI scan images. The col-
lected images were used for PSNR based lung image 
enhancement using unsharp mask filtering technique. 

For Group 2 sample preparation, 10 lung images were 
collected from X-Ray, MRI and CT Scan images re-
spectively. Testing setup is done by installing the Mat-
lab R2018a software. After preparation a Matlab code 
was implemented for both histogram equalization and 
unsharp mask filtering methods. The performance of 
both algorithms was measured using the PSNR pa-
rameter in various lung images. This parameter was 
calculated and evaluated to assess the method’s effica-
cy and comparison of results was done for both meth-
ods to find which algorithm performed significantly 
better results for enhancing images.

Statistical analysis
The SPSS statistical software was used in the re-

search for statistical analysis. Group statistics and 
independent sample t-tests were performed on the 
experimental results and the graph was built for two 
groups with one parameter under study (Strobel 
1996). The independent variable is noise which affects 
the quality of an image and the dependent variable is 
PSNR.

Results
Table 1 shows PSNR (dB) values of 30 lung imag-

es obtained using histogram equalization technique 
and median filter. The mean value of PSNR (dB) of 
the histogram equalization filter is 67.2860dB and for 
unsharp mask filter is 37.9313 dB.

Table 1
PSNR value of different lung images obtained using histogram 
equalization and unsharp mask filter. The mean PSNR (dB) of 
the histogram equalization filter is 67.2860dB and for unsharp 
mask filter 37.9313dB.

Images PSNR (dB) 
Histogram Equalization 

PSNR (dB) 
Unsharp mask filter

Image1 37.59 35.66
 Image 2 36.96 36.17
Image 3 36.45 33.45
Image 4 36.32 36.66
 Image 5 34.60 36.04
Image 6 42.31  36.10
Image 7 41.39 39.12
Image 8 40.55 40.91
Image 9 42.97 43.57
Image 10 42.47 42.17
Image 11 42.74 43.65
Image 12 57.54 55.75
Image 13 54.86 56.78
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Images PSNR (dB) 
Histogram Equalization 

PSNR (dB) 
Unsharp mask filter

Image 14 59.75 62.31
Image 15 64.24 64.53
Image 16 66.34 69.76
Image 17 69.67 70.24
Image 18 73.33 70.19
Image 19 75.34 72..56
Image 20 77.10 74.34
Image 21 77.18 75.16
Image 22 77.22 75.64
Image 23 77.27 76.65
Image 24 78.43 76.48
Image 25 78.44 77.65
Image 26 78.87 77.42
Image 27 79.38 78.53
Image 28 79.76 78.59
Image 29 79.38 79.26
Image 30 79.54 79.34

Table 2 represents group statistics that shows com-
parison of histogram equalization of image enhance-
ment algorithms with unsharp mask filters based on 
PSNR values. Mean value of PSNR is high (67.2860dB) 
for histogram equalizer and low (37.9313dB) for un-
sharp mask filter. Standard deviation of PSNR is low 
(2.04278) for unsharp mask filter and high (12.31958) 
for histogram equalizer.

Table 2
Group statistics shows comparison of histogram equalization 
of image enhancement algorithms with unsharp mask filters 
based on PSNR. Mean value of PSNR is high 67.2860dB for 
histogram equalization and low 37.9313dB for unsharp mask 
filter. Standard deviation of PSNR is low for unsharp mask filter 
(2.04278) and high (12.31958) for histogram equalizer. 

Group N Mean Std De-
viation

Std.Error 
Mean

PSNR 
(dB) 

Unsharp mask 
filter

30 37.9313 2.04278 0.37296

Histogram
Equalization

30 67.2860 12.31958 2.24924

Table 3 represents an independent sample test of 
PSNR based image enhancement using histogram 
equalizer and unsharp mask filter algorithms. The two 
tailed significance p-value is 0.004. The significant 
difference in PSNR is 0.04 and standard mean differ-
ence is -29.64333 with a standard error difference of 
2.29686. In the test confidence interval, the lower val-
ue is (-34.24100) and the upper value is (-24.65957). 

Based on independent sample T test results, histogram 
equalization based image enhancement method per-
formed better than unsharp mask filtering method 
with 95% confidence interval.

Discussion 
Figure 1 represents simulation results of the un-

sharp mask filter algorithm and histogram technique. 
(a) Input image (X-ray chest) , (b) Histogram equal-
ization restored X-ray image, (c) Unsharp mask filter-
ing on X-ray lung image and (d) Intensities analysis 
of unsharp mask filter over histogram equalization 
(X-ray-lung Image).

Figure 2 shows bar chart comparison of mean +/-2 
SD of histogram equalization and unsharp mask fil-
ter methods. X-Axis represents the histogram equal-
ization vs unsharp mask filtering, Y-Axis represents 
Mean +/- 2 SD.

Various enhancement schemes are used for en-
hancing an image which includes gray scale manipula-
tion, filtering and histogram equalization (Sailesh and 
Naheed 2018). Histogram equalization is one of the 
well-known image enhancements that became a pop-
ular technique for contrast enhancement because of its 
simple and effective features. And also this technique 
preserves the input brightness of the image which is 
required to avoid the generation of non-existing arti-
facts in the output image. Although this method pre-
serves the input brightness on the output image with 
a significant contrast enhancement, they may produce 
images which do not look as natural as the input ones 
(Kansal, Purwar, and Tripathi 2018). The basic idea of 
histogram equalization method is to remap the gray 
levels of an image which tends to introduce some an-
noying artifacts and unnatural enhancement. 

To overcome the drawbacks such as different 
brightness, preserving techniques are used on differ-
ent images at different time periods and these are com-
pared on the basis of subjective and objective param-
eters (Shanmugavadivu and Balasubramanian 2011). 
Subjective parameters are visual quality and compu-
tation time and objective parameters are Peak signal 
noise ratio (PSNR), Mean square error, Normalized 
Absolute Error, Normalized Correlation, Error Color 
and Composite Peak Signal to Noise Ratio.

Authors adopt an adaptive unsharp mask algo-
rithm for contrast enhancement of medical image 
(Ferrari et al. 2009) in order to improve medical image 
visual quality. To employ an adaptive filter in order to 
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Table 3
Independent sample t-test providing mean difference, significance value (2-tailed), standard error difference and 95% confidence 
interval of the difference in both lower and upper level for PSNR at equal variances assumed and not assumed

Levene’s test for 
Equality of variance 

T-Test for equality of mean

F Sig t df Sig (2 
-tailed) 

Mean 
difference

Std.Error 
Differ-
ence

95% confidence of 
Difference

Lower Upper

PSNR
 (dB) 

Equal variances 
assumed

119.299 0.02 -12.906 58 0.04 -29.64333 2.29686 -34.24100 -24.65957

Equal Variances not 
assumed

-12.906 31.477 0.04 -29.64333 2.29686 -34.32493 -24.47978

 Fig. 1. Simulation results of unsharp mask filter and histogram equalizer algorithm (a) Input image (X-ray chest), (b) Histogram 
equalization restored image, (c) Unsharp mask filter on X-ray image and (d) Intensities analysis of unsharp mask filter over histo-
gram equalization (X-ray Image).

 
Fig. 2. Bar chart representing the comparison of mean PSNR (+/-2 SD) of histogram equalization and unsharp mask filter methods. 
X-Axis represents the histogram equalization vs unsharp mask filtering, Y-Axis represents mean PSNR with (+/-2 SD).
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control the contribution of the sharpening path, con-
trast enhancement occurs in high detail areas and little 
or no image sharpening occurs in smooth areas.

Unsharp mask filters have efficient enhancement 
ability, but have problems on edge preservation and 
contrast adjustment. (Badamchizadeh and Aghagol-
zadeh 2005) investigate the problem of image en-
hancement when the source image is formed with 
raw data which is a valid assumption for images ob-
tained through transmitting, scanning or compres-
sion. Datasets collected by image sensors are generally 
contaminated by noise and noise can be introduced by 
transmission errors and compression. The problem of 
image processing is to recover an image that is cleaner 
and more informative than its raw observation. Thus, 
enhancement in the image is an important technology 
in image analysis which is the first step to be taken 
before images are analyzed. 

Histogram equalization approaches, though simple 
in implementation, its performance may be degraded 
due to the introduction of over-enhanced artifacts. 
On the other hand, frequency filtering may give rise 
to amplifications on noises and it may be complicated 
in designing soft-computing algorithms for contrast 
enhancement (Kwok et al. 2012). Within the edge 
sharpening category of methods, unsharp masking is 
a simple and efficient technique to improve the con-
trast of an image. The performance characteristics of 
the unsharp masking method is to provide contrast 
enhancement for digital images. Although the meth-
od is simple and efficient, the results may tend to fall 
outside the permissible ranges for display. The method 
consists of the extraction of edges from the image and 
then superimposed on the original image. Unsharp 
mask filtering technique which is difficult with too 
large amplification of high contrast areas (Nakashizu-
ka and Aoki 2005). In future more images can be tak-
en from different application fields so that it becomes 
clearer that for which application the particular tech-
nique is better for image sharpening and restoration 
and in medical field application for image diagnosis 
in lung images. 

Conclusion
The results show that the proposed histogram 

equalization performs unsharp mask filtering in terms 
of PSNR. The Proposed histogram equalization proved 
with better PSNR (67.2860dB) when compared with 
unsharp mask filtering. (37.9313dB) 
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Abstract
Aim: The aim of this study is to compare and analyze wiener 
filter algorithm for lung image enhancement over novel histo-
gram equalization technique. Materials and Methods:In this 
research, different sources of lung images collected from the 
kaggle website were used. Samples were considered as (N=30) 
for median filtering and (N=30) for novel histogram equaliza-
tion technique with total sample size calculated using clinical.
com. As a result the total number of samples was calculated to 
be 60. Using SPSS Software and a standard data set, the PSNR 
was obtained. Both median filter and novel histogram equaliza-
tion technique image enhancement were implemented on lung 
images through Matlab coding and also extracting PSNR values 
of each image. Then through SPSS software comparison and 
analysis has been made. Result:. The novel histogram equal-
ization technique showed higher results of PSNR (67.2076dB) in 
comparison with wiener filtering (37.1558dB). It is observed that 
histogram algorithm performed better than the Wiener filter 
(p=0.04) by performing an independent sample t-test. Con-
clusion: Within this research study the histogram equalization 
image enhancement technique has greater PSNR value of lung 
images than in wiener filtering technique. 
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Introduction
Noise adaptive filtering technique containing ad-

ditive white Gaussian noise was presented in the re-
search which utilizes the wiener filter (Wang, Zhou, 
and Yan 2018). It uses preliminary estimation of the 
noise variance from unknown set of input images and 
relies on statistical analysis of the relatively homoge-
nous areas in them. Its application may turn useful for 
multispectral analysis of CT, MRI and other types of 
images. In medical image processing the wiener filter 
has an essential role as image enhancement technique 
for detection and diagnosis of respiratory disorders.

There are 180 research articles published on the 
image enhancement to compare with different algo-
rithms and the storage location in sciencedirect and 
500 articles on Google Scholar and 60 research articles 
were found in IEEE xplore. Accurate detection of dis-
orders and image enhancement of lung images leads 
to exact classification in CT Scan and X-ray images for 
medical field applications (Dougherty 2009). Histo-
gram equalization tends to introduce some annoying 
artifacts and unnatural enhancement (Yang and Wu 
2010). To overcome these drawbacks different bright-
ness preserving techniques are used. Some of them are 
wiener filter, linear contrast enhancement technique 
and unsharp mask filter. Subjective parameters are vi-
sual quality and objective parameters are peak signal 
to noise ratio (PSNR). Wiener filtering technique is 
used in image restoration and assumes that if noise is 
present in the system, then it is considered to be ad-
ditive white gaussian noise. Wiener filtering normally, 
requires a prior knowledge of the power spectra of the 
noise and the original image. Wiener filter is also op-
timal for enhancement of image from the noise and 
motion blur (Biswas, Sarkar, and Mynuddin 2015). 
This technique is creating an image that is less noisy 
than the original image. The greatest mechanization 
for elimination of blur in images consequent to unfo-
cussed optics blur or linear motion is the wiener filter. 
Wiener filters are out of the way, the most common 
deblurring method used because it mathematically 
finds the best output. Nowadays the quality of digi-
tal medical images has become an important issue. To 
achieve the best diagnosis it is important that medical 
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images should be sharp, clear, and noise free. Removal 
of noise is effective in medical imaging applications 
in order to enhance and recover very minute details 
which may be hidden in the data (Koundal, Gup-
ta, and Singh, n.d.). The wiener filtering executes an 
optimal tradeoff between inverse filtering and noise 
smoothing (Zhang, Nosratinia, and Wells, n.d.) by 
removing the additive noise and inverts the blurring 
simultaneously. Wiener filter is a linear filter that pro-
vides linear estimation of a desired signal sequence 
from another related sequence (Cohen and Dinstein 
1999). Our team has extensive knowledge and re-
search experience that has translate into high quality 
publications (Chellapa et al. 2020; Lavanya, Kannan, 
and Arivalagan 2021; Raj R, D, and S 2020; Shilpa-Jain 
et al. 2021; S, R, and P 2021; Ramadoss, Padmanaban, 
and Subramanian 2022; Wu et al. 2020; Kalidoss, 
Umapathy, and Rani Thirunavukkarasu 2021; Kaja et 
al. 2020; Antink et al. 2020; Paul et al. 2020; Malaikol-
undhan et al. 2020) 

The research gap identified from the survey is that 
there are many methods proposed for image enhance-
ment of medical images but most of the methods 
which are proposed have less PSNR. The main aim of 
this study is to enhance lung images using novel his-
togram equalization technique and wiener filter algo-
rithm to attain better PSNR.

Materials and Methods
The research work was carried out at the depart-

ment of Biomedical Engineering, Saveetha School of 
Engineering. The number of groups identified for 
the study are two. Group 1 is given as a novel his-
togram equalization technique and group 2 is giv-
en as a wiener filter algorithm. Sample size for each 
group was calculated by using previous study results 
in clinical.com by keeping g power as 80%, thresh-
old 0.05 and confidence interval as 95% (Zhou and 
Shui 2011). According to that, the sample size of his-
togram technique (N=30) and wiener filter (N=30) 
were calculated. 

The study uses CT, X-ray, MRI lung images down-
loaded from kaggle. In sample preparation, for Group1 
the number of lung image samples collected from CT 
Scan images is 10, X-rays scan images is 10 and MRI 
scan images is 10. The collected image samples are 
used for PSNR based lung image enhancement us-
ing wiener filtering technique. For Group 2 sample 
Preparation, 10 lung images were collected each from 

X-ray, MRI and CT Scan. Testing setup is done by in-
stalling the Matlab R2018a software. After preparation 
a Matlab code was implemented for both histogram 
equalization and wiener filtering methods. The per-
formance of both algorithms was measured using the 
PSNR parameter. This parameter was calculated and 
evaluated to assess the method’s efficacy and com-
parison of results was done for both methods to find 
which algorithm performed significantly better results 
for enhancing images.

Statistical analysis
The SPSS statistical software was used in the re-

search for statistical analysis. Group statistics and in-
dependent sample t-tests were performed on the exper-
imental results and the graph was built for two groups 
with one parameter under study (Shui 2005). The inde-
pendent variable is noise which affects the quality of an 
image and the dependent variable is PSNR.

Results
Table 1 shows PSNR (dB) values of 30 lung imag-

es obtained using histogram equalization and wiener 
filter. The mean value of PSNR (dB) of the histogram 
equalization is 67.2076dB and for the wiener filter is 
37.1558 dB. 

Table 1
Comparison of histogram equalization and wiener filter with 
improved PSNR of lung images. The mean value PSNR (dB) of 
the histogram equalization filter is 67.2076dB and for wiener 
filter 37.1558dB

Images PSNR (dB) of Histo-
gram Equalization 

PSNR (dB)  
of Wiener filter

Image1 37.59 32.24

 Image 2 36.96 35.32

Image 3 36.45 35.54

Image 4 36.32 36.26

 Image 5 34.60 36.34

Image 6 42.31  36.40

Image 7 41.39 37.52

Image 8 40.55 37.60

Image 9 42.97 42.97

Image 10 42.47 41.68

Image 11 42.74 42.47

Image 12 57.54 43.62

Image 13 54.86 43.74

Image 14 59.75 45.21

Image 15 64.24 45.53
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Images PSNR (dB) of Histo-
gram Equalization 

PSNR (dB)  
of Wiener filter

Image 16 66.34 51.26

Image 17 69.67 52.34

Image 18 73.33 60.19

Image 19 75.34 62.56

Image 20 77.10 62.74

Image 21 77.18 65.26

Image 22 77.22 65.42

Image 23 77.27 70.58

Image 24 78.43 70.42

Image 25 78.44 72.65

Image 26 78.87 72.64

Image 27 79.38 77.35

Image 28 79.76 78.16

Image 29 79.38 78.41

Image 30 79.54 79.34

Table 2 represents group statistics that shows com-
parison of histogram equalization techniques of image 
enhancement algorithms with a wiener filter based on 
PSNR values. Mean value of PSNR is high (67.2076dB) 
for histogram equalizer and low (37.1558dB) for wie-
ner filter. Standard deviation of PSNR is low (0.20680) 
for wiener filter and high (13.03304) for histogram 
equalizer.

Table 2
Group statistics comparison of histogram equalization of image 
enhancement algorithm using PSNR and wiener filter methods. 
Histogram equalization has a higher mean of 67.2076dB than 
wiener filter mean 37.1558dB. Histogram equalization has high-
er standard deviation 13.03304 than wiener filter 0.20680.

Groups N Mean Standard 
Deviation

Standard 
Error Mean

PSNR Histogram 
Equalization

30 67.2076 13.03304 0.3776

Wiener filter 30 37.1558 0.20680 0.3783

Table 3 represents an independent sample test of 
PSNR based image enhancement using histogram 
equalizer and wiener filter algorithms.The two tailed 
significance p-value is 0.04 and standard mean dif-
ference is 30.05177 with a standard error difference 
of 2.14296. In the test confidence interval, the lower 
value is (29.94479) and the upper value is (-7.11280). 
Based on independent sample T test results, histogram 
equalization based image enhancement technique 
performed better than wiener filtering with 95% con-
fidence interval.

Discussion
Figure 1 represents simulation results of the wiener 

filter and histogram equalization algorithm. (a) Input 
image (X-ray chest), (b) X-ray lung image with histo-
gram equalization restored X- ray image, (c) Wiener 
filter on X-ray lung image and (d) Intensities analy-
sis of wiener filter over histogram equalization (X-ray 
lung image).

Figure 2 shows bar chart comparison of mean PSNR 
(+/-2 SD) of histogram equalization and wiener filter 
methods. X-Axis represents the histogram equalization 
vs wiener filter,Y-Axis represents Mean (+/- 2 SD).

The Wiener filtering is a linear estimation of the 
original image. It removes the additive noise and in-
verts the blurring simultaneously. The Wiener fil-
tering is optimal in terms of the mean square error 
(A.Gajdhane et al. 2014). In other words, it minimiz-
es the overall mean square error in the process of in-
verse filtering and noise smoothing (Saluja and Boyat 
2015). Wiener filtering is a commonly used algorithm 
for recovering degraded images. It is also the earliest 
and most well-known linear image restoration meth-
od. The design idea of this method is to multiply the 
input signal by the output after the response, and the 
mean squared error of the desired output is minimum 
(Fan, Xiao, and Xiao 2019). Wiener filter is favored as 
it has the lowest noise related peak signal and is main-
ly used in the development of digital images (Petkova 
and Draganov 2020). It is often used by linear invari-
ant methodology in the deconvolution method to re-
duce noise. This tests the stationary signal, spectrum 
of sound, and noise additives which are identified and 
eliminated (Vidhyalakshmi and Priya 2020). The iter-
ative wiener filter, to update the covariance estimates, 
is investigated. The convergence properties of this it-
erative filter are analyzed. It has been shown that this 
iterative process converges to a signal which does not 
correspond to the minimum mean-squared-error 
solution (Hillery and Chin 1991). 

In the wiener filter, it is very difficult to estimate 
the power spectra and also to obtain perfect resto-
ration for the random nature of noise. Therefore, the 
work performance given by histogram technique has 
better PSNR and also less mean error than the wiener 
filter algorithm. It would be better if the mean error 
can be reduced to a considerable extent. In future, 
feature selection algorithms can be used to reduce the 
computation time and improve the PSNR of medical 
image enhancement.
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Table 3
Independent sample t-test providing mean difference, significance value (2-tailed), standard error difference and 95% confidence 
interval of the difference in both lower and upper level for PSNR at equal variances assumed and not assumed.

Levene’s test for 
Equality of variance 

T-Test for equality of mean

F Sig t df Sig (2 
-tailed) 

Mean dif-
ference

Std.Error 
Differ-
ence

95% confidence of 
Difference

Lower Upper

PSNR 
(dB) 

Equal variances 
assumed

0.137 0.02 562.302 58 0.04 30.05177 2.14296 29.94479 -7.11280

Equal Variances 
not assumed

562.302 58.00 0.04 30.05177 2.14296 29.94479 -6.93559

 Fig. 1. Simulation results of wiener filter and histogram equalization algorithm. (a) Input image (X-ray chest), (b) Histogram equal-
ization restored image, (c) Wiener filter on X-ray image and (d) Intensities analysis of wiener filter over histogram equalization 
(X-ray image) 

 
Fig. 2. Bar chart representing the comparison of mean PSNR (+/-2 SD) of histogram equalization and wiener filter methods. X-Axis 
represents the histogram equalization vs wiener filter, Y-Axis represents mean PSNR (+/-2 SD).
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Conclusion
The results show that the proposed novel histo-

gram equalization method performs better than wie-
ner filter in terms of PSNR. The Proposed histogram 
equalization proved with better PSNR (67.2076dB) 
when compared with wiener filtering (37.1558dB).
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Abstract
Aim: The aim of this study is to compare and analyze linear con-
trast enhancement algorithm for lung image enhancement over 
novel histogram equalization technique. Material and Meth-
ods: In this research, different sources of lung images collected 
from the kaggle website were used. Samples were considered as 
(N=30) for linear contrast filter and (N=30) for novel histogram 
equalization technique with total sample size calculated using 
clinical.com. As a result the total number of samples was calcu-
lated to be 60. Using SPSS Software and a standard data set, the 
PSNR was obtained. Both linear contrast filter and novel histo-
gram equalization technique image enhancement were imple-
mented on lung images through Matlab coding and also PSNR 
values of each image were extracted. Then through SPSS soft-
ware comparison and analysis has been made. Result: In the fi-
nal output of image enhancement, novel histogram equalization 
technique shows better performance in improving PSNR of lung 
images than linear contrast filter. Comparison of PSNR values 
are done by independent sample test using IBM-SPSS software. 
There is a statistical difference between histogram technique and 
linear contrast filter. The novel histogram equalization technique 
showed higher results of PSNR (65.9197dB) with (p=0.04) in com-
parison with linear contrast filter (36.1190dB). Conclusion: Within 
this research study the histogram equalization image enhance-
ment technique has greater PSNR value of lung images than in 
linear contrast enhancement technique. 
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Introduction
 Image enhancement is mainly used to obtain a 

high quality image after improving the characteristics 
of the input image (Senthilkumaran and Thimmiaraja 
2014). Image enhancement helps doctors accurate-
ly interpret medical images as crucial information 
for better diagnosis and treatment for lung disorders 
in the medical field applications (Kaur, Girdhar, and 
Kanwal 2016). In linear contrast enhancement, also 
referred as a contrast stretching, linearly expands the 
original digital values of the remotely sensed data into 
a new distribution (Padmavathy and Priya 2019). By 
expanding the original input values of the image, the 
total range of sensitivity of the display device can be 
utilized (Suralkar and Rajput 2020). Linear contrast 
enhancement makes subtle variations within the data 
more obvious in image. Contrast enhancement tech-
niques are used in images to enhance the visibility 
quality of internal human body texture in magnetic 
resonance imaging (MRI). Histogram equalization is 
mainly used in image enhancement and divides the 
original image into several non overlapping sub im-
ages. In medical image applications novel histogram 
equalization is used for obtaining details in an image 
with clear relative to background by enhancing the 
image contrast and suppressing the noise (Kalyani and 
Chakraborty 2020). There are 180 research articles 
published on image enhancement in sciencedirect and 
350 papers on Google Scholar and 73 research articles 
were published in IEEE xplore for image enhancement 
of lung images. 

Linear contrast enhancement technique is com-
pared with histogram equalization technique by re-
moving noise and blur images and improves good 
quality richness of image as performance enhance-
ment (Vartak and Mankar 2015). It also preserves the 
richness of details and sharpness of edge detection in 
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an image compared to linear contrast enhancement 
technique. It takes less computational time in contrast 
to histogram equalization algorithm and it calculates 
histogram of the whole image and then the image 
gets clipped according to threshold value. Histogram 
equalization technique and contrast-limited adaptive 
histogram equalization is applied in order to improve 
the contrast of MRI medical images. Experimental 
results showed good efficiency by improving the con-
trast of MRI medical images with very high quality. 
Comparison of various image quality measures like 
MSE, PSNR are taken into account for evaluation of 
the quality of enhanced MRI medical images (Tom 
and Wolfe 1983).Our team has extensive knowledge 
and research experience that has translate into high 
quality publications (Chellapa et al. 2020; Lavanya, 
Kannan, and Arivalagan 2021; Raj R, D, and S 2020; 
Shilpa-Jain et al. 2021; S, R, and P 2021; Ramadoss, 
Padmanaban, and Subramanian 2022; Wu et al. 2020; 
Kalidoss, Umapathy, and Rani Thirunavukkarasu 
2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020) 

The research gap identified from the survey is that 
there are many methods proposed for image enhance-
ment of medical images but most of the methods have 
less PSNR. Hence the major objective of this study is 
to enhance lung images using novel histogram equal-
ization techniques and linear contrast enhancement 
and compare both performances based on PSNR val-
ues to identify better enhancement techniques.

Materials and methods
The research work was carried out at the depart-

ment of Biomedical Engineering, Saveetha School of 
Engineering. The number of groups identified for the 
study are two. Group 1 is given as a novel histogram 
equalization technique and group 2 is given as a linear 
contrast enhancement algorithm. Sample size for each 
group was calculated by using previous study results 
in clinical.com by keeping g power as 80%, threshold 
0.05 and confidence interval as 95% (Zipporah and 
Sharmila 2018). According to that, the sample size of 
histogram technique (N=30) and linear contrast en-
hancement technique (N=30) were calculated. The 
study uses CT, X-ray, MRI lung images download-
ed from kaggle website. In sample preparation, for 
Group1 the number of lung image samples collected 
from CT Scan images is 10, X-rays scan images is 10 
and MRI scan images is 10. The collected image sam-

ples are used for PSNR based image enhancement us-
ing linear contrast enhancement technique. For Group 
2 sample Preparation, 10 lung images were collected 
each from X-ray, MRI and CT Scan. Testing setup is 
done by installing the Matlab R2018a software. After 
preparation a Matlab code was implemented for both 
histogram equalization and linear contrast enhance-
ment methods. The performance of both algorithms 
was measured using the PSNR parameter. This param-
eter was calculated and evaluated to assess the meth-
od’s efficacy and comparison of results was done for 
both methods to find which algorithm performed sig-
nificantly better results for enhancing images.

Statistical analysis
The SPSS statistical software was used in the re-

search for statistical analysis. Group statistics and 
independent sample t-tests were performed on the 
experimental results and the graph was built for two 
groups with one parameter under study ((Unal and 
Akoglu 2016). The independent variable is noise 
which affects the quality of an image and the depen-
dent variable is PSNR.

Results
Table 1 shows PSNR (dB) values of 30 lung imag-

es obtained using histogram equalization and linear 
contrast filter. The mean value of PSNR (dB) of the 
histogram equalization filter is 65.9197dB and for the 
linear contrast enhancement technique is 36.1190dB.

Table 1
Comparison of histogram equalization and linear contrast en-
hancement technique with improved PSNR of lung images. The 
mean value of PSNR (dB) of the histogram equalization filter is 
65.9197dB and for linear contrast enhancement technique is 
36.1190dB

Images PSNR (dB) of Histo-
gram Equalization 

PSNR (dB) of Linear 
Contrast Filter

Image1 37.59 35.66
 Image 2 36.96 36.17
Image 3 36.45 33.45
Image 4 36.32 36.66
 Image 5 34.60 36.04
Image 6 42.31 36.10
Image 7 41.39 39.12
Image 8 40.55 40.91
Image 9 42.97 43.57
Image 10 42.47 42.17
Image 11 42.74 43.65



840 | Cardiometry | Issue 25. December 2022

Images PSNR (dB) of Histo-
gram Equalization 

PSNR (dB) of Linear 
Contrast Filter

Image 12 57.54 55.75
Image 13 54.86 56.78
Image 14 59.75 62.31
Image 15 64.24 64.53
Image 16 66.34 69.76
Image 17 69.67 70.24
Image 18 73.33 70.19
Image 19 75.34 72.56
Image 20 77.10 74.34
Image 21 77.18 74.16
Image 22 77.22 75.64
Image 23 77.27 75.65
Image 24 78.43 76.48
Image 25 78.44 76.65
Image 26 78.87 77.42
Image 27 79.38 78.53
Image 28 79.76 78.59
Image 29 79.38 79.26
Image 30 79.54 79.34

Table 2 represents group statistics that shows 
comparison of histogram equalization of image en-
hancement with linear contrast enhancement meth-
od based on PSNR values. Mean value of PSNR is 
high (65.9197dB) for histogram equalizer and low 
(36.1190dB) for linear contrast enhancement tech-
nique. Standard deviation of PSNR is low (3.15003) 
for linear contrast enhancement technique and high 
(12.89324) for histogram equalizer. 

Table 2
Group statistics comparison of Histogram equalization of im-
age enhancement algorithm using PSNR and Linear Contrast 
Enhancement methods.Histogram Equalization is having high 
mean (65.9197dB) and Linear contrast enhancement technique 
of PSNR is having low mean (36.1190dB).Histogram equalizer of 
PSNR is having high standard deviation (12.89324) and Linear 
contrast enhancement technique of PSNR is having low stan-
dard deviation (3.15003).

Group N Mean Std De-
viation

Std.
Error 
Mean

PSNR Linear Contrast 
Enhancement 
Technique

30 36.1190 3.15003 0.57511

PSNR Histogram 
Equalization 
Technique

30 65.9197 12.89324 2.35397

Table 3 represents an independent sample test 
of PSNR based image enhancement using histo-

gram equalizer and linear contrast algorithms. The 
two tailed significance p-value is 0.04 and standard 
mean difference is -29.80067 with a standard error 
difference of 2.42321. In the test confidence interval, 
the lower value is (-34.65125) and the upper value is 
(-24.95008). Based on independent sample T test re-
sults, histogram equalization based image enhance-
ment method performed better than linear contrast 
filtering method with 95% confidence interval.

Discussion
Figure 1 represents simulation results of the lin-

ear contrast enhancement technique and histogram 
equalization algorithm. (a) Input image (X-ray chest), 
(b) Histogram equalization restored X- ray image, (c) 
Linear contrast enhancement on X-ray lung image 
and (d) Intensities analysis of linear contrast enhance-
ment technique over histogram equalization (X-ray 
lung image).

Figure 2 shows bar chart comparison of mean 
PSNR (+/-1 SD) of histogram equalization and linear 
contrast enhancement methods. X-Axis represents 
the histogram equalization vs linear contrast tech-
nique,Y-Axis represents mean PSNR (+/- 1 SD). 

Image enhancement is a vital step of medical image 
analysis and image recognition. X-ray and ultrasound 
imaging are the most preferred medical imaging tech-
nologies which are important for diagnosis of disease. 
But the edges and borders on the image are not as clear 
as expected due to interference and low intensity in 
images especially in the case of medical images (Kan-
wal, Girdhar, and Gupta 2011). Using image enhance-
ment, it is possible to get the details which are kept 
hidden as well as to improve the image contrast in the 
case of analyzing an image, the commencing part is 
that of the edge of an image. This developed method is 
tested on low contrast medical images and by observ-
ing the results it can be said that the applied method 
performs well for enhancing medical images ((Zeng 
et al. 2012). 

In image enhancement technique, histogram 
equalization is applied in order to improve the con-
trast of MRI medical images (Boccignone and Picari-
ello, n.d.). The experiments was conducted on stan-
dard images and low contrast images and the results 
evaluated using quality metrics with relative contrast 
error, relative mean brightness error, relative structur-
al similarity, relative entropy error, Peak signal to noise 
ratio (PSNR) and global contrast factor (Beghdadi and 
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Table 3
Independent sample t-test providing mean difference, significance value (2-tailed), standard error difference and 95% confidence 
interval of the difference in both lower and upper level for PSNR at equal variances assumed and not assumed.

Levene’s test for 
Equality of variance 

T-Test for equality of mean

F Sig t df Sig (2 
-tailed) 

Mean dif-
ference

Std.Error 
Difference

95% confidence of 
Difference

Lower Upper

PSNR Equal variances 
assumed

34.503 0.02 -12.298 58 0.04 -29.80067 2.42321 -34.65125 -24.95008

Equal Variances 
not assumed

-12.298 32.450 0.04 -29.43321 2.42321 -34.73390 -24.86743

 Fig. 1. Simulation results of linear contrast enhancement technique and histogram equalization algorithm. (a) Input image (X-ray 
chest) (b) Histogram equalization restored image, (c) linear contrast enhancement on X-ray image and (d) Intensities analysis of 
linear contrast enhancement technique over histogram equalization (X-ray image) 

 
Fig. 2. Bar chart representing the comparison of mean PSNR (+/-1SD) of histogram equalization and linear contrast enhancement 
methods. X-Axis represents the histogram equalization vs linear contrast enhancement,Y-Axis represents mean PSNR (+/-1SD).
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le Negrate 1989). Global contrast factor measures the 
contrast at various resolutions and the original image 
is completely recovered after the secret data is ex-
tracted. Contrast enhancement techniques are used 
widely in image processing (Stark 2000). Histogram 
equalization overcomes this drawback by generating 
the mapping for each pixel from the histogram in a 
surrounding window. Novel histogram equalization 
does not allow the degree of contrast enhancement to 
be regulated. Linear contrast enhancement is achieved 
by means of a local histogram equalization which pre-
serves the level sets of the image (Caselles et al. 1999). 
This technique is based on equalizing the histogram 
in all connected components of the image, which are 
defined based both on gray level values and spatial res-
olutions between pixels in the image. 

In linear contrast enhancement technique specifi-
cation which requires more input than previous trans-
formation. Therefore, the work performance given by 
histogram technique has better PSNR and also less 
mean error than the linear contrast enhancement al-
gorithm. It would be better if the mean error can be 
reduced to a considerable extent. In future, feature se-
lection algorithms can be used to reduce the compu-
tation time and improve the PSNR of medical image 
enhancement.

Conclusion
The results show that the proposed histogram 

equalization performs better than linear contrast en-
hancement technique in terms of PSNR. The Pro-
posed histogram equalization proved with better 
PSNR (65.9197dB) when compared with linear con-
trast enhancement technique (36.1190dB).

Declarations

Conflict of Interest
The authors declare no potential conflict of interest.

Authors Contribution 
Author TS was involved in data collection, data 

analysis, manuscript writing. Author RR was involved 
in conceptualization, data validation, and critical re-
view of manuscript.

Acknowledgement
The authors would like to thank the Saveetha 

School of Engineering, Saveetha Institute of Medical 

and Technical Sciences (formerly known as Saveetha 
University) management for providing us all the nec-
essary facilities to complete this project successfully.

Funding: 
We thank the following organizations for provid-

ing financial support that enabled us to complete the 
study. 
1. Healthminds Pvt, Ltd, Bangalore.
2. Saveetha University. 
3. Saveetha Institute of Medical and Technical Sci-

ences.
4. Saveetha School of Engineering.

References
5. Antink, Christoph Hoog, Joana Carlos Mesquita 
Ferreira, Michael Paul, Simon Lyra, Konrad Heimann, 
Srinivasa Karthik, Jayaraj Joseph, et al. 2020. “Fast 
Body Part Segmentation and Tracking of Neonatal 
Video Data Using Deep Learning.” Medical & Biologi-
cal Engineering & Computing 58 (12): 3049–61.
6. Beghdadi, Azeddine, and Alain le Negrate. 1989. 
“Contrast Enhancement Technique Based on Local 
Detection of Edges.” Computer Vision, Graphics, and 
Image Processing. https://doi.org/10.1016/0734-189x 
(89) 90093-5.
7. Boccignone, G., and A. Picariello. n.d. “Multi-
scale Contrast Enhancement of Medical Images.” 1997 
IEEE International Conference on Acoustics, Speech, 
and Signal Processing. https://doi.org/10.1109/
icassp.1997.595368.
8. Caselles, V., J. L. Lisani, J. M. Morel, and G. Sap-
iro. 1999. “Shape Preserving Local Histogram Modi-
fication.” IEEE Transactions on Image Processing: A 
Publication of the IEEE Signal Processing Society 8 
(2): 220–30.
9. Chellapa, L. R., S. Rajeshkumar, M. I. Arumugham, 
and S. R. Samuel. 2020. “Biogenic Nanoselenium Syn-
thesis and Evaluation of Its Antimicrobial, Antioxi-
dant Activity and Toxicity.” Bioinspired Biomimetic 
and Nanobiomaterials, July, 1–6.
10. Kaja, Rekha, Anandh Vaiyapuri, Mohamed Sher-
if Sirajudeen, Hariraja Muthusamy, Radhakrishnan 
Unnikrishnan, Mohamed Waly, Samuel Sundar Doss 
Devaraj, Mohamed Kotb Seyam, and Gopal Nambi S. 
2020. “Biofeedback Flutter Device for Managing the 
Symptoms of Patients with COPD.” Technology and 
Health Care: Official Journal of the European Society 
for Engineering and Medicine 28 (5): 477–85.



Issue 25. December 2022 | Cardiometry | 843

11. Kalidoss, Ramji, Snekhalatha Umapathy, and Usha 
Rani Thirunavukkarasu. 2021. “A Breathalyzer for 
the Assessment of Chronic Kidney Disease Patients’ 
Breathprint: Breath Flow Dynamic Simulation on the 
Measurement Chamber and Experimental Investiga-
tion.” Biomedical Signal Processing and Control 70 
(September): 103060.
12. Kalyani, Jagriti, and Monisha Chakraborty. 2020. 
“Contrast Enhancement of MRI Images Using His-
togram Equalization Techniques.” 2020 International 
Conference on Computer, Electrical & Communica-
tion Engineering (ICCECE). https://doi.org/10.1109/
iccece48148.2020.9223088.
13. Kanwal, Navdeep, Akshay Girdhar, and Savi-
ta Gupta. 2011. “Region Based Adaptive Contrast 
Enhancement of Medical X-Ray Images.” 2011 5th 
International Conference on Bioinformatics and 
Biomedical Engineering. https://doi.org/10.1109/icb-
be.2011.5780221.
14. Kaur, Anureet, Akshay Girdhar, and Navdeep 
Kanwal. 2016. “Region of Interest Based Contrast En-
hancement Techniques for CT Images.” 2016 Second 
International Conference on Computational Intelli-
gence & Communication Technology (CICT). https://
doi.org/10.1109/cict.2016.21.
15. Lavanya, M., P. Muthu Kannan, and M. Arivalag-
an. 2021. “Lung Cancer Diagnosis and Staging Using 
Firefly Algorithm Fuzzy C-Means Segmentation and 
Support Vector Machine Classification of Lung Nod-
ules.” International Journal of Biomedical Engineering 
and Technology 37 (2): 185.
16. Malaikolundhan, Harikrishna, Gowsik Mookkan, 
Gunasekaran Krishnamoorthi, Nirosha Matheswaran, 
Murad Alsawalha, Vishnu Priya Veeraraghavan, Sura-
paneni Krishna Mohan, and Aiting Di. 2020. “Anticar-
cinogenic Effect of Gold Nanoparticles Synthesized 
from Albizia Lebbeck on HCT-116 Colon Cancer Cell 
Lines.” Artificial Cells, Nanomedicine, and Biotech-
nology 48 (1): 1206–13.
17. Padmavathy, V. S., and R. Priya. 2019. “Study on 
Contrast Enhancement Techniques for High Contrast 
and Low Contrast Images.” Journal of Advanced Re-
search in Dynamical and Control Systems. https://doi.
org/10.5373/jardcs/v11sp10/20192885.
18. Paul, M., S. Karthik, J. Joseph, M. Sivaprakasam, 
J. Kumutha, S. Leonhardt, and C. Hoog Antink. 2020. 
“Non-Contact Sensing of Neonatal Pulse Rate Using 
Camera-Based Imaging: A Clinical Feasibility Study.” 
Physiological Measurement 41 (2): 024001.

19. Raj R, Kathiswar, Ezhilarasan D, and Rajeshkumar 
S. 2020. “β-Sitosterol-Assisted Silver Nanoparticles 
Activates Nrf2 and Triggers Mitochondrial Apoptosis 
via Oxidative Stress in Human Hepatocellular Cancer 
Cell Line.” Journal of Biomedical Materials Research. 
Part A 108 (9): 1899–1908.
20. Ramadoss, Ramya, Rajashree Padmanaban, and 
Balakumar Subramanian. 2022. “Role of Bioglass in 
Enamel Remineralization: Existing Strategies and Fu-
ture Prospects-A Narrative Review.” Journal of Bio-
medical Materials Research. Part B, Applied Biomate-
rials 110 (1): 45–66.
21. Senthilkumaran, N., and J. Thimmiaraja. 2014. 
“Histogram Equalization for Image Enhancement Us-
ing MRI Brain Images.” In 2014 World Congress on 
Computing and Communication Technologies. IEEE. 
https://doi.org/10.1109/wccct.2014.45.
22. Shilpa-Jain, D. P., Jogikalmat Krithikadatta, 
Dinesh Kowsky, and Velmurugan Natanasabapathy. 
2021. “Effect of Cervical Lesion Centered Access Cav-
ity Restored with Short Glass Fibre Reinforced Resin 
Composites on Fracture Resistance in Human Man-
dibular Premolars- an in Vitro Study.” Journal of the 
Mechanical Behavior of Biomedical Materials 122 
(October): 104654.
23. S, Sudha, Kalpana R, and Soundararajan P. 2021. 
“Quantification of Sweat Urea in Diabetes Using Elec-
tro-Optical Technique.” Physiological Measurement 
42 (9). https://doi.org/10.1088/1361-6579/ac1d3a.
24. Stark, J. A. 2000. “Adaptive Image Contrast En-
hancement Using Generalizations of Histogram 
Equalization.” IEEE Transactions on Image Process-
ing: A Publication of the IEEE Signal Processing So-
ciety 9 (5): 889–96.
25. Suralkar, S. R., and Seema Rajput. 2020. “En-
hancement of Images Using Contrast Image Enhance-
ment Techniques.” International Journal Of Recent 
Advances in Engineering & Technology. https://doi.
org/10.46564/ijraet.2020.v08i03.004.
26. Tom, Victor T., and Gregory J. Wolfe. 1983. “Adap-
tive Histogram Equalization And Its Applications.” 
Applications of Digital Image Processing IV. https://
doi.org/10.1117/12.965966.
27. Unal, Burak, and Ali Akoglu. 2016. “Resource 
Efficient Real-Time Processing of Contrast Limited 
Adaptive Histogram Equalization.” 2016 26th Inter-
national Conference on Field Programmable Log-
ic and Applications (FPL). https://doi.org/10.1109/
fpl.2016.7577362.



844 | Cardiometry | Issue 25. December 2022

28. Vartak, Akshay, and Vijay Mankar. 2015. “Image 
Processing Techniques for Contrast Enhancement 
with Poor Lighting on Social and Medical Images.” In-
ternational Journal of Computer Applications. https://
doi.org/10.5120/ijca2015905643.
29. Wu, Shuang, Shanmugam Rajeshkumar, Malini 
Madasamy, and Vanaja Mahendran. 2020. “Green Syn-
thesis of Copper Nanoparticles Using Cissus Vitiginea 
and Its Antioxidant and Antibacterial Activity against 
Urinary Tract Infection Pathogens.” Artificial Cells, 
Nanomedicine, and Biotechnology 48 (1): 1153–58.
30. Zeng, Ming, Youfu Li, Qinghao Meng, Ting Yang, 
and Jian Liu. 2012. “Improving Histogram-Based Im-

age Contrast Enhancement Using Gray-Level Infor-
mation Histogram with Application to X-Ray Images.” 
Optik. https://doi.org/10.1016/j.ijleo.2011.05.017.
31. Zipporah, Miriam, and Banu N. Sharmila. 2018. 
“Mincut Algorithm and Adaptive Histogram Equal-
ization (AHE) for Segmentation of Retinal Layer in 
OCT Images with Choroidal Neovascularization.” The 
SIJ Transactions on Computer Science Engineering & 
Its Applications (CSEA). https://doi.org/10.9756/sijc-
sea/v6i5/06050100101.



Issue 25. December 2022 | Cardiometry | 845

ORIGINAL RESEARCH Submitted: 8.10.2022; Accepted: 28.11.2022; Published online: 25.12.2022

Detection and comparison  
of Diabetic Maculopathy  
using C-Means Clustering 
Algorithm and Watershed 
Algorithm

Farheen Naz¹, Jenila Rani D1, R. Rajakumari2

1Department of BioMedical Engineering, Saveetha School of En-
gineering, Saveetha Institute of Medical and Technical Sciences, 
Saveetha University, Chennai, Tamilnadu, India. Pincode: 602105.
2Department of English and Communication Studies, Saveetha 
School of Engineering Saveetha Institute of Medical and Tech-
nical Sciences, Saveetha University, Chennai, Tamilnadu, India. 
Pincode: 602105.

ABSTRACT
Aim: The aim of this research work is for the presence of Nov-
el Diabetic Maculopathy Detection using modern algorithms, 
and comparing the Peak Signal to Noise Ratio (PSNR) between 
the C-Means clustering Algorithms and Watershed Algorithm. 
Materials and Methods: The sample images were taken 
from kaggle’s website. Samples were considered as (N=24) 
for C-Means Clustering Algorithm and (N=24) for Watershed 
algorithm in accordance with total sample size calculated us-
ing clinicalc.com by keeping alpha error-threshold value 0.05, 
enrollment ratio as 0.1, 95% confidence interval, G power as 
80%. The Peak Signal to Noise Ratio was calculated by using 
the MATLAB Programming with a standard data set. Results: 
Comparison of PSNR is done by independent sample t-test us-
ing SPSS software. There is a statistical insignificant difference 
between C-Means Clustering Algorithm and Watershed algo-
rithm with p=0.11, p>0.05 (PSNR = 35.3411) showed better re-
sults in comparison to Watershed Algorithm (PSNR =9.7420). 
Conclusion: C-Means Clustering Algorithms were found to 
give higher PSNR than in Watershed Algorithms for the Novel 
Diabetic Maculopathy Detection.
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INTRODUCTION
The background change in the central retina is 

termed as Diabetic Maculopathy (Sukanesh and 
Murugeswari 2014). This study helps in recognis-
ing the color of the retinal images and performing C 
means algorithm to enhance the salient regions and 
detect the affecting regions (Saffarzadeh, Osareh, and 
Shadgar 2014). The main importance of this study is 
that the early detection of maculopathy can prevent 
much of blindness and reduce permanent vision loss 
(Murugeswari and Sukanesh 2016). This study can be 
implemented in healthcare, ophthalmology, diabetics 
retinopathy screening (Bellemo et al. 2019) (Mookiah 
et al. 2021).

About 260 articles in Google Scholar and 84 in 
Science Direct related to this research were followed, 
which was carried out in recent years. Detection of 
the lesions in the macular region of the fundus image 
signifies the presence of Novel Diabetic maculopathy. 
The accuracy of the method was found to be 98.2% 
(Medhi and Dandapat 2016). This method allows pix-
els to be classified into multiple classes with varying 
degrees of membership,unlike the hard segmentation 
that forces pixels to belong exclusively from one class. 
The segmentation consists of the two stages, one that 
is the clusters, the image coarsely followed by the sec-
ond stage, that will perform the finest clustering. The 
results of using this algorithm gave 92% of sensitivity 
and 82% of specificity (Medhi and Dandapat 2016). 
This research was encoded with the MATLAB Pro-
gramming which can be considered as the easiest and 
simplest method for the Novel Diabetic Maculopathy 
Detection (X. Chen et al. 2012). The experiment’s re-
sult shows that the new method performs better and 
it uses few parameters compared to others. Current-
ly exudates are detected in the macular region only 
(Deepak and Sivaswamy 2012). The automatic recog-
nition of exudative maculopathy using fuzzy C-Means 
Clustering and neural networks method objectified 
that the analysis of color retinal images for the de-
tection of the early lesions related to the Novel Dia-
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betic Maculopathy Detection. The results were very 
good and were used practically by ophthalmologists 
(Sreejini and Govindan 2013). Therefore, this research 
paper was considered to be the best one for the Nov-
el Diabetic Maculopathy Detection compared to the 
other papers.Our team has extensive knowledge and 
research experience that has translate into high quality 
publications (Chellapa et al. 2020; Lavanya, Kannan, 
and Arivalagan 2021; Raj R, D, and S 2020; Shilpa-Jain 
et al. 2021; S, R, and P 2021; Ramadoss, Padmanaban, 
and Subramanian 2022; Wu et al. 2020; Kalidoss, 
Umapathy, and Rani Thirunavukkarasu 2021; Kaja et 
al. 2020; Antink et al. 2020; Paul et al. 2020; Malaikol-
undhan et al. 2020) 

Accuracy of the results were not upto the mark, the 
method was able to only detect the macular region of 
the eye and not any other affected region, therefore 
it is a major key point that motivated me to work on 
this project to detect the presence of diabetic Macu-
lopathy at an early stage. The authors were expertised 
in the field of machine learning algorithm, MATLAB 
Programming and able to conduct studies in compar-
ison in C-Means Clustering Algorithm and Watershed 
Algorithm in the biomedical aspect. The main aim is 
the early Novel Diabetic Maculopathy Detection with 
higher PSNR.

MATERIALS AND METHOD
This study is conducted in a simulation lab of 

Saveetha School of Engineering.Ethical approval is not 
needed for this study. There are two groups involved 
in this study C-Means Clustering Algorithm and Wa-
tershed Algorithm.Sample size for each group is 24. 
Sample size calculation was done using clinicalc.com 
by applying the parameter values from previous iter-
ations (Ramasubramanian and Prabhakar 2013). The 
pretest power value is 80%. The threshold value is set 
to 0.05 and confidence interval as 95%. There are no 
dependent variables.

Sample preparation using given algorithms
Sample preparation for the two processes were 

done for preparing group 2 with 24 samples. First the 
input images from the dataset rescaled into 630 x 270 
pixels. Next feature extraction and classification is 
carried out by using C-Means Clustering Algorithm 
and Watershed Algorithm (W. Chen et al. 2021). The 
estimated sample values are exported in MS Excel for 
further statistical analysis. Algorithm is trained with 

features of all the images instead of individual imag-
es and while testing rather than the predicted label of 
the testing image a whole label of obtained features is 
predicted. If the image of the majority of features is 
matching with that of the expected image it is a suc-
cessful recognition. 

Testing setup and testing procedure
All the experimental setup was done in windows 

platform CRT monitor with resolution of 1024*768 
pixels with configuration 9th gen, intel i5, 4GB RAM, 
and MATLAB software 2018 version with add ons 
required for complete training and testing purposes. 
Low resolution images sample given as an input for 
testing procedure. In the pre-processing stage, scaling 
was done to resize the images to 600 x 450 pixels. The 
Diabetic Maculopathy image for the feature extraction 
and output contains more feature information and has 
433 dimensions, allowing for better retrieval perfor-
mance. Finally the recognition of the Novel Diabetic 
Maculopathy image is done. The image enhancement 
Peak Signal to Noise Ratio is obtained by testing the 
dataset on a C-means clustering Algorithm and Water-
shed Algorithm. The sample value stored in MS-Excel 
is used for statistical analysis in the SPSS IBM tool.

Statistical analysis
To validate the results of both the algorithms sta-

tistical analysis was done using IBM SPSS software. 
As the two algorithms are independent of each other, 
an independent sample t-test was performed for the 
independent variable PSNR. There are no dependent 
variables.

RESULTS 
In this research of the Novel Diabetic Maculopa-

thy Detection, the C-means clustering algorithm was 
found to be better than the Watershed Algorithm 
giving a higher Peak Signal to Noise Ratio. The value 
of PSNR given by C-Means Clustering Algorithm is 
(35.3411) and that given by the Watershed Algorithm 
is (9.7420). In Fig. 1 it is observed that the mean PSNR 
is higher for the C-Means Clustering Algorithm than 
the mean Watershed Algorithm.

C-Means Clustering Algorithm had the highest 
PSNR 35.3411 in comparison to the Watershed Al-
gorithm, 9.7420. Table 1 represents the PSNR of the 
samples collected using the C-Means Clustering Algo-
rithm and Watershed algorithm. The descriptive sta-
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tistics in Table 2 demonstrated that C-Means Cluster-
ing Algorithms had less error rate than the Watershed 
Algorithm. The figures given below Fig. 2a represents 
the C-Means Clustering image for the given sample 
image of Diabetic Maculopathy. Fig. 2b represents the 
Watershed Algorithm image for the given sample im-
age of Diabetic Maculopathy.

Table 2
Comparison of mean of Peak Signal to Noise Ratio using 
C-Means Clustering Algorithms and Watershed Algorithms. 
Group statistics comparison of PSNR for Diabetic Maculopathy 
using C-Means Clustering Algorithm and Watershed Algorithm 
is done. C-Means Clustering Algorithm has higher mean com-
pared to Watershed Algorithm. C-Means Clustering Algorithm 
=35.341 and Watershed Algorithm = 9.7420.
Param-

eter
Algorithm N Mean Std. De-

viation
Std. 
Error 
Mean

PSNR

Watershed 
Algorithm

24 9.7420 4.29519 0.96043 

C-Means 
Algorithm

24 35.3411 5.54222 1.23928

There appears to be a statistically insignificant dif-
ference (P=0.112, p>0.05) in both the methods using 
independent sample t-tests as shown in Table 2. This 
strategy suggested that the Novel Diabetic Maculop-
athy Detection can be done early. These results show 
that C-Means Clustering Algorithms can be used for 
the Novel Diabetic Maculopathy Detection at an early 
stage in comparison with the Watershed algorithms.

Table 1
PSNR of the samples using C-Means Clustering Algorithm and 
Watershed Algorithm.

Samples C-Means Algorithm 
(PSNR) 

Watershed Algorithm 
(PSNR) 

1 31.2651 7.7151

2 39.2868 14.1690

3 39.6211 14.8219

4 35.7551 9.8990

5 32.9930 8.4373

6 37.4686 8.1327

7 33.1065 5.9742

8 37.4090 8.5115

9 37.4203 8.8678

10 42.0574 17.6042

11 39.1339 10.3212

12 25.6589 2.8729

13 26.7145 2.9335

14 25.6589 16.1850

15 42.1377 15.0223

16 42.2536 5.8745

17 31.7241 4.7883

18 28.5204 9.7253

19 39.4775 9.4145

20 39.4938 13.6484

 
Fig. 1. Barchart comparison representing the mean PSNR of Diabetic Maculopathy detection using C-Means Clustering Algorithm 
and Watershed Algorithm. The C-Means Algorithm appears to produce the most consistent result in PSNR with minimal standard 
deviation when compared to Watershed Algorithm.X Axis: C-Means Algorithm vs Watershed Algorithm,Y Axis: Mean PSNR of 
detection. Mean PSNR of detection ± 1 SD. 
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DISCUSSION
In this research work of detecting diabetic retinop-

athy using C-Means Clustering Algorithm had the 
highest PSNR (35.3411) in comparison to Watershed 
Algorithm (9.7420). There appears to be a slight in-
crease in the insignificant difference but not statisti-
cally significant (Table 3).

In this work, Optical Disc and macula are detected 
using morphological operation and hard exudates are 
segmented. Exudates are classified using early treat-
ment diabetic retinopathy standard as normal, mod-
erate or severe cases. The proposed work also incorpo-
rates the extraction of various features from the retinal 

fundus image. Various textural and exudate features 
are extracted and fed to a classifier to detect Diabetic 
Maculopathy. The outcome was taken out considering 
the various matrices that are sensitivity, specificity, 
and accuracy (Venugopal, Prasad, and Vibha 2018). A 
programmed strategy for the identification of exudate 
locales is presented; the framework additionally rec-
ognizes the exudates in and around the macular area, 
which shows an expanded seriousness of sickness. The 
work was put together with respect to this method 
since it is extremely quick and requires lower process-
ing power (Kalaivani et al. 2011). Computer-assisted, 
deep learning based diagnosis could help in early lo-

 
                                        Sample image                                                           C-Means Clustering Image    
  

Fig. 2a. Image obtained using C-Means Clustering Algorithm. This figure represents a C-Means Algorithm image result of the 
sample image taken from the kaggle’s website for Diabetic Maculopathy.

      
                                       Sample image                                                                           Watershed image 
 

 
Fig. 2b. Image obtained using Watershed Algorithm. This figure represents the Watershed Algorithm image of the sample image 
taken from the kaggle’s website for Diabetic Maculopathy.

Table 3
Independent sample t-test in predicting the PSNR of Diabetic Maculopathy using C-Means Clustering Algorithms and Watershed 
Algorithm. There appears to be a statistically insignificant difference (p>0.05) in both the methods.

 Leven’s test for equality 
of variance

t-test for equality of variance 95% of confidence 
interval of difference

f sig t df Sig 
(2-tailed) 

Mean 
difference

Std.error 
diff

lower upper

 PSNR 2.645 0.112 16.32 38 <0.001 2.794 25.59910 28.7731 22.4251
16.32 35.7 <0.001 2.794 25.59910 28.7796 22.4185
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cation, following which accuracy and precision can as-
sist with relieving the vision loss. Strategy: In request 
to computerize the screening of DME, we propose 
an original DMENet Algorithm which is based on 
the mainstreams of Convolutional Neural Networks 
(CNNs). The principal stage identifies the presence or 
absence of DME while the subsequent stage takes just 
the positive cases and grades the pictures depending 
on seriousness. The proposed methodology achieved 
an average Accuracy of 96.12%, Sensitivity of 96.32%, 
Specificity of 95.84% (Singh and Gorantla 2020; Ma-
gotra et al. 2015; Lim et al. 2011; Saurabh, Roy, and 
Goel 2020) 

A portion of the components that are influencing 
this review may be because of the shading contrast 
where abstract picture consistency is critical for hu-
man perception, pixel size, aspect ratio of the picture 
contrast changes relying on the medium and picture 
brightness. The aspect ratio and size of the picture is 
viewed as the main parameter. Although the above 
performed algorithm have several advantages over the 
other algorithms in detecting the Diabetic Maculopa-
thy and differentiating the other diabetic eye diseases, 
its limitations are caused due to a certain factors inef-
ficient real time algorithm which can be considered as 
more convenient for the Novel Diabetic Maculopathy 
Detection and modifications in algorithm to obtain 
real time application and further more better PSNR.

In the near future,we will examine the application 
of the Novel Diabetic Maculopathy Detection in the 
healthcare field and improving the Peak Signal to 
Noise Ratio (PSNR) for the taken diseased images. As 
a result, this project will have a glowing future in con-
tinuation to this aspect, where the manual work can 
be simplified and reduced and can be easily converted 
into the computerized output at a low cost. A better 
dataset of real time and application with various other 
machine learning of deep learning algorithms such as 
C-Means Clustering Algorithm and Watershed algo-
rithm may give better results. 

CONCLUSION
In this study of the Novel Diabetic Maculopa-

thy Detection, the C-Means Clustering Algorithm 
(35.3411) that operated using the MATLAB Program-
ming was found to give better results compared to Wa-
tershed Algorithm (9.7420). The signal to noise ratio 
gets improved by considering more and more datas, 
which is not seen in any other algorithm. This project 

has great potential and can be efficient in holding, im-
proving and detecting the dibetic eyes images, hence it 
can be implemented in hospitals and ophthalmology 
sectors.
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ABSTRACT
Aim: The aim of this research work is for the presence of Innova-
tive Proliferative Diabetic Retinopathy Detection, using modern 
algorithms, and comparing the Peak Signal to Noise Ratio (PSNR) 
between Watershed Algorithms and K-Means Clustering Algo-
rithm. Materials and methods: The sample images were taken 
from kaggle’s website. Samples were considered as (N=24) for 
Watershed Algorithm and (N=24) for K-means clustering algo-
rithm in accordance with total sample size calculated using clini-
calc.com by keeping alpha error-threshold value 0.05, enrollment 
ratio as 0.1, 95% confidence interval, G power as 80%. The PSNR 
was calculated by using the MATLAB Programming with a stan-
dard data set. Results: Comparison of PSNR is done by indepen-
dent sample test using SPSS software. There is a statistical sig-
nificant difference between Watershed Algorithm and K-means 
clustering algorithm with p<0.001, p<0.05 (PSNR=10.8205) us-
ing Watershed Algorithm showed better results in comparison 
to K-Means Clustering Algorithm (PSNR=9.7350). Conclusion: 
Watershed Algorithms were found to give higher PSNR than in 
K-Means Clustering Algorithms for the Innovative Proliferative 
Diabetic Retinopathy Detection.

KEYWORDS
Innovative Proliferative Diabetic Retinopathy Detection, Machine 
Learning, Watershed Algorithm, K-Means Clustering Algorithm, 
MATLAB Programming, Peak Signal to Noise Ratio (PSNR).
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INTRODUCTION
The development of Proliferative Diabetic Reti-

nopathy is primarily related to the progressive retinal 
ischemia from Diabetic Retinopathy (Saffarzadeh, 
Osareh, and Shadgar 2014). The complications lead to 
vision loss, traction retinal detachment and vitreous 
hemorrhage (Danis and Davis 2008). The main im-
portance of this study is that the early Innovative Pro-
liferative Diabetic Retinopathy Detection can mostly 
result in the preservation of the vision (Klein, Klein, 
and Moss 1992). This ongoing study can be imple-
mented in healthcare sectors, ophthalmology, diabetic 
retinopathy screening (Bellemo et al. 2019) (Mookiah 
et al. 2013).

About 240 articles from google scholar and 78 ar-
ticles from the science direct were collected related to 
this research, which was carried out in recent years. 
For the previous research paper the extraction of 
bright images from the fundus images were based on 
the marked controlled Watershed segmentation. The 
proposed method makes the use of average filtering 
and contrast adjustment as preprocessing steps. The 
result obtained was around 95% of sensitivity (Reza, 
Eswaran, and Dimyati 2010). Proliferative Diabetic 
Retinopathy is an early stage of diabetic retinopathy 
and is classified into three stages: mild, moderate, and 
severe PDR. They presented that the statistical tech-
niques were applied on PDR lesions and worked out 
the mean, variance, standard deviation, and correla-
tion for classification. K-means clustering has been 
applied on the dataset with extracted features of 95% 
of correct arrangement have been achieved (Ullah et 
al. 2019). They studied that this research was done 
in the field of Machine Learning encoded with the 
MATLAB Programming which can be considered 
as the easiest and simplest method to detect diabetic 
retinopathy (X. Chen et al. 2012). For the detection 
of the hard exudates on a fundus camera, automated 
detection of hard exudates was created. The purpose 
of this development was the early detection of symp-
toms based on retinal capture. The achieved results 
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are 96% of accuracy and 99% of sensitivity (Toresa et 
al. 2021). The given below article combined the pri-
or work with present for the Innovative Proliferative 
Diabetic Retinopathy Detection. In the first place, 
vessel-like examples are sectioned by utilizing Ridge 
Strength Measurement and Watershed lines. The sec-
ond step is estimating the vessel design obtained. The 
obtained accuracy might be adequate to reduce the 
responsibility of an ophthalmologist and to focus on 
the patient reviewing lines. This paper is considered 
to be the best one compared to others based on the 
accuracy obtained for the results ((Sweetline Arputh-
am, Tamilpavai, and Tamilselvi 2012).Our team has 
extensive knowledge and research experience that has 
translate into high quality publications (Chellapa et al. 
2020; Lavanya et al. 2021; Raj R et al. 2020; Shilpa-Jain 
et al. 2021; S et al. 2021; Ramadoss et al. 2022; Wu et 
al. 2020; Kalidoss et al. 2021; Kaja et al. 2020; Antink et 
al. 2020; Paul et al. 2020; Malaikolundhan et al. 2020) 

The new vessels outside the optic disc are similar to the 
new vessels at the disc itself, therefore different detectors 
will be used to detect the same. Using the following given 
algorithm the above problem could be solved. Therefore 
it is the major keypoint that motivated me to work on this 
project to detect the presence of Innovative Proliferative 
Diabetic Retinopathy Detection at an early stage. The 
authors were expertised in the field of Machine Learn-
ing algorithm, MATLAB Programming and able to con-
duct studies in comparison in Watershed Algorithm and 
K-Means Clustering Algorithm in the biomedical aspect. 
The main aim is the early Innovative Proliferative Diabetic 
Retinopathy Detection with higher PSNR.

MATERIALS AND METHOD
This study is conducted in a simulation lab of 

Saveetha School of Engineering.Ethical approval is not 
needed for this study.There are two groups involved in 
this study: Watershed Algorithm and K-Means Clus-
tering Algorithm. Sample size for each group is 24. 
Sample size calculation was done using clinalcalc.com 
by applying the parameter values from previous iter-
ations (Ramasubramanian and Prabhakar 2013). The 
pretest power value is 80%. The threshold value is set 
to 0.05 and confidence interval as 95%. There are no 
dependent variables.

Sample preparation using given algorithms
Sample preparation for the two processes were 

done for preparing group 2 with 24 samples. First the 

input images from the dataset rescaled into 630 x 270 
pixels. Next feature extraction and classification is car-
ried out by using Watershed Algorithm and K-Means 
Clustering Algorithm (W. Chen et al. 2021). The es-
timated sample values are exported in MS Excel for 
further statistical analysis. Algorithm is trained with 
features of all the images instead of individual imag-
es and while testing rather than the predicted label of 
the testing image a whole label of obtained features is 
predicted. If the image of the majority of features is 
matching with that of the expected image it is a suc-
cessful recognition. 

Testing setup and testing procedure
All the experimental setup was done in windows 

platform CRT monitor with resolution of 1024*768 
pixels with configuration 9th gen, intel i5, 4GB RAM, 
and MATLAB software 2018 version with add ons 
required for complete training and testing purposes. 
Low resolution images sample given as an input for 
testing procedure. In the pre-processing stage, scaling 
was done to resize the images to 600 x 450 pixels. And 
detects the Proliferative Diabetic Retinopathy image 
for the feature extraction and output contains more 
feature information and has 433 dimensions, allowing 
for better retrieval performance. Innovative Prolifer-
ative Diabetic Retinopathy Detection of image was 
recognised.PSNR is obtained by testing the dataset on 
a Watershed Algorithm and K-Means Clustering Al-
gorithm. 

Statistical analysis
To validate the results of both the algorithms sta-

tistical analysis was done using IBM SPSS software. 
As the two algorithms are independent of each other, 
an independent sample t-test was performed for the 
independent variable PSNR. There are no dependent 
variables.

RESULTS 
In this research of Proliferative Diabetic Retinop-

athy Detection, the Watershed Algorithm was found 
to be better than the K-Means Clustering Algorithm 
giving a higher Peak of Signal to Noise Ratio (PSNR). 
The value of PSNR given by Watershed Algorithm is 
(10.8205) and that given by the Kmeans clustering Al-
gorithm is (9.7350). In Fig. 1 it is observed that the 
mean PSNR is higher for the Watershed Algorithm 
than the mean K-Means Clustering Algorithm.
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Watershed Algorithm had the highest PSNR 
10.8205 in comparison to K-Means Clustering Al-
gorithm, 9.7350. Table 1 represents the PSNR of the 
samples collected using the Watershed Algorithm and 
K-Means Clustering Algorithm. The descriptive sta-
tistics in Table 2 demonstrated that Watershed Algo-
rithms had less error rate than the K-Means Clustering 
Algorithm. The figures given below Fig. 2a represents 
the Watershed image for the given sample image of 
Proliferative Diabetic Retinopathy. Fig. 2b represents 
the K-means clustering Algorithm image for the given 
sample image of Proliferative Diabetic Retinopathy.

Table 1
PSNR of samples using Watershed Algorithm and K-Means Al-
gorithm

samples Watershed Algorithm K-Means Algorithm
1 10.1163 10.4664
2 9.1207 8.5940
3 7.8664 11.1456

11.8334 9.6396
5 7.49847 11.3312
6 10.6757 10.3944
7 10.3925 8.7500
8 12.6747 10.3807
9 8.5438 8.6019
10 8.5658 8.5247
11 12.5482 8.81944

samples Watershed Algorithm K-Means Algorithm
12 11.6757 10.6378
13 6.6458 11.1884
14 13.8434 10.9176
15 12.9699 9.4041
16 11.7112 9.4458
17 12.5583 8.5843
18 14.5730 10.6225
19 13.2296 8.2621
20 9.5080 9.0854

Table 2
Comparison of mean of Peak Signal to Noise Ratio (PSNR) us-
ing Watershed Algorithm and K-Means Clustering Algorithm. 
Group statistics comparison of PSNR for Proliferative Diabetic 
Retinopathy using Watershed Algorithm and K-Means Cluster-
ing Algorithm is done. Watershed Algorithm has higher mean 
compared to K-Means Clustering Algorithm. Watershed Algo-
rithm = 10.820 and K-Means Clustering Algorithm = 9.7350.
Param-

eter
Algorithm N Mean Std. De-

viation
Std. 
Error 
Mean

PSNR

Watershed 
Algorithm

24 10.8205 2.28114 0.51008

K-Means 
Algorithm

24 9.7350 1.05111 0.23504

There appears to be a statistically significant dif-
ference (P<0.001, p<0.05) in both the methods using 
independent sample t-tests as shown in Table 2. This 
strategy suggested that the Innovative Proliferative Di-

 
Fig. 1. Barchart comparison representing the mean PSNR of the Proliferative Diabetic Retinopathy using Watershed Algorithm and 
K-Means Algorithm. The Watershed Algorithm appears to produce the most consistent result of PSNR with minimal standard devi-
ation when compared to K-means Algorithm. X axis: Watershed Algorithm vs K-Means Algorithm. Y axis: Mean PSNR of detection. 
Mean PSNR of detection ± 1 SD.
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abetic Retinopathy Detection can be done early. These 
results show that Watershed algorithms can be used 
for Innovative Proliferative Diabetic Retinopathy De-
tection at an early stage in comparison with K-Means 
Clustering Algorithms.

DISCUSSION
In this research work of Innovative Proliferative Di-

abetic Retinopathy Detection using Watershed Algo-
rithm had the highest PSNR (10.8205) in comparison 

to thresholding algorithm (9.7350).There is a statisti-
cal significant difference between Watershed Algo-
rithm and K-means clustering algorithm with p<0.001, 
p<0.05 (PSNR=10.8205) using Watershed Algorithm 
showed better results in comparison to K-Means Clus-
tering Algorithm (PSNR=9.7350). (Table 3). 

In Proliferative Diabetic Retinopathy, at times, an 
anti-inflammatory medicine or anti-vascular endothe-
lial development factor drug infusion can help in the 
fresh blood vessels contraction process. Since indica-

   
                      Sample image                                               Watershed  image 
 

Fig. 2a. Image obtained using Watershed Algorithm. This figure represents a Watershed image result of the sample image taken 
from the kaggle’s website for Proliferative Diabetic Retinopathy.

   

                        Sample image                                        K means clustered image 

 Fig. 2b. Image obtained using K-Means clustering Algorithm. This figure represents K-Means Clustering Algorithm image of the 
sample image taken from the kaggle’s website for Proliferative Diabetic Retinopathy.

Table 3
Independent sample t-test in predicting the PSNR of Proliferative Diabetic Retinopathy using Watershed Algorithm and K-Means 
Clustering Algorithm. There appears to be a statistical significant difference (p<0..05) in both the methods.

 Leven’s test for equality 
of variance

t-test for equality of variance 95% of confidence 
interval of difference

f sig t df Sig 
(2-tailed) 

Mean 
difference

Std.error 
diff

lower upper

PSNR 13.994 <0.001 1.933 38 0.061 1.08550 0.56162 0.05145 2.22245
1.933 26.720 0..064 1.08550 0.56162 0.05145 2.23842
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tions can’t develop until the sickness transforms into 
the harsh, starting revelation by means of ordinary 
screening is fundamental. This method gives accurate 
results for the blood vessels segmentation in fundus im-
ages. The specificity achieved is 79.31% and sensitivity 
achieved is 96.43% (Adal et al. 2015). The automated 
detection for neovascularization for Proliferative Di-
abetic Retinopathy achieved 86.4% of sensitivity and 
76% of specificity for screening images Proliferative 
Diabetic Retinopathy from public and local datasets 
(Roychowdhury, Koozekanani, and Parhi 2016). In this 
review, an assortment of best in class techniques are 
utilized to separate the anatomic sections and injuries 
from the shading fundus pictures. Moreover, an auto-
mated system is proposed for the identification of ana-
tomic sections and lesions by grading approach to help 
clinical diagnosis of the DR analysis. The experiment 
results of datasets have proved that accuracy, sensitivity, 
and specificity are comparable to each other ((Ertuğrul, 
Bitirim, and Anber 2020). The automated Proliferative 
Diabetic Retinopathy detector achieved 85% of sensi-
tivity and 90% of specificity (Jelinek et al. 2006).

A piece of the parts that are impacting this survey 
might be a result of the color contrast where theoretical 
picture consistency is critical for human perception, 
pixel size, aspect ratio of the image contrast changes 
depending on the medium and image brightness. The 
aspect ratio and size of the image is seen.

Although the above performed algorithm enjoy a 
few advantages over different different in identifying 
the Diabetic Maculopathy and separating the other 
diabetic eye diseases, its constraints are caused be-
cause of a certain factor inefficient real time algorithm 
which can be considered as more helpful to recognize 
the Proliferative Diabetic Retinopathy and modifica-
tion in algorithm to acquire real time application and 
further more better PSNR.

In the near future, we will inspect the utilization 
of detecting Proliferative Diabetic Retinopathy in the 
medical services field and further improve the Peak 
signal to noise ratio (PSNR) for the taken samples. As 
a result, this undertaking will have a sparkling future 
in continuation to this aspect, where the manual work 
can be streamlined and diminished and can be effort-
lessly changed over into the mechanized yield for a 
minimal price. A better datasets of real and applica-
tion with various Machine Learning algorithms such 
as Watershed Algorithm and K-Means Clustering Al-
gorithm may give better results.

CONCLUSION 
In this study of Innovative Proliferative Diabetic 

Retinopathy Detection, the Watershed Algorithm 
(10.8205) that operated Machine Learning using 
the MATLAB Programming was found to give bet-
ter results compared to the K-Means Clustering Al-
gorithm (9.7350). The signal to noise ratio gets im-
proved by considering more and more datas, which 
is not seen in any other algorithm. This project has 
great potential and can be efficient in holding, im-
proving, and detecting the diabetic eyes images, 
hence it can be implemented in hospitals and oph-
thalmology centres.
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ABSTRACT
Aim: The aim of this research work is for the Innovative Diabetic 
Glaucoma Detection using modern algorithms and comparing 
the peak signal to noise ratio (PSNR) between K-means Algo-
rithm and Thresholding Algorithm. Materials and Methods: 
The sample images were taken from Kaggle’s website. Sam-
ples were considered as (N=24) for K-Means Algorithm and 
(N=24) for Thresholding Algorithm in accordance with total 
sample size calculated using clinicalc.com by keeping alpha er-
ror threshold value 0.05, enrollment rati as 0.1, 95% confidence 
interval, G power as 80%. The PSNR was calculated by using 
the MATLAB Programming with standard datasets. Results: 
Comparison of PSNR is done by independent sample t-test 
using SPSS software. There is a statistical significant difference 
between the K-Means Algorithm and Thresholding Algorithm 
with p= 0.001, p<0.005 (PSNR = 12.6320) showed better results 
as compared to the K-Means Algorithm (PSNR = 9.8375). Con-
clusion: Thresholding Algorithm was found to give a higher 
PSNR than in K-Means Algorithm in the Innovative Diabetic 
Glaucoma Detection.

Keywords
Innovative Diabetic Glaucoma Detection, Machine Learning, 
K-Means Algorithm, Thresholding Algorithm, MATLAB Pro-
gramming, Peak Signal to Noise Ratio (PSNR).

Imprint
Farheen Naz, Jenila Rani D. Detection and comparison of 
Diabetic Glaucoma using K means Algorithm and Thresh-
olding Algorithm. Cardiometry; Special issue No. 25; 
December 2022; p. 858-864; DOI: 10.18137/cardiome-
try.2022.25.858864; Available from: http://www.cardiom-
etry.net/issues/no25-december-2022/diabetic-glauco-
ma-k-means-algorithm 

INTRODUCTION
Glaucoma is an eye disease that can lead to blind-

ness. Sight deterioration caused due to glaucoma is ir-
reversible (Issac, Parthasarthi, and Dutta 2015). It af-
fects peripheral vision (Yun and Koh 2013). The main 
importance of this study is that the early detection and 
treatment of glaucoma will stop the further degrada-
tion of the eye and will prevent vision loss (Vijayasekar 
et al. 2015). This study can be implemented in health-
care sectors, ophthalmology, diabetic retinopathy 
screening (Bellemo et al. 2019) (Mookiah et al. 2013).

About 450 articles from Google Scholar and 
about 98 articles from Science Direct related to this 
research were followed, which was carried out in the 
recent year. This article focuses on automated iden-
tification of glaucoma from fundus pictures utilizing 
cup to disc ratio (CDR). Region of interest (ROI) ex-
traction through intensity weighted centroid strategy 
which is trailed by preprocessing and recursively ap-
plied k-means clustering segmentation for the identi-
fication of Optic cup (OC) and optic plate (OD). This 
proposed method gave the accuracy of about 92% 
for glaucoma (Ayub et al. 2016). The early detection 
of glaucoma is done by estimating the Retinal Nerve 
Fibre layer thickness from the Optical Coherence To-
mography images of the patient. The accuracy of the 
Optical Disc detection was found to be 97.75% (Pachi-
yappan et al. 2012). The proposed calculation utilizes 
the components acquired from the image, like mean 
and standard deviation, to eliminate data from the red 
and green channel of a fundus image and get an im-
age which contains just the optic nerve head regions 
in both the channels. (Wisaeng and Sa-ngiamvibool 
2018). The accuracy of this above proposed algorithm 
was found to be good and computationally very fast.
Machine learning algorithms for automatic glaucoma 
assessment using the fundus images were studied. Two 
methods for segmentation were proposed. First meth-
od is stochastic Watershed transformation and the 
second one is glaucoma detection using the Convolu-
tional Neural Network. These methods improved the 
performance of other state of art works (Pinto, n.d.). 
The method used for detecting glaucoma was using 
fundus images. Enhanced K strange points clustering 
was applied to obtain the cup, disc from the neural 
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retina and further the elliptical fitting method was ap-
plied to compute the cup to disc ratio. More inputs to a 
given classifier will obtain more accurate results, with 
different stages of glaucoma classification (Kamat et 
al. 2017). This research paper was considered as best 
compared to the other papers. Our team has extensive 
knowledge and research experience that has translate 
into high quality publications (Chellapa et al. 2020; 
Lavanya, Kannan, and Arivalagan 2021; Raj R, D, and 
S 2020; Shilpa-Jain et al. 2021; S, R, and P 2021; Rama-
doss, Padmanaban, and Subramanian 2022; Wu et al. 
2020; Kalidoss, Umapathy, and Rani Thirunavukkara-
su 2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020) 

The major key point that motivated me to work 
on this project was to detect and find PSNR of optic 
disc and the segmentation of vascular structure of reti-
nal images. The authors were expertised in the field of 
Machine learning algorithm, MATLAB Programming 
and able to conduct studies in comparison in K-Means 
Clustering Algorithm and Thresholding Algorithm in 
the biomedical aspect. The main aim is the early Inno-
vative Diabetic Glaucoma Detection with higher PSNR.

MATERIALS AND METHOD
This study is conducted in a Simulation lab, 

Saveetha School of Engineering. There is no Ethical 
concern for this study. There are two groups involved, 
K-Means Clustering Algorithm and Thresholding Al-
gorithm. Sample size for each group is 24. Sample size 
calculation was done using clinalcalc.com by applying 
the parameter values from previous iterations (Rama-
subramanian and Prabhakar 2013). The pretest power 
value is 80% and the threshold value is set to be 0.05 
and confidence interval as 95%. There are no depen-
dent variables.

Sample preparation using given algorithms
Sample preparation for the two processes were done 

for preparing group 2 with 24 samples. First the input 
images from the dataset rescaled into 630 x 270 pixels. 
Next feature extraction and classification is carried out 
by using K-Means Algorithm and Thresholding Algo-
rithm (Chen et al. 2021). The estimated sample values 
are exported in MS Excel for further statistical analy-
sis. Algorithm is trained with features of all the images 
instead of individual images and while testing rather 
than the predicted label of the testing image a whole 
label of obtained features is predicted. If the image of 

the majority of features is matching with that of the 
expected image it is a successful recognition. 

Testing setup and testing procedure
All the experimental setup was done in windows 

platform CRT monitor with resolution of 1024*768 
pixels with configuration 9th gen, intel i5, 4GB RAM, 
and MATLAB software 2018 version with add ons re-
quired for complete training and testing purposes. Low 
resolution images sample given as an input for testing 
procedure. In the pre-processing stage, scaling was 
done to resize the images to 600 x 450 pixels. Detects 
the Diabetic Glaucoma image for the feature extraction 
and output contains more feature information and has 
433 dimensions, allowing for better retrieval perfor-
mance. Finally the recognition of the Innovative Dia-
betic Glaucoma Detection image is done. The image 
enhancement PSNR is obtained by testing the dataset 
on a K-means clustering algorithm and Thresholding 
Algorithm. The sample value stored in MS-Excel is 
used for statistical analysis in the SPSS IBM tool.

Statistical analysis
To validate the results of both the algorithms sta-

tistical analysis was done using IBM SPSS software. 
As the two algorithms are independent of each other, 
an independent sample t-test was performed for the 
independent variable PSNR. There are no dependent 
variables.

RESULTS 
In this research of Innovative Diabetic Glaucoma 

Detection, the Thresholding Algorithm was found to 
be better than the K-means clustering algorithm giv-
ing a higher Peak Signal to Noise Ratio (PSNR). The 
value of PSNR given by the Thresholding Algorithm 
is (12.6320) and that given by the K-means clustering 
algorithm is (9.8375). In Fig. 1 it is observed that the 
mean PSNR is higher for the Thresholding Algorithm 
than the mean of the K-Means Clustering Algorithm.

The Thresholding Algorithm had the highest 
PSNR 12.6320 in comparison to the K-means clus-
tering algorithm, 9.8375. Table 1 represents the PSNR 
of the samples collected using the K-means clustering 
and Thresholding Algorithm. The descriptive statis-
tics in Table 2 demonstrated that K-Means Clustering 
Algorithms had less error rate than the Thresholding 
Algorithm. The figures given below Fig. 2a. represents 
the K-Means Clustering image for the given sample 
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image of Diabetic Glaucoma. Fig. 2b. represents the 
Thresholded image for the given sample image of Di-
abetic Glaucoma.
Table 1
PSNR of the samples using K-Means Clustering Algorithm and 
Thresholding Algorithm.

samples K -Means Clustering 
Algorithm

Thresholding Algo-
rithm

1 8.9603 3.8730
2 8.5410 3.7501
3 10.2913 9.9814
4 8.9703 11.6074
5 8.6210 18.1094
6 10.5812 18.2193
7 10.0380 20.3521
8 9.6677 10.0159
9 11.0300 17.7759
10 9.1776 17.4479
11 10.3899 11.6440
12 10.9743 11.7226
13 10.5972 13.7638
14 10.2178 17.4264
15 10.3324 13.7667
16 11.2056 12.5459
17 9.8750 9.5935
18 11.2488 10.2935
19 8.6077 13.0756
20 8.9998 13.7553

There appears to be a statistically significant dif-
ference (P=0.001, p<0.05) in both the methods using 
independent sample t-tests as shown in Table 2. This 
strategy suggested that the Innovative Diabetic Glau-
coma Detection can be done early. These results show 
that Thresholding Algorithm can be used for the Inno-
vative Diabetic Glaucoma Detection at an early stage 
in comparison with K-means clustering algorithms.

Table 2
Comparison of mean of Peak Signal to Noise Ratio (PSNR) using 
K-Means Clustering Algorithms and Thresholding Algorithms.
Group statistics comparison of PSNR for Diabtic Glaucoma us-
ing K-Means Clustering Algorithm and Thresholding Algorithm 
is done. Thresholding Algorithm has higher mean compared 
to K-Means Clustering Algorithm. Thresholding Algorithm 
=12.6320 and K-Means Clustering Algorithm = 9.8375.
Param-

eter
Algorithm N Mean Std. De-

viation
Std. 
Error 
Mean

PSNR

K-Means 
algorithm

24 9.8375 0.91512 0.20463

Thresholding 
Algorithm 

24 12.6320 4.36944 0.97704

DISCUSSION
In this research work of Innovative Diabetic Glau-

coma Detection using Thresholding Algorithm had the 
highest Peak Signal to Noise Ratio (PSNR) (12.6320) in 

 
Fig. 1. Simple mean of PSNR by using K-Means Algorithm and Thresholding Algorithm Barchart comparison representing the 
mean PSNR of Diabetic Glaucoma Detection using Thresholding Algorithm and K-Means Algorithm. The Thresholding Algorithm 
appears to produce the most consistent result in PSNR with minimal standard deviation when compared to K-Means algorithm.X 
Axis: K-Means Algorithm vs Thresholding Algorithm, Y Axis: Mean PSNR of detection. Mean PSNR of detection ± 1 SD. 
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comparison to K-Means Clustering Algorithm (9.8375). 
There appears to be a slight increase in the significant 
difference but not statistically significant (Table 3). 

The proposed method recommends automatic de-
tection of the boundary of the optics cup and optics 
disc with processing of fundus images. This paper ex-
plores the new methodology of fast fuzzy C-mean tech-
nique for segmenting the optic disc and optic cup in 
fundus images. Results assessed by fast fuzzy C mean a 
strategy is quicker than fuzzy C-mean technique. The 
proposed method achieves accuracy of about 91.91% 

(Singh, Pooja, and Garg 2020). In the proposed meth-
od, the optic disc and optic cup is segmented utilizing 
fuzzy c-means clustering and thresholding. The Cup to 
Disk Ratio (CDR) of the color retinal fundus camera 
picture is the essential identifier to confirm glaucoma 
for a patient. It classifies the given input picture as nor-
mal or diseased and if it is recognised as diseased then 
classifies the different stages of glaucoma affected pa-
tients whether Moderate, Severe or normal dependent 
on the CDR ratio (Barman and Sarma 2019). In this 
proposed study, an automatic system is developed for 

    
                          Sample image                                          K-Means Clustered image 
 

Fig. 2a. Image obtained using k-Means Clustering Algorithm. This figure represents a K-means clustering image result of the sam-
ple image taken from the kaggle’s website for Diabetic Glaucoma.

    

                      Sample image                                           Thresholding  image 

 

 

Fig. 2b. Image obtained using Thresholding Algorithm. This figure represents the Thresholding Algorithm image of the sample 
image taken from the kaggle’s website for Diabetic Glaucoma.

Table 3
Independent sample t-test in predicting the PSNR of Diabetic Glaucoma using Thresholding Algorithm and K-Means Clustering 
Algorithm. There appears to be a statistically significant difference (p<0.05) in both the methods.

 Leven’s test for equality 
of variance

t-test for equality of variance 95% of confidence 
interval of difference

f sig t df Sig 
(2-tailed) 

Mean 
difference

Std.error 
diff

lower upper

PSNR 14.872 <0.001 2.799 38 0.008 2.79450 0.99823 4.81532 0.77368
2.799 20.664 0..011 2.79450 0.99823 4.87250 0.71650
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detection of glaucoma by considering the factors like 
cup to disc ratio, cup to disc area ratio, etc. The system 
yields an accuracy of 99.2%. The results indicate that 
the detection of glaucoma is beneficial for the clinicians 
(Lotankar, Noronha, and Koti 2015). 

Some of the factors that are affecting this study 
might be due to the color contrast where subjective 
image consistency is critical for human perception, 
pixel size, aspect ratio of the image contrast changes 
depending upon the medium and image brightness. 
The aspect ratio and size of the image is considered to 
be one of the most important parameters.

Although the above performed algorithm have 
several advantages over the other algorithms in the In-
novative Diabetic Glaucoma Detection and differenti-
ating the other diabetic eye diseases, its limitations are 
caused due to a certain factors inefficient real time al-
gorithm which can be considered as more convenient 
for the Diabetic Glaucoma Detections and modifica-
tions in algorithm to obtain real time application and 
further more better PSNR.

In the near future, we will examine the application of the 
Innovative Diabetic Glaucoma Detection in the healthcare 
field and improving the Peak signal to noise ratio (PSNR) 
for the taken diseased images. As a result, this project will 
have a glowing future in continuation to this aspect, where 
the manual work can be simplified and reduced and can 
be easily converted into the computerized output at a low 
cost. A better dataset of real time and application with var-
ious other Machine learning of deep learning algorithms 
such as K-Means Clustering Algorithm and Thresholding 
Algorithm may give better results.

CONCLUSION
In this study of the Innovative Diabetic Glaucoma 

Detection, the Thresholding Algorithm (12.6320) that 
operated using the MATLAB Programming was found 
to give better results compared to K-means clustering 
algorithm (9.8375). The signal to noise ratio gets im-
proved by considering more and more datas,which is 
not seen in any other algorithm.this project has great 
potential and can be efficient in holding, improving 
and detecting the dibetic eyes images, hence it can be 
implemented in hospitals and ophthalmology sectors.
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ABSTRACT
Aim: This research aims to determine the presence of breast 
cancer using Machine learning techniques and improving the 
accuracy of breast cancer prediction. Materials and Meth-
ods: This study is done on the data obtained from the UCI Ma-
chine Learning Repository and is used to acquire the data sets 
for the research of Innovative breast cancer prediction using 
machine learning algorithms. Naive Bayes (N=20) and Support 
vector machine (N=20) with sample size in accordance to to-
tal sample size calculated using clincalc.com by keeping alpha 
error-threshold at 0.05, confidence interval at 95%, enrollment 
ratio as 0:1, and power at 80%. Results: The Naive Bayes al-
gorithm results in an accuracy of 92.25% with P=0.001,p<0.05 
a sensitivity of 95.53% with P=0.001,p<0.05 and a precision of 
90.87% with P=0.001,p<0.05. Support vector machine algo-
rithm results in mean accuracy of 97.50%, sensitivity of 95.83%, 
and precision of 100%. Conclusion: Support vector machine 
(SVM) algorithm performed significantly better than Naive 
Bayes (NB) algorithm with improved accuracy of 97.50% for In-
novative breast cancer prediction.

Keywords
Innovative Breast Cancer Prediction, Machine Learning, Naive 
Bayes, Support vector machine, Accuracy, Sensitivity.
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INTRODUCTION
The dangerous cancer among women is breast can-

cer and is the leading cause of death in women, com-
ing second only to lung cancer. The cells in the breast 
rapidly divide without any normal limits on cell death 
and division and the condition is characterized by ma-
lignant tumors ((M.Elsayad, Elsayad, and Elsalamony 
2013). The main goal of this work is Innovative breast 
cancer prediction using NB and SVM algorithms and 
comparing them in terms of accuracy, sensitivity, and 
precision. Biologists are increasingly employing ma-
chine learning approaches to extract accurate tumor 
data from databases. In cancer detection, supervised 
machine learning approaches are the most prominent 
of the existing methodologies (Hazra, Kumar, and 
Gupta 2016) (Zhang et al. 2020). If breast cancer is de-
tected at early stages, better treatment can be provid-
ed and can save thousands of lives. Machine learning 
techniques are applied in various diagnostic scenarios, 
including detecting and classifying cancer (Kharya 
and Soni 2016). (Lg, Ahmad, and Eshlaghy 2013).

About 267 ScienceDirect and 4 IEEE Xplore arti-
cles were found to be related to this work, which was 
completed in recent years and reported the developed 
algorithms and models using machine learning tech-
niques, such as logistic regression, DT, and KNN, 
SVM to predict and evaluate their performance in 
breast cancer tumor prediction (Asri et al. 2016). In 
this paper, the major goal is to evaluate the perfor-
mance of techniques and to find the best predictor for 
breast cancer. Performance comparison is done over 
different classifiers DT, Naive Bayes, SVM, k-NN on 
the Wisconsin Breast Cancer data set. All these clas-
sifiers are executed in simulated environments using 
WEKA data mining tools. The results show that the 
SVM gives the highest prediction accuracy of 97.13% 
with a low error rate. A research work proposed a 
data mining technique by comparing algorithms for 
predicting breast cancer (Chaurasia and Pal, n.d.). In 
this work 10 fold cross-validation methods are used 
for performance comparison. The results showed that 
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the NB classifier is the best predictor with an accuracy 
of 97.36%. One among the related work by (Wang et 
al. 2018) developed the WAUCE model for diagnosing 
breast cancer in which SVM-based ensemble learning 
algorithms are used to increase prediction accuracy. 
The results show that the proposed WAUCE model 
increases the prediction accuracy by 0.94% over small 
data sets. A research work proposed by (Omondiagbe, 
Veeramani, and Sidhu 2019) is to evaluate the perfor-
mance of different machine learning techniques with 
feature selection and technique results showing an ac-
curacy of 98.82%.Our team has extensive knowledge 
and research experience that has translate into high 
quality publications (Chellapa et al. 2020; M. Lavanya, 
Kannan, and Arivalagan 2021; Raj R, D, and S 2020; 
Shilpa-Jain et al. 2021; S, R, and P 2021; Ramadoss, 
Padmanaban, and Subramanian 2022; Wu et al. 2020; 
Kalidoss, Umapathy, and Rani Thirunavukkarasu 
2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020) 

Inefficient early detection of Breast cancer and 
human errors in predicting breast cancer by conven-
tional means is the major problem that has motivated 
me to do this research by improving the prediction ac-
curacy. Major problem with existing research is poor 
accuracy in breast cancer prediction techniques. The 
authors were experts in the field of machine learning 
algorithms and were able to conduct biomedical stud-
ies comparing NB and SVM. The primary focus of this 
Innovative breast cancer prediction technique is to 
find breast cancer with maximum degree of accuracy.

MATERIALS AND METHODS
The study was carried out at the University simu-

lation lab, Saveetha School of Engineering, Saveetha 
Institute of Medical and Technical Sciences, Chennai. 
In this paper, the dataset is taken from UCI Machine 
Learning Repository and has undergone data reduction 
techniques to obtain the absolute data required. This 
data set is used to categorize normal and cancerous cells 
in a dataset by describing them with columnar features. 
Visualizations and analysis are used to provide assis-
tance. The data is divided into two groups. The sample 
size calculation was done by clincalc.com and previous 
study results (Li 2018) by keeping enrollment ratio as 
0:1, alpha error-threshold at 0.05, 95% confidence in-
terval, and power of 80%. Sample preparation is carried 
out for the NB and SVM algorithm for the data collect-
ed from the Wisconsin breast cancer data set.

Group 1 is Naive Bayes with N value 20 and group 
2 is SVM with N value 20, the total sample size is 40. 
A sample data set of both NB and SVM are exported 
to Microsoft Excel document for importing it to the 
MATLAB as an input. MATLAB 2021 software has to 
be installed on the PC for training the source data set. 
NB and SVM algorithms are used to train the sample 
groups by varying k-fold cross-validation from 5 to 
24 in MATLAB software. Repeated k-fold cross-vali-
dation is an approach for enhancing the performance 
of a machine learning model (Nematzadeh, Ibrahim, 
and Selamat 2015). A confusion matrix is obtained for 
each validation which involves TP, TN, FP, and FN val-
ues. Accuracy (%), sensitivity (%), and Precision (%) 
values are calculated from the confusion matrix.

Statistical analysis
The software used here for statistical analysis is IBM 

SPSS V26.0. Accuracy, sensitivity, and precision com-
parison of NB with SVM algorithms were done in the 
software. As the variables are independent of each oth-
er an.The independent sample T-Test was performed 
to find the mean accuracy, mean sensitivity, and mean 
precision between the two groups, and performance 
comparison linking the two groups is performed (Ma-
glogiannis, Zafiropoulos, and Anagnostopoulos 2009). 
There are no dependent variables in this study.

RESULTS
In this research work of Innovative breast cancer 

prediction by NB and SVM, results show that the novel 
support vector machine has performed better with an 
accuracy (97.50%), sensitivity (95.83%), and precision 
(100%) when compared to Naive Bayes (NB) accuracy 
(92.25%), sensitivity (95.43%), and precision (90.87%). 
Table 1a and Table 1b show the values of accuracy, sen-
sitivity, the precision of NB and SVM algorithm respec-
tively. SVM shows higher values of accuracy, sensitivity, 
and precision as shown in Table 2. Variable results with 
an accuracy rate of 97.50%, a sensitivity of 95.83%, and 
a precision rate of 100% for SVM whereas results of 
NB accuracy of 92.25%, the sensitivity of 95.43%, and 
precision value of 90.87%. The descriptive statistics of 
Table 2 show that SVM algorithms had less error when 
compared to the NB algorithm. Table 3 shows Inde-
pendent sample T-test technique results that there is 
a statistically significant dissimilarity in accuracy with 
P=0.001, p<0.05 sensitivity with P=0.001, p<0.05, and 
precision with P=0.001, p<0.05.
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Table 1a
Breast cancer prediction using NB algorithm.

Sample Accuracy (%) Sensitivity (%) Precision (%) 
1 0.925 0.952381 0.913043
2 0.9 0.952381 0.869565
3 0.95 0.956522 0.956522
4 0.925 0.954545 0.913043
5 0.925 0.954545 0.913043
6 0.925 0.954545 0.913043
7 0.95 0.956522 0.956522
8 0.925 0.954545 0.913043
9 0.9 0.954545 0.869565
10 0.9 0.954545 0.869565
11 0.925 0.952381 0.913043
12 0.925 0.952381 0.913043
13 0.925 0.954545 0.913043
14 0.925 0.954545 0.956522
15 0.95 0.954545 0.913043
16 0.925 0.954545 0.869565
17 0.9 0.952381 0.869565
18 0.9 0.952381 0.869565
19 0.925 0.954545 0.913043
20 0.925 0.954545 0.913043

Table 1b
Breast cancer prediction using SVM.

Sample Accuracy (%) Sensitivity (%) Precision (%) 
1 0.975 0.958333 1
2 0.975 0.958333 1
3 0.975 0.958333 1
4 0.975 0.958333 1
5 0.975 0.958333 1
6 0.975 0.958333 1
7 0.975 0.958333 1
8 0.975 0.958333 1
9 0.975 0.958333 1
10 0.975 0.958333 1
11 0.975 0.958333 1
12 0.975 0.958333 1
13 0.975 0.958333 1
14 0.975 0.958333 1
15 0.975 0.958333 1
16 0.975 0.958333 1
17 0.975 0.958333 1
18 0.975 0.958333 1
19 0.975 0.958333 1
20 0.975 0.958333 1

Table 2
Comparison of mean accuracy, mean sensitivity and mean pre-
cision of NB and SVM.

Pa-
rame-
ters

Group  N  Mean Std. De-
viation

Std. 
Error 
Mean

Accu-
racy

Naive Bayes 20 92.25 0.1602 0.00358
Support 
Vector Ma-
chine

20 97.50 0.0000 0.00000

Sensi-
tivity

Naive Bayes 20 95.43 0.00134 0.00030
Support 
Vector Ma-
chine

20 95.83 0.00000 0.00000

Preci-
sion

Naive Bayes 20 90.87 0.2786 0.00623
Support 
Vector Ma-
chine

20 100.00 0.0000 0.00000

Figure 1 shows a Bar chart comparing mean accu-
racy, mean sensitivity, and mean precision values of 
NB and SVM. Figures 2a and 2b represent the Confu-
sion matrix of NB and SVM from which the TP, TN, 
FP, and FN values are used to calculate the accuracy, 
sensitivity, and precision values.

DISCUSSION
In this research paper for predicting breast cancer 

tumors, from Table 2 we have observed support vector 
machine has performed better with improved accura-
cy of 97.50%, the sensitivity of 95.83%, and precision 
of 100% when compared to NB accuracy of 92.25%, 
sensitivity of 95.43%, and precision of 90.87%. There 
appears to be a statistically significant dissimilarity in 
accuracy, sensitivity, and precision in both algorithm 
NB and SVM.

Numerous studies have shown that no single ma-
chine learning is best for all sorts of data. As a result, a 
comparison of several machine learning algorithms is 
required to determine which one performs better for 
the given database. (Cruz and Bernardino 2019) who 
proposed a model based on ensemble techniques by 
using machine learning algorithms. Results were ob-
tained with an accuracy of 95% and a precision of 87%. 
Another study was done by (Ragab et al. 2019) devel-
oped a computer-aided detection system based on 
classifiers k-Nearest neighbor and Decision tree. The 
system was able to classify the normal and abnormal 
cells for the given mammogram samples. A paper by 
(Akay 2009) used feature selection with a SVM model 
to diagnose breast cancer with an accuracy of 99.51%. 
(Vig 2014; Baneriee, Paul, and Ghoshal 2017). Figures 
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Table 3
Independent sample T-test in predicting the accuracy, sensitivity, and precision of breast cancer prediction using NB and SVM. 
There appears to be a statistically significant difference (p<0.001 with p<0.05) in both methods.

Param-
eter

Equal Variances Levene’s Test for 
Equality of Variances

 T-test for Equality of Means 

F Sig t df Significance 
(one-Sided 

p) 

Mean 
Differ-
ence 

Std.Error 
Differ-
ence

95% Confi-
dence inter-
val (Upper) 

Accuracy Assumed 20.52 <.001 -14.65 38 <.001 -0.0525 0.00358 -0.0452
Not assumed -14.65 19.00 <.001 -0.0525 0.00358 -0.0450

Sensitivity Assumed 22.56 <.001 -13.49 38 <.001 -0.0040 0.00030 -0.0034
Not assumed -13.49 19.00 <.001 -0.0040 0.00030 -0.0034

Precision Assumed 20.52 <.001 -14.65 38 <.001 -0.0913 0.00628 -0.0786
Not assumed -14.65 19.00 <.001 -0.0913 0.00628 -0.0782

 
Fig. 1. Bar chart representing the comparison of mean accuracy, mean sensitivity and mean precision of breast cancer prediction 
with NB algorithm and SVM. Both techniques appear to have the same variable results with accuracy ranging from 92.25% to 
97.25%, sensitivity ranging from 95.43% to 95.83%, and precision ranging from 90.87% to 100%. X-axis: NB vs SVM, Y-axis: Mean 
accuracy, mean sensitivity, and mean precision of detection ± 1 SD.

 

Fig. 2a. Confusion matrix of NB for K =10. TP accounts for 21, FP 
accounts for 2, FN accounts for 1 and TN accounts for 16. The 
total accuracy was found to be 92.25%.

 

Fig. 2b. Confusion matrix of SVM for K=10. TP accounts for 23, 
FP accounts for 0, FN accounts for 1 and TN accounts for 16. 
The total accuracy was found to be 97.25%.
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2a and 2b show the confusion matrix of the NB and 
SVM algorithm respectively which has TP, TN, FP, and 
FN. False-positive and false-negative decisions can be 
minimized using data mining techniques (Karabatak 
and Cevdet Ince 2009) (D. Lavanya and Usha Rani 
2012). Few algorithms show better accuracy due to the 
dataset and the attributes they considered (Nematza-
deh, Ibrahim, and Selamat 2015) and the experimen-
tal results showed SVM-RBF obtained an accuracy of 
98.32% over the Wisconsin data set.

The factor that affects this study is the limited 
amount of data, Further increase in sample size may 
yield better accuracy, sensitivity, and precision. More 
effort is needed for cleaning and preparing the data for 
diagnosing breast cancer. In future the development 
of an efficient prediction technique that includes the 
effectiveness of the best predicting algorithms to im-
prove the accuracy of the breast cancer tumor will be 
seen. A large data set of real-time applications paired 
with other machine learning algorithms and deep 
learning algorithms may result in improved perfor-
mance. Overall, the findings of this study are highly 
promising for the future.

CONCLUSION
In this study of predicting breast cancer tumors, 

the SVM has a 97.50 percent higher prediction accu-
racy than the NB algorithm which has a 92.25 percent 
accuracy rate and has performed better. In addition, 
the performance of the algorithm improved as the 
amount of data increased, which is not seen in other 
methods. This model is quite efficient and shows a lot 
of potential when it comes to predicting and classify-
ing breast cancer.
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ABSTRACT
Aim: The major goal of this research is to improve the accu-
racy of the Decision Tree (DT) and Support vector machine 
(SVM) algorithms and compare their efficiency in detecting 
breast cancer tumors. Materials and Methods: This work de-
pends on the data obtained from the UCI Machine Learning 
Repository and used to acquire the data sets for the research 
of Innovative breast cancer prediction using machine learning 
algorithms. The sample size of breast cancer prediction involves 
two groups: Decision tree (N=20) and Support vector machine 
(N=20) according to clincalc.com by keeping 0.05 alpha er-
ror-threshold, 95% confidence interval, enrollment ratio as 0:1, 
and 80% G power. The accuracy, sensitivity, and precision are 
calculated using MATLAB software. Result: The accuracy of the 
DT is 83.83% (p<0.001) while the accuracy rate of the Support 
vector machine is 97.50%. The Decision tree outcomes have a 
sensitivity and precision rate of 87.46% (p<0.001) and 84.13% 
(p<0.001) respectively, whereas the Support vector machine 
sensitivity and the precision rate are 95.83% and 100% respec-
tively. Conclusion: Support vector machine algorithm per-
formed significantly better with improved accuracy of 97.50% 
for breast cancer prediction.

Keywords
Innovative Breast Cancer Prediction, Machine Learning, Deci-
sion Tree, Support Vector Machine, Accuracy, Sensitivity.
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INTRODUCTION
Breast cancer is a type of cancer that is most com-

monly seen in women. It is only next to lung cancer 
as the major cause of death among women. Machine 
learning techniques play an important role in the early 
detection of breast cancer (Goyal and Trivedi 2020). 
Machine learning is the study of various algorithms 
and techniques that are used by computers to perform 
specific tasks without providing any specific instruc-
tions (Saranya and Sasikala 2020). The major goal of 
this work is Innovative breast cancer prediction using 
DT and SVM algorithms with improved accuracy and 
comparing them in terms of performance. Data min-
ing techniques are extensively used by researchers to 
extract correct tumor data from databases. The most 
prominent current cancer detection approach is su-
pervised machine learning (Verma and Mishra 2017). 
The most important part is to predict the outcome of 
the disease. If the outcome of the disease can be pre-
dicted, a better treatment can be provided through 
which many lives can be saved. Machine learning 
algorithms can significantly increase the accuracy of 
cancer diagnosis, relapse, and death prediction. Ma-
chine learning is obviously aiding our basic knowl-
edge of cancer development (Cruz and Wishart 2006) 
(Kourou et al. 2015).

About 526 Science direct and 10 IEEE Explorer 
articles were found to be related to this latest work, 
which reported the developed techniques and models 
employing machine learning algorithms such as DT, 
Logistic regression, and SVM. The major goal was 
to analyze the data and consider the best algorithm 
for detecting breast cancer. Performance comparison 
is done over different classifiers SVM, Logistic re-
gression, KNN, DT and NB on the Wisconsin breast 
cancer data set (Ara, Das, and Dey 2021). The results 
showed that the SVM reaches maximum accuracy of 
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96.5% when compared to other classifiers. Research 
work by (Asri et al. 2016) performance comparison 
of different machine learning algorithms in terms of 
accuracy for better prediction of breast cancer. All 
these tests are run in a simulation environment us-
ing the WEKA data mining tool. The SVM shows the 
highest accuracy 97.13% and to transcend other ma-
chine learning algorithms. One of the related works 
by (Chauhan and Swami 2018) is to evaluate the per-
formance of different machine learning algorithms. 
Another related work by (Maglogiannis, Zafiropou-
los, and Anagnostopoulos 2009) in comparison to 
the SVM and ANN, the result showed that the SVM 
algorithm performed better with high accuracy of 
96.91%.Our team has extensive knowledge and re-
search experience that has translate into high qual-
ity publications (Chellapa et al. 2020; Lavanya et al. 
2021; Raj Ret al. 2020; Shilpa-Jain et al. 2021; S et al. 
2021; Ramadoss et al. 2022; Wuet al. 2020; Kalidoss 
et al. 2021; Kaja et al. 2020; Antink et al. 2020; Paulet 
al. 2020; Malaikolundhan et al. 2020) 

The major problem that has motivated to perform 
this research on enhancing the accuracy of machine 
learning algorithms and detecting breast cancer is the 
inefficient early identification of breast cancer by con-
ventional approaches. The fundamental issue with the 
current research is poor accuracy in breast cancer pre-
diction algorithms. The authors were experts in ma-
chine learning and were able to compare the machine 
learning algorithms. The major goal is to analyze and 
compare breast cancer detection techniques using ma-
chine learning algorithms namely the DT and SVM.

MATERIALS AND METHODS
The study was carried out at the University simu-

lation lab, Saveetha School of Engineering, Saveetha 
Institute of Medical and Technical Sciences, Chennai. 
The dataset used in this paper comes from the UCI 
Machine Learning Repository and has been reduced 
using data reduction techniques to achieve the abso-
lute data needed. The data is divided into two groups. 
The sample size calculation was done using previous 
study results (Bharat, Pooja, and Anishka Reddy 2018) 
by clincalc.com by keeping the confidence interval at 
95%, enrollment ratio as 0:1, alpha error-threshold by 
0.05, and power at 80%. For the data acquired from 
the Wisconsin breast cancer data collection, sample 
preparation is done. In this research work of Innova-
tive breast cancer prediction the data acquired from 

the Wisconsin breast cancer data sample preparation 
is done for the DT and SVM algorithms.

Group 1 is the Decision tree with N value 20 and 
group 2 is the Support vector machine with N value 
20, the total sample size is 40. The data sets of DT and 
SVM are exported to a Microsoft Excel document and 
then imported into MATLAB as an input. For train-
ing the source data set, the MATLAB 2021 software 
must be installed on the PC. The sample groups are 
trained using a DT and SVM algorithm by varying 
k-fold cross-validations. For each validation, a confu-
sion matrix containing TP, TN, FP, and FN values are 
obtained. The confusion matrix is used to calculate the 
accuracy (%), sensitivity (%), and precision (%) values.

Statistical analysis
IBM SPSS V26.0 was utilized for statistical analy-

sis in this study. The software compared the accuracy, 
sensitivity, and precision of the DT and SVM algo-
rithm. As the variables are independent of one anoth-
er, an independent sample T-test was performed to 
obtain the mean accuracy, mean sensitivity, and mean 
precision and used to compare performance between 
the two groups. This will provide the values of mean 
accuracy, mean sensitivity, and mean precision for the 
two separate algorithms that will be used for graphical 
representation. There are no dependent variables in 
this study.

RESULTS
In this research work of Innovative breast cancer 

prediction by DT and SVM algorithm on Wisconsin 
breast cancer dataset, results show that support vector 
machine has performed better with improved accura-
cy of 97.50%, the sensitivity of 95.83%, and precision 
of 100% when compared to DT with the accuracy of 
83.82%, the sensitivity of 87.47%, and precision of 
84.13%. Table 1a and Table 1b show the values of ac-
curacy, sensitivity, the precision of DT and SVM re-
spectively. Table 2 shows SVM has less error and no 
standard deviation with improved accuracy when 
compared to the DT. Table 3 shows the results of the 
Independent sample T-test in which there is a statisti-
cally significant difference in accuracy (P<0.001), sen-
sitivity (P<0.001), and precision (P<0.001).

As shown in Figure 1, the Bar chart shows the com-
parison of the DT and SVM accuracy, sensitivity, and 
precision values. It represents the Decision tree having 
lower values in terms of accuracy, sensitivity, and pre-
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cision in comparison with the SVM. Variable results 
with an accuracy of 97.50%, sensitivity of 95.83%, and 
precision of 100% for SVM whereas the results of De-
cision Tree accuracy of 83.82%, sensitivity of 84.47%, 
and precision of 84.83%. Figures 2a and 2b represent 
the confusion matrix of the DT and SVM respectively. 

DISCUSSION
In this research work of predicting breast cancer by 

machine learning techniques, the SVM had the highest 
accuracy (97.50%) in comparison to the DT accuracy 
(83.52%) as shown in Table 2. The sensitivity value for 
the Support vector machine is 95.83% compared with 
the Decision tree algorithm which has 84.47%. The 
precision percentage of the Support vector machine 
is 100% compared with the Decision tree which has 
84.83%. There appears to be a statistically significant 
difference in accuracy, sensitivity, and precision.

Many types of research have demonstrated that no 
single machine learning technique is optimal for all 
types of data. As a result, a comparison of various ma-
chine learning algorithms is required to identify which 
works best for a certain database (Gupta and Gupta 
2018). Related work carried out in recent years by 
(Thomas, Pradhan, and Dhaka 2020) has performed 
comparative analysis for predicting breast cancer The 
results show that SVM is the best predictor for detect-
ing breast cancer with an accuracy rate of 97.14% next 
to Artificial neural networks (M.Elsayad, Elsayad, and 
Elsalamony 2013). Related work by (Telsang and Heg-
de 2020) Support vector machine model had reached 
an accuracy of 96.25% on the Wisconsin breast cancer 
dataset. Similar work done by (Khourdifi and Bahaj 
2018) considered different machine learning algo-
rithms in which the SVM reaches the highest accuracy 

Table 1a
Breast cancer prediction using Decision Tree algorithm.

Sample Accuracy (%) Sensitivity (%) Precision (%) 
1 0.825 0.863636 0.826087
2 0.8 0.826087 0.826087
3 0.85 0.869565 0.869565
4 0.8 0.826087 0.826087
5 0.8 0.857143 0.7822609
6 0.894737 0.952381 0.869565
7 0.825 0.863636 0.826087
8 0.875 0.875 0.7822609
9 0.8 0.904762 0.826087
10 0.85 0.857143 0.869565
11 0.85 0.952381 0.826087
12 0.85 0.863636 0.826087
13 0.8 0.875 0.7822609
14 0.894737 0.826087 0.869565
15 0.825 0.826087 0.826087
16 0.875 0.904762 0.7822609
17 0.8 0.826087 0.826087
18 0.85 0.869565 0.869565
19 0.85 0.904762 0.826087
20 0.85 0.904762 0.826087

Table 1b
Breast cancer prediction using Support Vector Machine Algo-
rithm.

Sample Accuracy (%) Sensitivity (%) Precision (%) 
1 0.975 0.958333 1
2 0.975 0.958333 1
3 0.975 0.958333 1
4 0.975 0.958333 1
5 0.975 0.958333 1
6 0.975 0.958333 1
7 0.975 0.958333 1
8 0.975 0.958333 1
9 0.975 0.958333 1
10 0.975 0.958333 1
11 0.975 0.958333 1
12 0.975 0.958333 1
13 0.975 0.958333 1
14 0.975 0.958333 1
15 0.975 0.958333 1
16 0.975 0.958333 1
17 0.975 0.958333 1
18 0.975 0.958333 1
19 0.975 0.958333 1
20 0.975 0.958333 1

Table 2
Comparison of mean accuracy, mean sensitivity and mean pre-
cision of Decision tree and Support vector machine
Param-
eters

Group  N  Mean  Std. De-
viation

Std. Error 
Mean

Accu-
racy

Decision Tree 20 83.82 0.03192 0.00714
Support Vec-
tor Machine

20 97.50 0.0000 0.00000

Sensi-
tivity

Decision Tree 20 87.46 0.03713 0.00830
Support Vec-
tor Machine

20 95.83 0.00000 0.00000

Preci-
sion

Decision Tree 20 84.13 0.3534 0.00790
Support Vec-
tor Machine

20 100.00 0.0000 0.00000
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Table 3
Independent sample T-test in predicting the accuracy, sensitivity, and precision of breast cancer prediction using Decision tree and 
Support vector machine. There appears to be a statistically significant difference (p<0.001) in both methods.

Param-
eter

Equal Vari-
ances

Levene’s Test for 
Equality of Variances

 T-test for Equality of Means 

F Sig t df Significance 
(one-Sided 

p) 

Mean Dif-
ference 

Std.Error 
Difference

95% Confi-
dence inter-
val (Upper) 

Accuracy Assumed 56.34 <.001 -19.16 38 <.001 -0.1367 0.00714 -0.1223
Not assumed -19.16 19.00 <.001 -0.1367 0.00714 -0.1218

Sensitivity Assumed 26.86 <.001 -10.08 38 <.001 -0.8373 0.00830 -0.0669
Not assumed -10.08 19.00 <.001 -0.8373 0.00830 -0.0663

Precision Assumed 41.07 <.001 -20.08 38 <.001 -0.1587 0.00790 -0.1427
Not assumed -20.08 19.00 <.001 -0.1587 0.00790 -0.1421

 
Fig. 1. Bar chart representing the comparison of mean accuracy, mean sensitivity and mean precision of breast cancer prediction with 
Decision tree and Support vector machine algorithms. Both techniques appear to produce the same variable results with accuracy 
ranging from 83.83% to 97.50%, sensitivity ranging from 87.46% to 95.83%, and precision ranging from 84.13 to 100%. X-axis: Decision 
tree algorithm vs Support vector machine algorithm, Y-axis: Mean accuracy, mean sensitivity, and mean precision of detection ± 1 SD.

 

Fig. 2a. Confusion matrix of Decision tree for k= 10. True positive 
accounts for 20, false positive accounts for 3, false negative 
accounts for 3 and true negative accounts for 14. The total ac-
curacy was found to be 83.83%.

 
Fig. 2b. Confusion matrix of support vector machine for k =10. 
True positive accounts for 23, false positive accounts for 0, false 
negative accounts for 1 and true negative accounts for 16. The 
total accuracy was found to be 97.25%.
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of 97.9% with the low error rate. Related work by (Li 
2018) five different classification models are used for 
the classification of breast cancer datasets. 

The small sample size limits the accuracy, sensi-
tivity, and precision of this study. Increasing the sam-
ple size may improve the accuracy, sensitivity, and 
precision of the machine learning algorithms DT 
and SVM. More effort is required for cleaning and 
preparing the data from the data sets for the predic-
tion of breast cancer. Soon, an efficient classification 
system will be developed that combines the effective-
ness of the best performing algorithms to improve 
the accuracy of breast cancer tumor prediction. Im-
proved performance may be achieved by combining 
a huge data set of real-time applications with other 
machine learning and deep learning techniques. The 
conclusion of this study in general is quite optimistic 
for the future.

CONCLUSION
The proposed study of Innovative breast cancer 

prediction using the machine learning algorithms 
Decision tree and Support vector machine algorithm 
in which the Support vector machine has the highest 
values and performed better. The accuracy of the SVM 
is 97.50% higher compared to the DT which has an ac-
curacy of 83.82%. The sensitivity and precision of the 
Support vector machine are efficient when compared 
to a Decision tree that has lesser values in the analysis 
of breast cancer tumor prediction.
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ABSTRACT
Aim: The main objective of this study is to compare the effi-
ciency of the k-Nearest Neighbor (KNN) and Support vector 
machine (SVM) algorithms in detecting breast cancer tumors 
and to examine their improved accuracy, sensitivity, and pre-
cision. Materials and Methods: The data for the research of 
Innovative breast cancer prediction using machine learning al-
gorithms is taken from UCI Machine Learning Repository. The 
sample size of the innovative technique involves two groups 
KNN (N=20) and SVM (N=20) according to clincalc.com by 
keeping alpha error-threshold at 0.05, confidence interval at 
95%, enrollment ratio as 0:1, and power at 80%. The accura-
cy, sensitivity, and precision are calculated using MATLAB soft-
ware. Result: Accuracy (%), sensitivity (%), precision (%) are 
compared using SPSS software using an independent sample 
t-test tool. The accuracy of the k-Nearest Neighbor is 93.38% 
(p<0.001) while the accuracy of the Support vector machine is 
97.50%. The sensitivity rate is 90.85% (p<0.001) for k-Nearest 
Neighbor whereas the results of Support vector machine sensi-
tivity is 95.83%. The precision of k-Nearest Neighbor is 98.48% 
(p<0.001) whereas the results of Support vector machine pre-
cision is 100%. Conclusion: The support vector machine al-
gorithm appears to have performed better than the k-Nearest 
Neighbor with improved accuracy in Innovative breast cancer 
prediction.

Keywords
Innovative Breast cancer prediction, Machine learning algo-
rithms, k-Nearest Neighbor, Support vector machine, Accuracy, 
Sensitivity.
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INTRODUCTION
Breast cancer is the most dangerous cancer in 

women causing a large number of deaths. In this type 
of cancer, cancer cells are formed in the breast of the 
woman. When cells in the breast tissue divide and ex-
pand without normal limits on cell death and division, 
the condition is characterized by malignant tumors. 
Data mining methods are used to reduce false-positive 
and false-negative decisions (Goyal and Trivedi 2020). 
The major objective of the research is to predict breast 
cancer using machine learning algorithms; KNN and 
SVM and to improve accuracy. The use of machine 
learning approaches in diagnosing diseases has shown 
to be advantageous, as these approaches help in pre-
dicting the disease (Agarap 2018). Machine learning 
algorithms provide better prediction results and early 
detection is possible through which thousands of lives 
can be saved by providing proper treatment during 
the early stages of cancer. The machine learning tech-
niques can predict certain diseases using the health-
care data of the individual which can be used to alert 
the patients and clinicians (Sonali and Javaregowda 
2021) (Baneriee, Paul, and Ghoshal 2017).

This study has been linked to 259 science direct 
articles and 8 IEEE Explorer articles published in the 
last few years, which described the created methodol-
ogies and models using machine learning algorithms 
including DT, KNN, SVM, NB, and LDA. Research 
work by (A. Kumar, Sushil, and Tiwari 2019) on the 
WEKA platform, comparative research, and imple-
mentation of machine learning classification methods 
produced better results. The Naive Bayesian network 
provided the best accuracy on datasets with fewer 
features, whereas SVM produces excellent accuracy 
on datasets with more features. (N. Kumar, Sharma, 
and Bhargava 2020) performance comparison on four 
different machine learning algorithms. A machine 
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is trained using labeled data, such as an input with a 
known desired outcome, using this new data is cate-
gorized. This technique develops a mapping function 
based on the training data that predicts the output for 
fresh data. The results of the SVM reached an accu-
racy of 98.24%, specificity of 97.14%, and sensitivity 
of 100%. (Chaurasia and Pal, n.d.) performance of 
supervised machine learning algorithms is compared 
using 10 fold cross-validation methods in this study. 
Obtained results show that Naive Bayes has an ac-
curacy of 97.36%. (Senapati, Panda, and Dash 2014) 
suggested a hybrid method that uses KPSO and RLS 
for RBFNN and obtained an accuracy of 97.85% and 
96.425% respectively. (Hasan, Islam, and Hashem 
2016) using Multigene Genetic Programming’s sym-
bolic regression, a mathematical model for Innovative 
Breast Cancer Prediction was constructed. This model 
had an accuracy of 99.28%, with a precision of 99.26%.

Our team has extensive knowledge and research 
experience that has translate into high quality publi-
cations (Chellapa et al. 2020; Lavanya, Kannan, and 
Arivalagan 2021; Raj R, D, and S 2020; Shilpa-Jain et 
al. 2021; S, R, and P 2021; Ramadoss, Padmanaban, 
and Subramanian 2022; Wu et al. 2020; Kalidoss, 
Umapathy, and Rani Thirunavukkarasu 2021; Kaja et 
al. 2020; Antink et al. 2020; Paul et al. 2020; Malaikol-
undhan et al. 2020) 

The ineffective early detection of breast cancer 
by conventional ways is the key challenge that has 
prompted me to do this research on improving the 
accuracy of machine learning algorithms and detect-
ing cancer in the early stages. The main problem with 
present research is that breast cancer prediction al-
gorithms aren’t very accurate. The authors compared 
machine learning algorithms since they were experts 
in machine learning approaches. The major goal of 
this Innovative breast cancer prediction technique is 
to predict breast cancer and improve the accuracy of 
machine learning algorithms KNN and SVM.

MATERIALS AND METHODS
This study was carried out at the University simu-

lation lab, Saveetha School of Engineering, Saveetha 
Institute of Medical and Technical Sciences, Chennai. 
The data used in this paper is obtained from UCI Ma-
chine Learning Repository. The data, which includes 
measurements for digitized images of the fine needle 
of breast lump, was supplied by researchers from the 
University of Wisconsin. The data is divided into two 

groups. The sample size calculation was performed 
using a previous study (Li 2018) and by using clincalc.
com by keeping the confidence interval at 95%, enroll-
ment ratio as 0:1, alpha error-threshold by 0.05, and 
power at 80%. For the data acquired from the Wiscon-
sin breast cancer data collection, sample preparation 
is done for the KNN and SVM algorithm. The import-
ed data is trained individually for each algorithm by 
varying k-fold cross-validation. Cross-validation is a 
technique used to estimate the output of the model 
(Nematzadeh, Ibrahim, and Selamat 2015). For the 
data acquired from the Wisconsin breast cancer data 
collection, sample preparation is done in this research 
work of Innovative breast cancer prediction.

Group1 is the k-Nearest Neighbor with N value 20 
and group2 is the Support vector machine with N val-
ue 20, the total sample size is 40. A sample dataset of 
both KNN and SVM is exported to Microsoft Excel 
document for importing it to the MATLAB as an in-
put. MATLAB 2021 software has to be installed on the 
PC for training the source data set. A confusion matrix 
is obtained and TP, TN, FP, and FN values are noted. 
Accuracy (%), sensitivity (%), and Precision (%) val-
ues are calculated from the confusion matrix.

Statistical analysis
The software used here for statistical analysis is 

IBM SPSS V26.0. Accuracy, sensitivity, and precision 
comparison of k-Nearest Neighbor with Support vec-
tor machine algorithm are done using this software. 
As the variables are independent of each other an in-
dependent sample T-Test was performed and perfor-
mance comparison between the two groups is done 
(Maglogiannis, Zafiropoulos, and Anagnostopoulos 
2009). There are no dependent variables in this study.

RESULTS
In this research work of Innovative breast cancer 

prediction by KNN and SVM algorithms on Wiscon-
sin breast cancer dataset, results show that SVM has 
performed better in terms of accuracy. Table 1a and 
Table 1b show the accuracy, sensitivity, and precision 
values of KNN and SVM respectively. Variable results 
with an accuracy of 97.50%, sensitivity of 95.83%, and 
precision of 100% for Support vector machine whereas 
the results of k-Nearest Neighbor accuracy of 93.38%, 
the sensitivity of 90.85%, and precision of 98.48%. Ta-
ble 2 shows that the Support vector machine has less 
error when compared to the KNN. Table 3 represents 
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the results of the Independent sample T-test in which 
there is a statistically significant difference in accu-
racy (P<0.001), sensitivity (P<0.001), and precision 
(P<0.001). 

Figure 1 shows a Bar chart representing the com-
parison of mean accuracy, mean sensitivity, and mean 
precision of breast cancer prediction with KNN and 
SVM algorithms. Both techniques appear to produce 
the same variable results with accuracy ranging from 
93.38% to 97.50%, sensitivity ranging from 90.85% to 
95.83%, and precision ranging from 98.48% to 100%. 

Figures 2a and 2b represent the confusion matrix 
of the KNN algorithm and SVM algorithm respective-
ly in which TP, TN, FP, and FN values are used for the 
calculation of accuracy, sensitivity, and precision.

DISCUSSION
In this research work of predicting the breast can-

cer tumor using Innovative technique, the SVM al-
gorithm has the highest accuracy (97.50%), sensitiv-
ity (95.83%), and precision (100%) in comparison to 
k-Nearest Neighbor (KNN) accuracy (93.38%), sen-
sitivity (90.85), and precision (98.48%) as shown in 
Table 2. There appears to be a statistically significant 
difference in accuracy, sensitivity, and precision.

SVM is more efficient in predicting breast cancer 
when compared to KNN using the Wisconsin breast 
cancer data set (Sinha and Centre for Computers and 
Communication Technology 2020). Related work by 
(Nindrea et al. 2018) performed an analysis on dif-
ferent articles and the results showed that SVM had 
the best Area Under Curve in comparison to the re-
maining classifiers. The SVM model had the best clas-

Table 1a
Breast cancer prediction using k Nearest Neighbor Algorithm.

Sample Accuracy (%) Sensitivity (%) Precision (%) 
1 0.95 0.92 1
2 0.925 0.91667 0.956522
3 0.925 0.884615 1
4 0.925 0.884615 1
5 0.925 0.884615 1
6 0.925 0.884615 1
7 0.925 0.884615 0.956522
8 0.925 0.884615 1
9 0.925 0.884615 0.956522
10 0.95 0.92 1
11 0.925 0.91667 1
12 0.925 0.884615 0.956522
13 0.925 0.884615 1
14 0.925 0.884615 1
15 0.925 0.884615 0.956522
16 0.925 0.91667 1
17 0.925 0.91667 0.956522
18 0.925 0.95833 1
19 0.95 0.92 1
20 0.925 0.91667 0.956522

Table 1b
Breast cancer prediction using Support Vector Machine Algo-
rithm.

Sample Accuracy (%) Sensitivity (%) Precision (%) 
1 0.975 0.958333 1
2 0.975 0.958333 1
3 0.975 0.958333 1
4 0.975 0.958333 1
5 0.975 0.958333 1
6 0.975 0.958333 1
7 0.975 0.958333 1
8 0.975 0.958333 1
9 0.975 0.958333 1
10 0.975 0.958333 1
11 0.975 0.958333 1
12 0.975 0.958333 1
13 0.975 0.958333 1
14 0.975 0.958333 1
15 0.975 0.958333 1
16 0.975 0.958333 1
17 0.975 0.958333 1
18 0.975 0.958333 1
19 0.975 0.958333 1
20 0.975 0.958333 1

Table 2
Comparison of mean accuracy, mean sensitivity and mean pre-
cision of Decision tree and Support vector machine
Param-
eters

Group  N Mean Std. De-
viation

Std. Error 
Mean 

Accu-
racy

k-Nearest 
Neighbor

20 93.38 0.01677 0.00375

Support Vec-
tor Machine

20 97.50 0.0000 0.00000

Sensi-
tivity

k-Nearest 
Neighbor

20 90.85 0.02339 0.00523

Support Vec-
tor Machine

20 95.83 0.00000 0.00000

Preci-
sion

k-Nearest 
Neighbor

20 98.48 0.02128 0.00476

Support Vec-
tor Machine

20 100 0.0000 0.00000
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Table 3
Independent sample T-test in predicting the accuracy, sensitivity, and precision of breast cancer prediction using k-Nearest Neigh-
bor (KNN) and Support vector machine (SVM). There appears to be a statistically significant difference (p<0.001) in both methods.

Parameter Equal Vari-
ances

Levene’s Test for 
Equality of Variances

 T-test for Equality of Means 

F Sig t df Significance 
(one-Sided p) 

Mean Dif-
ference 

Std.Error 
Difference

95% Confi-
dence inter-
val (Upper) 

Accuracy Assumed 34.48 <.001 -11.00 38 <.001 -.04125 .00375 -.03366
Not assumed -11.00 19.00 <.001 -.04125 .00375 -.03340

Sensitivity Assumed 45.03 <.001 -9.52 38 <.001 -.04982 .00523 -.03923
Not assumed -9.52 19.00 <.001 -.04982 .00523 -.03887

Precision Assumed 192.1 <.001 -3.19 38 .001 -.01522 .00476 -.00559
Not assumed -3.19 19.00 .002 -.01522 .00476 -.00526

 
Fig. 1. Bar chart representing the comparison of mean accuracy, mean sensitivity and mean precision of breast cancer prediction 
with k-Nearest Neighbor (KNN) and Support vector machine (SVM) algorithms. Both techniques appear to produce the same 
variable results with accuracy ranging from 93.38% to 97.50%, sensitivity ranging from 90.85% to 95.83%, and precision ranging 
from 98.48% to 100%. X-axis: k-Nearest Neighbor algorithm vs Support vector machine algorithm, Y-axis: Mean accuracy, mean 
sensitivity, and mean precision of detection ± 1 SD.

 

Fig. 2a. Confusion matrix of k-Nearest Neighbor for k= 10. True 
positive accounts for 23, false positive accounts for 0, false neg-
ative accounts for 3 and true negative accounts for 14. The total 
accuracy was found to be 93.38%.

 

Fig. 2b. Confusion matrix of support vector machine for k =10. 
True positive accounts for 23, false positive accounts for 0, false 
negative accounts for 1 and true negative accounts for 16. The 
total accuracy was found to be 97.25%.
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sification accuracy (99.51%), which is highly promis-
ing when compared to earlier findings (Akay 2009). 
Research by (Sivalenka and Bai 2021) performance 
results show that k-Nearest Neighbor performed bet-
ter with an accuracy (95.61%), and specificity (95%) 
when compared to the Support vector machine.

The factors affecting this study are the small sample 
size which limits the accuracy of the machine learning 
algorithms KNN and SVM. Further increase in sample 
size may yield better accuracy of the algorithms. In the 
near future, improved performance may be achieved 
by combining a huge dataset of real-time applications 
with other machine learning and deep learning algo-
rithms. The latest deep learning methodologies can 
be combined to create a model that is capable of pre-
dicting and classifying breast cancer more efficiently. 
Moreover, the identification of various stages of breast 
cancer with the help of various machine learning tech-
niques can be achieved in the near future.

CONCLUSION
In this study of Innovative breast cancer prediction 

technique by machine learning the Support vector 
machine (SVM) performed better with improved ac-
curacy (97.50%) when compared to k-Nearest Neigh-
bor (KNN) accuracy (93.83%). In addition, the per-
formance of the algorithm improved as the amount of 
data increased, which is not seen in other methods. 
This model is quite efficient and shows a lot of poten-
tial in terms of improving the diagnostic accuracy of 
breast cancer, thus can be used in hospitals and testing 
facilities.
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ABSTRACT
Aim: The objective of this study is to use machine learning al-
gorithms to detect the presence of breast cancer tumors and 
compare accuracy, sensitivity, and precision between the Linear 
Discriminant Analysis (LDA) and Support vector machine algo-
rithm (SVM). Materials and Methods: The research uses two 
sets of data from the Wisconsin Breast Cancer dataset, which 
is obtained from the UCI Machine Learning Repository. Lin-
ear Discriminant Analysis (N=20) and Support vector machine 
(N=20) with sample size in accordance to total sample size cal-
culated using clincalc.com by keeping alpha error-threshold at 
0.05, confidence interval at 95%, enrollment ratio as 0:1, and 
power at 80%. The accuracy, sensitivity, and precision are cal-
culated using MATLAB software. Results: Comparison of accu-
racy (%), sensitivity (%), and precision (%) are done using SPSS 
software using independent sample t-test. Linear Discriminant 
Analysis algorithm results in an accuracy of 88.25% (p<0.001), 
the sensitivity of 94.68% (p<0.001), and precision of 84.35% 
(p<0.001). Support vector machine algorithm results in an ac-
curacy of 97.50%, sensitivity of 95.83%, and precision of 100%. 
Conclusion: Support vector machine algorithm performed 
significantly better than Linear Discriminant Analysis algorithm 
with improved accuracy of 97.50% for breast cancer prediction.

Keywords
Innovative Breast Cancer Prediction, Machine Learning Algo-
rithms, Linear Discriminant Analysis, Support Vector Machine, 
Accuracy, Sensitivity.
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INTRODUCTION
Breast cancer is the most common cancer among 

women. It is the second leading cause of death in 
women, after lung cancer (Ferlay et al. 2015). Many 
machine learning algorithms are used to predict breast 
cancer with improved diagnostic accuracy (Karabatak 
and Cevdet Ince 2009). The major purpose of this 
Innovative breast cancer prediction technique is to 
compare and analyze the accuracy, sensitivity, and 
precision of the LDA and SVM algorithm. Supervised 
machine learning algorithms are the most prominent 
of the present cancer detection methodologies. Breast 
cancer can be discovered early and treated more effec-
tively, potentially saving thousands of lives. In a range 
of medical applications, machine learning algorithms 
are being utilized to detect and categorize cancer (Mao 
et al. 2019) (Elmadhun and Finlayson 2009).

Approximately 286 ScienceDirect and 10 IEEE 
Xplore were found to be related to this work, which 
was completed in recent years and reported the devel-
oped algorithms and models. (Nematzadeh, Ibrahim, 
and Selamat 2015) performed a comparison study on 
a decision tree, NB, NN, and SVM with three differ-
ent kernel functions over the Wisconsin breast cancer 
dataset, results showed NN achieved the highest accu-
racy of 98.09%. The relevance vector machine (RVM) 
was compared to disinct machine learning methods 
for diagnosing breast cancer by (Gayathri and Sumathi 
2016) to decrease characteristics of the linear discrim-
inant analysis used to classify data. The simulation 
findings yielded sensitivity (98%), specificity (94%), 
and precision (96%). Performance comparison is done 
by (Asri et al. 2016) over different classifiers DT, SVM, 
KNN, and NB using WEKA data mining tools. The 
approach results showed that SVM has performed bet-
ter with an accuracy of 97.13%, and a precision of 98% 
with a low error rate. Research by (Bazazeh and Shu-
bair 2016) examined three of the most prominent ma-
chine learning (ML) algorithms for breast cancer de-
tection and diagnosis, namely SVM, RF, and Bayesian 
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Networks (BN). The Wisconsin breast cancer dataset 
was used as a training set to evaluate and compare the 
performance of the three machine learning classifiers 
in terms of key metrics like accuracy, recall, preci-
sion and area under the ROC curves. SVM had the 
best performance in terms of accuracy, specificity, and 
precision, according to the findings. RF, on the other 
hand, has the best chance of correctly identifying tu-
mors.Our team has extensive knowledge and research 
experience that has translate into high quality publica-
tions (Chellapa et al. 2020; Lavanya et al. 2021; Raj Ret 
al. 2020; Shilpa-Jain et al. 2021; S et al. 2021; Ramadoss 
et al. 2022; Wuet al. 2020; Kalidoss et al. 2021; Kaja et 
al. 2020; Antink et al. 2020; Paulet al. 2020; Malaikol-
undhan et al. 2020) 

The key difficulty that has inspired me to perform 
this research on enhancing the accuracy of machine 
learning and the prediction of breast cancer in early 
stages is inefficient early identification of breast cancer 
and human error in the detection of breast cancer by 
conventional approaches. The fundamental issue with 
current research is that the breast cancer prediction 
systems are inaccurate. The authors compared machine 
learning algorithms since they were expected in ma-
chine learning algorithms and deep learning technolo-
gy. The aim of this Innovative breast cancer prediction 
technique is to compare and study breast cancer detec-
tion strategies using machine learning algorithms such 
as LDA and SVM with improved accuracy.

MATERIALS AND METHODS
The research was conducted at the Saveetha School 

of Engineering, Saveetha Institute of Medical and 
Technical Sciences, Chennai, in the University sim-
ulation lab. The data used in this Innovative breast 
cancer technique is the Wisconsin breast cancer data 
set obtained from UCI Machine Learning Repository. 
This data set is used to classify the benign and malig-
nant cells in a data set by using columnar properties 
to describe the cells. Support comes in the form of 
visualization and analysis. The measurements for the 
digital images of fine-needle aspirate of a breast mass 
were contributed by research from the University of 
Wisconsin. The information is separated into two cat-
egories. The sample size was calculated based on the 
findings of prior studies (Li 2018) (Bharat, Pooja, and 
Anishka Reddy 2018) by clincalc.com by keeping al-
pha error-threshold value 0.05, confidence interval at 
95%, enrollment ratio as 0:1, and power at 80%. For 

the data acquired from the Wisconsin breast cancer 
data collection, sample preparation is done in this re-
search work of Innovative breast cancer prediction.

The total sample size is 40, and group 1 is the LDA 
with N value 20, and group 2 is the SVM with N value 
20. A sample dataset for both the LDA and the SVM is 
exported to a Microsoft Excel document and then im-
ported into Matlab as an input. For training the source 
dataset, the Matlab 2021 software must be installed on 
the PC. The imported data is trained using classifica-
tion learner tools in MATLAB. k-fold cross-valida-
tion is performed on the data to improve the machine 
learning model performance TP, TN, FP, and FN val-
ues are recorded in a confusion matrix. The confusion 
matrix is used to calculate the accuracy (%) sensitivity 
(%) and precision (%) values.

Statistical analysis
IBM SPSS V26.0 was utilized for statistical analy-

sis in this study. This software compares the accuracy, 
sensitivity, and precision of LDA with the SVM algo-
rithm. Because the variables are independent of one 
another, an independent sample T-test was used to 
compare the two group’s performance. Radius mean, 
texture mean, perimeter mean, area mean, smooth-
ness mean, concavity mean, concave points mean, 
symmetry mean are the characteristics used in the in-
novative breast cancer prediction (Maglogiannis, Zaf-
iropoulos, and Anagnostopoulos 2009). There are no 
dependent variables in this study.

RESULTS
The results of this Innovative breast cancer predic-

tion comparing the accuracy, sensitivity, and precision 
of the LDA and SVM algorithms for breast cancer 
prediction on the Wisconsin breast cancer dataset 
show that the SVM outperforms the LDA algorithm 
with improved accuracy. Table 1a and Table 1b show 
the accuracy, sensitivity, and precision values of LDA 
and SVM respectively. SVM has an accuracy (97.50%), 
sensitivity (95.83%), and precision (100%), whereas 
LDA results have an accuracy (88.25%), sensitivity 
(94.68%), and precision (84.35%). Table 2 demon-
strates that the SVM shows less error and no standard 
deviation with improved accuracy when compared 
to the LDA. Table 3 shows the results of the Indepen-
dent sample T-test which shows the difference in ac-
curacy (P<0.001), sensitivity (P<0.001), and precision 
(P<0.001) are statistically significant. 
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Table 1a
Breast cancer prediction using LDA Algorithm.

Sample Accuracy (%) Sensitivity (%) Precision (%) 
1 0.875 0.95 0.826087
2 0.875 0.95 0.826087
3 0.9 0.952381 0.869565
4 0.85 0.869565 0.869565
5 0.85 0.947368 0.782609
6 0.875 0.95 0.826087
7 0.9 0.952381 0.869565
8 0.875 0.95 0.869565
9 0.9 0.952381 0.826087
10 0.875 0.95 0.913043
11 0.875 0.954545 0.826087
12 0.975 0.95 0.826087
13 0.85 0.95 0.913043
14 0.875 0.954545 0.913043
15 0.9 0.954545 0.826087
16 0.875 0.95 0.869565
17 0.975 0.952381 0.826087
18 0.875 0.95 0.913043
19 0.875 0.95 0.826087
20 0.9 0.952381 0.869565

Table 1b
Breast cancer prediction using SVM Algorithm.

Sample Accuracy (%) Sensitivity (%) Precision (%) 

1 0.975 0.958333 1

2 0.975 0.958333 1

3 0.975 0.958333 1

4 0.975 0.958333 1

5 0.975 0.958333 1

6 0.975 0.958333 1

7 0.975 0.958333 1

8 0.975 0.958333 1

9 0.975 0.958333 1

10 0.975 0.958333 1

11 0.975 0.958333 1

12 0.975 0.958333 1

13 0.975 0.958333 1

14 0.975 0.958333 1

15 0.975 0.958333 1

16 0.975 0.958333 1

17 0.975 0.958333 1

18 0.975 0.958333 1

19 0.975 0.958333 1

20 0.975 0.958333 1

Table 2
Comparison of mean accuracy, mean sensitivity and mean pre-
cision of LDA and SVM.
Param-
eters

Group  N Mean Std. De-
viation

Std. Error 
Mean 

Accu-
racy

Linear Discrim-
inant Analysis 

20 88.25 .0.2161 .00483

Support Vector 
Machine

20 97.50 .00000 .0000

Sensi-
tivity

Linear Discrim-
inant Analysis

20 94.68 .01827 .00409

Support Vector 
Machine

20 95.83 .00000 .00000

Preci-
sion

Linear Discrim-
inant Analysis

20 84.35 .03569 .00798

Support Vector 
Machine

20 100 .00000 .00000

Figure 1 illustrates the bar chart comparing the 
LDA and SVM algorithms accuracy, specificity, and 
precision. With the accuracy ranging from (88.25-
97.50%), sensitivity ranging from (94.68-95.83%) and 
precision ranging from (84.35-100%) both procedures 
appear to give the same variable results. 

Figures 2a and 2b represent the confusion matrix 
of the LDA and SVM respectively, where TP, FP, TN, 
and FN values are utilized to calculate accuracy, sensi-
tivity, and precision.

DISCUSSION
In this study of Innovative breast cancer predic-

tion techniques, the SVM algorithm have the higher 
accuracy (97.50%), sensitivity (95.83%), and precision 
(100%) when compared to LDA accuracy (88.25%), 
sensitivity (94.68%) and precision (84.35%) as shown 
in Table 2. In terms of accuracy, sensitivity and preci-
sion there appears to be a statistically significant dif-
ference.

SVM provides high accuracy and consistent diag-
nosis in predicting breast cancer using the Wisconsin 
breast cancer dataset (Oyewola et al. 2017) performed 
research on five machine learning algorithms in which 
LDA has less accuracy of 93.5% when compared to 
SVM accuracy of 95.8% in predicting breast cancer. 
Many researchers developed algorithms and models 
using machine learning to predict breast cancer dis-
ease (Pawar, Sharma, and Sapate 2021). Some of the 
works include integrating the machine learning tech-
niques with feature selection and feature extraction 
to identify better models (Omondiagbe, Veeramani, 
and Sidhu 2019) on the Wisconsin diagnostic breast 
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Table 3
Independent sample T-test in predicting the accuracy, sensitivity, and precision of breast cancer prediction using LDA and SVM. 
There appears to be a statistically significant difference (p<0.001) in both methods.
Param-

eter
Equal Vari-

ances
Levene’s Test for 

Equality of Variances
 T-test for Equality of Means 

F Sig t df Significance 
(one-Sided 

p) 

Mean Dif-
ference 

Std.Error 
Difference

95% Confi-
dence interval 

(Upper) 
Accu-
racy

Assumed 38.67 <.001 -19.14 38 <.001 -.09250 .00483 -.08272
Not assumed -19.14 19.00 <.001 -.09250 .00483 -.08238

Sensi-
tivity

Assumed 4.396 .043 -2.831 38 .004 -.01157 .00409 -.00330
Not assumed -2.831 19.00 .005 -.01157 .00409 -.00302

Preci-
sion

Assumed 49.46 <.001 -19.61 38 <.001 -.15652 .00798 -.14037
Not assumed -19.61 19.00 <.001 -.15652 .00798 -.13982

 
Fig. 1. Bar chart representing the comparison of mean accuracy, mean sensitivity, and mean precision of breast cancer prediction 
with LDA and SVM algorithms. Both techniques appear to produce the same variable results with accuracy ranging from (88.25-
97.50%), sensitivity ranging from (94.68-95.83%) and precision ranging from (84.35-100%). X-axis: LDA vs SVM, Y-axis: Mean 
accuracy, mean sensitivity, and mean precision of detection ± 1 SD.

 

Fig. 2a. Confusion matrix of LDA for k= 10.TP accounts for 19, FP 
accounts for 4, FN accounts for 1 and TN accounts for 16. The 
total accuracy was found to be 88.25%.

 

Fig. 2b. Confusion matrix of SVM for k =10. TP accounts for 23, 
FP accounts for 0, FN accounts for 1 and TN accounts for 16. 
The total accuracy was found to be 97.25%.
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cancer dataset, proposed hybrid model was developed 
by lowering the high dimensionality features of the 
dataset using LDA and SVM, yielding an accuracy of 
98.82%, a sensitivity of 98.41% and specificity 99.07%. 
Another model proposed by (Rajaguru and Prabhakar 
2017) obtained an average classification accuracy of 
83.45% when a Bayesian Linear discriminant classifi-
er is used. Experimental results showed that the LDA 
has achieved maximum sensitivity of 96% when com-
pared to SVM sensitivity of 85% (Fusco et al. 2016).

The accuracy of the machine learning methods LDA 
and SVM is limited in this study due to the short sample 
size. Further increase in the sample may yield better ac-
curacy of the algorithms in predicting breast cancer. The 
factors affecting the study are unhealthy lifestyle, fami-
ly hereditary, and gene mutations. Combining the large 
dataset of real-time applications with other machine 
learning and deep learning methods could lead to en-
hanced performance in the future. The most up-to-date 
deep learning approaches can be integrated to produce a 
model capable of more accurately detecting and diagnos-
ing breast cancer. Furthermore, Innovative breast cancer 
prediction techniques can be used to identify various 
stages of breast cancer in the near future.

CONCLUSION
When compared to LDA the SVM algorithm that runs 

in MATLAB proved to offer high results with improved 
accuracy of 97.50% in predicting breast cancer tumors. 
Furthermore, unlike other methods, the algorithm’s per-
formance improved as the amount of data rose.This mod-
el is highly efficient and has a lot of potential in terms of 
improving the diagnostic efficiency of breast cancer, thus 
it can be used in hospitals and testing facilities.
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ABSTRACT
Aim: The primary goal of this research is to increase the ac-
curacy of COVID-19 prediction and its analysis. Materials and 
Method: This study relied on data collected from Kaggle’s web-
site and samples are divided into two groups, GROUP 1 (N=20) 
for the Decision tree and GROUP 2 (N=20) for the Support 
Vector Machine (SVM) in accordance with the total sample size 
calculated using clinical.com by keeping alpha error-threshold 
value 0.05, 95% confidence interval, enrolment ratio as 0:1, and 
G power at 80%. It involves the software implementation pro-
gram in MatLab 2021a validating with 20 validations. Results: 
The accuracy, sensitivity, and precision rates are compared us-
ing Statistical Package for the Social Sciences (SPSS) software 
and an Independent sample T-Test. In comparison to the two, 
the Decision tree 93.91% accuracy, 94.33% sensitivity, 92% pre-
cision with P=0.001 ((p<0.05) produces a superior outcome to 
the Support Vector Machine 91.25% accuracy, 93.93% sensitiv-
ity, 86.11% precision (P<0.001)). Conclusion: The decision tree 
algorithm produces better results compared to the Support 
Vector Machine.
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INTRODUCTION
COVID-19 stands for a coronavirus that has yet to 

be thoroughly identified in humans. This condition 
is known to affect people of all ages, especially those 
with bodily diseases, high blood pressure, diabetes, 
heart difficulties, or compromised immune systems 
(Zagrouba et al. 2021). This paper presents a predic-
tive framework combining Support Vector Machine 
in forecasting COVID-19 (Albahri et al. 2020). This 
study looked at state-of-the-art COVID prediction 
systems based on data mining and machine learning. 
A supervised machine learning model was construct-
ed with the purpose of predicting the presence of 
COVID-19 in a person (Villavicencio et al. 2021). By 
efficiently identifying at-risk COVID-19 patients ear-
ly, the suggested methodology can aid decision-mak-
ers and healthcare professionals (Aljameel et al. 2021) 
(Hunt, Cock, and Symonds 2021). 

About 7 IEEE Explore and 74 ScienceDirect arti-
cles were found to be related to this work, which was 
completed in recent years and reported the developed 
algorithm and models using ML algorithms such as 
decision tree, SVM, logistic regression, and neural net-
work to predict and analyze performance with regard 
to accuracy, sensitivity and precision in innovative 
COVID-19 projection (Kwekha-Rashid, Abduljabbar, 
and Alhayani 2021) where the purpose of this study 
was to figure out how machine learning applications 
and algorithms fit into the COVID-19 examination, 
among other things, with 92.9% testing accuracy Su-
pervised learning outperformed rival Unsupervised 
learning methods. The main goal of this study was to 
develop and test machine learning models that could 
estimate the outcome of COVID-19 patients using de-
mographic data, virus routines, and health conditions, 
the LASSO, and linear SVM gave better accuracy rates 
than the other algorithms (Gambhir et al. 2020). With 
COVID-19 and Pneumonia cases on lungs X-ray im-
ages, this study offers a machine learning-based classi-
fication of the extracted deep feature using ResNet152 
(Diallo, Diallo, and Ju 2020) (Alballa and Al-Turaiki 
2021) the model has an RF accuracy of 0.973 and an 
XGBoost predictive classifier accuracy of 0.977. This 
article presents an eight-question ML model for pre-
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dicting a true SARS-Cov-2 virus through RT-PCR 
tests (Zoabi, Deri-Rozov, and Shomron 2021). Our 
team has extensive knowledge and research experi-
ence that has translate into high quality publications 
(Chellapa et al. 2020; Lavanya et al. 2021; Raj Ret al. 
2020; Shilpa-Jain et al. 2021; S et al. 2021; Ramadoss et 
al. 2022; Wuet al. 2020; Kalidoss et al. 2021; Kaja et al. 
2020; Antink et al. 2020; Paulet al. 2020; Malaikolund-
han et al. 2020) 

The lack of effective early diagnosis of COVID-19 
that removes the human error rates is the driving force 
for this research to anticipate COVID-19 in a prelim-
inary phase. The authors were experts in machine 
learning algorithms and they were able to perform bi-
ological research comparing the COVID-19 data with 
the Decision tree algorithm and Support Vector Ma-
chine. The major goal is to detect COVID-19 with the 
maximum degree of accuracy.

MATERIALS AND METHODS
The research was carried out at the University sim-

ulation lab, Saveetha School of Engineering, Chen-
nai. The sample size was estimated using clinical.
com and earlier study data (An et al. 2020) with an 
alpha error-threshold of 0.05, enrolment ratio of 0:1, 
95 percent confidence interval, and power of 80 per-
cent. Group 1 consisted of a Decision tree algorithm 
(N=20) and SVM (N=20). This research comprised a 
total of 40 samples.

Data samples used in this study are collected from 
the Kaggle website. The data set undergoes data reduc-
tion techniques to obtain the absolute data required. 
The data should be given as input to MatLab 2021a to 
perform classification learning techniques. Input data 
should be imported to classification learning tools to 
perform training. The imported data was trained sepa-
rately for each algorithm i.e, once for the Decision tree 
varying with cross-validations from 5 to 24 and sim-
ilarly for the Support Vector Machine with cross-val-
idations from 5 to 24. After validation of data for an 
algorithm, the confusion matrix should be obtained 
for each validation (Hunt, Cock, and Symonds 2021), 
which involves the TP (true positive), TN (true nega-
tive), FP (false positive), FN (false negative). Accuracy, 
Sensitivity, and Precision are calculated with the help of 
these values given in Equation (1), (2), and (3).

 
TP TNAccuracy

TP TN FP FN
+

=
+ + +

  (1) 

  
TPSensitivity

TP FN
=

+
  (2) 

 
TPPrecision

TP FP
=

+
  (3) 

Statistical Analysis
The accuracy of the Decision Tree algorithm and 

the Support Vector Machine algorithm were examined 
using IBM SPSS 27.0.1. The variables like COVID 
samples are independent and parameters like Asthma, 
Headache, Diabetes, Chronic Lung disease are depen-
dent variables. The sample T-Test was applied to find 
the mean accuracy, mean sensitivity, mean precision 
between the two groups, and performance compari-
son between the two groups is performed.

RESULTS
Both the algorithms appear to provide the same 

COVID-19, with an accuracy rate ranging from 91.25 
percent to 93.93 percent. The mean accuracy of the Deci-
sion Tree (DT) method is greater than that of the SVM ap-
proach, as shown in Table 2. The DT algorithm achieved 
the best accuracy, sensitivity, and precision when com-
pared to the Support Vector Machine algorithm as shown 
in Table 1a and Table 1b. According to the statistical anal-
ysis of Table 2, the Decision tree has a lower error rate 
than the SVM. Table 3 shows that using an independent 
sample T-test, there appears to be a statistically negligible 
difference (P=0.038 for accuracy, P=0.20 with (p>0.05) for 
sensitivity and P=0.32 for precision, p>0.05, in both ap-
proaches. These findings revealed that the Decision tree 
algorithm can predict COVID-19 disease more quickly 
than the Support Vector Machine. The mean accuracy, 
sensitivity, and precision of the new COVID-19 prediction 
with the Decision tree method and the Support vector ma-
chine technique are shown in Fig. 1. The confusion matrix 
of DT and SVM algorithms, shown in Fig. 2a. and Fig. 2b., 
offers TP, TN, FP, FN values, which can be used to calcu-
late accuracy, sensitivity, and precision.

DISCUSSION
In this study of innovative COVID-19 prediction, 

the Decision tree algorithm showed the best accura-
cy (93.31%), sensitivity (94.33%), precision (92%) as 
shown in Table 2. The significant difference appears 
to have increased slightly, although it is not statistical-
ly significant as shown in Table 3. Decision tree algo-
rithm is the simplest and most cost-effective approach 
to predict COVID-19. 
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Table 1a
Covid-19 samples using Decision tree

Sample Accuracy Sensitivity Precision
1 0.95 0.94 0.94
2 0.97 0.94 1
3 0.95 0.94 0.94
4 0.95 0.94 0.94
5 0.92 0.91 0.88
6 0.95 0.93 0.94
7 0.9 0.92 0.83
8 0.92 0.94 0.88
9 0.95 0.94 0.94
10 0.92 0.93 0.88
11 0.9 0.92 0.83
12 0.95 0.94 0.94
13 0.92 0.93 0.88
14 0.97 0.92 0.83
15 0.92 0.93 0.94
16 0.95 0.92 0.94
17 0.92 0.93 0.88
18 0.95 0.94 1
19 0.92 0.94 0.88
20 0.95 0.9 0.94

Table 1b
Covid-19 samples using Support Vector Machine

Sample Accuracy Sensitivity Precision
1 0.9 0.93 0.83
2 0.92 0.94 0.88
3 0.9 0.94 0.83
4 0.92 0.94 0.88
5 0.9 0.91 0.83
6 0.92 0.93 0.88
7 0.9 0.92 0.83
8 0.92 0.94 0.88
9 0.9 0.94 0.83
10 0.92 0.93 0.88
11 0.9 0.92 0.83
12 0.92 0.94 0.88
13 0.9 0.93 0.83
14 0.92 0.92 0.88
15 0.9 0.93 0.83
16 0.92 0.93 0.88
17 0.9 0.94 0.83
18 0.92 0.94 0.88
19 0.9 0.94 0.83
20 0.92 0.9 0.88

Table 2
Comparison of mean accuracy, sensitivity, and precision using 
Decision tree and SVM algorithms.

 GROUP STATISTICS

Param-
eters

Group N Mean Std. De-
viation

Std. Er-
rorMean

Accu-
racy

DecisionTree 20 0.9391 0.02072 0.00463

Support Vec-
torMachine

20 0.9125 0.01282 0.00287

Sensi-
tivity

DecisionTree 20 0.9433 0.00316 0.00071

Support Vec-
torMachine

20 0.9393 0.00189 0.00042

Preci-
sion

DecisionTree 20 0.92 0.04622 0.1033

Support Vec-
torMachine

20 0.8611 0.02850 0.00637

The researchers worked on SVM and Decision tree 
algorithms for innovative prediction of COVID-19 
which results in 91% sensitivity of the SVM model (Al-
balla and Al-Turaiki 2021). In this study, the authors 
used a CR meta classifier and Decision tree for ana-
lyzing the early diagnosis of COVID which resulted in 
82% to 86% of accuracy for the Decision tree (Arpa-
ci et al. 2021). This study shows that among the three 
algorithms SVM model gave the highest accuracy of 
95.2 percent, 87.8% sensitivity, 97% specificity (Tamal 
et al. 2021). Related work on SVM, Gradient Boosted 
Decision Tree are among the machine learning ap-
proaches used to create this ensemble model which 
produces an accuracy of 96.21% (Gao et al. 2020) (Li 
et al. 2021). Clinical prediction models are evaluated 
with the use of ML and laboratory data, and accuracy, 
F1-score, precision, and recall are 86.66 %, 91.89 %, 
86.75 %, and 99.42 percent, respectively (Alakus and 
Turkoglu 2020).

The factors which influence the study are the at-
tributes like age, gender, whether the patient is having 
an illness or disease like diabetes, pneumonia, asthma, 
obesity, heart problems, etc. As the data will not be 
in time series it will be the major issue faced. The fu-
ture work is based on how COVID-19 detection tech-
nology is being used in the healthcare industry and 
how it may help with a more accurate diagnosis. As a 
consequence, this initiative has a promising future, as 
manual forecasting may be readily converted to com-
puterized output at a cheap cost. A larger dataset of 
real-time applications combined with additional ma-
chine learning algorithms might yield superior results. 
The limitations of this research work are to increase 



894 | Cardiometry | Issue 25. December 2022

Table 3
Independent sample T-test in predicting the accuracy, sensitivity, and precision of COVID-19 using the Decision tree and SVM 
algorithm. There appears to be an insignificant difference in both methods for Accuracy and precision with p>0.05

Parameter Equal Vari-
ances

Levene’s Test for 
Equality of Variances

 T-test for Equality of Means 

F Sig t df Significance 
(one-Sided 

p) 

Mean Dif-
ference 

Std.Error 
Difference

95% Confidence 
interval (Upper) 

Accuracy Assumed 4.647 0.38 4.87 38 <.001 .02659 .00545 .03762
Not assumed 4.87 31.69 <.001 .02659 .00545 .03769

Sensitivity Assumed 5.879 0.02 4.86 38 <.001 .00400 .00082 .00566
Not assumed 4.86 31.02 <.001 .00400 .00082 .00568

Precision Assumed 4.930 0.03 4.85 38 <.001 .05892 .01214 .08350
Not assumed 4.85 31.62 <.001 .05892 .01214 .08366

 
Fig. 1. Bar graph representing the comparison of mean accuracy, sensitivity, and precision of COVID-19 prediction with Decision 
tree algorithm and the Support vector machine algorithm. Both the techniques appear to produce the same variable results with 
accuracy ranging from 93% to 91%. X-axis: Decision tree vs SVM. Y-axis: mean accuracy, sensitivity, and precision detection ± 1 SD.

 
Fig. 2a. Confusion matrix for Decision tree algorithm K=5. True 
Positive is found to be 17% and false positive is found to be 1%, 
true negative is found to be 21% and false negative is found to 
be 1%.

 

Fig. 2b. Confusion matrix for Support Vector Machine algorithm 
for K= 5. True Positive is found to be 17% and false positive is 
found to be 1%, true negative is found to be 21% and false 
negative is found to be 1%.
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more sample size by capitulating significant accuracy 
than the existing algorithm in the Innovative detec-
tion model and the future scope of this research is to 
ensemble the simple genetic algorithm in predicting 
all variants of COVID and classifying the Adaboost 
for feature extraction.

CONCLUSION
When compared to SVM the Decision tree algorithm 

(93.91%) that runs in the MatLab proved to offer high-
er results in this research of innovative COVID-19 pre-
diction for Support vector machine (91.25%). In addi-
tion, the performance of the algorithm improved as the 
amount of the data grew, which is not seen in other meth-
ods. This model is highly efficient and has a lot of prom-
ise in terms of predicting and analyzing COVID-19, thus 
it may be used in hospitals and testing facilities.
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ABSTRACT
Aim: The major goal of this research is to increase the accuracy 
of innovation prediction and examine the COVID-19. Materials 
and Method: This study relied on data collected from Kaggle’s 
website and samples are divided into two groups, GROUP 1 
(N=20) for Logistic regression and GROUP 2 (N=20) for De-
cision tree in accordance with the total sample size calculat-
ed using clinical.com by keeping 0.05 alpha error-threshold, 
95% confidence interval, enrolment ratio as 0:1, and G pow-
er at 80%. It involves the software implementation program 
in MatLab 2021a validating with 20 validations. Results: The 
accuracy, sensitivity, and precision rates are compared using 
SPSS software and an Independent sample T-Test. In com-
parison the Logistic regression 95.98% accuracy with P=0.001, 
(p<0.05), 94.65% sensitivity (with P=0.001, (p<0.05) and 96.20% 
precision with P=0.001, (p<0.05) produces a superior outcome 
than the Decision tree 93.91% accuracy with P=0.001, (p<0.05), 
94.33% sensitivity with P=0.001, (p<0.05), 92.00% precision with 
P=0.001, (p<0.05). Conclusion: The Logistic regression algo-
rithm produces better results compared to the Decision tree.
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INTRODUCTION
The COVID-19 epidemic has put an enormous 

strain on the world’s healthcare systems. A quick, pre-
cise, and effective diagnosis of the virus’s severity can 
aid in resource allocation and prioritization in order 
to decrease death (Chowdhury et al. 2021). This paper 
presents a predictive approach using SVM for antici-
pating a likely COVID-19 epidemic (Zagrouba et al. 
2021). This article examines current findings on ma-
chine learning techniques employed in connection to 
COVID-19, they emphasize the promise of machine 
learning for two primary applications: diagnosis and 
mortality risk and severity prediction, both of which 
may be done using publicly available clinical data 
(Alballa and Al-Turaiki 2021). The increased empha-
sis on data mining and machine learning approaches 
might create the ideal atmosphere for the application 
of change and growth in the medical sector for the 
prediction of COVID-19 (Albahri et al. 2020). 

There were about 12 IEEE Explore and 86 Science-
Direct articles found to be associated with this work, 
which was completed in recent years and reported the 
developed algorithm and models for innovative pre-
dicting and analyzing COVID-19 prediction perfor-
mance utilizing ML algorithms such as Naive Bayes, 
SVM, Neural network. This paper builds six predic-
tion models for COVID-19 diagnosis in a comparison 
analysis employing six different classifiers (Bayes, Lo-
gistic, CR, IBK, J48). The best effective classifier for 
anticipating positive and negative COVID-19 occur-
rences was found to be the CR meta-classifier (Arpaci 
et al. 2021). Another study found that chest CT scans 
confirmed the presence of COVID-19-related pneu-
monia in 81% of individuals who tested negative with 
the RT-PCR test (Ai et al. 2020). However, just one re-
search has shown that using multiple ML algorithms 
on tactile characteristics derived from a chest X-ray, 
they were able to identify with 93 percent sensitivity 
and 90 percent specificity (Cavallo et al. 2021). The 
purpose of this research is to develop and test a com-
bination of ML and radionics features for detecting 
COVID-19 from a chest X-ray in the context of oth-
er viral/bacterial pneumonia and at different levels 
of sickness (Tamal et al. 2021). A comparative study 
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indicates a thorough assessment of literature about 
the significance of ML and its algorithms in the battle 
against COVID-19 problems in domains of epidemi-
ology, diagnostics, and disease progression (Syeda et 
al. 2021).Our team has extensive knowledge and re-
search experience that has translate into high quality 
publications (Chellapa et al. 2020; Lavanya, Kannan, 
and Arivalagan 2021; Raj R, D, and S 2020; Shilpa-Jain 
et al. 2021; S, R, and P 2021; Ramadoss, Padmanaban, 
and Subramanian 2022; S. Wu et al. 2020; Kalidoss, 
Umapathy, and Rani Thirunavukkarasu 2021; Kaja et 
al. 2020; Antink et al. 2020; Paul et al. 2020; Malaikol-
undhan et al. 2020) 

The lack of a reliable early COVID-19 diagnostic 
that eliminates human error is the motivating factor 
for this study to determine COVID-19 at its initial 
stages. The writers were machine learning specialists 
who were able to conduct biological research using 
the COVID-19 data and the Logistic regression and 
Decision tree methods. The main objective is to iden-
tify COVID-19 with the greatest degree of accuracy 
possible.

MATERIALS AND METHODS
The research was carried out at the University sim-

ulation lab, Saveetha School of Engineering, Saveetha 
Institute of Medical and Technical Sciences, Chennai. 
The sample size was estimated using clinical.com and 
previous study outcomes (An et al. 2020) with an al-
pha error-threshold of 0.05, enrolment ratio of 0:1, 95 
percent confidence interval, and power of 80 percent. 
Group 1 consisted of a Logistic regression algorithm 
(N=20) and a Decision tree (N=20). This research 
comprised a total of 40 samples.

The Kaggle website was utilized to obtain the data 
samples for this investigation. The data set undergoes 
data reduction techniques to obtain the absolute data 
required. The data should be given as input to MatLab 
2021a to perform classification learning techniques. In-
put data should be imported to classification learning 
tools to perform training. The imported data is trained 
separately for each algorithm i.e, once for the Logistic 
regression varying with cross-validations from 5 to 24 
as in and similarly for the Decision tree with cross-val-
idations from 5 to 24. After validation of data for an 
algorithm, the confusion matrix should be obtained for 
each validation (Nawas et al. 2021), which involves the 
TP (true positive), TN (true negative), FP (false pos-
itive), FN (false negative). Accuracy, Sensitivity, and 

Precision are calculated with the help of these values 
given in Equations (1), (2), and (3).

 
TP TNAccuracy

TP TN FP FN
+

=
+ + +

  (1) 

  
TPSensitivity

TP FN
=

+
  (2) 

 
TPPrecision

TP FP
=

+
  (3) 

Statistical Analysis
IBM SPSS 27.0.1 was used to compare the accu-

racy of the Decision tree algorithm with the Support 
Vector Machine algorithm. Because the variables were 
unrelated, the accuracy rate was compared using an 
independent sample COVID-19 data parameters are 
independent variables and their occurrence in case 
prediction is the dependent variable. As the variables 
are independent of each other an independent sam-
ple T-Test was used to determine the mean accuracy, 
mean sensitivity, and mean precision between the two 
groups, and a performance comparison between the 
two groups is performed. There are no dependent 
variables in this study.

RESULTS
Both the algorithms appear to provide the same 

COVID-19, with an accuracy rate ranging from 93.91 
percent to 95.98 percent as shown in Table 1a and Table 
1b. As demonstrated in Table 2, the Logistic regression 
approach has greater mean accuracy than the Decision 
tree technique. According to the statistical analysis of 
Table 2, the Logistic regression has a lower error rate 
than the Decision tree algorithm. Table 3 shows that 
using the independent sample T-test, there appears to 
be a statistically negligible difference (P=0.037 for ac-
curacy, P=0.151 for sensitivity, P=0.06 for precision, 
with P=0.001, (p<0.05) in both approaches. These 
findings revealed that the Logistic regression algo-
rithm can predict COVID-19 disease more quickly 
than the Decision tree. The mean accuracy, sensitivity, 
and precision of the revolutionary COVID-19 predic-
tion were compared to the Logistic regression method 
and the Decision tree algorithm in Fig. 1. The confu-
sion matrix of Logistic Regression and Decision Tree, 
shown in Fig. 2a. and Fig. 2b., provides TP, TN, FP, 
and FN values that are utilized to calculate accuracy, 
sensitivity, and precision.
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Table 1a
Covid-19 samples using Logistic Regression

Sample Accuracy Sensitivity Precision
1 0.95 0.94 0.94
2 0.95 0.94 0.94
3 0.97 0.94 1
4 0.95 0.94 0.94
5 0.95 0.94 0.94
6 0.95 0.94 0.94
7 0.95 0.94 0.94
8 0.95 0.94 0.94
9 0.97 0.94 0.94
10 0.98 0.95 1
11 0.95 0.94 0.94
12 0.95 0.94 0.94
13 0.95 0.94 0.94
14 0.97 0.94 1
15 0.95 0.94 0.94
16 0.94 0.94 0.94
17 0.97 0.94 1
18 0.95 0.94 0.94
19 0.97 0.94 1
20 0.97 0.94 1

Table 1b
Covid-19 samples using Decision tree

Sample Accuracy Sensitivity Precision
1 0.95 0.94 0.94
2 0.97 0.94 1
3 0.95 0.94 0.94
4 0.95 0.94 0.94
5 0.92 0.91 0.88
6 0.95 0.93 0.94
7 0.9 0.92 0.83
8 0.92 0.94 0.88
9 0.95 0.94 0.94
10 0.92 0.93 0.88
11 0.9 0.92 0.83
12 0.95 0.94 0.94
13 0.92 0.93 0.88
14 0.97 0.92 0.83
15 0.92 0.93 0.94
16 0.95 0.92 0.94
17 0.92 0.93 0.88
18 0.95 0.94 1
19 0.92 0.94 0.88
20 0.95 0.9 0.94

Table 2
Comparison of mean accuracy, sensitivity, and precision using 
Logistic regression and Decision tree algorithms.

GROUP STATISTICS
Param-
eters

Group N Mean Std. De-
viation

Std. Er-
rorMean

Accu-
racy

Logistic 
Regression

20 0.9598 0.01321 0.00295

DecisionTree 20 0.9391 0.02072 0.00463
Sensi-
tivity

Logistic 
Regression

20 0.9465 0.00269 0.00060

DecisionTree 20 0.9433 0.00316 0.00071
Preci-
sion

Logistic 
Regression

20 0.9620 0.02563 0.00573

DecisionTree 20 0.9200 0.04622 0.01033

DISCUSSION
As demonstrated in Table 2, the logistic regression 

approach has the highest accuracy (95.98%), sensitiv-
ity (94.65%), and precision (96.20%). Table 3 shows 
that the significant difference has grown marginally, 
despite the fact that it is not statistically significant. 
The Logistic regression algorithm is the most straight-
forward and cost-effective method for predicting 
COIVD-19. 

The previous works are (2020-2021), in an alter-
native study the Decision tree algorithm and Ran-
dom Forest was used for innovative prediction of 
COVID-19 in individuals which gave an accuracy 
of 99.41% for the Decision tree (Villavicencio et al. 
2021). In this study, three classifiers are used for an-
alyzing the COVID-19 data, and among them, Logis-
tic regression gave a sensitivity of 82% comparatively 
lower than the sensitivity in my study (Aljameel et 
al. 2021). According to the findings of a comparative 
study, more than half of the research participants ex-
perienced coronavirus-related stress, showing that 
there is a significant association between healthcare 
professionals and COVID-19-related stress. This 
study found that supervised learning models such as 
logistic regression, KNN, and CNN have a maximum 
accuracy of 92% (Doanvo et al. 2020). The researchers 
developed a ML-based forecast model that predicts 
individual patients’ survival with greater than 90% 
accuracy. Precision, recall, and F1-score were derived 
to illustrate the AI model’s ability on the training data 
more completely (Al-Turjman 2021). This study looks 
for biomarkers that might assist to predict infection 
severity using a database of 92 people who have had 
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Table 3
Independent sample T-test in predicting the accuracy, sensitivity, and precision of COVID-19 using the Logistic regression and 
Decision tree algorithm. There appears to be an insignificant difference in both methods for Accuracy and precision with p>0.05

Param-
eter

Equal Vari-
ances

Levene’s Test for 
Equality of Variances

 T-test for Equality of Means 

F Sig t df Significance 
(one-Sided p) 

Mean Dif-
ference 

Std.Error 
Difference

95% Confi-
dence interval 

(Upper) 
Accuracy Assumed 4.676 0.037 3.777 38 <.001 0.2076 .00550 .03188

Not assumed 3.777 32.25 <.001 0.2076 .00550 .03195
Sensitivity Assumed 2.152 0.151 3.397 38 <.001 0.0031 .00093 .00503

Not assumed 3.397 37.07 <.001 0.0031 .00093 .00503
Precision Assumed 8.423 0.006 3.548 38 <.001 0.0419 .01182 .06585

Not assumed 3.548 29.67 <.001 0.0419 .01182 .06607

 
Fig. 1. Bar graph representing the comparison of mean accuracy, sensitivity, and precision of COVID-19 prediction with Logistic 
regression algorithm and the Decision tree algorithm. Both the techniques appear to produce the same variable results with accu-
racy ranging from 95.98% to 93.91%. X-axis: Logistic regression vs Decision tree. Y-axis: mean accuracy, sensitivity, and precision 
detection ± 1 SD.

 
Fig. 2a. Confusion matrix of Logistic regression for K=5. True Pos-
itive is found to be 18% and false positive is found to be 1%, true 
negative is found to be 21% and false negative is found to be 0%.

 
Fig. 2b. Confusion matrix of Decision tree for K=5. True Positive 
is found to be 17% and false positive is found to be 1%, true 
negative is found to be 21% and false negative is found to be 1%.
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SARS-CoV-2 laboratory testing (Jamshidi et al. 2021). 
The decision tree achieved a precision of 0.88 percent 
by interpreting four machine learning models: RF, 
Gradient boost trees, and NN utilizing permutation 
feature importance (H. Wu et al. 2021).

Age, gender, and whether or not the patient has a 
condition or sickness such as diabetes, pneumonia, 
asthma, obesity, or cardiac issues are all factors that 
impact the research. Because the data will not be in 
time series, this will be a big problem. This study 
represents how COVID-19 detection technology is 
utilized in the healthcare business and how it can aid 
with more accurate diagnosis in the near future. As 
a result, this effort has a bright future since manu-
al forecasting may easily be converted to automat-
ed output at a low cost. A larger dataset of real-time 
applications, paired with more machine learning al-
gorithms, might produce better outcomes. The lim-
itations of this research work are to increase more 
sample size by capitulating significant accuracy than 
the existing algorithm in the Innovative detection 
model and the future scope of this research is to en-
semble the simple genetic algorithm in predicting all 
variants of COVID and classifying the Adaboost for 
feature extraction.

CONCLUSION
When compared to the Decision tree the Logistic 

regression algorithm (95.98%) that runs in MatLab 
proved to offer higher results in this research of in-
novative COVID-19 prediction for the Decision tree 
(93.91%). In addition, the performance of the algo-
rithm improved as the amount of the data grew, which 
is not seen in other methods. This model is highly ef-
ficient and has a lot of promise in terms of predicting 
and analyzing COVID-19, thus it may be used in hos-
pitals and testing facilities.
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ABSTRACT
Aim: The primary purpose of this study is to improve the ac-
curacy of COVID-19 prediction and evaluation. Materials and 
Methods: This project is based on data extracted from Kag-
gle’s website, which is separated into two categories. According 
to the total sample size estimated by clinical.com, each group 
comprises 20 samples (N=20) for both the Support Vector Ma-
chine (SVM) and Neural Network methods, by keeping 0.05 al-
pha error-threshold, 95% confidence interval, enrolment ratio 
at 0:1, and G power at 80%. In MatLab 2021a, this entails train-
ing the data and verifying 20 validations ranging from 5 to 24. 
Results: The SPSS Software and Independent sample T-test are 
used to contrast the accuracy, sensitivity, and precision rates. 
The Neural Network has 94.55 percent accuracy (P<0.001), 
93.11 percent sensitivity (P<0.001), and 95.31 percent preci-
sion (P<0.001), compared to 91.25 percent accuracy (P<0.001), 
93.93 percent sensitivity (P<0.001), and 86.11 percent precision 
(P<0.001) for the SVM. Conclusion: The Neural Network algo-
rithm outperforms the SVM approach in terms of results.
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INTRODUCTION
COVID-19 was first discovered in 2019 and has 

already infected tens of thousands of people all over 
the world. The virus is fatal, and those who have had 
previous illnesses or are over 60 years old are at a high-
er risk of dying (Bailly et al. 2021). COVID-19 has a 
high prevalence, and 20% to 30% of individuals de-
velop a moderate-to-severe version of the condition, 
which involves multi-organ dysfunction, protracted 
illness and hospitalization, and increased mortality, 
putting pressure on healthcare systems (Team et al. 
2020). They provided a comprehensive review of the 
machine learning approaches and models that may be 
used on this expedition to aid in the fight against the 
COVID-19 (Shahid et al. 2021). The purpose of this 
research was to develop and evaluate an ML (machine 
learning) system for COVID-19 patient diagnosis. It 
was created to be used as a diagnostic instrument in 
hospitals when testing is restricted or unattainable 
(Goodman-Meza et al. 2020). The major purpose of 
a comparative study was to develop and validate an 
ML model that could predict whether a Covid-19 vic-
tim might end up dying or needed intrusive ventila-
tory support during their hospital stay at the time of 
admission. When applied at the time of hospital ad-
mission, the ML model predicts the risk of significant 
disease development in Covid-19 patients (Marcos et 
al. 2021).Our team has extensive knowledge and re-
search experience that has translate into high quality 
publications (Chellapa et al. 2020; Lavanya, Kannan, 
and Arivalagan 2021; Raj R, D, and S 2020; Shilpa-Jain 
et al. 2021; S, R, and P 2021; Ramadoss, Padmanaban, 
and Subramanian 2022; Wu et al. 2020; Kalidoss, 
Umapathy, and Rani Thirunavukkarasu 2021; Kaja et 
al. 2020; Antink et al. 2020; Paul et al. 2020; Malaikol-
undhan et al. 2020) 

Around eight IEEE Explore and 87 ScienceDirect 
articles were found to be related to this work, which 
was completed in recent years and reported the devel-
oped algorithm and models for predicting and ana-
lyzing innovative COVID-19 prediction performance 
using ML algorithms such as Naive Bayes, Decision 
tree, Logistic regression. The goal of the project is to 
use publicly accessible data to create county-level in-
novative predictions for COVID-19 occurrences in 
the near future. The simulations showed a sensitivity 
of more than 71 percent and a specificity of more than 
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94 percent for models generated with data (Mehta et 
al. 2020). This study presents a comparison of ML al-
gorithms for new COVID-19 forecasts. Among other 
aspects, LSTM-CNN surpassed the competition with 
an average mean absolute error of 3.718 percent (Dairi 
et al. 2021). The study’s goal is to develop a simple and 
efficient screening tool for determining the severity of 
persons with COVID-19, so that they may be classi-
fied into suitable risk groups and get the proper health 
care (Chowdhury et al. 2021). In an alternative study, 
to create an improved predictor for extreme Sars-
Cov-2 affected individuals. The model performed well 
in prediction, with an area under the curve of 0.953 
(0.889-0.982). The studies proved its outstanding abil-
ity in prediction (Kang et al. 2021).

The lack of an accurate early COVID-19 diagno-
sis that removes human error inspired this research 
to predict COVID-19 at an early stage. The authors 
were machine learning experts who were able to per-
form biological research utilizing COVID-19 data and 
methodologies such as SVM and neural networks. 
The primary goal is to pinpoint COVID-19 with the 
maximum degree of accuracy feasible.

MATERIALS AND METHODS
This research was carried out at the University sim-

ulation lab, Saveetha School of Engineering, Saveetha 
Institute of Medical and Technical Sciences, Chennai. 
Based on previous study findings, the sample size 
was calculated using clinical.com, with an alpha er-
ror-threshold of 0.05 and an enrolment ratio of 0:1, 95 
percent (An et al. 2020). Group 1 included an SVM 
(N=20) and a Neural Network (N=20). There are a to-
tal of 40 samples in this study.

The data samples used in the research were obtained 
from the Kaggle website. The data set is subjected to data 
reduction methods in order to obtain the absolute data 
required. The data should be put into MatLab 2021a to 
perform classification learning methods. In order to 
train, classification learning systems should be supplied 
with data. The imported data was trained twice, once 
for the Support vector machine with validations rang-
ing from 5 to 24, and again for the Neural network, with 
validations ranging from 5 to 24. The confusion matrix 
should be obtained for each validation after data vali-
dation for an algorithm (Chicco, Tötsch, and Jurman 
2021) which includes the TP (true positive), TN (true 
negative), FP (false positive), and FN (false negative) 
(false negative). Accuracy, Sensitivity, and Precision are 

calculated with the help of these values given in Equa-
tions (1), (2), and (3).

 
TP TNAccuracy

TP TN FP FN
+

=
+ + +

  (1) 

  
TPSensitivity

TP FN
=

+
  (2) 

 
TPPrecision

TP FP
=

+
  (3) 

Statistical Analysis
IBM SPSS 27.0.1 was used to compare the accu-

racy of the Decision tree algorithm with the Support 
Vector Machine algorithm. The variables like COVID 
samples are independent and parameters like Asthma, 
Headache, Diabetes and Chronic Lung disease are de-
pendent variables. The sample T-Test was performed 
to find the mean accuracy, mean sensitivity, and mean 
precision between the two groups, and a performance 
comparison between the two groups is performed.

RESULTS
Both approaches appear to give the same results, 

with accuracy percentages ranging from 91.25 percent 
to 94.55 percent, sensitivity percentages ranging from 
93.93 percent to 93.11 percent, and precision percent-
ages ranging from 86.11 percent to 95.31 percent as 
shown in Table 1a and Table 1b. In terms of mean 
accuracy, sensitivity, and precision, the neural net-
work approach surpasses the support vector machine 
technique, as demonstrated in Table 2. According to 
the statistical research in Table 2, the neural network 
technique has a lower error rate than the SVM. Table 
3 shows that using the independent sample T-test, 
there appears to be a statistically insignificant differ-
ence (P=0.164 for accuracy, P=0.001 for sensitivity, 
P=0.384 for precision, p<0.001) between the two tech-
niques (P=0.164 for accuracy, P=0.001 for sensitivity, 
P=0.384 for precision, p<0.001). The Neural network 
outperformed the Support vector machine in predict-
ing COVID-19 sickness, according to these data. The 
mean accuracy, sensitivity, and precision of the revo-
lutionary COVID-19 prediction are compared to the 
SVM method and the Neural Network approach in 
Fig. 1. The Confusion Matrix of an SVM and a Neural 
Network is shown in Fig. 2a. and Fig. 2b. offers TP, 
TN, FP, and FN values, which evaluates the accuracy, 
sensitivity, and precision.
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Table 1a
Covid-19 samples using Support Vector Machine

Sample Accuracy Sensitivity Precision
1 0.9 0.93 0.83
2 0.92 0.94 0.88
3 0.9 0.94 0.83
4 0.92 0.94 0.88
5 0.9 0.91 0.83
6 0.92 0.93 0.88
7 0.9 0.92 0.83
8 0.92 0.94 0.88
9 0.9 0.94 0.83
10 0.92 0.93 0.88
11 0.9 0.92 0.83
12 0.92 0.94 0.88
13 0.9 0.93 0.83
14 0.92 0.92 0.88
15 0.9 0.93 0.83
16 0.92 0.93 0.88
17 0.9 0.94 0.83
18 0.92 0.94 0.88
19 0.9 0.94 0.83
20 0.92 0.9 0.88

Table 1b
Covid-19 samples using Neural Network

Sample Accuracy Sensitivity Precision

1 0.95 0.94 0.94

2 0.9 0.88 0.88

3 0.92 0.89 0.94

4 0.92 0.89 0.94

5 0.95 0.94 0.94

6 0.97 1 0.94

7 0.95 0.9 1

8 0.97 0.94 1

9 0.95 0.94 0.94

10 0.97 0.95 1

11 0.95 0.94 0.94

12 0.95 0.94 0.94

13 0.95 0.94 0.94

14 0.95 0.88 0.88

15 0.9 0.89 0.94

16 0.92 0.89 0.94

17 0.92 0.94 0.94

18 0.92 1 0.94

19 0.95 0.9 1

20 0.97 0.94 1

Table 2
Comparison of mean accuracy, sensitivity, and precision using 
Support vector machine algorithm and Neural network algo-
rithm.

GROUP STATISTICS

Param-
eters

Group N Mean Std. De-
viation

Std. Er-
rorMean

Accu-
racy

Support Vec-
torMachine

20 0.9125 0.01282 0.00287

NeuralNetwork 20 0.9455 0.02228 0.00498
Sensi-
tivity

Support Vec-
torMachine

20 0.9393 0.00189 0.00042

NeuralNetwork 20 0.9311 0.03460 0.00774
Preci-
sion

Support Vec-
torMachine

20 0.8611 0.02850 0.00637

NeuralNetwork 20 0.9531 0.03255 0.00728

DISCUSSION
Neural Network approach offers the highest ac-

curacy (94.55%), sensitivity (93.11%), and precision 
(95.31%) shown in Table 2. The meaningful difference 
appears to have grown slightly, despite the fact that it 
is not statistically significant as shown in Table 3. The 
easiest and most cost-effective technique for forecast-
ing COIVD-19 is the Neural Network algorithm.

The most recent works include (2020-2021) A re-
search was conducted to discover the essential com-
ponents that affect individuals utilizing analytical 
approaches such as univariate and multivariate re-
gression methods, as well as logistic regression and 
SVM models to evaluate the p-value (John and Shaiba 
2019). In a comparative study, according to the find-
ings, the SVM model had the best accuracy (95.2%), 
sensitivity (87.8%), and specificity (97%) of the three 
algorithms (Tamal et al. 2021). Clinical prediction 
models are evaluated by ML and laboratory data, and 
accuracy, F1-score, precision, and recall are 86.66 per-
cent, 91.89 percent, 86.75 percent, and 99.42 percent, 
respectively (Alakus and Turkoglu 2020). The authors 
developed a machine learning-based risk prioritizing 
method that anticipates ICU transfer within 24 hours. 
The RF model was trained using 10-fold cross-valida-
tion on the training set, and its prognostic ability on 
the testing set then was evaluated. The model tool has 
a 72.8 percent sensitivity and a 76.2 percent accuracy 
(Cheng et al. 2020). SVM and Gradient Boosted De-
cision tree are two of the ML approaches utilized to 
create the model, which has a 96.21 percent accuracy 
(Gao et al. 2020).
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Table 3
Independent sample T-test in predicting the accuracy, sensitivity, and precision of COVID-19 using the Support vector machine 
algorithm and Neural Network algorithm. There appears to be an insignificant difference in both methods for Accuracy and pre-
cision with p>0.05
Parameter Equal Vari-

ances
Levene’s Test for 

Equality of Variances
 T-test for Equality of Means 

F Sig t df Significance 
(one-Sided p) 

Mean Dif-
ference 

Std.Error 
Difference

95% Confidence 
interval (Upper) 

Accuracy Assumed 2.009 0.164 -5.738 38 <.001 -.03298 .00575 -.02135
Not assumed -5.738 30.34 <.001 -.03298 .00575 -.02125

Sensitivity Assumed 50.212 0.001 1.061 38 <.001 0.0082 .00775 .02391
Not assumed 1.061 19.11 <.001 0.0082 .00775 .02444

Precision Assumed 0.775 0.384 -9.505 38 <.001 -.09196 .00967 -.07237
Not assumed -9.505 37.37 <.001 -.09196 .00967 -.07236

 
Fig. 1. Bar graph representing the comparison of mean accuracy, sensitivity, and precision of COVID-19 prediction with the Sup-
port vector machine algorithm and Neural Network algorithm. Both the techniques appear to produce the same variable results 
with accuracy ranging from 94.55% to 91.25%. X-axis: SVM vs Neural Network. Y-axis: mean accuracy, sensitivity, and precision 
detection ± 1 SD.

 

Fig. 2a. Confusion matrix for Support Vector Machine algorithm 
for K= 5. True Positive is found to be 17% and false positive 
is found to be 1%, true negative is found to be 21% and false 
negative is found to be 1%.

 

Fig. 2b. Confusion matrix for Neural Network algorithm for K= 
5. True Positive is found to be 17% and false positive is found 
to be 1%, true negative is found to be 21% and false negative 
is found to be 1%.
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The patient’s age, gender, and whether or not he or 
she has a disease or illness like diabetes, pneumonia, 
asthma, obesity, or heart problems all have an influ-
ence on the research. This will be a significant issue 
because the data will not be in time series. This ar-
ticle examines how COVID-19 detection technology 
is used in the healthcare industry and how it might 
help with more accurate diagnoses in the future. As 
a consequence, this initiative has a promising future, 
as manual forecasting may be readily converted to au-
tomated output at a minimal cost. A larger dataset of 
real-time applications, in combination with addition-
al machine learning algorithms, may yield superior 
results. The limitations of this research work are to 
increase more sample size by capitulating significant 
accuracy than the existing algorithm in the Innova-
tive detection model and the future scope of this re-
search is to ensemble the simple genetic algorithm in 
predicting all variants of COVID and classifying the 
Adaboost for feature extraction.

CONCLUSION
In this innovative COVID-19 prediction research 

for the Support vector machine, the Matlab-based 
Neural network method (94.55 percent) generated su-
perior results than SVM (91.25 percent). Furthermore, 
the algorithm’s performance improved as the amount 
of data increased, unlike prior techniques. This model 
is quite efficient and has a lot of promise for predicting 
and analyzing COVID-19, thus it may be used in hos-
pitals and testing facilities.
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ABSTRACT
Aim: Aim of this research is to analyze and compare ventricu-
lar Cardiac Arrhythmia (CA) classification using Sodium Chan-
nel (Na+) parameters with Artificial Neural Network (ANN) and 
K-Nearest Neighbour (KNN) classifiers. Materials and Meth-
ods: Ten Tusscher Human Ventricular Cell Model (THVCM) 
(data) is used for arrhythmias classification. THVCM has well 
defined sodium (Na+) channel dynamics. Sample size was cal-
culated by keeping threshold 0.05, G Power 80%, confidence 
interval 95% and enrolment ratio as 1. Number of samples con-
sidered is 20 for each analysis and will be imported to the clas-
sifier, K-Nearest Neighbour (KNN) and Artificial Neural Network 
(ANN) classifier to find better accuracy. Finally, the results (accu-
racy) will be validated by using Statistical Package for the Social 
Science (SPSS) software. Result: Ventricular normal, tachycar-
dia and bradycardia data are fed into novel ANN and KNN clas-
sifiers. The results obtained from classifiers for 20 samples are 
fed to SPSS. In that ANN shows accuracy of 35.6% with stan-
dard deviation (3.17822) and Standard error mean (0.71067). 
Similarly KNN produces an accuracy value of 18.05% with stan-
dard deviation (1.19593) and Standard error mean (0.26739). 
Conclusion: As per the results, it clearly shows that the novel 
ANN has better accuracy for classification than KNN. 

Keywords
Ventricular Cardiac Arrhythmia, Sodium Ion, Sodium Channel, 
Novel ANN and KNN Classifiers, Action Potential, Bradycardia, 
Tachycardia.
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INTRODUCTION:
Cardiac Arrhythmia (CA) can be called an unjus-

tified electrical activity pattern which differs from the 
normal electrical activity. More advanced studies in 
cardiac patterns have witnessed many more types of 
CA (Antzelevitch and Burashnikov 2011). Majority of 
the cardiac failures occur in the ventricles chamber, 
because of the improper contraction and enlargement 
of the heart to pump the blood. Arrhythmias like bra-
dycardia are defined as heart beats <60 beats per min-
ute whereas tachycardia is about >100 beats per min-
ute. More specifically, cardiac voltage gated sodium 
channel is more responsible for proper electrical con-
duction in the heart. Na+ causes disturbances during 
the conduction process which may lead to the Ventric-
ular Cardiac Arrhythmia (VCA). In Spite of studying 
the characteristics of the Na+, not many studies have 
been made targeting the treatment procedure specify-
ing the Na+ channel (C. A. Remme and Wilde 2014). 
Na+ has been the leading cause of CA. Voltage gated 
sodium channel is very important in Action Poten-
tial (AP) and heart contractions. They are transmem-
brane proteins activated by membrane potential and 
lead to transient influx in Na+ (de Lera Ruiz and Kraus 
2015). The major reason is inability of the Na+ to close 
completely or at the exact time which actually lead to 
prolongation of ventricular cardiac arrhythmia and in 
some special and extreme cases leads to brugada syn-
drome (dangerous irregular heartbeat at the ventri-
cles) which will lead to death (de Lera Ruiz and Kraus 
2015). When inactivation of Na+ channel does not oc-
cur properly a certain amount of current of about 0.5% 
stays in the myocytes without leaving which is called 
late INa. This current stays because Na+ did not acti-
vate properly. INa current indirectly changes the value 
of Ap duration (APD) which leads to sustainable entry 
of depolarising Na+. The changes disturbs the other 
channels like k+ in their process (Mangold et al. 2017). 
The applications of this study is wide because Cardi-
ac sodium channel protein is an multimeric channel 
consisting of α and an auxiliary β-subunit genes which 
are connecting the sodium channels is cloned and se-
quenced. Any dysfunction in the Na+ will alter the cur-
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rent and inactivation process causing QT syndrome 
(fast heartbeats) and many other complications (Grant 
2005). In this research paper we will study more detaily 
about the Mechanism of sodium channel, how sodium 
channel is involved in the Cardiac heath, and the mod-
el is obtained by calculating in novel ANN and KNN 
classifiers the result obtained discusses about the type 
of Arrhythmia namely Tachycardia and Bradycardia. 
ventricular cardiac arrhythmia occurring by sodium 
channel which creates more awareness and identity 
the exact cause of the arrhythmia. (Carol Ann Remme 
and Bezzina 2010). This sodium channel dysfunction 
can cause life – threatening conditions and arrhythmia 
disorder when these channels are in dysfunction any 
prescribed drugs for channel modification can pro-
duce greater risk to the patients when not identified 
correctly (Smits et al. 2008).Our team has extensive 
knowledge and research experience that has translate 
into high quality publications (Chellapa et al. 2020; 
Lavanya, Kannan, and Arivalagan 2021; Raj R, D, and 
S 2020; Shilpa-Jain et al. 2021; S, R, and P 2021; Rama-
doss, Padmanaban, and Subramanian 2022; Wu et al. 
2020; Kalidoss, Umapathy, and Rani Thirunavukkara-
su 2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020) 

This topic about Ventricular CA in Na+ channel is 
researched widely in the last 5 years (2016 – 20121) 
(according to google scholar ≅ 17800 articles) in which 
PubMed have published 202 articles and Sciencedirect 
have published 623 articles in the current year (2021). 
Voltage gated sodium channel is a major complex struc-
ture consisting of various α and β subunits with numer-
ous protein patterns these will be connected directly or 
indirectly with the genetic functions. Any dysfunction 
and loss or gain of sodium ions will lead to diseas-
es like Brugada syndrome (dangerous irregular heart 
beat), long QT syndrome (expansion of QT interval), 
sick sinus syndrome (inability of pacemaker to make 
proper heartbeat) (Savio-Galimberti, Argenziano, and 
Antzelevitch 2018). The sodium current INa initializes 
the AP by depolarising the Membrane Potential (MP) 
(Vm) from -60mV to +40mV. In milliseconds the Na+ 

depolarises and allow K+ current to repolarize. When 
Na+ does not inactivate properly a measurable current 
of about 0.5% persists in the myocyte known as late or 
persistent INa (Savio-Galimberti, Argenziano, and Ant-
zelevitch 2018; Mangold et al. 2017). Sodium channel 
antagonism which is a treatment procedure for CA by 
preventing the re entry of the electrical impulse that 

could lead to myocardial damage. Which is now seen 
as an off-target in pharmacology that attenuates during 
the mutation process (Jenkinson et al. 2018). Accord-
ing to me this article seems to be more accurate and 
specific. Sudden Cardiac death is the leading cause of 
cardiovascular mortality. Cardiac voltage gated sodium 
channel is important for proper electrical conduction. 
Altered Na+ causes conduction disturbances and CA. 
Na+ are highly reactive to metabolic and physiological 
factors including intracellular calcium levels, extra-
cellular protons and pH (Jenkinson et al. 2018; C. A. 
Remme and Wilde 2014).

Since it is hard to explore the human heart system 
continuously to get human trial information and ex-
amination (CA). However, in animal studies, CA ex-
amination is conceivable. We can’t prefer creature in-
formation that there are numerous varieties in the AP 
attributes when contrasted with human AP. The elec-
tive method to examine such CA is through computa-
tional methodology. Aim of this research is to analyze 
and compare ventricular Cardiac Arrhythmia (CA) 
classification using Sodium Channel (Na+) parameters 
with Artificial Neural Network (ANN) and K-Nearest 
Neighbour (KNN) classifiers.

MATERIALS AND METHODS
This research is worked out in the Digital Signal 

Processing laboratory in the department of Biomed-
ical Engineering, Saveetha School of Engineering, 
Saveetha Institute of Medical and Technical Sciences. 
The research analysis is carried out in a single group 
with different sodium parameter conditions. Sample 
size was calculated by keeping threshold 0.05, G Power 
80%, confidence interval 95% and enrolment ratio as 
1. Number of samples considered is 25 for each anal-
ysis. This paper’s dataset was obtained from Matlab. It 
contains about 25 samples each which are labeled as 
Normal, Bradycardia and Tachycardia (Tusscher et al. 
2004). The parameters used to identify the accuracy are 
Voltage,Current and Activation Gate of the channels. 

The values for the sodium channels are obtained 
by alternating the values from normal (140mM). Ini-
tially the Normal value is obtained later the values 
for 50% decrease (70) and 100% increase (280mM) 
is obtained. This is done for the Extracellular Sodium 
Channel. It is observed that there is a decrease in AP 
distance (APD) when the value is decreased to 50% 
which means the number of heart beats per minute 
increases which leads to Tachycardia. When the value 
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is increased 100% the number of heart beats decreases 
per minute which leads to Bradycardia. Based on this 
the dataset is tabulated in Microsoft Excel sheet and 
imported to the classification learner. Model type is 
selected as KNN and ANN

 Cm (dV/dt) = – (Iion+ Istim) (1) 

Cm is the Membrane Capacitance (MC) (μF), dv/dt is 
Membrane Potential (MP) (mV), Iion is total ionic cur-
rent (pA), Istim is stimulation current (pA) as given in 
Equation (1).

  
TP TNAccuracy

TP TN FP FN
+

=
+ + +

  (2) 

Equation (2) is used to find the accuracy using the 
confusion matrix obtained from the classifiers indi-
vidually. Using SPSS software finally we are calculat-
ing the group statistics containing the mean,standard 
deviation and standard error mean. 

Artificial Neural Network
ANN is termed as a biological human brain which 

contains up to 60 trillions of interconnected sets of 
neurons to perform network patterns. It is based on 
the idea of connecting very simple interconnected 
neurons that act as a single processor. For dealing with 
complex datas it requires more patterns and process-
es (Farizawani et al. 2020). Generally in our research, 
it helps in connecting with the immediately preced-
ing or succeeding datas. A confusion matrix for the 
classifier is obtained which summarizes the data into 
simple matrix format. From which the accuracy of the 
network is calculated.

K-Nearest Neighbor
KNN is a simple and more effective classifier in 

many cases. It is a non-parametric classification meth-
od. Main work of the KNN is to classify the unlabeled 
data and assemble them to the most similarly labeled 
data (Zhang 2016). The use of KNN in our research 
paper is, it collects the data to our labeled parameters 
like Normal,Bradycardia and Tachycardia. A con-
fusion matrix is obtained to summarize the dataset 
which is imported based on the KNN classifiers algo-
rithm. From this the Accuracy is calculated as number 
of all correct prediction divided by all other outcomes

Statistical Analysis
For the statistical approach, the software tool used 

in our research is IBM SPSS Statistics 28.0.0.0. The in-

dependent sample test (t) was performed to identify 
the mean, standard deviation and the standard error 
mean statistical significance between the groups. The 
comparison of the two groups, one from the sample 
data from KNN and other from the ANN are labeled 
as group 1 and group 2. The SPSS software will give 
the accurate values for the two different algorithms 
(KNN & ANN) which will be represented with the 
graph to calculate the significant value with maximum 
accuracy value 18.05, standard deviation of about 
1.19593 and Standard error mean is 0.26739 in KNN. 
And accuracy value 36.60, Standard deviation of about 
3.17822 and Standard error mean is 0.71067 in ANN 
(Tusscher et al. 2004).

RESULTS
Figure 1 (a) represents the normal ECG pattern 

when all the ion channels are in normal state the 
APD remains normal which indicates good cardiac 
health.

Figure 1 (b) represents the abnormal ECG pattern 
of about 100% increase in the sodium channel the APD 
expands which increases the time for beating which 
leads to Bradycardia of about <70 beats per minute.

Figure 2 represents one sample confusion matrix 
of ANN Sample sets which shows the data into sim-
plified matrix format. This matrix represents the True 
Positive, True Negative, False Positive and False Neg-
ative.

Figure 3 represents one sample confusion matrix 
for KNN sample sets which simplifies the 25 samples 
it to a 3*3 matrix which represents the True Positive, 
True Negative,False Positive and False Negative.

Figure 4 shows detection of the ventricular Car-
diac Arrhythmia whether Normal, Bradycardia and 
Tachycardia which classifier produces better accuracy 
in KNN or ANN From Fig. 4 it is concluded the ANN 
produces better results when compared to KNN. The 
accuracy of KNN is 18.05% whereas ANN is 35.6%. 

Table 1 depicts the accuracy obtained for sodium 
channels by ANN and KNN. 20 sample data were 
loaded in SPSS for analysis. Table 2 Represents the 
group statistics of the accuracy rate of the two novel 
ANN and KNN classifiers, their mean, standard devi-
ation and standard error mean.

Table 3 Represents the independent t test data ob-
tained from the SPSS software which compares the 
novel ANN and KNN classifiers and checks if the data 
is different.
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Fig. 2. Confusion Matrix of Artificial Neural Network (ANN) 
 

Fig. 3. Confusion Matrix of K-Nearest Neighbor (KNN) 

 
Fig. 1. (a) Normal AP of single ventricular cell at Extracellular Na+ concentration of 140mM. (b) AP of single ventricular cell at Extra-
cellular Na+ concentration of 280mM. Abnormal cardiac activity which occurs when the sodium ion is increased by 100% (280mM) 
the AP distance is at 3.8 x 10-4m /sec.

 Fig. 4. Output of the mean accuracy rate of accuracy rate of the two groups Artificial Neural Network (ANN) and K-Nearest Neigh-
bor (KNN). X axis: Artificial Neural Network (ANN) and K-Nearest Neighbor (KNN); Y axis: Mean accuracy rate SD+-2.
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Table 1
Accuracy obtained for sodium channel by Artificial Neural Net-
work (ANN) and K-Nearest Neighbor (KNN). 20 sample data 
were loaded in SPSS for analysis. 

S.No ACCURACY OBTAINED 
THROUGH ANN FOR 
SODIUM CHANNEL

ACCURACY OBTAINED 
THROUGH KNN FOR 
SODIUM CHANNEL

1 18.7 30.7
2 20 36
3 18.7 34.7
4 21.3 40
5 18.7 32
6 17.3 32
7 17.3 36
8 18.7 33.3
9 17.3 36
10 17.3 37.3
11 17.3 38.7
12 20 40
13 17.3 37.3
14 17.3 36
15 17.3 28
16 17.3 36
17 17.3 36
18 17.3 37.3
19 17.3 40
20 17.3 34.7

Table 2
Group statistics of the accuracy rate of the two groups Artificial 
Neural Network (ANN) and K-Nearest Neighbor (KNN), their 
mean, standard deviation and standard error mean. ANN pro-
duces better results when compared to KNN. The accuracy of 
KNN is 18.05% whereas ANN is 35.6%

GROUP STATISTICS
Group N Mean Std. De-

viation
Std.Error 

Mean
Accuracy KNN 20 18.0500 1.19583 0.26739

ANN 20 35.6000 3.17822 0.71067

DISCUSSION
The Fig. 1 (a) shows the action potential of a nor-

mal cardiac (140mM) activity where the AP distance 
is at 3.2 x 10-4 m/sec and Fig. 1 (b) shows the action po-
tential of abnormal cardiac activity which is occurred 
when the sodium ion is increased by 100% (280mM) 
the AP distance is at 3.8 x 10-4m /sec. Na+ channel 
has been a substrate in mutations in antiarrhythmic 
drugs. Which occurs during the action potential and 
leads to insufficient time to recover and abbreviation 
of diastole period and many other complications. The 
changes in the APD when the value of the sodium 
channel changes abruptly. Which leads to Bradycar-
dia and Tachycardia. Figure 2 is a confusion matrix 
of ANN classifiers which is represented in a 3x3 ma-
trix format. Experimental results show the number of 
Normal,Tachycardia and Bradycardia in terms of True 
Positive (TP), True Negative (TN), False Positive (FP) 
and False Negative (FN).

It is a classifier which has been used in a variety of 
fields like business and scientific disciplines during the 
past few years. This works similarly to the brain and 
neurons (Grant 2009; “Artificial Neural Networks” 
2003). Figure 3 is a confusion matrix of KNN from 20 
sample data obtained represented in a 3x3 matrix for-
mat. It shows the values of Normal,Tachycardia and 
Bradycardia representing TP, TN, FP and FN. This is 
the most simplified and arguably used approach of 
all supervised learning. This method simply chooses 
the “k” value and identifies the nearest neighbors to 
classify the data (Ebbels 2007). Figure 4 represents 
the SPSS graph with two groups KNN and ANN at X 
axis and accuracy at Y axis. It consists of Error bars at 
95% CI which means it has a confidence limit of 95% 
and only 5% of it is not included into the error bar. It 
is a software used for data management and software 

Table 3
Independent Sample t test which compares the two independent groups (KNN and ANN). The data was statistically significant 
between the two groups.

 Independent Sample Test

Levene’s Test for 
Equality of variances

T-test for Equality of Means

F Sig. t df Sig 
(2.tailed) 

Mean diff Std. diff 
error

5%confidence inter-
val of the difference
Lower Upper

ACCURA-
CY

Equal variances 
assumed

8.643 0.006 -23.113 38 <.001 <.001 -17.5500 .7593 -19.0871

Equal variances 
not assumed

-23.113 24.274 <.001 <.001 -17.5500 .7593 -19.1162



916 | Cardiometry | Issue 25. December 2022

analysis. It helped researchers in revolutionizing the 
updated versions which helped to conduct complicat-
ed statistical analysis on big datasets ((Ebbels 2007; 
Frey 2017). Table 1 represents the accuracy of ANN 
and KNN classifiers for sodium channels. Table 2 con-
sists of the data obtained from the SPSS software and 
shows that in our study we are concluding that ANN 
produces better results when compared with KNN. 
ANN gives accuracy of 35.6%, standard deviation of 
about 3.17822 and Standard error mean is 0.71067. 
KNN gives an accuracy value of 18.05%, standard 
deviation of about 1.19593 and Standard error mean 
is 0.26739. Table 3 represents the independent t sam-
ple which is a parametric test data obtained from the 
SPSS software to compare the groups ANN and KNN 
it helps in identifying the mean of two groups, mean 
of two intervention and mean of two change scores 
(Grant 2009).

The disadvantage of our result is, though ANN 
produces better accuracy of 35.6% it is still less accu-
rate compared to many other classifiers like fuzzy clas-
sifier and Naive bayes classifier which produces higher 
accuracy than ANN and KNN. 

Future Works will include researching more sodi-
um ion channels and its contribution to the cardiac 
pattern and accuracy rate of many other classifiers 
will be compared and studied about them. And many 
more real life samples can be collected and studied to 
apply it in real life. 

CONCLUSION
The conclusion exhibits that between ANN and 

KNN, in which the ANN classifier has the highest 
values. The Accuracy Rate of ANN classifier accuracy 
is 35.6% and KNN algorithm has an accuracy rate of 
18.05%. The Precision and Recall of ANN Algorithm 
is efficient when compared with KNN. 
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ABSTRACT
Aim: Aim of this research is to analyze and compare ventricular 
cardiac arrhythmia classification using calcium channel parameters 
with Artificial Neural Network (ANN) and K- Nearest Neighbour 
(KNN) classifier. Materials and Methods: For the classification 
of arrhythmias, A.V.Panifilov (AVP) is used. THVCM contains well 
defined Calcium channel dynamics and its properties. Sample size 
was calculated by keeping threshold 0.05, G Power 80%, confi-
dence interval 95% and enrolment ratio as 1. Number of samples 
considered is 20 for each analysis and will be imported to the clas-
sifier such as K-Nearest Neighbour (KNN) and Artificial Neural Net-
work (ANN) classifiers to find better accuracy. Finally, the results (ac-
curacy) will be validated by using Statistical Package for the Social 
Science (SPSS) software. Results: The results obtained from Nor-
mal, Tachycardia and Bradycardia data are imported to the ANN 
and KNN classifier. In which KNN shows accuracy value (12.3950%), 
standard deviation (0.96490) and Standard error mean (0.21576). 
And ANN shows accuracy value (35.3400%), standard deviation 
(3.22285) and Standard error mean (0.72065). Conclusion: From 
the results, it is concluded that ANN produces better results when 
compared with KNN classification in terms of accuracy.
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INTRODUCTION
Cardiac Arrhythmia (CA) is a condition in which 

normal rhythm of the heart is distrubed. Normal 
rhythm is called the Sinus Rhythm. CA is an initial-
ization of cardiac excitation, abnormal propagation of 
the waves, or any combinations (Fenton, Cherry, and 
Glass 2008). Blood circulation is important in the body 
which completely depends on the electrical activity of 
the heart. Any disturbances in these cardiac waves 
leads to CA. In almost 20 years research about Calci-
um ions and Calcium channels has been carried out. 
It plays a very important role in cardiac Action Poten-
tial (AP) (Rougier and Abriel 2016). Calcium ions are 
intracellular signaling ions. They work on regulating 
the excitation and contraction, in many activities of 
the enzymes and ion channels. Any change or increase 
in the Ca2+ leads to cytotoxicity which is syndrome of 
sudden death combining Brugada Syndrome and short 
QT interval in ECG pattern (Grant 2009). On the basis 
of National health Interview Survey in the year 2017, 
Record says nearly 2,813,503 resident deaths were reg-
istered in a year, which exceeds the survey taken in the 
year 2016 which is nearly 69,255 deaths. This includes 
all types of cardiovascular diseases (particularly CA). 
This increasing rate can be reduced when the diagno-
sis is done priorly (Virani et al. 2020). To understand 
and study about these CA, one needs knowledge about 
the ionic contributions to the cardiac action potential. 
In this article, the voltage gated calcium channel being 
a cause of ventricular Cardiac Arrhythmia is reviewed 
(Tse 2016) from the year 1949, many studies have been 
developed about mechanisms of the heart rhythm, this 
has led to many identification of multiple families of 
ionic currents (Delisle et al. 2004) .

In this topic related to Ventricular Cardiac Ar-
rhythmia and calcium channel many studies have 
been undergone during the last 5 years (≅17300 as 
per google scholar). PubMed have published 30 arti-
cles and Sciencedirect have published 12 articles in the 
current year (2021). Changes in ion channels through 
ion channels in myocardial cell membrane is a leading 
cause of CA. There are three main reasons for the oc-
currence of tachycardia: they are disturbance of normal 
automaticity, early or late depolarisation and Re-entry 
mechanism (Borchard and Hafner 2000). Generation 
of action potential happening throughout the heart re-
sults in disturbance in the cell membrane. These ion 
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channels reduce the energy required to move through 
the lipophilic cell membrane. It has two fundamental 
properties such as ion permutation and gating (Grant 
2009). Including rhythmicity and contractility, ion 
channels play a major role. They target cardiac physi-
ology like fibrillation and angina as well as off -target 
cardiac side effects of development of drugs (Birgit T 
Priest 2015). Na+ and Ca2+ are the basics of all cardi-
ac functions like excitability, generating rhythm, co-
ordinating and controlling contractions. 20-25% of 
the death occurs because of the dysfunction in the 
cardiac ion channels and some because of the direct 
defects in the gene of the ionic channels. This study 
is the best study in my opinion because ion channels 
have become a major reason in the biomedical field 
as mediators for electrical signals in nerve,muscle, and 
endocrine cells and are modulated by hormones. Any 
dysfunction is the massive reason for death and prime 
drug targets. Because of numerous studies like this 
Na+ and Calcium ion channels are now ready to use 
as an effective method to prevent cardiac arrhythmias 
and excitability diseases (Fozzard 2002). Our team has 
extensive knowledge and research experience that has 
translate into high quality publications (Chellapa et al. 
2020; Lavanya, Kannan, and Arivalagan 2021; Raj R, 
D, and S 2020; Shilpa-Jain et al. 2021; S, R, and P 2021; 
Ramadoss, Padmanaban, and Subramanian 2022; Wu 
et al. 2020; Kalidoss, Umapathy, and Rani Thirunavuk-
karasu 2021; Kaja et al. 2020; Antink et al. 2020; Paul et 
al. 2020; Malaikolundhan et al. 2020) 

Since it is difficult to research the human cardiac 
system in real time to get human experimental data 
and research prediction (CA). But in animal studies, 
CA analysis is possible. We cannot prefer animal data 
because there are many variations in the AP character-
istics when compared to humans AP. The alternative 
way to analyze such CA is through a computational 
approach. Aim of this research is to analyze and com-
pare ventricular cardiac arrhythmia classification us-
ing calcium channel parameters with Artificial Neural 
Network (ANN) and K- Nearest Neighbour (KNN) 
classifier.

MATERIALS AND METHODS
This research is worked out in the Digital Signal 

Processing laboratory in the department of Biomed-
ical Engineering, Saveetha School of Engineering, 
Saveetha Institute of Medical and Technical Sciences. 
The research analysis is carried out in a single group 

with different calcium parameter conditions. Sample 
size was calculated as threshold 0.05, G Power 80%, 
confidence interval 95% and enrolment ratio as 1 
((Birgit T Priest 2015)). 

Number of samples considered is 25 for each anal-
ysis. In this research 25 samples are considered for 
analyzing the results. The dataset is obtained for the 
default normal value of calcium (2), by decreasing the 
value by 50% (1 mM) and by increasing the value by 
100% (4mM). For each three parameters are consid-
ered voltage,current and activation gate. The sam-
ples are imported to classification learner and trained 
with two classifiers; they are Novel Artificial Neural 
Network (ANN) and K-Nearest Neighbour (KNN) 
(Yamaguchi 2013). The confusion matrix is obtained 
which gives the simple details about the accuracy of 
the network. 

 Cm (dV/dt) = – (Iion+ Istim) (1) 

Cm is the Membrane Capacitance (μF), dv/dt is Mem-
brane Potential (mV), Iion is total ionic current (pA), 
Istim is stimulation curren as given in Equation (1).

  
TP TNAccuracy

TP TN FP FN
+

=
+ + +

  (2) 

This equation (2) is the mathematical equation 
used to identify the Using SPSS software. Finally we 
are calculating the group statistics containing the 
mean,standard deviation and standard error mean.

Artificial Neural Network
ANN classifier is inspired from the human ner-

vous system. It is a powerful tool to handle compli-
cated data. It is mainly used to identify the hidden 
data which cannot be seen or calculated manually. It 
has been widely used in areas like climatic and envi-
ronmental research areas which require storing large 
amounts of data (Zhang 2018). In our research it helps 
in connecting before and after datas and when train-
ing this data confusion matrix is obtained in which the 
accuracy value of different fold cross validation for 25 
different samples is obtained and tabulated.

K-Nearest Neighbor
KNN classifier is mostly used in biomedical signal 

analysis. By comparing the training sets with given 
sets that are similar. When this classifier is given to a 
sample set this will intend the most nearest training 
set that is stored in the data of the unknown sets. The 
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K-Nearest neighbor represents the K which is the sam-
ple point and “NN” which is the nearest neighbor of 
the unknown samples (“Human Activity Recognition 
Using Machine Learning Methods in a Smart Health-
care Environment” 2020). In our research it helps in 
identifying the abnormal sample data compared with 
the normal sample data. Which distinguishes the set 
of samples into Normal, Tachycardia and Bradycardia.
This is trained and the confusion matrix is obtained 
which simplifies the sample data into matrix format.

Statistical Analysis
To analyze the accuracy and other statistical 

comparison the product apparatus used in our re-
search is IBM SPSS Statistics 28.0.0.0. The indepen-
dent sample test (T) was performed to recognise the 
mean, standard deviation and the standard error 
mean statistical significance between the groups. 
On comparing the samples obtained from the two 
classifiers K-Nearest Neighbor and Artificial Neural 
network. The SPSS software will give the accurate 
values for the two different algorithms Novel KNN 
& ANN which will be utilized with the graph to cal-
culate the significant value with maximum accuracy 
value 12.3950, standard deviation of about 0.96490 
and Standard error mean is 0.21576 in K – Nearest 
Neighbor. And Artificial Neural Network has ac-
curacy value 35.3400, standard deviation of about 
3.22285 and Standard error mean is 0.72065 (Birgit 
T Priest 2015)).

RESULTS
Figure 1 (a) and Figure 1 (b) Figure 1 (a) addresses 

the typical ECG design when all the ions are in ordi-
nary condition the APD distance stays ordinary which 
shows great cardiovascular wellbeing. Figure 1 (b) ad-
dresses the abnormal ECG pattern of about 100% incre-
ment in the calcium channel the APD distance extends 
which decreases the number of beats per minute which 
prompts Bradycardia of about <70 beats each moment. 

Figure 2 represents a confusion matrix of ANN 
Sample sets which shows the simplified data of the 
sample in matrix format. This addresses the True Pos-
itive, True Negative, False Positive and False Negative.

Figure 3 represents one sample confusion matrix for 
KNN sample sets which works on the 25 samples which 
is simplified to a 3*3 grid which addresses the True Pos-
itive, True Negative,False Positive and False Negative.

Figure 4 shows detection of the ventricular Cardiac 
Arrhythmia whether Normal, Bradycardia and Tachy-
cardia which classifier creates better exactness in accura-
cy from KNN and ANN. From Fig. 1 it is decided ANN 
produces better results when compared to KNN. The 
accuracy of KNN is 12.395% whereas ANN is 35.34%. 

Table 1 Represents the accuracy obtained for calci-
um channels by ANN and KNN. 20 sample data were 
loaded in SPSS for analysis

Table 2 It addresses the group statistics of the accu-
racy rate of the two groups ANN and KNN classifiers, 
their mean, standard deviation and standard blunder 
mean.

 Fig. 1. (a) Represents Normal ECG pattern when the Calcium channel value is normal (2mM). (b) Abnormal ECG pattern when the 
Calcium channel value is increased by 100% (4mM) 
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Table 1
Accuracy obtained for calcium channel by Artificial Neural Net-
work (ANN) and K-Nearest Neighbor (KNN). 20 sample data 
were loaded in SPSS for analysis. 

S.No ACCURACY OBTAINED 
THROUGH ANN FOR 
CALCIUM CHANNEL

ACCURACY OBTAINED 
THROUGH KNN FOR 
CALCIUM CHANNEL

1 10.7 38.7
2 13.3 34.7
3 13.3 37.3
4 13.3 33.3
5 13.3 37.3
6 17.7 32
7 10.7 32
8 12 32

S.No ACCURACY OBTAINED 
THROUGH ANN FOR 
CALCIUM CHANNEL

ACCURACY OBTAINED 
THROUGH KNN FOR 
CALCIUM CHANNEL

9 12 38.7
10 12 32
11 12 26.7
12 12 34.7
13 13.3 38.7
14 12 37.3
15 12 34.7
16 12 36
17 13.3 38.7
18 12 36
19 12 38.7
20 12 37.3

 

Fig. 2. Confusion Matrix of Artificial Neural Network (ANN) 

 

Fig. 3. Confusion Matrix of K-Nearest Neighbor (KNN) 

 Fig. 4. Mean accuracy rate of accuracy rate of the two groups Artificial Neural Network (ANN) and K-Nearest Neighbor (KNN). X 
axis: Artificial Neural Network (ANN) and K-Nearest Neighbor (KNN); Y axis: Mean accuracy rate SD+-2.
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Table 2
Group statistics of the accuracy rate of the two groups Artificial 
Neural Network (ANN) and K-Nearest Neighbor (KNN), their 
mean, standard deviation and standard error mean.

GROUP STATISTICS
Group N Mean Std. De-

viation
Std. Error 

Mean
Accu-
racy

KNN 20 12.3950 0.96490 0.21579
ANN 20 35.3400 3.22285 0.72065

Table 3 It represents the independent t sample ob-
tained from the SPSS software that compares the dif-
ferences between KNN and ANN classifiers.

DISCUSSION
Figure 1 (a) represents the normal AP of the heart 

rhythm with proper activation and deactivation of the 
ion channels (Ca2+ ions is 2) the APD distance is at 3.2 
x 10-4 m/sec and Fig. 1 (b) represents the abnormal AP 
rhythm pattern when the value of the Ca2+ ions is in-
creased by 100% (4mM) this indicated a rise in APD 
distance of at 3.6 x 10-4 m/sec. The Ca2+ ions act as an 
intermediate to various types of cardiac arrhythmia. 
There are many complications when Ca2+ ion is dis-
turbed like gene defects including catecholaminergic 
polymorphic ventricular tachycardia, congenital long 
QT syndrome, and hypertrophic cardiomyopathy. 
There will be an increase or decrease in the APD dis-
tance which leads to Tachycardia and Bradycardia re-
spectively. 

Figure 2 represents the confusion matrix of the 
ANN classifier which represents the True Positive 
(TP),True Negative (TN), False Positive (FP) and False 
Negative (FN) of the given data set in a simplified 
3X3 matrix. This ANN is a non-linear mapping func-
tion based on the functions of the human brain. It is 

nowadays used in almost all the fields like aerospace, 
automotive, banking, defense, electronics, entertain-
ment, financial, insurance, manufacturing, medical, 
oil and gas, speech, securities, telecommunications, 
transportation, and environment ((Landstrom, Do-
brev, and Wehrens 2017; “Artificial Neural Networks” 
2008) . Figure 3 represents the confusion matrix ob-
tained after training the KNN classifier. It represents 
the numbers of normal,tachycardia and bradycardia 
in a 3x3 matrix. This is a very simple approach which 
is completely non – parametric. Number of neighbors 
is usually fixed by using the cross fold validation. The 
K value will be fixed and based on the k value nearest 
neighbours will be identified and classified (“Discrim-
ination and Classification” 2010). Figure 4 represents 
the SPSS software output after analyzing the T inde-
pendent sample a groups statistics is obtained contain-
ing the accuracy of the two groups and comparison 
between them In our study Statistical Package for So-
cial Science (SPSS) is the software used here to cal-
culate the accuracy of the two classifiers. Using SPSS 
software we are identifying that the ANN produces 
better results when compared with KNN (Landstrom, 
Dobrev, and Wehrens 2017). Where accuracy of KNN 
is 12.3950%, standard deviation of about 0.96490 and 
Standard error mean is 0.21576. And ANN has ac-
curacy value 35.3400%, standard deviation of about 
3.22285 and Standard error mean is 0.72065. Proba-
bility and statistics has been the most important and 
studied discipline nowadays and in future, SPSS soft-
ware is very helpful in parameter estimation, hypoth-
esis testing, analysis of variance, regression analysis, 
mathematical statistics, and most areas of the calcu-
lation of probability theory (Yang, Yuan, and Feng 
2011). Table 3 represents the independent t sample 

Table 3
Independent t sample test for different groups KNN and ANN to check whether their associated population means are significantly 
different (p=0.001).

 Independent Sample Test

Levene’s Test for 
Equality of variances

T-test for Equality of Means

F Sig. t df Sig 
(2.tailed) 

Mean diff Std. diff 
error

5%confidence inter-
val of the difference
Lower Upper

ACCURACY Equal variances 
assumed

18.483 <.001 -30.502 38 <.001 -22.9450 .7523 -24.4679 -21.4221

Equal variances 
not assumed

-30.502 22.379 <.001 -22.9450 .7523 -24.5036 -21.3864
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which compares the accuracy of two groups ANN and 
KNN classifiers associated statistical data are signifi-
cantly different. This is a parametric test. 

Although ANN produces better results than KNN 
it produces about 35.3400% accuracy which is con-
siderably less compared to other types of classifiers. 
This is seen as a disadvantage in this research. More 
number of new classifiers like decision tree and Fuzzy 
classifiers can be used for better results. 

Using SPSS software we are identifying that the 
ANN produces better results when compared with 
KNN. Where accuracy of KNN is 12.3950%, standard 
deviation of about 0.96490 and Standard error mean 
is 0.21576. And ANN has accuracy value 35.3400%, 
standard deviation of about 3.22285 and Standard er-
ror mean is 0.72065.

Future Works will incorporate exploring more ion-
ic channels and its commitment to the cardiovascu-
lar dysfunctions and exactness of numerous different 
classifiers will be analyzed and learned. Furthermore, 
a lot more real dataset examples can be gathered and 
accuracy can be calculated to use it better in real life.

CONCLUSION
The conclusion exhibits the Novel ANN and KNN, 

in which the ANN classifier has the highest values. The 
Accuracy Rate of ANN Algorithm is 35.3400% higher 
compared with KNN algorithm that has an accuracy 
rate of 12.3950%.The Precision and Recall of ANN Al-
gorithm is efficient when compared with KNN.
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ABSTRACT
Aim: The Motive of this research is to analyze, compare ven-
tricular Cardiac Arrhythmia (CA) classification using potassium 
channel (k+) parameters with Artificial Neural Network (ANN) 
and K-Nearest Neighbor (KNN) classifiers. Materials and 
Methods: D Noble Model For Human Ventricular Tissue (DN-
FHVT) is used for our classification. The DNFHVT is a mathe-
matical model of action potential focusing on major ionic cur-
rents like K+,Na+ and Ca+.. Size of the sample was calculated by 
keeping threshold 0.05, G Power 80%, confidence interval 95% 
and enrolment ratio as 1. Number of samples considered is 20. 
These data are imported to KNN and ANN classifiers to find 
better accuracy among them. The accuracy of novel ANN and 
KNN classifiers for 20 samples is obtained by alternating the 
cross fold validation. These results will be imported to Statis-
tical Package for the Social Science (SPSS) software to identify 
the overall accuracy for each classifier. Results: The results are 
obtained from SPSS for novel ANN and KNN classifiers. ANN 
shows accuracy of 13.14% with standard deviation (1.6800) 
and Standard error mean (0.3757). Similarly KNN produces an 
accuracy value of 7.19% with standard deviation (1.6902) and 
Standard error mean (0.377). Conclusion: As of the results, 
it clearly shows that ANN has better accuracy for classification 
than KNN. 
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Ventricular Cardiac Arrhythmia, Potassium Ion, Potassium 
Channel, Novel ANN and KNN Classifiers, Action Potential, Bra-
dycardia, Tachycardia.
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INTRODUCTION
Dysfunction in the heart’s electrical activity leads 

to some differences in the heartbeat like too fast or too 
slow. Generally these types of changes in the heart are 
called Cardiac Arrhythmias (CA). This mostly occurs 
at the ventricle myocardium (Skogestad and Aronsen 
2018) CA wave disturbances are being the major rea-
sons for mortality and morbidity all over the world. 
CA occurring at the ventricle leads to sudden cardiac 
death which has registered about 300,000 deaths, be-
cause of the ions concentration levels variations and 
channel failure (Lehmann et al. 2016). Potassium (K+) 
channel dysfunction can cause life – threatening Ven-
tricular Cardiac Arrhythmia conditions. Prescribed 
drugs for dysfunction K+ channel can produce greater 
risk to the patients, whose type of CA is not identified 
correctly (Smits et al. 2008). At least 4 major potas-
sium channels like Itol,Ikr,Iks and Ik1 contribute more for 
the repolarization process which has different density, 
voltage and time dependent properties. Addition to 
this even cl- channels and currents generated by the 
ion pumps and exchangers cause a lot of effect in AP 
(Moss 2005; Näbauer 1998). Any abnormality and ex-
citability in the myocardial cells will produce ectopic 
beats. K+ controls the process of repolarization of the 
cardiac Action Potential (AP). Any increase or de-
crease in K+ channel will lead to CA (Ravens and Cer-
bai 2008). It is obvious that channel modeling in K+ is 
very important in repolarization abnormalities. Some 
of these changes incorporate QT syndrome (Rahm et 
al. 2018). QT syndrome occurs in mutations of 5 ion 
channels genes (Na+ and K+). In 1969 it was identified 
K+ channel is important in cardiac AP plateaus. When 
cardiac potassium current is either rising or decreas-
ing, it changes the repolarisation in AP which causes 
Long QT syndrome (LQTS). Mostly identified when 
there is a prolongation in the QT interval (Moss 2005).
Our team has extensive knowledge and research expe-
rience that has translate into high quality publications 
(Chellapa et al. 2020; Lavanya, Kannan, and Arivalag-
an 2021; Raj R, D, and S 2020; Shilpa-Jain et al. 2021; 
S, R, and P 2021; Ramadoss, Padmanaban, and Sub-
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ramanian 2022; Wu et al. 2020; Kalidoss, Umapathy, 
and Rani Thirunavukkarasu 2021; Kaja et al. 2020; 
Antink et al. 2020; Paul et al. 2020; Malaikolundhan 
et al. 2020) 

Studies related to ventricular Cardiac Arrhythmia 
and potassium channel many studies have undergone 
during the year 2016 – 2021 (≅ 57,700 as per google 
scholar data) in which ScienceDirect have published 
230 articles and Pubmed have published 150 articles 
till the current year (2021). Potassium channels have 
a key role in cardiac AP control. Genes, loss of func-
tion during the mutation with voltage gated potassium 
channel causes QT syndrome, familial atrial fibrilla-
tion and Anderson – Tawil syndrome. And nowadays 
in many studies it is observed that potassium ATP 
implements Brugada Syndrome (BS) and early repo-
larization syndrome (Crotti, Insolia, and Schwartz 
2011). The synchronizing closing and opening of ion 
channels like Ca+, Na+and K+. Is responsible for the 
AP, Na+ and Ca+ responsible for inward depolarising 
and potassium ion is responsible for outward depolar-
ising. Dysfunction in the mutation of K+ channel is ex-
pected to result in Cardiac Action Potential Duration 
(APD) which leads to disease like BS and Short QT 
Syndrome (SQTS) (Giudicessi and Ackerman 2012). 
Human heart produces ≅ 1,00,000 contraction every-
day. There are 10 different potassium channels where 
some of them are responsible for early repolarization 
and others responsible for delayed repolarization and 
even others can be open all the time for cardiac cycle. 
There are 3 different polarizing currents called Ikr,Iks and 

Ik1 mainly responsible for the repolarization process. 
They have many overlapping functions which compli-
cate the process which are also called repolarization 
reserves (Schmitt, Grunnet, and Olesen 2014). K+ 

channels are integrated membrane proteins that trans-
port the K+ ions across the membranes. This shapes 
the AP and regulated electrical activity of the brain 
and heart. Long QT Syndrome (LQTS) is a family of 
cardiac rhythm disorders because of QT elongation 
and abnormalities in T waves. SQTS is a rare but very 
dangerous heart disease which is characterized by the 
fast cardiac repolarization (<350 ms). Patients will 
have QT intervals, tall and upright T waves, shortened 
atrial and ventricular refractory periods (Burg and At-
tali 2021). 

Since it is hard to explore the human cardiovascu-
lar system continuously to get human experimental 
data information and examination forecast (CA). In 

the case of animal studies, CA investigation is conceiv-
able. We can’t depend on animal data information be-
cause there are numerous varieties in the AP qualities 
when contrasted with people AP. The elective method 
to examine such CA is through computational meth-
odology.

MATERIALS AND METHODS
Research is carried out in the Digital Signal Pro-

cessing laboratory in the department of Biomedi-
cal Engineering, Saveetha School of Engineering, 
Saveetha Institute of Medical and Technical Sciences. 
The research analysis is carried out in a single group 
with different potassium parameter conditions. Sam-
ple size was calculated by keeping threshold 0.05, G 
Power 80%, confidence interval 95% and enrolment 
ratio as 1. Number of samples considered is 25 for each 
analysis. This paper’s dataset was obtained by comput-
er simulation method. It contains about 25 samples 
each which is labeled as Normal, Bradycardia and 
Tachycardia. The parameters used to identify the ac-
curacy are Voltage,Current and Activation Gate of the 
channels ((Dierckx et al. 2019). 

The values for the potassium channels are obtained 
by alternating the values from normal (5.4mM). Ini-
tially the Normal value is obtained later the values for 
50% decrease (2.7mM) and 100% increase (10.8mM) 
is obtained. This is done for the Extracellular potas-
sium Channel. It is observed that there is an increase 
in AP distance (APD) when the value is decreased to 
50% which means the number of heart beats per min-
ute decreases which leads to bradycardia. When the 
value is increased 100% the APD reduces, the num-
ber of heart beats increases per minute which leads 
to tachycardia (Dierckx et al. 2019). Based on this the 
dataset is tabulated in Microsoft Excel sheet and im-
ported to the classification learner. Model type is se-
lected as KNN and ANN

 Cm (dV/dt) = – (Iion+ Istim) (1) 

Cm is the Membrane Capacitance (μF), dv/dt is Mem-
brane Potential (mV), Iion is total ionic current (pA), Istim  

is stimulation current (pA) as given in Equation (1).

 
TP TNAccuracy

TP TN FP FN
+

=
+ + +

  (2)

Equation (2) is to find the accuracy using the con-
fusion matrix obtained from the classifiers individual-
ly. Using SPSS software finally we are calculating the 
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group statistics and independent t test data contain-
ing the standard deviation, mean and standard error 
mean. 

Artificial Neural Network
ANN is a classifier inspired from the sophisticated 

functions of the human brain where billions of inter-
connected neurons process the information parallely. 
ANN includes applications in various fields like com-
puting, science, medicine, engineering, environment, 
agriculture, climate etc. In recent days ANN is becom-
ing a more popular and helpful model for clustering, 
classification and pattern recognition. ANN are very 
effective and efficient in providing high level capacity 
in handling complex problems (Abiodun et al. 2018). 
In our research ANN is used to classify the data to 
normal, tachycardia and bradycardia from 25 samples. 

K-Nearest Neighbor
KNN is known as one of the most well – known 

supervised learning algorithms for pattern classifica-
tion, it is the oldest and simplest classifier. KNN uses 
the Nearest Neighbour (NN) rule for the classification 
of data. Advantages like simplicity, effectiveness and 
competitive classification performance. It finds the 
closest point to “K” which is a query and assigns its 
class label to the query (“Website,” n.d.; Chua and Tan 
2009). In our research KNN is used to classify the 25 
samples into normal, tachycardia and bradycardia. 

Statistical Analysis
For the statistical approach, the computational tool 

used is IBM SPSS Statistics 28.0.0.0. Independent sam-
ple t test was performed to test the samples to identify 
the accuracy, mean and standard deviation and also 
to compare two novel ANN and KNN classifiers. The 
values named as group 1 and 2 are imported to the 
SPSS software. The output is represented in tables and 
graphs and the results conclude ANN produces bet-
ter accuracy compared to KNN. ANN has accuracy 
of 13.14% with standard deviation (1.6800) and Stan-
dard error mean (0.3757). KNN produces an accuracy 
value of 7.19% with standard deviation (1.6902) and 
Standard error mean (0.377) ((Dierckx et al. 2019). 

RESULTS
Figure 1 (a) Represents the normal AP of a good 

cardiac health in which the APD distance is nor-
mal when the K+ channel is fixed to its normal value 
(5.4mM).

Figure 1 (b) Represent the abnormal ECG pattern 
and AP when the K+ channel value is increased by 
100% the APD is reduced when compared to normal 
APD which increases the number of beats per minute 
which leads to tachycardia.

Figure 2 Represents the confusion matrix of ANN 
classifiers when training the sample data. Which rep-
resents the True Negative, True Positive, False Positive 
and False Negative in 3*3 matrix.

 
Fig. 1. (a) Normal ECG pattern when the Potassium channel value is normal (5.4mM). (b) Abnormal ECG pattern when the Potassi-
um channel value is increased by 100% (10.8mM) 
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Figure 3 Represents the confusion matrix of KNN 
classifiers when training the sample data. Which rep-
resents the True Negative, True Positive, False Positive 
and False Negative in 3*3 matrix.

Figure 4 Shows the graphical representation of the 
accuracy of two groups obtained from SPSS software. 
X-axis represents the groups (KNN and ANN) and 
Y-axis represents the accuracy (%) KNN shows accu-
racy of 7.19% and ANN shows 13.14%.

Table 1 represents the accuracy of novel ANN and 
KNN classifiers obtained for 20 samples of potassium 
channel.

Table 2 represents the group statistics of the two 
groups ANN and KNN, their standard deviation, 
mean and standard error mean.

Table 3 represents the independent t test data ob-
tained from the SPSS software which compares ANN 
and KNN to check if the data is different.

DISCUSSION
Figure 1 (a) represents the normal AP pattern of 

normal cardiac health when the value of K+ channel is 
set to 5.4mM and the APD will be at 3 x 10-4 m/sec. Fig-
ure 1 (b) represents the abnormal AP pattern when the 
value of K+ channel is increased by 100% to 10.8mM, 
there will be a slight abnormal decrease in APD (2.7 
x 10-4 m/sec). K+ channel which is present in the cell 
membrane controls the movement of K+ to and fro 
into the cells, plays an important role in excitable and 

 

Fig. 2. Confusion Matrix of Artificial Neural Network (ANN) clas-
sifier

 

Fig. 3. Confusion Matrix of K-Nearest Neighbor (KNN) classifier

 
Fig. 4. Mean accuracy rate of accuracy rate of the two groups Artificial Neural Network (ANN) and K-Nearest Neighbor (KNN). X 
axis: Artificial Neural Network (ANN) and K-Nearest Neighbor (KNN); Y axis: Mean accuracy rate SD+-2.
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non excitable cells. K+ channel has 3 stages: resting,ac-
tivation and inactivation, during resting the channel 
will be closed and opened during activation and then 
to the non-conduction states (Kuang, Purhonen, and 
Hebert 2015). The decrease in APD will increase the 
heart rate per minute which may lead to Tachycardia 
(>100 beats per minute). 

Figure 2 represents the confusion matrix obtained 
from the ANN classifiers represented in 3x3 matrix 
shows the predicted and actual classifier where 3 rep-
resents the number of different classes namely normal, 
tachycardia and bradycardia. Where x-axis lists the pre-
dicted class and y-axis lists the ANN class predictions 
(true class). It has entries as True Positive (TP),, False 
Positive (FP), True Negative (TN), False Negative (FN) 
(Kuang, Purhonen, and Hebert 2015; Visa et al. 2011). 
Figure 3 represents the confusion matrix obtained from 
the KNN classifier represented in the 3x3 matrix. KNN 
is the most simple and most used method for classifi-
cation of data. It is a case-based learning method keep-
ing all data for classification (Kulkarni, Chong, and 
Batarseh 2020; Guo et al. 2003). It is the most widely 
used method for classification problems. It represents 
the actual and predicted value counts. It contains en-
tities such as TP,TN, FP and FN. The most important 
metrics used during large sets of classification problems 
is accuracy (%) (Kulkarni, Chong, and Batarseh 2020). 
Figure 4 represents the graphical representation of accu-
racy obtained from SPSS software which indicates ANN 
produces better accuracy than KNN x-axis plot consist-
ing of the group (ANN and KNN), y-axis consists of the 
accuracy (%). SPSS software is a good software to do 
statistical analysis of any type of datasets. It can be used 
to perform analysis and data entry to create tables and 
graphs. Also capable of handling very large amounts of 
data and to perform any type of analysis. In our research 

Table 1
Accuracy obtained for potassium channels by Artificial Neu-
ral Network (ANN) and K-Nearest Neighbor (KNN). 20 sample 
data were loaded in SPSS for analysis. 

S.No ACCURACY OBTAINED 
THROUGH ANN FOR 

POTASSIUM CHANNEL

ACCURACY OBTAINED 
THROUGH KNN FOR 

POTASSIUM CHANNEL
1 5.3 13.3
2 6.7 13.3
3 9.3 14.7
4 5.3 10.7
5 6.7 9.3
6 6.7 10.7
7 6.7 9.3
8 5.3 10.7
9 5.3 9.3
10 9.3 10.7
11 5.3 16
12 9.3 14.7
13 9.3 13.3
14 6.7 13.3
15 5.3 10.7
16 6.7 14.3
17 6.7 14.3
18 9.3 14.3
19 9.3 13.3
20 9.3 13.3

Table 2
Group statistics of the accuracy rate of the two groups Artificial 
Neural Network (ANN) and K-Nearest Neighbor (KNN), their 
mean, standard deviation and standard error Mean. Accuracy 
Rate of ANN Algorithm is 13.14% and KNN classifier has an ac-
curacy rate of 7.19%

GROUP STATISTICS
Group N Mean Std. De-

viation
Std. Error 

Mean
Accuracy KNN 20 7.190 1.6902 0.3779

ANN 20 13.140 1.6800 0.3757

 
Table 3
Independent Sample t test which compares the two independent groups (KNN and ANN). Datas are statistically insignificant 
(p=0.414) 

 Independent Sample Test

Levene’s Test for 
Equality of variances

T-test for Equality of Means

F Sig. t df Sig 
(2.tailed) 

Mean 
diff

Std. diff 
error

5%confidence inter-
val of the difference
Lower Upper

ACCURACY Equal variances 
assumed

.682 .414 -11.166 38 <.001 -5.9500 .5329 -7.0288 -4.8712

Equal variances 
not assumed

-11.166 37.999 <.001 -5.9500 .5329 -7.0288 -4.8712
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SPSS is used to identify the accuracy,mean and standard 
deviation. It also has many other applications like analy-
sis, interpretation, presentation and organization of the 
data. SPSS is a package of analytical process, data collec-
tion, reporting and deployment (Nagaiah and Ayyanar 
2016). Table 1 represents the accuracy obtained through 
ANN and KNN classifiers for potassium channels. Table 
2 represents the group statistics which are tabulated as 
group (KNN and ANN), number of samples (N), stan-
dard deviation, mean, and standard error mean all these 
are compared for their accuracy (%). SPSS software con-
ducts all forms of statistical analysis which converts the 
quantitative data into qualitative analysis. It helps in ar-
ranging the data by using computational analysis which 
reduces the technical error (Nagaiah and Ayyanar 
2016). Table 3 represents the independent sample t test 
performs the Levene’s test for equality of variance and t 
– test for equality of variance and compass the accuracy 
whether equal variance assumed or equal variance not 
assumed. This sample test is done when the two groups 
are independent. It is a widely used experimental de-
sign in medical experiments to identify the difference in 
physiological index with different diseases which in our 
case is normal,tachycardia and bradycardia (Liang, Fu, 
and Wang 2019). 

The disservice of our outcome is however ANN 
creates better precision of 13.14% it is still less exact 
contrasted with numerous different classifiers like 
gaussian and polynomial classifiers which produces 
higher exactness than ANN and KNN.

Future Works will incorporate investigating more 
potassium ion channels and its commitment to the 
heart normal function and precision rate of numerous 
different classifiers will be looked at and learned. Also, 
a lot more real-life samples can be gathered and exam-
ined to apply it, in actuality.

CONCLUSION
The conclusion exhibits that the ANN classifier 

has the highest values. The Accuracy Rate of ANN 
Algorithm is 13.14% and KNN classifier has an accu-
racy rate of 7.19%. The Precision and Recall of ANN 
Algorithm is efficient when compared with KNN for 
potassium ions. 
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ABSTRACT
Aim: The intent of this research is to analyze and compare ven-
tricular cardiac arrhythmia classification using sodium potassium 
pump (Na+/K+) channel parameters with Artificial Neural Net-
work (ANN) and K-Nearest Neighbor (KNN) classifiers. Mate-
rials and Methods: P.J.Noble and A.V.Panfilov model (PJAV) is 
used for human ventricular study based on the action potential 
distance. PJAV uses alternative methods of computer simulations 
which include major ions, pumps and exchangers. Sample was 
calculated by keeping threshold 0.05, G Power 80%, confidence 
interval 95% and enrolment ratio as 1. Number of samples con-
sidered is 20. According to these data the accuracy is obtained 
from the classifiers by training novel ANN and KNN classifiers 
by alternating the Cross fold validation to obtain 20 different 
samples. These samples are imported to Statistical Package for 
the Social Science (SPSS) software for graphical representation 
and overall accuracy. Result: The concluded results shows that 
ANN has accuracy of 12.25% with standard deviation (4.0911) and 
Standard error mean (0.9148). Similarly KNN produces an accu-
racy value of 4.54 % with standard deviation (2.5732) and Stan-
dard error mean (0.5754). Conclusion: As of the results, it clearly 
shows that ANN has better accuracy for classification than KNN. 
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changers, Novel ANN and KNN Classifiers, Action Potential, 
Bradycardia, Tachycardia.
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INTRODUCTION
Ventricular Cardiac Arrhythmia is an improper 

electrical activity that has many types but occurs be-
cause of the main major reasons that are abnormality in 
the impulse initiation and abnormality in the impulse 
propagation which may be because of the improper ac-
tion potential occurred by the major ions, pumps and 
exchangers (Hoffman and Rosen 1981). Sodium Po-
tassium (Na+/K+) was first discovered by Skou in 1957 
and was awarded nobel prize in 1997 in chemistry. 
The activity of the sodium potassium siphon is man-
aged by a phosphoprotein phospholemman, whose 
unphosphorylation prompts restraint of the pump 
and whose phosphorylation prompts an increment in 
pump action. It has 3 phosphorylation destinations, 
2 palmitoylation locales and 1 glutathionylation site, 
which clarifies the large number of signs equipped for 
animating and restraining the pump. Sodium Potas-
sium Pump is also an enzyme which involves α and β 
subunits is essential for its function (Youssef ’] n.d.). 
Na+/K+ Pump is seen as a principle reason for active 
cell transport through the membranes. It is involved in 
major diseases like heart failure and ischemia. In our 
review we will concentrate on how important Sodium 
Potassium Pump is in regulating proper repolarisation 
function and action potential (Bueno-Orovio et al. 
2014). Na+/K+ Pump functions to balance the intra-
cellular Na+ concentration, its work is to activate three 
Na+ in exchange to two K+. Arrhythmias like Chronic 
Atrial Fibrillation (CAF) reduces the length of Action 
Potential (AP). The Na+/K+ Pump Current (IP) is stud-
ied from various cardiac tissues and (Bueno-Orovio et 
al. 2014) myocytes of pig, sheep, rabbits and dog, but 
not directly into any cells or tissues from the human 
heart. So,because of this reason computation methods 
are used to study the human heart (Workman, Kane, 
and Rankin 2003). 

Many studies related to Ventricular Cardiac Ar-
rhythmia and Na+/K+ Pump have done during the year 
2016 – 2021 (≅ 35,200 as per google scholar data) in 
which Science Direct have published 15 articles and 
Pubmed have published 20 articles till the current year 



Issue 25. December 2022 | Cardiometry | 935

(2021). Large amounts of concentration gradients of 
Na+ and K+ are taken care by the Na+/K+ Pump, this 
pump doesn’t work on equilibrium state like other sec-
ondary or primary active transports. In which the ra-
tio of Na+ and K+ out and in of the cell is 3:2. The con-
centration ratio of Na+ and K+ inside and outside of the 
cell is about 0.3027 and 0.9788 and the sum of the Na+ 
and K+ equilibrium potential is -30mV. These results 
suggest that the ratio of Na+/K+ and ion concentration 
plays an important role (Xu 2013). Sodium potassium 
pump is most widely recognized as an important part 
in active ion transport in the cellular membrane of the 
cardiac tissue. They maintain the Na+ and K+ gradients 
which is very crucial for cardiac electrophysiology. 
Na+/K+ Pump is responsible for major diseased condi-
tions including heart failure and ischemia. Stimulation 
studies have confirmed that Na+/K+ Pump is responsi-
ble for cardiac repolarization such as APD restoration. 
(Bueno-Orovio et al. 2014). The Na+/K+ Pump is con-
sidered to be a protein machine with more moving 
parts. The ATP is important in the pump; it shifts the 
shape for creating a space outside of the cell. Through 
which the Na+ is released and K+ is picked up. And fi-
nally the cleavage is shifted where K+ released inside 
the cell which will be surrounded by oxygen from the 
protein (“Sodium-Potassium Pump” n.d.). The Na+/
K+ Pump is an electromagnetic transmembrane AT-
Pase which is present in the outer plasma membrane 
of the cellon the cytosolic side.The Na+/K+ Pump helps 
in balancing the membrane potential in cells and os-
motic equilibrium. The Na+ and K+ strike across the 
concentration gradients. It maintains the concentra-
tion of Na+ extracellularly and K+ intracellularly, this 
concentration has an important role in stabilizing the 
resting potential, regulating cell volume and cell signal 
transduction. In the case where Na+ is excessive intra-
cellularly and K+ extracellularly, Na+/K+ ATPase can 
no longer pump them out of the cell. Which drives 
in the Na+/Ca2+ exchanger whose function is to pump 
Na+ into the cell and Ca2+ out of the cell, since Na+ can-
not be pumped out there occurs cardiac contractility 
causing a decrease in heart rate. This paper is best in 
my opinion with all necessary information in detail. 
(Pirahanchi, Jessu, and Aeddula 2021).

Our team has extensive knowledge and research 
experience that has translate into high quality publi-
cations (Chellapa et al. 2020; Lavanya, Kannan, and 
Arivalagan 2021; Raj R, D, and S 2020; Shilpa-Jain et 
al. 2021; S, R, and P 2021; Ramadoss, Padmanaban, 

and Subramanian 2022; Wu et al. 2020; Kalidoss, 
Umapathy, and Rani Thirunavukkarasu 2021; Kaja et 
al. 2020; Antink et al. 2020; Paul et al. 2020; Malaikol-
undhan et al. 2020) 

Since it is difficult to research the human cardiac 
system in real time to get human experimental data 
and research prediction (CA). But in animal studies, 
CA analysis is possible. We cannot prefer animal data 
because there are many variations in the AP character-
istics when compared to humans AP. The alternative 
way to analyze such CA is through a computational 
approach. The intent of this research is to analyze and 
compare ventricular cardiac arrhythmia classification 
using sodium potassium pump (Na+/K+) channel pa-
rameters with Artificial Neural Network (ANN) and 
K-Nearest Neighbor (KNN) classifiers. 

MATERIALS AND METHODS
This research is worked out in the Digital Signal 

Processing laboratory in the department of Biomed-
ical Engineering, Saveetha School of Engineering, 
Saveetha Institute of Medical and Technical Sciences. 
The research analysis is carried out in a single group 
with different sodium potassium pump parameter 
conditions. Sample size was calculated by keeping 
threshold 0.05, G Power 80%, confidence interval 95% 
and enrolment ratio as 1. Number of samples consid-
ered is 20 for each analysis. Dataset is obtained by us-
ing computer simulations (Matlab). It contains about 
20 samples each which is labeled as Normal, Bradycar-
dia and Tachycardia. The parameters to identify the 
accuracy are Voltage,Current and Activation Gate of 
the channels ((Izeboudjen, Larbes, and Farah 2014)). 

The values for the sodium potassium pump chan-
nels are obtained by alternating the values from nor-
mal (0.03mM). Initially the Normal value is obtained, 
later the values for 50% decrease (0.015mM) and 
100% increase (0.06mM) is obtained. This is done 
for the Extracellular Sodium Potassium Pump Chan-
nel. It is observed that there is a slight decrease in AP 
distance (APD) when the value is decreased to 50% 
which means the number of heart beats per minute 
increases which leads to tachycardia. When the value 
is increased 100% it is observed that there is a slight 
increase in the APD, the number of heart beats de-
creases per minute which leads to Bradycardia (Sachse 
2005). Based on this the dataset is tabulated in Mic-
rosoft Excel sheet and imported to the Classification 
learner. Model Type is selected as KNN and ANN
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 Cm (dV/dt) = – (Iion+ Istim) (1) 

dv/dt is Membrane Potential (MP) (mV), Cm is the 
Membrane Capacitance (MC) (μF), Iion is total ionic 
current (pA), Istim is stimulation current (pA) as given 
in Equation (1).

 
TP TNAccuracy

TP TN FP FN
+

=
+ + +

  (2)

Equation (2) is used to find the accuracy using the 
confusion matrix obtained from the classifiers indi-
vidually. Using SPSS software finally we are calculat-
ing the group statistics containing the standard devia-
tion, mean and standard error mean. 

Artificial Neural Network
ANN is a system on the basis of mathematical al-

gorithms obtained from the neuroscience field and 
characterized by arithmetic operations. This network 
works well on parallelism, classification, optimization 
and generalization. ANN is an architecture of the neu-
ron. It is a computing system that characterizes the 
highly computing interconnected neurons or process-
ing elements (Izeboudjen, Larbes, and Farah 2014). 
In our research ANN classifier is used to classify the 
input 20 samples as normal, tachycardia and brady-
cardia.

K – Nearest Neighbor
KNN is a non-parametric method; a type of near-

est neighbor classifier is simple and often shows good 
performance. Its function is to store training patterns 

and search for the “K” nearest pattern to find the test 
pattern data. Many new improvements are made in 
KNN like Weighted K- Nearest Neighbor Classifier 
(WK-NNC) and K- Nearest Mean Classifier (KNMC). 
All KNN classifiers use the same procedure of fixing 
the K value and identifying its nearest neighbor. In our 
research we are identifying the neighbors for normal, 
tachycardia and bradycardia (Viswanath and Hitendra 
Sarma 2011). 

Statistical Analysis
For the computational simulation, the tool used is 

IBM SPSS Statistics 28.0.0.0. To test the samples in-
dependent sample t test to test the accuracy, standard 
deviation and mean and to compare the groups KNN 
and ANN labeled as group 1 and 2 respectively. The 
output of SPSS software is represented in tables and 
graphs through which the results conclude ANN pro-
duces better accuracy compared to KNN. ANN has 
accuracy of 12.25% with standard deviation (4.0911) 
and Standard error mean (0.9148). Similarly KNN 
produces an accuracy value of 4.54 % with standard 
deviation (2.5732) and Standard error mean (0.5754) 
((Izeboudjen, Larbes, and Farah 2014)). 

RESULTS
Figure 1 (a) represents the normal AP and APD 

pattern of a good cardiac health person in which the 
Na+/K+ Pump value is fixed to the normal (0.03mM). 

Figure 1 (b) represents the abnormal AP and APD 
pattern when Na+/K+ Pump value is increased by 100% 

 Fig. 1: (a) Normal ECG pattern when the sodium potassium pump (Na+/K+) channel is at normal condition (0.03mM). (b) Abnormal 
ECG pattern when the sodium potassium pump (Na+/K+) channel value is increased by 100% (0.06mM) 
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(0.06mM) a minute increase in the APD is noticed 
considerably which might lead to bradycardia.

Figure 2 represents a confusion matrix of ANN 
Sample sets which simplify the data into matrix for-
mat. This matrix represents the True Negative, True 
Positive, False Positive and False Negative.

Figure 3 represents a confusion matrix of ANN 
Sample sets which simplify the data into matrix for-
mat. This matrix represents the True Negative, True 
Positive, False Positive and False Negative.

Figure 4 Displays graphical representation of ac-
curacy of two groups obtained from SPSS software. 
Where X-axis is group (KNN and ANN) and Y-axis is 
accuracy (%) 

Table 1 represents the accuracy obtained through 
ANN and KNN classifiers for sodium potassium 

pumps. It contains 20 sample data that were loaded to 
the SPSS software.. 

Table 2 represents the group statistics of the accu-
racy rate of the two Novel ANN and KNN classifiers, 
their standard deviation, mean and standard error 
mean. KNN shows accuracy of 4.54 % and ANN is 
12.25%.

Table 3 represents the independent t test data ob-
tained from the SPSS software which compares the 
mean between two unrelated groups and checks if the 
data is different.

DISCUSSION
Figure 1 (a) represents the normal ECG pattern 

with regular AP and APD obtained by setting Na+/K+ 
Pump value as 0.03mM.The APD will be at 3 x 10-4 m/

 

Fig. 2: Confusion Matrix of Artificial Neural Network (ANN) 
 

Fig. 3: Confusion Matrix of K-Nearest Neighbor (KNN) 

 
Fig. 4: Mean accuracy rate of accuracy rate of the two groups K-Nearest Neighbor (KNN) and Artificial Neural Network (ANN). X 
axis: K-Nearest Neighbor (KNN) and Artificial Neural Network (ANN); Y axis: Mean accuracy rate SD+-2.
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sec. Figure 1 (b) represents the abnormal ECG pattern 
with irregular AP and APD is obtained when Na+/
K+ Pump value is increased by 100% (0.06mM) the 
APD is increased slightly to 3.18 x 10-4 m/sec. Na+/K+ 
Pump present in the plasma membrane is responsible 
for pumping three Na+ ions out of the cell and two K+ 
ions inside the cell. It is identified that Na+/K+ Pump 
abnormalities can reduce the heart rate by 43%. Leads 
to diseases like hypokalemia (less K+ ions in blood). 
This may result in APD prolongation, reduced repo-
larization reserve and automaticity (Weiss, Qu, and 
Shivkumar 2017). Figure 2 represents the confusion 
matrix trained from ANN classifier in which the x-ax-
is is the predicted class and the y-axis is the true class 
representing the normal, tachycardia and bradycardia. 
Consisting of entities as True Negative (TN), True 
Positive (TP), False Positive (FP), False Negative (FN). 
The Confusion matrix is used to measure the success 
rate of the classification on the basis of algorithm or 
human observation in comparison with the true class 
(Düntsch and Gediga 2019). 

Figure 3 represents the confusion matrix trained 
from KNN classifiers represented in 3x3 matrix sim-
plifying the dataset based on normal, tachycardia and 
bradycardia with entities TP,TN, FP and FN. Confusion 
matrix is a vastly used descriptor for accessing the clas-
sifiers accuracy. Provided in the nxn matrix where the n 
denotes the number of classes used to describe the clas-
sifiers performance (Düntsch and Gediga 2019). Figure 
4 represents the graphical representation obtained from 
SPSS software in which the x-axis is groups (KNN and 
ANN) and y-axis is accuracy (%). This graph shows the 
accuracy level of the groups which clearly represents 
that ANN is more accurate than KNN. Statistical soft-
wares is generally used in data analysis SPSS software 
seems to be the most popular among them, this is ap-
plicable in fields like medicine, social science and en-

Table 1
Accuracy obtained for Sodium Potassium Pump by Artificial 
Neural Network (ANN) and K-Nearest Neighbor (KNN). 20 
sample data were loaded in SPSS for analysis. 

S.No ACCURACY OBTAINED 
THROUGH ANN FOR 
SODIUM POTASSIUM 

PUMP

ACCURACY OBTAINED 
THROUGH KNN FOR 
SODIUM POTASSIUM 

PUMP
1 1.3 13.3
2 1.3 4
3 1.3 5.3
4 5.3 13.3
5 6.7 14.3
6 7.7 15.3
7 8.3 13.3
8 6.3 11.3
9 7.3 14.3
10 1.3 13.3
11 6.7 5.3
12 5.3 5.3
13 1.3 13.3
14 5.3 13.3
15 3.3 14.3
16 8.1 14.3
17 3.1 14.3
18 4.3 5.3
19 5.3 11.3
20 1.3 16.3

Table 2
The Group statistics of the accuracy rate of the 2 ANN and 
KNN, their standard deviation, mean and standard error mean. 
The Accuracy Rate of ANN is 12.25% and KNN classifier has an 
accuracy rate of 4.54%.

GROUP STATISTICS
Group N Mean Std. De-

viation
Std. Error 

Mean
Accuracy KNN 20 4.540 2.5732 0.5754

ANN 20 12.255 4.0911 0.9148

Table 3
Independent Sample t test which compares the 2 independent groups (KNN and ANN). Datas are statistically insignificant (p=0.073) 

 Independent Sample Test

Levene’s Test for 
Equality of variances

T-test for Equality of Means

F Sig. t df Sig 
(2.tailed) 

Mean 
diff

Std. diff 
error

5%confidence interval 
of the difference

Lower Upper

ACCURACY Equal variances 
assumed

3.399 .073 -7.139 38 <.001 -7.71150 1.0807 -9.9028 -5.5272

Equal variances 
not assumed

-7.139 31.999 <.001 -7.7150 1.0807 -9.9163 -5.5137
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gineering. It is used to analyze the data by a carefully 
identified scientific observations and process, mainly 
used by researchers who need not have competencies in 
using updated statistical tools which is owned by IBM 
Inc currently (Okagbue et al. 2021) Table 1 represents 
the data that are loaded to the SPSS software which is 
the accuracy of ANN and KNN classifiers for sodium 
potassium pump. Table 2 represents the group statis-
tics calculating the number of samples (N), standard 
deviation, mean and standard error mean. All these pa-
rameters are individually compared for the two groups 
(KNN and ANN) and accuracy are tabulated. The SPSS 
package allows researchers to convert simple descrip-
tive numbers to statistical ranges represented in graphs, 
tables and charts which has helped them from taking 
several calculations to obtain a result (Bala 2016). Table 
3 represents the independent t sample test results which 
is used for comparing sample results with known and 
specified values. The task of this test is to identify which 
of the groups mean and standard deviation are different 
from the specified value. Only when the sample size is 
big in this condition does this sample test be used. It 
is widely used in medical experiments to analyze the 
physiological differences in diseases which in our re-
search are normal,tachycardia and bradycardia (Skaik 
2015). 

The drawback of our result is though ANN makes 
better accuracy of 12.25% it is still less accurately di-
verged from various classifiers like perceptron and de-
cision tree classifier which produces higher precision 
than novel ANN and KNN classifiers.

Future Works will join examining more ion chan-
nels, pumps and exchangers, its obligation to the heart 
normal function and accuracy rate of various classi-
fiers will be taken a gander at and learned. Likewise, 
much more real life examples can be assembled and 
analyzed to apply it, in reality.

CONCLUSION
The conclusion exhibits that the ANN classifier has 

the highest accuracy. The Accuracy Rate of ANN Al-
gorithm is 12.25% and KNN classifier has an accuracy 
rate of 4.54%. The Precision and Recall of ANN Algo-
rithm is efficient in comparison with KNN. 
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ABSTRACT
Aim: The study’s aim is to analyze and compare the accuracy, 
sensitivity, and precision of diabetic prediction among preg-
nant women using the innovative Principal Component Anal-
ysis algorithm and Support Vector Analysis. Materials and 
Methods: This study involves two groups: Principal Compo-
nent Analysis (N=20) algorithm and Support Vector Machine 
(N=20) with a sample size of 40 for each group. The sample 
size calculation uses a pre-test power of 80%, a threshold of 
0.05, and a confidence interval of 95%. Results: Performance 
of algorithms are measured using accuracy, sensitivity, and pre-
cision. Principal Component Analysis algorithm results in mean 
accuracy of 79.43% significantly different with P=0.488(p>0.05), 
a sensitivity of 79.29% with P=0.096 (p<0.05), and a precision 
of 83.57%. Support Vector Machine algorithm results in mean 
accuracy of 77.67%, a sensitivity of 76.67%, and a precision of 
83.54%. Conclusion: Principal Component Analysis algorithm 
performed significantly better than the Support Vector Machine 
algorithm for Diabetic prediction. 
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INTRODUCTION 
In recent years, a slew of chronic diseases has spread 

across the globe, affecting both emerging and devel-
oped countries. Diabetes Mellitus is one of the chronic 
illnesses that affect human well-being at a young age 
among those essential diseases. Diabetes mellitus, a 
chronic metabolic disease, is a fast expanding global 
problem that poses significant Socioeconomic and 
health risks (Deberneh and Kim 2021). The major 
objective of this research is to compare the accuracy, 
sensitivity, and precision of the Principal Component 
Analysis algorithm and Support Vector Machine algo-
rithms for Diabetes prediction (Nadeem et al. 2021). 
The Pima Indians Diabetes dataset, which collects 
information on individuals with and without diabe-
tes, has been evaluated for testing. Machine learning 
techniques aid in the early detection and prediction 
of diabetes (Kumari, Kumar, and Mittal 2021). Diabe-
tes must be diagnosed early since it can lead to kid-
ney failure, stroke, blindness, heart attacks, and lower 
limb amputation, among other complications. For the 
diagnosis of diabetes, many data sets are available on-
line. The most widely used diabetes prediction model 
is the Pima Indian diabetes dataset (PIDD) (Anwar et 
al., n.d.).

In the last few years, several studies have been 
conducted on diabetes prediction utilizing machine 
learning algorithms. Google scholar identified 600 
publications, and ScienceDirect found 25 research pa-
pers. The goal of this research is to create a model that 
can accurately predict the risk of diabetes in people 
(Asfaw 2019). To diagnose diabetes at an early stage, 
these experiments employ machine learning classifi-
cation algorithms such as Decision Tree, SVM, Logis-
tic Regression, KNN, and PCA (Karani et al. 2021). 
The Pima Indian diabetes database(PIDD), which is 
supplied from the UCI machine learning respiratory, 
is used in these experiments. Accuracy, sensitivity, and 
precision are all used to evaluate the performances of 
the algorithms (Sisodia and Sisodia 2018). The project 
effort provides accurate or better accuracy, sensitivity, 
and precision models, demonstrating that the mod-
els are capable of accurately predicting diabetes. The 
performance of several classifiers is compared (Dr.O. 
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et al. 2020). On the diabetes data collection, decision 
Tree, Logistic Regression, Support Vector Machines, 
K-Nearest Neighbors, and Principal Component Anal-
ysis are used. The results show that the Principal Com-
ponent Analysis gives a higher accuracy of 79.43% 
with a low error rate. A study proposes comparing al-
gorithms for predicting and resolving diabetes among 
pregnant women using data mining (Sisodia and Si-
sodia 2018; “Diabetes Mellitus Prediction Using En-
semble Machine Learning Techniques” 2020). (Reddy 
et al. 2020) present a research project to compare the 
performance of several machine learning algorithms 
using feature selection and feature extraction methods 
to determine the optimal strategy. The main goal is to 
bring the advantages of dimensionality reduction and 
machine learning together.Our team has extensive 
knowledge and research experience that has translate 
into high quality publications(Chellapa et al. 2020; La-
vanya, Kannan, and Arivalagan 2021; Raj R, D, and S 
2020; Shilpa-Jain et al. 2021; S, R, and P 2021; Rama-
doss, Padmanaban, and Subramanian 2022; Wu et al. 
2020; Kalidoss, Umapathy, and Rani Thirunavukkara-
su 2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020)

The major problem that motivated me to do this 
research on improving the accuracy of machine learn-
ing and diabetes prediction in pregnant women in 
the early stages is inefficient early diabetes diagnosis 
and human errors in existing diabetes detection ap-
proaches. The main flaw in the present research is that 
diabetes prediction algorithms are often incorrect. 
Because the authors are experts in machine learning 
algorithms and deep learning technologies, they com-
pared machine learning algorithms. The main goal is 
to test and evaluate diabetic deduction methods us-
ing cutting-edge machine learning techniques like the 
Principal Component Analysis and Support Vector 
Machine Learning Algorithms. 

MATERIALS AND METHODS
The study was carried out at the Simulation Labo-

ratory, Saveetha School of Engineering, Saveetha In-
stitute of Medical and Technical Sciences, Chennai. In 
this paper, the data under review is the Pima Indian 
Diabetes Dataset, which contains information from 
almost 760 medical records, 268 of which were posi-
tive and the rest were negative, all of which came from 
a community in Phoenix, Arizona, USA (Yamada et al. 
2020). The patient is diabetic if the result is positive, 

and the patient is not diabetic if the result is negative. 
There are eight properties in each instance, all of which 
are numeric data types. These values include person-
al medical information as well as information gleaned 
from medical examination results. Number of times 
pregnant (preg), plasma glucose concentration at 2h 
in an oral glucose tolerance test (plas), Diastolic blood 
pressure (pres), Triceps skinfold thickness (skin), 2-h 
serum insulin (Insu), Body mass index (BMI), Dia-
betes pedigree function (Pedi), Age (Age), and Class 
variable are the complete details of the attributes used 
in the dataset (Class). 

Because the model’s predictions are heavily reliant 
on data quality, preprocessing is a critical activity that 
should not be overlooked. Many filters in MATLAB of-
fer preprocessing, and the most appropriate approach-
es are chosen for the optimization of the original data-
set. The medical implications of each characteristic are 
first assessed in respect to diabetes mellitus (DM). The 
attribute “number of pregnancies” was found to have a 
model influence on the DM, thus it was converted to 
a nominal value by assigning 0 for nonpregnant and 1 
for pregnant. As a consequence, the data complexity 
was reduced to a minimum.

The erroneous and some missing values in the 
dataset, which are the major source of many non-cor-
rect outcomes in most trials, are detected and deleted. 
For example, the value for diastolic blood pressure and 
body mass index cannot be 0, and if it is in dataset 95, 
it implies that the true value is missing.

STATISTICAL ANALYSIS
The software package utilized here for statistical 

implementation is IBN SPSS 26.0.1. The independent 
sample T-Test was used to determine the mean, stan-
dard deviation, and standard error mean statistical 
significance between the groups, and then a compari-
son of the two groups using SPSS software yielded ac-
curate values for the two different algorithms that will 
be used with the highest level of accuracy (83.57%), 
mean value (0.8357), and standard deviation value 
(0.03235). The accuracy of the picture is a dependent 
variable, whereas the image size is an independent 
variable (Yamada et al. 2020).. 

RESULTS
Table 2 illustrates how to use Principal Component 

Analysis and Support Vector Machine algorithms to 
predict diabetes among pregnant women. When com-
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paring the performance of the Principal Component 
Analysis with the Support Vector Machine, the PCA 
algorithm exhibits better values in Accuracy, Sensitiv-
ity, and Precision. The accuracy rate of the Principal 
Component Analysis and Support Vector Machine 
algorithms are shown in Table 2. When compared to 
Support Vector Machine, the accuracy, sensitivity, and 
precision rate of a Principal Component Analysis are 
greater as shown in Table 1a and Table 1b. Principal 
Component Analysis results have a 79.43% accura-
cy, 79.29% sensitivity, and precision of 83.57%, while 
Support Vector Machine results have a 77.67% accura-
cy, 76.67% sensitivity, and 83.54% precision rate. Table 
2 shows that Principal Component Analysis has a low-
er error rate than in Support Vector Machine.

Table 2
Comparison of mean accuracy, sensitivity, and precision using 
Principal Component Analysis and SVM algorithms. 

 GROUP STATISTICS

PARAM-
ETERS

GROUP N MEAN STD.
DEVIA-
TION

STD. 
ERROR 
MEAN

ACCU-
RACY

PRINCIPAL 
COMPONENT 
ANALYSIS

20 0.9391 0.02072 0.00463

SUPPORT 
VECTOR MA-
CHINE

20 0.9125 0.01282 0.00287

SENSI-
TIVITY

PRINCIPAL 
COMPONENT 
ANALYSIS

20 0.9433 0.00316 0.00071

SUPPORT 
VECTOR MA-
CHINE

20 0.9393 0.00189 0.00042

PRECI-
SION

PRINCIPAL 
COMPONENT 

ANALYSIS

20 0.92 0.04622 0.1033

SUPPORT 
VECTOR MA-

CHINE

20 0.8611 0.02850 0.00637

Table 3 indicates that using the independent sam-
ple T-test, there appears to be a statistically insignifi-
cant difference (P=0.038, for accuracy with (p>0.05), 
P=0.20, for sensitivity with (p>0.05) and P=0.32 for 
precision with (p>0.05), P=0.001 in both techniques 
(P=0.038, for accuracy, P=0.20 with (p>0.05), for sensi-
tivity with (p>0.05), for precision, p =0.001. These find-
ings indicated that the Principal Component Analysis 
method outperforms the Support Vector Machine in 
predicting Diabetes illness. Figure 1 shows a bar chart 
depicting the comparison of Principal Component 

Table 1a. 
Diabetes prediction samples using Principal Component Anal-
ysis

Samples Accuracy Sensitivity Precision
1 0.76 0.72 0.89
2 0.77 0.74 0.89
3 0.80 0.84 0.81
4 0.72 0.74 0.72
5 0.77 0.79 0.79
6 0.77 0.79 0.79
7 0.81 0.80 0.85
8 0.82 0.82 0.85
9 0.83 0.83 0.85
10 0.8 0.8 0.83
11 0.81 0.80 0.85
12 0.77 0.79 0.79
13 0.82 0.80 0.8
14 0.8 0.78 0.85
15 0.81 0.80 0.85
16 0.78 0.78 0.83
17 0.8 0.78 0.85
18 0.81 0.80 0.85
19 0.78 0.78 0.83
20 0.77 0.79 0.79
21 0.82 0.77 0.84
22 0.78 0.80 0.81

Table 1b
Diabetes prediction samples using Support Vector Machine

Samples Accuracy Sensitivity Precision
1 0.71 0.73 0.79
2 0.76 0.76 0.81
3 0.81 0.77 0.91
4 0.78 0.78 0.83
5 0.8 0.78 0.85
6 0.77 0.76 0.83
7 0.74 0.75 0.77
8 0.75 0.75 0.8
9 0.76 0.76 0.8
10 0.76 0.76 0.8
11 0.78 0.77 0.85
12 0.77 0.76 0.83
13 0.78 0.77 0.85
14 0.77 0.76 0/83
15 0.8 0.77 0.8
16 0.8 0.77 0.8
17 0.77 0.76 0.83
18 0.76 0.76 0.8
19 0.77 0.77 0.83
20 0.78 0.77 0.85
21 0.78 0.78 0.81
22 0.79 0.76 0.83
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Table 3
Independent sample T-test in predicting the accuracy, sensitivity, and precision of diabetes using the Principal Component Analysis 
and Support Vector Machine. There appears to be an insignificant difference in both methods p>0.05 for Accuracy and precision

Parameter Equal Vari-
ances

Levene’s Test for 
Equality of Variances

 T-test for Equality of Means 

Accuracy Assumed F Sig t df Significance 
(one-Sided 

p)

Mean 
Differ-
ence 

95% Confi-
dence interval 

(Lower)

95% Confi-
dence interval 

(Upper)
0.490 0.48 2.338 38 0.012 0.0176 0.00237 0.03290

Not assumed 2.338 37.53 0.012 0.0176 0.00236 0.03291
Sensitivity Assumed 2.913 0.09 3.492 38 <.001 0.0261 0.01098 0.04126

Not assumed 3.492 31.11 <.001 0.0261 0.01087 0.04137
Precision Assumed 1.035 0.31 0.023 38 0.491 0.0002 -.02320 0.02373

Not assumed 0.023 36.22 0.491 0.0002 -.02324 0.02377

 
Fig. 1. Bar graph representing the comparison of mean accuracy, sensitivity, and precision of Diabetes prediction with the Principal 
Component Analysis algorithm and the Support Vector Machine algorithm. Both the techniques appear to produce the same 
variable results with accuracy ranging from 76% to 84%. X-axis: Principal Component Analysis vs Support Vector Machine. Y-axis: 
mean accuracy, sensitivity, and precision detection ± 1 SD.

 
Fig. 2a. Confusion matrix for Principal Component analysis al-
gorithm K=5. True Positive is found to be 44% and false positive 
is found to be 4%, true negative is found to be 26% and false 
negative is found to be 16%.

 
Fig. 2b. Confusion matrix for Support Vector Machine algorithm 
K=5. True Positive is found to be 40% and false positive is found 
to be 8%, true negative is found to be 30% and false negative 
is found to be 12%.
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Analysis (PCA) and Support Vector Machine (SVM) 
mean accuracy, sensitivity, and precision values. 

Figures 2a and 2b represent the true positive, true 
negative, false positive, and false negative values are 
utilized to derive the accuracy, sensitivity, and preci-
sion values from the confusion matrix of the Principal 
Component Analysis and Support Vector Machine. 

DISCUSSION
When compared to Support Vector Machine ac-

curacy (77.67%), sensitivity (76.67%), and precision 
(83.54%), Principal Component Analysis performed 
better with accuracy (79.43%), sensitivity (79.29%), 
and precision (83.57%) in this research paper for pre-
dicting diabetes among pregnant women. The sub-
stantial difference appears to have somewhat grown, 
despite the fact that it is not statistically significant. 
Early diagnosis of diabetes relies heavily on machine 
learning techniques.

Many researchers (Rahman and Islam 2019) have 
suggested a model based on ensemble approaches 
utilizing machine learning algorithms, with the main 
goal of evaluating the model in terms of accuracy, pre-
cision, and sensitivity. The results were achieved with 
a precision of 78 percent and an accuracy of 80 per-
cent. Another study was conducted by (Khanam and 
Foo 2021) who created a computer-aided identifica-
tion method based on the classifiers Logistic Regres-
sion and Support Vector Machine. A work by (Costea, 
Moisi, and Popescu 2021) combined feature selection 
with a Principal Component Analysis model to iden-
tify diabetes with an 80 percent accuracy. Data min-
ing techniques may be used to reduce Actual (Class 
1) and Actual (Class 2 ) choices (Alanazi and Mezher 
2020). (Mucha 2020) conducted a comparison analy-
sis of several classifiers, and the experimental findings 
revealed that SVM-PCA has the greatest accuracy of 
82.32% over the clinical diabetes data set. Compara-
tive analysis of clinical predictive models are used with 
the help of machine learning and laboratory data and 
compared with the help of accuracy, precision, and 
sensitivity is 86.66%, 91.89%, and 84.75, respectively 
(Aoki et al. 2021).

The proposed method, together with the recom-
mended Machine Learning classification algorithms, 
may be useful in the prediction or diagnosis of addi-
tional diseases soon. The study work, along with a few 
other Machine Learning methods, may be updated 
and enhanced for diabetes prediction analysis. As a 

part of future work, metaheuristic algorithms are used 
to entirely learn the missing data. The algorithms are 
enabled to be capable of learning the missing data pre-
diction for future work. Learning algorithms like the 
Grey Wolf Optimizer (GWO) and other nature-in-
spired computer algorithms with new swarm-based 
meta-heuristic features can help with research. Fur-
thermore, the study may be expanded for diabetes pre-
diction by gathering data from a variety of locations 
across the world and producing a more precise and 
usual, discriminating framework. The work may be 
tweaked and enhanced to make the diabetes analysis 
more automated.

CONCLUSION
When compared to Support Vector Machine, the 

Matlab-based Principal Component Analysis (79.43 
percent) produced better results in this diabetes pre-
diction study (77.67). Furthermore, unlike previous 
approaches, the algorithm’s performance improved as 
the amount of data increased. This model is quite ef-
ficient and shows a lot of potential when it comes to 
predicting and assessing diabetes, thus it may be uti-
lized in hospitals and testing facilities. 
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ABSTRACT 
Aim: In comparison to the K-Nearest Neighbor (KNN) algorithm, 
Logistic Regression (LR) was used in machine learning algorithms 
for the prediction of diabetes among pregnant women to get 
better accuracy, PEARCEsensitivity, and precision. Materials and 
methods: To verify the usefulness of the technique, researchers 
collected data sets from free available data sets such as the Pima 
Indian dataset from the UCI website to examine diabetes among 
pregnant women. There are two groups in this study: K-Nearest 
Neighbor (N=20) and Logistic Regression (N=20), each having 
a sample size of 40. A pre-test power of 80%, a threshold of 
0.05, and a confidence interval of 95% are used in the sample 
size calculation. Results: The accuracy, sensitivity, and precision 
of algorithms are used to evaluate their performance. K-Nearest 
Neighbor (KNN) accuracy rate is 72.44 percent, but Linear Re-
gression (LR) accuracy is 76.67%. The sensitivity rate for K-Near-
est Neighbor is 74.42 percent, while the sensitivity rate for Linear 
Regression (LR) is 76.16 percent. The precision rate for K-Near-
est Neighbor (KNN) is 73.75percent, whereas the precision rate 
for Linear Regression (LR) is 81.87 percent. The accuracy rate 
is significantly different P=0.366 (P>0.05). Conclusion: When 
compared to the Innovative K-Nearest Neighbor algorithm, the 
Logistic Regression algorithm predicts better classification in dis-
covering the accuracy, sensitivity, and precision for accessing the 
rate for prediction of diabetes among pregnant women. 

Keywords
Diabetes prediction, Innovative K-Nearest Neighbor algorithm, 
Logistic Regression algorithm, Artificial Intelligent, Accuracy.
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INTRODUCTION
Diabetes is a group of metabolic disorders charac-

terized by hyperglycemia caused by flaws in insulin 
production, insulin action, or both. Diabetes-related 
chronic hyperglycemia is linked to long-term damage, 
malfunction, and failure of a variety of organs, includ-
ing the eyes, kidneys, nerves, heart, and blood vessels 
(Khanam and Foo 2021). Diabetes is the most chronic 
condition, putting a strain on the public health sys-
tem. According to the World Health Organization, di-
abetes-related deaths will increase by 55% in the next 
decade (Patikar et al. 2020). When the pancreas does 
not generate enough insulin or the insulin that is pro-
duced is not utilized properly in the body, diabetes de-
velops. According to the World Health Organization 
and the American Diabetes Association, there are four 
kinds of diabetes: Type I, Type II, Gestational diabetes 
(GDM), and rare specific diabetes are all types of dia-
betes (Abedini, Bijari, and Banirostam 2020). Obesity 
and type 2 diabetes, often known as diabetes, are like-
ly to be the biggest epidemic in human history. If the 
whole number of diabetes in the world were gathered 
in one country, it would be the world’s third-largest 
(Grinenko, n.d.). The primary goal of this study is to 
evaluate the accuracy, sensitivity, and precision of the 
K-nearest neighbor and logistic regression methods 
in terms of diabetes prediction (I et al., n.d.). T2DM 
diagnosis is so critical in avoiding a variety of severe 
and even life-threatening consequences in people at 
risk of cardiovascular disease (Barakat, Youssef, and 
Al-Lawati 2010). According to recent diabetes patient 
statistics, diabetes among adults (over 18 years old) 
increased from 4.7 percent to 8.5 percent between 
1980 and 2014 and is increasing in other regions of 
the world as well. (Polce et al. 2021) According to data, 
more than 451 million individuals globally have di-
abetes in 2017, with that number expected to rise to 
693 million in 20 years. Application of prediction of 
Breast cancer in study revealed how common diabe-
tes is, with rates predicted to rise to 25% and 51% in 
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2030 and 2045, respectively (Abedini, Bijari, and Ban-
irostam 2020). Our team has extensive knowledge and 
research experience that has translate into high quality 
publications (Chellapa et al. 2020; Lavanya, Kannan, 
and Arivalagan 2021; Raj R, D, and S 2020; Shilpa-Jain 
et al. 2021; S, R, and P 2021; Ramadoss, Padmanaban, 
and Subramanian 2022; Wu et al. 2020; Kalidoss, 
Umapathy, and Rani Thirunavukkarasu 2021; Kaja et 
al. 2020; Antink et al. 2020; Paul et al. 2020; Malaikol-
undhan et al. 2020) 

Several machine learning algorithms to predict di-
abetes have been done in recent years. Google Schol-
ar yielded 1200 results, while ScienceDirect yielded 
30 research papers. The objective of this study is to 
develop a model that can properly predict a person’s 
risk of developing diabetes (Rohan et al. 2015). These 
investigations use machine learning classification 
methods including KNN, Decision Tree, SVM, Logis-
tic Regression, and PCA to detect diabetes at an early 
stage. In these studies, the Pima Indian diabetes data-
base (PIDD), which is provided by the UCI machine 
learning respiratory, is used. The algorithm’s perfor-
mance is measured in terms of accuracy, sensitivity, 
and precision (Soni, n.d.). Because there are so many 
risk factors linked with diabetes, it is critical to antic-
ipate diabetes at an early stage (Ugwu and Ene, n.d.). 
We utilized K-Nearest Neighbor to predict diabetes in 
this article, A supervised machine learning algorithm 
is the KNN algorithm. When fresh data is input into 
the KNN machine learning algorithm, it compares it 
to previously stored data to see if there are any similar-
ities (Hojjatoleslami 1996). By constructing multiple 
classifications and ensemble models from gathered 
datasets, various machine learning techniques give ef-
ficient results for collecting knowledge (Alanazi and 
Mezher 2020). Machine learning has been a huge help 
in predicting the behavior of a certain system through 
training. Machine learning has emerged as a devel-
oping, dependent, and supportive technology in the 
medical sector in recent years (Asfaw 2019). Medical 
analysis improves diagnosis accuracy, lowers costs, 
and saves human resources thanks to recent break-
throughs in machine learning (I et al., n.d.). Machine 
learning is a technique for directly training computers 
or machines. 

The primary challenge that has inspired me to un-
dertake this study on enhancing the accuracy of ma-
chine learning and the prediction of diabetes among 
pregnant women in the early stages is inefficient early 

identification of diabetes and human mistakes in the 
detection of diabetes by traditional techniques. The 
primary issue with current research is that diabetes 
prediction systems are inaccurate. The authors com-
pared machine learning algorithms since they were 
specialists in machine learning algorithms and deep 
learning technology. The major goal is to evaluate and 
assess diabetes deduction approaches utilizing cut-
ting-edge machine learning algorithms such as the 
Decision Tree algorithm and Logistic Regression al-
gorithm.

MATERIALS AND METHODS
The study was carried out at the University simu-

lation lab, Saveetha School of Engineering, Saveetha 
Institute of Medical and Technical Sciences, Chennai. 
In this paper, the sample size was determined using 
clinical.com, using an alpha error-threshold of 0.05, 
enrollment ratio of 0:1, 95 percent confidence inter-
val, and power of 80 percent, based on earlier study 
findings (Sufriyana et al. 2020). A K-Nearest Neigh-
bor algorithm (N=20) and Logistic Regression (N=20) 
were in Group 1. This research includes a total of 40 
samples.

The UCI respiratory website provided the data 
samples utilized in this investigation. To acquire the 
absolute data necessary, the data set is subjected to 
data reduction procedures. To execute classification 
learning techniques, the data should be fed into Mat-
lab 2021a. To train, input data should be loaded into 
categorization learning systems. The imported data is 
trained twice, once for the K-Nearest Neighbor rang-
ing from 5 to 24, and once for the Logistic Regression 
with validations ranging from5 to 24. The confusion 
matrix should be obtained for each validation after 
data validation for an algorithm, which includes the 
TP (true positive), TN (true negative), FP (false pos-
itive), and false negative. These variables are used to 
calculate accuracy, sensitivity, and precision.

STATISTICAL ANALYSIS
IBN SPSS 26.0.1 is the statistical software package 

that was used in this study. The mean, standard devi-
ation, and standard error mean statistical significance 
between the groups were determined using the inde-
pendent sample T-Test, and then a comparison of the 
two groups using SPSS software yielded accurate val-
ues for the two different algorithms that will be used 
with the highest level of accuracy (81.87%), mean 
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(0.8187), and standard deviation value (0.02627). The 
image size is an independent variable, whereas the im-
age accuracy is a dependent variable.

RESULTS
Table 2 shows how to predict diabetes in pregnant 

women using K-Nearest Neighbor (KNN) and Logistic 
Regression (LR) methods. When comparing the accura-
cy, sensitivity, and precision of the K-Nearest Neighbor 
(KNN) with the Logistic Regression (LR), the LR meth-
od outperforms the KNN technique. Table-2 shows the 
accuracy of the Logistic Regression (LR) and K-Nearest 
neighbor (KNN) methods. The accuracy, sensitivity, and 
precision rate of a Logistic Regression (LR) are higher 
than those of a K-Nearest Neighbor (KNN) as shown in 
Table 1a and Table 1b. The accuracy, sensitivity, and pre-
cision of K-Nearest Neighbor (KNN) findings are 72.44 
percent, 774.42 percent, and 73.75 percent, respectively, 
whereas the accuracy, sensitivity, and precision of Lo-
gistic Regression (LR) results are 76.67 percent, 76.16 
percent, 81.87 percent respectively. Logistic Regression 
(LR) has a lower error rate than the K-Nearest Neighbor 
(KNN), as seen in Table 2.

Table 1a
Diabetes prediction samples using K-Nearest Neighbor Algo-
rithm

Samples Accuracy Sensitivity Precision
1 0.74 0.74 0.79
2 0.71 0.71 0.77
3 0.73 0.7 0.7
4 0.74 0.77 0.72
5 0.71 0.7 0.7
6 0.71 0.72 0.72
7 0.71 0.72 0.72
8 0.71 0.7 0.7
9 0.71 0.73 0.70
10 0.72 0.75 0.70
11 0.72 0.74 0.72
12 0.72 0.74 0.72
13 0.72 0.74 0.72
14 0.74 0.77 0.72
15 0.74 0.75 0.77
16 0.72 0.74 0.72
17 0.72 0.73 0.7
18 0.72 0.7 0.70
19 0.73 0.76 0.72
20 0.73 0.76 0.72
21 0.74 0.75 0.71
22 0.72 0.72 0.75

Table 1b
Diabetes prediction samples using Logistic Regression 

Samples Accuracy Sensitivity Precision
1 0.77 0.76 0.83
2 0.77 0.7 0.8
3 0.77 0.76 0.83
4 0.77 0.76 0.83
5 0.8 0.77 0.8
6 0.78 0.77 0.85
7 0.73 0.7 0.77
8 0.76 0.76 0.8
9 0.76 0.76 0.8
10 0.74 0.75 0.77
11 0.75 0.7 0.8
12 0.78 0.77 0.85
13 0.75 0.7 0.8
14 0.76 0.76 0.8
15 0.77 0.76 0.83
16 0.74 0.73 0.8
17 0.74 0.73 0.8
18 0.77 0.76 0.83
19 0.75 0.7 0.79
20 0.75 0.7 0.79
21 0.76 0.74 0.81
22 0.78 0.75 0.82

Table 2
Comparison of mean accuracy, sensitivity, and precision using 
Principal Component Analysis and Support Vector Machine al-
gorithms.

 GROUP STATISTICS

PARAM-
ETERS

GROUP N MEAN STD.
DEVIA-
TION

STD. 
ERROR 
MEAN

ACCU-
RACY

K-NEAREST 
NEIGHBOR

20 0.7244 0.01280 0.00286

LOGISTIC 
REGRESSION

20 0.7667 0.01766 0.00395

SENSI-
TIVITY

K-NEAREST 
NEIGHBOR

20 0.7442 0.01766 0.00395

LOGISTIC 
REGRESSION

20 0.7616 0.01321 0.00295

PRECI-
SION

K-NEAREST 
NEIGHBOR

20 0.7375 0.02180 0.00487

LOGISTIC 
REGRESSION

20 0.8187 0.02627 0.00587

Table 3 shows that using the independent sam-
ple T-test, there appears to be a statistically negli-
gible difference in both approaches (P=0.156, for 
accuracy, P=0.419, for sensitivity, P=0.390, for pre-
cision, P=<0.001) (P=0.156, for accuracy, P=0.419 
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with p>0.05, for sensitivity, P=0.390 for precision. 
P<=0.001with p>0.05). According to these data, the 
Logistic Regression techniques beat the K-Nearest 
Neighbor in predicting Diabetes disease. Figure 
1 shows a bar chart depicting the comparison of 
K-Nearest Neighbor (KNN) and Logistic Regres-
sion (LR) mean accuracy, sensitivity, and precision 
values.

Figures 2a and 2b represent the true positive, true 
negative, false positive, and false negative values are 
utilized to derive the accuracy, sensitivity, and preci-
sion values from the confusion matrix of the K-Near-
est Neighbor and Logistic Regression. 

DISCUSSION
In this research paper, Logistic Regression (LR) 

performed better than K-Nearest Neighbor (KNN) 
accuracy (76.67%), sensitivity (76.16%), and preci-
sion (81.87%) for predicting diabetes among pregnant 
women, with accuracy (72.44%), sensitivity (74.42%), 
and precision (73.75%). Although it is not statistically 
significant, the difference appears to have expanded. 
Machine learning techniques are widely used in the 
early detection of diabetes. 

Many researchers (Joshi and Dhakal 2021) have pro-
posed a model based on ensemble methods using ma-
chine learning algorithms, with the object of assessing 

Table 3
Independent sample T-test in predicting the accuracy, sensitivity, and precision of diabetes using the K-Nearest Neighbor and 
Logistic Regression. There appears to be an insignificant difference in both methods p>0.05 for Accuracy and precision

Param-
eter

Equal Vari-
ances

Levene’s Test for 
Equality of Variances

 T-test for Equality of Means 

Accuracy Assumed F Sig t df Significance 
(one-Sided 

p) 

Mean Dif-
ference 

95% Confi-
dence interval 

(Lower) 

95% Confi-
dence interval 

(Upper) 
2.095 0.156 -8.65 38 <.001 -.04222 -.05209 -.03235

Not assumed -8.65 34.63 <.001 -.04222 -.05213 -.03232
Sensitivity Assumed 0.667 0.419 -3.52 38 <.001 -.01737 -.02735 -.00739

Not assumed -3.52 35.19 <.001 -.01737 -.02738 -.00736
Precision Assumed 0.390 0.536 -10.64 38 <.001 -.08125 -.09670 .06580

Not assumed -10.64 36.75 <.001 -.08125 -.09672 -.06578

 
Fig. 1. Bar graph representing the comparison of mean accuracy, sensitivity, and precision of Diabetes prediction with the K-Near-
est Neighbor algorithm and the Logistic Regression algorithm. Both the techniques appear to produce the same variable results 
with accuracy ranging from 72% to 77%. X-axis: K-Nearest Neighbor vs Logistic Regression. Y-axis: mean accuracy, sensitivity, and 
precision detection ± 1 SD.
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the model’s accuracy, sensitivity, and precision. With a 
precision of 70% and an accuracy of 80%, the findings 
were attained. (Tigga and Garg 2021) performed an-
other investigation and developed a computer-aided 
identification technique based on the classifiers Sup-
port Vector Machine and Random Forest. (Edlitz and 
Segal, n.d.) name used feature selection and a KNN 
model to accurately detect diabetes with an accuracy 
of 78%. False-positive and False-negative selections 
can be reduced using data mining approaches author 
name. The author performed a comparative analysis 
of different classifiers and discovered that KNN-SVM 
has the highest accuracy of 82% over a clinical diabe-
tes data set (Ismail and Materwala 2021).

Shortly, the proposed technique, in combination 
with the suggested Machine Learning classification al-
gorithms, might be beneficial in the prediction or di-
agnosis of new illnesses. For diabetes prediction anal-
ysis, this research work, as well as a few other machine 
learning approaches, may be upgraded and improved. 
Metaheuristic algorithms will be utilized to learn the 
missing data completely in future studies. Furthermore, 
the study may be broadened to predict diabetes by ac-
cumulating data from many areas across the world and 
developing a more precise and common, discriminat-
ing framework. The approach might be improved and 
adjusted to make diabetes analysis more automatic.

CONCLUSION
In this diabetes prediction study, Matlab-based 

Logistic Regression (76.67 percent) generated supe-
rior results than K-Nearest Neighbor (72.44 percent). 

Furthermore, unlike prior techniques, the algorithm’s 
performance improved with the increasing data vol-
ume. This model is extremely efficient and has a lot of 
promise for predicting and assessing diabetes, thus it 
may be used in hospitals and testing facilities. 
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Fig. 2a. Confusion matrix for K-Nearest Neighbor algorithm 
K=5. True Positive is found to be 44% and false positive is found 
to be 4%, true negative is found to be 26% and false negative 
is found to be 16%.

 

Fig. 2b. Confusion matrix for Logistic Regression algorithm K=5. 
True Positive is found to be 44% and false positive is found to 
be 4%, true negative is found to be 26% and false negative is 
found to be 16%.
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ABSTRACT
Aim: To achieve accuracy, sensitivity, and precision in AI (Ar-
tificial Intelligence) calculations for the prediction of diabetes 
among pregnant women, a Support Vector Machine and Ran-
dom Forest algorithms were utilized. Materials and Meth-
ods: Research looked at diabetes in pregnant women using 
accessible data sets such as the Pima Indian dataset from the 
UCI website to assess the technique’s usefulness. Support Vec-
tor Machine (N=40) and Random Forest (N=40) are the two 
groups in this study, each having a sample size of 40. A pretest 
power of 80%, a threshold of 0.05, and a confidence interval 
of 95% were used to compute the sample size. Results: The 
accuracy, sensitivity, and precision of an algorithm are used to 
evaluate its performance. The Support Vector Machine has a 
75% accuracy rate, whereas the Random Forest has a 74% ac-
curacy rate. The sensitivity rate of the Support Vector Machine 
is 65%, whereas the sensitivity rate of the Random Forest is 
68%. The Support Vector Machine has a precision rate of 80%, 
whereas the Random Forest has a precision rate of 76%. The 
accuracy rate is significantly different with p=0.466,p>0.05. 
Conclusion: When compared to the innovative Support Vec-
tor Machine Algorithm, the Random Forest approach predicts 
superior classifications in identifying the accuracy, sensitivity, 
and precision for accessing the rate for diabetes prediction 
among pregnant women.
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INTRODUCTION
Diabetes mellitus (DM) is one of the world’s dead-

liest noncommunicable illnesses. Diabetes prognosis 
and prevention have become a serious problem, ac-
cording to previous medical records. The medicines 
are still insufficient to control the condition as the 
number of individuals diagnosed rises (Rout and Kaur 
2020). As a result, greater forecast analysis is necessary 
to treat diabetes at a beginning phase, by which it can 
assist address less difficulties and allow the patient to 
be treated with fewer drugs and at a lower cost (Rodri-
guez-Romero et al. 2019). Hyperglycemia caused by 
defects in insulin production, insulin action, or both 
comes within the group of metabolic disorders known 
as diabetes (Hasan and Al Mehedi Hasan 2020). Dia-
betes is linked to persistent hyperglycemia as a result 
of long-term organ damage, malfunction, and failure, 
in the eyes, kidneys, nerves, heart, and blood arteries. 
The spread of diabetes is caused by a number of patho-
genic mechanisms. These reach from immune system 
obliteration to the pancreatic b-cells and subsequent 
insulin inadequacy to anomalies leading to insulin 
resistance (Xie et al. 2019). Glucose levels in the hu-
man body typically vary from 70 to 99 mg per deci-
liter. Diabetes is diagnosed when the blood glucose 
level exceeds 126 mg/dl. If a person’s blood glucose 
level is between 100 and 125 mg/d, they have predia-
betes (Khanam and Foo 2021). Diabetes does not have 
a permanent cure. The most frequent consequences 
of long-term diabetes are macrovascular and micro-
vascular diseases (Costea, Moisi, and Popescu 2021). 
Application of prediction of Breast cancer in study the 
authors compared machine learning algorithms since 
they are specialists in machine learning algorithms 
and deep learning technologies (Theerthagiri, Usha, 
and Vidya, n.d.).Our team has extensive knowledge 
and research experience that has translate into high 
quality publications (Chellapa et al. 2020; Lavanya, 
Kannan, and Arivalagan 2021; Raj R, D, and S 2020; 
Shilpa-Jain et al. 2021; S, R, and P 2021; Ramadoss, 
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Padmanaban, and Subramanian 2022; Wu et al. 2020; 
Kalidoss, Umapathy, and Rani Thirunavukkarasu 
2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020) 

Several machine learning approaches for diabe-
tes prediction have been developed in recent years. 
On Google Scholar, there were 1040 hits, and on Sci-
enceDirect, there were 18 research papers. Predictive 
analysis is a method for extracting information from 
current and verifiable informational indexes and de-
termining future events that consolidates different 
information mining strategies, AI calculations, and 
insights (Pasha 2020). Prescient Analysis is a philos-
ophy that consolidates a scope of AI calculations, in-
formation mining strategies, and factual ways to deal 
with reveal data and estimate future events utilizing 
current and verifiable information (Costea, Moisi, and 
Popescu 2021). Regression techniques may be used to 
do predictive analytics. Predictive analytics attempts 
to improve clinical outcomes by increasing illness 
diagnosis accuracy, patient care, resource optimiza-
tion, and resource optimization (R et al. 2020). Ma-
chine learning is one of the most significant artificial 
intelligence aspects since it enables the construction 
of computer systems that can learn from previous ex-
periences without the need for programming in every 
situation (R et al. 2020; Kumar, Suresh Kumar, and 
Pranavi 2017). This study focuses on developing a di-
abetes prediction model utilizing machine learning 
algorithms and data mining approaches.

Inefficient early diabetes diagnosis and human 
mistakes in existing diabetes detection techniques led 
me to undertake this research on increasing the ac-
curacy of machine learning and diabetes prediction 
in pregnant women in the early stages. The current 
study’s primary issue is that diabetes prediction al-
gorithms are frequently inaccurate. The major goal is 
to use cutting-edge machine learning algorithms like 
(SVM) Support Vector Machine and Random Forest 
algorithms to test and evaluate diabetes deduction 
strategies. 

MATERIALS AND METHODS
The study was carried out at the University simu-

lation lab, Saveetha School of Engineering, Saveetha 
Institute of Medical and Technical Sciences, Chennai. 
In this study, using clinical.com, the sample size was 
estimated using prior study findings (An et al. 2020) 
with an alpha error-threshold of 0.05, enrollment ratio 

of 0:1, 95 percent confidence interval with statistical-
ly significant p<0.05, and power of 80 percent (Rout 
and Kaur 2020). Group 1 consisted of a Support Vec-
tor Machine algorithm (N=20) and Random Forest 
(N=20). A total of 40 samples were included in this 
study. 

The data samples used in this study are collected 
from the Kaggle website. The data set undergoes data 
reduction techniques to obtain the absolute data re-
quired. The data should be given as input to MatLab 
2021a to perform classification learning techniques. 
Input data should be imported to classification learn-
ing tools to perform training. The imported data 
is trained separately for each algorithm i.e, once for 
the Support Vector Machine varying with validations 
from 5 to 24 and similarly for the Random forest with 
validations from 5 to 24. After validation of data for an 
algorithm, the confusion matrix should be obtained 
for each validation, which involves the TP, TN, FP, FN 
expressed as true positive,true negative,false positive 
and false negative respectively. Precision, Sensitivity, 
and Accuracy are calculated with the help of these val-
ues. sed as. 

The data under review is the Pima Indian Diabetes 
Dataset, which contains information from almost 760 
medical records, 268 of which were positive and the 
rest were negative, all of which came from a commu-
nity in Phoenix, Arizona, USA. The patient is diabetic 
if the result is positive, and the patient is not diabet-
ic if the result is negative. There are eight properties 
in each instance, all of which are numeric data types. 
These values include personal medical information as 
well as information gleaned from medical examina-
tion results. Number of times pregnant (preg), plasma 
glucose focus at 2h in an oral glucose resilience test 
(in addition to), Diastolic pulse (pres), Triceps skin-
fold thickness (skin), 2-h serum insulin (Insu), Body 
mass record (BMI), Diabetes family work (Pedi), Age 
(Age), and Class variable are the finished subtleties of 
the qualities utilized in the dataset (Class). 

Because the model’s predictions are heavily reliant 
on data quality, preprocessing is a critical activity that 
should not be overlooked. Many filters in MATLAB of-
fer preprocessing, and the most appropriate approach-
es are chosen for the optimization of the original data-
set. The medical implications of each characteristic are 
first assessed in respect to diabetes mellitus (DM). The 
attribute “number of pregnancies” was found to have a 
model influence on the DM, thus it was converted to 
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a nominal value by allocating 0 for nonpregnant and 
1 for pregnant. As a consequence, the data complexity 
was reduced to a minimum.

The erroneous and some missing values in the 
dataset, which are the major source of many non-cor-
rect outcomes in most trials, are detected and deleted. 
For example, the value for diastolic blood pressure and 
body mass index cannot be 0, and if it is in dataset 95, 
it implies that the true value is missing.

STATISTICAL ANALYSIS
The statistical software program utilized in this 

investigation was IBN SPSS 26.0.1. The independent 
sample T-Test was used to determine the mean, stan-
dard deviation, and standard error mean statistical 
significance between the groups, and a comparison 
of the two groups using SPSS software yielded accu-
rate values for the two different algorithms that will 
be used with the highest level of accuracy 83.78 per-
cent, mean value 0.8378, and standard deviation value 
0.04104. While picture size is an independent variable, 
image accuracy is a dependent variable, image size is 
an independent variable (An et al. 2020).

RESULTS
Table 2 illustrates how to use Support Vector Ma-

chine algorithms (SVM) and Random Forest to pre-
dict diabetes among pregnant women. When com-
paring the performance of the SVM with the Random 
Forest algorithm exhibits better values in Accuracy, 
Sensitivity, and Precision. The accuracy rate of the 
SVM and Random Forest algorithms are shown in 
Table 2. When compared to Support Vector Machine, 
the accuracy, sensitivity, and precision rate of a Ran-
dom Forest are greater as shown in Table 1a and Ta-
ble 1b. Random Forest results have a 79.02% accura-
cy, 78.25% sensitivity, and precision of 83.78%, while 
Support Vector Machine (SVM) results have a 77.67% 
accuracy, 76.67% sensitivity, and 83.54% precision 
rate. Table 2 shows that Principal Component analysis 
has a lower error rate than in Support Vector machine.

Table 3 indicates that using the independent sample 
T-test, there appears to be a statistically insignificant 
difference P=0.445 (p>0.05) for accuracy, P=0.041 
(p<0.05), for sensitivity, P=0.616 (p>0.05) for preci-
sion, P=0.048. In both techniques P=0.445 (p>0.05) 
and for accuracy, for sensitivity P=0.616 (p>0.05) with 
insignificant value.But both methods are getting Sta-
tistically significant value P=0.041 (p<0.05), for sen-

Table 1a
Diabetes prediction samples using Support Vector Machine

Samples Accuracy Sensitivity Precision
1 0.71 0.73 0.79
2 0.76 0.76 0.81
3 0.81 0.77 0.91
4 0.78 0.78 0.83
5 0.8 0.78 0.85
6 0.77 0.76 0.83
7 0.74 0.75 0.77
8 0.75 0.75 0.8
9 0.76 0.76 0.8
10 0.76 0.76 0.8
11 0.78 0.77 0.85
12 0.77 0.76 0.83
13 0.78 0.77 0.85
14 0.77 0.76 0/83
15 0.8 0.77 0.8
16 0.8 0.77 0.8
17 0.77 0.76 0.83
18 0.76 0.76 0.8
19 0.77 0.77 0.83
20 0.78 0.77 0.85
21 0.78 0.78 0.81
22 0.79 0.76 0.83

Table 1b
Diabetes prediction samples using Random Forest Algorithm

Samples Accuracy Sensitivity Precision
1 0.81 0.80 0.85
2 0.82 0.80 0.8
3 0.77 0.7 0.8
4 0.77 0.76 0.83
5 0.78 0.77 0.85
6 0.81 0.81 0.83
7 0.77 0.76 0.83
8 0.78 0.78 0.83
9 0.75 0.7 0.8
10 0.78 0.78 0.83
11 0.8 0.8 0.83
12 0.82 0.80 0.8
13 0.8 0.77 0.8
14 0.82 0.80 0.8
15 0.75 0.77 0.77
16 0.71 0.71 0.71
17 0.77 0.76 0.83
18 0.82 0.79 0.89
19 0.78 0.78 0.83
20 0.8 0.8 0.8
21 0.82 0.81 0.84
22 0.83 0.79 0.82
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sitivity. These findings indicated that the Random 
Forest method outperforms the Support Vector Ma-
chine in predicting Diabetes illness. Figure 1 shows a 
bar chart depicting the comparison of Support Vector 
Machine and Random Forest mean accuracy, sensitiv-
ity, and precision values.

Figures 2a and 2b represent the true positive, true 
negative, false positive, and false negative values are 
utilized to derive the accuracy, sensitivity, and preci-
sion values from the confusion matrix of the Support 
Vector Machine and Random Forest.

DISCUSSION
When compared to SVM accuracy (77.67%), sensi-

tivity (76.67%), and precision (83.54%), Random For-
est performed better with accuracy (79.02%), sensitiv-
ity (78.25%), and precision (83.78%) in this research 
for predicting diabetes among pregnant women. The 
substantial difference appears to have somewhat 

Table 2
Comparison of mean accuracy, sensitivity, and precision using 
Principal Component Analysis and Support Vector Machine al-
gorithms.

 GROUP STATISTICS

PARAM-
ETERS

GROUP N MEAN STD.
DEVIA-
TION

STD. 
ERROR 
MEAN

ACCU-
RACY

RANDOM FOR-
EST

20 0.7767 0.02248 0.00503

SUPPORT VEC-
TOR MACHINE

20 0.7902 0.02720 0.00608

SENSI-
TIVITY

RANDOM FOR-
EST

20 0.7667 0.01721 0.00385

SUPPORT VEC-
TOR MACHINE

20 0.7825 0.02559 0.00572

PRECI-
SION

RANDOM FOR-
EST

20 0.8354 0.03235 0.00723

SUPPORT VEC-
TOR MACHINE

20 0.8378 0.04104 0.00918

Table 3
Independent sample T-test in predicting the accuracy, sensitivity, and precision of diabetes using the Support Vector Machine and 
Logistic Regression. There appears to be a statistically significant difference (p<0.05) for sensitivity and insignificant difference in 
both the methods for Accuracy and precision with p>0.05

Parameter Equal Vari-
ances

Levene’s Test for 
Equality of Variances

 T-test for Equality of Means 

F Sig t df Significance 
(one-Sided 

p) 

Mean Dif-
ference 

95% Confi-
dence interval 

(Lower) 

95% Confi-
dence interval 

(Upper) 
Accuracy Assumed 0.595 0.44 -1.71 38 0.048 -.01349 -.02946 .00248

Not assumed -1.71 36.70 0.048 -.01349 -.02946 .00250
Sensitivity Assumed 4.461 0.04 -2.28 38 0.014 -.01572 -.02968 -.00176

Not assumed -2.28 33.26 0.015 -.01572 -.02975 -.00169
Precision Assumed 0.255 0.61 -0.20 38 0.420 -.00238 -.02604 .02127

Not assumed -0.20 36.03 0.420 -.00238 -.02608 .02132

 
Fig. 1. Graph representing the comparison between mean accuracy, sensitivity, and precision of Diabetes prediction with the Sup-
port Vector Machine algorithm and the Random Forest algorithm. Both the techniques appear to create the same variable results 
with accuracy ranging from 76% to 84%. X-axis: Support Vector Machine vs Random Forest. Y-axis: mean accuracy, sensitivity, and 
precision detection ± 1 SD.
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grown, despite the fact that it is not statistically signif-
icant (Table 3). Early diagnosis of diabetes relies heav-
ily on machine learning techniques.

Many researchers have suggested a model based 
on ensemble approaches utilizing machine learn-
ing algorithms, with the main goal of evaluating the 
model in terms of accuracy, precision, and sensitiv-
ity. The researchers used SVM and Random forest 
algorithms to predict diabetes with the SVM model 
having 79% (Shafi and Ansari, n.d.). (Mujumdar and 
Vaidehi 2019) did other research, and developed a 
computer-assisted identification approach based on 
Random Forest and Support vector machine classifi-
ers (Pobi 2006). (Sohail et al. 2019) According to the 
findings, the Random forest model had the best ac-
curacy (79.2?%), sensitivity (79.49%), and specificity 
(81.4%) of three algorithms (Ayyadevara and Kishore 
Ayyadevara 2018). (Lyngdoh, Choudhury, and Moulik 
2021) machine-learning techniques SVM and Gradi-
ent Boosted Decision Tree were used to build this en-
semble model, which has an accuracy of 83.3 percent.

This study is hampered by a lack of data. Higher 
accuracy, sensitivity, and precision may be achieved by 
increasing the sample size. Cleaning and preparing the 
data for prediction takes additional time. Soon, an ef-
fective classification method will be created that com-
bines the efficiency of the best-performing algorithms 
to improve diabetes prediction accuracy in pregnant 
women. Better performance may be achieved by com-
bining a large data set of real-time applications with 
various machine learning and deep learning approach-
es. Overall, the outcomes of the study are extremely 
promising for the future. The proposed approach, in 

conjunction with the recommended Machine learning 
classification algorithms, may be useful in the predic-
tion or diagnosis of novel disorders in the near future. 
The study work, as well as a few other Machine learning 
techniques, might be updated and enhanced for diabe-
tes prediction analysis. In future research, metaheuris-
tic algorithms will be used to entirely learn the miss-
ing data. The algorithms have been improved to learn 
how to anticipate missing data in the future. Learning 
algorithms like Grey Wolf Optimizer (GWO) and oth-
er nature-inspired computer algorithms can help re-
search with unique swarm-based meta-heuristic fea-
tures. Furthermore, by gathering data from a variety of 
locations throughout the world and developing a more 
precise and common discriminating framework, the 
study may be expanded to predict diabetes. The work 
might be changed and enhanced to make the diabetes 
analysis more automated.

CONCLUSION
The Matlab-based Random Forest (79.02) outper-

formed the Support Vector Machine in this diabetes 
prediction study (77.67). Furthermore, unlike pre-
vious approaches, the algorithm’s performance im-
proved as the amount of data increased. This model is 
quite efficient and shows a lot of potential in terms of 
predicting and assessing diabetes, so it may be utilized 
in hospitals and testing facilities.
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Fig. 2a. Confusion matrix for Support Vector Machine Algo-
rithm K=5. True Positive is found to be 40% and false positive 
is found to be 8%, true negative is found to be 30% and false 
negative is found to be 12%.

 

Fig. 2b. Confusion matrix for Random Forest algorithm K=5. 
True Positive is found to be 41% and false positive is found to 
be 7%, true negative is found to be 33% and false negative is 
found to be 9%.
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ABSTRACT
Aim: To find the best algorithm for the prediction of Novel 
Cardiovascular Disease Detection accurately, with fewer errors 
between Novel Naive Bayes and Support Vector Machine clas-
sifiers. Materials and Methods: Data collection containing 
various data points for predicting Novel Cardiovascular Dis-
ease Detection from UCI machine learning repository. Clas-
sification is performed by Naive Bayes classifier (N=20) over 
Support Vector Machine (N=20) total sample size calculation is 
done through clinical.com. The accuracy was calculated using 
Matlab software and the outputs are graphed using SPSS soft-
ware. Results: Comparison of accuracy rate is done by inde-
pendent sample test using SPSS software. There is a statistical 
indifference between the Naive Bayes algorithm and Support 
Vector Machine algorithm. Support Vector Machine algorithm 
(87.38%) showed better results in comparison to Novel Naive 
Bayes algorithm (75.13%). Conclusion: Support Vector Ma-
chine algorithm appears to give better accuracy than Naive 
Bayes algorithm for the prediction of Novel Cardiovascular Dis-
ease Detection.
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INTRODUCTION
These days, the death rate due to cardiovascular 

diseases are increasing day by day every year. It is ob-
served that 17.9 million deaths are being recorded as 
per the surveys made by WHO (Bharti et al. 2021). The 
way of living, new food habits and lack of physical ex-
ercise has been a major contributor for the increased 
cardiovascular disease. For instance, smoking, high 
blood pressure, having high amounts of body fat, and 
consumption of junk are the main risk factors for Novel 
Cardiovascular Disease Detection mainly these can be 
suppressed in the early stages by changing the lifestyle, 
being more physically active, and taking medication in 
some complex cases (Das, Turkoglu, and Sengur 2009). 
The main goal of this work is to apply machine learning 
algorithms to predict cardiovascular diseases in this the 
comparison is done between Naive Bayes algorithm and 
Support Vector Machine algorithm and finding the best 
accuracy obtaining algorithm (Al’Aref et al. 2019). The 
prediction of cardiovascular disease should be done by 
the evaluation of certain features given by the user (Ish-
aq et al. 2021). If the accuracy of this prediction is high 
enough it will be helping to save a lot of human resourc-
es by avoiding incorrect diagnoses (Shouman, Turner, 
and Stocker 2012).

About 150 Science direct and 47 IEEE Xplore ar-
ticles were found similar to this work in the last 5 
years and has a clear report of developed algorithms 
and models using machine learning algorithms such 
as Naive Bayes algorithm, Support Vector Machine 
algorithm, Logistic Regression, Neural Network, Ran-
dom Forest algorithms to predict and evaluate the 
performance of each algorithm in terms of accuracy, 
sensitivity, precision in the prediction of Novel Car-
diovascular Disease Detection (Lai et al. 2019). In this 
paper, the major aim is to evaluate the validity of every 
algorithm in terms of accuracy, sensitivity, precision, 
and specificity and to find the best accuracy obtaining 
algorithm for the prediction of cardiovascular disease 
(Al’Aref et al. 2019). Accuracy comparison is done 
over different classifiers Novel Naive Bayes, Neural 
Network, Logistic Regression, Random Forest, diag-
noses, and Support Vector Machine algorithm on UCI 
Machine Learning Repository data set (Nikam et al. 
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2020). All these classifiers are executed in simulated 
environments using Matlab data mining tools. The 
executed results depict high accuracy by the Support 
Vector Machine algorithm with an accuracy of 87.38% 
and with the least error rate whereas Naive Bayes got 
75.13%. The precision values of Support Vector Ma-
chine algorithm and Naive Bayes also are 90.85% and 
77.45% respectively, followed by recall and F1 values 
are also ruled out by Support vector Machine classifi-
ers with higher values than the Naive Bayes. Research 
work proposed a machine learning algorithm compar-
ison of various classifiers to predict and reduce deaths 
due to cardiovascular diseases (Dube et al. 2020). 
The hyperplanes are selected by the Support Vector 
Machine algorithm (Jayadeva, Khemchandani, and 
Chandra 2016). The Naive Bayes algorithm is a prob-
abilistic machine learning algorithm that is used for 
decision – making tasks (AhmedMedjahed, Saadi, and 
Benyettou 2013). Naive Bayes will approximate the in-
dependence between the features of the dataset rules. 
Applying Bayes Theorem we can build a Naive Bayes 
Algorithm model. All the characteristics in the Naive 
Bayes and this method is based on the conditional 
probabilities.Our team has extensive knowledge and 
research experience that has translate into high quality 
publications (Chellapa et al. 2020; Lavanya, Kannan, 
and Arivalagan 2021; Raj R, D, and S 2020; Shilpa-Jain 
et al. 2021; S, R, and P 2021; Ramadoss, Padmanaban, 
and Subramanian 2022; Wu et al. 2020; Kalidoss, 
Umapathy, and Rani Thirunavukkarasu 2021; Kaja et 
al. 2020; Antink et al. 2020; Paul et al. 2020; Malaikol-
undhan et al. 2020) 

Inefficient predictions by the algorithms, more data 
redundancies, and human error in the early detection 
of Novel Cardiovascular Disease Detection by conven-
tional methods are giving errors this motivated me to 
do the research work improving the accuracy of the 
classifiers for the better prediction of cardiovascular 
diseases. The major drawback of the existing research 
is having poor accuracy in the prediction algorithms. 
The authors are experts in machine learning and deep 
learning algorithms technologies. The main aim is to 
analyze and compare the breast cancer detection tech-
niques using the best innovative machine learning al-
gorithms namely the Naive Bayes and Support Vector 
Machine. 

MATERIALS AND METHODS

The study was carried out at the University sim-
ulation laboratory, Saveetha School of Engineering, 
Saveetha Institute of Medical and Technical Sciences, 
Chennai. In the current paper, the dataset was taken 
from UCI Machine Learning Repository cardiovas-
cular disease dataset. This data set consists of various 
features of the patients and different parameters of the 
patients in the given data set using the description of 
the various features in the form of columnar attributes. 
There is visualization and analysis for support.

The data was donated by the UCI Machine Learn-
ing Repository and this includes all the parameters 
and the features which are required for the predic-
tion, analysis, and evaluation of cardiovascular dis-
eases such as age and various heart parameters. This 
data is divided into two different groups. The sample 
size calculation was done using previous study results 
(yangguang He et al. 2019) by clinicalc.com by keep-
ing alpha error-threshold by 0.05, confidence interval 
at 95%, enrollment ratio as 0:1, and G-power at 80%. 
Sample preparation is carried out for Naive Bayes and 
Support Vector Machine classifiers for the data col-
lected from the UCI Machine Learning Repository 
dataset.. But the Support Vector Machine algorithm 
is the higher accuracy giving algorithm which uses 
supervised learning and has excellent accuracy and 
classification performance. Support vector machine 
uses non-linear mapping to vary the training data to 
a greater dimension. 

Group 1 is Naive Bayes and with N value 20 and 
group 2 is Support Vector Machine with N value 20, 
the total sample size is 40. A sample dataset of both 
Naive Bayes and Support Vector Machine are exported 
to the Microsoft Excel Sheet for importing to the Mat-
lab as input. Matlab 2021a software has to be installed 
on the PC for training the source dataset. Both Na-
ive Bayes and Support Vector Machine algorithms are 
used to train the sample groups. A confusion matrix 
is obtained and true positive, true negative, false posi-
tive, and false negative values are noted. Accuracy (%), 
sensitivity (%) and precision (%) values are calculated 
from the resulting confusion matrix.

Statistical Analysis
The software used here for the statistical analysis 

is IBM SPSS V28.0.0.0 (190). Accuracy, precision, re-
call, and f1 Comparison of Naive Bayes with Support 
Vector Machine algorithm were done in this software. 
As the variables are independent of each other an in-
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dependent sample T-test was carried out to find the 
mean values of accuracy, precision, recall, and F1 be-
tween two groups, and performance comparison be-
tween the two groups is performed.

RESULTS
In this research work of cardiovascular diseases 

prediction by Naive Bayes and Support Vector Ma-
chine on UCI Machine Learning Repository, the re-
sults depict to produce the same variable results with 
the accuracy of 75.13% and 87.38%, precision 77.45% 
and 90.85%, recall 74.29% and 84.52% and F1 75.80% 
and 87.55% respectively.

Table 2 shows the comparison of mean accuracy, 
mean sensitivity, and mean precision values of Naive 
Bayes (NB) and Support Vector Machine (SVM) al-
gorithm. Support Vector Machine shows the higher 
values in terms of accuracy, sensitivity, and precision. 
Variable results with an accuracy rate of 87.38%, preci-
sion of 90.85%, recall value of 84.52%, and F1 value of 
87.55%. The results of Novel Naive Bayes are with an 
accuracy of 75.13%, precision of 77.45%, recall value 
of 74.29%, and F1 value of 75.80%. The Naive Bayes 
algorithm had less accuracy, precision, recall and F1 

when compared to the Support Vector Machine algo-
rithm as shown in Table 1a and Table 1b.The descrip-
tive statistics of table 2 shows that the Support Vector 
Machine algorithm had less error when compared to 
the Naive Bayes algorithm.

Table 1b
Cardiovascular Disease samples using Support Vector Machine 
Algorithm

Sample Accuracy Precision Recall F1
1 0.85 0.894737 0.809524 0.85
2 0.9 0.947368 0.857143 0.9
3 0.825 0.85 0.809524 0.829268
4 0.9 0.947368 0.857143 0.9
5 0.85 0.894737 0.809524 0.85
6 0.9 0.947368 0.857143 0.9
7 0.85 0.894737 0.809524 0.85
8 0.9 0.947368 0.857143 0.9
9 0.875 0.9 0.857143 0.878049
10 0.85 0.857143 0.857143 0.857143
11 0.85 0.894737 0.809524 0.85
12 0.9 0.947368 0.857143 0.9
13 0.875 0.9 0.857143 0.878049
14 0.875 0.9 0.857143 0.878049
15 0.9 0.947368 0.857143 0.9
16 0.875 0.9 0.857143 0.878049
17 0.875 0.9 0.857143 0.878049
18 0.875 0.9 0.857143 0.878049
19 0.875 0.9 0.857143 0.878049
20 0.875 0.9 0.857143 0.878049

Table 2 
Comparison of Mean Accuracy, mean precision, mean recall, 
and mean F1 between Naive Bayes and Support Vector Ma-
chine.

Group Statistics

Group N Mean Std.De-
viation

Std.Error 
Mean

Accuracy Naive Bayes 20 .7513 .2625 .00587
Support Vec-
tor Machine

20 .8738 .02218 .00496

Precision Naive Bayes 20 .7745 .02649 .00592
Support Vec-
tor Machine

20 .9085 .02943 .00658

Recall Naive Bayes 20 .7429 .03590 .00803
Support Vec-
tor Machine

20 .8452 .02116 .00473

F1 Naive Bayes 20 .7580 .02720 .00608
Support Vec-
tor Machine

20 .8755 .02143 .00479

Table 1a
Cardiovascular Disease samples using Naive Bayes Algorithm

Sample Accuracy Precision Recall F1
1 0.75 0.761905 0.761905 0.761905
2 0.725 0.777778 0.666667 0.717949
3 0.8 0.842105 0.761905 0.8
4 0.725 0.75 0.714286 0.731707
5 0.75 0.761905 0.761905 0.761905
6 0.75 0.761905 0.761905 0.761905
7 0.75 0.789474 0.714286 0.75
8 0.725 0.75 0.714286 0.731707
9 0.725 0.75 0.714286 0.731707
10 0.775 0.8 0.761905 0.780488
11 0.75 0.789474 0.714286 0.75
12 0.8 0.809524 0.809524 0.809524
13 0.725 0.75 0.714286 0.731707
14 0.75 0.761905 0.761905 0.761905
15 0.775 0.8 0.761905 0.780488
16 0.725 0.75 0.714286 0.731707
17 0.725 0.75 0.714286 0.731707
18 0.8 0.809524 0.809524 0.809524
19 0.75 0.761905 0.761905 0.761905
20 0.75 0.761905 0.761905 0.761905
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Independent sample T-test results show that there 
is a statistically insignificant difference in accuracy 
(P<0.001), precision (P<0.001), recall (P<0.001), and 
F1 (P<0.001) as shown in table 3. Bar Chart repre-
senting the comparison of mean accuracy, mean 
precision, mean recall, and mean F1 values of Naive 
Bayes and Support Vector Machine as shown in Fig 

1. Fig 2a and 2b represent the confusion matrix of 
Novel Naive Bayes and Support vector machine re-
spectively.

DISCUSSION
In this research paper for the prediction of car-

diovascular diseases, we observed Support vector 

Table. 3 
Independent sample T-test in predicting the accuracy, precision, recall, and F1 of cardiovascular disease prediction using Naive 
Bayes and Support Vector Machine classifiers. There appears to be a statistically insignificant difference (p<0.001) in both the 
classifiers.

INDEPENDENT SAMPLE TEST
LEVENE’S TEST FOR EQUALITY 

OF VARIANCES 
T-TEST FOR EQUALITY OF MEANS

SIGNIFI-
CANCE

95% CONFIDENCE INTER-
VAL OF THE DIFFERENCE

F SIG T DF ONE-SID-
ED P

STD.ERROR 
DIFFERENCE

LOWER UPPER

Accuracy Equal Variance Assumed .28 .599 -15.94 38 <.001 .00768 -.13806 -.0694
Equal Variance is not As-
sumed

-15.94 36.96 <.001 .00768 -.13807 -.10693

Precision Equal Variance Assumed .05 .823 -15.13 38 <.001 .00886 -.15198 -.11612
Equal Variance is not As-
sumed

-15.13 37.58 <.001 .00886 -.15198 -.11612

Recall Equal Variance Assumed 7.52 .009 -10.98 38 <.001 .00932 -.12124 -.08352
Equal Variance is not As-
sumed

-10.98 30.75 <.001 .00932 -.12139 -.08337

F1 Equal Variance Assumed 1.03 .317 -15.18 38 <.001 .00774 -.13323 -.10188
Equal Variance is not As-
sumed

-15.18 36.03 <.001 .00774 -.13326 -.10185

 
Fig. 1. Bar chart representing the comparison between Naive Bayes and Support Vector Machine algorithms in terms of mean 
accuracy, mean precision, mean recall, mean F1 for the prediction of cardiovascular diseases. Both the classifiers appear to pro-
duce similar rate accuracies but Support Vector Machine algorithms with slightly higher accuracy, precision, recall, and F1 values of 
87.38%,90.85%,84.52%, and 87.55% respectively. Naive Bayes resulted in an accuracy of 75.13%, precision of 77.45%, recall value 
of 74.29%, and F1 value of 75.80%.Y-axis: Mean of accuracy rates for identification of keywords ± 1SD with 95% CI. 



Issue 25. December 2022 | Cardiometry | 967

Machine had performed better with an accuracy of 
87.38%, the precision of 90.85%, recall of 84.52%, and 
F1 value of 87.55% when compared to Naive Bayes ac-
curacy of 75.13%, precision of 77.45%, recall value of 
74.29% and F1 value of 75.80%. Although not statisti-
cally significant, the significant difference appears to 
have slightly increased table 3. Machine Learning al-
gorithms play an important role in the early detection 
of cardiovascular diseases.

Related works by many researchers (Mohan, 
Thirumalai, and Srivastava 2019) proposed using 
similar comparison and by using machine learning 
algorithms and the main aim is to accurately evaluate 
the model in terms of accuracy, precision, sensitivity, 
specificity, and F- measure (AhmedMedjahed, Saa-
di, and Benyettou 2013). Another study was done by 
(Haq et al. 2018) this paper the author implemented 
a Machine Learning algorithm for the prediction of 
cardiovascular diseases and by using a cardiovascu-
lar dataset which resulted from Accuracy, sensitivity, 
specificity, and MCC (Azeraf, Monfrini, and Piec-
zynski 2022). A paper by (Nikam et al. 2020) used 
a similar feature section by using similar machine 
learning algorithms in which Naive Bayes had shown 
a lower accuracy value of 70.82% for the prediction 
of cardiovascular disease (Le 2021). A comparative 
study of various classifiers was done in this paper (Ji-
ang 2020) and the results reach the highest accuracy 
over the UCI Machine Learning Repository dataset.

The major factors that are affecting the accura-
cy are data redundancies and depending on the data 

size the accuracy may be varied. Further increase in 
the sample size will be yielding better accuracy, preci-
sion, recall, and F1 values. Preprocessing of the data is 
much needed for the optimal results for the prediction 
of cardiovascular diseases.

Limitation of this development of an efficient clas-
sification system that combines the effectiveness of 
the best accuracy obtained for the improvement of the 
prediction. A large dataset of real-time applications 
paired with other machine learning algorithms and 
deep learning algorithms may improve the accuracy 
in future and the overall performance of the output. 
Overall, the findings of this study are highly promis-
ing for the future.

CONCLUSION 
In this study of prediction of cardiovascular diseas-

es, the support vector machine algorithm has a higher 
accuracy of 87.38% than the Naive Bayes which has 
an accuracy of 75.13%. Support vector machine with 
an accuracy of (87.38%), a precision of 90.85%, recall 
of 84.52%, and an F1 value of 87.55%. whereas Naive 
Bayes accuracy of 75.13%, precision of 77.45%, recall 
value of 74.29%, and F1 value of 75.80%. The perfor-
mance of these algorithms can be increased with the 
increase of the data size.

DECLARATION

Conflicts of Interest
No conflict of interest in this manuscript

 

Fig. 2a. confusion matrix of Naive Bayes for K= 5

 

Fig. 2b. confusion matrix of Support Vector Machine for K=5



968 | Cardiometry | Issue 25. December 2022

Author Contributions
Author GVSC was involved in data collection, data 

analysis & manuscript writing. The author’s learn-
ing-Based guide NSK was involved in conceptual-
ization, data validation, and critical review of manu-
scripts.

Acknowledgments 
The authors would like to express their gratitude 

towards Saveetha School of Engineering, Saveetha In-
stitute of Medical And Technical Sciences (Formerly 
known as Saveetha University) for successfully carry-
ing out this work.

Funding: 
We thank the following organizations for provid-

ing financial support that enabled us to complete the 
study.
1. Venus Electronics Tamilnadu
2. Saveetha University
3. Saveetha Institute of Medical And Technical Sci-

ences
4. Saveetha School of Engineering

REFERENCES
1. AhmedMedjahed, Seyyid, Tamazouzt Ait Saa-
di, and Abdelkader Benyettou. 2013. “Breast Cancer 
Diagnosis by Using K-Nearest Neighbor with Dif-
ferent Distances and Classification Rules.” Interna-
tional Journal of Computer Applications. https://doi.
org/10.5120/10041-4635.
2. Al’Aref, Subhi J., Khalil Anchouche, Gurpreet 
Singh, Piotr J. Slomka, Kranthi K. Kolli, Amit Kumar, 
Mohit Pandey, et al. 2019. “Clinical Applications of 
Machine Learning in Cardiovascular Disease and Its 
Relevance to Cardiac Imaging.” European Heart Jour-
nal 40 (24): 1975–86.
3. Antink, Christoph Hoog, Joana Carlos Mesquita 
Ferreira, Michael Paul, Simon Lyra, Konrad Heimann, 
Srinivasa Karthik, Jayaraj Joseph, et al. 2020. “Fast 
Body Part Segmentation and Tracking of Neonatal 
Video Data Using Deep Learning.” Medical & Biologi-
cal Engineering & Computing 58 (12): 3049–61.
4. Azeraf, Elie, Emmanuel Monfrini, and Wojciech 
Pieczynski. 2022. “Improving Usual Naive Bayes Clas-
sifier Performances with Neural Naive Bayes Based 
Models.” Proceedings of the 11th International Con-
ference on Pattern Recognition Applications and 
Methods. https://doi.org/10.5220/0010890400003122.

5. Bharti, Rohit, Aditya Khamparia, Mohammad 
Shabaz, Gaurav Dhiman, Sagar Pande, and Parneet 
Singh. 2021. “Prediction of Heart Disease Using a 
Combination of Machine Learning and Deep Learn-
ing.” Computational Intelligence and Neuroscience 
2021 (July): 8387680.
6. Chellapa, L. R., S. Rajeshkumar, M. I. Arumugham, 
and S. R. Samuel. 2020. “Biogenic Nanoselenium Syn-
thesis and Evaluation of Its Antimicrobial, Antioxi-
dant Activity and Toxicity.” Bioinspired Biomimetic 
and Nanobiomaterials, July, 1–6.
7. Das, Resul, Ibrahim Turkoglu, and Abdulkadir 
Sengur. 2009. “Effective Diagnosis of Heart Disease 
through Neural Networks Ensembles.” Expert Sys-
tems with Applications. https://doi.org/10.1016/j.
eswa.2008.09.013.
8. Dube, Harshali, Shweta Madge, Prajakta Jagtap, 
Pooja Potdar, and Nilesh Bhandare. 2020. “Review 
on Heart Disease Classification.” 2020 5th Interna-
tional Conference on Communication and Elec-
tronics Systems (ICCES). https://doi.org/10.1109/
icces48766.2020.9137880.
9. Haq, Amin Ul, Jian Ping Li, Muhammad Ham-
mad Memon, Shah Nazir, and Ruinan Sun. 2018. “A 
Hybrid Intelligent System Framework for the Predic-
tion of Heart Disease Using Machine Learning Al-
gorithms.” Mobile Information Systems. https://doi.
org/10.1155/2018/3860146.
10. Ishaq, Abid, Saima Sadiq, Muhammad Umer, Sal-
eem Ullah, Seyedali Mirjalili, Vaibhav Rupapara, and 
Michele Nappi. 2021. “Improving the Prediction of 
Heart Failure Patients’ Survival Using SMOTE and Ef-
fective Data Mining Techniques.” IEEE Access. https://
doi.org/10.1109/access.2021.3064084.
11. Jayadeva, Reshma Khemchandani, and Suresh 
Chandra. 2016. Twin Support Vector Machines: Mod-
els, Extensions and Applications. Springer.
12. Jiang, Shu. 2020. Heart Disease Prediction Using 
Machine Learning Algorithms.
13. Kaja, Rekha, Anandh Vaiyapuri, Mohamed Sher-
if Sirajudeen, Hariraja Muthusamy, Radhakrishnan 
Unnikrishnan, Mohamed Waly, Samuel Sundar Doss 
Devaraj, Mohamed Kotb Seyam, and Gopal Nambi S. 
2020. “Biofeedback Flutter Device for Managing the 
Symptoms of Patients with COPD.” Technology and 
Health Care: Official Journal of the European Society 
for Engineering and Medicine 28 (5): 477–85.
14. Kalidoss, Ramji, Snekhalatha Umapathy, and Usha 
Rani Thirunavukkarasu. 2021. “A Breathalyzer for 



Issue 25. December 2022 | Cardiometry | 969

the Assessment of Chronic Kidney Disease Patients’ 
Breathprint: Breath Flow Dynamic Simulation on the 
Measurement Chamber and Experimental Investiga-
tion.” Biomedical Signal Processing and Control 70 
(September): 103060.
15. Lai, Dakun, Yifei Zhang, Xinshu Zhang, Ye Su, and 
Md Belal Bin Heyat. 2019. “An Automated Strategy for 
Early Risk Identification of Sudden Cardiac Death by 
Using Machine Learning Approach on Measurable 
Arrhythmic Risk Markers.” IEEE Access. https://doi.
org/10.1109/access.2019.2925847.
16. Lavanya, M., P. Muthu Kannan, and M. Arivalag-
an. 2021. “Lung Cancer Diagnosis and Staging Using 
Firefly Algorithm Fuzzy C-Means Segmentation and 
Support Vector Machine Classification of Lung Nod-
ules.” International Journal of Biomedical Engineering 
and Technology 37 (2): 185.
17. Le, Elizabeth. 2021. Radiomics and Machine 
Learning in the Prediction of Cardiovascular Disease.
18. Malaikolundhan, Harikrishna, Gowsik Mookkan, 
Gunasekaran Krishnamoorthi, Nirosha Matheswaran, 
Murad Alsawalha, Vishnu Priya Veeraraghavan, Sura-
paneni Krishna Mohan, and Aiting Di. 2020. “Anticar-
cinogenic Effect of Gold Nanoparticles Synthesized 
from Albizia Lebbeck on HCT-116 Colon Cancer Cell 
Lines.” Artificial Cells, Nanomedicine, and Biotech-
nology 48 (1): 1206–13.
19. Mohan, Senthilkumar, Chandrasegar Thirum-
alai, and Gautam Srivastava. 2019. “Effective Heart 
Disease Prediction Using Hybrid Machine Learning 
Techniques.” IEEE Access. https://doi.org/10.1109/ac-
cess.2019.2923707.
20. Nikam, Atharv, Sanket Bhandari, Aditya Mhaske, 
and Shamla Mantri. 2020. “Cardiovascular Disease Pre-
diction Using Machine Learning Models.” 2020 IEEE 
Pune Section International Conference (PuneCon). 
https://doi.org/10.1109/punecon50868.2020.9362367.
21. Paul, M., S. Karthik, J. Joseph, M. Sivaprakasam, 
J. Kumutha, S. Leonhardt, and C. Hoog Antink. 2020. 

“Non-Contact Sensing of Neonatal Pulse Rate Using 
Camera-Based Imaging: A Clinical Feasibility Study.” 
Physiological Measurement 41 (2): 024001.
22. Raj R, Kathiswar, Ezhilarasan D, and Rajeshkumar 
S. 2020. “β-Sitosterol-Assisted Silver Nanoparticles 
Activates Nrf2 and Triggers Mitochondrial Apoptosis 
via Oxidative Stress in Human Hepatocellular Cancer 
Cell Line.” Journal of Biomedical Materials Research. 
Part A 108 (9): 1899–1908.
23. Ramadoss, Ramya, Rajashree Padmanaban, and 
Balakumar Subramanian. 2022. “Role of Bioglass in 
Enamel Remineralization: Existing Strategies and Fu-
ture Prospects-A Narrative Review.” Journal of Bio-
medical Materials Research. Part B, Applied Biomate-
rials 110 (1): 45–66.
24. Shilpa-Jain, D. P., Jogikalmat Krithikadatta, 
Dinesh Kowsky, and Velmurugan Natanasabapathy. 
2021. “Effect of Cervical Lesion Centered Access Cav-
ity Restored with Short Glass Fibre Reinforced Resin 
Composites on Fracture Resistance in Human Man-
dibular Premolars- an in Vitro Study.” Journal of the 
Mechanical Behavior of Biomedical Materials 122 
(October): 104654.
25. Shouman, Mai, Tim Turner, and Rob Stocker. 
2012. “Applying K-Nearest Neighbour in Diagnos-
ing Heart Disease Patients.” International Journal of 
Information and Education Technology. https://doi.
org/10.7763/ijiet.2012.v2.114.
26. S, Sudha, Kalpana R, and Soundararajan P. 2021. 
“Quantification of Sweat Urea in Diabetes Using Elec-
tro-Optical Technique.” Physiological Measurement 
42 (9). https://doi.org/10.1088/1361-6579/ac1d3a.
27. Wu, Shuang, Shanmugam Rajeshkumar, Malini 
Madasamy, and Vanaja Mahendran. 2020. “Green Syn-
thesis of Copper Nanoparticles Using Cissus Vitiginea 
and Its Antioxidant and Antibacterial Activity against 
Urinary Tract Infection Pathogens.” Artificial Cells, 
Nanomedicine, and Biotechnology 48 (1): 1153–58.



970 | Cardiometry | Issue 25. December 2022

ORIGINAL RESEARCH Submitted: 11.01.2022; Accepted: 5.02.2022; Published online: 23.02.2022

Analysis and Comparison  
of Neural Network Algorithm 
for Prediction of Cardiovascular 
Disease over Support Vector 
Machine Algorithm  
with Improved Precision
Rajvardhan Gadde, Neelam Sanjeev Kumar

Department of Biomedical Engineering, Saveetha School of En-
gineering, Saveetha Institute of Medical and Technical Scienc-
es, Saveetha University, Chennai, Tamil Nadu, India, Pincode: 
602105.

ABSTRACT
Aim: To find the best algorithm for the prediction of Innovative 
cardiovascular disease accurately, with fewer errors between 
Neural Network and Support Vector Machine classifiers. Ma-
terials and Methods: Data collection containing various data 
points for predicting Innovative cardiovascular disease from 
UCI machine learning repository. Classification is performed by 
Neural Network classifier (N=20) over Support Vector Machine 
(N=20) total sample size calculation is done through clinical.
com. The accuracy was calculated using Matlab software and 
the outputs are graphed using SPSS software. Results: com-
parison of accuracy rate is done by independent sample test 
using SPSS software. There is a statistical indifference between 
Neural Network and Support Vector Machine. Support Vector 
Machine algorithm (87.38%) showed better results in compar-
ison to Neural Network (81.12%). Conclusion: Support Vector 
Machine algorithm appears to give better accuracy than Neural 
Network for the prediction of Innovative Cardiovascular Dis-
ease.
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INTRODUCTION
In the era where life is at a fast pace slowly the con-

centration on health is being kept aside or can be said 
in other terms as a less caring factor until any serious 
issue arises, throughout the evolution, many things 
have greatly changed and so do the food habits. If it’s 
left untreated the pumping of the blood reduces and 
blood supply to the important organs reduces and will 
be slowly leading to death (Amma and Bhuvaneswari 
Amma 2012) (Kim 2021) So the advancement in 
healthcare also had made the prediction of Innovative 
cardiovascular disease in many new ways such as ma-
chine learning, but for getting further better results we 
need to use better technology such as deep learning 
(Sajja and Kalluri 2020). The main aim of the project 
is to compare between Neural Network algorithm and 
Support Vector Machine algorithms for the prediction 
of Innovative cardiovascular disease by using deep 
learning and machine learning techniques and find-
ing the best among the both (Nagar 2017). The pre-
diction of Innovative cardiovascular disease should be 
done by the evaluation of certain features given by the 
user. If the accuracy of this prediction is high enough 
it will be helping to save a lot of human resources by 
avoiding incorrect diagnoses (Shouman, Turner, and 
Stocker 2012).

About 150 Science direct and 47 IEEE Explorer 
articles were found similar to this work in the last 5 
years and has a clear report of developed algorithms 
and models using machine learning algorithms such 
as Naive Bayes, Support Vector Machine, Logistic Re-
gression, Neural Network, Random Forest algorithms 
to predict and evaluate the performance of each algo-
rithm in terms of accuracy, sensitivity, precision in the 
prediction of Innovative cardiovascular diseases (Lai 
et al. 2019). In this paper, the major aim is to evaluate 
the validity of every algorithm in terms of accuracy, 
sensitivity, precision, and specificity and to find the 
best accuracy obtaining algorithm for the prediction 
of Innovative cardiovascular disease (Goldman et 
al. 2021). Accuracy comparison is done over differ-
ent classifiers Naive Bayes, Neural Network, Logistic 
Regression, Random Forest, diagnoses, and Support 
Vector Machine on UCI Machine Learning Reposito-



Issue 25. December 2022 | Cardiometry | 971

ry data set. All these classifiers are executed in sim-
ulated environments using Matlab data mining tools 
(Zakaria 2003). The executed results depict high ac-
curacy by the support vector machine algorithm with 
an accuracy of 87.38% and with the error rate whereas 
the Neural Network algorithm got 81.12%. The pre-
cision values of Support Vector Machine algorithms 
and Neural Network algorithms also are 90.85% and 
82.96% respectively, followed by recall and F1 values 
are also ruled out by Support vector Machine classifi-
ers with higher values than the Neural Network (Chen 
2007). Research work proposed a machine learning 
algorithm comparison of various classifiers to predict 
and reduce deaths due to Innovative cardiovascular 
diseases (Jiang 2020).Our team has extensive knowl-
edge and research experience that has translate into 
high quality publications (Chellapa et al. 2020; La-
vanya, Kannan, and Arivalagan 2021; Raj R, D, and S 
2020; Shilpa-Jain et al. 2021; S, R, and P 2021; Rama-
doss, Padmanaban, and Subramanian 2022; Wu et al. 
2020; Kalidoss, Umapathy, and Rani Thirunavukkara-
su 2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020) 

Inefficient predictions by the algorithms, more data 
redundancies, and human error in the early detection 
of Innovative cardiovascular disease by conventional 
methods are giving errors this motivated me to do the 
research work improving the accuracy of the classifiers 
for the better prediction of Innovative cardiovascular 
diseases. The major drawback of the existing research 
is having poor accuracy in the prediction algorithms. 
The authors are experts in machine learning and deep 
learning algorithms technologies. The main aim is to 
analyze and compare the breast cancer detection tech-
niques using the best innovative machine learning al-
gorithms namely the Neural Network algorithm and 
Support vector machine.

MATERIALS AND METHODS
The study was carried out at the University sim-

ulation laboratory, Saveetha School of Engineering, 
Saveetha Institute of Medical and Technical Sciences, 
Chennai. In the current paper, the dataset was taken 
from UCI Machine Learning Repository Innovative 
cardiovascular disease dataset. This data set consists of 
various features of the patients and different parameters 
of the patients in the given data set using the descrip-
tion of the various features in the form of columnar at-
tributes. There is visualization and analysis for support.

The data was donated by the UCI Machine Learn-
ing Repository and this includes all the parameters 
and the features which are required for the prediction, 
analysis, and evaluation of Innovative cardiovascular 
diseases such as age and various heart parameters. This 
data is divided into two different groups. The sample 
size calculation was done using previous study results 
by clinical.com by keeping alpha error-threshold by 
0.05, confidence interval at 95%, enrollment ratio as 
0:1, and power at 80%. Sample preparation is carried 
out for Neural Network algorithm and Support Vector 
Machine algorithms classifiers for the data collected 
from the UCI Machine Learning Repository dataset.

The neural network algorithm is a probabilis-
tic machine learning algorithm that is used for de-
cision-making tasks (AhmedMedjahed, Saadi, and 
Benyettou 2013). Neural Network will approximate 
the independence between the features of the dataset 
rules. Applying Bayes Theorem we can build a Neu-
ral Network Algorithm model. All the characteristics 
in the Neural Network and this method is based on 
the conditional probabilities. But the Support Vector 
Machine algorithm is the higher accuracy giving algo-
rithm which uses supervised learning and has excel-
lent accuracy and classification performance. Support 
vector machine uses non-linear mapping to vary the 
training data to a greater dimension. The hyperplanes 
are selected by the Support Vector Machine algorithm 
(Jayadeva, Khemchandani, and Chandra 2016).

Group 1 is Neural Network and with N value 20 
and group 2 is Support Vector Machine with N val-
ue 20, the total sample size is 40. A sample dataset of 
both Neural Network and Support Vector Machine are 
exported to the Microsoft Excel Sheet for importing 
to the Matlab as input. Matlab 2021a software has to 
be installed on the PC for training the source dataset. 
Both Neural Network and Support Vector Machine 
algorithms are used to train the sample groups. A con-
fusion matrix is obtained and true positive, true nega-
tive, false positive, and false negative values are noted. 
Accuracy (%), sensitivity (%) and precision (%) values 
are calculated from the resulting confusion matrix.

Statistical Analysis
The software used here for the statistical analysis is 

IBM SPSS V28.0.0.0 (190). Accuracy, precision, recall, 
and f1 Comparison of Neural Network with Support 
Vector Machine algorithm were done in this software. 
As the variables are independent of each other an in-
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dependent sample T-test was carried out to find the 
mean values of accuracy, precision, recall, and F1 be-
tween two groups, and performance comparison be-
tween the two groups is performed.

RESULTS
In this research work of Innovative cardiovascu-

lar diseases prediction by Neural Network and Sup-
port Vector Machine algorithm on UCI Machine 
Learning Repository, the results depict to produce the 
same variable results with the accuracy of 81.12% and 
87.38%, precision 82.96% and 90.85%, recall 80.95% 
and 84.52% and F1 81.88% and 87.55% respectively.

Table 2 shows the comparison of mean accuracy, 
mean sensitivity, and mean precision values of the 
Neural Network and Support Vector Machine algo-
rithm. Support Vector Machine shows the higher 
values in terms of accuracy, sensitivity, and precision. 
Variable results with an accuracy rate of 87.38%, pre-
cision of 90.85%, recall value of 84.52%, and F1 val-
ue of 87.55%. Whereas results of Neural Network are 
with an accuracy of 81.12%, precision of 82.96%, recall 
value of 80.95%, and F1 value of 81.88%.The Neural 
Network algorithm had less accuracy, precision, recall 

and F1 when compared to the Support Vector Ma-
chine algorithm as shown in Table 1a and Table 1b. 
The descriptive statistics of table 2 shows that the Sup-
port Vector Machine algorithm had less error when 
compared to the Neural Network algorithm.

Table 1a
Cardiovascular Disease samples using Neural Network Algo-
rithm

Sample Accuracy Precision Recall F1
1 0.8 0.809524 0.809524 0.809524
2 0.825 0.85 0.809524 0.829268
3 0.825 0.85 0.809524 0.829268
4 0.8 0.809524 0.809524 0.809524
5 0.85 0.857143 0.857143 0.857143
6 0.775 0.772727 0.809524 0.790698
7 0.825 0.85 0.809524 0.829268
8 0.825 0.85 0.809524 0.829268
9 0.825 0.85 0.809524 0.829268
10 0.8 0.809524 0.809524 0.809524
11 0.725 0.708333 0.809524 0.755556
12 0.8 0.809524 0.809524 0.809524
13 0.825 0.888889 0.761905 0.820513
14 0.825 0.85 0.809524 0.829268
15 0.8 0.809524 0.809524 0.809524
16 0.825 0.85 0.809524 0.829268
17 0.85 0.894737 0.809524 0.85
18 0.825 0.85 0.809524 0.829268
19 0.775 0.772727 0.809524 0.790698
20 0.825 0.85 0.809524 0.829268

Table 1b
Cardiovascular Disease samples using Support Vector Machine 
Algorithm

Sample Accuracy Precision Recall F1
1 0.85 0.894737 0.809524 0.85
2 0.9 0.947368 0.857143 0.9
3 0.825 0.85 0.809524 0.829268
4 0.9 0.947368 0.857143 0.9
5 0.85 0.894737 0.809524 0.85
6 0.9 0.947368 0.857143 0.9
7 0.85 0.894737 0.809524 0.85
8 0.9 0.947368 0.857143 0.9
9 0.875 0.9 0.857143 0.878049
10 0.85 0.857143 0.857143 0.857143
11 0.85 0.894737 0.809524 0.85
12 0.9 0.947368 0.857143 0.9
13 0.875 0.9 0.857143 0.878049
14 0.875 0.9 0.857143 0.878049
15 0.9 0.947368 0.857143 0.9
16 0.875 0.9 0.857143 0.878049
17 0.875 0.9 0.857143 0.878049
18 0.875 0.9 0.857143 0.878049
19 0.875 0.9 0.857143 0.878049
20 0.875 0.9 0.857143 0.878049

Table 2 
comparison of mean accuracy, mean precision, mean recall, 
and mean F1 between Neural Network and Support Vector Ma-
chine.

Group Statistics
Group N Mean Std.De-

viation
Std.Error 

Mean
Accu-
racy

Neural Network 20 .8112 .02865 .00641
Support Vector 
Machine

20 .8738 .02218 .00496

Precision Neural Network 20 .8296 .04320 .00966
Support Vector 
Machine

20 .9085 .02943 .00658

Recall Neural Network 20 .8095 .01545 .00345
Support Vector 
Machine

20 .8452 .02116 .00473

F1 Neural Network 20 .8188 .02229 .00498
Support Vector 
Machine

20 .8755 .02143 .00479
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Independent sample T-test results show that there 
is a statistically insignificant difference in accuracy 
(P<0.001), precision (P<0.001), recall (P<0.001), and 
F1 (P<0.001) as shown in table 3. Bar Chart represent-
ing the comparison of mean accuracy, mean precision, 
mean recall, and mean F1 values of Neural Network 
and Support Vector Machine as shown in Fig. 1. Fig-
ure 2a and Fig. 2b. represent the confusion matrix of 

the Neural Network algorithm and Support Vector 
Machine algorithm.

DISCUSSION
In this research paper for the prediction of Innova-

tive cardiovascular diseases, we observed Support vec-
tor Machine had performed better with an accuracy 
of 87.38%, the precision of 90.85%, recall of 84.52%, 

Table. 3 
Independent sample T-test in predicting the accuracy, precision, recall, and F1 of cardiovascular disease prediction using Neural 
Network and Support Vector Machine classifiers. There appears to be a statistically insignificant difference (p<0.001) in both the 
classifiers.

INDEPENDENT SAMPLE TEST
LEVENE’S TEST FOR EQUALITY OF 

VARIANCES 
T-TEST FOR EQUALITY OF MEANS

SIGNIFICANCE 95% CONFIDENCE INTER-
VAL OF THE DIFFERENCE

F SIG T DF ONE-SID-
ED P

STD.ERROR 
DIFFER-
ENCE

LOWER UPPER

Accuracy Equal Variance Assumed .85 .362 -7.71 38 <.001 .00810 -.07890 -.04610
Equal Variance is not 
Assumed

-7.71 35.75 <.001 .00810 -.07893 -.04607

Precision Equal Variance Assumed 2.14 .151 -6.75 38 <.001 .01169 -.10257 -.05525
Equal Variance is not 
Assumed

-6.751 33.51 <.001 .01169 -.10267 -.05514

Recall Equal Variance Assumed 10.49 .002 -6.09 38 <.001 .00586 -.04757 -.02386
Equal Variance is not 
Assumed

-6.0 34.77 <.001 .00586 -.04761 -.02382

F1 Equal Variance Assumed .001 .979 -8.2 38 <.001 .00692 -.07076 -.04276
Equal Variance is not 
Assumed

-8.2 37.94 <.001 .00692 -.07076 -.04276

 Fig. 1. Bar chart representing the comparison between Neural Network and Support Vector Machine algorithms in terms of mean accura-
cy, mean precision, mean recall, mean F1 for the prediction of cardiovascular diseases. Both the classifiers appear to produce similar rate 
accuracies but Support Vector Machine algorithms with slightly higher accuracy, precision, recall, and F1 values of 87.38%,90.85%,84.52%, 
and 87.55% respectively. Whereas results of Neural Network are with an accuracy of 81.12%, precision of 82.96%, recall value of 80.95%, 
and F1 value of 81.88%.Y-axis: Mean of accuracy, precision, recall rates for identification of keywords ± 1SD with 95% CI. 
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and F1 value of 87.55% when compared to Neural 
Network are with an accuracy of 81.12%, precision of 
82.96%, recall value of 80.95%, and F1 value of 81.88%. 
Although not statistically significant, the significant 
difference appears to have slightly increased table 3. 
Machine Learning algorithms play an important role 
in the early detection of Innovative cardiovascular dis-
eases.

Related works are done by many researchers 
(Patil 2021) proposed using similar comparison 
and by using machine learning algorithms and the 
main aim is to accurately evaluate the model in 
terms of accuracy, precision, sensitivity, specificity, 
and F- measure. Another study was done by (Haq 
et al. 2018) this paper the author implemented a 
Machine Learning algorithm for the prediction of 
Innovative cardiovascular diseases and by using a 
cardiovascular dataset which resulted from Accu-
racy, sensitivity, specificity, and MCC (Auxilia and 
Alice Auxilia 2018). A paper by (Sujini and Naga 
Sujini 2021) used a similar feature section by us-
ing similar machine learning algorithms in which 
the Neural Network had shown a lower accuracy 
value of 80% for the prediction of Innovative car-
diovascular disease. A comparative study of various 
classifiers was done in this paper (Jiang 2020) and 
the results reach the highest accuracy over the UCI 
Machine Learning Repository dataset.

The major factors that are affecting the accura-
cy are data redundancies and depending on the data 
size the accuracy may be varied. Further increase in 

the sample size will be yielding better accuracy, preci-
sion, recall, and F1 values. Preprocessing of the data is 
much needed for the optimal results for the prediction 
of Innovative cardiovascular diseases.

Limitation of this development of an efficient clas-
sification system that combines the effectiveness of 
the best accuracy obtained for the improvement of the 
prediction. A large dataset of real-time applications 
paired with other machine learning algorithms and 
deep learning algorithms may improve the accuracy 
in future and the overall performance of the output. 
Overall, the findings of this study are highly promising 
for the future.

CONCLUSION 
In this study of prediction of Innovative cardio-

vascular diseases, the support vector machine al-
gorithm has a higher accuracy of 87.38% than the 
which got an accuracy of 75.13%. Support vector 
machine with an accuracy of (87.38%), a precision of 
90.85%, recall of 84.52%, and an F1 value of 87.55%.
Whereas results of Neural Network are with an accu-
racy of 81.12%, precision of 82.96%, recall value of 
80.95%, and F1 value of 81.88%. The performance of 
these algorithms can be increased with the increase 
of the data size.
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ABSTRACT
Aim: To find the best algorithm for the prediction of innovative 
cardiovascular disease accurately, with fewer errors between 
Random Forest and Support Vector Machine classifiers. Ma-
terials and Methods: Data collection containing various data 
points for predicting innovative cardiovascular disease from 
UCI machine learning repository. Classification is performed by 
Random Forest classifier (N=20) over Support Vector Machine 
(N=20) total sample size calculation is done through clinical.
com. The accuracy was calculated using Matlab software and 
the outputs are graphed using SPSS software. Results: com-
parison of accuracy rate is done by independent sample test 
using SPSS software. There is a statistical indifference between 
Random Forest and Support Vector Machine. Support Vector 
Machine algorithm (87.38%) showed better results in compar-
ison to Random Forest (83.50%). Conclusion: Support Vec-
tor Machine algorithm appears to give better accuracy than 
Random Forest for the prediction of innovative Cardiovascular 
Disease.
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INTRODUCTION
The field of medical analysis has evolved drastical-

ly and it has raised the demand for the determination 
or prediction of the disease before the real disease oc-
curs . These days, the death rate due to innovative car-
diovascular diseases are increasing day by day every 
year. It is observed that 17.9 million deaths are being 
recorded as per the surveys made by WHO (Bharti et 
al. 2021). The way of living, new food habits and lack 
of physical exercise has been a major contributor for 
the increased innovative cardiovascular disease. For 
instance, smoking, high blood pressure, having high 
amounts of body fat, and consumption of junk are the 
main risk factors for innovative cardiovascular diseas-
es mainly these can be suppressed in the early stages 
by changing the lifestyle, being more physically active, 
and taking medication in some complex cases (Das, 
Turkoglu, and Sengur 2009), (Ishaq et al. 2021). The 
main goal of this work is to apply machine learning 
algorithms to predict innovative cardiovascular dis-
eases in this the comparison is done between Random 
Forest and support vector machine algorithms and 
finding the best accuracy obtaining algorithm (Al’Aref 
et al. 2019). The prediction of innovative cardiovascu-
lar disease should be done by the evaluation of certain 
features given by the user. If the accuracy of this pre-
diction is high enough it will be helping to save a lot 
of human resources by avoiding incorrect diagnoses 
(Shouman, Turner, and Stocker 2012).

About 150 Science direct and 47 IEEE Xplore ar-
ticles were found similar to this work in the last 5 
years and has a clear report of developed algorithms 
and models using machine learning algorithms such 
as Naive Bayes, Support Vector Machine, Logistic Re-
gression, Neural Network, Random Forest algorithms 
to predict and evaluate the performance of each algo-
rithm in terms of accuracy, sensitivity, precision in the 
prediction of innovative cardiovascular diseases (Lai 
et al. 2019). In this paper, the major aim is to evaluate 
the validity of every algorithm in terms of accuracy, 
sensitivity, precision, and specificity and to find the 
best accuracy obtaining algorithm for the prediction 
of innovative cardiovascular disease.
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Accuracy comparison is done over different clas-
sifiers Naive Bayes, Neural Network, Logistic Regres-
sion, Random Forest, diagnoses, and Support Vector 
Machine on UCI Machine Learning Repository data 
set. All these classifiers are executed in simulated en-
vironments using Matlab data mining tools. The ex-
ecuted results depict high accuracy by the Support 
Vector Machine algorithm algorithm with an accura-
cy of 87.38% and with the least error rate whereas the 
Random Forest algorithm got 83.50%. The precision 
values of the support vector machine and Random 
Forest algorithm also are 90.85% and 86.48% respec-
tively, followed by recall and F1 values are also ruled 
out by the Support Vector Machine algorithm classifi-
er with higher values than the Naive Bayes. Research 
work proposed a machine learning algorithm compar-
ison of various classifiers to predict and reduce deaths 
due to innovative cardiovascular diseases (Dube et al. 
2020).Our team has extensive knowledge and research 
experience that has translate into high quality publi-
cations (Chellapa et al. 2020; Lavanya, Kannan, and 
Arivalagan 2021; Raj R, D, and S 2020; Shilpa-Jain et 
al. 2021; S, R, and P 2021; Ramadoss, Padmanaban, 
and Subramanian 2022; Wu et al. 2020; Kalidoss, 
Umapathy, and Rani Thirunavukkarasu 2021; Kaja et 
al. 2020; Antink et al. 2020; Paul et al. 2020; Malaikol-
undhan et al. 2020) 

Inefficient predictions by the algorithms, more data 
redundancies, and human error in the early detection 
of innovative cardiovascular disease by conventional 
methods are giving errors this motivated me to do the 
research work improving the accuracy of the classifiers 
for the better prediction of innovative cardiovascular 
diseases. The major drawback of the existing research 
is having poor accuracy in the prediction algorithms. 
The authors are experts in machine learning and deep 
learning algorithms technologies. The main aim is to 
analyze and compare the breast cancer detection tech-
niques using the best innovative machine learning 
algorithms namely the Random Forest algorithm and 
Support Vector Machine algorithm.

MATERIALS AND METHODS
The study was carried out at the University sim-

ulation laboratory, Saveetha School of Engineering, 
Saveetha Institute of Medical and Technical Sciences, 
Chennai. In the current paper, the dataset was taken 
from UCI Machine Learning Repository innovative 
cardiovascular disease dataset. This data set consists 

of various features of the patients and different pa-
rameters of the patients in the given data set using the 
description of the various features in the form of co-
lumnar attributes. There is visualization and analysis 
for support.

The data was donated by the UCI Machine Learn-
ing Repository and this includes all the parameters 
and the features which are required for the prediction, 
analysis, and evaluation of innovative cardiovascular 
diseases such as age and various heart parameters. 
This data is divided into two different groups. The 
sample size calculation was done using previous study 
results (yangguang He et al. 2019) by clinical.com by 
keeping alpha error-threshold by 0.05, confidence in-
terval at 95%, enrollment ratio as 0:1, and power at 
80%. Sample preparation is carried out for Random 
Forest algorithm and Support Vector Machine algo-
rithm for the data collected from the UCI Machine 
Learning Repository dataset.

The Random Forest algorithm is a probabilis-
tic machine learning algorithm that is used for de-
cision-making tasks (AhmedMedjahed, Saadi, and 
Benyettou 2013). Random Forest algorithm will ap-
proximate the independence between the features of 
the dataset rules. Applying the Random Forest algo-
rithm model we can build a Naive Bayes Algorithm 
(xinlong Li et al.2019). All the characteristics in the 
Random Forest and this method is based on condi-
tional probabilities. But the Support Vector Machine 
algorithm is the higher accuracy giving algorithm 
which uses supervised learning and has excellent ac-
curacy and classification performance. Support vector 
machine uses non -linear mapping to vary the train-
ing data to a greater dimension. The hyperplanes are 
selected by the Support Vector Machine algorithm 
(Jayadeva, Khemchandani, and Chandra 2016).

Group 1 is the Random Forest algorithm with N 
value 20 and group 2 is Support Vector Machine al-
gorithm with N value 20, the total sample size is 40. 
A sample dataset of both Random Forest algorithm 
and Support Vector Machine algorithm are exported 
to the Microsoft Excel Sheet for importing to Matlab 
as input. Matlab 2021a software has to be installed on 
the PC for training the source dataset. Both Random 
Forest algorithm and Support Vector Machine algo-
rithm algorithms are used to train the sample groups. 
A confusion matrix is obtained and true positive, true 
negative, false positive, and false ƒnegative values are 
noted. accuracy (%), sensitivity (%) and precision (%) 
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values are calculated from the resulted confusion ma-
trix.

Statistical Analysis
The software used here for the statistical analysis 

is IBM SPSS V28.0.0.0 (190). Accuracy, precision, re-
call, and f1 Comparison of Random Forest algorithm 
with Support Vector Machine algorithm were done in 
this software. As the variables are independent of each 
other an independent sample T-test was carried out to 
find the mean values of accuracy, precision, recall, and 
F1 between two groups, and performance comparison 
between the two groups is performed.

RESULTS
In this research work of innovative cardiovascular 

diseases prediction by Random Forest and Support 
Vector Machine on UCI Machine Learning Reposi-
tory, the results depict to produce the same variable 
results with the accuracy of 75.13% and 83.50%, pre-
cision 77.45% and 86.48%, recall 74.29% and 81.67% 
and F1 75.80% and 83.91% respectively. Table 2 shows 
the comparison of mean accuracy, mean sensitivity, 
and mean precision values of the Random Forest and 

Support Vector Machine (SVM) algorithm. Support 
Vector Machine shows the higher values in terms of 
accuracy, sensitivity, and precision. Variable results 
with an accuracy rate of 87.38%, precision of 90.85%, 
recall value of 84.52%, and F1 value of 87.55%. Results 
of Random Forest are with an accuracy of 83.50%, pre-

Table 1a
Cardiovascular Disease samples using Random Forest Algo-
rithm

Sample Accuracy Precision Recall F1
1 0.8 0.782609 0.857143 0.818182
2 0.8 0.842105 0.761905 0.8
3 0.775 0.772727 0.809524 0.790698
4 0.9 0.947368 0.857143 0.9
5 0.85 0.894737 0.809524 0.85
6 0.85 0.857143 0.857143 0.857143
7 0.825 0.818182 0.857143 0.837209
8 0.825 0.85 0.809524 0.829268
9 0.85 0.894737 0.809524 0.85
10 0.85 0.894737 0.809524 0.85
11 0.875 0.944444 0.809524 0.871795
12 0.8 0.809524 0.809524 0.809524
13 0.85 0.894737 0.809524 0.85
14 0.825 0.85 0.809524 0.829268
15 0.825 0.85 0.809524 0.829268
16 0.85 0.894737 0.809524 0.85
17 0.875 0.944444 0.809524 0.871795
18 0.8 0.809524 0.809524 0.809524
19 0.825 0.85 0.809524 0.829268
20 0.85 0.894737 0.809524 0.85

Table 1b
Cardiovascular Disease samples using Support Vector Machine 
Algorithm

Sample Accuracy Precision Recall F1
1 0.85 0.894737 0.809524 0.85
2 0.9 0.947368 0.857143 0.9
3 0.825 0.85 0.809524 0.829268
4 0.9 0.947368 0.857143 0.9
5 0.85 0.894737 0.809524 0.85
6 0.9 0.947368 0.857143 0.9
7 0.85 0.894737 0.809524 0.85
8 0.9 0.947368 0.857143 0.9
9 0.875 0.9 0.857143 0.878049
10 0.85 0.857143 0.857143 0.857143
11 0.85 0.894737 0.809524 0.85
12 0.9 0.947368 0.857143 0.9
13 0.875 0.9 0.857143 0.878049
14 0.875 0.9 0.857143 0.878049
15 0.9 0.947368 0.857143 0.9
16 0.875 0.9 0.857143 0.878049
17 0.875 0.9 0.857143 0.878049
18 0.875 0.9 0.857143 0.878049
19 0.875 0.9 0.857143 0.878049
20 0.875 0.9 0.857143 0.878049

Table. 2 
Comparison of mean accuracy, mean precision, mean recall, 
and mean F1 between Random Forest and Support Vector Ma-
chine.

Group Statistics
Group N Mean Std.De-

viation
Std.Error 

Mean
Accu-
racy

Random Forest 20 .8350 .03078 .00688
Support Vector 
Machine

20 .8738 .02218 .00496

Precision Random Forest 20 .8648 .05122 .01145
Support Vector 
Machine

20 .9085 .02943 .00658

Recall Random Forest 20 .8167 .02330 .00521
Support Vector 
Machine

20 .8452 .02116 .00473

F1 Random Forest 20 .8391 .02649 .00592
Support Vector 
Machine

20 .8755 .02143 .00479
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cision of 86.48%, recall value of 81.67%, and F1 value 
of 75.80%. The Random Forest algorithm had less ac-
curacy, precision, recall and F1 when compared to the 
Support Vector Machine algorithm as shown in Table 
1a and Table 1b. The descriptive statistics of table 2 
shows that the Support Vector Machine algorithm 
had less error when compared to the Naive Bayes al-
gorithm. Independent sample T-test results show that 

there is a statistically insignificant difference in accu-
racy (P<0.001), precision (P<0.001), recall (P<0.001), 
and F1 (P<0.001) as shown in table 3. Bar Chart repre-
senting the comparison of mean accuracy, mean pre-
cision, mean recall, and mean F1 values of Random 
Forest and Support Vector Machine as shown in Fig 1. 
Fig 2a and 2b represent the confusion matrix of Ran-
dom Forest and Support vector machine respectively.

Table. 3 
Independent sample T-test in predicting the accuracy, precision, recall, and F1 of cardiovascular disease prediction using Random 
Forest and Support Vector Machine classifiers. There appears to be a statistically insignificant difference (p<0.001) in both the 
classifiers.

INDEPENDENT SAMPLE TEST

LEVENE’S TEST FOR EQUALITY 
OF VARIANCES 

T-TEST FOR EQUALITY OF MEANS
SIGNIFICANCE 95% CONFIDENCE INTER-

VAL OF THE DIFFERENCE
F SIG T DF ONE-SID-

ED P
STD.ERROR 
DIFFERENCE

LOWER UPPER

Accuracy Equal Variance Assumed 2.801 .102 -4.56 38 <.001 .00848 -.05592 -.02158
Equal Variance is not 
Assumed

-4.56 34.53 <.001 .00848 -.05598 -.02152

Precision Equal Variance Assumed 6.743 .013 -3.30 38 .001 .01321 -.07043 -.01695
Equal Variance is not 
Assumed

-3.30 30.31 .001 .01321 -.07066 -.01672

Recall Equal Variance Assumed .147 .704 -4.06 38 <.001 .00704 -.04282 -.01432
Equal Variance is not 
Assumed

-4.06 37.65 <.001 .00704 -.04282 -.01432

F1 Equal Variance Assumed .884 .353 -4.77 38 <.001 .00762 -.05182 -.02097
Equal Variance is not 
Assumed

-4.77 36.41 <.001 .00762 -.05184 -.02095

 Fig. 1 Bar chart representing the comparison between Random Forest and Support Vector Machine algorithms in terms of mean 
accuracy, mean precision, mean recall, mean F1 for the prediction of cardiovascular diseases. Both the classifiers appear to pro-
duce similar rate accuracies but Support Vector Machine algorithms with slightly higher accuracy, precision, recall, and F1 values of 
87.38%,90.85%,84.52%, and 87.55% respectively. Random Forest are with an accuracy of 83.50%, precision of 86.48%, recall value 
of 81.67%, and F1 value of 75.80%. Y-axis: Mean of accuracy, precision, recall rates for identification of keywords ± 1SD with 95% CI. 
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DISCUSSION
In this research paper for the prediction of innova-

tive cardiovascular diseases, we observed Support vec-
tor Machine had performed better with an accuracy of 
87.38%, the precision of 90.85%, recall of 84.52%, and 
F1 value of 87.55% when compared to Random Forest 
are with an accuracy of 83.50%, precision of 86.48%, re-
call value of 81.67%, and F1 value of 75.80%. Although 
not statistically significant, the significant difference 
appears to have slightly increased table 3. Machine 
Learning algorithms play an important role in the early 
detection of innovative cardiovascular diseases.

Related works are done by many researchers (Tor-
res 2021) proposed using similar comparison and by 
using machine learning algorithms and the main aim 
is to accurately evaluate the model in terms of accu-
racy, precision, sensitivity, specificity, and F- measure. 
Another study was done by (Haq et al. 2018) this pa-
per the author implemented a Machine Learning algo-
rithm for the prediction of innovative cardiovascular 
diseases and by using a cardiovascular dataset which 
resulted from Accuracy, sensitivity, specificity, and 
MCC. A paper by (Nikam et al. 2020) used a simi-
lar feature section by using similar machine learning 
algorithms in which Naive Bayes had shown a lower 
accuracy value of 83.50% for the prediction of inno-
vative cardiovascular disease. A comparative study of 
various classifiers was done in this paper (Jiang 2020) 
and the results reach the highest accuracy over the 
UCI Machine Learning Repository dataset.

The major factors that are affecting the accu-
racy are data redundancies and depending on the 
data size the accuracy may be varied. Further in-
crease in the sample size will be yielding better 
accuracy, precision, recall, and F1 values. Prepro-
cessing of the data is much needed for the opti-
mal results for the prediction of cardiovascular 
diseases.

Limitation of this development of an efficient clas-
sification system that combines the effectiveness of 
the best accuracy obtained for the improvement of the 
prediction. A large dataset of real-time applications 
paired with other machine learning algorithms and 
deep learning algorithms may improve the accuracy 
in future and the overall performance of the output. 
Overall, the findings of this study are highly promis-
ing for the future.

CONCLUSION 
In this study of prediction of cardiovascular diseas-

es, the support vector machine algorithm has a higher 
accuracy of 87.38% than the Random Forest which 
has an accuracy of 83.50%. Support vector Machine 
had performed better with an accuracy of 87.38%, the 
precision of 90.85%, recall of 84.52%, and F1 value of 
87.55% when compared to Random Forest are with an 
accuracy of 83.50%, precision of 86.48%, recall value 
of 81.67%, and F1 value of 75.80%. The performance 
of these algorithms can be increased with the increase 
of the data size.

 

Fig. 2a. confusion matrix of Random Forest for K= 5

 

Fig. 2b. confusion matrix of Support Vector Machine for K=5
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Abstract
Aim: The goal of this research is to reduce noise present in 
the liver images in order to enhance it using linear contrast 
and median filters. And also to analyze output of both the fil-
ters based on its Peak Signal to Noise Ratio (PSNR). Materials 
and Methods: The research includes two groups; each group 
has a sample size of 20. Grayscale medical images collected 
from the kaggle website were used in this research. Samples 
were considered as (N=20) for guided filter and (N=20) for fast 
bilateral filter with total sample size 40 calculated using clini-
calc.com. For this study, the affected and normal liver images 
were collected from the Kaggle website. Then the linear filter-
ing, median filtering algorithms were executed using Matlab 
software. Sample size was calculated using clinicalc.com, and 
the comparison analysis has been carried out through SPSS 
software. This research contains two groups, with a Gpower 
of 80 percent. The performance of the novel median filter is 
evaluated and the performance measure PSNR is compared 
with the linear contrast filter. Result: Based on Matlab simu-
lation results, the PSNR of novel median filters is 76.0355 and 
linear contrast filters have PSNR of 57.1785. From the statistical 
analysis, it is observed that the significant value of PSNR (Peak 
Signal to Noise Ratio) (0.409) and p>0.05. Conclusion: This 
study reveals that for the medical image enhancement purpose 
the novel median filter provides better PSNR than the linear 
contrast algorithm on ultrasound liver images.
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Introduction
The processing quality of 12-bit images is consid-

ered high when the PSNR value is 60dB or higher. For 
16-bit data typical values for the PSNR are between 60 
and 80 dB. Acceptable values for wireless transmission 
quality loss are considered to be about 20 dB to 25 dB 
(Loizou and Pattichis 2008; Pitas and Venetsanopou-
los 2013)). This is the method of choice in situations 
when only additive noise is present, blurs sharp edges, 
destroy lines and other fine details of image. Median 
filtering is a nonlinear process useful in reducing im-
pulsive, or salt-and-pepper noise. It is also useful in 
preserving edges in an image while reducing random 
noise (Umbaugh 2017). Today’s world, the use of this 
research is that medical practitioners can recognize the 
image clearly. The median filter is a non-linear digital 
filtering technique, often used to remove noise from 
an image or signal (Sonka, Hlavac, and Boyle 1993). 
Such noise reduction is a typical pre-processing step 
to improve the results of later processing (for exam-
ple, edge detection on an image) (Kevin Zhou 2015). 
Linear filters are used for generic tasks such as image/
video contrast improvement, denoising, and sharpen-
ing, as well as for more object or feature specific tasks 
such as target matching and feature enhancement. The 
phrase peak signal-to-noise ratio, often abbreviated. 
PSNR, is an engineering term for the ratio between 
the maximum possible power of a signal for the liver 
image (Y. Zhang 2017b).

About 30 google scholar and 10 science direct ar-
ticles were seen related to this work, carried out in the 
past 5 years reporting the improved PSNR ratio of 
liver image by linear contrast algorithm and median 
filter algorithms (Sonka, Hlavac, and Boyle 1993). The 
noise present in an image can be reduced by using fil-
tering techniques (Y. Zhang 2017b, [a] 2017)), (Kevin 
Zhou 2015) (Loizou and Pattichis 2008; Pitas and Ve-
netsanopoulos 2013). The filtering technique of image 
enhancement is used to improve the image quality and 
reduce the noise of the image in order to get a perfect 
image as output (Umbaugh 2017) (Sahu 2012; Gupta, 
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Gupta, and Minocha 2013; Kaur and Kaur 2016; “24 Bit 
Image Noise Reduction with Median Filtering Algo-
rithm” 2017; Sovilj-Nikic 2009; Sharma et al. 2020; C. 
Zhang and Wei, n.d.; Viero and Neuvo 1993; Bankman 
2008; Bradbury and Evennett 2020; Erwin et al. 2017; 
Asokan and Anitha 2020; Bahaghighat and Motame-
di 2017; Bovik and Acton 2009; Loizou and Pattichis 
2008) (Umbaugh 2017). The author proposed a meth-
od that reduces the speckle noise in ultrasound imag-
ing structures through making use of a pretty new sign 
reconstruction version called SR to address the com-
plex. Sparse illustration affords advanced estimation 
even in an ill-conditioned machine, and is observed 
to be very beneficial in scientific imaging applications. 
Most of the scientific pictures are low in nature. More-
over, noise and artifacts cause a little vagueness and 
trouble in the background. To conquer those problems 
numerous filtering and photo enhancement strategies 
were derived. By photo filtering the undesirable noise 
and artifacts may be removed. The photo enhance-
ment improves the assessment and sharpness of the 
photo and affords higher visible belief and makes it 
greater appropriate for in addition processing. The 
preceding works of enhancement strategies had been 
primarily based totally on deblurring, innovative im-
age enhancement technique for improving PSNR of 
liver image filtering, and sprucing the photo capabil-
ities along with edges, boundaries, or assessment to 
make photo appropriate for higher evaluation and im-
proving the luminance component, which best will in-
crease brightness of the photo. Our team has extensive 
knowledge and research experience that has translate 
into high quality publications (Chellapa et al. 2020; 
Lavanya, Kannan, and Arivalagan 2021; Raj R, D, and 
S 2020; Shilpa-Jain et al. 2021; S, R, and P 2021; Rama-
doss, Padmanaban, and Subramanian 2022; Wu et al. 
2020; Kalidoss, Umapathy, and Rani Thirunavukkara-
su 2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020) 

Based on referring various articles it is observed 
that noise removal without losing important informa-
tion in medical images is a very difficult enhancement 
process. The noise present in the liver images were re-
moved by using linear contrast algorithm and median 
filter algorithms. 

Materials and Methods
The Kaggle website was used to collect data for 

this study. According to clinical.com, samples were 

considered as size 20 for PSNR ratio of image with G 
power of 80%. The 2D approach describes the utility 
of pixel sensible function fusion. The following phase 
explains every set of rules separately.

Ten liver picture examples from CT scans, X-ray 
scans, and MRI scan images are included in Group 1. 
The image samples are utilized to improve PSNR-based 
liver images using the median filtering and linear filter-
ing approaches. X-ray, MRI, and CT scan pictures were 
combined to provide 10 liver images for Group 2 sample 
processing. Matlab R2018a was used to create the test-
ing environment. Following preparation, median filter-
ing and linear contrast filtering procedures were applied 
using Matlab code. To assess the performance of both 
methods, the PSNR value in liver pictures was used. 
This parameter was calculated and checked to determine 
the method’s efficacy, and the results of both algorithms 
were compared to see which performed better. 

Statistical Analysis 
The statistical analysis was carried out using the 

SPSS tool.The significance is calculated using Inde-
pendent t-test. It was performed for the two depen-
dent variables such as packet drop ratio and residu-
al energy. The independent variables are number of 
nodes, battery power and battery size. Using the SPSS 
software the standard deviation, standard error of 
mean were also calculated. 

Results 
Table 1 shows the PSNR (dB) values of 20 liver 

images acquired using the median and linear con-
trast algorithm filters. The median filter’s mean PSNR 
(dB) is 76.0355dB, whereas the linear contrast filter is 
57.1783dB. The suggested device is tested on several 
stomach photos from the Cancer Imaging Archive, 
which include CT and MRI images. In this part, we 
used MATLAB to estimate the noise discount on US 
liver pictures using the five filtering algorithms men-
tioned above. 

Table 2 compares the median filter used in picture 
enhancement approaches with a linear contrast filter 
based on PSNR values. The median filter has a high 
PSNR (76.0355dB) while the linear contrast filter has 
a low PSNR (57.1785). PSNR has a low standard devi-
ation for the median filter (3.95413) and a high stan-
dard deviation for the linear contrast filter (11.46973). 

Table 3 shows the results of an independent sam-
ple test of PSNR-based image improvement using the 
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median filter and linear contrast algorithm filter ap-
proaches. With two tails, the significance p-value is 
0.005. With a standard mean difference of -18.85700 
and a standard error difference of 2.71284, PSNR is 
significant at 0.005. (-24.34885) is the lowest result in 
the test confidence interval, while (-24.34885) is the 
highest (-13.36515). An independent sample T test 
revealed that the linear contrast filter-based picture 
enhancement method outperformed the median fil-
tering method with a 95 percent confidence interval. 

Figure 1. illustrate the matlab simulation results of 
median filter and linear contrast algorithm (a) Input 
image (liver image) (b) Enhanced result of median fil-
ter (c) Enhanced result of linear contrast filter. 

Figure 2.shows the graph obtained using SPSS that 
compares PSNR of Median filter and Linear Contrast 
filter. From the graph it was observed that Median fil-
ter has better PSNR compared with Linear Contrast 
filter on liver image. In the graph, Group (Median fil-
ter and Linear Contrast filter) are represented as X-ax-
is and PSNR represented as y-axis with +/- 1 SD.

Discussion
In these images, trendy spatial and frequency area 

filtering strategies are used for the enhancement of 
stomach photographs with focal liver lesions (Sahu 
2012; Gupta, Gupta, and Minocha 2013; Kaur and Kaur 
2016; “24 Bit Image Noise Reduction with Median 
Filtering Algorithm” 2017; Sovilj-Nikic 2009; Sharma 
et al. 2020; C. Zhang and Wei, n.d.; Viero and Neuvo 
1993; Bankman 2008; Bradbury and Evennett 2020; Er-
win et al. 2017; Asokan and Anitha 2020; Bahaghighat 
and Motamedi 2017; Bovik and Acton 2009; Loizou 
and Pattichis 2008)). The most suitable length of clear 
out linear and trendy deviation had been decided on 
primarily based totally at the ensuing enhancement. 

Table 1
Tabulation explains the PSNR value of median filter and linear 
contrast filter algorithms.These were obtained by simulating the 
ultrasound liver images in Matlab software. These 20 samples 
were taken from the dataset and is used for comparing both 
the algorithms

S.NO PSNR of Median 
filter

PSNR of Linear 
Contrast filter

1  40.47 41.47
2 52.54 43.62
3 56.86 44.74
4 59.75 45.21
5 61.24 46.53
6 66.34 51.26
7 69.67 55.34
8 74.33 58.19
9 75.34 60.56
10 77.10 62.74
11 76.18 67.45
12 77.22 69.42
13 74.27 70.58
14 78.43  71.42
15 78.44 72.65
16 77.87 73.64
17 79.38 77.35
18 79.47 78.16
19 79.38 77.41
20 80.54 81.45

Table 2
The table shows mean values of PSNR for the 20 samples, stan-
dard deviation and standard deviation mean error obtained 
using SPSS software for both median filter and linear contrast 
filter.

Group  N Mean Std. De-
viation

Std. 
Error 
Mean

PSNR Linear contrast 
algorithm

20 57.1785 11.46973 2.56471

Median Filter-
ing

20 76.0355 3.95413 .88417

Table 3
The table shows the mean difference, standard error difference and significance obtained from SPSS and these were used to find 
which algorithm gives significant results

 Leven’s test for 
equality of variance

T-test for equality of variance 95% of confidence 
interval of difference

f sig t df Sig
 (2-tailed) 

Mean dif-
ference

Std.error 
diff

lower upper

PSNR Equal variances 
assumed

16.770 .003 -6.951 38 .005 -18.85700 2.71284 -24.34885 -13.36515

Equal variances 
not assumed

-6.951 23.453 .005 -18.85700 2.71284 -24.46294 -13.25106
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Standard side detecting operators viz Sobel, Prewitt and 
Canny had been implemented to those photographs 
(Kevin Zhou 2015). These strategies do now no longer 
paint properly with photographs without sharp edges 
as with inside the case of clinical photographs. There 
is a large amount of loss in texture details (Sahu 2012; 
Gupta, Gupta, and Minocha 2013; Kaur and Kaur 2016; 
“24 Bit Image Noise Reduction with Median Filtering 
Algorithm” 2017; Sovilj-Nikic 2009; Sharma et al. 2020; 
C. Zhang and Wei, n.d.; Viero and Neuvo 1993; Bank-
man 2008; Bradbury and Evennett 2020; Erwin et al. 
2017; Asokan and Anitha 2020; Bahaghighat and Mota-
medi 2017; Bovik and Acton 2009; Loizou and Pattichis 
2008)). It additionally turns into hard to locate the 
closed curve or boundary withinside the photographs. 
The variety filters with most suitable length and form 
outperform those trendy strategies which is plain with 
inside the results (Trevett 2013). The boundary of liv-
er and lesion may be very clean with inside the results. 

Moreover there’s a complete enhancement with inside 
the visible notion of the image.

In this research paper, the parallel piped classifi-
er (83.5410%) outperformed in terms of accuracy 
for detecting kidney stones than bayesian classifier 
(71.1314%). Many researchers have proposed a model 
based on ensemble techniques using a parallelepiped 
classifier, with the purpose of assessing the model’s 
accuracy, precision. With a precision of 98 percent 
and an accuracy of 54 percent, the findings were ac-
complished (Eliza and K. 2019) did another investi-
gation and developed a computer-aided identification 
approach based on the classifiers. Logistic regression 
and parallelepiped classifier (Hassanien and Oliva 
2017) have been used in feature selection and a prin-
cipal component analysis model to correctly detect 
the stone with an accuracy of 90%. Actual (Class 1) 
and Actual (Class 2) selections can be reduced using 
different classifiers (Patgiri and Ganguly 2021). The 

       
                                (a)                     (b)   (c) 

Input Image 
 

Fig. 1. Matlab simulation results of median filter and linear contrast algorithm (a) Input image (liver image) (b) Enhanced result of 
median filter (c) Enhanced result of linear contrast filter.

 
Fig. 2 Graph obtained using SPSS that compares PSNR of Median filter and Linear Contrast filter. From the graph it was observed 
that Median filter has better PSNR compared with Linear Contrast filter on liver image. In the graph, Group (Median filter and 
Linear Contrast filter) are represented as X-axis and PSNR represented as y-axis with +/- 1 SD.



Issue 25. December 2022 | Cardiometry | 987

experimental outcomes revealed that SVM-PCA had 
the highest accuracy of 98.9 percent over the clinical 
parallel piped classifier.

The proposed strategy, in combination with the 
suggested classification algorithms, could soon be 
beneficial in the detection of kidney stones. For kid-
ney stone image classification, parallel piped, bayesian 
classifiers and other classifiers have greater accuracy 
and should be updated and improved (Patgiri and 
Ganguly 2021). In future, the algorithms have been 
enhanced so that they can learn how to detect kid-
ney stones at an early stage. Furthermore, the study 
might be broadened to predict by collecting data from 
a number of sites around the world and generating a 
more precise and common, discriminating model.

Conclusion 
Median filters and linear contrast filters were used 

to enhance liver images. Median filter outperforms lin-
ear contrast filters in terms of PSNR for the enhance-
ment of liver images using Matlab programming.
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Abstract
Aim: The goal of this research is to employ median filters and 
mask filters to reduce noise in liver images so that they can be im-
proved. In addition, the Peak Signal to Noise Ratio of both filters’ 
outputs was examined (PSNR). Materials and Methods: The 
afflicted and normal liver photos were obtained from the Kaggle 
website for this investigation. Then, using Matlab software, the 
mask filtering and median filtering algorithms were run. Clinicalc.
com was used to compute sample size, and SPSS software was 
used to conduct the comparative analysis. This study has two 
groups, each with a sample size of 20 people with an average 
G power of 80%. The innovative median filter’s performance is 
assessed, and the PSNR performance metric is compared to that 
of the mask filter. Results: The PSNR of innovative median filters 
is 64.0310, while mask filters have a PSNR of 78.0095, according 
to Matlab simulation data. The significant value of PSNR (Peak 
Signal to Noise Ratio) (0.409) and p>0.05 was found in the statis-
tical analysis. Conclusion: The innovative median filter delivers 
greater PSNR than the mask filter for medical image enhance-
ment on ultrasound liver pictures, according to this study.
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Introduction:
Median filtering is a nonlinear method for re-

ducing impulsive noise, sometimes known as salt-
and-pepper noise. A mask is a type of clean out that 
performs multiple operations at the same time on a 
photo (Niemeijer et al. 2010). Clear out masks, also 
known as convolution masks, are an innovative im-
age enhancing technique for boosting PSNR of liver 
images (Bagus 2015; Annisa, Latifah, and Rusyadi 
2021; Arce, Bacca, and Paredes 2005; Viero and Neuvo 
1993; Sovilj-Nikic 2009; Vertan et al., n.d.; Cappellini 
1980; Karvelis and Fotiadis 2007; “Color Image Fil-
tering and Enhancement,” n.d.; Jackson and Sovakis 
2005; Yang 2013; Yuwono 2015; Yang 2012; Hansen 
and Higgins, n.d.)). The investigations are a compar-
ison of various types of filters to determine which is 
the best way for unquestionably seen photos (Shyu 
and Leou 1998). In today’s society, we can recognise a 
photograph without a doubt thanks to the use of stud-
ies ((Bagus 2015; Annisa, Latifah, and Rusyadi 2021; 
Arce, Bacca, and Paredes 2005; Viero and Neuvo 1993; 
Sovilj-Nikic 2009; Vertan et al., n.d.; Cappellini 1980; 
Karvelis and Fotiadis 2007; “Color Image Filtering 
and Enhancement,” n.d.; Jackson and Sovakis 2005; 
Yang 2013; Yuwono 2015; Yang 2012; Hansen and 
Higgins, n.d.)). The median clean out is a non-linear 
virtual filtering technique that is commonly used to 
remove noise from a photo or signal (Ng et al. 2014). 
Noise reduction is a common pre-processing proce-
dure to improve image quality.

About 20 google pupil and 10 technology direct ar-
ticles have been visible associated with this work, done 
with inside the beyond five years reporting the advanced 
PSNR ratio of median clear out over masks filtering se-
lection algorithms to predict (Santosh et al. 2019). The 
standard mentioned articles from google pupil, IEEE, 
technology direct, and we observed the maximum crit-
ical component is to lessen picture noise and frequen-
cy ((Bagus 2015; Annisa, Latifah, and Rusyadi 2021; 
Arce, Bacca, and Paredes 2005; Viero and Neuvo 1993; 
Sovilj-Nikic 2009; Vertan et al., n.d.; Cappellini 1980; 
Karvelis and Fotiadis 2007; “Color Image Filtering and 
Enhancement,” n.d.; Jackson and Sovakis 2005; Yang 
2013; Yuwono 2015; Yang 2012; Hansen and Higgins, 
n.d.)) . In my opinion the general studies we observe 
approximately need to enhance the picture greatly and 
decrease the noise of the picture to provide a really per-
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fect picture as output (Oliva and Hinojosa 2020; Iyer, 
Ghosh, and Balas 2021; Najarian and Splinter 2016).

Processing ultrasound photos in diagnosing the 
presence of liver in most cancers there are 4 stages; 
preprocessing data, picture segmentation, extraction 
functions, and classification. The preprocessing lev-
el is the primary and maximum vital step with inside 
the picture processing due to the fact the procedure 
of reconstructing a picture without doing away with 
vital functions need to be accomplished so that it will 
be used on the segmentation level (2009) (Oliva and 
Hinojosa 2020; Iyer, Ghosh, and Balas 2021; Najarian 
and Splinter 2016). We evaluated and in comparison 
algorithms via means of calculating quantitative pa-
rameters like PSNR, MSE, MSSIM and indicated the 
pleasant clear out that fits for our utility via means of 
decreasing multiplicative noise in the meantime stop-
ping edges and functions ((Bagus 2015; Annisa, Lati-
fah, and Rusyadi 2021; Arce, Bacca, and Paredes 2005; 
Viero and Neuvo 1993; Sovilj-Nikic 2009; Vertan et al., 
n.d.; Cappellini 1980; Karvelis and Fotiadis 2007; “Col-
or Image Filtering and Enhancement,” n.d.; Jackson 
and Sovakis 2005; Yang 2013; Yuwono 2015; Yang 2012; 
Hansen and Higgins, n.d.)). The time period gray stage 
is used frequently to consult the depth of monochrome 
photos. Color photos are fashioned by means of an ag-
gregate of man or woman 2-D photos (2011). For ex-
ample: The RGB color system, a color picture includes 
3 (red, inexperienced and blue) man or woman element 
photos ((Oliva and Hinojosa 2020; Iyer, Ghosh, and 
Balas 2021; Najarian and Splinter 2016) Our team has 
extensive knowledge and research experience that has 
translate into high quality publications (Chellapa et al. 
2020; Lavanya, Kannan, and Arivalagan 2021; Raj R, D, 
and S 2020; Shilpa-Jain et al. 2021; S, R, and P 2021; 
Ramadoss, Padmanaban, and Subramanian 2022; Wu 
et al. 2020; Kalidoss, Umapathy, and Rani Thirunavuk-
karasu 2021; Kaja et al. 2020; Antink et al. 2020; Paul et 
al. 2020; Malaikolundhan et al. 2020) (Chellapa et al. 
2020; Lavanya, Kannan, and Arivalagan 2021; Raj R, D, 
and S 2020; Shilpa-Jain et al. 2021; S, R, and P 2021; 
Ramadoss, Padmanaban, and Subramanian 2022; Wu 
et al. 2020; Kalidoss, Umapathy, and Rani Thirunavuk-
karasu 2021; Kaja et al. 2020; Antink et al. 2020; Paul et 
al. 2020; Malaikolundhan et al. 2020) 

Materials And Methods
The data for this study was gathered via the Kaggle 

website. According to clinical.com, samples having a 

PSNR ratio of 20 and a G power of 80 percent were 
designated size 20. The benefit of pixel sensible func-
tion fusion is described in the 2D method. The follow-
ing phase delves into each set of rules in detail.

For Group 1, there are ten liver image samples 
obtained from CT scans, X-ray scans, and MRI scan 
images. The mask filtering approach is used to en-
hance PSNR-based liver pictures utilizing the image 
samples. For Group 2 sample processing, X-ray, MRI, 
and CT scan images were used to create 10 liver im-
ages. The testing environment is set up using Matlab 
R2018a software. Following preparation, Matlab code 
was used to apply median filtering and mask filter-
ing techniques. The PSNR value in liver images was 
utilized to evaluate both algorithms’ performance. To 
determine the method’s efficacy, this parameter was 
calculated and examined, and the results of both ap-
proaches were compared to see which algorithm per-
formed better.

Statistical Analysis
The statistical analysis was carried out using the 

SPSS tool. The significance is calculated using Inde-
pendent t-test. It was performed for the two depen-
dent variables such as packet drop ratio and residu-
al energy. The independent variables are number of 
nodes, battery power and battery size. Using the SPSS 
software the standard deviation, standard error of 
mean were also calculated.

Results
Table 1 shows the PSNR (dB) values of 20 liver 

images produced using the mask and median filters. 
The mean PSNR (dB) of the mask filter is 78.0095, 
while the median filter is 64.0310dB. In this study, 
we discovered that by minimizing the noise and fre-
quency range of the image in matlab programming, 
the PSNR ratio of filtering strategies produced supe-
rior results.

Table 2 compares the mask filter used by picture 
enhancement algorithms with a median filter based 
on PSNR values. The mask filter has a high PSNR 
(78.0095dB) while the median filter has a low PSNR 
(64.0310dB). The mask filter has a low standard de-
viation (1.34682), while the median filter has a high 
standard deviation (9.84517).

Table 3 shows an independent sample test of 
PSNR-based image improvement using the Wie-
ner and mask filter approaches. With two tails, 
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the significance p-value is 0.0003. With a stan-
dard mean difference of -13.97850 and a standard 
error difference of 2.22195, PSNR is significant at 
0.0003. (-18.47661) is the lowest result in the test 
confidence interval, while (-18.47661) is the high-
est (-9.48039). In an independent sample T test, 
the mask filter-based picture enhancement method 
outperformed the wiener filtering method with a 95 
percent confidence interval.

Discussion
Many researchers have proposed a model based on 

ensemble techniques using a mask filter for enhanc-
ing images, with the purpose of assessing the model’s 
PSNR. With a precision of 98 percent and an accuracy 
of 54 percent, and the PSNR values 87% the findings 
were accomplished (Eliza and K. 2019). Another in-
vestigation developed a computer-aided identification 
approach based on the filters. Different filters (Has-
sanien and Oliva 2017a) used feature selection and 
a Principal Component Analysis model to correctly 
enhance medical images with a PSNR of 90%. Actu-
al (Class 1) and Actual (Class 2) selections can be re-
duced using filters (Patgiri and Ganguly 2021). (Tha-
kore and Bhatt, n.d.) carried out a comparison study 
(Hassanien and Oliva 2017b). The experimental out-
comes revealed that SVM-PCA had the highest PSNR 
of 98.9 percent over the clinical guided filter data set, 
out of numerous filters.

Conclusion
The results show that the proposed bilateral filter-

ing technique outperforms guided filtering in terms of 
PSNR. The proposed bilateral filter proved with better 
PSNR (75.85dB) when compared with guided filter. 
The enhanced images have more visual clarity than 
that of original images.

Table 1
Tabulation explains the PSNR value of median filter and mask 
filter algorithms.These were obtained by simulating the ultra-
sound liver images in Matlab software. These 20 samples were 
taken from the dataset and is used for comparing both the 
algorithms

S.NO PSNR of Median 
filter

PSNR of Mask filter

1 42.74 43.65

2 57.54 55.75

3 54.86 56.78

4 59.75 62.31

5 64.24 64.53

6 66.34 69.76

7 69.67 70.24

8 73.33 70.19

9 75.34 72.16

10 77.10 74.34

11 77.18 75.16

12 77.22 75.64

13 77.27 76.65

14 78.43 76.48

15 78.44 77.65

16 78.87 77.42

17 79.38 78.53

18 79.76 78.59

19 79.38 79.26

20 79.54 79.34

Table 2
The table shows mean value of PSNR for the 20 samples, stan-
dard deviation and standard deviation mean error obtained us-
ing SPSS software for both median filter and mask filter.

Group N Mean Std. De-
viation

Std. 
Error 
Mean

PSNR Median Filtering 20 64.0310 9.84517 2.20145
Mask Filtering 20 78.0095 1.34682 .30116

Table 3
The table shows the mean difference, standard error difference and significance obtained from SPSS and these were used to find 
which algorithm gives significant results.

 Leven’s test for 
equality of variance

T-test for equality of variance 95% of confidence 
interval of difference

f sig t df Sig
 (2-tailed) 

Mean dif-
ference

Std.error 
diff

lower upper

PSNR Equal variances 
assumed

28.531 .002 -6.291 38 .0003 -13.97850 2.22195 -18.47661 -9.48039

Equal variances 
not assumed

-6.291 19.711 .0003 -13.97850 2.22195 -18.61777 -9.33923
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Abstract
Aim: The purpose of this study is to use median filters and wie-
ner filters to minimize noise in liver images in order to improve 
them. In addition, the output of both filters was analyzed based 
on their Peak Signal to Noise Ratio (PSNR). Materials and 
Methods: The research includes two groups; each group has a 
sample size of 20. Grayscale medical images collected from the 
kaggle website were used in this research. Samples were consid-
ered as (N=20) for guided filter and (N=20) for fast bilateral filter 
with total sample size 40 calculated using clinicalc.com. Image 
enhancement is used to enhance the niceness of a picture for 
the visible notion of human beings. The kaggle website was used 
to collect data for this study. According to clinical.com, samples 
were considered as size 20 for PSNR ratio of image G power of 
80%, and total sample size determined. Using matlab program-
ming and a standard data set, the Linear filtering, Median filtering 
were computed. Results: According to Matlab simulation results, 
unique median filters have a PSNR of 48.1240, while wiener filters 
have a PSNR of 67.8360. Comparison of PSNR values are done 
by independent sample test using IBM-SPSS software. There is a 
statistical insignificant difference between both techniques. The 
significant value of PSNR (Peak Signal to Noise Ratio) (0.409) and 
p>0.05 was found in the statistical analysis. Conclusion: On ul-
trasound liver pictures, the innovative median filter gives greater 
PSNR than the wiener filter for medical image enhancing pur-
poses, according to this study. 

Keywords
Filtering,Smoothing, Median Filter, Wiener Filter, Image Pro-
cessing, Ultrasound, Liver cancer.
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Introduction:
At present, the researchers are inquisitive about 

growing an powerful computerized Computer Aided 
Diagnosis (CAD) device that facilitates the radiolo-
gists to categorize exceptional liver most cancers pic-
tures for an correct prognosis for US signal (Loizou 
and Pattichis 2008; Afzalpulkar et al. 2016; Nayak et 
al. 2021; Szeliski 2010)). An computerized CAD device 
has numerous ranges as follows: Data preprocessing, 
photograph segmentation, function extraction, selec-
tion, and in the end classification. Innovative image 
enhancement technique for improving PSNR of liver 
image (Bagus 2015; Annisa, Latifah, and Rusyadi 2021; 
Arce, Bacca, and Paredes 2005; Viero and Neuvo 1993; 
Sovilj-Nikic 2009; Vertan et al., n.d.; Cappellini 1980; 
Karvelis and Fotiadis 2007; “Color Image Filtering and 
Enhancement,” n.d.; Jackson and Sovakis 2005; Yang 
2013; Yuwono 2015; Yang 2012; Hansen and Higgins, 
n.d.)). The first step is preprocessing, which carries 
out exceptional quantization and sampling price for 
digitizing the photograph signal (Loizou and Pattichis 
2008; Afzalpulkar et al. 2016; Nayak et al. 2021; Szeliski 
2010)). Ultrasound imaging, additionally referred to as 
sonography, is a clinical imaging modality which makes 
use of high-frequency sound waves to provide photo-
graphs of the inner of the body (Bagus 2015; Annisa, 
Latifah, and Rusyadi 2021; Arce, Bacca, and Paredes 
2005; Viero and Neuvo 1993; Sovilj-Nikic 2009; Vertan 
et al., n.d.; Cappellini 1980; Karvelis and Fotiadis 2007; 
“Color Image Filtering and Enhancement,” n.d.; Jack-
son and Sovakis 2005; Yang 2013; Yuwono 2015; Yang 
2012; Hansen and Higgins, n.d.)). Ultrasound imaging 
makes use of a transducer that’s located immediately at 
the skin ((Loizou and Pattichis 2008; Afzalpulkar et al. 
2016; Nayak et al. 2021; Szeliski 2010)). 

Total range of articles posted on this subject mat-
ter during the last five years in Google Scholar,IEEE 
xplore, technological know-how direct, we discover 
four articles in special sites (Bagus 2015; Annisa, Lati-
fah, and Rusyadi 2021; Arce, Bacca, and Paredes 2005; 
Viero and Neuvo 1993; Sovilj-Nikic 2009; Vertan et 
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al., n.d.; Cappellini 1980; Karvelis and Fotiadis 2007; 
“Color Image Filtering and Enhancement,” n.d.; Jack-
son and Sovakis 2005; Yang 2013; Yuwono 2015; Yang 
2012; Hansen and Higgins, n.d.). Image enhancement 
techniques fall into wide categories: spatial area strate-
gies and frequency area strategies ((Bagus 2015; Anni-
sa, Latifah, and Rusyadi 2021; Arce, Bacca, and Paredes 
2005; Viero and Neuvo 1993; Sovilj-Nikic 2009; Ver-
tan et al., n.d.; Cappellini 1980; Karvelis and Fotiadis 
2007; “Color Image Filtering and Enhancement,” n.d.; 
Jackson and Sovakis 2005; Yang 2013; Yuwono 2015; 
Yang 2012; Hansen and Higgins, n.d.)). The time pe-
riod spatial area refers back to the photo aircraft itself, 
and techniques on this class are primarily based total-
ly on direct manipulation of pixels in a photo ((Bagus 
2015; Annisa, Latifah, and Rusyadi 2021; Arce, Bacca, 
and Paredes 2005; Viero and Neuvo 1993; Sovilj-Nikic 
2009; Vertan et al., n.d.; Cappellini 1980; Karvelis and 
Fotiadis 2007; “Color Image Filtering and Enhance-
ment,” n.d.; Jackson and Sovakis 2005; Yang 2013; Yu-
wono 2015; Yang 2012; Hansen and Higgins, n.d.)). It 
is used to beautify clinical pix, pix captured in far flung 
sensing, pix from satellite tv for pc etc. 

As indicated previously, the time period spatial 
area refers back to the combination of pixels compos-
ing a photo (Bagus 2015; Annisa, Latifah, and Rusyadi 
2021; Arce, Bacca, and Paredes 2005; Viero and Neuvo 
1993; Sovilj-Nikic 2009; Vertan et al., n.d.; Cappellini 
1980; Karvelis and Fotiadis 2007; “Color Image Fil-
tering and Enhancement,” n.d.; Jackson and Sovakis 
2005; Yang 2013; Yuwono 2015; Yang 2012; Hansen 
and Higgins, n.d.)). Spatial area strategies are meth-
ods that perform at once on those pixels. Spatial area 
methods may be denoted with the aid of using the ex-
pression. g (x,y) = T [f (x,y)] wherein f (x, y) is the 
entered photo, g (x, y) is the processed photo, and T is 
an operator on f, described over a few communities of 
(x, y) (Bagus 2015; Annisa, Latifah, and Rusyadi 2021; 
Arce, Bacca, and Paredes 2005; Viero and Neuvo 1993; 
Sovilj-Nikic 2009; Vertan et al., n.d.; Cappellini 1980; 
Karvelis and Fotiadis 2007; “Color Image Filtering and 
Enhancement,” n.d.; Jackson and Sovakis 2005; Yang 
2013; Yuwono 2015; Yang 2012; Hansen and Higgins, 
n.d.)). The important technique in defining a commu-
nity approximately a point (x, y) is to apply a rectan-
gular or square sub photo location targeted at (x, y), 
as shown. The middle of the sub photo is moved from 
pixel to pixel starting, say, on the pinnacle left corner. 
The operator T is carried out at every location (x, y) to 

yield the output, g, at that location. The system makes 
use of simplest the pixels with inside the location of 
the photo spanned with the aid of using the commu-
nity. Our team has extensive knowledge and research 
experience that has translate into high quality publi-
cations (Chellapa et al. 2020; Lavanya, Kannan, and 
Arivalagan 2021; Raj R, D, and S 2020; Shilpa-Jain et 
al. 2021; S, R, and P 2021; Ramadoss, Padmanaban, 
and Subramanian 2022; Wu et al. 2020; Kalidoss, 
Umapathy, and Rani Thirunavukkarasu 2021; Kaja et 
al. 2020; Antink et al. 2020; Paul et al. 2020; Malaikol-
undhan et al. 2020) 

Materials And Methods:
The research work was done in the Department 

of Biomedical and Engineering at Saveetha School of 
Engineering, Saveetha Institute of Medical and Tech-
nical Sciences, Saveetha University, Chennai,Tamil-
nadu, India. The kaggle website was used to collect 
data for this study. According to clinical.com, samples 
were considered as size 20 for PSNR ratio of image G 
power of 80%, and total sample size determined. For 
checking the Innovative Median filtering and Wiener 
filtering Classifiers, the proposed work utilizes the 
MATLAB framework version R2021a. The classifier is 
executed using the programming tool. This Intel Core 
i5 processor comes with 8GB of RAM. 

Group 1 has ten liver image examples from CT 
scans, X-ray scans, and MRI scan images. Using medi-
an filtering and wiener filtering, the image samples are 
used to improve PSNR-based liver imaging. For Group 
2 sample processing, X-ray, MRI, and CT scan images 
were merged to create 10 liver images. The testing en-
vironment was created using Matlab R2018a. Follow-
ing preparation, Matlab code was used to apply medi-
an filtering and wiener filtering methods. The PSNR 
value in liver images was used to evaluate the perfor-
mance of both approaches. To determine the method’s 
efficacy, this parameter was calculated and validated, 
and the outcomes of both algorithms were compared 
to see which performed better.

Statistical Analysis
 The statistical analysis was carried out using the 

SPSS tool. The significance is calculated using Inde-
pendent t-test. It was performed for the two depen-
dent variables such as packet drop ratio and residu-
al energy. The independent variables are number of 
nodes, battery power and battery size. Using the SPSS 
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software the standard deviation, standard error of 
mean were also calculated.

Results
The PSNR (dB) values of 20 liver pictures taken 

with the median and wiener filters are shown in Table 
1. The median filter has a mean PSNR (dB) of 48.1240, 
while the wiener filter has a PSNR (dB) of 67.8360. 
Several stomach photographs from the Cancer Imag-
ing Archive, including CT and MRI scans, are used to 
test the proposed gadget. We used MATLAB to calcu-
late the noise discount on US liver images using the 
five filtering algorithms stated earlier in this section.

Table 2 compares the median filter used in picture 
enhancement approaches with a wiener filter based 
on PSNR values. The wiener filter has a high PSNR 
(67.8360dB) while the median filter has a low PSNR 
(48.1240dB). The wiener filter has a large standard 
deviation (7.40587) while the median filter has a low 
standard deviation (7.21460).

Table 3 demonstrates a sample test of PSNR-based 
picture improvement utilizing the Wiener and me-
dian filter techniques using an independent sample. 

The significance p-value with two tails is 0.003. PSNR 
is noteworthy at 0.003 with a standard mean differ-
ence of -19.71200 and a standard error difference of 
2.31190. The lowest result in the test confidence in-
terval is (-24.39219), while the highest is (-19.71200). 
(-15.03181). With a 95 percent confidence interval, 
the mask filter-based picture enhancement method 
outperformed the wiener filtering method in an inde-
pendent sample T test.

Figure 1. illustrate the matlab simulation results of 
mask filter and wiener filter (a) Input image (liver im-
age) (b) Enhanced result of median filter (c) Enhanced 
result of wiener filter.

Figure 2.shows the graph obtained using SPSS that 
compares PSNR of Median filter and Wiener filter. 
From the graph it was observed that Median filter has 
better PSNR compared with the Wiener filter on liver 
image. In the graph, Group (Median filter and Wiener 
filter) are represented as X-axis and PSNR represented 
as y-axis with +/- 1 SD.

Discussion
Generally the picture enhancement is split into 

special instructions which include histogram pri-
marily based totally, remodel primarily based total-
ly and protecting primarily based totally technique. 
Histogram primarily based total enhancement strat-
egies are classical assessment enhancement tech-
niques (Sahu 2012; Gupta, Gupta, and Minocha 
2013; Kaur and Kaur 2016; “24 Bit Image Noise Re-
duction with Median Filtering Algorithm” 2017; So-
vilj-Nikic 2009; Sharma et al. 2020; Zhang and Wei, 
n.d.; Viero and Neuvo 1993; Bankman 2008; Brad-
bury and Evennett 2020; Erwin et al. 2017; Asokan 
and Anitha 2020; Bahaghighat and Motamedi 2017; 
Bovik and Acton 2009; Loizou and Pattichis 2008)). 
Masking primarily based totally technique is the de-
rived subject of assessment enhancement wherein 

Table 1
Tabulation explains the PSNR value of median filter and wiener 
filter algorithms.These were obtained by simulating the ultra-
sound liver images in Matlab software. These 20 samples were 
taken from the dataset and is used for comparing both the 
algorithms

S.NO PSNR of Median filter PSNR of Wiener filter
1 38.56 37.56
2 39.67 38.67
3 41.38 40.38
4 44.75 43.75
5 47.97 45.97
6 49.53 48.53
7 53.60 54.60
8 53.98 55.98
9 55.43 56.43
10 56.87 58.87
11 57.40 59.40
12 58.94 60.94
13 59.34 61.34
14 63.56 62.56
15 65.89 64.89
16 67.75 69.75
17 70.45 72.45
18 74.63 75.63
19 74.87 77.87
20 79.53 79.53

Table 2
The table shows mean values of PSNR for the 20 samples, stan-
dard deviation and standard deviation mean error obtained us-
ing SPSS software for both median filter and wiener filter.

Group N Mean Std. De-
viation

Std. 
Error 
Mean

Filtering 1 Median 
Filtering

20 48.1240 7.21460 1.61323

Wiener 
Filtering

20 67.8360 7.40587 1.65600
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formulated masks are brought to the unique picture 
to sharpen the bottom picture. Recently a few change 
techniques have been accomplished in protecting as-
sessment enhancement (Bagus 2015; Annisa, Latifah, 
and Rusyadi 2021; Arce, Bacca, and Paredes 2005; 
Viero and Neuvo 1993; Sovilj-Nikic 2009; Vertan et 
al., n.d.; Cappellini 1980; Karvelis and Fotiadis 2007; 
“Color Image Filtering and Enhancement,” n.d.; 

Jackson and Sovakis 2005; Yang 2013; Yuwono 2015; 
Yang 2012; Hansen and Higgins, n.d.) 0. The funda-
mental gain of Wavelet remodel is that it’s far able to 
provide localization in area in addition to frequency 
domains ((Bagus 2015; Annisa, Latifah, and Rusya-
di 2021; Arce, Bacca, and Paredes 2005; Viero and 
Neuvo 1993; Sovilj-Nikic 2009; Vertan et al., n.d.; 
Cappellini 1980; Karvelis and Fotiadis 2007; “Color 

Table 3
The table shows the mean difference, standard error difference and significance obtained from SPSS and these were used to find 
which algorithm gives significant results

 Leven’s test for 
equality of variance

T-test for equality of variance 95% of confidence 
interval of difference

f sig t df Sig
 (2-tailed) 

Mean dif-
ference

Std.error 
diff

lower upper

PSNR Equal variances 
assumed

.023 .880 -8.526 38 .003 -19.71200 2.31190 -24.39219 -15.03181

Equal variances not 
assumed

-8.526 37.974 .003 -19.71200 2.31190 -24.39230 -15.03170

 
                    Input Image 
 
 
 
 
 
 

(a)                                                (b)                                                            (c) 
 

                            a                                                                                b              c 

Fig. 1. Matlab simulation results of mask filter and wiener filter (a) Input image (liver image) (b) Enhanced result of median filter (c) 
Enhanced result of wiener filter.

 
Fig. 2 Graph obtained using SPSS that compares PSNR of Median filter and Wiener filter. From the graph it was observed that 
Median filter has better PSNR compared with the Wiener filter on liver image. In the graph, Group (Median filter and Wiener filter) 
are represented as X-axis and PSNR represented as y-axis with +/- 1 SD.
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Image Filtering and Enhancement,” n.d.; Jackson and 
Sovakis 2005; Yang 2013; Yuwono 2015; Yang 2012; 
Hansen and Higgins, n.d.)). The wavelet remodel is 
greatly dependable and it may offer the outstanding 
facts for distinct resolutions (Bagus 2015; Annisa, 
Latifah, and Rusyadi 2021; Arce, Bacca, and Paredes 
2005; Viero and Neuvo 1993; Sovilj-Nikic 2009; Ver-
tan et al., n.d.; Cappellini 1980; Karvelis and Fotiadis 
2007; “Color Image Filtering and Enhancement,” 
n.d.; Jackson and Sovakis 2005; Yang 2013; Yuwono 
2015; Yang 2012; Hansen and Higgins, n.d.)). The use 
of non-linear mapping features derived for project-
ing a hard and fast discrete wavelet remodel (DWT) 
presents higher enhancement in clinical snap shots 
in evaluation to speedy Fourier remodel (FFT) and 
the traditional wavelet primarily based totally ((Ba-
gus 2015; Annisa, Latifah, and Rusyadi 2021; Arce, 
Bacca, and Paredes 2005; Viero and Neuvo 1993; So-
vilj-Nikic 2009; Vertan et al., n.d.; Cappellini 1980; 
Karvelis and Fotiadis 2007; “Color Image Filtering 
and Enhancement,” n.d.; Jackson and Sovakis 2005; 
Yang 2013; Yuwono 2015; Yang 2012; Hansen and 
Higgins, n.d.)). On the other hand, a multiwavelet 
gadget decorates the picture with the aid of concur-
rently supplying best reconstruction even as main-
taining length (orthogonality), true overall perfor-
mance on the boundaries (through linear-section 
symmetry) and an excessive order of approximation. 

Conclusion
Here we describe the manner of bilateral clear 

out to denoise the clinical images. Its overall perfor-
mance is advanced than that of linear filters along 
with Wiener clear out, median filters etc. It offers 
higher overall performance to put off the noise in 
an excessive frequency place however it fails to put 
off noise to low frequency place. However its overall 
performance isn’t first-rate to put off the noise from 
the picture. The downside of this clear out is that it 
can’t put off salt and pepper noise.These works are 
used for visible tracking, picture registration, pic-
ture segmentation, and picture class etc. We can look 
at the strategies via means of monitoring, zooming 
the received effects in consultation of experimental 
effects. From a majority of these strategies, Weiner 
and median filters are done properly in phrases of 
smoothing while as compared to final filtering tech-
niques. Wiener and median filters done properly in 
phrases of execution time. 
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Abstract
Aim: The major purpose of this project is to improve picture en-
hancement for human viewers in order to improve interpretability 
or perception of information in images, as well as to give better 
input for other automated image processing approaches.The sci-
entific images are corrupted by noise, and the images as a whole 
deteriorate. Edges are suppressed, structural features are blurred, 
and obstructions are blurred, among other things. Mask Filter and 
Wiener Filter are two filtering techniques. Materials and meth-
ods: Different sources of liver images from the kaggle website 
were used in this study. The total sample size was computed using 
clinical.com and the sample sizes were (N=20) for Mask filtering 
and (N=20) for the Wiener filtering technique. The total num-
ber of samples was calculated to be 40 as a consequence. The 
PSNR was calculated using SPSS Software and a standard data 
set. Through Matlab coding, both a mask filter and a wiener filter 
technique were used to enhance liver images, as well as retrieving 
PSNR values for each image. Then, using the SPSS software, a 
comparison and analysis were performed. Results: In an image 
enhancement of the image processing pathway, Wiener filters 
technique shows the best performance by removing noise to im-
prove PSNR of liver images than mask filtering. PSNR values are 
compared using IBM-SPSS software and an independent sample 
test. Between the mask filter and wiener filtering, there is a statisti-
cal difference. In comparison to mask filtering, the wiener filtering 
technique produced greater PSNR (78.3780dB) with (p=0.004) 
(62.9695dB). Conclusion: Wiener Filtering image enhancement 
technique provides high PSNR values for different sources of liver 
images than mask filtering Technique.

Keywords
Filtering, Smoothing, Mask Filter, Wiener Filter, Image enhance-
ment, biomedical imaging, wavelet transform, peak signal to 
noise ratio, speckle noise.
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Introduction:
Mask filtering is an image processing technique in 

which a small ‘image piece’ is defined and used to alter 
a bigger image. Many types of image processing, such 
as edge detection, motion detection, and noise reduc-
tion, are based on the concept of masking (Loizou and 
Pattichis 2008; Hemanth and Balas 2018; Rojas et al. 
2021; Afzalpulkar et al. 2016; Das et al. 2020; Chaira 
and Ray 2017; Gunarathne 2013; Nayak et al. 2021)). 
For images damaged by additive noise and blurring, 
the Wiener filter is the MSE-optimal stationary linear 
filter ((Loizou and Pattichis 2008; Hemanth and Balas 
2018; Rojas et al. 2021; Afzalpulkar et al. 2016; Das et 
al. 2020; Chaira and Ray 2017; Gunarathne 2013; Nay-
ak et al. 2021)). The Wiener filter must be calculated 
on the assumption that the signal and noise processes 
are both second-order stationary.

About 20 Google Scholar and 10 Technology Di-
rect papers have been found to be linked to this study, 
which was completed during the last five years and re-
ported on the improved PSNR ratio of wiener clean 
out over masks filtering selection algorithms to pre-
dict (Loizou and Pattichis 2008; Hemanth and Balas 
2018; Rojas et al. 2021; Afzalpulkar et al. 2016; Das 
et al. 2020; Chaira and Ray 2017; Gunarathne 2013; 
Nayak et al. 2021)). The most important component, 
according to the standard stated papers from Google 
Scholar, IEEE, and Technology Direct, is to reduce 
picture noise and frequency (Loizou and Pattichis 
2008; Hemanth and Balas 2018; Rojas et al. 2021; 
Afzalpulkar et al. 2016; Das et al. 2020; Chaira and Ray 
2017; Gunarathne 2013; Nayak et al. 2021). To deliver 
a truly excellent picture as an output, I believe that the 
general studies we see need to considerably enhance 
the picture and reduce the noise in the picture (Loizou 
and Pattichis 2008; Hemanth and Balas 2018; Rojas et 
al. 2021; Afzalpulkar et al. 2016; Das et al. 2020; Chaira 
and Ray 2017; Gunarathne 2013; Nayak et al. 2021)).
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The field of digital image processing refers to the 
use of a digital computer to process digital images. A 
digital image is made up of a limited number of ele-
ments, each with its own position and value ((Loizou 
and Pattichis 2008; Hemanth and Balas 2018; Rojas et 
al. 2021; Afzalpulkar et al. 2016; Das et al. 2020; Chaira 
and Ray 2017; Gunarathne 2013; Nayak et al. 2021)). 
Image enhancement is a technique for enhancing the 
picture quality of a photograph. Medical imaging re-
search has yielded a plethora of clinical diagnosis 
tools, including ultrasound, CT, and MRI, each with 
its own set of benefits and drawbacks. Ultrasound 
imaging, in particular, is a commonly used medical 
practice because it is cost-effective, relatively safe, 
transportable, and customizable (Bagus 2015; Annisa, 
Latifah, and Rusyadi 2021; Arce, Bacca, and Paredes 
2005; Viero and Neuvo 1993; Sovilj-Nikic 2009; Ver-
tan et al., n.d.; Cappellini 1980; Karvelis and Fotiadis 
2007; “Color Image Filtering and Enhancement,” n.d.; 
Jackson and Sovakis 2005; Yang 2013; Yuwono 2015; 
Yang 2012; Hansen and Higgins, n.d.)). To create an 
image, the transducer collects these waves. The wiener 
filter input receives the output of the log converted im-
age ((Bagus 2015; Annisa, Latifah, and Rusyadi 2021; 
Arce, Bacca, and Paredes 2005; Viero and Neuvo 1993; 
Sovilj-Nikic 2009; Vertan et al., n.d.; Cappellini 1980; 
Karvelis and Fotiadis 2007; “Color Image Filtering and 
Enhancement,” n.d.; Jackson and Sovakis 2005; Yang 
2013; Yuwono 2015; Yang 2012; Hansen and Higgins, 
n.d.)). For packet processing, the output of the Wiener 
filter is processed through a discrete wavelet.

The survey revealed a research gap: several strate-
gies for medical picture enhancement have been pre-
sented, however the majority of these methods have 
lower PSNR. The major goal of this research is to find 
ways to improve PSNR by employing Mask filtering 
and Wiener filtering.

Materials And Methods:
 Image processing involves the processing of imag-

es such as altering, enhancement, compressing etc. the 
existing image. Image processing is a method to con-
vert an image into digital form and perform some op-
erations on it, in order to get an enhanced image or to 
extract some useful information from it. It is a type of 
signal dispensation in which input is image, like vid-
eo frame or photograph and output may be image or 
characteristics associated with that image. It is among 
rapidly growing technologies today, with its applica-

tions in various aspects of a business. The sample size 
calculation was done using clinicalc.com by keeping 
the alpha error threshold as 2.5 with 80% g power and 
value for enrollment ratio is 0.1 with 95% confidence 
Interval. As per calculation total sample size is 40.

 The number of liver image samples gathered from 
CT Scan images, X-ray scan images, and MRI scan im-
ages for Group 1 is 10.The picture samples are utilized 
to enhance PSNR-based liver images using the mask 
filtering technique. X-ray, MRI, and CT scan pictures 
were used to produce 10 liver images for Group 2 sam-
ple processing. The Matlab R2018a software is used to 
set up the testing environment. Following preparation, 
both wiener filtering and mask filtering approaches 
were applied using Matlab code. The PSNR value in 
liver pictures was used to assess the performance of 
both algorithms. This parameter was calculated and 
assessed to determine the method’s efficacy, and the 
outcomes of both approaches were compared to de-
termine which algorithm performed better.Our team 
has extensive knowledge and research experience that 
has translate into high quality publications (Chellapa 
et al. 2020; Lavanya, Kannan, and Arivalagan 2021; 
Raj R, D, and S 2020; Shilpa-Jain et al. 2021; S, R, and 
P 2021; Ramadoss, Padmanaban, and Subramanian 
2022; Wu et al. 2020; Kalidoss, Umapathy, and Rani 
Thirunavukkarasu 2021; Kaja et al. 2020; Antink et al. 
2020; Paul et al. 2020; Malaikolundhan et al. 2020) 

Statistical Analysis 
The statistical analysis was carried out using the 

SPSS tool.The significance is calculated using Inde-
pendent t-test. It was performed for the two depen-
dent variables such as packet drop ratio and residu-
al energy. The independent variables are number of 
nodes, battery power and battery size. Using the SPSS 
software the standard deviation, standard error of 
mean were also calculated.

Result 
PSNR (dB) values of 20 liver images obtained using 

the mask and wiener filters are shown in Table 1. The 
mask filter’s mean PSNR (dB) is 62.9695dB, while the 
wiener filter is 78.3780dB.

Table 2 displays group statistics comparing im-
age enhancement methods’ mask filter with a wiener 
filter based on PSNR values. PSNR is high for the 
wiener filter (78.3780dB) and low for the mask fil-
ter (62.9695dB). PSNR has a low standard deviation 
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(1.03338) for the wiener filter and a high standard de-
viation (11.08641) for the mask filter.

An independent sample test of PSNR-based image 
improvement utilizing the Wiener filter and mask fil-
ter techniques is shown in Table 3. The significance 
p-value with two tails is 0.004. PSNR is substantial at 
0.004, with a standard mean difference of -20.44872 
and a standard error difference of 2.48974. The low-
er value in the test confidence interval is (-20.61358), 
while the highest value is (-15.40850). With a 95 per-
cent confidence interval, the mask filter based picture 
enhancement method outperformed the wiener filter-
ing method in an independent sample T test.

Figure 1. illustrate the matlab simulation results of 
mask filter and wiener filter (a) Input image (liver im-
age) (b) Enhanced result of mask filter (c) Enhanced 
result of wiener filter.

Figure 2.shows the Graph obtained using SPSS that 
compares PSNR of Mask filter and Wiener filter. From 
the graph it was observed that Mask filter has better 
PSNR compared with Wiener filter on liver image. In 
the graph, Group (Mask filter and Wiener filter) are 
represented as X-axis and PSNR represented as y-axis 
with +/- 1 SD.

Discussion
The term gray level is used often to refer to the 

intensity of monochrome images. Color images are 
formed by a combination of individual 2-D imag-
es. For example: The RGB color system, a color im-
age consists of three (red, green and blue) individual 
component images ((Bagus 2015; Annisa, Latifah, and 
Rusyadi 2021; Arce, Bacca, and Paredes 2005; Viero 
and Neuvo 1993; Sovilj-Nikic 2009; Vertan et al., n.d.; 
Cappellini 1980; Karvelis and Fotiadis 2007; “Color 
Image Filtering and Enhancement,” n.d.; Jackson and 
Sovakis 2005; Yang 2013; Yuwono 2015; Yang 2012; 
Hansen and Higgins, n.d.)). For this reason, many 

Table 1
Tabulation explains the PSNR value of mask filter and wiener 
filter algorithms.These were obtained by simulating the ultra-
sound liver images in Matlab software. These 20 samples were 
taken from the dataset and is used for comparing both the 
algorithms

S.NO PSNR of Mask filter PSNR of Wiener filter
1 42.47 43.69
2 42.74 54.67
3 57.54 58.62
4 54.86 63.23
5 57.57 65.54
6 64.24 67.34
7 66.34 71.42
8 69.67 74.35
9 73.33 76.56
10 75.34 77.43
11 77.10 76.61
12 77.18 77.46
13 77.22 77.56
14 77.29 78.45
15 78.54 78.56
16 78.43 78.42
17 78.89 79.56
18 79.48 79.52
19 79.67 79.34
20 79.86 79.23

Table 2
The table shows mean values of PSNR for the 20 samples, stan-
dard deviation and standard deviation mean error obtained us-
ing SPSS software for both mask filter and wiener filter.

Group N Mean Std. De-
viation

Std. 
Error 
Mean

PSNR Mask Filtering 20 62.9695 11.08641 2.47900

Wiener Filtering 20 78.3780 1.03338 .23107

Table 3
The table shows the mean difference, standard error difference and significance obtained from SPSS and these were used to find 
which algorithm gives significant results

 Leven’s test for 
equality of variance

T-test for equality of variance 95% of confidence 
interval of difference

f sig t df Sig
 (2-tailed) 

Mean dif-
ference

Std.error 
diff

lower upper

PSNR Equal variances 
assumed

33.291 .002 -6.189 38 .004 -15.40850 2.48974 -20.44872 -10.36828

Equal Variances 
not assumed

-6.189 19.330 .004 -15.40850 2.48974 -20.61358 -10.20342
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of the techniques developed for monochrome imag-
es can be extended to color images by processing the 
three component images individually. An image may 
be continuous with respect to the x- and y- coordi-
nates and also in amplitude. Converting such an image 
to digital form requires that the coordinates, as well as 
the amplitude, be digitized ((Bagus 2015; Annisa, Lat-
ifah, and Rusyadi 2021; Arce, Bacca, and Paredes 2005; 
Viero and Neuvo 1993; Sovilj-Nikic 2009; Vertan et 
al., n.d.; Cappellini 1980; Karvelis and Fotiadis 2007; 
“Color Image Filtering and Enhancement,” n.d.; Jack-
son and Sovakis 2005; Yang 2013; Yuwono 2015; Yang 
2012; Hansen and Higgins, n.d.)). Image enhancement 
approaches fall into two broad categories: spatial do-
main methods and frequency domain methods. The 

term spatial domain refers to the image plane itself, 
and approaches in this category are based on direct 
manipulation of pixels in an image. Frequency domain 
processing techniques are based on modifying the 
Fourier transform of an image ((Bagus 2015; Annisa, 
Latifah, and Rusyadi 2021; Arce, Bacca, and Paredes 
2005; Viero and Neuvo 1993; Sovilj-Nikic 2009; Ver-
tan et al., n.d.; Cappellini 1980; Karvelis and Fotiadis 
2007; “Color Image Filtering and Enhancement,” n.d.; 
Jackson and Sovakis 2005; Yang 2013; Yuwono 2015; 
Yang 2012; Hansen and Higgins, n.d.)). Enhancing an 
image provides better contrast and a more detailed 
image as compared to non-enhanced image. Image 
enhancement has very good applications. The sim-
plest form of T is when the neighborhood is of size 1*1 

 
 
                  

               Input Image 

 

 

 

 

 
 
 
   (a)                       (b)                  (c) 

 
Fig. 1. Matlab simulation results of mask filter and wiener filter (a) Input image (liver image) (b) Enhanced result of mask filter (c) 
Enhanced result of wiener filter.

 
Fig. 2 Graph obtained using SPSS that compares PSNR of Mask filter and Wiener filter. From the graph it was observed that Mask 
filter has better PSNR compared with Wiener filter on liver image. In the graph, Group (Mask filter and Wiener filter) are represent-
ed as X-axis and PSNR represented as y-axis with +/- 1 SD.
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(that is, a single pixel). In this case, g depends only on 
the value of f at (x, y), and T becomes a gray-level (also 
called an intensity or mapping) transformation func-
tion of the form ((Bagus 2015; Annisa, Latifah, and 
Rusyadi 2021; Arce, Bacca, and Paredes 2005; Viero 
and Neuvo 1993; Sovilj-Nikic 2009; Vertan et al., n.d.; 
Cappellini 1980; Karvelis and Fotiadis 2007; “Color 
Image Filtering and Enhancement,” n.d.; Jackson and 
Sovakis 2005; Yang 2013; Yuwono 2015; Yang 2012; 
Hansen and Higgins, n.d.)).

The enhancement process does not increase the 
inherent information content in the data. But it does 
increase the dynamic range of the chosen features so 
that they can be detected easily. Image enhancement is 
used to improve the quality of an image for visual per-
ception of human beings. It is also used for low level 
vision applications. Image enhancement is the mech-
anism to process the input image to make it more ap-
propriate and clearly visible for the required applica-
tion. Image enhancement improves the information 
content of the image and alters the visual impact of the 
image on the observer.

Ravinder Kaur: This paper deals with image pro-
cessing and its fundamental steps after that this paper 
has focused on the different image enhancement tech-
niques. Image enhancement has found to be one of the 
most important vision applications because it has the 
ability to enhance the visibility of images. Distinctive 
procedures have been proposed so far for improving 
the quality of the digital images. Image enhancement 
is one of the key issues in high quality pictures such as 
digital cameras.

C. Tomasi; R. Manduchi: Bilateral filtering 
smooths images while preserving edges, by means of 
a nonlinear combination of nearby image values. The 
method is non iterative, local, and simple. It combines 
gray levels or colors based on both their geometric 
closeness and their photometric similarity, and pre-
fers near values to distant values in both domain and 
range. In contrast with filters that operate on the three 
bands of a color image separately, a bilateral filter can 
enforce the perceptual metric underlying the CIE-Lab 
color space, and smooth colors and preserve edges in 
a way that is tuned to human perception.

Conclusion:
Ultrasound imaging is a technique widely used in 

medicine; its speed and portability makes it a prevalent 
diagnostic tool in almost all hospitals around the world. 

The speckle noise of commercial echographs affects 
the visualization of an organ or of a region of interest, 
and therefore reducing this noise is an important task. 
It gives better performance to remove the noise in the 
high frequency area but it fails to remove noise in the 
low frequency area. However its performance is not 
satisfactory to remove the noise from the image. The 
drawback of this filter is that it cannot remove salt and 
pepper noise. Also it gives poor performance to remove 
speckle noise from the ultrasound images.
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ABSTRACT
Aim: The purpose of this study is comparing the accura-
cy, sensitivity and specificity of K-Nearest Neighbor Classifier 
and Decision Tree classifier in detecting the presence of Novel 
Hepatitis C Detection using contemporary methods. Mate-
rials and Methods: The kaggle website was used to collect 
data for this study. According to clinicalc.com, samples were 
considered as (N=22) for K-NN classifier and (N=22) for de-
cision tree, with an alpha error-threshold value of 0.05, enroll-
ment ratio of 0.1, 95% confidence interval, G power of 80%, 
and total sample size determined. Using matlab programming 
and a standard data set, the accuracy, sensitivity and specificity 
were computed. Results: SPSS software is used to compare 
accuracy, sensitivity and specificity using Independent sample 
t-test. Between K-NN and Decision Tree classifiers, there is a 
statistically significant difference p=0.003,p<0.05-accuracy 
(0.42%), p=0.003,p<0.05-sensitivity (0.43%), and insignificant 
difference in p=0.678, p>0.05-specificity (0.43%) in K-NN. The 
K-NN showed better results in comparison to the Decision Tree. 
Conclusion: K-NN outperformed Decision Tree in terms of ac-
curacy, sensitivity and specificity in predicting Novel Hepatitis 
C Detection.
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Novel Hepatitis C Detection, K-Nearest Neighbor Classifier, De-
cision Tree, Machine learning, Accuracy, Sensitivity, Specificity. 
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INTRODUCTION
The Hepatitis C virus (HCV) is seen as a threat to 

society’s health. (Fernández-Martínez et al. 2021) This 
research aids in the early detection of Novel Hepatitis C 
Detection by using current methods such as machine 
learning technologies (Nilashi et al. 2019; Rupani et al. 
2020). The major goal of this research is to use matlab 
programming software to assess the existence of Novel 
Hepatitis C Detection. Because human error is elimi-
nated, this method is considered the simplest and most 
cost-effective way to forecast Hepatitis C (F. Piscaglia et 
al. 2007; Fabio Piscaglia et al. 2007). This study can be 
carried out at hospitals and hepatology testing centres 
(Han et al. 2021). (Takase et al. 1993). 

About 234 Google Scholar articles and 82 Science 
Direct articles were found to be relevant to this recent 
research reporting on the classifiers and models creat-
ed with machine learning techniques such as Support 
Vector Machine (SVM), K-Nearest Neighbor (K-NN), 
Decision Tree, Artificial Neural Network (ANN) Clas-
sifiers to forecast and evaluate their effectiveness in 
terms of Novel Hepatitis C Detection (Akella and Akel-
la, n.d.) (Thanh Noi and Kappas 2017). MIN-MAX and 
difference transformations on the data set provides the 
accuracy of 96% accurate results (Tahseen, Rady, and 
Tyring 2021). There are six genotypes in hcv. And 70% 
of hcv patients become infected by genotype 1, 20% of 
patients become infected by genotype 2, and approxi-
mately 1% by other genotypes each (Nilashi et al. 2019; 
Yarasuri, Indukuri, and Nair 2019) Predict with 93% 
probability whether a new patient with HCV geno-
type 1 will be helped by drug treatment (Koibuchi et 
al. 2020) (Kawamura, Takasaki, and Mizokami 2012). 
Gain ratio can improve the performance of K-NN with 
the accuracy 72.85% (Hasdyna, Sianipar, and Zamzami 
2020). When compared to previous study efforts, (Tah-
seen, Rady, and Tyring 2021) is thought to be more ac-
curate in predicting Novel Hepatitis C Detection. 

 Our team has extensive knowledge and research 
experience that has translate into high quality publi-
cations (Chellapa et al. 2020; Lavanya, Kannan, and 
Arivalagan 2021; Raj R, D, and S 2020; Shilpa-Jain et 
al. 2021; S, R, and P 2021; Ramadoss, Padmanaban, 
and Subramanian 2022; Wu et al. 2020; Kalidoss, 
Umapathy, and Rani Thirunavukkarasu 2021; Kaja et 
al. 2020; Antink et al. 2020; Paul et al. 2020; Malaikol-
undhan et al. 2020) 
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The lack of effective early detection of Novel Hep-
atitis C Detection that eliminates human error rates is 
the driving force behind this initiative, which aims to 
determine the existence of Hepatitis C at an early stage 
by calculating accuracy (%), sensitivity (%), specificity 
(%). The authors were expertised in the field of ma-
chine learning algorithms and were able to undertake 
biomedical experiments comparing K-NN and Deci-
sion Tree Classifiers. The main goal is to compare the 
K-NN and Decision Tree Classifiers for Novel Hepati-
tis C Detection.

MATERIALS AND METHODS
This research was carried out at Saveetha School 

of Engineering, Microprocessor laboratory in Chen-
nai. Using clinicalc.com, the sample size was calculat-
ed using prior study results (Yarasuri, Indukuri, and 
Nair 2019), with an alpha error- threshold of 0.05, 
enrollment ratio of 0:1, 95% confidence interval, and 
G power of 80%. K-NN (N=22) and Decision Tree 
(N=22) were the first and second groups, respectively. 
A total of 44 samples were included in the study.

Before applying the machine learning model to the 
Novel Hepatitis C Detection datasets obtained from 
kaggle, they must be analysed. The modified dataset 
is given for training and testing. Data processing in-
cludes the removal of missing data, the replacement of 
null values with mean or median values, and the stan-
dardisation of data. K-NN and Decision Tree Classi-
fiers are fed preprocessed datasets with features. Out 
of the sample size, 75% of the data is used for training 
and 25% is used for testing.

For checking the K-NN and Decision Tree Classifi-
ers, these machine learning models the proposed work 
utilizes the MATLAB framework version R2021a. 
The classifier is executed using the programming 
tool. This Intel Core i7 processor comes with 8GB of 
RAM. From the total sample size 75% of the data with 
features extracted is trained in the K-NN and Deci-
sion Tree Classifiers. A number of iterations are done 
to get better performance. After training the classifier, 
identification of classes is analyzed. The accuracy (%), 
sensitivity (%), and specificity (%) of the confusion 
matrix were determined later. The processed dataset is 
given for training and testing.

Statistical Analysis
Statistical analysis was performed to validate the 

outcomes of both techniques using IBM-SPSS soft-

ware. Because the two classifiers are independent of 
one another, the three independent variables accuracy, 
sensitivity and specificity were tested using an inde-
pendent sample t-test. There are no dependent vari-
ables.

RESULTS
In this study, matlab programming, the K-NN ap-

peared to have improved accuracy (0.42%), sensitivity 
(0.43%), and specificity (0.43%). Fig 1 depicts that the 
mean of accuracy, mean of sensitivity, mean of spec-
ificity by classifiers of the K-NN is more compared 
to Decision Tree. Table. 1a shows the accuracy, sen-
sitivity, specificity of Novel Hepatitis C Detection and 
normal blood samples by using K-NN classifier. Table. 
1b shows the accuracy, sensitivity, specificity of Novel 
Hepatitis C Detection and normal blood samples by 
using Decision Tree classifier.

Using the independent sample t-test there appears 
to be a statistically significant difference between the 
two strategies in terms of accuracy (p=0.003, p<0.05), 

Table 1a
Hepatitis C and Normal blood samples using K-Nearest Neigh-
bor Classifier

Samples Accuracy Sensitivity Specificity
1 0.40 0.40 0.40
2 0.40 0.41 0.4
3 0.38 0.4 0.36
4 0.40 0.41 0.4
5 0.40 0.41 0.4
6 0.5 0.5 0.5
7 0.40 0.42 0.625
8 0.40 0.41 0.4
9 0.40 0.41 0.4
10 0.38 0.4 0.36
11 0.40 0.41 0.4
12 0.38 0.39 0.38
13 0.45 0.45 0.45
14 0.45 0.45 0.45
15 0.43 0.43 0.42
16 0.47 0.48 0.47
17 0.45 0.46 0.44
18 0.45 0.46 0.44
19 0.45 0.46 0.44
20 0.45 0.5 0.5
21 0.45 0.46 0.44
22 0.45 0.46 0.44
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sensitivity (p=0.003, p<0.05) and insignificant differ-
ence in specificity (p=0.678, p>0.05). These findings 
indicated that K-NN can predict Novel Hepatitis C 
Detection more quickly than the Decision Tree which 
is depicted in Table 2. Table 3 shows the Comparison 
of mean of accuracy (0.42%), sensitivity (0.43%), spec-
ificity (0.43%) when using K-Nearest Neighbor Clas-
sifier and the mean of accuracy (0.41%), sensitivity 
(0.41%), specificity (0.42%) when using Decision Tree 
classifier. 

Confusion matrix shows accuracy values with true 
positive found to be 11%, false positive found to be 
11%, false negative is found to be 15%, true negative 
is found to be 7%. The overall accuracy is found to be 
44% by using the K-NN classifier which can be seen 
in Fig. 2a. Also the confusion matrix shows the true 
positive is found to be 8%, false positive is found to be 
14%, false negative is found to be 12%, true negative is 
found to be 10%. The overall accuracy is found to be 
44% by using the Decision Tree classifier which can be 
seen in Fig. 2b.

DISCUSSION 
In Matlab programming, there is a statistically 

significant difference in p=0.003, p<0.05 accuracy 
(0.42%), p=0.003, p<0.05 sensitivity (0.43%), and in-
significant difference in p=0.678, p>0.05 specificity 
(0.43%) in K-NN when compared to Decision Tree. 

Table 1b
Hepatitis C and Normal blood using Decision Tree classifier

Samples Accuracy Sensitivity Specificity

1 0.45 0.45 0.45

2 0.38 0.39 0.38

3 0.38 0.36 0.4

4 0.52 0.52 0.52

5 0.40 0.40 0.40

6 0.5 0.5 0.5

7 0.34 0.31 0.36

8 0.31 0.3 0.37

9 0.36 0.36 0.36

10 0.45 0.45 0.45

11 0.52 0.52 0.51

12 0.45 0.45 0.45

13 0.38 0.39 0.38

14 0.36 0.35 0.37

15 0.38 0.38 0.39

16 0.47 0.48 0.47

17 0.36 0.35 0.37

18 0.40 0.41 0.4

19 0.47 0.48 0.45

20 0.45 0.45 0.45

21 0.45 0.46 0.43

22 0.40 0.42 0.38

Table 2
Independent sample t-test in predicting the accuracy, sensitivity, and specificity of Novel Hepatitis C Detection using K-Nearest 
Neighbor Classifier and Decision Tree classifier. There appears to be a statistically significant difference (p<0.05) in accuracy and 
sensitivity and insignificant difference in specificity in both the methods.
 Leven’s test for 

equality of variance
T-test for equality of variance 95% of confidence 

interval of difference
f sig t df Sig

 (2-tailed) 
Mean dif-
ference

Std.error 
diff

lower upper

Accuracy Equal variances 
assumed

9.80 0.003 0.50 42 0.61 0.007 0.01 -0.021 0.036

Equal variances 
not assumed

0.50 33.4 0.61 0.007 0.01 -0.022 0.036

Sensitivity Equal variances 
assumed

9.81 0.003 1.17 42 0.24 0.01 0.01 -0.012 0.049

Equal variances 
not assumed

1.17 31.7 0.24 0.01 0.01 -0.013 0.049

Specificity Equal variances 
assumed

0.17 0.678 0.76 42 0.45 0.01 0.01 -0.020 0.044

Equal variances 
not assumed

0.76 41.4 0.45 0.01 0.01 -0.020 0.044
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Table 3
Comparison of mean of accuracy, mean of sensitivity, and mean of specificity by classifiers. Group statistics comparison of accuracy, 
sensitivity, specificity for Novel Hepatitis C Detection using K-NN classifier and Decision Tree classifier. K-NN Classifier has higher 
mean compared to Decision Tree Classifier. K-NN accuracy (0.42%), sensitivity (0.43%), and specificity (0.43%), Decision Tree accu-
racy (0.41%), sensitivity (0.41%), and specificity (0.42%). 

Parameter Classifier N Mean Std. Deviation Std. Error Mean
Accuracy K-NN classifier 22 0.4245 0.03363 0.00717

Decision tree classifier 22 0.4173 0.05881 0.01254
Sensitivity K-NN classifier 22 0.4355 0.03363 0.00717

Decision tree classifier 22 0.4173 0.06401 0.01365
Specificity K-NN classifier 22 0.4323 0.05665 0.01208

Decision tree classifier 22 0.4200 0.05033 0.01073

 
Fig. 1. Simple Bar graph for K- Nearest Neighbor (K-NN) Algorithm accuracy, sensitivity, specificity rates are compared with Deci-
sion Tree Algorithm. The K- Nearest Neighbor (K-NN) Algorithm is higher in terms of accuracy (0.42), sensitivity (0.43), specificity 
(0.43) rates when compared with Decision Tree Algorithm accuracy, sensitivity, specificity rates. X-axis: K- Nearest Neighbor (K-NN) 
Algorithm accuracy, sensitivity, specificity rates vs Decision Tree Algorithm. Y-axis: Mean of accuracy, sensitivity, specificity rates for 
identification of keywords +/- 1SD with 95% CI. 

 

Fig. 2a. Confusion matrix for K-Nearest Neighbor Classifier. True 
positive is found to be 11% and False Positive is found to be 11%, 
False Negative is found to be 15% and True Negative is found to 
be 7%. The overall accuracy is found to be 44%. 

  
Fig. 2b. Confusion matrix for Decision Tree classifier. True Pos-
itive is found to be 8% and False Positive is found to be 14%, 
False Negative is found to be 12% and True Negative is found to 
be 10%. The overall accuracy is found to be 44%.
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MIN-MAX and difference transformations on the 
data set provides the accuracy of 96% accurate re-
sults (Nilashi et al. 2019; Yarasuri, Indukuri, and Nair 
2019). The performance of K-NN was improved by 
increasing the gain ratio with the accuracy 72.85% 
(Hasdyna, Sianipar, and Zamzami 2020). (Hassan et 
al. 2019) . The method which uses dimensionality re-
duction (NIPALS), clustering (SOM) ensembles the 
K-NN (71.41%) (Yarasuri, Indukuri, and Nair 2019).

The same and smaller sample size used for validation 
has an impact on the results. The findings will grow in 
proportion to the increase in sampling size and propor-
tion of the training data set. On a local level, it is suscep-
tible to data structure and memory limits. Because it is 
a supervised learning sluggish algorithm, it runs slowly.

Hepatitis illness detection technology is used in 
the healthcare industry and how it can help with more 
accurate cancer detection in the near future. As a re-
sult, this project holds a great deal of promise because 
manual forecasting can be easily converted to comput-
erized manufacturing at a low cost. Algorithms have 
been tweaked for higher accuracy rate in near future 
(100%). With a larger real-time dataset and the use 
of other machine learning techniques such as SVM, 
K-NN, Decision tree, and ANN Classifiers even great-
er results can be reached.

CONCLUSION
When compared to the Decision Tree Classifier, 

the K-Nearest Neighbor Classifier provided improved 
accuracy (0.42%), sensitivity (0.43%), and specificity 
(0.43%) outcomes in this Novel Hepatitis C Detection 
study. In contrast to other algorithms, the algorithm’s 
performance improved as the amount of data rose. 
In clinical settings such as hospitals and hepatology 
testing centres, this research can be utilized to predict 
hepatitis. 
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ABSTRACT
Aim: The goal of this study is to compare the accuracy, sen-
sitivity, and specificity of a Decision tree classifier and ANN 
classifier in detecting Innovative Hepatitis C Detection using 
modern methodologies. Materials and Methods: The data 
for this study was collected via the kaggle website. Samples 
were considered as (N=22) for Decision tree and (N=22) for 
ANN according to clinicalc.com, by keeping alpha error-thresh-
old value 0.05, enrollment ratio as 0.1, 95% confidence inter-
val,G power as 80%, total sample size calculated. The accuracy, 
sensitivity, and specificity were calculated using MATLAB and a 
standard data set. Results: Comparison of accuracy, sensitivi-
ty, and specificity is done by independent sample t-test SPSS 
software. There is a statistically insignificant difference between 
Decision Tree Classifier and Artificial Neural Network Classifi-
ers. The Decision Tree with p=0.003, p<0.05-accuracy (0.41%), 
p=0.003, p<0.05-sensitivity (0.41%), p=0.570, p>0.05-specific-
ity (0.42%) showed better results in comparison to ANN. Con-
clusion: Decision Tree showed better accuracy, sensitivity, and 
specificity than ANN to predict Innovative Hepatitis C Detection 
in a faster way.
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tificial Neural Network Classifier, Machine learning, Accuracy, 
Sensitivity, Specificity.
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INTRODUCTION
Hepatitis C virus (HCV) is a major concern in the 

current world health scenario. This research helps in 
determining Innovative Hepatitis C Detection by ap-
plying current classifiers such as machine learning 
technologies at an early stage (Nilashi et al. 2019). 
The main importance of this work is to determine 
the presence of Innovative Hepatitis C Detection us-
ing MATLAB software because the human error rate 
is eliminated, this method is regarded as the simplest 
and most cost-effective way to forecast Innovative 
Hepatitis C Detection (Kamal 2017) (Piscaglia et al. 
2007). This research can be carried out in hospitals 
and hepatology testing facilities (Takase et al. 1993)) 
(Han et al. 2021).

About 312 Google Scholar articles and 84 Sci-
ence Direct articles were found to be relevant to this 
research carried out in recent years reporting on the 
classifiers and models created with machine learning 
techniques namely Support Vector Machine (SVM), 
K-Nearest neighbor (K-NN), Decision Tree, Artifi-
cial Neural Network (ANN) Classifiers to forecast and 
evaluate their effectiveness in terms of hepatitis dis-
ease prediction- accuracy, sensitivity, specificity (Haga 
et al. 2020). The classification accuracy if this ANN di-
agnosis system for the diagnosis of hepatitis virus was 
obtained, the accuracy was around 99.1% (Nilashi et 
al. 2019). MIN-MAX and difference transformations 
on the data set provides the accuracy of 96% accurate 
results (Yarasuri, Indukuri, and Nair 2019; Nayak et 
al. 2020) Predict with 93% probability whether a new 
patient with HCV genotype 1 will be helped by drug 
treatment (Akella and Akella, n.d.; Braz et al. 2021). 
There are six genotypes in HCV, out of which 70% of 
HCV patients become infected by genotype 1, 20% of 
patients become infected by genotype 2, and approxi-
mately 1% by other genotypes each (Said, El Hefnawi, 
and Abdalla 2017). When compared to previous study 
efforts, (Yarasuri, Indukuri, and Nair 2019; Orooji and 
Kermani 2021) is thought to be more accurate in pre-
dicting Innovative Hepatitis C Detection. Our team 
has extensive knowledge and research experience that 
has translate into high quality publications (Chellapa 
et al. 2020; Lavanya, Kannan, and Arivalagan 2021; 
Raj R, D, and S 2020; Shilpa-Jain et al. 2021; S, R, and 
P 2021; Ramadoss, Padmanaban, and Subramanian 
2022; Wu et al. 2020; Kalidoss, Umapathy, and Rani 
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Thirunavukkarasu 2021; Kaja et al. 2020; Antink et al. 
2020; Paul et al. 2020; Malaikolundhan et al. 2020) 

Inefficient early detection of Innovative Hepatitis C 
Detection that eliminates human error rates is the ma-
jor key point that motivated to work on this research 
to determine the presence of Innovative Hepatitis C 
Detection at an early stage by figuring out accuracy 
(%), sensitivity (%), specificity (%). The authors were 
expertised in the field of machine learning algorithms 
and were able to undertake biomedical equipment 
comparing Decision Tree and ANN Classifiers. The 
main aim is to compare Innovative Hepatitis C Detec-
tion using the Decision Tree classifier and Artificial 
Neural Network Classifier. 

MATERIALS AND METHODS
This study was carried out at Microprocessor lab-

oratory, Saveetha School of Engineering, Chennai. 
The sample size calculation was done using previous 
study results (Yarasuri, Indukuri, and Nair 2019) us-
ing clinicalc.com by keeping alpha error-threshold by 
0.05, enrollment ratio as 0:1, 95% confidence interval, 
G power at 80%. Group 1 was Decision Tree (N=22) 
and group 2 was ANN (N=22). The total sample size 
was 44.

Before applying the machine learning model to 
the Innovative Hepatitis C Detection datasets ob-
tained from kaggle, they must be analysed. The mod-
ified dataset is given for training and testing. Data 
processing includes the removal of missing data, the 
replacement of null values with mean or median val-
ues, and the standardization of data. Decision Tree 
and ANN Classifiers are fed preprocessed datasets 
with features. From the total sample size, 75% of the 
data is used for training, while the remaining 25% is 
used for testing.

For checking the Decision Tree and ANN Classifi-
ers, the proposed work utilizes the MATLAB frame-
work version R2021a. The Classifiers are executed us-
ing the programming tool. This Intel Core i7 processor 
comes with 8GB of RAM. Out of the given sample size 
75% of the data, the extracted features are trained in 
the Decision Tree and ANN Classifiers.Large number 
of iterations are done for a better outcome. After train-
ing the classifier,random test data is given to the classi-
fier for accurate identification of classes. The accuracy 
(%), sensitivity (%), and specificity (%) of the con-
fusion matrix were determined later. The processed 
dataset is given for training and testing. 

Statistical Analysis
To validate the results of both machine learning 

classifiers, statistical analysis was done using IBM-
SPSS software. As the two classifiers are independent 
to each other, independent samples t-test was per-
formed for the three independent variables accuracy, 
sensitivity, and specificity. 

RESULTS
In this study, matlab programming, the Decision 

Tree appeared to have improved accuracy (0.41%), 
sensitivity (0.41%), and specificity (0.42%). Fig 1 de-
picts that the mean of accuracy, mean of sensitivity, 
mean of specificity by classifiers of the Decision Tree 
is more compared to ANN. Table. 1a shows the accu-
racy, sensitivity, specificity of Innovative Hepatitis C 
Detection and normal blood samples by using Deci-
sion Tree classifier. Table. 1b shows the accuracy, sen-
sitivity, specificity of Innovative Hepatitis C Detection 
and normal blood samples by using Artificial Neural 
Network Classifier. 

Table 1a
Hepatitis C and Normal blood samples using Decision Tree 
classifier

Samples Accuracy Sensitivity Specificity
1 0.45 0.45 0.45
2 0.38 0.39 0.38
3 0.38 0.36 0.4
4 0.52 0.52 0.52
5 0.40 0.40 0.40
6 0.5 0.5 0.5
7 0.34 0.31 0.36
8 0.31 0.3 0.37
9 0.36 0.36 0.36
10 0.45 0.45 0.45
11 0.52 0.52 0.51
12 0.45 0.45 0.45
13 0.39 0.39 0.38
14 0.35 0.35 0.37
15 0.38 0.38 0.39
16 0.48 0.48 0.47
17 0.35 0.35 0.37
18 0.40 0.41 0.4
19 0.47 0.48 0.45
20 0.45 0.45 0.45
21 0.45 0.46 0.43
22 0.40 0.42 0.38
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There appears to be a statistically insignificant 
difference between the two strategies in terms of ac-
curacy (p=0.003, p<0.05), sensitivity (0.003, p<0.05), 

specificity (0.570, p>0.05). These findings indicated 
that the Decision Tree can predict Innovative Hepa-
titis C Detection more quickly than the ANN which 
is depicted in Table 2. Table 3 shows the Comparison 
of the mean of accuracy (0.41%), sensitivity (0.41%), 
specificity (0.36%) when using Decision Tree classifier 
and the mean of accuracy (0.35%), sensitivity (0.41%), 
specificity (0.35%) when using Artificial Neural Net-
work Classifier. 

Confusion matrix shows accuracy values with 
true positive found to be 9%, false positive found to 
be 13%, false negative is found to be 14%, true nega-
tive is found to be 8%. The overall accuracy is found 
to be 44% by using the Decision Tree classifier in the 
matlab programming which can be seen in Fig. 2a. 
Also the confusion matrix shows the true positive is 
found to be 8%, false positive is found to be 14%, 
false negative is found to be 16%, true negative is 
found to be 6%. The overall accuracy is found to be 
44% by using the Artificial Neural Network Classifi-
er in the matlab programming which can be seen in 
Fig. 2b.

DISCUSSION
In Matlab programming, there is a statistically 

insignificant difference in Decision Tree Classifier 
p=0.003, p<0.05 accuracy (0.41%), p=0.003, p<0.05 
sensitivity (0.41%), p=0.570, p>0.05 specificity 
(0.42%) when compared to Artificial Neural Network 
Classifier.

Table 1b
Hepatitis C and Normal blood samples using Artificial Neural 
Network Classifier

Samples Accuracy Sensitivity Specificity
1 0.43 0.42 0.44
2 0.40 0.4 0.41
3 0.34 0.63 0.34
4 0.31 0.3 0.33
5 0.43 0.42 0.43
6 0.31 0.3 0.33
7 0.45 0.43 0.46
8 0.38 0.38 0.39
9 0.34 0.31 0.36
10 0.31 0.31 0.31
11 0.45 0.40 0.40
12 0.34 0.33 0.34
13 0.36 0.37 0.35
14 0.29 0.33 0.23
15 0.34 0.33 0.34
16 0.31 0.3 0.33
17 0.38 0.40 0.35
18 0.36 0.37 0.35
19 0.25 0.21 0.28
20 0.38 0.4 0.36
21 0.31 0.3 0.33
22 0.29 0.28 0.30

Table 2
Independent sample t-test in predicting the accuracy, sensitivity, and specificity of Innovative Hepatitis C Detection using Decision 
Tree and ANN Classifiers. There appears to be a statistically significant difference (p<0.05) in accuracy and sensitivity, insignificant 
difference (p>0.05) in specificity of both the methods.
 Leven’s test for 

equality of variance
T-test for equality of variance 95% of confidence 

interval of difference
f sig t df Sig

 (2-tailed) 
Mean dif-
ference

Std.error 
diff

lower upper

Accuracy Equal variances 
assumed

9.80 0.003 0.50 42 0.61 0.007 0.01 -0.021 0.036

Equal variances 
not assumed

0.50 33.4 0.61 0.007 0.01 -0.022 0.036

Sensitivity Equal variances 
assumed

9.81 0.003 1.17 42 0.24 0.01 0.01 -0.012 0.049

Equal variances 
not assumed

1.17 31.7 0.24 0.01 0.01 -0.013 0.049

Specificity Equal variances 
assumed

0.32 0.570 0.85 42 0.39 0.01 0.01 -0.019 0.047

Equal variances 
not assumed

0.85 41.8 0.39 0.01 0.01 -0.019 0.047
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Table 3
Comparison of mean of accuracy, mean of sensitivity, and mean of specificity by classifiers.Group statistics comparison of accura-
cy, sensitivity, specificity for Innovative Hepatitis C Detection using Decision Tree classifier and Artificial Neural Network Classifier. 
Decision Tree has higher mean compared to ANN. Decision Tree accuracy (0.41%), sensitivity (0.41%), and specificity (0.42%), ANN 
accuracy (0.35%), sensitivity (0.36%), and specificity (0.35%).

Parameter Classifier N Mean Std. Deviation Std. Error Mean
Accuracy Decision Tree classifier 22 0.4173 0.05881 0.01254

ANN classifier 22 0.3527 0.05505 0.01174
Sensitivity Decision Tree classifier 22 0.4173 0.06401 0.01365

ANN classifier 22 0.3600 0.08252 0.01759
Specificity Decision Tree classifier 22 0.4200 0.05033 0.01073

ANN classifier 22 0.3527 0.05329 0.01136

 
Fig. 1. Simple Bar graph for Decision Tree Algorithm accuracy, sensitivity, specificity rates are compared with Artificial Neural Net-
work (ANN) Algorithm. The Decision Tree Algorithm is higher in terms of accuracy (0.41), sensitivity (0.41), specificity (0.42) rates 
when compared with Artificial Neural Network (ANN) Algorithm accuracy, sensitivity, specificity rates. X-axis: Decision Tree Algo-
rithm accuracy, sensitivity, specificity rates vs Artificial Network (ANN) Algorithm. Y-axis: Mean of accuracy, sensitivity, specificity 
rates for identification of keywords +_ 1SD with 95% CI. 

 

Fig. 2a. Confusion matrix for Decision Tree classifier. True pos-
itive is found to be 9% and False Positive is found to be 13%, 
False Negative is found to be 14% and True Negative is found to 
be 8%. The overall accuracy is found to be 44%.

 

Fig. 2b. Confusion matrix for Artificial Neural Network Classifier. 
True positive is found to be 8% and False Positive is found to 
be 14%, False Negative is found to be 16% and True Negative is 
found to be 6%. The overall accuracy is found to be 44%. 
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The classification accuracy of this ANN diagno-
sis system for the diagnosis of hepatitis virus was ob-
tained, the accuracy was around 99.1% (Feldman et 
al. 2021) (Keyvan, Sohrabi, and Motiee 2021). MIN-
MAX and difference transformations on the data set 
provides the accuracy of 96% accurate results (Feld-
man et al. 2021) (Tsvetkov, Tokin, and Lioznov, n.d.) 

Hepatitis C detection technology is used in the 
healthcare industry and how it can help with more 
accurate cancer detection in the near future. As a re-
sult, this project holds a great deal of promise because 
manual forecasting can be easily converted to com-
puterized manufacturing at a low cost. Algorithms 
have been tweaked to improve accuracy in the future 
(100%). With a larger real-time dataset and the use 
of other machine learning techniques such as SVM, 
K-NN, Decision Tree, and ANN, even greater results 
can be reached. 

The outcomes are influenced by the same and small-
er sample size used for validation. If the sampling size 
and proportion of the training data set are raised, the 
results will grow accordingly as well. It is sensitive to 
data structure and memory constraints on a local level. 

CONCLUSION
When compared to ANN, the Decision Tree pro-

vided improved accuracy (0.41%), sensitivity (0.41%), 
and specificity (0.42%) outcomes in this Innovative 
Hepatitis C Detection study. In contrast to other algo-
rithms, the algorithm’s performance improved as the 
amount of data rose. In clinical settings such as hos-
pitals and hepatology testing centers, this research can 
be utilized to predict hepatitis.
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ABSTRACT
Aim: This work provides an effective approach to detect liver 
disorder using customised SVM algorithm in comparison with 
random forest algorithm to measure accuracy. Materials & 
Methods: For identification of effective approaches to detect 
liver disorder, the customised SVM algorithm is used compara-
tively with the random forest algorithm which is an existing al-
gorithm. The number of samples used in each group is 20. Pre-
test analysis was done from clinical.cal.com by keeping G-power 
at 80%, threshold at 0.05% & confidential interval 95%. Result: 
This is an innovative liver disorder detection method and it is 
observed that the customised SVM algorithm is much better 
than random forest algorithm. Each sample gives different ac-
curacies where customised SVM have better mean accuracy 
93.80% which is greater than random forest algorithm 91.25%. 
The statistical results are also provided where SVM and random 
forest algorithms have statistical insignificance different values 
p=0.176 i.e., p>0.05 (Independent sample T-test). Conclusion: 
This study concludes that the random forest algorithm is having 
less accuracy value when compared to customised SVM algo-
rithm 93.80%. By this study the effective approach for detection 
of liver disorder was determined.
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INTRODUCTION
Liver disorders and liver cancers are common 

nowadays. Liver disorders are deadly diseases and the 
detection and determination of liver disorders at ini-
tial stages are vital and when untreated it causes liv-
er cancer. An abnormal development of cells is called 
cancer. It is usually the result of a specific cell that is 
infected, causing the cells to lose control components, 
causing the abnormal development, contaminating 
nearby tissues, spreading to other parts of the body 
(Vadali, Deekshitulu, and Murthy 2019). A primary 
liver cancer called Hepatocellular Carcinoma (HCC) 
is the second most common cause of cancer-related 
deaths worldwide; early stages of liver carcinoma have 
a survival rate of 80%, and recovery from liver cancer 
depends largely on the time of diagnosis. As an ear-
ly detection and monitoring of HCC disease, support 
vector machines (SVM) have been mostly used as an 
effective approach to segment and classify retinal lay-
ers based on cross-sectional visualisation of the optical 
coherence tomography imaging modality (Zhu et al. 
2020). In computing, Artificial Intelligence (AI) refers 
to the use of computer knowledge to simulate intelli-
gent behaviour and innovative liver disorder detection 
methodology with nominal human involvement. Ma-
chine learning is a subset of AI techniques. A machine 
learning predictive model is an effective approach to 
diagnose chronic diseases. Chronic diseases account 
for a large portion of international health costs. Pa-
tients with chronic diseases require lifelong treatment. 
AI refers to the use of automated diagnosis process-
es in medicine, as well as the treatment of those who 
need medical attention (Battineni et al. 2020). Liver 
cancer takes place because of the incorporation of ge-
netics, hepatitis B and hepatitis C virus. Tumours are 
of two sorts – kind and dangerous. A kind tumour isn’t 
cancerous, it can be removed and it’ll not come back 
after expulsion. Malignant stage is critical and is also 
known as hepatocellular carcinoma or malignant hep-
atoma. The tree classifier result has been analysed with 
a random forest algorithm and evaluated towards per-
formance (accuracy, precision and recall) and error 
analysis (Tiwari, Chakrabarti, and Chakrabarti 2018). 
The various machine learning methods are carried 
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out and compared to get the best algorithm. The best 
predictions are carried out to produce three models 
and the machine learning algorithms are worked with 
the predictions of each of the three models (Sorino et 
al. 2020).Our team has extensive knowledge and re-
search experience that has translate into high quality 
publications (Chellapa et al. 2020; Lavanya, Kannan, 
and Arivalagan 2021; Raj R, D, and S 2020; Shilpa-Jain 
et al. 2021; S, R, and P 2021; Ramadoss, Padmanaban, 
and Subramanian 2022; S. Wu et al. 2020; Kalidoss, 
Umapathy, and Rani Thirunavukkarasu 2021; Kaja et 
al. 2020; Antink et al. 2020; Paul et al. 2020; Malaikol-
undhan et al. 2020) 

Many articles have been published on detection 
of liver disorders using the SVM algorithm since the 
last 5 years. In IEEE xplore 13 articles were published 
and in science direct 54 articles were published from 
the last 5 years. A medical healthcare condition that 
accompanies liver disorder is named as liver cancer. 
Liver disorders lead to sudden health changes like he-
patocellular carcinoma that accurately administers the 
working of the liver and assists in influencing other 
organs within the body. Machine learning strategies 
can be utilised to urge the result of a test with unclear 
degree of accuracy. Data mining classification tech-
niques like Decision Tree, Support Vector Machine, 
Fine Gaussian and Linear Discriminant algorithms 
are some effective approaches to be applied (Gogi and 
Vijayalakshmi 2020). This research presents an auto-
mated approach for segmenting the liver image from 
abdominal computed tomography imaging and clas-
sifying it as normal or pathological. The goal of this 
research is to create computer-aided liver analysis 
which can segment and classify the liver for assisting 
physicians in treatment, planning and surgery. The 
feature vectors are given as input to train the support 
vector machine classifier, to classify healthy or un-
healthy liver. The classifier performances are assessed 
and analysed using various quality metrics like accu-
racy, sensitivity, specificity and misclassification rate 
(Muthuswamy 2019). To detect the liver among over-
lapping organs and tissues in a CT picture, the sug-
gested strategy employs a learning approach called 
support vector machine classifier. It also employs a 
systematic strategy for identifying and extracting liv-
er lesions or tumours utilising picture smoothing and 
refining techniques. Some innovative liver disorder 
detection methods entailed extracting the lesion using 
a common reference point as a backbone (Madhu and 

Ganapathy 2021). Advanced data mining techniques 
are utilised in medical research and to uncover knowl-
edge in databases. This article looked into diabetes, 
tumours and liver disease prediction systems using 
a larger number of input variables. On the diabetes, 
tumour, and liver disease datasets, the data mining 
classification algorithms, support vector machine and 
random forest are examined (Jatav and Sharma 2018). 

The accuracy in detecting the liver disorder us-
ing existing algorithms is found to be very low and 
the mean accuracy is also low. This necessitated con-
ducting research as part of this project. As a result, the 
goal of this paper is to present an innovative machine 
learning model, where the forecast accuracy is higher.

MATERIALS AND METHODS
This work is carried out in Saveetha School of En-

gineering at BioMedical Engineering Department. On 
the basis of ethical approval this work is only based on 
human disease datasets instead of working on human 
body samples. Total number of groups performed in 
this work is two. The total number of sample sizes 
required for comparison of a customised SVM algo-
rithm with random forest algorithm in diagnosis of 
liver disorder is twenty. Pre-test analysis was also done 
from clinical.cal.com (Jaganathan, Tayara, and Chong 
2021) by keeping G-power at 80%, Threshold at 0.05% 
& confidential interval is 95%.

This work is mainly based on machine learning al-
gorithms in which different sets of patients’ liver image 
datasets were taken and processed. The two sample 
groups were taken in which the two machine learning 
algorithms were compared on diagnosis of liver disor-
der; they are customised SVM algorithm and random 
forest algorithm. For the group 1 and group 2 samples, 
the input images were taken from kaggle.com website.
The support vector machine is a widely used innova-
tive liver disorder detection method and regression 
prediction tool that uses machine learning techniques 
to enhance predicted accuracy while avoiding over-
fitting the data. Overfitting of the data must always 
be avoided when using a superior learning approach 
(AhmedK, Aljahdali, and Hussain 2013).

Overall testing setup was done on a computer us-
ing MatLab a2014 software. Testing procedures were 
carried out by obtaining datasets from Kaggle.com. 
The images were then given to groups I and II for sim-
ulation, and the output was executed. The obtained 
output data values were noted. 
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Statistical Analysis
The statistical analysis was carried out by using the 

SPSS software. The significance is evaluated by using 
the independent t-test. The independent variables are 
input images and the dependent variable is accuracy. 
The analysis is carried out under an independent sam-
ple T-test. Using the SPSS software the standard devia-
tion, standard error of mean were also evaluated.

RESULTS
In this work, it is observed that the innovative liver 

disorder detection method using customised support 
vector machine algorithm is much better than random 
forest algorithm. The MRI and CT images of liver dis-
orders are taken from kaggle.com and processed in 
MatLab a2014 software. The accuracy for SVM and 
random forest is obtained and it is found that the 
SVM algorithm provides an highest accuracy value of 
94.41%.

From Table 1. the accuracy of 20 samples was com-
pared between customised SVM and random forest 
algorithm. Each sample gives different accuracies 
where customised SVM gets a better accuracy value of 
94.41% which is greater than random forest algorithm 
91.93%.

In Table 2. the statistical analysis of group 1 pro-
vides SVM mean accuracy as 93.80%, standard devi-
ation as 0.54239 and standard error mean as 0.12128. 
whereas group 2 random forest mean accuracy is 
91.25%, standard deviation is 0.46113 and std. error 
mean is 0.10311. The independent sample t-test is per-
formed which is shown in Table 3. On the basis of in-
significance difference the p value obtained was 0.176 
i.e., p>0.05.

Figure 1 (a) is the sample original image that is giv-
en as input to both the algorithms. In Fig. 1 (b) the 
original image is converted into a binary image. The 
binary images are images that have been quantised to 
two values, usually denoted as 0 and 1. By changing 
the pixel values the binary image is converted into a 
filtered image which is depicted in Fig. 1 (c). The out-
put image using customised SVM algorithm is depict-
ed in Fig. 1 (d) and in Fig. 1 (e) the output image by 
using random forest algorithm is shown.

In Fig.2. the performance analysis of SVM and ran-
dom forest are denoted by its accuracies. Performance 
analysis compares the mean accuracy values of SVM 
and random forest algorithm. In Fig.3. by comparing 
SVM and random forest algorithms in IBM-SPSS soft-

ware the predicted accuracy value is provided in the 
bar graph. 

DISCUSSION 
This study clearly observes that the customised 

SVM algorithm is much better than random forest 
algorithm on diagnosis of liver ailments. This work 
gives p value greater than 0.05 where the obtained p 
value is 0.176, which shows statistically insignificant 

Table 1
The accuracy of liver disorder samples using customised SVM 
and random forest algorithms. The maximum accuracy of 
the support vector machine algorithm has a value of 94.41% 
whereas the maximum accuracy of random forest is 91.9%.
SAMPLES SVM  

Accuracy (%) 
RANDOM FOREST  

Accuracy (%) 
1 93.49 90.53
2 94.20 91.93
3 93.42 91.62
4 94.41 91.24
5 94.39 90.73
6 94.23 91.05
7 93.92 91.45
8 94.39 91.82
9 93.02 91.32
10 93.90 91.49
11 94.49 91.69
12 93.56 91.38
13 92.72 90.27
14 93.55 91.22
15 93.76 91.41
16 93.39 91.47
17 93.00 90.32
18 94.33 91.52
19 94.40 91.26
20 93.50 91.28

 

Table 2
Statistical analysis of SVM and random forest algorithm.The 
group statistics provides mean, standard deviation and stan-
dard error mean of the accuracy for a total sample of 40. The 
customised SVM algorithm has better accuracy than random 
forest algorithm.

GROUP STATISTICS
Accu-
racy

Group N Mean Standard 
deviation

Standard 
error 
mean

SVM 20 93.8035 .54239 .12128
Random forest 20 91.2500 .461113 .10311
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difference. Diverse innovative calculations are intro-
duced for malignant growth illness forecast. 

In a variety of medical applications, classification al-
gorithms are frequently used. The goal of classification 
is to create a model that can predict the class labels of 
unknown data. Various machine learning approach-
es and innovative liver disorder detection methods 
have been used by a number of researchers to detect 

liver problems in an automated manner. The majority 
of these methods depend on textural analysis of ultra-
sound images using statistical characteristics, which is 
then followed by a machine learning classifier such as a 
support vector machine, random forest or hierarchical 
classification (Hamid et al. 2017). Two different algo-
rithms are taken for the purpose of classification of the 
liver patients data values gained from the AP dataset. 

Table 3
Independent sample t-test analysis on liver disorder diagnosis using IBM-SPSS software. The mean standard deviation and signif-
icance difference of the customised SVM algorithm has better accuracy consistency with the random forest algorithm. There is a 
significant difference between two groups since p<.05 (independent T-test).
ACCU-
RACY

Levene’s Test 
for Equality of 

Variances

T-Test for Equality of Mean 95% Confidence 
interval of the 

Difference
F Sig. t df One-sid-

ed p
Two-Sid-

edp
Mean 
diff.

Std.Er-
rordiff.

Lower Upper

Equal variances 
assumed

1.898 .176 16.041 38 <.001 <.001 2.55350 .15919 2.23124 2.87576

Equal variances 
not assumed

16.041 37.041 <.001 <.001 2.55350 .15919 2.23096 2.87604

     
                               (a)                                                          (b)                                
 

             
                                (c)                                                          (d) 
 

                                     
                                                              (e)  
 
Fig. 1. The sample original image and the simulated images. 
(a) sample original image. (b) binary image. (c) filtered image. 
(d) simulated results using SVM algorithm. (e) Random forest 
algorithm.

 
Fig. 2. Performance analysis of SVM and random forest denot-
ed by its accuracy. Performance analysis compares the mean 
accuracy values of SVM and random forest algorithms and rep-
resents them in a bar graph.

 
Fig. 3. By comparing SVM and random forest algorithm on di-
agnosis of liver disorder, the accuracy values are represented in 
a bar graph with X axis represents customised SVM and ran-
dom forest algorithms and Y axis represents the mean accuracy 
with +/-2SD
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The calculations have been surveyed based on their 
performance, accuracy, exactness and recall. It per-
formed boosting methods on the classifying calcula-
tions for the headway of the result. The last stage gave 
superior and improvised datas of accuracy (Veena et al. 
2018). The point of this work is to clarify the methods 
of expectation of inveterate liver disease from heredi-
tary microarrays to the computer science community 
in an exertion to direct machine learning effects in that 
heading. It also proposes several attempted and tired 
human bodies of trillions of cells which are indistin-
guishable for the fourmost portion in structure and 
shape (Sontakke, Lohokare, and Dani 2017) (Reza et 
al. 2021). The naive bayes and support vector machine 
techniques were employed in this study of SVM. The 
performance variables, such as classification accuracy 
and execution time are used to compare these classifi-
er algorithms. According to the findings of the experi-
ments the SVM is a better classifier for predicting liver 
disorders (Jatav and Sharma 2018) 

Some of the articles give the opposite result as the 
random forest algorithm shows better accuracy. The 
findings indicate that machine learning algorithms 
are well adapted for predicting fatty liver disorder in 
a meaningful way. Fatty liver disease is a common 
critical illness consequence that is linked to increased 
mortality and morbidity. Traditional diagnostic and 
treatment plans have become less popular in recent 
years. To decrease the possibility of mistakes, categori-
zation methods are required. It will assist clinicians in 
making appropriate judgement in a timely way (C.-C. 
Wu et al. 2019). The main goal in this proposed study 
is to develop an efficient liver disease categorization 
system. On the Indian liver patient disease data set, 
the authors employed random forest, support vector 
machine and adaboost techniques, with random for-
est providing the best accuracy of 93% (Pahari and 
Choubey 2022). 

The limitations of this work is during testing and 
training the datasets, the data inequality has been a 
major issue. Equal number of standard images with 
balanced data should be provided to avoid the issue. In 
future study artificial intelligence based methods can 
be provided to determine the characteristics of patients.

CONCLUSION
This study concludes that the random forest RF al-

gorithm is having less accuracy value when compared 
to customised SVM algorithm 93.30%. The effective 

approach of this innovative liver disorder detection 
method provides better accuracy for detection of liver 
disorder when compared to other classifiers.
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ABSTRACT
Aim: The ultimate aim of this work is to show the better mean 
accuracy of CNN algorithm in comparison with random forest 
algorithm on detection of liver disorder. Materials & Methods: 
For identification of effective approaches to detect liver disorder, 
the conventional neural network algorithm is used comparatively 
with the random forest algorithm which is an existing algorithm. 
For each group sample size is taken as 20 and total sample size 
is taken as 40. Sample size calculation was done using clincalc.
com by keeping g-power at 80%, confidence interval at 95 % 
and threshold at 0.05 %. Result: By this innovative liver disorder 
detection method, it is concluded that the random forest algo-
rithm is much lower than CNN algorithm in predicting the liver 
disorder. Each sample shows different accuracy values, the over-
all mean accuracy values shows that the CNN algorithm is having 
greater accuracy of 95.86% than the random forest algorithm 
which is having 93.88% on analysis of liver disorder approach. 
For CNN and random forest algorithms the statistical significance 
of different values is p=0.001 i.e., p<0.05 (Independent sample 
T-test) provided by statistical results. Conclusion: On analysis of 
liver disorder it is clearly known that the CNN algorithm shows 
better mean accuracy value then random forest algorithm. The 
CNN algorithm shows the accuracy of 95.86% and random forest 
shows the accuracy of 93.88%.
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CNN algorithm, Random forest Algorithm, Liver disorder, Arti-
ficial intelligence, Deep learning, Innovative Liver disorder de-
tection.
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INTRODUCTION
Patients with liver illness are on the rise, and the 

disease’s signs are difficult to spot. As a result of the 
fact that many patients have liver damage yet appear 
to be healthy, many doctors fail to identify the condi-
tion. Failure to detect can lead to the wrong medicine 
and therapy. As a result, precise detection is required 
to assist the medical practitioner in providing appro-
priate medicine and medical therapy. Dimensionality 
reduction is accomplished using Modified Principal 
Component Analysis in the suggested study (Jeyal-
akshmi et al. 2021). Using Artificial intelligence, an 
innovative liver disorder detection method has been 
used to analyse pictures and diagnose hepatocellular 
carcinoma HCC and liver masses using Convolutional 
Neural Networks CNN. CNN is a deep learning like 
machine learning algorithm, has proven its capacity 
to recognise certain characteristics that can diagnose 
pathological lesions. Deep learning in conventional 
neural networks is utilised for pattern classification 
of images and it works under the strategies of artifi-
cial intelligence (Yasaka et al. 2018). Classification of 
liver diseases and liver masses at early stages plays a 
major role in patients’ lives. The conventional neural 
network performs the classification and diagnosis of 
Computer Tomography (CT) images with acceptable 
range of threshold values. Using a perceptual hash 
function with CNN algorithm a hybrid model called 
fused perceptual hash based CNN is performed. For 
CT images the proposed method is used for design-
ing and differential diagnosis from benign to malig-
nant masses for liver disorders is performed (Özyurt 
et al. 2019). For many clinical applications the proper 
liver segmentation is a key step for innovative liver 
disorder detection and for computer-assisted diagno-
sis. Segmentation of the liver is still challenging due 
to its complex anatomy and the presence of patholo-
gies, and its diverse shape. This article presents a new 
two-step DSL model for liver detection and segmen-
tation (Tang et al. 2020). The unhealthy liver tissues 
and damaged tissues caused the major liver disorders, 
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whereas the major mortality rate of liver disorders 
are increasing nowadays. Every disorder can be cured 
when it is identified initially. At the initial stage the 
liver infections are weak and it can be easily curable. 
So the author proposes a technique to segment the liv-
er tissues and lesions from the computer tomography 
image and the technique employed for segmentation 
was conventional neural networks that have proven 
good results in variety of tasks (Bueno 2017).Our team 
has extensive knowledge and research experience that 
has translate into high quality publications (Chellapa 
et al. 2020; Lavanya, Kannan, and Arivalagan 2021; 
Raj R, D, and S 2020; Shilpa-Jain et al. 2021; S, R, and 
P 2021; Ramadoss, Padmanaban, and Subramanian 
2022; Wu et al. 2020; Kalidoss, Umapathy, and Rani 
Thirunavukkarasu 2021; Kaja et al. 2020; Antink et al. 
2020; Paul et al. 2020; Malaikolundhan et al. 2020) 

From the past 5 years, a total of 650 articles are pub-
lished in google scholar among them 180 are posted in 
Science Direct and 200 are in Scopus. The Comput-
er Aided Diagnosis (CAD) on liver disease and liver 
cancer are mainly based on traditional feature engi-
neering methods. These methods are situated to sev-
eral drawbacks such as lower accuracy obtaining and 
high computational cost. Nowadays these drawbacks 
are overcomed by utilising deep learning models by 
getting large scale medical image data from implicit-
ly capturing intricate structures (Ghoniem 2020) and 
also with Artificial Intelligence techniques. It is also 
used to estimate the benefits of additional information 
present in CT image datasets. When utilising convo-
lutional neural networks for completely programmed 
localisation and classification of liver injuries in CT 
pictures, CNN needs a high amount of training sam-
ples to identify the liver disorders. In CNN method 
the initial stage takes place the localisation process and 
the second stage does the classification process of liver 
lesions (Shapira et al. 2020). In this method 2D and 3D 
values of MRI and CT images for patients with hepa-
tocellular carcinoma are taken for classifying liver dis-
orders in fully trained conventional neural networks. 
The probability calibration and classification are im-
proved by using embedded decision-based informa-
tion (Zhang et al. 2020). The authors propose a ran-
dom forest classifier for distinguishing acceptability of 
liver MR pictures utilising handcrafted property and 
profound convolutional neural systems, and analyse 
the relative part of these two components in connec-
tion to the preparing test estimate. The HC highlights, 

particularly created for this application, incorporate 
gaussian blend models, Euler characteristic bends and 
surface investigation (Lin et al. 2020).

The existing algorithms are found to be giving less-
er mean accuracy values on diagnosis of liver disorder. 
This necessitates to work on this research. Hence, the 
aim is to give better accuracy on the process of inno-
vative liver disorder detection.

MATERIALS AND METHODS
This study was carried out at the Department of 

BioMedical Engineering in Saveetha School of Engi-
neering, Chennai. On the basis of an ethical approach, 
human samples are not used and this works on human 
liver images. Two groups are used to analyse the accu-
racy prediction of liver disorder. Group 1 denotes the 
CNN algorithm and Group 2 denotes random forest 
algorithm. For each group there are 20 samples taken 
and processed in MatLab a2014 software. A total of 40 
samples are taken and processed. By keeping g-power 
at 80%, Confidential interval at 95% and threshold at 
0.05% the pre-test analysis was done.

Conventional neural network is a class of artificial 
neural networks that have been widely used in bio-
medical and clinical research (Azer 2019). Group 1 
samples are preprocessed under the CNN algorithm. 
In group 2, samples are preprocessed under the ran-
dom forest algorithm. The aim of this work is to ob-
tain the better accuracy value of CNN algorithm in 
comparison with random forest algorithm. It is mainly 
based on the Machine learning process in which dif-
ferent images are taken and given in MatLab a2014 
software for preprocessing. For sample preparation 
the group 1 sample images are taken from the kaggle.
com website. For group 2 the sample images are taken 
from the kaggle.com website.

Overall training process was done on a computer 
software named MatLab a2014 with all add-ons in-
stalled. 

Statistical Analysis
The statistical analysis was carried out by using 

the SPSS software. The significance is evaluated by 
using the independent t-test. The independent vari-
ables are input images and the dependent variable is 
accuracy. The analysis is carried out under an inde-
pendent sample T-test. Using the SPSS software the 
standard deviation, standard error of mean were also 
evaluated.
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RESULTS
In this work it has been observed that the conven-

tional neural network algorithm is much better than 
the random forest algorithm on the basis of observa-
tion on liver disorder diagnosis. The dataset values 
are taken as images of liver disorder from Kaggle.com 
website. The liver disorder image values are given to 
the MatLab a2014 software. From the software the ac-
curacy values are obtained for CNN and random forest 
algorithms. From the output it clearly shows that CNN 
algorithm gives a better mean accuracy of 95.86% than 
the random forest algorithm of 93.88%.

In Table 1 the comparison of CNN algorithm with 
random forest algorithm for 20 samples with their ac-
curacy value is shown. CNN algorithm shows a max-
imum accuracy value of 96.70% and random forest 
algorithm shows the maximum value of 94.91%.

In Table 2 the statistical analysis for group 1 which is 
CNN,the mean accuracy value is 95.86%, standard de-
viation is 0.51617 and standard error mean of 0.11542 
is depicted. The mean accuracy value of 93.88%, stan-
dard deviation of 0.75985 and standard error mean of 

0.16991 are obtained from statistical analysis of group 
2 random forest algorithm in IBM-SPSS tool. From 
Table 3 the significant p value obtained is 0.001 i.e., 
p<0.05,which is observed from IBM-SPSS software on 
analysis of mean accuracy using T-test for equality of 
variances and means keeping equal variances. 

Figure 1 shows the performance analysis of the two 
algorithms. The performance analysis is the different 
accuracy values obtained by analysing the different 
samples which are different images given to both the 
algorithms. The mean accuracy values of CNN and 
random forest algorithm are compared and plotted in 
a graph by using Microsoft Excel. In Fig.2a a sample 
image is shown which is given as input to the algo-
rithms. Figures 2b and 2c shows the binary and fil-
tered image. Figures 2e and 2f show the output images 
for CNN and random forest algorithm respectively. In 
Fig. 3. the bar graph depicts the mean accuracy value 
of CNN and random forest algorithm in detection of 
liver disorders. This is carried out in IBM-SPSS soft-
ware to conclude which is working better. In the bar 
graph the CNN mean accuracy is greater than random 
forest. It clearly shows that CNN algorithm is having 
greater mean accuracy than random forest algorithm 
on diagnosis of liver diseases. 

DISCUSSION
New image analysis techniques, such as deep learn-

ing, are now being researched extensively. These ma-
chine learning techniques allow computers to create 
effective categorization features on their own. Con-
volutional neural networks have been shown to be 
effective in tackling a variety of medical image pro-

Table 1
The accuracy values of CNN and random forest for different 
input samples are shown. CNN algorithm shows a maximum 
accuracy value of 96.70% and random forest algorithm shows 
the maximum values of 94.91%.

SAMPLES CNN
Accuracy (%) 

RANDOM FOREST
Accuracy (%) 

1 95.10 94.91
2 95.69 93.52
3 95.05 94.06
4 96.01 93.69
5 96.06 94.95
6 96.55 93.38
7 95.31 93.21
8 95.38 93.28
9 96.00 93.37
10 95.40 91.52
11 95.75 93.73
12 96.70 93.82
13 95.33 93.90
14 95.75 93.62
15 95.32 93.00
16 96.31 93.52
17 96.59 94.62
18 95.54 94.38
19 95.50 93.51
20 95.78 94.11

Table 2
Statistical analysis of CNN and random forest algorithms are 
measured. For CNN 20 samples are taken and for random for-
est 20 samples are taken. For a total of 40 samples the group 
statistics provides the mean accuracy, standard deviation and 
standard error mean are observed.

Accu-
racy

Group N Mean Stan-
dard 

devia-
tion

Stan-
dard 
mean 
error

CNN 20 95.7460 .47735 .10674

Random forest 20 93.7050 .74923 .16753
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cessing issues. CNN uses convolutional filters to con-
vert input pictures into a single decision variable as 
an output, which generally displays the input image 
label. The area under curve value for the Grey Level 
Co Occurrence Matrix GLCM-based technique was 
0.892, which was substantially lower than the CNN-
based method. The CNN-based method produced 
significantly better outcomes than the GLCM-based 
method. The CNN-based technique outperformed 
the GLCM-based approach by a wide margin. The 
CNN features were beneficial in that they allowed for 
efficient classification and regression model training 
(Byra et al. 2018). The authors described a strategy for 
improving performance on a medical problem with 
little data by generating synthetic medical pictures for 
data augmentation. Synthetic augmentation outper-
formed conventional augmentation by 7% on a clas-
sification assignment. A CNN-based architecture was 
introduced that delivers state of the art results for the 
liver lesion classification job. The authors in the arti-
cle proposed that syntax can help with various medi-
cal imaging issue enhancement, and that this strategy 
can lead to better and more resilient results support 

Table 3
The diagnosis of liver disorder values by processing independent sample t-tests on SPSS software. The mean standard deviation 
and significance difference of the random forest algorithm had low accuracy consistency then CNN algorithm. There is a significant 
difference between two groups since p<0.05 (Independent t-test).

ACCU-
RACY

Levene’s Test 
for Equality of 

Variances

T-Test for Equality of Mean 95% Confidence 
interval of the 

Difference
F Sig. t df One-sid-

ed p
Two-Sid-

edp
Mean 
diff.

Std.Error-
diff.

Lower Upper

Equal variances 
assumed

0.941 .338 10.275 38 <.001 <.001 2.04100 .19865 1.63886 2.44312

Equal variances 
not assumed

10.275 32.243 <.001 <.001 2.04100 .19865 1.63649 2.44553

 Fig. 1. The performance analysis of CNN algorithm and random 
forest algorithm by its mean accuracy. The comparison of accu-
racy values of CNN and random forest algorithm depicts CNN 
outperforms random forest algorithm.

 
(a)                                                    (b) 

 

 
(c)                                                      (d) 

 

 
(e) 

 
 

Fig. 2. The sample image and the simulated output image. (a) 
Sample image (b) binary image (c) filtered image (d) Simulated 
image by CNN (e) simulated image by random forest algorithm.

 

Fig. 3. The mean accuracy values of CNN algorithm and random 
forest algorithm comparison on liver disorder analysis was plot-
ted in a bar graph with X axis representing CNN and random 
forest algorithms and Y axis representing the mean accuracy 
with +/-2SD. The graph denotes that CNN algorithm has shown 
better mean accuracy value than random forest algorithm.
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systems for radiology (Frid-Adar et al. 2018). Using 
a multi-channel and multi-scale CNN procedure, the 
authors present a method for detecting different-sized 
liver tumour candidates in multiphase CT images. 
When compared to existing approaches, experimen-
tal results showed that the CNN method can improve 
recall scores and dice coefficient while reducing the 
number of average false positives (Todoroki et al. 
2019). A convolutional neural network-based tech-
nique for detecting metastatic liver cancer using X-ray 
CT images is also proposed. The suggested technique 
combines three types of generation methods to pro-
duce diverse lesion images: (1) Poisson Blending syn-
thesis, (2) CT value distribution generation, and (3) 
deep convolutional generative adversarial networks 
production (DCGANs). The proposed strategy im-
proved the detection rate by 0.30 from 0.65 to 0.95, 
and the number of false detections per instance by 
0.70 from 0.90 to 0.20, according to the findings of the 
experiments. And it confirmed the efficacy of the pro-
posed method based on the findings (Doman, Koni-
shi, and Mekada 2020) 

In this article the suggested method divides photos 
of liver tumours into benign and malignant catego-
ries, then divides images of brain tumours into me-
ningioma, glioma, and pituitary tumours. The feature 
vector of the images is acquired from the pre-trained 
AlexNet CNN architecture in the hybrid Convention-
al Neural Network–Discrete Wavelet Transforma-
tion–Long Short Term Memory (CNN-DWT-LSTM) 
approach. Two datasets are used in it and the accura-
cy value demonstrated that CNN has better accuracy 
than remaining algorithms on liver tumour diagnosis 
(Kutlu and Avcı 2019). In CT examination, the re-
searchers demonstrated an automated fully convolu-
tional network for liver segmentation and detection 
of liver metastases. There are a few options, state-of-
the-art sparse dictionary classification approaches and 
patch-based CNNs were put to the test. The fully con-
nected networks with data augmentation, neighbour 
slices, and suitable class weights produced the greatest 
outcomes, according to the findings. Here only a tiny 
dataset is available, hence a 3-fold cross-validation for 
the tests is used and the results of the detection are 
promising (Ben-Cohen et al. 2016).

Equal number of images with standard datas is a 
major limitation for this research work. This will be 
a major issue during preprocessing and filtering tech-
niques. The characteristics of patients is also an issue. 

In the future, innovative artificial intelligence tech-
niques can be involved to avoid these limitations.

CONCLUSION
On analysis of liver disorder it is clearly known 

that the CNN algorithm shows better mean accuracy 
value then random forest algorithm. The CNN algo-
rithm shows the accuracy of 95.86% and random for-
est shows the accuracy of 93.88%.
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ABSTRACT
Aim: An effective approach to detect liver disorder using KNN 
algorithm in comparison with decision tree algorithm to mea-
sure accuracy. Methods and Materials: For identification of 
effective approaches to detect liver disorder, the KNN algo-
rithm is used comparatively with the decision tree algorithm 
which is an existing algorithm. The number of samples used 
in each group is 20. Result: It is discovered that the K- near-
est neighbor (KNN) algorithm gives better mean accuracy than 
the decision tree algorithm. Each sample has a distinct level of 
accuracy, with KNN algorithm having a maximum accuracy val-
ue of 95.75%, which is higher than the decision tree algorithm 
93.40%. The statistical results show that the KNN algorithm and 
decision tree algorithms have distinct statistical significance 
levels of p=0.001, i.e., p<0.05 (independent sample T-test). 
Conclusion: On the basis of a liver disease investigation, it is 
obvious that the K- nearest neighbor algorithm has a higher 
mean accuracy value than the decision tree method. The KNN 
algorithm has a 94.30% mean accuracy rating, whereas deci-
sion Tree has a 91.36% rating.
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INTRODUCTION
Human liver disease is a hereditary issue caused 

by drinking too much alcohol or being infected with 
a virus. If not identified in the early stages, it might 
progress to liver failure or malignancy. The suggested 
technique used a liver function test dataset to diag-
nose liver disease in its early stages. Many real-world 
datasets, including liver disease diagnosis data, have 
an issue with class imbalance. The term “imbalance” 
refers to situations in which one class number of ob-
servations is more than or equal to that of the other. 
Because they treat neighbors equally, traditional K- 
Nearest Neighbors KNN or Fuzzy KNN classifiers do 
not function well on the unbalanced dataset. To over-
come difficulties with data imbalance, the weighted 
form of Fuzzy KNN assigns a significant weight to 
the neighbor belongs to the minority class data and 
a relatively small weight to the neighbor belongs to 
the majority class data (P. Kumar and Thakur 2021) 
(P. Kumar and Thakur 2021). One of the most im-
portant aspects of automated disease and diagnostic 
prediction is data mining and artificial intelligence in 
the medical industry. Medical Data Diagnosis MOD 
entails developing data mining techniques and algo-
rithms for evaluating medical data. Tree-based, statis-
tical-based, and rule-based categorization algorithms 
were chosen as the categories for the algorithms. Vari-
ous machine learning algorithms, such as Naive bayes, 
Random forest, K-mean and K-nearest neighbors 
have been investigated for liver disease diagnostic cat-
egorization KNN (S. Kumar and Katyal 2018) (S. Ku-
mar and Katyal 2018). The goal is to create an artificial 
intelligence diagnosis system that examines the liver 
patient dataset using Principal Component Analysis 
PCA and KNN approaches. The model uses a mix of 
PCA and KNN for feature extraction and classifica-
tion, respectively. The accuracy, sensitivity, specificity, 
positive predictive value, and negative predictive val-
ue of the proposed system’s predictions are compared 
using statistical metrics. The model achieved amazing 
sensitivity and specificity in addition to better accura-
cy rates, which was a difficult challenge considering 
the unequal dispersion across attribute values in the 
database (Singh and Pandey 2018) (Singh and Pandey 
2018). KNN is a popular classification and regression 
method that uses similarity measurements as its basis. 
A variety of distance functions are used to calculate the 



Issue 25. December 2022 | Cardiometry | 1039

similarity measure. It keeps track of different examples 
before classifying a new one based on the votes of the 
neighbors. This study describes a KNN-based intel-
ligent computational approach for evaluating the se-
verity of liver damage at four stages. The classification 
accuracy rates were compared to those of other classi-
fiers, such as Linear Discriminant Analysis (LDA), Di-
agonal Linear Discriminant Analysis (DLDA), Qua-
dratic Discriminant Analysis (QDA), and Diagonal 
Quadratic Discriminant Analysis (DQDA) (Singh and 
Pandey 2016) (Singh and Pandey 2016). The practice 
of recognising and assigning individual amounts to a 
group or a set is known as classification. The K- near-
est neighbor algorithm is a non parametric approach 
for classification and regressions in pattern recogni-
tion. The K-nearest neighbor approach is frequently 
used in data mining and machine learning because it 
is simple to implement while providing excellent re-
sults (Pandey et al. 2017) (Pandey et al. 2017). 

Our team has extensive knowledge and research 
experience that has translate into high quality publi-
cations (Chellapa et al. 2020; Lavanya, Kannan, and 
Arivalagan 2021; Raj R, D, and S 2020; Shilpa-Jain et 
al. 2021; S, R, and P 2021; Ramadoss, Padmanaban, 
and Subramanian 2022; Wu et al. 2020; Kalidoss, 
Umapathy, and Rani Thirunavukkarasu 2021; Kaja et 
al. 2020; Antink et al. 2020; Paul et al. 2020; Malai-
kolundhan et al. 2020) (Chellapa et al. 2020; Lavanya, 
Kannan, and Arivalagan 2021; Raj R, D, and S 2020; 
Shilpa-Jain et al. 2021; S, R, and P 2021; Ramadoss, 
Padmanaban, and Subramanian 2022; Wu et al. 2020; 
Kalidoss, Umapathy, and Rani Thirunavukkarasu 
2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020) 

Since the previous 5 years, many publications have 
been published on the identification of liver problems 
using the KNN algorithm. From the previous five years, 
140 papers were published in IEEE xplore, while 532 ar-
ticles were published in Science Direct. The most well 
known machine learning approach and artificial intel-
ligence methods in medical applications is categoriza-
tion, which relates the issues that arise in ordinary life. 
Classification algorithms first construct a model with 
the training data, then apply the model to the test data to 
produce a prediction. For illness diagnosis, many catego-
rization approaches have been used, and the results have 
been extremely encouraging. Several classifiers and clus-
tering methods, such as K-nearest, decision tree, random 
forest, Support Vector Machine SVM, naive bayes and 

others, can provide a solution in human ailments (Ibra-
him, Ibrahim, and Abdulazeez 2021) (Ibrahim, Ibrahim, 
and Abdulazeez 2021) It focuses on KNN algorithms, 
performance procedures to optimize the model, and cre-
ating many models step by step. The reason for using a 
KNN algorithm to identify illnesses is because it search-
es for multiple adjacent values. Increased K value looks 
at numerous nearby values before categorizing illness, 
which helps to analyze various diseases more efficiently 
(Ambesange et al. 2020) (Ambesange et al. 2020). One 
of the most important phases in knowledge discovery 
is data mining. Data mining is important for evaluating 
illness survival and for offering low-cost services to pa-
tients. With so many illnesses emerging each year, dis-
ease identification is becoming increasingly important. 
People have been afflicted with diabetes, heart disease, 
typhoid, TB, renal illness, and other ailments (Chandel 
et al. 2016) (Chandel et al. 2016). 

The present algorithm’s accuracy in identifying liv-
er disorder has been found to be quite low, with a low 
mean accuracy. This prompted to conduct a study on 
this research. Hence, the aim is to give better mean 
accuracy on the process of innovative liver disorder 
detection.

METHODS AND MATERIALS
This work is carried out in Saveetha School of En-

gineering at BioMedical Engineering Department. 
This research is based only on human illness records, 
rather than human body samples, due to ethical con-
siderations. The accuracy of liver disease prediction is 
examined using two groups. Each group consists of a 
sample size of 20. Hence, the total number of sample 
sizes implemented in comparison of KNN with the 
decision tree algorithm in analysis of liver disorder is 
40. Pre-test analysis was also performed using clini-
cal.cal.com (Hartatik et al. 2020) (Hartatik et al. 2020) 
with G-power set to 80%, threshold set to 0.05%, and 
confidential interval set to 95%

This research is mostly based on machine learn-
ing techniques that were used to process distinct sets 
of patients’ liver imaging datasets. The two machine 
learning methods K- Nearest neighbor and decision 
tree algorithm, were evaluated for identification of liver 
disorders in two sample groups. Group 1 samples are 
preprocessed under the KNN algorithm. In group 2, 
samples are preprocessed under the decision tree algo-
rithm. From kaggle.com website the input images for 
sample preparation group1 and group 2 are obtained. 
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Overall, the testing was performed on a computer 
using MatLab R2014a software with all add-ons in-
stalled. The image datasets were taken from kaggle.
com and given to the sample preparation group 1 and 
group 2. Then the next step is carried out by running 
the algorithm and the output values are gathered. 
The output values are then used for simulation of 20 
group1 and group2 iterations. The statistical analysis 
was carried out by the IBM-SPSS tool.

Statistical analysis
The statistical analysis was carried out by using the 

SPSS software. The significance is evaluated by using 
the independent t-test. The independent variables are 
input images and the dependent variable is accuracy. 
The analysis is carried out under an independent sam-
ple T-test. Using the SPSS software the standard devia-
tion, standard error of mean were also evaluated.

RESULTS
In this work it is observed that the K- nearest 

neighbor algorithm gives better mean accuracy than 
the decision tree algorithm. The image datasets of 
liver diseases are obtained from kaggle.com website. 
The variables were extracted from images of liver dis-
orders and analyzed using MatLab R2014a software. 
The IBM-SPSS statistical tool was used to compare the 
mean accuracy of KNN and decision tree algorithms 
whereas the output clearly denotes that the KNN has 
a better mean accuracy value of 94.30% and decision 
tree algorithm has 91.36%.

In Table 1. for 20 samples, a comparison of the 
KNN algorithm with the decision tree approach is 
provided, along with their accuracy values. KNN algo-
rithm shows the maximum accuracy value of 95.75%, 
which is higher than the decision tree algorithm’s ac-
curacy of 93.40%. 

For group 1, KNN mean accuracy is 94.30%, stan-
dard deviation is 1.20625, and standard error mean 
0.26973 is denoted in Table 2. Whereas group 2 deci-
sion tree mean accuracy is 91.36%, standard deviation 
is 1.16737, and standard error mean is 0.26103 are also 
shown in Table 2. In Table 3 the independent samples 
were evaluated using t-test for equality of variances 
and means with equal variances. On the basis of sig-
nificance the p value obtained was 0.001 i.e., p<0.05.

In Fig. 1 (a) the sample original image used as in-
put to both algorithms is shown. The original image 
is turned into a filtered image in Fig. 1 (b). Fig. 1 (c) 

shows the output image of the KNN algorithm, where 
Fig. 1 (d) shows the output image of the decision tree 
algorithm. The accuracy in Fig.2 represents the perfor-
mance analysis of KNN and decision tree. The mean 
accuracy values of the KNN and decision tree algo-
rithms are compared in a performance analysis. Figure 
3. The accuracy results are displayed in a bar graph to 
determine which is functioning better by comparing 
KNN and decision tree algorithms on diagnosis of liv-
er disease using IBM-SPSS software. 

Table 1
The accuracy of liver disease samples using a KNN algorithm 
and the decision tree algorithm is shown. Decision tree has a 
maximum accuracy of 93.40%, whereas KNN has a maximum 
accuracy of 95.75%.

SAMPLES KNN
Accuracy (%) 

DECISION TREE
Accuracy (%) 

1 94.62 91.56
2 92.44 90.50
3 94.32 90.20
4 94.86 90.45
5 94.35 90.23
6 92.22 90.03
7 94.78 91.34
8 94.48 91.04
9 93.13 91.03
10 92.54 90.74
11 95.41 92.53
12 95.62 93.36
13 95.36 92.93
14 95.38 92.97
15 95.75 93.40
16 93.24 90.40
17 94.90 91.40
18 92.33 90.21
19 94.84 90.41
20 95.60 92.61

Table 2
Measures values of KNN and decision tree algorithm in Statis-
tical Analysis. For a total sample of 40, the group statistics pro-
vides the mean, standard deviation, and standard error mean 
of the accuracy. The mean accuracy of the KNN algorithm is 
higher than the decision tree algorithm.

GROUP STATISTICS
Accu-
racy

Group N Mean Standard 
deviation

Standard 
error 
mean

KNN 20 94.3085 1.20625 .26973
Decision tree 20 91.3670 1.16737 .26103
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DISCUSSION
This study clearly gives the K- nearest neighbor 

algorithm shows better accuracy than the decision 
tree algorithm on innovative liver disorder detection. 
This work gives p values of 0.001. The focus in this 
period of technical developments is on using various 
machine learning and deep learning algorithms and 
artificial intelligence to tackle real-world challenges. 
One of the primary challenges that may be handled 
to a large part by using these algorithms is the current 
state of the health sector. The goal of this research is to 
anticipate liver disease in patients. There are a few key 
determining variables that are used to classify things. 
A comparative research of classification algorithms for 
the categorization of patients into two groups, namely, 
having or not having a liver problem, was conducted 
for this goal. Decision tree, random forest, naive bayes, 
and K- nearest neighbor are some of the comparison 
algorithms employed (Bhardwaj, Mehta, and Ramani 
2020) (Bhardwaj, Mehta, and Ramani 2020). Machine 
learning approaches and artificial intelligence have 
been tested on a variety of liver condition datasets us-
ing the Python programming language to determine 
the most accurate and precise illness analysis. After 
successfully executing machine learning algorithms 
on diverse liver disease datasets, the final objective of 
this inquiry is to forecast the greatest accuracy (Ram et 
al. 2021) (Ram et al. 2021).

The input features are trained using a 10-fold cross 
validation approach. For our research, we used the 
BUPA liver dataset, which was downloaded from the 
UCI machine learning library. The accuracy, positive 
predictive value, negative predictive value, sensitivity, 
specificity, and F1 score of the suggested scheme are 
all evaluated. The strategy achieves a higher training 
outcome but a lower testing result (Haque et al. 2018) 
(Haque et al. 2018). KNN classifiers are instance-based 
learning approaches that predict the class of unknown 
test data using training feature vectors. A test data’s 
classification is determined by the majority vote of its 
neighbors (training samples). As a result, the class la-
bel of training samples that surround it in bulk is ap-
plied to test data. We utilized k=5 in this study (Acha-
rya et al. 2016) (Acharya et al. 2016).

To forecast liver illness at an early stage, the re-
searchers used decision tree algorithms such as J48, 
LMT, REP Tree, decision stump, and hoeffding tree. 
Based on accuracy, Mean Absolute Error, Precision, 
recall, kappa statistics, and runtime these algorithms 

produce a variety of results. The use of a decision tree 
to forecast liver illness will aid in the management of 
people’s health. The study shows that Decision Stump 
outperforms all other strategies in terms of accuracy 
(Nahar and Ara 2018) (Nahar and Ara 2018). Using 
multilayer perceptron MLP and C4.5 decision tree 
classifiers, the useful characteristics were retrieved 
from the segmented cancerous area and categorized 
into two categories of liver cancers: Hepatocellular 
Carcinoma HCC and Metastatic Carcinoma MET. In 
terms of sensitivity, specificity, accuracy, and dice sim-
ilarity coefficient, the classifiers’ performance was test-
ed using a 10-fold cross validation approach. The ap-
proach accurately recognised the lesion with an MLP 
classifier accuracy of 89.15 percent and a C4.5 classifi-
er accuracy of 95.02 percent. This study demonstrates 
that spatial fuzzy c-means (SFCM) based segmenta-
tion with the C4.5 decision tree classifier is a viable 
method for automated classification of liver disorder 
(Das et al. 2019) (Das et al. 2019).

The data inequality has been a major limitation 
throughout testing and training the image datasets. 
To prevent this problem, an equal amount of standard 
images and balanced datas should be used. Artificial 
intelligence based approaches for determining patient 
characteristics will be available in the future. 

CONCLUSION 
This study concludes that the KNN algorithm has 

a higher mean accuracy of 94.30% when compared to 
the decision tree algorithm which is 91.36%. The ef-
fective approach of this innovative liver disorder de-
tection method provides better accuracy for detection 
of liver disorder when compared to other algorithms. 
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ABSTRACT
Aim: To process an effective approach to detect liver disorder 
using Naive Bayes algorithm in comparison with Decision tree 
algorithm to measure accuracy. Methods & Materials: There 
are 20 samples used for both groups, where group 1 is Naive 
Bayes algorithm and group 2 is Decision tree algorithm which 
are effectively used for the identification of liver disorder ap-
proach. Result: It is a novel detection method, and it has been 
discovered that the Naive Bayes algorithm performs better than 
the Decision tree algorithm. Each sample has a distinct level of 
accuracy, with Naive Bayes having a mean accuracy of 94.80%, 
which is higher than the decision tree algorithm 92.20%. The 
statistical results show that the Naive Bayes and Decision tree 
algorithms have different statistical significance levels of p=0.01, 
i.e., p<.0.05 (independent sample T-test). Conclusion: On the 
basis of a liver disorder analysis, it is obvious that the Naive 
Bayes algorithm has a higher mean accuracy value than the 
Decision tree method. The Naive Bayes algorithm has a 94.80% 
accuracy rating, while decision tree has 92.20% rating.
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INSTRUCTION
The liver is the second biggest internal organ in the 

human body, and it plays an important part in metab-
olism as well as various other vital processes, such as 
red blood cell decomposition. It is about three pounds 
in weight. The liver performs a variety of vital activities 
in the body, including digestion, metabolism, immu-
nity, and nutrition storage. The naive Bayesian model 
is simple to construct and may be used to analyse very 
large datasets. More often than not, a simple Bayesian 
classifier outperforms more advanced classification 
approaches. (Baitharu and Pani 2016). Liver consists 
of many layers which perform simple liver functions. 
Damage in layers of the liver may cause serious illness 
when untreated it may cause cancer too. Data min-
ing is a technique which performs automation and 
prediction of disease in various medical fields. Data 
mining and algorithms are created by medical data di-
agnosis for analysing medical data. The classifiers and 
algorithms are implemented for achieving accuracy, 
specificity and precision of liver disorder (Kumar and 
Katyal 2018). Problems with the liver are difficult to 
detect early on since it will continue to operate prop-
erly even if it is partially destroyed. Patients will have 
a better chance of surviving if they are diagnosed with 
liver abnormalities early on. The presence of enzymes 
in the blood can be used to identify liver disease (Ra-
mana, Surendra Prasad Babu, and Venkateswarlu 
2011). For prediction of liver disorder the proposed 
classifier algorithms are performed in this paper. The 
comparisons which are made for Naive Bayes algo-
rithm and Decision tree algorithms are performed to 
find out which algorithm suits best and can categorise 
patients suffering from liver disease. The cross valida-
tion is done through k-folds cross-validation models 
(Singh, Chahal, and Kharb 2020). The authors chose 
the naive bayes algorithm from the above problem, 
which is a classification method that compares new 
data with previously collected data, and specifically in 
this issue, it distinguishes between people who have 
hepatitis and those who have not been exposed to hep-
atitis based on the severity of symptoms they experi-
enced. Naive bayes is a classification approach for ma-
chine learning that is based on training data and uses 
conditions probability as its foundation. It has a basic 
classification level and is straightforward to apply. The 
authors picked the naive bayes algorithm as a support 
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in developing an expert system to identify liver dis-
order, based on the advantages listed above (Hartatik 
et al. 2020). Our team has extensive knowledge and 
research experience that has translate into high quali-
ty publications(Chellapa et al. 2020; Lavanya, Kannan, 
and Arivalagan 2021; Raj R, D, and S 2020; Shilpa-Jain 
et al. 2021; S, R, and P 2021; Ramadoss, Padmanaban, 
and Subramanian 2022; S. Wu et al. 2020; Kalidoss, 
Umapathy, and Rani Thirunavukkarasu 2021; Kaja et 
al. 2020; Antink et al. 2020; Paul et al. 2020; Malaikol-
undhan et al. 2020)

Since the previous 5 years, many publications have 
been published on the identification of liver problems 
using the Naive Bayes algorithm. From the previous 
five years, 113 papers were published in IEEE xplore, 
while 554 articles were published in Science Direct. 
In recent years, several approaches and methods for 
properly diagnosing various illnesses have been devel-
oped. Because there are so many different types of liv-
er disorders, the symptoms are usually specific to that 
condition until it progresses to late-stage liver disease 
and liver failure. As a result, early detection can help to 
avoid liver disease-related mortality. We examine the 
accuracy of several classification algorithms offered by 
the Statistical Analysis System SAS software suite for 
the diagnosis of liver illnesses, such as Neural network, 
Naive bayes, high performance SVM, Random forest, 
decision tree (Daş and Bihter 2020). Alcohol drink-
ing, inhalation of toxic gases, ingestion of bacterium 
or virus-contaminated foods, and medication usage 
are all contributing to an increase in liver disease pa-
tients. Many people have liver tissue damage, yet they 
have no symptoms or signs and appear to be healthy. 
To avoid acute consequences and limit the likelihood 
of long-term complications, liver disease necessitates 
ongoing medical care and self-management education 
(Alfisahrin and Mantoro 2013). Based on classification 
algorithms, classification predicts categorical class la-
bels such as positive or negative. Machine learning was 
created as a decision tree algorithm by a researcher. 
ID3 is another name for it. Statistics, data mining, and 
machine learning all use it. Bayes’ Algorithm is used 
for classification. Classification process is mainly de-
fined as diabetes disease training data and testing data 
analysed to classification algorithms. Classification 
of the data can be calculated with precise outcomes. 
Bayesian classification, Decision tree classification, 
and Rule-based classification are the most common 
classifier rules (Srikanth and Deverapalli 2016). The 

classification algorithms are performed based on the 
datasets given and the information gathered the result 
provides which algorithm denotes and performs bet-
ter solution for liver disorders and ailments (Kuppan 
et al. 2017).

The accuracy of current machine learning algo-
rithms in diagnosing liver disorder is shown to be 
quite poor, and the mean accuracy is equally low. This 
necessitated conducting research as part of this proj-
ect. As a result, the purpose of this study is to provide 
an innovative machine learning model that improves 
forecast accuracy.

METHODS AND MATERIALS
This work is carried out in Saveetha School of En-

gineering at BioMedical Engineering Department. 
On the basis of ethical concern this work is primarily 
based on human disorder images as opposed to oper-
ating on the human body. Total number of groups car-
ried out in this work is two. The overall wide variety of 
sample sizes required for contrast of naive bayes algo-
rithm with decision tree algorithm in diagnosis of liv-
er disorder is 20. Pre-test analysis was also done from 
clinical,cal,com by keeping g-power 80%, Threshold at 
0.05% & confidential interval is 95%.

This work is primarily based on innovative liver 
disorder detection in which different kinds of patients’ 
liver image datasets have been taken and processed. 
The two sample groups had been taken in which the 
two machine learning algorithms had been in com-
parison on analysis of liver disorder; they’re Naive 
bayes algorithm and decision tree algorithm. For sam-
ple preparation group 1 & 2 the input datasets were 
taken from kaggle.com website.

Overall Testing setup was done on a computer soft-
ware named MatLab a2014 with all-add-ons installed. 
Testing Procedure are the datasets which were taken 
from Kaggle.com and the data sets were given to the 
sample preparation Group-I. The next step is carried 
out by Running the algorithms. Then the output data 
is collected. By using output data we will simulate 20 
iterations of Group-I and Group-2.

STATISTICAL ANALYSIS
The statistical analysis was carried out by using the 

SPSS software. The significance is evaluated by using 
the independent t-test. The independent variables are 
input images and the dependent variable is accuracy. 
The analysis is carried out under an independent sam-
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ple T-test. Using the SPSS software the standard devia-
tion, standard error of mean were also evaluated.

RESULTS
On the basis of observation on liver condition diag-

nosis, it was discovered that the Naive Bayes algorithm 
outperforms the Decision tree method in this study. 
The dataset values are collected from Kaggle.com’s 
MRI and CT scans of liver disorders. The MatLab 
R2014a programme receives the values from the liv-
er disorder dataset. The accuracy values for the Naive 
Bayes and Decision tree algorithms are acquired from 
the programme. The output clearly demonstrates that 
the Naive Baes algorithm has a higher mean accuracy 
of 94.80% than the Decision tree approach 92.20%. 

Table 1. shows the accuracy value for liver disorder 
diagnosis when Naive bayes and decision tree algo-
rithms are compared for 20 samples. Each sample pos-
sesses different accuracy values where the maximum 
accuracy value for Naive bayes algorithms is 95.72% 
which is higher than the Decision tree algorithms 
93.28%.

Table 2. represents the statistical analysis for group 
1 which is Naive bayes algorithm whose mean accu-
racy is 94.80% standard error mean 0.16968 and stan-
dard deviation 0.75882. The mean accuracy value of 
92.20%, standard deviation of 0.76147 and standard 
error mean of 0.17027 are obtained from statistical 
analysis of group 2 which is Decision tree algorithms 
processed in IBM-SPSS software. Table 3 shows the 
results of a mean accuracy study using Levene’s test 
and t-test for equality of variances and means retain-
ing equal variances by graphing assumed and non-as-
sumed features using IBM-SPSS software. On a signif-
icant basis, the p value is .609, i.e. <0.05, and one-sided 
and two-sided p values are 0.001, which are analysed 
using IBM-SPSS software.

Table 2
In Statistical Analysis, Naive bayes and Decision tree algorithms 
are shown. The mean, standard deviation, and standard error 
mean of the accuracy are included in the group statistics for a 
total sample of 40. The Naive Bayes method has greater accu-
racy than the Decision tree technique.
Accu-
racy

Group N Mean Standard 
deviation

Standard 
error 
mean

Naive bayes 20 94.8035 0.75882 0.16968
Decision tree 20 92.2050 0.76147 0.17027

The performance analysis of the respective algo-
rithms is shown in Figure 1. Using Microsoft Excel, the 
mean accuracy values of the Naive bayes and Decision 
tree algorithms are compared and shown on a graph. 
Figure 2. It’s a bar graph that compares the mean accu-
racy of the Naive bayes and Decision tree algorithms 
for detecting liver diseases. This is done using IBM-
SPSS software to determine which method is the most 
effective. In a bar graph, the Naive bayes mean accu-
racy is higher than the Decision tree mean accuracy, 
indicating that the Naive bayes algorithm has a higher 
mean accuracy than the Decision tree algorithm when 
it comes to diagnosing liver illnesses. 

DISCUSSION
To predict liver illness at an early stage, the research-

ers used decision tree algorithms such as Random for-
est, Random tree, Decision stump, and Hoeffding tree. 
Based on accuracy, mean absolute error, precision, 
recall, kappa statistics, and runtime, these algorithms 
produce a variety of results. When multiple decision 
tree algorithms were tested on liver disease data, De-
cision Stump was shown to have the greatest accuracy 

Table 1
The accuracy of liver disease samples using the KNN and de-
cision tree algorithms is demonstrated. Naive Bayes algorithm 
has a maximum accuracy of 95.72%, whereas Decision Tree has 
a maximum accuracy of 93.28%.

SAMPLES NAIVE BAYES
Accuracy(%)

DECISION TREE
Accuracy(%)

1 95.72 92.11
2 95.28 91.72
3 94.17 90.56
4 94.90 90.65
5 95.17 91.48
6 95.39 92.25
7 95.32 92.87
8 94.93 92.45
9 95.54 92.28
10 93.90 92.23
11 93.51 92.82
12 94.22 93.28
13 93.20 91.93
14 94.26 93.21
15 95.96 92.36
16 95.51 91.72
17 94.46 92.38
18 94.84 92.45
19 95.39 91.90
20 94.40 93.45



1050 | Cardiometry | Issue 25. December 2022

rate (Nahar and Ara 2018). A common liver complica-
tion is known as fatty liver disease and it has a higher 
mortality rate. Data mining techniques provide better 
solutions for the patients for prediction and identifi-
cation of diseases at earlier or critical stages. The pre-
diction of liver disorder at an earlier stage provides 
the doctor with better treatment to cure the patient. 
The aim of machine learning is to predict liver ailment 
and provide better accuracy percentage (C.-C. Wu et 
al. 2019). One of the most basic probabilistic classifi-
ers is Naive bayes. Despite the strong assumption that 
all characteristics are conditionally independent given 
the class, it typically works unexpectedly well in many 
real-world situations. Class probabilities and condi-
tional probabilities are computed using training data 
in the learning phase of this known structure classifier, 
and the values of these probabilities are subsequently 
utilised to categorise fresh observations (Taheri and 
Mammadov 2013). When some information about 
past traffic is already available, the Naive bayes meth-
od employs conditional probability to forecast the traf-

Table 3
Presents the results of an IBM-SPSS software-based independent sample t-test on the diagnosis of liver diseases. In terms of mean 
standard deviation and significant difference, the Naive Bayes technique has a greater accuracy consistency than the Decision Tree 
algorithm approach. There is a significant difference between two groups since p0.05 (independent T-test).

ACCU-
RACY

Levene’s Test for 
Equality of Vari-

ances

T-Test for Equality of Mean 95% Confidence 
interval of the 

Difference

F Sig. t df One-sid-
ed p

Two-Sid-
edp

Mean 
diff.

Std.
Errordiff.

Lower Upper

Equal variances 
assumed

.266 .609 10.810 38 <.001 <.001 2.59850 .24038 2.11188 3.08512

Equal variances 
not assumed

10.810 38 <.001 <.001 2.59850 .24038 2.11188 3.08512

    
(a)                                                 (b) 

    
(c)                                                 (d) 

 
Fig. 1 The sample original image and the simulated images. (a) 
Sample original image. (b) Filtered image. (c) Simulated results 
using naive bayes algorithm. (d) Decision tree algorithm.

 
Fig 2. The accuracy of naive bayes and decision tree perfor-
mance in percentage is measured. The mean accuracy values 
of the naive bayes and decision tree algorithms are compared 
in a performance study.

 Fig. 3. Using IBM-SPSS software, the accuracy values of the Na-
ive bayes and Decision tree algorithms on diagnosis of liver 
disorders are depicted in a bar graph to determine which is 
the best. The graph indicates that Naive bayes outperforms the 
Decision tree method in terms of accuracy.
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fic class. The Naive Bayes method can be summarised 
in general. Decision J48 Tree creates a tree-structured 
model that may be used to solve classification issues in 
general. It employs the divide-and-conquer strategy. 
Data is fed or supplied to the root node, which pre-
dicts the class using the divide and conquer approach 
(Razdan, Gupta, and Seth 2021). 

The dataset used for learning determines the accu-
racy of data classification. The most common cause of 
mortality for both men and women these days is liv-
er disease. The healthcare business generates a large 
amount of data that is not appropriately mined and 
utilised. The discovery of hidden patterns and correla-
tions is frequently underutilised. To diagnose these 
disorders and assess their efficacy and correction rates, 
it proposes using decision trees J48, Artificial Neural 
Network ANN, ZeroR, 1BK, and Voting Frequency 
Intervals VFI algorithms. Among these algorithms the 
decision tree algorithm provides better accuracy and 
effectiveness of liver disease (Baitharu and Pani 2016). 
It is difficult to manually detect and characterise liver 
cancer using Computed Tomography CT scan pictures. 
In this study, we offer an autonomous method for de-
tecting cancer regions in CT scan pictures of the liver 
that combines adaptive thresholding with spatial fuzzy 
clustering. Using Multilayer Perceptron MLP and C4.5 
decision tree classifiers, the useful characteristics were 
retrieved from the segmented cancerous area and cat-
egorised into two categories of liver cancers: Hepato-
cellular Carcinoma HCC and Metastatic Carcinoma 
MET. In terms of sensitivity, specificity, accuracy, and 
dice similarity coefficient, the classifiers’ performance 
was tested using a 10-fold cross validation approach. 
This proves that the decision tree algorithm gives better 
resolution and performance according to all other algo-
rithms on diagnosis of liver disorder (Das et al. 2019).

CONCLUSION
The Decision Tree method has a lower accuracy 

rating than the Naive Bayes algorithm, according to 
this study 93.80%. When compared to conventional 
classifiers, this new detection method’s effective ap-
proach gives improved accuracy for detecting liver 
disorders.
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ABSTRACT
Aim: To analyze the most effective Novel semen extender for 
long time cryopreservation among Tris egg yolk extender and 
Soya milk extender. Materials and Methods: The sample size 
was calculated using clinCalc.com with an alpha error-threshold 
at 0.05, 95 % confidence interval, G power at 80 %, and enrol-
ment ratio 1. The study was repeated 14 times (N=14) and was 
measured using statistical Independent Samples Test. The study 
contained a total sample size of 28 with 2 different groups. Tris 
egg yolk and soya milk based novel semen extenders were add-
ed to the collected semen samples and few drops of the sample 
was placed on a makler counting chamber which was used for 
analyzing the concentration, sperm motility and sperm count 
of the semen samples. Results: The Tris egg yolk based semen 
extenders were better than the soya milk based semen extend-
ers. Estimated sperm motility and sperm count were found to 
be P>0.05, revealing statistical insignificance. Conclusion: The 
sperm parameters were preserved well in Tris egg yolk based 
semen extender when compared with soya milk based semen 
extender with respect to sperm count and sperm motility.

Keywords
Semen, Cryopreservation, Novel semen extender, Tris egg yolk 
extender, Soya milk extender, Assisted Reproductive Technology. 
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INTRODUCTION
Cryopreservation is a process where the tempera-

ture is maintained below the freezing point in order to 
protect and maintain the semen cells from dying and 
essentially go to hibernation state (Pegg 2015). It also 
safeguards the genetic information of biological prop-
erties and prevents genetic drift. Tris based extenders 
along with egg yolk are used so that the egg yolk is 
considered as a protein enrichment for the freezing 
sperm, protects from thermal shock and maintains 
the semen samples when it is contained in the cryocan 
(Moussa et al. 2002). Soya milk extender was used in 
anterior prolongation of spermatozoon which releases 
egg entering at different time intervals. Assisted Re-
productive Technology (ART) is used in the diagnosis 
and prognosis of infertility problems in male. Some of 
the assisted reproductive technologies that are being 
used are IVF – In vitro fertilization, GIFT – Gamete 
intrafallopian transfer, PROST – Pronuclear stage tu-
bal transfer and ICSI – Intracytoplasmic sperm injec-
tion (Nayan et al. 2018). To conserve the semen sam-
ples with the help of assisted reproduction, this study 
aimed to evaluate whether the sperm can maintain its 
motility and viability in liquid nitrogen cryopreserva-
tion for a period of time. Artificial insemination is a 
technique which is being used for conceiving and it is 
also used to resolve the issues in infertility and various 
disease transmissions such as AIDS, etc (Diedrich et 
al. 2011). Cryopreservation is an advancing technol-
ogy which is used for preserving semen samples for 
young cancer patients and military personnels etc. 
(Ezzati et al. 2020).

There are 120 articles in science direct and 50 articles 
in academia in accordance to the title. The sperm motility 
of Tris along with 20% of egg yolk was 49.21± 0.71b, 0.5% 
of soybean lecithin was 33.35 ± 1.5d, 1% of soybean leci-
thin was 38.35 ± 0.88c, 2% of soybean lecithin was 52.14 
± 0.82a and 3% of soybean lecithin was 38.61 ± 0.64b. 
The sperm count was noted with the Nikon Eclipse 80i 
epifluorescence microscope (Sun et al. 2020). Before cry-
opreservation the sperm motility in SHOTOR extend-
er was 79.39 ± 1.37, 78.29 ± 1.34 in Steridyl extender, 
OPTIXcell extender with 79.91 ± 0.63 and AndroMed 
extender 80.13 ± 0.94. After cryopreservation the sperm 
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motility in Triladyl extender was high (38.63 ± 0.81%) 
when compared to SHOTOR extender (35.09 ± 1.341%), 
Steridyl extender was 34.4 ± 0.84%, AndroMed extender 
was 31.99 ± 1.48% and OPTIXcell is 28.39 ± 0.86% (Ab-
del-Aziz Swelum et al. 2019). OptiXcell extender has a 
maximum Motility (%) of 59.0 ± 4.52b when compared 
with BullXcell extender’ motility of 51.9 ± 1.76ab (Mur-
phy et al. 2018).The progressive motility (%) is 16.6 ± 7.4 
for Slow Freezing and 34.7±10.2 for Ultra-rapid freez-
ing. The sperm count was calculated by fluorescence 
microscope at 100X magnification under immersion oil 
(Riva et al. 2018). Semen diluted in OptiXcell which is 
an egg based extender that has greater post-thaw total 
and progressive motility than the other semen extend-
ers (Murphy et al. 2018). The tris egg yolk extender is 
experimented with one control group and three differ-
ent concentration to find the stability and motility of the 
semen samples after cryopreservation, the motility % at 
T0 (Control group), T1 and T2 (Percoll medium of three 
and five gradient levels) and T3 (Swim-up sexed semen) 
is T0 = 48.56 ± 1.08a, T1 = 44.52 ± 0.79b, T2 = 43.36 ± 
2.15b and T3 = 49.14 ± 2.76a. The viability % at T0, T1 
and T2 and T3 is 52.19±2.91a, 48.55±1.53b, 46.12±1.77b 
and 53.41±2.67a respectively (Meles et al. 2022). The se-
men samples are cryopreserved with different concen-
tration levels of tris egg yolk extender at 0%, 1%, 3% and 
5% of lyophilized RJ (“royal jelly” – dietary supplement 
and alternative medicine). Therefore the motility % rate 
ranges from 80.31 ± 1.40 78.06 ± 1.23 79.31 ± 1.52 78.93 
± 1.24 and the viability % was 81.93 ± 1.29 80.71 ± 1.40 
82.40 ± 1.56 79.75 ± 1.77 (Amini et al. 2019).Our team 
has extensive knowledge and research experience that 
has translate into high quality publications (Chellapa et 
al. 2020; Lavanya, Kannan, and Arivalagan 2021; Raj R, 
D, and S 2020; Shilpa-Jain et al. 2021; S, R, and P 2021; 
Ramadoss, Padmanaban, and Subramanian 2022; Wu et 
al. 2020; Kalidoss, Umapathy, and Rani Thirunavukkara-
su 2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020) 

In the existing literature of cryopreservation with 
semen extenders were not found to have better post-
thaw results. So we have worked on that to ensure that 
the semen quality is maintained after cryopreserva-
tion. The appropriate freezing technique to withstand 
cryopreservation for longer durations of time has not 
been explored yet. We are expertised in the field of 
treatment of male infertility and cryopreservation for 
the last 10 years. Our study aims to prepare the best 
novel semen extender for long time cryopreservation.

MATERIALS AND METHODS
This work was done in the Biochemistry laborato-

ry at Saveetha School of Engineering, Chennai. Ethical 
approval was provided for working with human se-
men samples. There are two groups, group 1 was Tris 
egg yolk and group 2 was soya milk based novel semen 
extenders. The sample size for group 1 and group 2 
was Tris egg yolk with 14 human male semen samples 
and soya milk with 14 human male semen samples 
respectively. The sample size was calculated by using 
ClinCalc with Alpha error threshold of 0.05, 95% con-
fidence interval, g power was 80% and enrolment ratio 
was 1 (Cooper et al. 2018). 

The first study group was Tris egg yolk based nov-
el semen extender and the samples were collected ac-
cording to the protocol of World Health Organization 
(2010). The instrument used for analyzing the semen 
sample to measure sperm motility was Computer As-
sisted Semen Analysis (CASA) (Valverde et al. 2019). 
Cryoprotectants were used in order to safeguard the 
semen samples and various other biological tissues 
from damage at low temperatures. (Kar et al. 2019).

The second study group was Soya milk based novel 
semen extender and we have collected the samples by 
following the guidelines of World Health Organization 
(2010). The instrument used was Computer Assisted 
Semen Analysis (CASA) to analyze the semen samples 
and the measurement of the sperm motility (Sikka and 
Ayaz 2018). Cryoprotectants are used in order to pro-
tect the semen samples from damaging at the freezing 
point (Nouri Gharajelar et al. 2016). 

Semen extender is a chemical liquid buffer, used in 
diluting the collected sperm to preserve semen samples 
when they are cryopreserved. Cryocan is a double walled 
cylinder which contains the liquid nitrogen for storage 
of semen samples for cryopreservation. The semen was 
collected in a plastic container for analyzing the samples. 
The pH, volume, sperm motility concentration, sperm 
survivability and sperm count was analyzed. Tris egg 
yolk and soya milk extenders were added to the semen 
samples individually followed by the addition of a small 
amount of semen sample with the semen extender on a 
makler counting chamber used for concentration, sperm 
motility and progression of the samples. 

We have analyzed the data collection on the basis of 
volume in ml, pH, sperm motility in percentage (%), 
sperm count in million/ml and there are no dependent 
variables to be found.
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Statistical analysis
We have used SPSS version 26 software for the sta-

tistical analysis of the sperm count and sperm motility 
in Tris egg yolk extender and soya milk extender. We 
have obtained the values of the independent variable 
for volume, sperm motility, sperm count and sperm 
concentration and we have also obtained group sta-
tistics for mean, standard deviation, standard error 
mean, independent sample T- test and the significance 
of the study. Values were considered to be statistically 
significant when P<0.05. No dependent variables were 
acquired (Cooper et al. 2018).

RESULTS
In this study we observed that the Tris egg yolk 

based novel semen extenders were better than soya 
milk novel semen extenders. Estimated sperm motili-
ty and sperm count were found to be greater than 0.05, 
thus making the study insignificant.

Table 1 represents the comparison of Tris egg yolk 
semen extender and soya milk based semen extender. 

The maximum value found in soya milk is 7.85gm in 
concentration per liter, Tris is 2.55gm concentration 
per liter and egg yolk is 20ml in concentration. 

Table 2 represents the sperm count in millions/ml 
and sperm motility in percentage (%) of the semen 
samples before cryopreservation. The highest value of 
sperm count was recorded to be 80.5 million/ml and 
for sperm motility was 36%. 
Table 2: The sperm count in millions/ml and sperm motility in % 
before cryopreservation.

Samples Sperm count (Millions/ml) Sperm Motility (%) 
1 71.8 45.5
2 74.5 40.3
3 67.8 40.5
4 60 32.5
5 74.6 33.6
6 76.8 33.2
7 70.5 33.5
8 66.6 40.6
9 80.5 36
10 50.5 32.6
11 54.7 33.6
12 60.6 34.6
13 66 33.7
14 65.7 40

Table 3 represents the sperm count in millions/ml 
and sperm motility in percentage (%) of the semen 
samples for the comparison of Tris egg yolk and Soya 
milk based exteners after cryopreservation. The max-
imum value found in sperm count for TRIS egg yolk 
based semen extenders is 60.7 millions/ml and 58.5 
millions/ml in soya milk. The maximum value found 
in sperm motility for tris egg yolk based semen ex-
tender is 22% and in soya milk it is 18.1%. 

Table 4 represents the values of the Mean, stand-
ard deviation and standard mean error for the sperm 
count and sperm motility of the comparison of the 
two groups of tris egg yolk and soya milk extenders. 
The mean value of sperm motility was found to be 
55.5479 and 50.763 for tris egg yolk and soya milk 
respectively. Moreover, the sperm contained a mean 
value of 26.764 and 21.5243 for tris egg yolk and soya 
milk correspondingly.

Table 5 represents the independent sample T- test 
in which the sperm count and motility were to be 
found insignificant. The values of sperm count and 
sperm motility were found to be 0.585 and 0.819 re-
spectively (>0.05), thus being insignificant.

 
Table 1

The components of TRIS egg yolk extender for concentration 
per liter and Soya milk extender for concentration per liter.

Tris -egg yolk 
Semen extender

Concen-
tration 

per Liter

Soya milk based 
semen extender

Concen-
tration 

per Liter
Tris 2.55 gm Soya milk 7.85 gm
Glycerol 7% Glycerol 7%
Monohydrate 
Citric-Acid

1.34 gm Monohydrate 
Citric-Acid

1.34 gm

Glucose - Glucose -
Egg Yolk 20 ml Egg Yolk -
Sodium Citrate - Sodium Citrate -
Ethylene diamine 
tetraacetic acid

0.07 gm Ethylene diamine 
tetraacetic acid

0.07 gm

Trehalose 0.21 gm Trehalose 0.21 gm
Cystine 0.1 gm Cystine 0.1 gm
Citrate - Citrate -
HEPES 0.15 gm HEPES 0.15 gm
Sodium Bicarbon-
ate

1.45 gm Sodium Bicarbon-
ate

1.45 gm

Potassium Chlo-
ride

0.32 gm Potassium Chlo-
ride

0.32 gm

Catalase 0.1 gm Catalase 0.1 gm
Vitamin E - Vitamin E 0.25 gm
Gentamicin - Gentamicin -
Penicillin 45000 IU Penicillin 45000 IU
Vitamin C - Vitamin C -
Taurine 0.05 gm Taurine 0.05 gm
Potassium Acetate 0.21 gm Potassium Acetate 0.21 gm
pH 7.2 pH 7.2
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Table 3
The comparison of sperm count and sperm motility in TRIS egg yolk extender and Soya milk extender which gives its mean value, 
standard deviation and standard error mean value. 

S.No Tris -egg yolk Semen extender Soya milk based semen extender
Samples Sperm count (Millions/ml) Sperm Motility (%) Sperm count (Millions/ml) Sperm Motility (%) 

1 60.6 30 55.45 27
2 55.4 26 50% 22.3
3 50.5 24 48 21
4 50.25 22.5 47.8 20.4
5 66 28.4 50.6 22.4
6 60.12 33.2 55.7 28.1
7 54.4 33.5 52.4 27
8 60 29 56 21.5
9 60.7 22 58.5 18.1
10 44 22.5 40.04 16.04
11 48 26 42.5 18.4
12 56 25 51 18.7
13 56.7 25.6 52.5 19
14 55 27 50 21.4

Table 4
The group statistics of sperm count and sperm motility for tris egg yolk extender and soya milk extender which gives its mean 
value, standard deviation and standard error mean value. The mean value of Tris egg yolk based semen extender was found to be 
higher than soya milk based extender after cryopreservation for both sperm count and motility.

Group Statistics
 GROUP N Mean Std. Deviation Std. Error Mean

SPERM_COUNT TRIS egg yolk 14 55.5479 5.87750 1.57083
Soya milk 14 50.7636 5.11394 1.36676

SPERM_MOTILITY TRIS egg yolk 14 26.7643 3.69336 .98709
Soya milk 14 21.5243 3.63787 .97226

Table 5
The independent samples test for analysis of sperm count and sperm motility which revealed its statistical insignificance with P 
value = > 0.05 

Independent Samples Test
Levene’s Test for Equality of Variances t-test for equality of 

Means 
  F Sig. t df Sig. 

(2-tailed) 
Mean 

Difference
Std.Error-
Difference

95% Confidence In-
terval of the Differnce 

Lower Upper
SPERM 
COUNT

Equal vari-
ances as-
sumed

.306 .585 2.298 26 .030 4.78429 2.08219 .50428 9.06430

Equal vari-
ancs not 
assumed

2.298 25.512 .030 4.78429 2.08219 .50029 9.06828

SPERM 
MOTILITY

Equal vari-
ances as-
sumed

.053 .819 3.782 26 .001 5.24000 1.38551 2.39204 8.08796

Equal vari-
ancs not 
assumed

3.782 25.994 .001 5.24000 1.38551 2.39201 8.08799
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The bar chart represents the comparison of TRIS 
egg yolk and Soya milk based semen extenders in 
sperm count which has been depicted in Fig. 1. The 
sperm motility of TRIS egg yolk and Soya milk based 
semen extender is seen in Fig. 2. It shows that the 
sperm count and sperm motility in TRIS egg yolk ex-
tender is comparatively higher than the soya milk ex-
tender by a margin of 10 millions/ml and 10% in count 
and motility respectively.

DISCUSSION
In this study we have observed that Tris egg 

yolk based semen extenders is better than soya 
milk based semen extenders in sperm count and 
sperm motility by using the Computer Assisted 
Semen Analysis (CASA). The mean value found 
in sperm count and sperm motility was found to 
be insignificant with the values of 0.585 and 0.819 
respectively. 

 
Fig. 1. Bar chart representing comparison of Tris egg yolk and Soya milk based semen extenders in terms of mean sperm count 
accuracy for the identification of best extender between Tris egg yolk and soya milk extenders. The Tris egg yolk seems to be better 
than soya milk for effective extender by a margin of 5 millions/ml approximately. The study was found to be insignificant with a 
value of P=0.585. X axis: Comparison between Tris egg yolk and Soya milk, Y axis: Mean value for sperm count ± 1 SD. 

 
Fig. 2. Bar chart representing comparison of TRIS egg yolk and Soya milk in terms of mean Sperm motility accuracy for the identi-
fication of best extender between TRIS egg yolk and Soya milk extenders. The TRIS egg yolk seems to be better than Soya milk for 
effective extenders by a margin of 10% approximately. The P value- 0.819 was found to be insignificant. X axis: comparison between 
TRIS egg yolk and Soya milk. Y axis: Mean value for Sperm motility ± 1 SD.
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We have found existing literatures with the sim-
ilar findings, according to Hussain et al., the sperm 
motility percentage was higher for Tris egg yolk ex-
tender at Diluted stage, Equilibrated stage and Post-
thaw stage whereas, the sperm motility is low for 
Soya-Milk extender at all the stages of cryopreser-
vation (Hussain et al. 2016). As stated in Sourav et 
al., literature we learn that the tris egg yolk extender 
with 46.0q±1.5% has greater motility % when com-
pared with soy milk extender that is 33.5r±0.7 (“Ef-
fects of Selective Extenders on Buffalo Semen Qual-
ity at Physical and Molecular Level” n.d.) . We also 
find that SBME (soya based extender), TEYE (tris 
egg yolk based extender) and COWE (coconut wa-
ter based extender) were used on the bull semen to 
find the effective semen extender after freezing, in 
accordance to Mayombo et al., it is concluded that 
TEYE has 59.3a% of total motility and 52.1a% of 
viability of the sperm when compared with SBME 
sperm motility and sperm viability with of 57.8a%, 
52.1b% along with COWE with 54.5b% of motility 
and 43.8c% of sperm viability (Mayombo 2017). No 
articles in accordance with the study were found in 
the existing literature ((Cooper et al. 2018)).

According to my findings by taking different pa-
rameters for cryopreserving the semen, it is found that 
the levels of TRIS egg yolk based semen extender is 
higher in sperm count and sperm motility than the 
level of Soya milk based semen extender. 

One of the study’s limitations was that the cryo-
preservation technique is not suitable for longer du-
ration as it damages the samples contained in it and it 
also decreases the stability of the semen samples due 
to long term storage.

Tris egg yolk based semen extender and soya milk 
based semen extender needs to be optimized in order 
to increase the stability for future use. 

CONCLUSION
Both sperm motility and sperm count were found 

to be retained with the use of Tris egg yolk based se-
men extender when compared with soya milk based 
semen extender after cryopreservation.
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ABSTRACT
Aim: To evaluate the suitable Semen extender for a long dura-
tion of cryopreservation among Tris citric acid fructose egg yolk 
glycerol extender and Tris-egg yolk-glucose extender,. Materi-
als and Methods: The sample size has been calculated by the 
clinCalc with an alpha error-threshold at 0.05, 95 % confidence 
interval (CI), G power at 80%, and enrolment ratio 1. Our study 
has been repeated 14 times which is (N=14) and it was mea-
sured using statistical Independent Samples Test. The study in-
volved 28 sample sizes with 2 different groups with each group 
containing 14 samples. The collected semen samples are diluted 
with the Tris-citric acid-fructose egg yolk glycerol extender and 
Tris-egg yolk-glucose extender, based novel semen extenders. 
A small quantity of the diluted semen sample was taken to a 
counting device known as makler counting chamber used for 
analyzing the sperm count and motility of the semen samples. 
Results: The Tris-citric acid-fructose egg yolk glycerol extend-
ers were better than Tris-egg yolk-glucose extender. So the es-
timated sperm count and sperm motility were found to be P 
<0.05, revealing the statistical insignificance. The characteristics 
after cryopreservation were decreased than the characteristics 
before cryopreservation. Conclusion: The sperm parameters 
were preserved well in Tris-citric acid-fructose egg yolk glycer-
ol semen extender when compared with Tris-egg yolk-glucose 
based semen extender with respect to sperm count and sperm 
motility.

Keywords
Semen, Cryopreservation, Novel Semen Extender, Tris-citric 
acid-fructose egg yolk glycerol extender, Tris-egg yolk-glucose 
extender, Assisted Reproductive Technology.
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INTRODUCTION
Cryopreservation is a technique where a dehydrate 

the semen and concentrate the cytosol to cause minor 
injuries so as to reduce ice crystallization during nitro-
gen immersion of samples as they are lethal because 
they damage the semen membrane structure and it also 
stops the enzyme activity, metabolic activity and gene 
expression under ultra low temperature (Z. 1970). TRIS 
citric acid fructose egg yolk glycerol based semen ex-
tender dilutes the sperm and obtains a large quantity of 
sperm for infertility treatment known as Artificial in-
semination (Paudel et al. 2010). Tris-egg yolk-glucose 
extender is used for improving the trait of the buffalo 
semen for post cryopreservation (Ezz et al. 2017). As-
sisted Reproductive Technology (ART) for the evalua-
tion of fertility and infertility in male for estimation of 
sperm count and motility (Kasman et al. 2021). Assist-
ed Reproductive Technology mainly involves removing 
ovum and sperm and fusing them in the laboratory for 
fertilization. Cryopreservation is a very important pro-
cess to safeguard the biological samples and save them 
for future use. Currently either the donors or the part-
ner’s spermatozoa for later stored for usage (Ugur et al. 
2019). It is also used for embryo cryopreservation and 
ovarian tissue cryopreservation of human (Rivas Leo-
nel, Lucci, and Amorim 2019) 

There were 574 papers in pubmed and 91 and 50 
papers in academia. The post thawed sperm count in 
three different buffalo bulls is 53.29 ±1.56 for Gir, 58.33 
±1.43 for Surti and 59.58 ± 1.20 for Murrah (Pathak, 
Dhami, and Chaudhari 2018). Regucalcin (RGN) at 
three different concentration for sperm motility%, 
when the semen sample is diluted with TRIS citric 
acid fructose egg yolk glycerol extender at 0 µg/ml is 
40.6 ± 2.6b, 20 µg/ml is 41.1 ± 2.6b, 40 µg/ml is 50.6 ± 
3.5c and 60 µg/ml is 18.9 ± 2.6a (Pillai et al. 2017). The 
sperm motility diluted in the TRIS egg yolk glucose of 
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the post thawed semen sample is 63.33 ± 7.27% (Ezz et 
al. 2017). Before cryopreservation Tris citrate fructose 
egg yolk glycerol motility is 72.62 ± 7.26 and Tris-citric 
acid-fructose-glycerol added to 1.0% soybean lecithin 
is 80.72 ± 7.91 and for the post thawed cryopreserva-
tion, the Tris-citrate-fructose-egg yolk glycerol motili-
ty is 46.36 ± 4.82 and Tris-citric acid-fructose-glycerol 
added to 1.0% soybean lecithin is 58.24 ± 6.00. Thus 
the semen extender of tris citrate-fructose-egg yolk 
glycerol gives higher motility rate before cryopreser-
vation and also after cryopreservation due to the pres-
ence of egg yolk in the novel semen extender (Shah-
ba et al. 2018). After one hour of thawing the semen 
samples of two different bulls of holstein friesian and 
murrah extended in tris-citric acid-fructose egg yolk 
glycerol extender it shows more sperm count and mo-
tility % of about 86.444% in holstein friesian bull and 
218.375% in murrah bull (Dhami, Sahni, and Mohan 
1992). TFYG (Tris-citric acid-fructose egg yolk glycerol 
extender) extender and Bioxcell extender were diluted 
individually in the bovine spermatozoa and after cry-
opreserving it shows that Tris-citric acid-fructose egg 
yolk glycerol extender has been effective with a sperm 
motility of 47.71 ± 0.79% and sperm count of 57.19% 
± 0.79% when compared with Bioxcell extender with 
sperm motility and count of about 44.38 ± 0.85% and 
53.85 ± 0.84% (Chaudhari et al. 2015). Our team has 
extensive knowledge and research experience that has 
translate into high quality publications (Chellapa et 
al. 2020; Lavanya, Kannan, and Arivalagan 2021; Raj 
R, D, and S 2020; Shilpa-Jain et al. 2021; S, R, and P 
2021; Ramadoss, Padmanaban, and Subramanian 2022; 
Wu et al. 2020; Kalidoss, Umapathy, and Rani Thirun-
avukkarasu 2021; Kaja et al. 2020; Antink et al. 2020; 
Paul et al. 2020; Malaikolundhan et al. 2020) 

In the current article cryopreservation with con-
ventional semen extenders is not suitable and does not 
show good results for post thaw cryopreservation. So 
emphasis on the extenders to provide good quality of 
semen after cryopreservation. There is no well known 
cooling technique to cope up with the cryopreserva-
tion for more days. Authors are expertised in the field 
of male infertility treatment and cryopreservation in 
the last decade. Our study’s target is to produce a good 
quality semen extender for longer cryopreservation

MATERIALS AND METHODS
The study was conducted in the Biochemistry lab-

oratory at Saveetha School of Engineering, Chennai. 

Authors have received ethical clearance for handling 
human semen samples. Two different groups of novel 
semen extenders were used in the study, group 1 was 
Tris-citric acid-fructose egg yolk glycerol extender 
and group 2 was Tris-egg yolk-glucose extender. The 
sample size was 14 human male semen samples for 
group 1 TRIS citric acid fructose egg yolk glycerol and 
14 samples in group 2 TRIS egg yolk glucose, so total-
ly 28 semen samples were used. The sample size has 
been calculated by ClinCalc with Alpha error thresh-
old of 0.05, 95% confidence interval, g power was 
80%,standard deviation – 1 and and enrolment ratio 
of 1 (Hajian-Tilaki 2014) 

The first study group was Tris-citric acid-fructose 
egg yolk glycerol extender and the samples are collect-
ed with respect to the protocol of World Health Or-
ganization (2010). Computer Assisted Semen Analysis 
(CASA) was used for analyzing male infertility param-
eters such as sperm count, sperm motility, physical 
characteristics, etc (Ariagno et al. 2017). Cryoprotect-
ants do not contain toxicity and they can go through 
the cell membranes to attach with the electrolytes and 
with the water particles to postpone the freezing peri-
od (Chao and Chiu Liao 2001).

The second group was by the usage of Tris-egg 
yolk-glucose extender and the samples were col-
lected by the code of World Health Organization 
(2010). Computer Assisted Semen Analysis (CASA) 
was to estimate the efficiency for the calculation of 
the sperm count and sperm motility (Bulkeley et al. 
2021). Cryoprotectants have a major role in cell pro-
cessing for cryopreservation, moreover contain low 
melting point and protect the semen samples. Major-
ly dimethyl sulfoxide (DMSO) is used as a cryopro-
tectant (Kar et al. 2019) 

Computer Assisted Semen Analysis (CASA) has 
been used for analyzing semen samples for measuring 
sperm count and sperm motility. Novel semen extend-
er is a type of a medium were diluted and preserved 
while the semen sample was contained in the cryocan. 
The cryocan is a stainless steel container which was 
used for cryopreservation. The semen samples were 
collected from plastic containers. The pH, volume, 
sperm motility concentration, sperm survivability and 
sperm count were analyzed using the software CASA. 
Tris-citric acid-fructose egg yolk glycerol extender 
and Tris-egg yolk-glucose extender were mixed sepa-
rately to dilute the semen samples and a small quantity 
of the diluted semen sample was placed onto the mak-
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ler counting chamber for analyzing the concentration, 
sperm motility and progression of the semen samples. 

Data collection has been done in accordance with 
pH, volume in ml, sperm concentration in millions/
ml, sperm motility in percentage (%) and dependent 
variables were not to be found in the study. 

Statistical analysis
SPSS version 26 software was used for the statis-

tical analysis of the sperm count and sperm motility 
in TRIS citric acid fructose egg yolk glycerol extend-
er and Tris egg yolk glucose extender. Independent 
variables were volume, sperm motility, sperm count 
and sperm concentration. Group statistics for mean, 
standard deviation, standard error mean, independ-
ent sample T- test. No dependent variables were to be 
found ((Hajian-Tilaki 2014).

RESULTS
According to our study, the Tris citric acid fructose 

egg yolk glycerol novel semen extenders gave high-
er results than the Tris egg yolk glucose novel semen 
extenders. The sperm count and sperm motility were 
found to be higher than the P (<0.05) and thus it shows 
the statistical insignificance.

Table 1 shows the comparison of TRIS citric acid 
fructose egg yolk glycerol and Tris egg yolk glucose 
based semen extenders. The maximum value found in 
Tris in Tris egg yolk glucose was 7.85gm in concentra-
tion per liter and egg yolk was 20ml in concentration, 
Tris in TRIS citric acid fructose egg yolk glycerol was 
2.55gm concentration per liter. 

Table 2 shows the sperm count in millions /ml and 
sperm motility in percentage (%) of the semen sam-
ples before cryopreservation. The maximum value 
found in sperm count was 99.4 millions/ml and in 
sperm motility was 50.6%. 

Table 3 shows the sperm count in millions /ml and 
sperm motility in percentage (%) of the semen sam-
ples. It shows the comparison of TRIS citric acid fruc-
tose egg yolk glycerol and Tris egg yolk glucose based 
semen extenders for after cryopreservation. The high-
est value was found in sperm count for TRIS citric acid 
fructose egg yolk glycerol semen extender was 74.4 
millions/ml and in soya milk it was 51.56 millions/
ml. The highest value found in sperm motility for tris 
citric acid fructose egg yolk glycerol based semen ex-
tender was 44.5% and in tris egg yolk glucose based 
semen extender was 27.8%. 

Table 1
Components of tris citric acid fructose egg yolk glycerol extend-
er for concentration per liter and tris egg yolk glucose extender 
for concentration per liter.
Tris-citric acid-fruc-

tose egg yolk 
glycerol

Concen-
tration 

per Liter

Tris-Egg Yolk-Glu-
cose based

Concen-
tration 

per Liter
Tris 2.55 gm Tris 7.85 gm
Glycerol 7% Glycerol 7%
Monohydrate 
Citric-Acid

1.34 gm Monohydrate 
Citric-Acid

1.34 gm

Glucose - Glucose 0.71 gm
Egg Yolk - Egg Yolk 20 ml
Sodium Citrate - Sodium Citrate -
Ethylene diamine 
tetraacetic acid

0.07 gm Ethylene diamine 
tetraacetic acid

0.07 gm

Trehalose 0.21 gm Trehalose 0.21 gm
Cystine 0.1 gm Cystine 0.1 gm
Citrate - Citrate -
HEPES 0.15 gm HEPES 0.15 gm
Sodium Bicarbon-
ate

1.45 gm Sodium Bicarbon-
ate

1.45 gm

Potassium Chloride 0.32 gm Potassium Chlo-
ride

0.32 gm

Catalase 0.1 gm Catalase 0.1 gm
Vitamin E - Vitamin E 0.25 gm
Gentamicin - Gentamicin -
Penicillin 45000 IU Penicillin 45000 IU
Vitamin C - Vitamin C -
Taurine 0.05 gm Taurine 0.05 gm
Potassium Acetate 0.21 gm Potassium Acetate 0.21 gm
pH 7.2 pH 7.2
Fructose 0.5 gm Fructose -
Citric Acid 0.21 gm Citric Acid -

Table 2
The sperm count in millions/ml and sperm motility in % before 
cryopreservation.

Samples Sperm count (Millions/ml) Sperm Motility (%) 
1 98.4 44.5
2 77.6 49.6
3 99.4 50.6
4 69.6 39.5
5 77.8 40.5
6 88.9 40.8
7 78.5 49.5
8 77.5 52.5
9 80.9 56.4
10 69.8 37.5
11 80.5 47.8
12 40.5 45.6
13 43.5 49.7
14 45.6 45.7
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Table 3. The comparison of sperm count and sperm motility 
for tris citric acid fructose egg yolk glycerol and tris egg yolk 
glucose which gives its mean value, standard deviation and 
standard error mean value. 

S.N0 Tris-citric acid-fructose 
egg yolk glycerol

Tris-Egg Yolk-Glucose 
based

Samples Sperm 
count (Mil-
lions/ml) 

Sperm Mo-
tility (%) 

Sperm 
count (Mil-
lions/ml) 

Sperm Mo-
tility (%) 

1 74.4 32.4 51.56 24.4
2 60.6 36.5 50.1 22
3 55 40 46.4 16
4 51.5 33 41.5 15
5 66 22 44 16.6
6 64.67 16 51.5 14
7 57 44.5 50.5 27.8
8 67 23.5 61 15.4
9 67.4 34.4 51.78 16.6
10 42.3 33 41.45 15.7
11 44 43.5 37.7 27.8
12 53.7 18.7 47.5 14.5
13 53.6 27.8 51.4 16.6
14 52 25.5 42.5 20.5

Table 4 shows the values for the mean, standard de-
viation and standard mean error of the sperm count 
and sperm motility. And for the comparison of the 
two different groups of Tris citric acid fructose egg 
yolk glycerol and Tris egg yolk glucose based semen 
extenders. Tris citric acid fructose egg yolk glycerol 
mean value for sperm count was found to be 57.7979 
and for sperm motility was 30.714. Tris egg yolk glu-
cose has a mean value of 47.7779 for sperm count and 
18.7786 for sperm motility. 

Table 5 represents the independent sample T- test 
where the significance of the study is noted. Here the 
independent sample T – test shows the insignificance 
of sperm motility due to the values being higher than 
0.05 with the value of P = 0.086 which is insignificant 
for sperm count and significant for sperm motility 
with the value P = 0.028. 

The bar chart portraying the comparison of tris 
citric acid fructose egg yolk glycerol and Tris egg yolk 
glucose based semen extenders in sperm count which 
has been shown in Fig. 1 and the sperm motility of tris 

Table 4
Shows a comparison between the group statistics of sperm count and sperm motility for tris egg yolk extender and soya milk 
extender and gives its mean value, standard deviation and standard error mean value. Tris citric acid fructose egg yolk glycerol 
based semen extender was comparatively greater than tris egg yolk glucose based extender for its mean value after post thaw 
cryopreservation for sperm count as well as sperm motility.

Group Statistics
 GROUP N Mean Std. Deviation Std. Error Mean

SPERM_
COUNT

Tris-citric acid-fructose egg yolk glycerol 14 57.7979 9.28848 2.48245
Tris-Egg Yolk-Glucose 14 47.7779 6.01309 1.60706

SPERM_
MOTILITY

Tris-citric acid-fructose egg yolk glycerol 14 30.7714 8.87767 2.37266
Tris-Egg Yolk-Glucose 14 18.7786 4.85152 1.29662

Table 5
Depicts the independent samples test for analysis of sperm count which was found to be insignificant (p=0.086) and sperm motility 
to be insignificant (p=0.028) 

Independent Samples Test
 Levene’s Test for Equality of Variances t-test for equality of 

Means 
 F Sig. t df Sig. 

(2-tailed) 
Mean 

Difference
Std.Error-
Difference

95% Confidence In-
terval of the Differnce 

Lower Upper
SPERM_
COUNT

Equal variances 
assumed

3.181 .086 3.388 26 .002 10.02000 2.95723 3.94132 16.09868

Equal variances not 
assumed

  3.388 22.268 .003 10.02000 2.95723 3.89136 16.14864

SPERM_
MOTIL-
ITY

Equal variances 
assumed

5.385 .028 4.435 26 .000 11.99286 2.70384 6.43504 17.55067

Equal variances not 
assumed

  4.435 20.129 .000 11.99286 2.70384 6.35507 17.63064



1066 | Cardiometry | Issue 25. December 2022

citric acid fructose egg yolk glycerol and Tris egg yolk 
glucose based semen extenders was seen in Fig. 2. It 
shows that the sperm count and sperm motility in TRIS 
citric acid fructose egg yolk glycero semenl extender is 
higher than the Tris egg yolk glucose semen extender.

DISCUSSION
In this study, tris citric acid fructose egg yolk glyc-

erol based semen extenders was better than Tris egg 

yolk glucose based semen extenders in sperm count 
and sperm motility using the Computer Assisted Se-
men Analysis (CASA). The outcome of sperm count 
was found to be 0.086, thus it is insignificant. Sperm 
motility was found to be significant with a value of 
0.028.

As found existing literatures with the similar find-
ings, according to Dhami et al, total sperm is increased 
by using tris citric acid fructose egg yolk glycerol semen 

 
Fig. 1. Bar chart for tris citric acid fructose egg yolk glycerol and tris egg yolk glucose for mean sperm count for identifying the 
efficient semen extender. The parameters of sperm in tris citric acid fructose egg yolk glycerol was seen to be better than soya milk 
for effective extender by a margin of 5 millions/ml approximately. The study was found to be insignificant with a value of P=0.086 
for sperm count. X axis: Comparison between TRIS citric acid fructose egg yolk glycerol and Tris egg yolk glucose, Y axis: Mean 
value for sperm count ± 1 SD. 

 
Fig. 2. Bar chart for tris citric acid fructose egg yolk glycerol and tris egg yolk glucose for mean sperm motility for identifying the 
efficient semen extender. The tris citric acid fructose egg yolk glycerol shows better results than Tris egg yolk glucose for effective 
extender by a margin of 10% approximately. The value was found to be significant with a value of P = 0.028 for sperm motility. X axis: 
comparison between tris citric acid fructose egg yolk glycerol and tris egg yolk glucose. Y axis: Mean value for Sperm motility ± 1 SD.
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extender for gir is 84.30x ±1.46%, surti is 86.55xy±1.12% 
and for murrah is 88.20y ±1.08%, it shows that murrah 
bull has more sperm motility percentage (Dhami et al. 
2018). As specified by Raheja et al, the buffalo semen 
along with tris-citric acid-fructose egg yolk glycerol ex-
tender and regucalcin additive (40 μg/ml) there was in-
crease in the motility of 75.6 ± 6.8% after thawing when 
compared with tris-egg yolk-glucose extender with 
63.33% of motility (Raheja et al. 2018). On the basis of 
Paudel et al, study tris-citric acid-fructose egg yolk glyc-
erol extender was divided into six equal parts such as 
control, ascorbic acid, chlorpromazine, catalase, ascorbic 
acid along with chlorpromazine and catalase along with 
chlorpromazine and shows increase in motility about 
60% and 75% viability was recorded (Paudel et al. 2010). 
Based on Pathak et al, literature tris-citric acid-fructose 
egg yolk glycerol extender was diluted with the the bull 
semen samples and they were contained in a biofreezer 
for 30 second 37°C and evaluated the post thaw motility 
percentage separately for gir, surti and murrah bull with 
58.22 ± 1.71, 64.44 ± 1.58 and 67.84y ± 1.54 respectively 
(Pathak et al. 2019). No articles in accordance with the 
study were found in the existing literature.

According to the findings, analyzed different pa-
rameters for cryopreserving the semen samples, were 
found that the levels of tris citric acid fructose egg yolk 
glycerol based semen extender is found to be greater 
in sperm count and sperm motility than the levels of 
Tris egg yolk glucose based semen extender. 

The decrease in stability during the post thaw peri-
od limits the study. The instability of sperms after cry-
opreservation is presented as a major drawback in spite 
of the retainment of characteristics. The optimization 
of parameters in order to increase the the stability post 
cryopreservation may be worked upon in the future

CONCLUSION
The parameters were found to be retained better 

in Tris-citric acid-fructose egg yolk glycerol extender 
when compared with Tris-egg yolk-glucose extender 
in sperm count and sperm motility. The outcome of 
sperm count was found to be 0.086, thus it is insignif-
icant. Sperm motility was found to be significant with 
a value of 0.028.

DECLARATIONS:

Conflict of Interests
No conflict of interests in this manuscript

Authors Contributions
Author RNN was involved in data collection, data 

analysis, manuscript writing. Author VAS was in-
volved in conceptualization, data validation, and criti-
cal review of manuscript.

Acknowledgments
The authors would like to express their gratitude 

towards Saveetha School of Engineering, Saveetha In-
stitute of Medical and Technical Sciences (Formerly 
known as Saveetha University) for providing the nec-
essary infrastructure to carry out this work successfully.

Funding
We thank the following organizations for provid-

ing financial support that enabled us to complete the 
study.
1. Bethel Foundation 
2. Saveetha University
3. Saveetha Institute of Medical and Technical Sci-

ences
4. Saveetha School of Engineering

REFERENCES
1. Antink, Christoph Hoog, Joana Carlos Mesquita 
Ferreira, Michael Paul, Simon Lyra, Konrad Heimann, 
Srinivasa Karthik, Jayaraj Joseph, et al. 2020. “Fast 
Body Part Segmentation and Tracking of Neonatal 
Video Data Using Deep Learning.” Medical & Biologi-
cal Engineering & Computing 58 (12): 3049–61.
2. Ariagno, Julia I., Gabriela R. Mendeluk, María J. 
Furlan, M. Sardi, P. Chenlo, Susana M. Curi, Mercedes 
N. Pugliese, Herberto E. Repetto, and Mariano Cohen. 
2017. “Computer-Aided Sperm Analysis: A Useful 
Tool to Evaluate Patient’s Response to Varicocelecto-
my.” Asian Journal of Andrology 19 (4): 449–52.
3. Bulkeley, Evelyn, Christine Collins, Azarene Fout-
ouhi, Kris Gonzales, Heather Power, and Stuart Mey-
ers. 2021. “Assessment of an iPad-Based Sperm Mo-
tility Analyzer for Determination of Canine Sperm 
Motility.” Translational Animal Science 5 (2): txab066.
4. Chao, Nai-Hsien, and I. Chiu Liao. 2001. “Cryo-
preservation of Finfish and Shellfish Gametes and 
Embryos.” In Reproductive Biotechnology in Finfish 
Aquaculture, 161–89. Elsevier.
5. Chaudhari, D. V., A. J. Dhami, K. K. Hadiya, and J. 
A. Patel. 2015. “Relative Efficacy of Egg Yolk and Soya 
Milk-Based Extenders for Cryopreservation (-196°C) 
of Buffalo Semen.” Veterinary World 8 (2): 239–44.



1068 | Cardiometry | Issue 25. December 2022

6. Chellapa, L. R., S. Rajeshkumar, M. I. Arumugham, 
and S. R. Samuel. 2020. “Biogenic Nanoselenium Syn-
thesis and Evaluation of Its Antimicrobial, Antioxi-
dant Activity and Toxicity.” Bioinspired Biomimetic 
and Nanobiomaterials, July, 1–6.
7. Dhami, A. J., P. K. Pathak, D. V. Chaudhari, and 
K. K. Hadiya. 2018. “Motion Characteristics and Ki-
nematics of Fresh Spermatozoa of Gir, Surti and 
Murrah Bulls Assessed by Computer Assisted Semen 
Analyzer.” The Indian Journal of Veterinary Sciences 
and Biotechnology 14 (3). https://doi.org/10.21887/
ijvsbt.14.3.4.
8. Dhami, A. J., K. L. Sahni, and G. Mohan. 1992. 
“Effect of Various Cooling Rates (from 30 Degrees C 
to 5 Degrees C) and Thawing Temperatures on the 
Deep-Freezing of Bos Taurus and Bos Bubalis Semen.” 
Theriogenology 38 (3): 565–74.
9. Ezz, Mohamed Aboul, Abd Elmonem Montasser, 
Mamdouh Hussein, Ashraf Eldesouky, Magdy Badr, 
Abd Elraouf Hegab, Ahmed Balboula, and Samy M. 
Zaabel. 2017. “The Effect of Cholesterol Loaded Cy-
clodextrins on Post-Thawing Quality of Buffalo Se-
men in Relation to Sperm DNA Damage and Ultra-
structure.” Reproductive Biology 17 (1): 42–50.
10. Hajian-Tilaki, Karimollah. 2014. “Sample Size 
Estimation in Diagnostic Test Studies of Biomedical 
Informatics.” Journal of Biomedical Informatics 48 
(April): 193–204.
11. Kaja, Rekha, Anandh Vaiyapuri, Mohamed Sher-
if Sirajudeen, Hariraja Muthusamy, Radhakrishnan 
Unnikrishnan, Mohamed Waly, Samuel Sundar Doss 
Devaraj, Mohamed Kotb Seyam, and Gopal Nambi S. 
2020. “Biofeedback Flutter Device for Managing the 
Symptoms of Patients with COPD.” Technology and 
Health Care: Official Journal of the European Society 
for Engineering and Medicine 28 (5): 477–85.
12. Kalidoss, Ramji, Snekhalatha Umapathy, and Usha 
Rani Thirunavukkarasu. 2021. “A Breathalyzer for 
the Assessment of Chronic Kidney Disease Patients’ 
Breathprint: Breath Flow Dynamic Simulation on the 
Measurement Chamber and Experimental Investiga-
tion.” Biomedical Signal Processing and Control 70 
(September): 103060.
13. Kar, Mousumi, Yashu Chourasiya, Rahul Mahesh-
wari, and Rakesh K. Tekade. 2019. “Current Develop-
ments in Excipient Science.” In Basic Fundamentals of 
Drug Delivery, 29–83. Elsevier.
14. Kasman, Alex M., Shufeng Li, Qianying Zhao, 
Barry Behr, and Michael L. Eisenberg. 2021. “Rela-

tionship between Male Age, Semen Parameters and 
Assisted Reproductive Technology Outcomes.” An-
drology 9 (1): 245–52.
15. Lavanya, M., P. Muthu Kannan, and M. Arivalag-
an. 2021. “Lung Cancer Diagnosis and Staging Using 
Firefly Algorithm Fuzzy C-Means Segmentation and 
Support Vector Machine Classification of Lung Nod-
ules.” International Journal of Biomedical Engineering 
and Technology 37 (2): 185.
16. Malaikolundhan, Harikrishna, Gowsik Mookkan, 
Gunasekaran Krishnamoorthi, Nirosha Matheswaran, 
Murad Alsawalha, Vishnu Priya Veeraraghavan, Sura-
paneni Krishna Mohan, and Aiting Di. 2020. “Anticar-
cinogenic Effect of Gold Nanoparticles Synthesized 
from Albizia Lebbeck on HCT-116 Colon Cancer Cell 
Lines.” Artificial Cells, Nanomedicine, and Biotech-
nology 48 (1): 1206–13.
17. Pathak, P. K., A. J. Dhami, and D. V. Chaudhari. 
2018. “Seminal Attributes, Freezability and Their 
Interrelationships in Zebu Cattle and Buffalo Bulls 
from Central Gujarat.” The Indian Journal of Veter-
inary Sciences and Biotechnology 14 (2). https://doi.
org/10.21887/ijvsbt.14.2.1.
18. Pathak, P. K., A. J. Dhami, D. V. Chaudhari, and 
J. A. Patel. 2019. “Motion and Kinematics Parameters 
of Frozen-Thawed Bovine Spermatozoa Assessed by 
Biovis CASA.” Indian Journal of Dairy Science 72 (3): 
302–6.
19. Paudel, K. P., S. Kumar, S. K. Meur, and A. Ku-
maresan. 2010. “Ascorbic Acid, Catalase and Chlor-
promazine Reduce Cryopreservation-Induced Dam-
ages to Crossbred Bull Spermatozoa.” Reproduction 
in Domestic Animals = Zuchthygiene 45 (2): 256–62.
20. Paul, M., S. Karthik, J. Joseph, M. Sivaprakasam, 
J. Kumutha, S. Leonhardt, and C. Hoog Antink. 2020. 
“Non-Contact Sensing of Neonatal Pulse Rate Using 
Camera-Based Imaging: A Clinical Feasibility Study.” 
Physiological Measurement 41 (2): 024001.
21. Pillai, Harikrishna, Mehtab S. Parmar, Ashish M. 
Shende, Jobin Thomas, Harikumar S. Sharma, Taru 
Sharma G, Subrata K. Ghosh, Arumugam Kumare-
san, and Sanjeev K. Bhure. 2017. “Effect of Supple-
mentation of Recombinant Regucalcin in Extender 
on Cryopreservation of Spermatozoa of Water Buffalo 
(Bubalus Bubalis).” Molecular Reproduction and De-
velopment 84 (11): 1133–39.
22. Raheja, Nitin, Sanjay Choudhary, Sonika Grewal, 
Neha Sharma, and Nishant Kumar. 2018. “A Review 
on Semen Extenders and Additives Used in Cattle and 



Issue 25. December 2022 | Cardiometry | 1069

Buffalo Bull Semen Preservation.” J. Entomol. Zool. 
Stud 6 (3): 239–45.
23. Raj R, Kathiswar, Ezhilarasan D, and Rajeshkumar 
S. 2020. “β-Sitosterol-Assisted Silver Nanoparticles 
Activates Nrf2 and Triggers Mitochondrial Apoptosis 
via Oxidative Stress in Human Hepatocellular Cancer 
Cell Line.” Journal of Biomedical Materials Research. 
Part A 108 (9): 1899–1908.
24. Ramadoss, Ramya, Rajashree Padmanaban, and 
Balakumar Subramanian. 2022. “Role of Bioglass in 
Enamel Remineralization: Existing Strategies and Fu-
ture Prospects-A Narrative Review.” Journal of Bio-
medical Materials Research. Part B, Applied Biomate-
rials 110 (1): 45–66.
25. Rivas Leonel, Ellen Cristina, Carolina M. Lucci, 
and Christiani A. Amorim. 2019. “Cryopreservation 
of Human Ovarian Tissue: A Review.” Transfusion 
Medicine and Hemotherapy: Offizielles Organ Der 
Deutschen Gesellschaft Fur Transfusionsmedizin Und 
Immunhamatologie 46 (3): 173–81.
26. Shahba, Mohamedi, Asmaaa Mostafa, Mohameds 
El-Belely, Sayedt Ismail, and Redai El-Sheshtawy. 2018. 
“Impact of Replacing Egg Yolk with Lecithin on Quali-
ty of Pre-Freeze and Post-Thaw Buffalo Spermatozoa.” 
Asian Pacific Journal of Reproduction 7 (6): 254.
27. Shilpa-Jain, D. P., Jogikalmat Krithikadatta, 
Dinesh Kowsky, and Velmurugan Natanasabapathy. 

2021. “Effect of Cervical Lesion Centered Access Cav-
ity Restored with Short Glass Fibre Reinforced Resin 
Composites on Fracture Resistance in Human Man-
dibular Premolars- an in Vitro Study.” Journal of the 
Mechanical Behavior of Biomedical Materials 122 
(October): 104654.
28. S, Sudha, Kalpana R, and Soundararajan P. 2021. 
“Quantification of Sweat Urea in Diabetes Using Elec-
tro-Optical Technique.” Physiological Measurement 
42 (9). https://doi.org/10.1088/1361-6579/ac1d3a.
29. Ugur, Muhammet Rasit, Amal Saber Abdelrah-
man, Holly C. Evans, Alicia A. Gilmore, Mustafa Hitit, 
Raden Iis Arifiantini, Bambang Purwantara, Abdullah 
Kaya, and Erdogan Memili. 2019. “Advances in Cryo-
preservation of Bull Sperm.” Frontiers in Veterinary 
Science 6 (August): 268.
30. Wu, Shuang, Shanmugam Rajeshkumar, Malini 
Madasamy, and Vanaja Mahendran. 2020. “Green Syn-
thesis of Copper Nanoparticles Using Cissus Vitiginea 
and Its Antioxidant and Antibacterial Activity against 
Urinary Tract Infection Pathogens.” Artificial Cells, 
Nanomedicine, and Biotechnology 48 (1): 1153–58.
31. Z., Muchlisin. 1970. “REVIEW: Current Status of 
Extenders and Cryoprotectants on Fish Spermatozoa 
Cryopreservation.” Biodiversitas: Journal of Biolog-
ical Diversity 6 (1). https://doi.org/10.13057/biodiv/
d060114.



1070 | Cardiometry | Issue 25. December 2022

ORIGINAL RESEARCH Submitted: 11.08.2022; Accepted: 1.09.2022; Published online: 25.12.2022

Comparative Study  
on Effectiveness of Organic Grape 
Juice Vinegar Over Commercially 
Available Vinegar Using Chemical 
Titration Technique  
for Chicken Quality Analysis 

Vadde Pavantheja, S. Manikandan

Department of Biotechnology, Saveetha School of Engineering, 
Saveetha Institute of Medical and Technical Sciences, Saveetha 
University, Chennai, Tamilnadu, India. Pincode: 602105.

Abstract
Aim: In developing nations there is a huge loss in post-har-
vest process and making vinegar from extra fruit, which may 
be used to preserve some foods and snacks, is a useful tech-
nique for reducing these losses. This research was done to 
determine the amount and quality of innovative grape vin-
egar produced (sultanina). The juice from Sultanina grapes 
was utilized in the making of vinegar. Materials and Meth-
ods: Two groups are taken with 6 samples per group,G pow-
er 80%, Coincidence interval 95%. Grape juice was separat-
ed into two batches, with one receiving a 20 percent sugar 
addition for primary fermentation and the other receiving 
none. For primary fermentation, we added Saccharomyces 
cerevisiae to the juice in two separate batches. Acetic acid 
bacteria (acetobacter) were added and left to acetic acid 
production through aerobic fermentation for 15 days before 
vinegar was formed. Results and Discussion: The pH was 
found to be 2.36, and the acetic acid content was 7.2%. Our 
innovative grape juice-based vinegar production procedure 
increased the content of acetic acid by 2.2 percent (p =0.001) 
, according to the results Conclusion: For the product, re-
searchers looked at color and physical/chemical qualities, 
and whole chicken preserved in vinegar underwent a sen-
sory examination. When compared to commercial vinegar, 
grape vinegar has a high acetic acid (7.2%) content. Vinegar 
with a higher acetic acid concentration can aid to improve 
the flavour of food.

Keywords
Grape Fruit, Acetobacter, Saccharomyces cerevisiae, Fermen-
ter, Innovative grape vinegar

Imprint
Vadde Pavantheja, S. Manikandan. Comparative Study on Ef-
fectiveness of Organic Grape Juice Vinegar Over Commer-
cially Available Vinegar Using Chemical Titration Technique 
for Chicken Quality Analysis. Cardiometry; Special issue 
No. 25; December 2022; p. 1070-1075; DOI: 10.18137/car-
diometry.2022.25.10701075; Available from: http://www.
cardiometry.net/issues/no25-december-2022/compara-
tive-study-effectiveness-organic

Introduction
Vinegar is a condiment produced by fermenting al-

coholic beverages and from sucrose rich fruit juices or 
from acidic foods. It can be made in a variety of ways 
and with a wide range of raw materials.Xiang et.al 
reported producing alcoholic beverages from fruits 
(Xiang et al. 2019). Various techniques for making vin-
egar exist, from the traditional use of wood barrels and 
surface culture to the modern use of submerged fer-
menters. Shimelis Admassu Emire et.al reported that 
using modern submerged fermenters (Emire 2012). A 
variety of substances are commonly used in the vin-
egar-making process, including red and sherry wine, 
white wine and rice as well as fruit juices and musts 
(such as grape, pineapple, apple and sugarcane juic-
es), cider and other alcoholic beverages (such as pure 
alcohol). Wai Ho et. al reported that a variety of sub-
stances used in vinegar production (Ho et al. 2017). 
Vinegar has long been employed as a preservative in 
culinary preparations. Plessi et.al reported that preser-
vatives in culinary preparations (Plessi 2003). Because 
of the presence of acetic acid, it primarily inhibits mi-
crobial growth while also enhancing the odor, flavor, 
and other sensory qualities of a wide range of meals, 
including chicken. Lucera et.al reported the food ap-
plications and antimicrobial properties (Lucera et al. 
2012). The acetic acid in vinegar has additional health 
benefits via modifying liver and gastrointestinal meta-
bolic processes. Johnston and Gass et al reported that 
they have so many health benefits by using acetic acid 
in vinegar (Johnston and Gaas 2006).

In the past five years,the total number of articles 
published by google scholar is 606 articles and science 
direct contained 402 articles. Amylases convert starch 
to sugar, ethanol is produced anaerobically by yeast 
fermentation, acetaldehyde is created, and aldehyde 
dehydrogenase dehydrates it to acetic acid, resulting 
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in acetic acid. Parapouli et.al reported the fermen-
tation process in food & beverages (Parapouli et al. 
2020). The final two stages are carried out in an aer-
obic environment using bacteria that produce acetic 
acid). Gomes et.al reported that in aerobid conditions 
the acetic acid will be produced. About 30-40% of the 
acetic acid produced from fermented sugar is lost to 
volatilization or is transformed into other molecules. 
Increased aeration rates during production could 
raise vinegar acidity. Yin et.al reported biotransforma-
tion by acetic acid bacteria. After substrate conversion 
to acetic acid, vinegar can be further processed with 
clarifying, filtering, distillation, and pasteurization at 
74°C before it is bottled, Levonen-Munoz and Cabe-
zudo et.al reported this vinegar production process. 
Vinegar has a pH of 2.4 in a more acidic range, and a 
viscosity is around 0.92 cp at 27°C as general qualities. 
Ameyapoh et.al reported the pH value of the vinegar.
Our team has extensive knowledge and research expe-
rience that has translate into high quality publications 
(Chellapa et al. 2020; Lavanya, Kannan, and Arivalag-
an 2021; Raj R, D, and S 2020; Shilpa-Jain et al. 2021; 
S, R, and P 2021; Ramadoss, Padmanaban, and Sub-
ramanian 2022; Wu et al. 2020; Kalidoss, Umapathy, 
and Rani Thirunavukkarasu 2021; Kaja et al. 2020; 
Antink et al. 2020; Paul et al. 2020; Malaikolundhan 
et al. 2020) 

There has never been a study done that uses Sac-
charomyces cerevisiae and Acetobacter pasteurianus 
grains to make grape vinegar. Vinegar making is 
viewed as a technique to maximize the use of tropical 
fruits grown in the Philippines in profusion. Pomelo 
fruit (Citrus maxima) is a citrus fruit native to South-
east Asia that is also known as pummelo, shaddock, 
or Chinese grapefruit. Ripe, it’s normally pale green to 
yellow, with pleasant white flesh (occasionally pink or 
red) and a thick albedo (skin covering the seeds) (rind 
pith). The vitamin C, sugar, and organic acid content 
of grapefruit is well-known. As a result, the objective 
of this study was to establish if grapefruit juice is an 
appropriate substrate for the formation of vinegar. 
There is an emphasis on making vinegar from grape 
fruit juice and testing the acidity (pH), odor, color, and 
taste for acceptability.

Materials and methods
The study was carried out in the Saveetha School 

of Engineering’s Microbiology Lab at the Saveetha 
Institute of Medical and Technical Science in Chen-

nai. Number of groups is 2 (Commercial vinegar and 
Grape vinegar). 

Fruit: This study used the grape fruit (Citrus par-
adisi), a native group variety. Grape fruits weighing 
between 250 and 500 grams were purchased at the 
Saveetha fruit stall at Saveetha University in Chennai.

Microbial strain: The Saveetha University Labo-
ratory of Microbiology provided the yeast strain Sac-
charomyces cerevisiae (Baker’s yeast) for alcoholic fer-
mentation. The acetic bacterial strain used for alcoholic 
fermentation was isolated from rice water after being 
exposed to ambient temperature. In fact, 250 ml of rice 
water was left out in the open for 72 hours at room tem-
perature. After a 24 hour incubation in an incubator at 
30°C, acetic bacteria were extracted from pure single 
colonies. Biochemical profiles like gram staining, respi-
ratory metabolism, and acid generation from ethanol, 
as well as catalase and oxidase assays, were used to make 
the identification. A single drop of hydrogen peroxide 
(H2O2) was used to perform a catalase test on a pure 
microbial colony. The production of acetic acid from 
ethanol was achieved by adding ethanol to a mixture of 
yeast extract and phenol red. The oxidase and catalase 
tests completed the gender identification process.

Production of grape vinegar: According to the 
flowchart representation in Fig. 1, the production 
of innovative grape vinegar from grape fruit was as-
sessed.

Two stages of the procedure were completed in 
succession. This study utilized two microbial strains: 
Saccharomyces cerevisiae for alcohol fermentation and 
acetic bacteria from rice water for acetic acid fermen-
tation, both at 30 ºC, for a total of 144 hours. To sum-
marize, the dirt was washed out of the grape fruit and 
mechanical pressure was used to extract grape juice.

The juice was heated to 80°C to avoid microbial con-
tamination and to concentrate sugar until 20°Bx. After 
cooling at ambient temperature, the juice was packaged 
in 200 mL sterile bottles. To check for bacterial contam-
ination in the environment, one bottle was used as a 
control. The rest of the bottles were seeded with 2 mL 
of 106 CFU (colony forming unit) yeast suspension and 
fermented at 30°C for 144 hours. One of these seeded 
bottles was utilized to measure yeast biomass and alco-
hol concentration at any time during the fermentation 
process. After 72 hours, 2 ml of 106 CFU acetic bacteria 
were added to the culture for acetic fermentation. To 
make innovative grape vinegar, the fermentation was 
carried out at 30°C for a total of 15 days.
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Determination of acetic acid: A titration of a 1 
ml sample with sodium hydroxide 0.1 N and phenol-
phthalein as an indicator was used to measure acetic 
acid generation every 24 hours. The acidity of vinegar 
was calculated in degrees of acetic acid using the mass 
in grams of acetic acid in 100 g pure vinegar.

Statistical analysis 
The SPSS software version 26 was used to perform 

a statistical comparison of the acetic acid concentra-
tions in grape vinegar and commercial vinegar. There 
are no dependent variables, and the standard devia-
tions and mean differences are independent variables 
((“Website,” n.d.; Ameyapoh et al. 2010)).

RESULTS
The acetic acid concentrations of naturally produced 

vinegar and commercial vinegar were examined. Table 1 
displays the percentage of acetic acid content in vinegar 
for both grape and commercial vinegar, as well as char-
acteristics features such as pH, temperature, acetic acid 
concentration, and ethanol concentration (Brewvin vin-
egar). The average acetic acid concentration difference 
between grape vinegar (7.2%) and commercial vinegar 
(5%) is 2.2%. Table 2 compares the acetic acid concen-
trations in grape vinegar and commercial vinegar. Grape 
vinegar has a slightly greater acetic acid concentration 
of roughly 7.2% when compared to commercial vinegar 
(5% acetic acid concentration); the difference in acetic 
acid concentration is 2.2%.

In Table 3, compared the mean values, standard 
deviation and standard mean value for commercial 
vinegar and grape vinegar. In Table 4, an independent 
sample test reveals statistical significance (P=0.001) 
for acetic acid concentration differences between 
grape vinegar and commercial vinegar (P=0.001).

Table 1
The acetic acid content in vinegar for both grape vinegar and 
commercial vinegar, as well as pH, temperature, acetic acid 
concentration, and ethanol concentration (Brewvin vinegar).
 S.NO  Vinegar  pH  Tempera-

ture
Acetic acid 

% 
1. Grape vinegar  2.36 30°C  7.2

2. Commercial vinegar  2.4 30°C  5

Table 2
The acetic acid contents in grape vinegar and commercial vin-
egar are compared.

 S.NO  Vinegar Acetic acid concentration
 1.  Grape vinegar  7.2%
 2.  Commercial vinegar  5%

Table 3
The mean value, standard deviation and standard error mean 
for commercial vinegar and grape vinegar. pH was found to 
be 2.36, and the acetic acid content was 7.2%. Our innovative 
grape juice-based vinegar production procedure increased the 
content of acetic acid by 2.2 percent

Group N MEAN Std.De-
viation

Std.Error 
Mean

Acetic acid 
percentage

Commercial 
vinegar

6 5.0000 0.00000 0.00000

Grape vinegar 6 7.2667 0.12111 0.04944

Flowchart representation in Fig. 1 shows the pro-
duction of innovative grape vinegar. Figure 2 shows a 
bar chart depicting the acetic acid concentrations of 
grape vinegar and commercial vinegar. They discov-
ered that the concentration of acetic acid in commercial 
vinegar (5%) is lower than that in grape vinegar (7.2%).

DISCUSSION
For the product, authors looked at color and phys-

ical/chemical qualities, and whole chicken preserved 

Table 4
An independent sample test reveals statistical significance (P=0.001) for acetic acid concentration differences between grape vin-
egar and commercial vinegar.

 Independent Sample Test
Levene’s Test for 

Equality of variances
T-test for Equality of Means

F Sig. t df Sig 
(2.tailed) 

Mean 
diff

Std. diff 
error

5%confidence inter-
val of the difference
Lower Upper

Acetic 
acid per-
centage

Equal variances 
assumed

22.500 0.001 -45.846 10 0.000 -2.26667 0.04944 -0.26271 -0.19064

Equal variances 
not assumed

-45.846 5.000 0.000 -2.26667 0.04944 -0.28010 -0.20803
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in vinegar underwent a sensory examination. When 
compared to commercial vinegar, grape vinegar has a 
high acetic acid (7.2%) content. Vinegar with a higher 
acetic acid concentration can aid to improve the fla-
vour of food.

The concentration of acetic acid in grape vinegar 
is higher than that of commercial vinegar. Because of 

the high acetic acid concentration, it is effectively em-
ployed as a food preservative, in the marinating pro-
cess, and in maintaining the quality of the meal. Admas 
et al. remarked on the food’s quality (Adams 2013). 
Marination flavours food and tenderises it by starting 
the breakdown process of the meat’s tissues. It aids in 
the tenderization and juiciness of the chicken. Matsu-

 

Fig. 1. Production process of grape vinegar

 
Fig. 2. Acetic acid comparison between commercial and grape vinegar. X axis:Commercial Vinegar and Grape vinegar; Y axis: Mean 
Acetic Acid Percentage. SD+-2.
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moto et al. described the process of meat tenderization 
using fruit based vinegar (Matsumoto 2012). It tells 
about the physicochemical properties in the fermenta-
tion process. Tanamool et.al described the process of 
physicochemical properties in vinegar fermentation 
(Tanamool, Chantarangsee, and Soemphol 2020) . It 
acts as a preservative and helps to shorten the cooking 
time. Nurul Khadijah Mat Isham et al. discovered that 
the mother vinegar and kombucha contained acetic 
acid concentrations of 2.04 and 2.41 percent, respec-
tively (Isham et al. 2019). According to Ameyapoh et 
al., the mango has an acetic acid concentration ranging 
from 0.9 to 2.1% (Ameyapoh et al. 2010).

The grape vinegar’s limits include a reduction in the 
amount of time required for the production procedure. 
It can be manufactured in a large scale of grape vinegar 
in a short period of time. The future potential is due to 
genetically modified organisms producing higher con-
centrations of acetic acid in a shorter period of time.

CONCLUSION
This study shows grape vinegar has better quality 

than commercial vinegar with a statistical significance 
of p=0.001. When compared to commercial vinegar, 
grape vinegar has a high acetic acid (7.2%) content. 
Vinegar with a higher acetic acid concentration can 
aid to improve the flavour of food.
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ABSTRACT
Aim: Vinegar producers are still on a mission to find acetic acid 
bacteria fermentation that produces extremely strong vinegar. 
Vinegar fermentation is caused directly by the acetic acid bacte-
ria alcohol respiratory chain, which is found on the intracellular 
membrane. In the alcohol respiratory chain, enzyme activity is 
increased through Acetobacter pasteurianus’ semi-permanent 
vinegar biodegradation, so did the acetification rate. Acetic acid 
bacteria alcohol respiratory chain activity was increased in a se-
ries of experiments with the goal of achieving a high strength 
fermentation process. Materials and methods: Precursors of 
alcohol respiration-associated components (ferrous ions and 
hydroxybenzoic acid) were added, and the air flow rate was 
increased, to further improve acidification. Researchers exam-
ined the color and physical/chemical properties of the finished 
product, as well as the sensory quality of the vinegar-preserved 
whole chicken. Two groups are taken with 7 samples per group, 
G power 80%, coincidence interval will be 95%. Results And 
Discussion: The pH was found to be 2.37, with an acetic acid 
content of 8.2%. According to the present study the amount of 
acetic acid in vinegar was increased by 3.2% using this produc-
tion method. and the statistical (p=0.001). Conclusion: Three 
parameters were discovered to increase alcohol oxidation into 
acetic acid in acetic acid bacteria cells: enzyme activity in the 
alcohol respiratory chain, precursor of ubiquinone production.

Keywords
Acetobacter, Saccharomyces cerevisiae, Wine, Fermentation, 
Innovative Grape Vinegar
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INTRODUCTION
Acetic acid bacteria (AAB) are a type of acidophilic 

bacteria that belong to the Proteobacteria subgroup. 
They belong to the Acetobacteraceae family, which 
includes the genera Acetobacter, Gluconobacter, and 
Gluconacetobacter. Gomes et.al reported that classifi-
cations of the bacteria (Gomes et al. 2018). Qiu et.al 
reported that acetic acid bacteria categorization and 
acid resistance mechanisms (Qiu, Zhang, and Hong 
2021). When growing in acetic acid, bacteria are well-
known for their oxidative fermentation abilities that 
contribute to the rapid sugars that have been oxidized 
and alcohol products, However, these substrates will 
not be assimilated. Mamlouk and gullo et.al reported 
about the aerobic conditions for growing acetobacter 
(Mamlouk and Gullo 2013). De Ross and De Vuyst 
et.al reported the role of acetobacter in foods and bev-
erages (De Roos and De Vuyst 2018). Bacterial respi-
ration systems directly contribute to oxidative fermen-
tation in these microbes. Doelle et.al reported that the 
bacterial respiratory system (Doelle 2014). Prust et.al 
reported the whole genomic sequence of the acetobac-
ter (Prust et al. 2005).

In the past five years, the total number of articles 
published by google scholar is 827 articles and science 
direct contained by 651 articles. In bacteria, there are 
two types of respiratory systems: cytochrome c oxidase 
and ubiquinol oxidase, which are differentiated by the 
type of terminal oxidase they use to produce energy. 
Gao et.al reported that types of respiratory systems 
in bacteria (Gao et al. 2012). Many studies on acetic 
acid bacteria have shown that membrane-bound de-
hydrogenases connect to ubiquinol oxidases to carry 
out oxidative fermentation. Adachi and yakushi et.al 
reported that they showed dehydrogenases in acetic 
acid bacteria that are membrane-bound (Adachi and 
Yakushi 2016). Acetic acid bacteria have a respiratory 
chain classified as the ubiquinol terminal oxidase sys-
tem. Matsushita et.al reported that in acetic acid bacte-
ria’s respiratory chain (Matsushita, Toyama, and Adachi 
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2004). Deppenmeier et.al reported that the of the acetic 
acid bacteria physiology (Deppenmeier and Ehrenre-
ich 2009).There are four different ubiquinol terminal 
oxidases found in bacteria that aren’t exclusive to those 
found in acidic bacteria, including the well-studied cy-
tochrome-a1 and cytochrome-d oxidases, as well as the 
CN-resistant bypass oxidase. Musser et.al reported that 
the different types of the ubiquinol terminal oxidases 
(Musser, Stowell, and Chan 1993).Our team has exten-
sive knowledge and research experience that has trans-
late into high quality publications (Chellapa et al. 2020; 
Lavanya, Kannan, and Arivalagan 2021; Raj R, D, and 
S 2020; Shilpa-Jain et al. 2021; S, R, and P 2021; Rama-
doss, Padmanaban, and Subramanian 2022; Wu et al. 
2020; Kalidoss, Umapathy, and Rani Thirunavukkara-
su 2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020) 

There has never been a study done that uses Sac-
charomyces cerevisiae and Acetobacter pasteurianus 
grains to make wine vinegar. The chain of alcohol 
respiration, an innovative grape vinegar-production 
mechanism exclusive to acetic acid bacteria, is a typ-
ical oxidative fermentation system. Many studies on 
the respiratory chains of acetic acid bacteria have been 
done, but few have attempted to use the findings from 
those studies to improve vinegar biodegradation. As a 
result, understanding the role of the alcohol respira-
tory system in innovative grape vinegar fermentation 
regulation is important. Researchers looked at corre-
lations between the alcohol respiratory chain activity 
of enzymes and the rate at which vinegar was being 
acetified in the current study. The relationship found 
was then used to carry out high-strength vinegar fer-
mentation by boosting the alcohol respiratory chain.

MATERIALS AND METHODS
The research was conducted at the Saveetha School 

of Engineering’s Microbiology Lab at the Saveetha In-
stitute of Medical and Technical Science in Chennai. 
Number of groups is 2 (Commercial vinegar and Wine 
vinegar). The sample size is 14, G Power at 80% and 
Coincidence interval at 95% ((Gao et al. 2012)).

Microbial strain: The acetic bacterial culture 
used in acetic acid fermentation was donated by the 
microbiology lab at Saveetha School of Engineering, 
Saveetha University in Chennai. A sterile swab is used 
to inoculate the Acetobacter aceti strain into a prima-
ry culture plate containing non-selective agar medi-
um, which is then cultured at 26°C for 48 hours.

Acetic acid fermentation: According to the flow-
chart representation in Fig. 1, the production of wine 
vinegar was assessed.

The researchers inoculated Acetobacter aceti into 
a secondary culture plate using nutritional agar base 
as the maintenance medium and incubated the plate 
at 35 °C for 48 to 72 hours before seeing growth. Af-
ter the process was complete, the inoculum for acetic 
fermentation was 25 mL of the incubated broth con-
taining 105 CFU/mL. We began the fermentation by 
mixing 100 mL of the fermented juice with 162 CFU/
mL solution in an acidic medium. For the generation 
of acetic acid, the fermented mixture was kept at 32°C 
for 30 days.

Determination of acetic acid: Every 24 hours, 
acetic acid production was determined by titrating a 1 
ml sample with sodium hydroxide 0.1 N and phenol-
phthalein as an indicator. The acidity of novel grape 
vinegar in degrees of acetic acid was calculated using 
the mass in grams of acetic acid in 100g pure vinegar.

Statistical Analysis
Statistical comparison of acetic acid concentra-

tion concentration between the Beer/wine vinegar 
and commercial innovative grape vinegar (ferment-
ed by Saccharomyces cerevisiae) through the SPSS 
software version 26 is used. There are no dependent 
variables and they have the independent variables 
like standard deviations and Mean differences ((Gao 
et al. 2012)).

RESULTS
Acetic acid concentration in innovative grape vin-

egar was analyzed and shown in Table 1. With the 
parameters like pH, Temperature, Acetic acid concen-
tration and ethanol concentration for both Beer/wine 
vinegar and commercial vinegar. The mean potential 
difference between the acetic acid concentration of 
Beer/wine vinegar (8.2%) and commercial vinegar 
(5%.) is 3.2%.

Table 1
Acetic acid concentration in vinegar was analyzed and shown

 S.NO Vinegar  pH Tem-
perature

Acetic 
acid %

Ethanol 
%

 1. Beer/wine 
vinegar

 2.5  30ºC  8.2%  1%

 2. Commercial 
vinegar

 2.4 30ºC  5%  0.5% 
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Comparison of Beer/wine vinegar acetic acid con-
centration and commercial vinegar acetic acid con-
centration in Table 2. The acetic acid concentration 
is slightly higher in Beer/wine vinegar (8.2%) when 
compared to commercial vinegar (5%).

Table 2
Comparison of Beer/wine vinegar acetic acid concentration and 
commercial vinegar acetic acid concentration in table.

 S.NO  Vinegar  Acetic acid %
 1.  Beer/wine vinegar  8.2%
 2.  Commercial vinegar  5%

In Table 3, compared the mean values, standard de-
viations and standard error deviations for commercial 
vinegar and Beer/ Wine vinegar.

Table 3
The mean values, standard deviation and standard error mean 
for commercial vinegar and grape vinegar.

Group N MEAN Std.De-
viation

Std.Error 
Mean

Acetic acid 
percentage

Commercial 
vinegar

7 5.0000 0.00000 0.00000

Wine/Beer 
vinegar

7 8.2143 0.08997 0.03401

Independent sample test shows the statistical sig-
nificance (P=0.01) for acetic acid concentration be-
tween the Beer/wine vinegar and Commercial vinegar 
in Table 4.

Flowchart representation in Fig. 1 shows the pro-
duction of wine vinegar. Bar chart represents the ace-
tic acid concentration of the Beer/wine vinegar and 
commercial vinegar in Fig. 2. They show the mean 
potential difference between the Beer/wine vinegar 
and commercial vinegar. Beer/wine vinegar is slightly 

more in acetic acid concentration when compared to 
commercial vinegar.

DISCUSSION
The pH was found to be 2.37, with an acetic acid 

content of 8.2%. According to the current study the 
level of acetic acid in vinegar was increased by 3.2% 
using this production method. and the statistical 
(p=0.001). The acetic acid concentration in Beer/wine 
vinegar is slightly high in Beer/wine vinegar when 
compared to the commercial vinegar. 

Kosseva et.al reported that the wine production 
quality is premier for commercialization of the same 
(Kosseva, Joshi, and Panesar 2016). Mas et.al report-
ed the standard of the wine vinegar (Mas et al. 2014). 
They increase the acetic acid concentration because 
the food preservation and chicken marination process 
undergoes the tenderization process. Matsumoto et.al 
reported that the meat tenderization process (Matsu-
moto 2012). After marination the meat will be very 
soft and smooth. Increasing the acetic acid concentra-
tion for maintaining the quality of the food without 
spoilage. Babic et.al reported that the acetic acid in the 
food industry (Babic 2013).

The limitations of the Wine/beer vinegar reduce 
the time in the production process. In a certain period 
of time we can produce a large amount of Beer/wine 
vinegar. The future scope will be that genetically mod-
ified organisms will be used for producing acetic acid 
concentration in Beer/wine vinegar in a short period 
of time.

CONCLUSION
This study shows Beer/Wine vinegar has better 

quality than commercial vinegar with a statistical sig-
nificance of p=0.001. Beer/wine vinegar has a high 

Table 4
Independent sample test shows the statistical significance (P=0.01) for acetic acid concentration between the Beer/wine vinegar 
and Commercial vinegar. 
 Independent Sample Test

Levene’s Test for 
Equality of variances

T-test for Equality of Means

F Sig. t df Sig 
(2.tailed) 

Mean diff Std. diff 
error

5%confidence inter-
val of the difference
Lower Upper

Acetic 
acid per-
centage

Equal variances 
assumed

21.016 0.001 -94.519 12 0.000 -3.21429 0.03401 -3.28838 -3.14019

Equal variances 
not assumed

-94.519 6.000 0.000 -3.21429 0.03401 -3.29750 -3.13107
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acetic acid (8.2%) content when compared to com-
mercial vinegar (5%). Chemical titration technique 
will be used for measuring acetic acid concentration. 
Higher acetic acid concentration improves the quality 
of the food.
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ABSTRACT
Aim: The production of innovative Pineapple vinegar neces-
sitates the use of a low-cost raw material due to the com-
modity’s low price.The present investigation represents the 
use of pineapple waste as a new substrate. Materials and 
Methods: In this method, the juice and core of the pineap-
ple (Ananas comosus) can be used instead of being thrown 
away during processing or consumption. For 6-8 days at 
25°C, the waste was fermented with Saccharomyces cere-
visiae and a combination of physical and enzymatic treat-
ments to turn it into a sugar. Two groups are taken with 8 
sample size per group, G power 80%, coincidence interval 
will be 95%. Results: Acitric fermentation with Acetobacter 
aceti and the alcoholic medium took about 15 days at 30°C, 
and the final product had an acidity of 7.8%. Chemical titra-
tion was used to determine the amount of volatile and fixed 
compounds in the acetified samples, and the results showed 
that the concentration of acetic acid in the pineapple vinegar 
was significantly more than in the original wine (p=0.001). 
Conclusion: The metabolite profile of pineapple waste vin-
egar, which has a slight floral aroma, has never been studied 
before. It has also been shown that reusing pineapple fruits 
in food products with added nutritional value can significant-
ly reduce post-harvest losses. The final pineapple vinegar 
had a stronger aroma due to the presence of more alcohols, 
aldehydes, and ketones, while the off-flavors were signifi-
cantly reduced compared to the original. 

Keywords
Pineapple, Acetobacter, Saccharomyces cerevisiae, Fermenta-
tion, Innovative Pineapple Vinegar.
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INTRODUCTION
Wine and vinegar as a later derived product are in 

high demand for the future of value-added products. 
Bhat et.al reported the biological making process of 
vinegar (Bhat, Akhtar, and Amin 2014). To remain 
competitive, the wine market is now focusing on di-
versification through the creation of new products 
that are unique, novel, and enhanced using advanced 
technologies, cutting-edge formulas and alternative 
raw materials. Rudani et.al reported that the market-
ing management (Rudani 2010). Similarly, the issue 
of food waste has gotten a lot of attention lately from 
everyone from food producers to processors to retail-
ers to consumers. Goodman et.al reported that the al-
ternative food networks (Goodman, Melanie DuPuis, 
and Goodman 2012). Because it has an impact on the 
entire food supply chain’s profitability, food waste is 
seen as a sustainability and security issue as well as an 
economic one. Vagsholm et.al reported that the food 
security and sustainability (Vågsholm, Arzoomand, 
and Boqvist 2020). For this reason, food processors, 
farmers and government agencies must all be aware 
of the advantages of utilizing post harvest waste if 
they are to effectively manage food waste. Parfitt et.al 
reported that the food waste in food supply chains 
(Parfitt, Barthel, and Macnaughton 2010).

In past five years, the total number of articles pub-
lished by google scholar is 264 articles and science 
direct published by 199 articles. The extensive use 
of low-cost raw materials such as by-products from 
food processing and agricultural surpluses such fruit 
waste and substandard fruit keeps vinegar production 
cost low. Luzon-Quintana et.al reported that the vin-
egar production in biotechnological processes (Lu-
zón-Quintana, Castro, and Durán-Guerrero 2021). It 
is possible that the waste contains valuable substanc-
es such as colorants and sugars as well as antibacte-
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rial substances and fibres, as well as organic acids, 
tastes, and bioactive components such as enzymes 
and antioxidants that can be used in bioprocesses to 
create higher-value products. Ben-Othaman et.al re-
ported that the bioactives from the Agri-food waste 
(Ben-Othman, Jõudu, and Bhat 2020). It has been 
confirmed by the emergence and widespread con-
sumption of fruit and vegetable vinegars with distinct 
sensory characteristics. Vinegars made from a variety 
of raw materials, including pepper leaves and straw-
berries to those made from blueberry, persimmon 
and sweet potato. Mas et.al reported the different raw 
materials in vinegar production (Mas 2010). Bioactive 
substances like organic acids, amino acids or pheno-
lic compounds derived from vinegar’s raw materials 
may be responsible for these vinegar effects. Zhang 
et.al reported that the bioactive substances (Zhang et 
al. 2019). The total vinegar fermentation process can 
produce and/or increase the amount of these chem-
icals by converting phenolic compounds into new 
anti-oxidative molecules. Bakir et.al reported that the 
Antioxidant compounds (Bakir et al. 2016). vinegar’s 
aroma plays an important role in the raw materials 
utilized, the chemicals generated during fermentation, 
and the fermentation type used all influence customer 
acceptance and quality. Aroma also contributes sig-
nificantly to vinegar’s sensory character. Sharma et.al 
reported the quality of the fermented foods (Sharma 
et al. 2020).

Our team has extensive knowledge and research 
experience that has translate into high quality publi-
cations (Chellapa et al. 2020; Lavanya, Kannan, and 
Arivalagan 2021; Raj R, D, and S 2020; Shilpa-Jain et 
al. 2021; S, R, and P 2021; Ramadoss, Padmanaban, 
and Subramanian 2022; Wu et al. 2020; Kalidoss, 
Umapathy, and Rani Thirunavukkarasu 2021; Kaja et 
al. 2020; Antink et al. 2020; Paul et al. 2020; Malaikol-
undhan et al. 2020) 

There has never been a study done that uses Sac-
charomyces cerevisiae and Acetobacter pasteurianus 
grains to make pineapple vinegar. Recent studies using 
metabolomics-based approaches have shown that vin-
egar has significant health benefits and medical rem-
edies in its antibacterial and cleansing properties are 
well-known. Multiple factors, such as food composi-
tion, flavour, aroma, and food characteristics, can have 
a substantial impact on food quality and consumer 
approval, which can all be assessed using metabolo-
mics in conjunction with more traditional analytical 

approaches. To determine whether pineapple waste 
can be used as a raw ingredient for a processed culi-
nary product such as vinegar, we looked at how it can 
be used as a relatively low-cost material. The purpose 
of the research was to investigate if this method could 
be utilized to manufacture vinegar and to profile the 
chemical constituents in the wine and vinegar to un-
derstand more about the Pineapple vinegar’s quality.

MATERIALS AND METHODS
The study was conducted at the Saveetha School 

of Engineering’s Microbiology Lab at the Saveetha In-
stitute of Medical and Technical Sciences in Chennai.
Number of groups is 2 (Commercial vinegar and in-
novative pineapple vinegar). The sample size is 16, G 
Power at 80% and Coincidence interval at 95% (Zhang 
et al. 2019)).

Fruit: This research employed the Pineapple 
fruit, which is a native group variety. Pineapple fruits 
weighing 250 to 500 grams were purchased from the 
Saveetha fruit kiosk at Saveetha University’s Saveetha 
School of Engineering in Chennai.

Microbial strain: The Saveetha University Labo-
ratory of Microbiology gave the yeast strain saccharo-
myces cerevisiae (Baker’s yeast) for alcoholic fermen-
tation.After being exposed to ambient temperature, 
Rice water was utilized to isolate the acetic bacteria 
strain used in alcoholic fermentation. In fact, 250 ml 
of rice water was left out in the open for 72 hours at 
room temperature. After a 24-hour incubation period 
at 30°C in an incubator, acetic bacteria were extracted 
from pure single colonies. Biochemical profiles such 
as gram staining, respiratory metabolism, and acid 
generation from ethanol, as well as catalase and oxi-
dase assays, were used to make the identification. A 
single drop of hydrogen peroxide (H2O2) was used to 
perform a catalase test on a pure microbial colony. The 
production of acetic acid from ethanol was achieved 
by adding ethanol to a mixture of yeast extract and 
phenol red. The oxidase and catalase tests completed 
the gender identification process.

Production of Pineapple vinegar: According to 
the flowchart representation in Fig. 1, the production 
of Pineapple vinegar was assessed.Two stages of the 
procedure were completed in succession. This study 
utilized two microbial strains: Saccharomyces cerevisi-
ae for alcohol fermentation and acetic bacteria from 
rice water for acetic acid fermentation, both at 30°C, 
for a total of 144 hours. To summarize, the dirt was 
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washed out of the Pineapple fruit and mechanical 
pressure was used to extract Pineapple juice.

The juice was heated to 80°C to prevent microbial 
contamination and concentrate sugar until it reached 
20°Bx. After cooling to room temperature, the juice 
was poured into 200 mL sterile bottles. To check for 
bacterial contamination in the environment, one bot-
tle was used as a control. The rest of the bottles were 
seeded with 2 ml of 106 CFU yeast suspension and 
fermented at 30°C for 144 hours. At any point during 
the fermentation, one of these seeded bottles was used 
to determine yeast biomass and alcohol concentration. 
After 72 hours, the culture was seeded with 2 ml of 106 
CFU acetic bacteria for acetic fermentation. To make 
Pineapple vinegar, the fermentation was carried out at 
30°C for a total of 15 days.

Determination of acetic acid: Every 24 hours, 
acetic acid production was determined by titrating a 
1 ml sample with sodium hydroxide 0.1 N and phe-
nolphthalein as an indicator. The acidity of vinegar in 
degrees of acetic acid was calculated using the mass in 
grams of acetic acid in 100 g pure vinegar.

Statistical Analysis
The SPSS software version 26 was used to make 

a statistical comparison of acetic acid concentrations 
in pineapple vinegar and commercial vinegar. There 
are no dependent variables, and the standard devia-
tions and mean differences are independent variables 
(Zhang et al. 2019).

RESULTS
Acetic acid concentration in vinegar was analyzed 

and shown in Table 1 with the parameters like pH, 
temperature, acetic acid concentration and ethanol 
concentration for both Pineapple vinegar and Com-
mercial vinegar (Brewvin vinegar). The mean poten-
tial difference between the acetic acid concentration 
of both pineapple vinegar (7.9%) and commercial vin-
egar (5%) is 2.9%.

Table 1
Acetic acid concentration in vinegar was analyzed and shown

 S.NO  Vinegar  pH  Tempera-
ture

Acetic 
acid % 

 1. Pineapple 
vinegar

 2.8  30ºC  7.9

 2. Commercial 
vinegar

 2.4  30ºC  5

Comparison of Pineapple vinegar acetic acid con-
centration and commercial vinegar acetic acid con-
centration in Table 2. The acetic acid concentration is 
slightly higher in pineapple vinegar (7.9%) when com-
pared to commercial vinegar (5%).

Table 2
Comparison of Pineapple vinegar acetic acid concentration and 
commercial vinegar acetic acid concentration

 S.NO  Vinegar Acetic acid concentration
 1.  Pineapple vinegar  7.9%
 2.  Commercial vinegar  5%

In Table 3, compared the mean value, standard de-
viation and standard error mean for commercial vin-
egar and pineapple vinegar. Independent sample test 
shows the statistical significance (P=0.001) for acetic 
acid concentration between the pineapple vinegar and 
the commercial vinegar in Table 4.

Table 3
Illustrate the mean value, standard deviation and standard error 
mean for commercial vinegar and pineapple vinegar. The acetic 
acid concentration is high in pineapple vinegar (7.9%) when 
compared to commercial vinegar (5%). 

Group N MEAN Std.De-
viation

Std.Error 
Mean

Acetic 
acid 
percent-
age

Commercial 
vinegar

8 5.0000 0.00000 0.00000

Pineapple 
vinegar

8 7.9875 0.11260 0.03981

Flowchart representation in Fig. 1 shows the pro-
duction of innovative pineapple vinegar. Bar chart rep-
resents the acetic acid concentration of the pineapple 
vinegar and commercial vinegar in Fig. 2. They show-
ing acetic acid concentration is less in commercial vin-
egar (5%) and more in pineapple vinegar (7.9%).

DISCUSSION
The metabolite profile of pineapple waste vinegar, 

which has a slight floral aroma, has never been stud-
ied before. It has also been shown that reusing pine-
apple fruits in food products with added nutritional 
value can significantly reduce post-harvest losses. The 
final pineapple vinegar had a stronger aroma due to 
the presence of more alcohols, aldehydes, and ketones, 
while the off-flavors were significantly reduced com-
pared to the original. Acetic acid concentration in 
pineapple vinegar is slightly high when compared to 
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Table 4
Independent sample test shows the statistical significance (P=0.001) for acetic acid concentration between the Pineapple vinegar 
and the commercial vinegar 

 Independent Sample Test
Levene’s Test for 

Equality of variances
T-test for Equality of Means

F Sig. t df Sig 
(2.tailed) 

Mean diff Std. diff 
error

5%confidence inter-
val of the difference
Lower Upper

Acetic 
acid per-
centage

Equal variances 
assumed

19.956 0.001 -75.044 14 0.000 -2.98750 0.03981 -3.07288 -2.90212

Equal variances 
not assumed

-75.044 7.000 0.000 -2.98750 0.03981 -3.08164 -2.89336

 
Fig. 1. Production process of pineapple vinegar

 Fig. 2. Acetic acid difference between commercial and pineapple vinegar. X axis: Commercial Vinegar and Pineapple vinegar; Y 
axis: Mean Acetic Acid Percentage. SD+-2.
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commercial vinegar. Raji et.al reported the pineapple 
vinegar is made from the peels of pineapples (Raji et 
al. 2012). 

They increase the acetic acid concentration because 
of food preservatives, the marination process and they 
maintain the quality of the food. Babic et.al reported 
that the acetic acid in the food (Babic 2013). Marina-
tion adds flavours to food and makes them tenderiza-
tion by beginning the breakdown process of tissues 
of the meat. Admas et.al reported the quality of the 
food (Adams 2013). It tells about the physicochemical 
properties in the fermentation process. Tanamool et.al 
described the process of physicochemical properties 
in vinegar fermentation. (Tanamool, Chantarangsee, 
and Soemphol 2020). It helps in tenderising the chick-
en and makes it juicier. It acts as a preservatives and it 
helps to reduce the time of cooking. Matsumoto et.al 
reported that the tenderization process (Matsumoto 
2012).

The limitations of the pineapple vinegar is reduc-
ing the time consuming for the production process. 
In less time we can highly produce grape vinegar. The 
future scope is due to genetically modified organisms 
producing acetic acid concentration in a shorter peri-
od of time.

CONCLUSION
This study shows pineapple vinegar has better 

quality than commercial vinegar with a statistical sig-
nificance of p=0.001. The acetic acid concentration is 
high in pineapple vinegar (7.9%) when compared to 
commercial vinegar (5%). Higher acetic acid concen-
tration in vinegar is helpful to improve the taste of the 
food.
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ABSTRACT
Aim: The purpose of this research is to develop a new ap-
ple vinegar based on Podophyllum peltatum and analyze 
the fermentation process using a new methodology. Ma-
terials and Methods: The vinegar-making process began 
with the addition of Saccharomyces cerevisiae (yeast) and 
l (acetic bacteria) with apple. Chemical titration method is 
used to find out the apple juice microbial and compared 
to the microbial in vinegar. The microorganisms Saccharo-
myces cerevisiae and Acetobacter pasteurianus were found 
respectively. Fermentation began with fewer Saccharomy-
ces cerevisiae and Acetobacter pasteurianus, but they were 
present throughout the alcoholic and acetic phases. Both 
microbial strains produced ethanol and acetic acid using ap-
ple as a substrate. The vinegar also produced acetate, vol-
atile alcohols, and aldehydes. Two groups are taken with 9 
sample size per group, G power 80%, coincidence intervals 
will be 95%. Results and Discussion: The innovative ap-
ple vinegars had an acetic acid yield of 8.1%. In the sensory 
evaluation, apple vinegar was well received. The technology 
proposed here is innovative in that it employs mixed inocula 
instead of separate ones (p=0.001). It also uses cell biomass 
instead of centrifugation at the end of the fermentative pro-
cess. When compared to commercial vinegar (5%), apple 
vinegar has a high acetic acid concentration (8.1%). Conclu-
sion: Reduce the working time and also be less expensive. 
Higher acetic acid concentration in vinegar is helpful to im-
prove the taste of the food. 
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Innovative Apple Vinegar
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INTRODUCTION
A favorite of millions of people around the world, 

the apple (Podophyllum peltatum) is mankind’s earliest 
fruit. Trcek et.al reported that the apple vinegar pro-
cess (Trček, Mahnič, and Rupnik 2016). However, in 
Asia, only a small percentage of these apple fruits are 
consumed by locals because of the large yield per tree, 
the short shelf life of fresh fruit, and the lack of us-
age as processed items. Fao et.al reported on the fruits’ 
post-harvest (Fao 2007) and Rolle et.al reported on 
asia’s post-harvest management (Rolle 2006). Making 
fruit wine or vinegar, which allows items to be stored 
in alcohol or acetic acid, could be a viable solution. 
Viana et.al reported the microbiological and chemi-
cal analysis in the fermentation process (Viana et al. 
2017). Apple vinegar has never been the subject of a 
study despite an increase in fruit wine and vinegar re-
search in recent years. Roman-Camacho et.al reported 
that the alcohol wine and vinegar (Román-Camacho 
et al. 2020).

In past five years, the total number of articles pub-
lished by google scholars is 692 articles and science di-
rect published by 550 articles. Almost any fermentable 
carbohydrate can be used to make vinegar: apples, 
sorghum, molasses, wine, dates, grapes, pears, melons, 
coconut oil, berries and honey are just a few examples. 
Morales et.al reported that the fermentable carbohy-
drates (Morales et al. 2002). Vinegar can also be made 
from other fermentable carbohydrate sources like po-
tatoes and beets. Swain et.al reported that the fruits 
and vegetables that have been fermented (Swain et 
al. 2014). Yeasts begin by turning natural food sugars 
into ethanol. As a next step, Acetobacter bacteria (Ac-
etobacter) convert alcohol to acetic acid. Gomes et.al 
reported the systematics characterization and applica-
tions of the acetic acid bacteria (Gomes et al. 2018). 
Fermentation processes used to make commercial 
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vinegar are either fast or slow. The liquid is oxygenat-
ed by agitation in the quick methods, and the bacteria 
culture is submerged, allowing for quick fermentation 
to take place. Bhat et.al reported that the fermentation 
process of the vinegar (Bhat, Akhtar, and Amin 2014). 
Traditional wine vinegars are manufactured slowly, 
with a culture of acetic acid bacteria growing on the 
liquid’s surface and the fermentation taking weeks or 
months to complete. Empire et.al reported that the 
traditional fermentation methods (Emire 2012). The 
mother of vinegar, a harmless slime made of yeast and 
acetic acid bacteria, might accumulate as a result of the 
longer fermentation time. Vinegar eels eat organisms 
like this and are found in vinegar that has naturally 
fermented. These microorganisms are usually avoid-
ed by filtering and pasteurizing the product before 
bottling. Johnston et.al reported that the antiglycemic 
effect (Johnston and Gaas 2006). If you store vine-
gar after opening, mother may form; it’s considered 
benign and can be removed by filtering it out. Many 
people recommend keeping the mother for a variety 
of health reasons that have yet to be proven.Our team 
has extensive knowledge and research experience that 
has translate into high quality publications (Chellapa 
et al. 2020; Lavanya, Kannan, and Arivalagan 2021; 
Raj R, D, and S 2020; Shilpa-Jain et al. 2021; S, R, and 
P 2021; Ramadoss, Padmanaban, and Subramanian 
2022; Wu et al. 2020; Kalidoss, Umapathy, and Rani 
Thirunavukkarasu 2021; Kaja et al. 2020; Antink et al. 
2020; Paul et al. 2020; Malaikolundhan et al. 2020) 

There has never been a study done that uses Sac-
charomyces cerevisiae and Acetobacter pasteurianus 
grains to make apple vinegar. Vinegar products sold in 
the United States must have a minimum acidity of 4% 
to be legal. The vinegar produced or sold in a region 
has regional standards in European countries. Cider 
and wine vinegars have an acetic acid content between 
5 and 6 %, whereas white distilled vinegars have an 
acetic acid content between 4 and 7%. Herbal and fruit 
vinegars are subcategories of specialty vinegars. A va-
riety of herbs and spices can be used in the production 
of vinegars such as white wine vinegar or white dis-
tilled vinegar that are seasoned with herbs like basil 
and tarragon as well as garlic, clove and cinnamon. 
Sweetened with fruit or fruit juice, wine and white vin-
egars give off a distinctive sweet-sour flavor known as 
fruit vinegar. Vinegars made with traditional methods 
are made from locally sourced ingredients and follow 
long standing traditions. The study’s aim was to create 

innovative apple vinegar based on apple juice and in-
vestigate the fermentation process using an innovative 
method for evaluating microbial activity.

MATERIALS AND METHODS
The study was conducted at the Saveetha School 

of Engineering’s Microbiology Lab at the Saveetha In-
stitute of Medical and Technical Sciences in Chennai. 
Number of groups is 2 (Commercial vinegar and Ap-
ple vinegar). The sample size is 18, G Power at 80% 
and Coincidence interval at 95% (Emire 2012).

Fruit: This research employed the Apple fruit, 
which is a native group variety. Apples weighing be-
tween 250 and 500 g were obtained at the Saveetha 
fruit stall at Saveetha University’s Saveetha School of 
Engineering in Chennai.

Microbial strain: The Saveetha University Labo-
ratory of Microbiology gave the yeast strain saccharo-
myces cerevisiae (Baker’s yeast) for alcoholic fermen-
tation. After being exposed to ambient temperature, 
Rice water was used to isolate the acetic bacteria strain 
for alcoholic fermentation. In fact, 250 ml of rice wa-
ter was left out in the open for 72 hours at room tem-
perature. After a 24 hour incubation in an incubator at 
30°C, acetic bacteria were extracted from pure single 
colonies. Biochemical profiles like gram staining, re-
spiratory metabolism, and acid generation from eth-
anol, as well as catalase and oxidase assays, were used 
to make the identification. A single drop of hydrogen 
peroxide (H2O2) was used to perform a catalase test on 
a pure microbial colony. Adding ethanol to a mixture 
of yeast extract and phenol red resulted in the synthe-
sis of acetic acid from ethanol. The oxidase and cata-
lase tests completed the gender identification process.

Production of Apple vinegar: According to the 
flowchart representation in Fig. 1, the production of 
apple vinegar was assessed.

Two stages of the procedure were completed in 
succession. This study utilized two microbial strains: 
Saccharomyces cerevisiae for alcohol fermentation and 
acetic bacteria from rice water for acetic acid fermen-
tation, both at 30°C, for a total of 144 hours. To sum-
marize, the dirt was washed out of the apple fruit and 
mechanical pressure was used to extract apple juice.

To avoid microbiological contamination, concen-
trate sugar until it reaches a temperature of 20°Bx, the 
juice is heated at 80°C. The juice was packaged in sterile 
bottles with a capacity of 200 ml after cooling at room 
temperature. To check for bacterial contamination in 
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the environment, one bottle was used as a control. The 
rest of the bottles were seeded with 2 mL of 106 CFU 
yeast suspension and fermented at 30°C for 144 hours. 
One of these seeded bottles was utilized to determine 
yeast biomass and alcohol concentration at any mo-
ment throughout the fermentation. After 72 hours, 2 
ml of 106 CFU acetic bacteria were added to the culture 
for acetic fermentation. To make apple vinegar, the fer-
mentation was carried out at 30°C for a total of 15 days. 

Determination of acetic acid: Every 24 hours, 
acetic acid production was determined by titrating a 
1 ml sample with sodium hydroxide 0.1 N and phe-
nolphthalein as an indicator. The acidity of vinegar in 
degrees of acetic acid was calculated using the mass in 
grams of acetic acid in 100 g pure vinegar.

Statistical analysis 
The SPSS software version 26 was used to do a 

statistical comparison of acetic acid concentration be-
tween Apple vinegar and commercial vinegar. There 
are no dependent variables, and the standard devia-
tions and mean differences are independent variables 
(Emire 2012).

RESULTS
Acetic acid concentration in vinegar was analyzed 

and shown in Table 1 with the parameters like pH, Tem-
perature, Acetic acid concentration and Ethanol concen-
tration for both Apple vinegar and commercial vinegar 
(Brewvin vinegar). The mean potential difference be-
tween the acetic acid concentration of both apple vinegar 
(8.1%) and commercial vinegar (5%) is 3.1%.

Comparison of innovative apple vinegar acetic 
acid concentration and commercial vinegar acetic 

acid concentration are shown in Table 2. The acetic 
acid concentration is slightly higher in apple vinegar 
(8.1%) when compared to commercial vinegar (5%).

Table 1
Acetic acid concentration in vinegar was analyzed and shown 
 S.NO  Vinegar  pH  Tempera-

ture
Acetic acid 

% 
 1. Apple vinegar  2 30ºC  8.1
 2. Commercial 

vinegar
 2.4 30ºC  5

Table 2
Comparison of Apple vinegar acetic acid concentration and 
commercial vinegar acetic acid concentration
 S.NO  Vinegar Acetic acid concentration

 1.  Apple vinegar  8.1%
 2.  Commercial vinegar  5%

In Table 3, compared the mean value, standard 
deviation and standard error mean for commercial 
vinegar and apple vinegar. Independent sample test 
shows the statistical significance (P=0.001) for acetic 
acid concentration between the apple vinegar and the 
commercial vinegar (Table 4).

Table 3
Illustrate the mean value, standard deviation and standard error 
mean for commercial vinegar and apple vinegar.

Group N MEAN Std.De-
viation

Std.Error 
Mean

Acetic 
acid per-
centage

Commercial 
vinegar

9 5.0000 0.00000 0.00000

Apple vinegar 9 8.1000 0.08660 0.02887

Table 4
Independent sample test shows the statistical significance (P=0.001) for acetic acid concentration between the Apple vinegar and 
the commercial vinegar

 Independent Sample Test
Levene’s Test for 

Equality of variances
T-test for Equality of Means

F Sig. t df Sig 
(2.tailed) 

Mean diff Std. diff 
error

5%confidence inter-
val of the difference
Lower Upper

Acetic 
acid per-
centage

Equal 
variances 
assumed

16.000 0.001 -107.387 16 0.000 -3.10000 0.02887 -3.16120 -3.03880

Equal 
variances 
not as-
sumed

-107.387 8.000 0.000 -3.10000 0.02887 -3.16657 -3.03343
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Fig. 1. Production process of apple vinegar

 Fig. 2. Acetic acid concentration between apple and commercial vinegar. X axis:Commercial Vinegar and Apple vinegar; Y axis: 
Mean Acetic Acid Percentage. SD+-2.
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Bar chart represents the acetic acid concentration 
of the apple vinegar and commercial vinegar in Fig. 
2.They showing acetic acid concentration is less in 
commercial vinegar (5%) and more in Apple vinegar 
(8.1%).

DISCUSSION
Innovative apple vinegar has better quality than 

commercial vinegar with a statistical significance of 
p=0.001. The acetic acid concentration is high in apple 
vinegar (8.1%) when compared to commercial vine-
gar (5%). Higher acetic acid concentration in vinegar 
is helpful to improve the taste of the food. 

The acetic acid concentration in apple vinegar is 
slightly high when compared to commercial vinegar. 
Song et.al reported that the apple vinegar fermentation 
process (Song et al. 2019). Increasing the acetic acid 
concentration in apple vinegar because of food preser-
vatives, marination process and they maintain the qual-
ity of the food. Admas et.al reported the quality of the 
food (Adams 2013). Marination adds flavours to food 
and makes them tenderization by beginning the break-
down process of tissues of the meat. Madhusankha et.al 
reported that the meat tenderization mechanism (Mad-
husankha, Madhusankha, and Thilakarathna 2021). It 
helps in tenderising the chicken and makes it juicier. It 
acts as a preservatives and it helps to reduce the time of 
cooking. Matsumoto et.al reported that the tenderiza-
tion process (Matsumoto 2012). 

The limitations of the apple vinegar is reducing the 
time consuming for the production process. In less 
time we can highly produce apple vinegar. The future 
scope is due to genetically modified organisms pro-
ducing acetic acid concentration in a shorter period 
of time.

CONCLUSION
This study shows innovative apple vinegar has bet-

ter quality than commercial vinegar with a statistical 
significance of p=0.001. The acetic acid concentration 
is high in apple vinegar (8.1%) when compared to 
commercial vinegar (5%). Higher acetic acid concen-
tration in vinegar is helpful to improve the taste of the 
food. 
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ABSTRACT 
Aim: To compare the antibacterial activity of innovative eth-
anolic fractions of Trichoderma viride against Drug-resistant 
bacteria. Materials and Method: Trichoderma was isolated 
from the soil sample and the ethanolic extract was prepared 
from the fully grown mycelia. The ethanolic extract was tested 
against the four Methicillin-Resistant Staphylococcus aureus 
strains (MRSA). Clinicalc.com was used to calculate the sample 
size and found that alpha error-threshold at 0.05, 95% confi-
dence interval, g power at 80% and the enrolment ratio to be 
1. Sample size of each group was 12. Results: The MIC was 
determined to be Escherichia coli, Staphylococcus aureus and 
Bacillus subtilis-50 μg/mL and Pseudomonas aeruginosa-100 
μg/mL and MRSA strains (all four) – 100 μg/mL. The statistical 
Independent Sample T-Test analysis showed significant anti-
bacterial activity against MRSA for the Trichoderma ethanolic 
extract with the statistical significance (p<0.05) when compared 
to the Susceptible bacterial strains. Conclusion: The tested 
ethanolic extract inhibited the MRSA at 100 μg/mL.

Keywords
Trichoderma viride, Innovative Ethanolic Fractions, MIC, MRSA, 
Susceptible bacteria, Antibacterial Activity, Drug-resistant. 
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INTRODUCTION
Antimicrobial resistance (AMR) is a natural phe-

nomenon and the increased microbial pattern makes the 
current treatment strategies difficult (Prestinaci, Pezzot-
ti, and Pantosti 2015) . Trichoderma is a genus of fun-
gi that are cosmopolitan soil-dwells found in decaying 
wood (Samuels 1996; Kubicek and Penttila 1998). Trich-
oderma produces antibiotics that are used as a biocon-
trol agent against plant pathogens (Sivasithamparam and 
Ghisalberti 2002); (Harman 2000). Currently, antibiotic 
resistance patterns to microorganisms are increasing 
making the empirical treatment difficult. Thus, the study 
was carried out to find the novel extracts from the Trich-
oderma strains showing potential antibacterial activity 
against drug-resistant bacteria. Hence, the novel extracts 
could find a place in the drug development process to 
treat drug-resistant bacteria (Harman 2000).

For better results, we searched for the literature for 
the most relevant scientific articles in databases such 
as PLOS, Frontiers, ResearchGate, and PubMed pub-
lications which resulted in the identification of 1450 
articles for the antibacterial activity of the ethanolic 
fractions of Trichoderma spp. (Prestinaci, Pezzot-
ti, and Pantosti 2015). The high molecular fractions 
(HWF) of ethanolic extract separated from Tricho-
derma asperelloides exhibits antibiotic activity against 
Staphylococcus biofilms (Sagar, Chauhan, and Prakash 
2017). 10 different fungal species were isolated from 
stem, root, and leaves to find the anti-bacterial activ-
ity against Saussurea costus; the crude extracts were 
methanol, acetone, and ethanol and found the high-
er antibacterial activity ((Awad et al. 2018). (Nandar, 
n.d.) showed positive antibacterial activity of Tricho-
derma against the Staphylococcus aureus.Our team has 
extensive knowledge and research experience that has 
translate into high quality publications (Chellapa et al. 
2020; Lavanya, Kannan, and Arivalagan 2021; Raj R, 
D, and S 2020; Shilpa-Jain et al. 2021; S, R, and P 2021; 
Ramadoss, Padmanaban, and Subramanian 2022; Wu 
et al. 2020; Kalidoss, Umapathy, and Rani Thirunavuk-
karasu 2021; Kaja et al. 2020; Antink et al. 2020; Paul et 
al. 2020; Malaikolundhan et al. 2020) 

Till date, the antibacterial activity of the ethanolic 
extract of T.viride has not been reported so far. Con-
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sequently, the study was carried out to test the inno-
vative ethanolic fraction of Trichoderma viride to find 
the antibacterial activity against drug-resistant bacte-
ria-MRSA.

MATERIALS AND METHOD
The research was carried out at the Microbiology 

laboratory, Saveetha School of Engineering, Saveetha 
Institute of Medical and Technical Sciences (SIMATS), 
Chennai. Samples were separated from the soil and 
subculturing was performed for susceptible bacteria. 
The sample size was calculated using ClinCal.com 
with alpha error threshold at 0.05, 95% confidence in-
terval, g power at 80%, and the enrolment ratio to be 1. 
Group-1 and 2 had a sample size of 12 each, represent-
ing Drug-resistant bacteria and Susceptible Bacteria 
respectively (Awad et al. 2018). 

The fungal species Trichoderma viride was isolat-
ed from the rhizosphere soil sample (Musa species) by 
serial dilution method in Potato Dextrose agar (Elad, 
Chet, and Henis 1982). It was incubated for 1 week in 
the dark at Room Temperature. The confluently grown 
Trichoderma viride mycelial spores were scraped from 
the plates and homogenized in 5 mL of ethanol and 
tested at the concentrations of 200 μg/mL, 100 μg/mL, 
50 μg/mL, 25 μg/mL against the drug-resistant Meth-
icillin-resistant Staphylococcus aureus and the other 
susceptible strains (Santos et al. 2018). 

Minimum Inhibitory Concentration method was 
performed by both Agar well dilution and tube dilu-
tion method as per the Standard methods. MIC was 
estimated after 24 hours of the inoculated cultures 
with the ethanolic extract.

Statistical analysis
Statistical analysis was performed using the SPSS 

version 28.0.0.1 software. The independent variables 
were Drug-resistant bacteria and Susceptible Bacteria 
whereas the dependent variable was Concentration. 
Standard deviation, mean difference, and Indepen-
dent Sample T-Test have been performed ((Awad et 
al. 2018).

RESULTS
The confluently grown Trichoderma viride on PDA 

agar plates is shown in Fig. 1. The ethanolic extract 
of Trichoderma viride against Methicillin-Resistant 
MRSA and the other bacterial species were tested 

through the Minimum Inhibitory Concentration 
method and are tabulated in Table 1.

 

Fig. 1. Trichoderma viride grown on plates.

Table 1
Ethanolic fractions of Trichoderma tested against Drug-resistant 
bacteria. Zone of inhibition values was found lesser to MRSA 
strains compared to the Susceptible strains.

Group/
Concentration

200 
μg/mL

100  
μg/mL

50  
μg/mL

25  
μg/mL

Group-1 [Drug resistant 
bacteria]:
1. MRSA-1
2. MRSA-2
3. MRSA-3
4. MRSA-4

2.90
2.10
1.91
1.01

2.30
3.30
2.11
1.09

-
-
-
-

-
-
-
-

Group-2 [Susceptible 
bacteria];
B. subtilis
E. coli
P. aeruginosa
S. aureus 

5.30
6.01

-
6.63

8.80
7.89
9.37
8.47

10.10
9.16
11.25
10.07

-
-
-
-

The minimum inhibitory concentration for the 
four tested strains of Methicillin-Resistant Staphylo-
coccus aureus and for the other bacterial strains was 
found to be at 100 μg/mL and 50 μg/mL respectively. 
At the specific 100 μg/mL of MIC, the Zone of inhibi-
tion for MRSA was identified to be 2.11 mm where-
as for Bacillus subtilis 10.10 mm, E. Coli 9.16 mm; P. 
aeruginosa 9.37 mm; Staphylococcus aureus 10.07 mm. 
The independent sample T-test and the Standard De-
viation for the tested two groups of Methicillin-resis-
tant Staphylococcus aureus and for the bacterial spe-
cies are represented in Table 2. Table 3 represents the 
Independent Sample T-Test that shows significant an-
timicrobial activity against MRSA for the Trichoder-
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ma ethanolic extract with the statistical significance 
(p<0.001) when compared to the Susceptible bacterial 
strains. This table represents the mean and Standard 
error variation in the tested strains using the innova-
tive ethanolic fractions of T. viride. For, the specific 
concentration zone of inhibition for drug-resistant 
bacteria was found to be 0.000, and results were ob-
tained for ethanolic fractions of Trichoderma viride.

Table 2
Group Statistics between Drug-resistant Bacteria and Ethanolic 
fractions determining the mean antibacterial activity. Drug-re-
sistant activity was found to be lesser than Ethanolic fractions of 
Trichoderma viride.

 GROUP N Mean Std. 
Devia-

tion

Std. 
Error 
Mean

ANTIBAC-
TERIAL 
ACTIVITY

DRUG RESIS-
TANT BACTERIA

12 .0000 .00000 .00000

ETHANOLIC 
FRACTIONS

12 10.1350 .77445 .22356

Figure 2 compares the Zone of inhibition between 
Resistant Drug Bacteria (MRSA) and Susceptible bac-
teria. The maximal inhibition was shown by suscep-
tible bacteria swabbed with an ethanolic fraction of 
Trichoderma viride. 

DISCUSSION
This study was to examine, the antimicrobial sus-

ceptibility test was performed by both well-diffusion 
and tube dilution assay for the ethanolic extract to de-
termine MIC and Zone of Inhibition for the MRSA 
and the Susceptible strains. The MIC for E. coli, S. 
aureus, and B. subtilis was found to be 50 μg/mL and 
P.aeruginosa was determined as 100 μg/mL, whereas, 
the MRSA strains (all four) showed the MIC found to 
be 100 μg/mL. 

Trichoderma viride is an antagonistic fungus that 
acts as an inhibiting agent in the growth to the other 
bacterial strains and exhibits sub-inhibitory activity to 

 
Table 3
Independent Sample T-Test was carried-out for analyzing Antibacterial activity between Drug-resistant bacteria and Ethanolic 
fractions. Ethanolic fractions obtain significantly higher mean Antibacterial activity than Drug-resistant bacteria. 

 Levene’s Test 
for Equality of 

Variances

t-test for Equality of Means

F Sig. t df One 
sided 

Two 
sided 

Mean Dif-
ference

Std. 
Error 
Differ-
ence

95% Confidence 
Interval of the Dif-

ference
Lower Upper

ANTIBAC-
TERIAL 

ACTIVITY 

Equal variances 
assumed

13.731 -45.334 22.00 -10.135000 <.001 <.001 -10.135
000

.22356 -10.59864 -9.61736

Equal variances 
not assumed

13.731 -45.334 11.000 -10.135000 <.001 <.001 -10.135000 .22356 -10.62706 -9.64294

 
Fig. 2. Mean values of Drug-resistant bacteria and Ethanolic fractions. X-axis represents Drug-resistant Bacteria and Y-axis rep-
resents Mean Antibacterial Activity. SD+/- 1.
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MRSA strains. The obtained results were consistent 
with the research work of (Khethr et al. 2008) shows 
positive MIC values for five bacterial species (Pseudo-
monas aeruginosa, Staphylococcus aureus, Staphylo-
coccus epidermidis, Escherichia coli, and Micrococcus 
luteus) (Awad et al. 2018) – through well-diffusion, 
there were positive MIC values obtained. (Gupta et al. 
2014) Mostly the antibacterial activity against MRSA 
has been reported by other genera of Trichoderma 
(Sadykova et al. 2015). So far the ethanolic extract of 
Trichoderma viride has not been reported for MRSA.

In this study, innovative ethanolic fractions were 
only tested against drug-resistant MRSA and the other 
solvents with different polarities need to be tested fur-
ther. Hence further spectral characterization and the 
isolation of compounds could help in the development 
of novel antimicrobial substances. 

CONCLUSION
The ethanolic extract of Trichoderma viride exhib-

ited antibacterial activity against MRSA at sub-inhibi-
tory concentrations whereas the other tested bacterial 
species at a significantly lower concentration. Hence 
further isolation of novel compounds and testing their 
activity against different bacterial species could result 
in the development of newer antibiotics. 
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ABSTRACT
Aim: To compare the antibacterial activity of ethyl acetate frac-
tions of Trichoderma viride against Drug-resistant bacteria. 
Materials and method: The ethanolic extract was made from 
fully grown mycelia and Trichoderma was isolated from the 
soil sample. Four Methicillin-Resistant Staphylococcus aureus 
strains were examined with the ethyl acetate extract (MRSA). 
The sample size was calculated using Clincalc.com, which re-
vealed that the alpha error-threshold 0.05, the confidence in-
terval 95%, the g-power 80%, and the enrollment ratio was 1. 
Groups 1 and 2 with sample size 12 each which represented 
drug-resistant bacteria and ethyl acetate fractions respective-
ly. Result: The statistical Independent Sample T-Test analysis 
showed significant antibacterial activity against MRSA for the 
Trichoderma ethanolic extract with the statistical significance 
(p<0.05) when compared to the Susceptible bacterial strains. 
Conclusion: The tested ethyl acetate extract showed the 
MRSA at 100 μg/ml. 

Keywords
Trichoderma viride, Innovative Ethyl Acetate Fractions, MIC, 
MRSA, Susceptible Bacteria, Antibacterial Activity, Drug-Resis-
tant.
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INTRODUCTION
Antimicrobial resistance (AMR) is a natural oc-

currence, and the changing microbial pattern makes 
current treatment options difficult to implement 
(Prestinaci, Pezzotti, and Pantosti 2015). Trichoderma 
a fungal genus are cosmopolitan soil-dwellers found 
in decaying wood(Samuels 1996). Trichoderma pro-
duces antibiotics that are used as a biocontrol agent 
against plant pathogens(Kubicek and Penttila 1998; Si-
vasithamparam and Ghisalberti 2002; Harman 2000). 
Antibiotic resistance patterns in microorganisms are 
currently on the rise, making empirical treatment 
problematic. As a result, the research was carried out 
in order to identify novel extracts from Trichoderma 
strains against drug-resistant bacteria to identify the 
anti-bacterial activity. As a result, the novel extracts 
could be used in the medication development process 
to treat germs that are resistant to antibiotics(Harman 
2000; Sivasithamparam and Ghisalberti 2002). 

For better results, we searched for the literature for 
the most relevant scientific articles in databases such 
as ResearchGate, PubMed, and other such publica-
tions which look for the antibacterial activity of Trich-
oderma spp. were 310 articles similar to this topic. 
(Smith and Franklin n.d.) This research was to test the 
antibacterial activity of Trichoderma spp. with innova-
tive ethyl acetate fractions against the Human patho-
genic bacteria and found T. harzianum inhibited the 
growth. The research of (Javaid and Ali 2011) is to find 
the inhibition rate of Trichoderma spp. against wheat 
weedings, Phalaris minor L. and Rumex dentatus L by 
inhibiting the growth of root and shoot. (Marfori et al. 
2002) This research was to show the antibacterial ac-
tivity of T. harzianum or C. roseuscallus. (Moo-Koh et 
al. 2022) shows positive biocontrol over Nematicidal 
cultures against the ethyl acetate fractions of Tricho-
derma spp.. Our team has extensive knowledge and re-
search experience  that has translate into high quality 
publications(Chellapa et al. 2020; Lavanya, Kannan, 
and Arivalagan 2021; Raj R, D, and S 2020; Shilpa-Jain 
et al. 2021; S, R, and P 2021; Ramadoss, Padmanaban, 
and Subramanian 2022; Wu et al. 2020; Kalidoss, 
Umapathy, and Rani Thirunavukkarasu 2021; Kaja et 
al. 2020; Antink et al. 2020; Paul et al. 2020; Malaikol-
undhan et al. 2020)
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The antibacterial activity of the ethyl acetate ex-
tract of T.viride has not yet been described. As a re-
sult, this study was conducted to see if the ethyl acetate 
extract of Trichoderma viride has antibacterial activity 
against MRSA, a drug-resistant pathogen.

MATERIALS AND METHODS
The research study  was carried out at the Micro-

biology laboratory, Saveetha School of Engineering, 
Saveetha Institute of Medical and Technical Sciences, 
Chennai. Samples were separated from the soil and 
subculturing was performed for susceptible bacte-
ria. From the previous experiment, the findings were 
found that Clincalc.com alpha error-threshold at 0.05, 
95% confidence interval, g power at 80%, and the en-
rolment ratio to be 1 for the Groups 1 and 2 with sam-
ple size 12 each which represents Drug-resistant Bac-
teria and Ethyl Acetate Fractions(Susceptible bacteria) 
respectively (Awad et al. 2018). 

Isolation: By serial dilution in Potato Dextrose 
Agar, the fungus species Trichoderma viride was iso-
lated from a rhizosphere soil sample (Musa species). It 
was incubated for a week at room temperature in dark 
(Elad, Chet, and Henis 1982). The confluently grown 
Trichoderma viride mycelial spores were scraped from 
the plates and homogenized in 5mL ethyl acetate be-
fore being tested against drug-resistant Methicillin-re-
sistant Staphylococcus aureus and other susceptible 
strains at concentrations ranging from 200 μg/mL, 100 
μg/mL, 50 μg/mL, and 25 μg/mL (Santos et al. 2018).

Minimum Inhibitory Concentration(MIC) meth-
od was done by both Agar well dilution and tube di-
lution method as per the Standard methods. MIC was 
estimated after 24 hours of the inoculated cultures 
with the ethyl acetate extract.

Statistical analysis
Statistical analysis was carried out for the experi-

ment  using the SPSS version 28.0.0.1 software. The 
independent variables were Drug-resistant bacteria 
and Susceptible Bacteria whereas the dependent vari-
able was Concentration. Standard deviation, mean 
difference, and Independent Sample T-Test have been 
performed (Awad et al. 2018).

RESULTS
Figure 1 represents the confluently grown Tricho-

derma viride on PDA agar plates. Table 1 represents 
the Antibacterial activity of ethyl acetate fractions of 

Trichoderma viride against the Drug-Resistant Bacte-
ria MRSA and, the minimum inhibitory concentra-
tion for the four tested strains of Methicillin-Resis-
tant Staphylococcus aureus and for the other bacterial 
strains was found. At the specific 100 μg/mL of MIC, 
the Zone of inhibition for MRSA was identified to be 
1.90 mm and the Zone of inhibition was at 25 μg/mL 
for Bacillus subtilis 12.01 mm, Escherichia coli 11.03 
mm, and Staphylococcus aureus 10.24 mm whereas 
Pseudomonas aeruginosa was identified at 50μg/mL 
for 9.06 mm.

 

Fig. 1. Trichoderma viride grown on the PDA plates overnight 

Table 1
Ethyl acetate fraction with susceptible bacteria against drug-re-
sistant bacteria. Zone of inhibition values were found lesser to 
MRSA strains compared to the Susceptible strains.

Group/
Concentration

200 
μg/mL

100 μg/
mL

50 μg/
mL

25 μg/
mL

Group-1[Drug resistant 
bacteria]:
MRSA-1
MRSA-2
MRSA-3
MRSA-4

3.90
2.19
1.91
1.01

5.62
5.61
3.02
1.90

-
-
-
-

-
-
-
-

Group-2[Susceptible 
bacteria];
B. subtilis
E. coli
P. aeruginosa
S. aureus 

6.31
6.12
6.54
6.64

8.71
8.01
8.44
7.99

10.11
9.89
9.08
9.10

12.02
11.02

-
10.25

Table 2 represents Group Statistics that shows sig-
nificant antimicrobial activity against MRSA for the 
Trichoderma ethyl acetate extract with the statistical 
significance (p<0.001) when compared to the Suscep-
tible bacterial strains. The mean and Standard error 
variation in the tested strains using the innovative 
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ethyl acetate fractions of T.viride. Table 3 represents 
the Independent Sample T-Test for the tested strains 
and the Drug-resistant bacteria and to find the signif-
icance which showed that Ethyl Acetate fractions were 
higher significance than the Drug-resistant bacteria.

Table 2
Group Statistics between Drug-resistant Bacteria and Ethyl 
acetate fractions determining the mean antibacterial activity. 
Drug-resistant activity was found to be lesser than Ethyl acetate 
fractions of Trichoderma viride.

Group Statistics
 GROUP N Mean Std. De-

viation
Std. 
Error 
Mean

ANTIBAC-
TERIAL 
ACTIVITY

DRUG-RESIS-
TANT BACTERIA

12 .0000 .00000 .00000

ETHYL ACETATE 
FRACTIONS

12 8.3175 5.05825 1.46019

Figure 2 compares the Zone of inhibition between 
Resistant Drug Bacteria (MRSA) and Susceptible bac-

teria. The maximal Zone of inhibition was found to be 
for the Innovative Ethyl acetate fraction of Trichoder-
ma than Drug-resistant Bacteria.

DISCUSSIONS
The study carried, the antimicrobial susceptibility 

test through well-diffusion assay for the ethanolic ex-
tract to determine the minimum inhibitory concen-
tration (MIC) and zone of inhibition for the MRSA 
and the Susceptible strains. The MIC  for E. coli, S. au-
reus, and B. subtilis was found to be 25 μg/mL and P. 
aeruginosa was determined as 50 μg/mL, whereas, the 
MRSA strains (all four) showed the MIC found to be 
100 μg/mL. 

Trichoderma viride is an antagonistic fungus that 
acts as an inhibiting agent in the growth to the other 
bacterial strains and performs sub-inhibitory activity 
to MRSA strains. The gained results were consistent 
with the research work of (Leylaie and Zafari 2018) 
showed that Trichoderma spp. separated from the Vin-

Table 3
Independent Sample T-Test was performed for analyzing Antibacterial activity between Drug-resistant bacteria and Ethyl-acetate 
fractions. Ethyl Acetate fractions obtain significantly higher mean Antibacterial activity than Drug-resistant bacteria. 

 

Levene’s Test 
for Equality of 

Variances t-test for Equality of Means

F Sig. t df
One 
sided 

Two 
sided 

Mean 
Differ-
ence

Std. Error 
Differ-
ence

95% Confidence Interval 
of the Difference

Lower Upper
ANTIBAC-
TERIAL 

ACTIVITY 

Equal variances 
assumed

30.891 .001 -5.696 22 .011 .011 -8.31750 1.46019 -11.34575 -5.28925

Equal variances 
not assumed

30.891 .001 -5.696 11.000 .012 .012 -8.31750 1.46019 -11.53136 -5.10364

 
Fig. 2. Mean values of Drug-resistant bacteria and ethyl acetate fractions. X-axis represents Group (Drug-resistant Bacteria and 
Ethyl-acetate fractions), Y-axis represents Mean Antibacterial activity, +/- 1 SD.
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ca plant, ethyl acetate fractions separated from Trich-
oderma antibacterial activity have shown positive 
MIC values against four spp of bacteria, (Ambarwa-
ti et al. 2017). This showed that the Trichoderma spp 
with their ethyl acetate fractions showed the strongest 
antibacterial activity against the bacteria spp. B.subti-
lis, S.aureus, P.auerginosa, and E.coli (Baazeem et al. 
2021) studied the antibacterial activity of ethyl acetate 
fractions of 5 Trichoderma spp. (Jayatilake and Munas-
inghe 2020) showed that against Acidovorax avenae, 
Erutimacarafavora, and Xanthomonas campestris,  
studied the antibacterial activity of ethyl acetate frac-
tions of Trichoderma viriens against Bacillus cereus, 
Staphylococcus aureus, Escherichia coli, and Pseudo-
monas aeruginosa and P. medicaginis. 

Only innovative ethyl acetate fractions were 
evaluated against drug-resistant MRSA in this 
work, and additional solvents with various polar-
ities need to be investigated further. As a result, 
further spectrum characterization and chemical 
isolation could aid in the development of new an-
tibacterial agents.

CONCLUSION
The ethyl acetate extract of Trichoderma viride 

had antibacterial activity against MRSA at sub-inhib-
itory doses, but only at a much lower concentration 
than the other microorganisms examined. As a result, 
more unique compounds might be isolated and tested 
against diverse bacterial species, potentially leading to 
the discovery of new antibiotics.
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Abstract
Autism spectrum disorder (ASD) is a behavioural condition 
that affects the child’s social interaction, communication, and 
behaviour. The early identification of ASD is critical for the ef-
fective and timely therapies. This study presents an enhanced 
prediction model for Autism Spectrum Disorder (ASD). It is 
based on facial features extracted from the face image. Mallat’s 
multi-resolution algorithm is employed in this work for extract-
ing facial features. Two distance based classifiers such as Euclid-
ean Distance Classifier (EDC) and Absolute Distance Classifier 
(ADC) are employed for the ASD prediction. The proposed ASD 
prediction system is evaluated on face images of autistic and 
non-autistic children. The database is obtained from the Kag-
gle data repository. A total of 2940 facial images (1470 autistic 
and 1470 non-autistic) are employed for performance analysis. 
Experimental results show that the proposed ASD prediction 
system provides promising results with an accuracy of 97.01% 
by EDC and 96.87% by ADC classifiers.
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Autism spectrum disorder, Computer aided diagnosis, Machine 
learning, Image based diagnosis, Prediction system.
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EDITORIAL

1. Introduction
Autism is a behavioural condition that may be 

characterised by problems in three important do-
mains: social interaction, communication, and be-
haviour. The current diagnostic criteria for autism are 
based on the above three core behaviours and are rec-
ognized as Wing’s Triad of deficits. Before a diagnosis 
can be established, all three behavioural deficits need 
to occur together and need to be evident by the age of 
36 months. It is very unusual for a solid diagnosis of 
autism in children younger than the ages of 3 or 4. A 
screening instrument called the CHecklist for Autism 
in Toddlers (CHAT) and has had some success in pin-
pointing children as young as 18 months old who have 
autism [1]. This screening instrument was developed 
based on the theories of the behavioural and cognitive 
characteristics of autism.

Children with autism often do not respond to other 
people and treating them as objects. They often avoid 
making eye contact or make incorrect use of eye con-
tact, and frequently do not answer when they are ad-
dressed by their name. Their behaviour is inconsistent 
with the expectations of the culture, and they seem to 
be unaware to the emotions of other people. However, 
while some children with autism shy away from social 
interaction, not all of them live in an universe of their 
own. Some individuals do impulsively approach other 
people, but it is often primarily for the purpose of car-
rying out some repeated or peculiar fixation, such as 
caressing another person’s clothing or hair. They may 
ask a restricted number of questions, most of which 
are unsuitable to the context, and very few of which 
are about the emotions or ideas of the persons being 
questioned. Autism is thought to include a spectrum of 
illnesses due to the observed variety in social deficits. 

Typically developing youngsters engage in a wide 
variety of communication behaviours. These include 
indicating something to another person by pointing at 
it, presenting it to them, or giving it to them in order 
to convey their interest in the item. Autism-stricken 
children seldom demonstrate pointing or expressing 
behaviour like this. Children who are developing nor-
mally also utilize gestures to complement their words 
and to communicate their emotions, and they enhance 
these expressions with the right eye contact and facial 
expression. Youngsters with autism typically have fa-
cial expressions that do not correspond with their ac-
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cent, and many of these children do not acquire any 
kind of functional speech at all. Children with autism 
spectrum disorder commonly substitute the word 
“you” for the word “I,” or they could refer to them-
selves by their first name.

2. Related Works
The primary objective of this study is to investigate 

a variety of machine learning algorithms, including 
SVM (support Vector Machine), Random forest Scan, 
decision trees, and logistic regression, which have 
been utilised by a variety of researchers, and to com-
pare the results based on how accurate and efficient 
they are[2].

This paper presents the findings of a comprehen-
sive survey on the diagnosis of autism spectrum dis-
order in children using machine learning and deep 
learning algorithms, information and communication 
technology (ICT) tools, humanoid robots, and virtual 
reality (VR) environments. Their performance met-
rics have also been discussed [3].

Within the scope of this research, we explore the 
extent to which children participate in conversations 
with their parents. It is investigated how auditory, 
linguistic, and conversation act aspects, which are 
obtained from both participants, interact with one 
another. Additionally, the impact of visual signals is 
being looked at as well [4].

This study analyses and makes predictions about 
likely instances of autism spectrum disorder (ASD) in 
adults, children, and adolescents using data from ASD 
screening. An examination of the datasets pertaining 
to each of the age groups allows for the derivation of 
conclusions. For the purposes of prediction and com-
parison, machine learning methods such as Artificial 
Neural Networks (ANN), Random Forest, Logistic 
Regression, Decision Tree, and Support Vector Ma-
chines (SVM) are used [5].

Making use of a machine learning technique, the 
goal of our thesis paper is to predict and differentiate 
between children who have autism and children who 
do not have autism. To begin, we have attempted to be 
as thorough as possible in the collection of data from 
the surveillance side. We also set some specific ques-
tions and make an effort to obtain responses that are as 
accurate as possible to all of our queries. In addition, 
supervised learning algorithms are used in the diag-
nostic process to determine whether or not children 
exhibit the characteristics of ASD. KNN and Random 

Forest, out of all the algorithms that have been tried, 
provide the highest accuracy and the quickest time to 
diagnosis [6].

By using a machine learning method in our thesis 
work, we hope to be able to identify autistic children 
and separate them from children who do not have au-
tism. To begin, we have attempted to collect as much 
information as we can from the surveillance side. In 
addition, we pose a number of specific questions and 
work to locate answers that are as accurate as possible 
to all of the queries. In addition, supervised learning 
algorithms are used to determine whether or not chil-
dren have the signs of ASD. KNN and Random Forest 
demonstrate the greatest accuracy and speed to diag-
nosis of all the algorithms that have been employed [7].

In this research, we have utilised machine learning 
algorithms and validated their performance using a 
dataset consisting of patients diagnosed with autism 
spectrum disorder. As a consequence of our work, we 
were able to provide a comparison of the efficacy of 
several diagnostic methods for ASD [8].

The properties of fillers and laughter, which play 
key roles in communication as social signals and were 
seen to be employed differently by people with ASD 
and TD in earlier study, are the topic of this work. Fill-
ers and laughter both play essential roles in communi-
cation. We looked at a number of these characteristics 
and conducted a statistical analysis to see how useful 
they are for distinguishing individuals with ASD from 
those with TD [9].

The ability to accurately forecast the disease at an 
early stage ought to assist in achieving a speedy re-
covery. In this study, the Random Forest classifier was 
used for the purpose of predicting autism spectrum 
disorder (ASD) based on several behavioural charac-
teristics. With an overall accuracy of 0.96%, the find-
ings have met our expectations, and we are happy with 
them. The dataset that was utilised for prediction in-
cluded ten characteristics of behaviour and ten extra 
characteristics of individuals [10].

In this study, we employ a parallel strategy to ex-
amine language modalities and identify connections 
between objective measures of social communication 
and ASD symptoms. Specifically, we focus on how 
language varies across different contexts. We examine 
the interactions that 33 autistic children had with di-
agnosticians in a clinical setting and extract the lan-
guage patterns that were present in those discussions. 
Long-Short Term Memory (LSTM) networks are used 
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in our methodologies in order to learn Speech Activ-
ity Detection (SAD) patterns and speaker diarization 
patterns in order to provide vocal turn-taking metrics. 
The ADOS-2 Calibrated Severity Scores (CSS) of So-
cial Affect may then be forecasted with the assistance 
of our innovatively conceived pipeline (SA). When 
compared to the top algorithms in the market, the 
suggested framework is able to deliver state-of-the-art 
predictive diagnostic estimations of ASD severity [11].

3. Methods and Materials
Facial images contain a huge amount of informa-

tion. From the face image, one can easily realize the 
identity, gender, emotional status, ethnicity and age 
as well. This information plays an important role in 
the direct communication between people. In the real 
world people usually interact and respond very accu-
rately based on the interpretation of faces and facial 
gestures of others. HCI is an emerging field in infor-
mation technology that uses collected information 
from the facial images. The majority of information 
from the facial images has already been extensively in-
vestigated except for the prediction of ASD which is 
a new and unexplored problem. The success of every 
pattern recognition system is dependent on the opti-
mal design of three modules: pre-processing, feature 
extraction, and classification. These modules are listed 
in the order that they are executed in the system. Fig-
ure 1 depicts the comprehensive block diagram of the 
proposed ASD prediction system.

 

Input face Images of autistic and non-autistic 
children 

Pre-processing (Gamma correction, DoG, contract 
enhancement) 

Mallet’s multi-resolution analysis  
(UWT) 

Distance based classification  
(EDC and ADC) 

 

Prediction (autistic or non autistic) 

Figure 1 Proposed ASD prediction system

3.1 Pre-processing
As the face images were captured in natural 

lighting, there is a need for pre-processing them 
to remove the impacts of lighting fluctuations, 
such as shadows and highlights. Pre-processing 
steps are carried out prior to the feature extraction 
process. Gamma corrections, Difference of Gauss-
ian filtering (DoG), and contrast equalisation are 
the three steps run before feature extraction. The 
overall brightness of an image may be adjusted via 
the use of gamma correction. Images that have not 
been properly adjusted might seem either exces-
sively light or too dark depending on the circum-
stances. Understanding gamma is also necessary if 
you want to replicate colours as precisely as pos-
sible. The transformation that replaces gray-levels 
is given by

 ]1,0[∈= γγII   (1)

The Laplacian of Gaussian filter and the difference 
of box filter are two examples of filters that are com-
parable to the Difference of Gaussian (DOG) filter. 
High-pass filtering gets rid of both the valuable and 
the incidental information, which helps to simplify the 
recognition issue and, in many instances, improves the 
overall performance of the system. In a similar man-
ner, DOG is a band-pass filter that eliminates all of the 
spatial frequencies that were present in the initial gray 
scale image.

In the last pre-processing step, the image intensi-
ties are rescaled such that a reliable estimate of total 
contrast or intensity variation can be standardised. 
Because the signal generally comprises extreme values 
caused by highlights, tiny dark areas such as nostrils, 
junk at the picture borders, etc., it is essential to utilize 
a robust estimator. The contrast equalization is de-
fined in Eqns. (2) & (3)
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where the mean is over the whole (unmasked part of 
the) image and τ is a threshold used to truncate large 
values after the first phase of normalization.
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3.2 Discriminant Features
Discriminant features are extracted using Mal-

lat’s multi-resolution algorithm. Undecimated Wave-
let Transform (UWT) is an extension of convention 
wavelet transform. The key point in defining UWT is 
rather than not to down sample the filtering output, 
but to keep both even samples and odd samples and 
keep separately filtering even samples from the lower 
band. In other words, at each octave the decimation is 
replaced by splitting the sequences into even and odd 
sequences. They are the starting point for the next oc-
tave. This is visually shown via a two level filter banks 
in Figure 2, which not only strictly defines the UWT 
but also demonstrates the filter bank implementation 
of an algorithm in [12], for computing the UWT. The 
key point of the algorithm is to separately compute 
the inverse based on even samples or odd samples and 
then average the two outcomes. A filter bank imple-
mentation of the corresponding inversion algorithm 
has the similar structure to the forward transform.

 

Even 

Odd 

H0 

H1 

Even 

Odd 

H0 

H1 

H0 

H1 

Even 

Odd 

Even 

Odd 

Even 

Odd 

Even 

Odd 

Figure 2 UWT filter bank implementation

3.3 ASD Prediction
Although a number of different pattern classifiers 

are available [13-14], the proposed ASD prediction 
system uses two straightforward classifiers. This is due 
to the fact that the primary focus is on the investiga-
tion of the relative efficacy of the extracted features in 
ASD prediction, rather than the performance of vari-
ous classifiers. The standard minimal Euclidean Dis-

tance Classifier (EDC) is used for the first classifica-
tion. The distance measure is defined by

 ][][)( k
T

k FeatFeatFeatFeatkd −•−=   (2)

The prediction of Feat is obtained via the distance 
measure (d) if 
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where N is the total number training samples. The 
second classifier used in this work is the absolute dis-
tance classifier (ADC) and the distance measure is de-
fined as

 
∑

=

−=
N

k
kFeatFeatkd

1
)(   (4)

4. Results and Discussions
The proposed approach for predicting ASD is test-

ed using facial images of autistic and typically devel-
oping youngsters. The information for the database 
was taken from the Kaggle data source [15]. The per-
formance analysis makes use of a total of 2940 facial 
photographs, including 1470 non-autistic and 1470 
autistic individuals’ faces. Figure 3 and Figure 4 shows 
the sample images of autistic children and normal 
children respectively. The proposed system is evaluat-
ed using 10-fold cross validation approach.

The performance of the proposed ASD prediction 
system is evaluated in terms of prediction accuracy by 
changing the UWT levels of resolution and Table 1 
shows the performance on Kaggle database images of 
autistic and non-autistic children.

Table 1 
performance of the proposed ASD prediction system

Level
Accuracy (%) Miss rate (%)

EDC ADC EDC ADC
1 72.18 71.36 27.82 28.64
2 83.33 82.82 16.67 17.18
3 97.01 96.87 2.99 3.13
4 89.97 88.84 10.03 11.16
5 75.58 74.76 24.42 25.24

It can be seen that the performance of ASD pre-
diction system using EDC classifies Kaggle database 
image with an accuracy of 97.01% whereas ADC pro-
vides 96.87%. It is also noted that for all combinations, 
EDC provides promising results than ADC classifier. 
Figure 5 visualizes the performance of the proposed 
ASD system.
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Figure 5 Accuracy obtained by the proposed ASD system using 
UWT and distance based classifiers.

5. Conclusions
In this study, an efficient approach for building a 

computerized system for the prediction of ASD is pre-
sented and discussed. The multi-resolution analysis 
with translation invariant, UWT is investigated and 
analyzed for feature extraction. The dstance based 
classifiers such as EDC and ADC are used for classifi-
cation purpose. It is shown that the proposed method 
is very effective for ASD prediction. The evaluation of 
the system is carried out on Kaggle database facial im-
ages and the proposed system achieves very promising 
results. The prediction system is capable of identifying 
Autistic children using face images. Results indicate 
that the ASD prediction system can correctly classify 
the autism children from the input features of UWT 

 

 
 

 
Figure 3. Sample images of autistic children

 

     
 Figure 4. Sample images of non-autistic or normal children
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and also achieve high recognition accuracy of 97.01% 
at 3rd resolution level by EDC and 96.87% by ADC.
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Abstract
Computer Aided Detection (CAD) and diagnostic technologies 
and their application have emerged in the last decade. CAD 
applications have concentrated on identification of the region 
of interest, for example nodules in the lung in the images, and 
analysis of the characteristics of objects. CAD technologies take 
advantages of computer systems as well as image processing 
and analysis techniques to overcome perceptual and interpre-
tive errors caused by radiologists in the process of image ob-
servation and interpretation. This fact is inevitable in the context 
of medical practice since experience of image readers may vary 
and each observer (such as a radiologist) has a unique visual 
search on an image. Furthermore, there are always inter and 
intra observer variability for interpretation of an image. To over-
come these difficulties, different CAD systems are developed 
for medical image analysis. This paper presents a systematic 
review on different CAD systems for lung cancer classification 
using computed tomography images.
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1. Introduction
The cancer begins in the cell which is the basic 

unit of human body. Human body maintains the bal-
ances of cell growth and so they divide to produce 

new cells when it is necessary. The uncontrolled cell 
growth within the lung fields or the bronchial airways 
is called lung cancer [1]. Figure 1 shows the healthy 
and cancerous lung. Lung cancer is divided into two 
major types based on the appearance of lung cancer 
cells. They are Non-small Cell Lung Cancer (NCLC) 
and Small Cell Lung Cancer (SCLC). The fast growing 
common type of lung cancer is NCLC. More than 80% 
of cases are created by NCLC. It starts from the inside 
layer of the body’s cavities and surfaces It is a circular 
term for several types of lung cancer in similar way. It 
includes large cell carcinoma, squamous cell carcino-
ma and adenocarcinoma.

 

 

 

Healthy 
Lung 

Cancerous 
Lung 

Figure 1 Healthy and cancerous lung

SCLC grows up to 15% – 20% of lung cancers. 
SCLC occurs only for heavy smokers and it is less 
common in NCLC. SCLC extends faster than NCLC. 
In some cases, lung tumors contain both NCLC and 
SCLC cells. Figure 2 shows the types of lung cancer 
which includes NCLC and SCLC.

 

 Figure 2 Types of lung cancer 

2. Lung Cancer Statistics
Globally, the most common cancers are Lung, 

breast, colorectal, prostate and stomach. The age stan-
dardized incidence and mortality rate in both sexes 
are 89.4% and 61.4%. In India, the number of new 
cases and deaths due to various cancers are 11,57,294 
and 7,84,821 respectively. It is observed that the esti-
mated new cases are more in female (5,87,249) than 
male (5,70,045). The risk of developing cancer in India 
is approximately 9.8% in males and 9.4% in females 
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before the age of 75 years whereas the risk of dying 
from various cancers is 7.3% in males and 6.3% in fe-
males. In India, Lung cancer is second leading cancer 
in males and the first one is lip and oral cavity in males 
and breast cancer in females [2-3]. Figure 3 shows the 
cancer incidence and mortality in 2018.

3. Reviews on Lung Image Classification 
Systems

In order to identify lung cancer nodule, machine 
learning algorithms were evaluated and contrasted. In 
order to identify anomalies, a number of different ma-
chine learning strategies, including Principal Compo-
nent Analysis, K-Nearest Neighbors, Support Vector 
Machines, Naive Bayes, Decision Trees, and Artificial 
Neural Networks are used. All of the approaches are 
compared both after they had been preprocessed and 
before they had been [4].

Technologies based on deep learning are becoming 
prevalent in every industry, from voice and image rec-
ognition to computational biology and systems biology. 
However, the application of convolutional neural net-
works to ‘omics’ data presents several challenges, such 
as the processing of complicated network architectures 
and its integration with transcriptome data. Both of 
these challenges are difficult to overcome. A classifica-

tion method is presented for lung cancer that utilizes 
spectral clustering information processing in conjunc-
tion with convolutional neural networks (CNNs) [5].

In statistical analysis, a set of data is provided and 
analyzed with specifications. It deals with the collec-
tion, analysis, presentation, and organization of the 
data as part of the process of utilizing statistical analy-
sis to acquire the data. It is able to uncover underlying 
patterns, correlations, and trends between data sam-
ples with the assistance of statistical analysis. R is an 
environment for data analysis and visuals that is used 
inside the R system for statistical computation [6].

The newly developed environment for deep learn-
ing has been used in post-pharmacogenomic predic-
tions on the predisposition to develop lung cancer. 
Pathological images of lung cancer patients have been 
analyzed using the well-established and pre-trained 
model VGG19, which has been utilized to extract in-
formation unique to PTEN, EGFR, ERBB2, BRAF, and 
CDKN2A. The results of the analysis indicate that the 
model is adequate for the prediction of these muta-
tions that are unique to Indian people [7].

In this article, many strategies for building an auto-
mated diagnosis system based on the goal of diagnos-
ing lung cancer are discussed. According to the most 
recent body of research, the most important factors to 

 

 Figure 3 Cancer incidence and mortality data
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take into consideration are 3D convolution and recur-
rent neural networks. In conclusion, the performance 
of these networks is evaluated in terms of their overall 
accuracy on the lung cancer detection challenge [8].

Within the scope of this study, an automated meth-
od for detecting lung cancer in CT scan images is pre-
sented. The approach that is presented for the iden-
tification of lung cancer utilizes image preprocessing 
techniques such as median filtering, which is then 
followed by the segmentation of the lung area of in-
terest via the use of mathematical morphological pro-
cedures. Using a support vector machine, geometric 
characteristics are generated from the extracted area 
of interest, and then utilized to categorize CT scan im-
ages as normal or abnormal [9].

X-rays are not needed since they are replaced with 
computed tomography (CT) images, which are more 
effective. When looking at lung cancer identification 
using CT scan images, MATLAB is a program that is 
often used by researchers. The procedure begins with 
an image preprocessing step, then moves on to an im-
age segmentation step, then moves on to a method for 
feature extraction and classification. This current study 
provides a strategy to successfully identify malignant 
cells from images obtained from lung CT scans [10].

Our primary emphasis was placed on the breath 
test as a means of diagnosing lung cancer. In the pre-
vious years, lung cancer had consistently ranked first 
among the top 10 main causes of death. When lung 
cancer patients were diagnosed, the majority of them 
had already passed the point when they had a chance 
of being cured. However, the diagnosis of lung cancer 
was a multi-step process for the medical professionals. 
As a result, the breath detection system was developed 
with the intention of assisting medical professionals in 
more rapidly screening for fast screening lung cancer. 
In the analysis, KNN and SVM are used, together with 
leave-one-out cross validation [11].

The Artificial Neural Network as well as the Fuzzy 
Min-Max Neural network is an effective approach for 
prediction in the field of cancer detection. FMNN has 
a number of benefits, including non-linear separabil-
ity, the capacity to make both easy and difficult deci-
sions, shorter training times, and online adaptability. 
The author recommends using FMMN with pruning 
as a method for detecting lung cancer and classifying 
problematic lung tumours. The FMNN includes a 
mechanism called pruning, which was developed to 
reduce the complexity of neural networks [12].

For the purpose of diagnostic categorization of 
lung CT scans, a multi-scale 3D CNN has been created 
and investigated for use in this pilot project. The first 
findings imply that a diagnostic classification model 
capable of producing more accurate results may be 
developed by combining medical images that are kept 
publically and privately rather than relying on each 
data source separately [13].

In order to achieve a higher level of precision 
during the identification step, pattern matching and 
confirmation are carried out using fuzzy logic, sup-
port vector machines, and statistical classifiers respec-
tively. Matching the characteristics (texture, shape, 
and density) of the discovered nodules to the charac-
teristics (texture, shape, and density) of normal cells in 
nodules with a known state of illness is what the clas-
sification step entails (confirmed by sample extraction 
techniques). The identification of nodules is the pri-
mary focus of attention because of the significant part 
it plays in the process of cancer diagnosis. Nodules 
that have been retrieved are then classed using neu-
ral network classifiers to discriminate between normal 
and abnormal lung cancer [14].

First, CT images are acquired from a group of pa-
tients and extract the background information from 
those images (for example, the general structure, con-
ductivity distributions of human respiratory, and so 
on). After that, a brand new ERT imaging approach 
is suggested by using the previously gathered data in 
conjunction with the already established Tikhonov 
regularization method [15].

The current work provides a way to successfully 
discover and detect malignant cells from 2D and 3D 
CT scan images by lowering the detection mistake 
generated by the naked eye of doctors. The approach 
may be found in the present work. Techniques such as 
image enhancement and Sobel edge segmentation are 
used in the process of diagnosing cancer in its early 
stages [16].

A fan/cone beam of x-rays was used to excite the 
lung phantom that was produced from CT scans. The 
XRF/Scatter photons were collected by linear array 
detectors that were combined with parallel-hole colli-
mators. Under the existing circumstances, it was pos-
sible to identify 1 weight percent GNP areas that were 
placed at a depth of between 4-5 centimeters within 
the phantom successfully. However, it became diffi-
cult to detect 1 weight percent GNP regions that were 
present at greater depths. Nevertheless, the results of 
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this research have opened the door for the potential of 
using XFCT methods for the diagnosis of human lung 
cancer in combination with GNPs [17].

In this article, a unique approach to the representa-
tion of genes is described. In this technique, the layer 
images that correspond to each letter in the gene se-
quence are used. In order to construct an algorithm 
for the prediction of lung cancer, the last four layers 
are combined with a two-dimensional version of the 
principle component analysis known as 2DPCA. In 
addition to this, the algorithm has a high degree of 
accuracy when it comes to determining the replace-
ment type in somatic mutations caused by lung cancer. 
By using 2DPCA, which enables a high-dimensional 
space to be represented in a low-dimensional one, the 
high dimensionality of prediction as well as the com-
puting complexity of the process is both significantly 
decreased [18].

This study aims to develop a new quantitative im-
age feature analysis scheme and investigate its role in 
predicting cancer recurrence risk of Stage I non-small-
cell lung cancer (NSCLC) patients after surgery, in 
conjunction with two genomic biomarkers known as 
protein expression of the excision repair cross-com-
plementing 1 (ERCC1) genes and a regulatory subunit 
of ribonucleotide reductase (RRM1) [19].

Image quality and accuracy are at the forefront of 
our investigation for the most part. Recently, the ap-
proach known as local energy-based shape histogram, 
or LESH, feature extraction, was developed with the 
intention of diagnosing lung cancer. Our previous re-
search is expanded upon by using LESH and sensitiv-
ity analysis (SA) to the diagnosis of lung cancer. For 
the sake of research trials, the JSRT and clinical dataset 
was used. This procedure will result in a more univer-
sal process that can be used to any sort of dataset, and 
this method has the potential to provide better out-
comes than the one that was used before [20].

It is investigated whether it is possible to use ma-
chine learning to enhance low-dose PET images so 
that they are on par with standard-dose, high-quality 
images. This will allow for improved lesion detection 
using low-dose PET scans. In order to map parameters 
from low-quality images to high-quality images, an al-
gorithm called image quality transfer (IQT), which is 
a machine learning algorithm that uses patch-regres-
sion is used [21].

In this paper, experiments are carried out with 
uniform parameter settings on two databases that are 

open to the public. The results of these experiments 
show that even in the challenging situation where lung 
images are directly utilized as input images without any 
preprocessing, LDNNET is still the more advanced al-
gorithm than other recent algorithms respectively. In 
addition, a number of studies including comparisons 
were carried out in order to provide further evidence 
that the suggested method is superior in terms of ac-
curacy and robustness. This was accomplished via ver-
ification and debate [22].

4. Conclusion
CT imaging is the primary technique for the diag-

nosis of lung cancer. Medical diagnosis using CAD has 
been paid a great attention over the years. It can au-
tomatically diagnose the diseases which may enhance 
the clinical decisions of doctors and also save a great 
deal of time. In this paper, the literature review of var-
ious methods in nodule detection based on CT images 
is described. The diagnostic interpretation of medical 
images is a complex task requiring accurate detection 
and characterization of potential abnormalities. It is 
very crucial for effective treatment and patient mon-
itoring. The whole process depends on the ability of 
radiologists to integrate the image perception and rea-
soning. The analytical skills, memory and intuition of 
radiologist differ by each other. The existing CAD sys-
tems discussed in this paper may overcome the per-
ceptual and interpretive errors.
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ABSTRACT
Background: Diabetes is a chronic condition in that Type II di-
abetes (Formerly called as Non-Insulin Dependent) is the most 
prevalent, generally affecting adults, diabetes frequently reduces 
HDL (good) cholesterol levels while raising triglycerides and LDL 
(bad) cholesterol levels. Both of these factors raise the likelihood 
of heart disease and stroke. The Indian system of traditional 
medicine, Ayurveda, also uses curry leaf as a common treatment. 
Curry leaves can prevent several diseases, including type 2 dia-
betes and heart disease, because they are rich in antioxidants 
like beta-carotene,also rich in fibre and vitamin C. Objectives: To 
determine the effectiveness of curry leaves powder on reducing 
blood glucose and lipid profile among the clients with Type II 
diabetes with mild elevated lipid level in the experimental group. 
To compare the post-test level of blood glucose and lipid profile 
between the experimental and control group. Methodology: 
Research approach: quantitative approach, quasi experimental 
research design was used for 60 samples by Nonprobability pur-
posive sampling technique. Result: on comparing the pre and 
post-test of blood glucose and lipid profile in relation to admin-
istering of curry leaves powder among Type II Diabetic Patients 
in experimental group, the percentage of reduction for fasting 
blood glucose is 5.72%, For Postprandial blood sugar is 6.39%, 
for total Cholesterol is 3.68%, for HDL the increased rate is 7.13%, 
for LDL the decreased percentage is 6.36%, and for Triglyceride 
the decrease percentage is 9.04%.
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mellitus with mild elevated in lipid profile level
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INTRODUCTION:
Non communicable diseases (NCDs), also known 

as chronic diseases, Long-lasting and caused by a 
confluence of genetic, physiological, environmental, 
and behavioural variables. The four primary catego-
ries of NCD are diabetes, cancer, chronic respiratory 
diseases (such chronic obstructive pulmonary disease 
and asthma), and cardiovascular disorders (including 
heart attacks and stroke) (1). 

Diabetes is a chronic disease that occurs when 
the pancreas does not make enough insulin or when 
the body does not properly utilise the insulin that is 
produced. Insulin maintains the blood glucose level 
in the body. Hyperglycaemia, also known as elevated 
blood glucose or high blood sugar, is a common side 
effect of uncontrolled diabetes that, over time, can se-
riously harm many of the body’s systems, especially 
the neurons and blood vessels. Diabetic mellitus is of 
two types they are Type I and Type II. Type II diabe-
tes (Formerly called as Non-Insulin Dependent) is the 
most prevalent, generally affecting adults, and arises 
when the body develops insulin resistance or fails to 
produce enough insulin. Type II diabetes has increased 
substantially in countries of all income levels during 
the last three decades. Type 1 diabetes is a long-term 
condition in which the pancreas produces little or no 
insulin on its own. Access to inexpensive medication, 
particularly insulin, is crucial for those living with dia-
betes. A global agreement has been reached to halt the 
growth in diabetes and obesity by 2025.Around 422 
million people worldwide, most of whom live in low- 
and middle-income nations, have diabetes, which is 
directly responsible for 1.5 million annual fatalities. 
Over the past few decades, diabetes has steadily in-
creased in both incidence and prevalence..(2)

Global Burden of Disease, India ranks second after 
China in the global diabetes epidemic with 77 million 
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people with diabetes. Of these, 12.1 million are aged 
>65 years, which is estimated to increase to 27.5 mil-
lion in the year 2045.(3)

American Heart Association (AHA) Trust-
ed Source, States diabetes frequently reduces HDL 
(good) cholesterol levels while raising triglycerides 
and LDL (bad) cholesterol levels. Both of these fac-
tors raise the likelihood of heart disease and stroke. 
Diabetes dyslipidaemia is defined by high fasting and 
postprandial triglycerides, low HDL cholesterol, high 
LDL cholesterol, and a predominance of small dense 
LDL particles. These lipid alterations are the primary 
connection between diabetes and diabetic individu-
als’ higher cardiovascular risk. Only a portion of the 
underlying pathophysiology is recognized. Changes 
in insulin-sensitive pathways, elevated free fatty acid 
concentrations, and low-grade inflammation all play a 
role in the overproduction and impaired metabolism 
of triglyceride-rich lipoproteins of intestinal and he-
patic origin. The observed alterations in HDL and LDL 
are mostly a result of this. Although lifestyle chang-
es and glycaemic management can improve the lipid 
profile, statin medication has the greatest impact on 
cardiovascular risk reduction.(4). High blood glucose 
levels brought on by diabetes can damage your blood 
vessels as well as the nerves that regulate your heart 
and blood vessels. Heart disease may potentially result 
from this injury. Diabetes patients have a higher risk 
than non-diabetics of developing heart disease earli-
er in life.Individuals with diabetes are approximately 
twice as likely as adults without diabetes to get heart 
disease or stroke.(5) To reduce the CVD risk of T2DM 
patients, multifactorial intervention is needed. This 
strategy comprises cholesterol management, glyce-
mic control, hypertension control, smoking cessation, 
weight loss, and increased physical activity. Lipid ther-
apy treatment reduces the cardiovascular disease. The 
Lipid Association of India proposed structured treat-
ment outcome based on the Indian patients’ CVD risk 
(6) Diabetic is the terrible illness widespread around 
the world and is posing a severe threat to human 
health. Numerous chemical treatments are available to 
manage and treat diabetic individuals, however full re-
covery from diabetes has not yet been documented. In 
addition to side effects, pharmacological therapies are 
not always effective at preserving and averting compli-
cations from advanced diabetes.(7) 

Diet has been acknowledged as the foundation for 
managing diabetes mellitus. The most popular di-

etary additives that improve the flavour and taste of 
food are spices. Additionally, spices have a number of 
positive physiological effects, including an anti-dia-
betic effect(8). Diabetic patients and medical experts 
are increasingly looking for medicinal herbs with an-
tihyperglycemic activity as a substitute treatment (9). 
Treatment options for Diabetic Mellitus may include 
insulin therapy, long-term usage of oral hypoglyce-
mic medications, dietary changes, and exercise. Plants 
have been an excellent source of medicine since the 
beginning of time. Researchers pay attention to the 
quest for plants with hypoglycemic properties. 45 of 
these plants and the medicines they produce that have 
been employed in the Indian traditional medical sys-
tems have been studied internationally.(10) 

There are now numerous therapeutic approaches 
for diabetes mellitus. Among them, alternative med-
icine, such as Ayurveda, Homeopathy, Siddha, yoga, 
naturopathy, etc., plays a significant role in India. 
Herbal extracts from plant roots, leaves, petals, etc. are 
frequently utilized as a therapy method in Ayurveda. 
Ayurveda’s potential in the management of diabetes is 
being researched. According to certain research, curry 
leaves can lower blood sugar levels.(11)

The chemical components of various carbazole al-
kaloids and other significant metabolites, including 
terpenoids, flavonoids, phenolics, carbohydrates, ca-
rotenoids, vitamins, and nicotinic acid from various 
parts of the M. Koenigii plant, have been credited with 
the medicinal properties of M. Koenigii.(12) Diabetes is 
going to have a tremendous adverse effect on health 
and economy of our nation so it is essential to imple-
ment measures to treat the diabetes and decrease the 
incidence of Diabetic complications, The researcher is 
interested to carry out this study in a rural neighbour-
hood where she could discover more individuals with 
diabetes. The local population can easily access and 
afford these curry leaves.

Ethical consideration; The Institutional Ethical 
Committee of Health Sciences under the Saveetha In-
stitute of Medical and Technical Sciences approved a 
study (058/04/2021/IRB-HS/SIMATS dated 9 April 
2021). The investigators explained the purpose of the 
study to the participants in their regional language 
and clarified any concerns. Written informed consent 
was obtained from the participants after assuring con-
fidentiality. 

Sample Size: The sample size was calculated by 
Sigma Plot 13 (Systat Software Inc., Palo Alto, CA).
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The sample size was estimated assuming a 20% re-
duction of HDL with a 35% standard deviation,90% 
power, 5% significance level, and 20%as drop out; the 
sample size was rounded off to 30 in each for the con-
trol and experimental group. 

MATERIAL AND METHODS 
A Quasi experimental research design was used to 

assess the effectiveness of curry leaves powder among 
type II diabetes patients with mild elevated lipid pro-
file. This study was conducted for the duration of one 
month from 23rd June 2022 till 23rd July 2022 in the 
selected rural area. After obtaining ethical clearance 
from the Institutional Ethical Committee (IEC) and 
a formal permission from both village presidents the 
main study was conducted. A total of 60 samples who 
fulfils and meets the inclusion Criteria was selected 
as samples by using Non probability purposive sam-
pling technique. 30 samples were selected for exper-
imental group and next 30 samples were selected for 
control group. Type II Diabetic Patients with in the 
age group of 40-65 years, Patients with type II diabe-
tes with mild elevated in lipid profile, having fasting 
blood sugar in range between 140mg/dl -160mg/dl 
and Postprandial blood sugar range between 220mg/
dl – 260mg/dl, and abnormalities in one of the lipid 
parameters, Total cholesterol range between 200mg/
dl- 239mg/dl, Triglyceride range between 150-199mg/
dl, High Density lipoprotein range from 40mg/dl and 
less than 40 mg/dl and Low Density lipoprotein range 
between 130 mg/dl – 159 mg/dl, Both male and fe-
male Type II diabetic patients, who were on oral hy-
poglycaemic agents, available during the time of data 
collection were included in the present study after 
getting the informed consent from the study partici-
pants. Diabetic patients who were in the treatment of 
insulin, who were on other alternative treatment, who 
had hypertension and other cardiac disease, who were 
having any other complications of diabetes mellitus 
were excluded. After recruiting the Type II Diabetic 
patients through non probability purposive sampling 
technique, all the 60 diabetic patients were random-
ly assigned to either the intervention group (Curry 
leaves powder consumption) or the placebo group by 
using lottery method. 

Intervention Protocol: (Curry leaves powder)
For experimental group 12gm of curry leaves pow-

der mixed with 10 ml of water was given half an hour 

before breakfast, morning/ daily in person for 30 days, 
for the placebo group, routine care was followed. Post 
test was conducted on the next day after completing 
intervention period for both experimental and control 
group by the researcher. The experimental group were 
monitored during intervention for any untoward reac-
tion; however, no adverse effect was reported through-
out the study. The ethical principles were adhered to 
protect the rights of the samples and maintained con-
fidentiality throughout the study. 

Analysis: The data were analysed by descriptive 
and inferential statistical SPSS statistical package 
(IBM SPSS Statistics, Armonk, NY). The demographic 
and clinical variables were described as frequency and 
percentage. The effectiveness of intervention with-
in the group was calculated by paired t test, and the 
effect of intervention between the experimental and 
control group was compared by un-paired t test.. The 
probability of p<.05 or less was taken as statistically 
significant. 

RESULTS: 
The total number of participants screened accord-

ing to the inclusion criteria was 60and were allocat-
ed into the experimental group (n=30) and control 
group (n=30). The demographic and clinical variables 
were expressed as frequency and percentage. Out 
of 30 samples in the experimental group, 13(43.3%) 
were aged between 55 – 60 yeas, 19(63.3%) were male, 
23(76.7%) were Hindus, 11(36.6%) had primary ed-
ucation, 16(53.3%) were moderate worker, 20(66.7%) 
had 4 – 5 members in their family at home, 17(56.7%) 
had a monthly income of <Rs.10,000, 30(100%) were 
non-vegetarian, 17(56.7%) used to take non-vegetar-
ian diet once in a week, 24(80%) had not performed 
any type of exercise, 23(76.7%) had not performed any 
exercise, 16(53.3%) used curry leaves in their food for 
good growth in the hair, 19(63.3%) had a BMI in the 
range of 25.0 – 29.9, 19(63.3%) had the family history 
of DM and the illness for 4 – 5 years, 18(60%) were un-
der treatment for 4 – 5 years, 20(66.7%) were regularly 
taking diabetic medications, 30(100%) were taking al-
lopathic type of treatment, 15(50%) often check their 
blood glucose level once in 3 months and 30(100%) 
had not faced any complications of diabetes.

Effectiveness of curry leaves powder on reducing 
blood glucose and lipid profile among the Patients 
with Type II diabetes with mild elevated lipid profile 
in the experimental group The table -1 elicits that the 
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obtained “t” values for the Fasting blood glucose is 
7.409,for Post prandial glucose is 8.595, for Total Cho-
lesterol is 7.811, for HDL is 5.432,for LDL is 3.599 and 
for Triglyceride is 18.285, findings implies that there is 
a significant difference between pre test and post test 
in blood sugar level and lipid profile before and after 
intervention. 

The mean difference score for fasting blood glucose 
is 5.86, for postprandial blood glucose is 9.20,for Total 
cholesterol is 7.63, for LDL is 7.63, and for triglyceride 
is 9.33 respectively from pre intervention to post inter-
vention depicts the effectiveness of the intervention as 
the mean score decreased and for HDL mean score is 
3.13 was found to be statistically significant at p<0.001 

level which clearly shows that there was significant in-
crease in the level of HDL after the administration of 
curry leaf powder among Experimental Group.

Comparison of post-test level of blood glucose and 
lipid profile between the experimental and control 
group.

The table -2 elicits that the obtained “t” values for 
the Fasting blood glucose is 2.648,for Post prandi-
al glucose is 3.436, for Total Cholesterol is 2.063, for 
HDL is 3.264,for LDL is 2.023 and for Triglyceride is 
2.119, findings implies that there is a significant dif-
ference between two group in post-test in the blood 
glucose and lipid profile after intervention to Exper-
imental group.

Table:1 
Effectiveness of curry leaves powder on reducing blood glucose and lipid profile among the Patients with Type II diabetes with mild 
elevated lipid profile in the experimental group N = 30

Variables Pre-test Post test Mean Difference
Score

 Paired “t” Test
and p- value

Percentage of re-
duction

Mean ± S.D (mg/dl) Mean ± S.D (mg/dl)  %
FBS 102.43±9.13 96.57±8.39* 5.86 t = 7.409

p = 0.0001 S*
5.72%

PPBS 144.03±10.55 134.83±10.57* 9.20 t = 8.595
p = 0.0001 S*

6.39%

Total Cholesterol 207.23±17.97 199.60±18.68* 7.63 t = 7.811
p = 0.0001 S*

3.68%

HDL 43.87±6.68 47.0±6.09* 3.13 t = 5.432
p =0.001 S* 

7.13%

LDL 119.90±25.01 112.27±19.04* 7.63 t = 3.599
p = 0.0001

6.36%

Triglyceride 103.20±26.29 93.87±25.35* 9.33 t =18.285
p = 0.0001 S*

9.04%

*Significant at p<0.05

Table 2
Comparison of post test level of blood glucose and lipid profile among type2 diabetic clients in experimental group and control 
group N =30+30

Variables
Experimental group 

Post test 
Control group 

Post test Mean Difference
Score

Un Paired “t” Test
and p- value

Mean ± S.D (mg/dl) Mean ± S.D (mg/dl)
FBS 96.57±8.39 102.50±8.96 5.93 t = 2.648

p = 0.010 S*
PPBS 134.83±10.57 145.10±12.49 10.27s t = 3.436

p = 0.0001 S*
Total Cholesterol 199.60±18.68 209.50±18.49 9.90 t =2.063

p = 0.044 S*
HDL 47.0±6.09 42.17±5.36 4.83 t = 3.264

p =0.002 S* 
LDL 112.27±19.04 123.50±23.72 11.23 t = 2.023

p = 0.048
Triglyceride 93.87±25.35 107.90±25.96 14.03 t =2.119

p = 0.038 S*

*Significant at p<0.05
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The mean difference score for fasting blood glu-
cose is 5.93, for postprandial blood glucose is 10.27,for 
Total cholesterol is 9.90, for LDL is 11.23, and for tri-
glyceride is 14.03 respectively among two groups,from 
this the post intervention depicts the effectiveness of 
the intervention as the mean score decreased and for 
HDL mean score is 4.83 was found to be statistically 
significant at p<0.001 level which clearly shows that 
there was significant increase in the level of HDL after 
the administration of curry leaf powder among exper-
imental group.

DISCUSSION:
The current study analysed that alternate ther-

apy for reducing blood glucose and lipid profile was 
effective and proved the hypothesis of significant re-
duction in blood glucose and lipid profile after ad-
ministration of curry leaves powder in experimental 
group, on comparing the pre and post test blood glu-
cose and lipid profile in relation to curry leaves pow-
der among Type II Diabetic Patients in experimental 
group, the obtained “t” values for the Fasting blood 
glucose is 7.409,for Post prandial glucose is 8.595, for 
Total Cholesterol is 7.811, for HDL is 5.432,for LDL is 
3.599 and for Triglyceride is 18.285, findings implies 
that there is a significant difference between pre test 
and post test in blood glucose and lipid profile before 
and after intervention.The mean difference was found 
to be statistically significant at p<0.001 level which 
clearly shows that there was significant effect after the 
administration of curry leaf powder among Experi-
mental Group. The study was also supported by Jad-

hav, Kunal & Dhudum, Basavant. (2019) revealed that 
the p value was > 0.05,stated that there was significant 
difference in the average fasting and post Prandial 
BSL at 5% level of significance. Effect of curry leaves 
powder was seen after administrating to client it re-
duced blood sugar level after specific time span. Curry 
leaves powder is helpful for the diabetic clients to re-
duce blood sugar level without any side effects. The 
present study was supported by PV LINCY (2019),. 
The obtained‘t’ value for blood sugar level was 13.16 
for the experimental group. Blood sugar levels mea-
sured in type 2 diabetes patients were greater than the 
table value according to the obtained “t” value. When 
type 2 diabetic clients received curry leaf powder, their 
blood sugar levels were markedly lower than those of 
the non-reciprocating consumers. Similar study con-
ducted by Molly J et al.,(2022) on effect of curry leaves 
powder and slicing cucumber fruit on hyperlipidemia 
in the menopausal women. The treatment groups 
for curry leaf powder and cucumber, as well as TC, 
LDL-C, and TAG, saw significant reductions (p 0.05). 
Only the curry leaf powder treatment group’s HDL-C 
level (46.19.2 mg/dl) increased considerably (p 0.05). 
(average 12 percent).Although the mean TC, LDL-C, 
and TAG readings in the control group were higher, 
the difference was not statistically significant. When 
the effectiveness of the test chemicals at the tested dos-
es was compared, the HDL-C level in the curry leaf 
treatment group was statistically greater (p = 0.09). In 
menopausal women with hyperlipidemia, curry leaves 
and cucumber were beneficial in raising HDL-C and 
lowering LDL-C and TAG levels, suggesting a possi-
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ble neutraceutical function in the treatment of CVD. 
The present study the mean score of experimental and 
control group was compared by unpaired t test and 
found to be significant difference in blood glucose and 
lipid profile between experimental and control group. 
The mean difference score for fasting blood glucose 
is 5.93, for postprandial blood glucose is 10.27,for 
Total cholesterol is 9.90, for LDL is 11.23, and for tri-
glyceride is 14.03 respectively among two groups,from 
this the post intervention depicts the effectiveness of 
the intervention as the mean score decreased and for 
HDL mean score is 4.83 was found to be statistically 
significant at p<0.001 level which clearly shows that 
there was significant increase in the level of HDL af-
ter the administration of curry leaf powder among 
experimental group. Similar study was supported by 
K. N Gomathi (2016), On comparing the pre and post 
blood glucose level among Type II Diabetic Patients 
in the experimental group and control group had 
mean differences that, respectively, were 10.44% and 
0.76%. According to the results, there is a substantial 
difference between the experimental group’s pre- and 
post-prandial blood sugar levels. After 14 days of 
receiving 10 grammes of curry leaf powder, the ex-
perimental group’s blood sugar levels significantly 
decreased, according to the study’s findings. Similar 
study was supported by Joseph Ranjith, et al., (2015) 
on effect of curry leaves in the control of blood sugar 
among diabetic clients. Researcher has taken 43 Dia-
betic client and curry leaves powder 2.5gm morning 
and night daily was administered to the experiment 
group. There was a consistent decrease in mean blood 
sugar level from day 1(249.045) to day 15 (219.95) to 
day 30 (197.05) in the Interventional group. Whereas 
in control group the mean blood sugar remained al-
most same level on day 1(214.68), day 15(213.86) and 
day 30(210). 

The present study limited to assess the blood glu-
cose and lipid profile hence further study can be con-
ducted to assess the hemoglobin level. Many study 
have explored that curry leaves is the richest source of 
iron by administration the curry leaves it increase the 
haemoglobin level.

CONCLUSION 
Based on the finding of the current study it was ev-

ident that there was significant effect of curry leaves 
consumption that enhance the reduction of blood 
glucose,lipid profile among Type II diabetes with mild 

elevated lipid profile level. Therefore curry leaves 
powder can be used as an alternative treatment for 
Diabetes, Curry leaves are readily available in markets 
and simple to utilise. Consuming is less expensive and 
not dangerous. In order to achieve that goal Ayurvedic 
treatments are becoming popular among people as in 
contrast to allopathic medicine. a client with diabetes 
received greater backing in this research. Some pa-
tients with diabetes also curry leaves’ impact on blood 
sugar levels has been mentioned.
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Abstract
The healthcare sector is generally “information rich”. It is re-
quired to mine all the information for finding hidden patterns 
and making wise diagnostic decisions. In order to predict the 
data in databases and for medical research, particularly in the 
prediction of heart disease, sophisticated data mining methods 
are used. In this article, prediction systems for heart failure have 
been examined using a larger number of input attributes. The 
method analyses 13 variables, including medical words like sex, 
blood pressure, and cholesterol, to forecast the risk that a pa-
tient will develop heart disease. 13 attributes have so far been 
used for prediction.In this study, smoking and obesity were in-
troduced as two more characteristics. In the existing we have 
used Naïve bayes, and Neural networking systems which are 
having less accuracy compared to the proposed system algo-
rithms. On a database of heart diseases, the proposed data 
mining classification algorithms J48 Decision Trees, Bagging, 
and Adaboost are examined. Based on accuracy, these tech-
niques’ performances are contrasted. According to our find-
ings, the Adaboost, J48 decision tree and bagging accuracy are 
92.1 percent, 91.62 percent, and 90.52 percent, respectively. Our 
investigation reveals that Adaboost, out of these three classifi-
cation methods, accurately predicts heart failure.
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Introduction
Machine learning and data mining-based methods 

for the identification and prediction of cardiac disease 
are extremely difficult to create. The development of 
precise and effective starting-stage heart failure pre-
diction through analytical support of healthcare de-
cision-making with the digital patient data could ad-
dress the shortage of cardiovascular competence and 
the high incidence of cases that are misdiagnosed in 
the majority of countries [1-2]. This study sought to 
predict the most accurate machine learning classifi-
cations for these diagnostic uses. For the purpose of 
predicting cardiac disease, a number of supervised 
machine-learning algorithms were used and their ef-
fectiveness was evaluated. With the exception of MLP 
and KNN, all applied algorithms were estimated to 
have feature relevance ratings for each feature [3].

The interdisciplinary branch of study known as 
data mining for healthcare, which has its roots in data-
base statistics, is helpful in assessing the efficacy of the 
medical treatments. Data visualization with the ma-
chine learning one type of heart disease that diabet-
ics are susceptible to is diabetes-related heart disease. 
When the pancreas does not make enough insulin or 
when the body does not use the insulin that is pro-
duced appropriately, diabetes develops. Heart failure, 
also referred to as cardiovascular diseases, is a group 
of illnesses that have an impact on the heart or blood 
arteries [4-5]. There is not enough information to 
forecast cardiac diseases in a diabetic person, despite 
the fact that different data mining classification meth-
ods exist for doing so.We improved the decision tree 
method for optimum performance in predicting the 
chance of heart failure in diabetics since it consistent-
ly outperforming the naive Bayes and support vector 
machine algorithms [6].

Predicting Coronary Artery Disease (CAD) is a 
highly difficult and complex assignment in the med-
ical industry. One of the great talents in the medical 
world is early prediction, particularly in the cardiovas-
cular department. An understanding of the most re-
cent methods to identify variation in medical imaging 
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was gained by earlier studies on the building of early 
prediction models. Through a food plan created by 
the concerned doctor following early prediction, car-
diovascular disease can be prevented [7]. Our study 
uses machine learning to generate a pooled area curve 
(PUC) in order to predict CAD using the suggested 
approach. The accuracy of the prediction depends on 
this knowledge-based identification.Despite the poor 
pixels nearby, this important strategy has a good im-
pact on determining variation in medical photos. With 
the aid of blood artery blockage and plaque, this pool-
ing area building in our machine learning algorithm 
is bagging tissues and veins that are contracting [8-9].

Heart disease has emerged as a serious health con-
cern for many individuals due to its high mortality rate 
throughout the world. Detecting cardiovascular disor-
ders including heart attacks, coronary artery diseases, 
etc. by routine clinical data analysis is a critical task; 
early detecting of heart disease may save many lives. 
Making informed decisions and precise predictions is 
made possible by machine learning (ML). The appli-
cation of machine learning techniques in the medical 
sector has advanced significantly [10]. A unique ma-
chine learning approach is put forth in the proposed 
work to forecast cardiac disease. The Cleveland heart 
disease dataset was employed in the proposed study, 
and data mining algorithms including regression and 
classification were applied. Random Forest and Deci-
sion Tree machine learning algorithms are used. The 
machine learning model’s innovative technique is 
created. Three machine learning methods are used in 
the implementation: The Random Forest, The Deci-
sion Tree, and the Hybrid Model (Hybrid of random 
forest and decision tree). According to experimental 
findings, the hybrid model’s heart disease prediction 
accuracy rate is 88.7% [11-12].

By using a variety of approaches from database and 
machine learning, hidden and undiscovered patterns 
are recovered from massive data sets. For manag-
ing a massive volume of information, data mining is 
crucial. Data mining addresses heterogeneity, priva-
cy, and data accuracy. Additionally, there have been 
substantial efforts in the field of medical data mining 
in recent years because to the possibility that signifi-
cantly dishonest medical treatments could result from 
inaccurate medical data systems [13]. Suitable mining 
methods should be used to examine medical data col-
lections. Medical systems for disease prediction from 
a set of medical data sets have been developed using 

data mining techniques to carry out related activi-
ties. This paper reviews state-of-the-art data mining 
algorithms for disease prediction and analyses the 
performance of classification techniques and Vote on 
various data sets of various diseases such as chronic 
kidney disease (CKD), heart disease, liver disease, and 
diabetes [14-15].

Proposed System
Many hospitals now utilize healthcare information 

systems to handle patient data because these systems 
include vast amounts of information that can be mined 
for hidden information to aid in intelligent medical di-
agnosis. The major goal of this study is to develop an 
intelligent system for heart failure prediction that uses 
historical cardiac databases to diagnose heart disease. 
13 input attributes, including medical terminology like 
sex, blood pressure, and cholesterol, were employed in 
the development of this system. Two additional attri-
butes – obesity and smoking – are employed in order 
to obtain more accurate results because they are rec-
ognized as crucial risk factors for heart disease. The 
Adaboost, J48 Decision Tree, and Bagging data min-
ing classification techniques are applied.

The database on heart failure is accessible to the 
general public. There are 303 records in the Cleveland 
Heart Disease database and 270 records in the Statlog 
Heart Disease database. Three different sorts of attri-
butes make up the data set: input, key, and predictable 
attributes. These are given below. Three exemplary 
data mining methods are systematically used in this 
paper to perform a predictive data mining task. This 
contains ensemble methods Bagging and Adaboost us-
ing J48 as the foundation learner, as well as standalone 
J48 decision trees. These techniques are integrated to 
produce knowledge that can be used in decision-mak-
ing. Using the available factors in each dataset derived 
from the CPCSSN dataset, each approach will catego-
rize patients with heart disease differently. These re-
sults are then compared and analyzed using AUROC 
(Area under receiver operating characteristic curve).
The experimentation is setup using WEKA.

An open source Java development of the well-
known C4.5 supervised classification technique in 
WEKA is called the J48 decision tree. It is an improve-
ment and expansion of Quinlan’s ID3 algorithm. Be-
tween information gain and its division, there is a frac-
tion. Quinlan4 provided a thorough explanation of the 
J48 decision tree.
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One of the straightforward yet effective indepen-
dent ensembling methods3 to increase the accuracy 
of unstable learning techniques, such as decision tree 
and rule learning algorithms12, is bagging (Breiman, 
1996), which was derived for bootstrap aggregating. 
The dataset for bagging is split up among several 
bootstrap replicates. With replacement, each copy is 
individually derived from the original dataset and, on 
average, has 63.2 percent of the original data12. Run 
the weak learner through the process several times us-
ing different bootstraps. In order to achieve more ac-
curacy than any individual component classifier could 
achieve, the classifier learned from the weak learner at 
the each iteration is combined into a strongly compos-
ite classifier.
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Figure 2 consists of system architecture of the pro-
posed system. It contains three modules to predict the 
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heart disease. There are Data Preprocessing, Feature 
Selection and Data mining classification algorithms. 
In Data preprocessing module, the input training data 
is filtered by removing unwanted data and replaced 
with missing values if anything is missed during 
cleansing and handling outliers. In Feature selection 
module, attribute data is evaluated and AROC curve 
is splitting the Patient Age groups with heart disease 
prediction with by using data mining classification 
techniques. Testing dataset is inserted into the Heart 
disease Prediction model. If its provides class a, then 
Patient has a heart disease and Class b means Patient 
has no heart disease with data accuracy.

One of the well-known ensembling approaches 
suggested by Freund and Schapire15 is called Ada-
boost, which stands for Adaptive Boosting. Strong 
classifiers are created through an iterative approach 
using a series of weighted classifiers that work in tan-
dem. These base learners are deterministically select-
ed from the original dataset after being trained on var-
ious subsets. This method’s central tenet is that cases 
that were incorrectly categorized in earlier iterations 
are given more weight in subsequent iterations. Every 
instance in the training repetition is given a weight at 
each step, which serves to quantify the degree of focus.
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Result & Discussion
The database on heart disease contains a total of 

573 records in the dataset. Two data sets made up of 
303 records each are utilized for training and 270 re-
cords each are used for testing make up the total re-
cords. Weka, a data mining tool, is employed in the ex-
periment. In the initial dataset, some fields had values 
that were missing from the records. Using the Replace 
Missing Values filter of the Weka tool, these were lo-
cated and replaced with the most relevant values. 

The Replace Missing Data filter looks through ev-
ery record and uses the mean mode approach to fill in 
any missing values. Data preprocessing is the name of 
this procedure. Data mining classification techniques 
including Adaboost, J48 Decision Tree, and Bagging 
were used once the data had been pre-processed. In 
order to determine the classification accuracy, a con-
fusion matrix is obtained. How many instances of each 
class have been assigned can be seen in a confusion 
matrix. Since there are two classes in our experiment, 

the confusion matrix is 2x2. According to figure 3, the 
accuracy of each method is represented on a graph.

 
Figure 3Accuracy % of Datamining Classification Techniques

From the above graph, we have observed that the 
accuracy % of different classification algorithms. Ad-
aboost has 92.10%, J48 has 91.62% and Bagging has 
90.74%. Adaboost has the high accuracy compared to 
other techniques. Below table shows the values for the 
same.

Table 1 
Accuracy % of Data mining Classification Algorithms

Data Mining Classification 
Algorithms

Accuracy %

Adaboost 92.10%
J48 Decision Tree 91.62%
Bagging 90.74%

 

Class a = YES (has heart disease)
Class b = NO (no heart disease)
TP (True Positive): It indicates the amount of re-

cords that were incorrectly labelled as true but were 
truly true.

FN (False Negative): It represents the number of 
records that were falsely categorized but were actually 
true.

FP (False Positive): It indicates the number of re-
cords that were false but were classed as true.

TN (True Negative): It indicates the amount of re-
cords that were incorrectly labelled as false but were 
genuinely false.

The combination of sensitivity and specificity is 
essentially represented by the AROC (Area under Re-
ceiver Operating Characteristic curve).The AROC can 
theoretically take values between 0 and 1, with 1 repre-
senting the perfect classifier. While classifiers with an 
AROC much higher than 0.5 have at least some ability 
to discriminate, the practical lowest constraint for ran-
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dom classification is 0.5, that means the classifier has 
no discriminative power. The experimental findings 
from the study employing Adaboost, bagging, and J48 
are shown in Fig.4 in the appropriate ways.
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Figure 4 AROC% of Different Datamining Techniques

The area under AROC for the bagging ensembling 
approach with a large dataset in the results is 0.89%, 
demonstrating a high level of discriminative perfor-
mance across all techniques. It can also be deduced 
that bagging performs better the higher the sample 
size.

Table 2 
AROC% Comparison of Different Data mining Classification Al-
gorithms

Age Group
Adaboost 
AROC%

Bagging 
AROC%

J48 Decision 
Tree

Age Group 18-35 69.70% 57.20% 63.20%
Age Group 36-55 78.70% 69.20% 55%
Age Group>55 89.20% 90.30% 87.40%

Overall, the Adaboost ensemble technique fared 
better than other methods in three separate age groups, 
and it also highlights how it handles tiny sample sizes 
in a special way. J48 decision tree’s performance im-
proved with a comparatively higher sample size.

Conclusion
Our research’s goal is to more correctly forecast the 

presence of heart disease. Obesity and smoking are 
used as two additional input variables in this study to 
produce more precise results. Three data mining clas-
sification methods – J48 Decision trees, Bagging, and 
Adaboost – were used. One of the most effective and 
often used methods for categorization and prediction 
is the decision tree. Our work used bagging, Adaboost, 
and J48 decision trees to build moderately effective 

models with better performance to categorize health 
disease patients across three age groups in the Cana-
dian population.The Canadian Primary Care Sentinel 
Surveillance Network (CPCSSN) database given the 
data for this investigation. Results analysis shows that 
the Adaboost ensemble technique performs better 
than bagging and solo J48 decision trees. Results show 
that Adaboost produces more accurate results than 
J48 Decision Tree & Bagging.
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Abstract
The Wireless Sensor Network (WSN) is a multi-hop wireless net-
work that contains multiple sensor nodes agreed in a self-orga-
nized mode. The significant advancement in the healthcare, the 
security of the medical data became huge disputes for healthcare 
services. Intrusion Detection System increasingly demands auto-
matic and intelligent intrusion detection approaches to handle 
threats caused by a growing number of attackers in the WSN en-
vironment. Reinforcement Learning is a fundamental approach 
to improving routing efficiency. This approach introduces Adap-
tive Reinforcement learning with Dij-Huff Method (ARDM) for 
secure optimal route in WSN. Adaptive Reinforcement Learning 
(ARL) is a machine learning technique that selects the best for-
warder node. The node energy, node Received Signal Strength, 
and node delay parameters determine the forwarder nodes in 
the WSN. Furthermore, the Dij-Huff Procedure (DHP) is a mixture 
of Dijkstra’s algorithm and Huffman coding. Dijkstra’s algorithm 
is applied to discover the sensor nodes with the highest energy 
and the best possible distance route. Huffman coding computes 
the binary hop count to offer each hop security. The simulation 
results and their comparison with conventional protocol demon-
strate that the proposed scheme has a better detection ratio, a 
better throughput, and increased energy efficiency.
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Introduction:
A WSN working function is to observe, process, 

and forward the information in an indicated atmo-
sphere. WSN contains a number of nodes that gath-
er and forward the information to the Base Station 
(BS). WSN technology offers many advantages, for 
example, cost minimization, dependability, scalabil-
ity, tractability, correctness, and simple distribution 
[1]. WSNs characteristically comprise thousands of 
resource-constrained sensors to observe their envi-
ronments, gather information, and transmit it to the 
destination for further handling. Though WSN is de-
liberated, great encounters specified the distribution 
size, and the related quality disquiets, for example, re-
source management, reliability, and scalability [2]. 

RL makes up an uncomplicated non-linear facility that 
converts from lower layer to higher layer to reach a supe-
rior resolution. It is encouraged via transmission plan and 
information treatment in nerve preparations. The bene-
fit of this learning is eliminating great-level features from 
the information; also, it can be qualified to achieve many 
aims. It is applied in many fields such as social networks, 
business intelligence, handwriting recognition, Bioinfor-
matics, speech detection, and image processing. This kind 
of learning has many compact issues like routing, data 
quality evaluation, energy-saving, and attacker detection.

Energy Preserving Secure Measure against Worm-
hole Attack that preserves energy and it provides se-
curity by the network connectivity. This approach is 
worked by connectivity and information of neighbor-
hood. This approach is used to detect the wormhole 
attack [3]. Presently the combination of the sensor is 
precise and significant by allowing the features of so-
cial networks for enhancement [4]. 

Recently WSN and the emergence of secure data 
processing techniques have enabled a wide possibilities 
for human-centred applications. Figure 1 illustrates 
Sensor node based Healthcare application. Medical 
sensors and devices have determined the appearance 
for observing patient data, and forward these informa-
tion to the user. However, secure data transmission is 
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important factor. Thus this approach using ML algo-
rithm for detecting intrusion nodes and it forward the 
reliable data from patient to the user. 

Problem Statement:
Identify Selective Forwarding Attacks (ISFA) by 

the danger model for detecting the accuracy in WSN. 
The intrusion nodes launch the selective forwarding 
attack that drops the part packets. An artificial im-
mune system is recognized for the attacks. The sup-
port vector machine mechanism detects the intrusion 
nodes based on the sensor node’s energy utilization, 
rate of forwarding, duration, frequency of communi-
cation, and communication time. However, this ap-
proach can’t provide efficient security in the WSN [5].

To solve these issues, this paper Adaptive Rein-
forcement learning with Dij-Huff Method for secure 
optimal route in WSN is proposed. Here, Adaptive 
Reinforcement Learning (ARL) is a machine learn-
ing technique that selects the best forwarder node. 
the Dij-Huff procedure is a mixture of Dijkstra’s al-
gorithm and Huffman coding. Dijkstra’s algorithm is 
applied to discover the sensor nodes with the highest 
energy and the best possible distance route.

2.Related Works
An adaptive ensemble learning method can incor-

porate the benefits of detecting data and reach optimal 
outcomes by ensemble learning. The adaptive voting 

algorithm with Multi-tree methods enhances intru-
sion detection. The adaptive voting algorithm con-
tains a decision tree, random forest, and deep neural 
network mechanisms. [6]. The objective of this work 
is to enhance the training data quality. A network in-
trusion detection system is important for removing 
network attacks. ML mechanism contains balancing, 
sampling, and feature engineering. Systematic ML 
concentrates intrusion detection [7]. ML-based In-
trusion Detection System using detection threshold is 
selected to differentiate the benign and attacker nodes. 
The adaptive feature selection procedure at every re-
porting time enhances the function, differentiating 
benign and attacker nodes [8].

A malicious-node identification mechanism es-
tablished on correlation theory avoids fault data in-
jection. Initially, irregularity among the same types of 
sensor information is identified by time correlation. 
Next, detects the malicious nodes by applying the spa-
tial correlation. Finally, the event correlation method 
recognized the malicious nodes. However, this ap-
proach enhances the false-positive and false-negative 
ratios [9]. Reinforcement learning with a deep neural 
network method for detecting the intrusion. The deep 
Q-Learning method offers an auto-learning ability 
to distinguish intrusions by applying an automated 
trial-error approach. However, this approach’s accu-
racy is low, and it needs to improve its self-learning 
capabilities [10]. A passive attack represents that the 

 
Figure 1: Sensor based Healthcare application
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attacker nodes take the data by observing means; such 
an attack can be avoided through authentication and 
data encryption. Active attack indicates packet loss 
network communication and updating route informa-
tion to the attacker nodes. The ML method is used to 
detect the malicious nodes in the WSN [11].

A blockchain established secure routing in the 
WSN. The blockchain method is applied to register the 
nodes and accumulate the communicated data pack-
ets. The Proof of Authority consent method is applied 
to evade the additional overhead gained [12]. The Ge-
netic Algorithm-established Support Vector Machine 
and Genetic Algorithm-based Decision Tree mecha-
nisms are introduced for detecting malicious nodes in 
the network. Then, the optimal routing is used to find 
the optimal forwarder in the network [13]. A system 
for detecting malicious nodes by IPv6.This method is 
planned for the IPv6 environment. In the application 
layer, the malicious node detection system is imple-
mented. It applies cooperative algorithms and collec-
tive decision-making to detect malicious nodes [14]. 

A classification technique in that the decision for 
the class association is established on exact combina-
tions of attribute states here, and those mixtures are 
stimulated by reliability. Incorporate ML into the sim-
ulation-based consistency evaluation approach, and 
evaluate the system consistency in an experimental 
manner [15]. The core reliability evaluation system 
is a supervised learning method named perception, a 
state-space classification-based approach for system 
state evaluation. It detects the intrusion by the node’s 
signal strength. In this approach, energy maintenance 
also small handling load between the most serious 
problems. Particularly, classical approaches are uti-
lized for detecting and avoiding attacks [16]. This ap-
proach enhanced the rate of node packet delivery and 
recognized the fake identity with ML methods, for ex-
ample, Logistic Regression, Naïve Bayes, and Random 
Forest [17].

Any malevolent attacks lead to breaking off secu-
rity by performing as a node that dishonestly declares 
many fake individualities concurrently [18]. ML mod-
el to distinguish the attacks based on the SVM meth-
od. Three SVM kernel operations established classifi-
ers to differentiate the malevolent nodes from reliable 
ones through measuring the variance [19].Trust as-
sessment illustrates the diversity in disparate appli-
ances. Trust methods typically concern trust-related 
material to compute the trust. Although these meth-

ods can compute the trust, they moreover broadcast 
huge appropriate arithmetical requirements for eval-
uation. Sporadically, it is nonflexible for apprehension 
samples. The collection of trust-relevant features and 
the establishment of the rule significantly concern the 
precision of trust evaluation. It ignores intelligence 
and active sustain [20].

A number of trust strategies transmit linear aggre-
gation to gather dissimilar trust-impact properties via 
confidence evaluation in these application regions like 
multi-agent systems and service environments. Con-
currently employ linear aggregation to combine confi-
dence features such as recommendations, experience, 
knowledge, and so on to transmit trust materialize un-
even missing speculative and realistic maintain. Thus, 
trust evaluation accuracy could be doubtful [21].

3. Proposed Method
WSN contains number of medical sensor nodes 

and it capable to forward medical data in run time. 
Though, in WSN several security issues that demand a 
secure data communication and authentication in re-
source constrained environment. Adaptive Reinforce-
ment learning is a ML during the interface between 
a decision-making agent and its situation. Here the 
agent performs an action through mapping the envi-
ronmental input to state in discrete time steps. The sit-
uation demonstrates the new state and responds with 
positive or negative feedback, which is the reward that 
measures the efficiency of the executed action. The 
collection method of action is established on a factor, 
for example, the average reward with time. The agent 
next informs its related rule targeting the best future 
rewards. 

DHP represents the combination of Dijkstra’s with 
Huffman coding. Dijkstra’s algorithm is applied to dis-
cover the medical sensor nodes with the highest ener-
gy and best minimum distance route. Huffman coding 
is utilized to receive end-to-end security. To offer se-
curity at every hop is known as a Binary Hop Count 
(BHC).

DHP is using the following procedures
• To discover the nodes with the highest energy and 

the best route between end sensor nodes.
• To compute the binary hop count at every hop 

through handles the routing table to offer the se-
curity.

• End to end authentication is specified by applying 
a half-man Coding
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Figure 2 illustrates a sample network structure. The 
S represents the sender, and the R represents the re-
ceiver in this figure. The sender desires to forward the 
data to a receiver; we use the ARL method to select the 
best forwarder and BHC to isolate the intrusion sensor 
nodes in the WSN.
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Figure 2: Sample Network Structure

In WSN, each sensor node is homogeneous since 
each node has similar transmission energy. The RSS 
value is utilized to indicate the energy level in the re-
ceived signal. The RSS calculates the equation given 
below.
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Where,
Tpà Transmission energy
Gtà Gain of Transmitter 

Gr à Gain of Receiver 
Htà Transmitter antenna height 
Hrà Receiver antenna height 
d à Distance between sender and receiver
In WSN, sensor node energy acts as a significant 

function in communication. A node with lesser ener-
gy dies in a minimum time interval, and it is not able 
to transmit the data packets. Therefore it is a signif-
icant factor to consider this parameter to intend an 
efficient route. The sensor energy can be computed as 
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Here, RRP- Rate of Received Packet
Di,j- Distance between nodes i and j
α - Constant
DSn,Rn – Distance between sender and receiver
The delay between the nodes i and j is computed as

 ,i j j iD OPT GPT= −   (3)

OPTj- Obtained RREQ packet time
GPTi- Getting RREP packet time
Markov Decision Process (MDP) offers a statistical 

framework for making a decision environment under 
different actions. It facilitates the forecast of the fol-
lowing state s,’ and the following reward r along with 
the present state s and action a. Figure.3 explains a 
block diagram of the ARDM method.

An MDP is four attributes (S, A, Ra, Pa) here: 
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Figure.3 Block Diagram of ARDM approach
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S represents a limited set of states. A is a limited set 
of actions, and As indicates, the limited set of actions 
available from state s. 

(Pa(s, s’)=pr(st+1 = s’| st = s; at = a) is the transition 
probability function that action a in state s and time t 
will lead to state s0 at time t + 1.

Ra(s, s’) is the instantaneous reward that is obtained 
after alteration from state s to state s’ owing to action a.

Pa and Ra are the dynamics situation.
A limited MDP with a limited set of states and ac-

tions here, every action utilizes an identical duration, 
and the agent can examine the situation at all periods. 
ARL builds the table where the rows indicate the states 
and the columns indicate the actions. In each S, the 
agent obtains an action A, observes the reward for ac-
tion R and the following state S, and modifies the pre-
dictable Q value.

 
'( , ) (1 ) ( , )

( max ( ' , ' ))
t t t t

t t t

Q S A Q S A
R Q S A

← − +
+ +

λ
λ γ

 
 (4)

It maintains a Q-value in a table for every state-ac-
tion Q(s, a). Permit at and st submit to the action and 
state perform through an agent at time t and rt+1 indi-
cates the RL that the situation has created for acting 
in-state st. When the agent accepts the returned reward 
rt+1, it updates the table Q-value that communicates to 
st and at. Here, we determine the Rt value by node RSS, 
energy, delay, and Binary hop count for data transmis-
sion. The highest reward node is selected as the best 
rewards node. Here, the value rewards computation is 
given below. 
 ( )BHCR RSS E Dγ= × + +   (5) 

Here, λ indicates the learning rate that presents be-
tween 0 to 1 and γ indicates a constant for the rewards 
relative value that presents between 0 to 1 correspond-
ingly.

Forwarder Selection  
and Intrusion Isolation:

We measure the sensor node distance and energy, 
and RSS parameters then the node is verified BH secu-
rity. If it is equivalent to the predictable security, that 
sensor node is normal and can receive the data from 
the forwarder node. 

The security code of hop 1 is 01.
The security code of hop 2 is 10.
The security code of hop 3 is 11.
The security code of hop 4 is 100.
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Figure 4 ARDM based optimal Forwarder Selection (First Step)

In this approach, the sender S searches the forward-
er nodes among nodes 3, node 5, and node 1. S selects 
the forwarder node based on the node delay, energy, 
and RSS value. Here, the node 1, 5, and 3 nodes BHC 
value is 01. As a result, nodes 1,5,3 are normal nodes. 
From figure 4, the node 1 RSS value is 0.85 and that 
value is greater than the other two-node values. Simi-
larly, the node 1 energy value is 0.9. This energy value 
is greater than other values. In addition, the node 1 
delay is very low compared to the other node values. 
Hence, we select node 1 as a forwarder node.

From figure 5, node 1 selects the forwarder node 
based on the node energy, node delay, and node RSS 
values. Here, the chances of nodes 5, 7 and 8 BHC val-
ue is 10. But, the node 7 BHC value is 01. Hence, node 
7 is an intrusion sensor. But, node 8 is a forwarder 
node based on the node energy, delay, and RSS values. 
Similarly, these processes proceed till the receiver re-
ceives the information.
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Figure 5 ARDM based optimal Forwarder Selection (Second 
Step)

Simulation Analysis:
In this paper, we performed experiments to esti-

mate the function of the ISFA and ARDM approaches. 
In this work, we use the network simulator-2.35 tool 
to measure the network function of ISFA and ARDM 
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approaches. In this setting, sensor node’s transmission 
range is 250 metre and utilizes 100 sensor nodes. It de-
tects the performance of ISFA and ARDM approach-
es in terms of packet delivery ratio, delay, packet loss 
ratio, remaining energy, and intrusion detection ratio.

Throughput Ratio:
Throughput denotes the number of data packets 

transmitted to the receiver node per unit of time. It is 
measured as obtained throughput in bps unit, and it is 
computed through the equation as given below:

 0

1000
( )*512m

Throughput
PacketReceived m

= ∑  (6)

Here, m indicates the sensor node count
Figure 6 displays the throughput of ISFA and 

ARDM approaches based on Sensor node count. From 
this figure, the ARDM approach offers better through-
put than the ISFA approach. The binary hop count 
method improved the security, and the ARL method 
selects the best forwarder in the node. But, the ISFA 
approach can’t choose the optimal forwarder in the 
network. 
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Figure. 6 Throughput of ISFA and ARDM approaches based on 
sensor node count

Average Delay:
The delay is the time between the receiver node re-

ceiving the packets and the sender node forwarding 
the packet. It is measured by the equation given below. 
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Figure 7 displays the delay of ISFA and ARDM ap-
proaches based on sensor node count. From this fig-
ure, the sensor node raises, and the node delay also 
increases in the network. The ARDM approach selects 
the forwarder based on the minimum delay nodes. 
Hence, it minimized the network delay. But, the ISFA 
approach improves the network delay.
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Figure. 7 Delay of ISFA and ARDM approaches based on Sensor 
node count

Packet Loss Ratio:
Packet Loss Ratio is represented as the whole for-

warded packets not obtained at the recipient. It is com-
puted as the equation given below.
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Figure 8 illustrates the packet loss ratio of ISFA 
and ARDM approaches based on sensor node count. 
Usually, packet losses are owing to the minimum RSS, 
inadequate energy, increases in the delay, etc. In the 
ARDM approach, the ARL method selects the for-
warder by the node RSS, the energy, and the delay. 
Hence, the ARDM approach minimized the packet 
loss ratio in the network. However, the ISFA approach 
raises the packet loss ratio in the network. 
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Figure. 8 Packet Loss ratio of ISFA and ARDM approaches based 
on sensor node count

Remaining Energy:
Figure 9 demonstrates the remaining energy of ISFA 

and ARDM approaches based on sensor node count. 
From this figure, our ARDM approach has the highest 
remaining energy than the ISFA approach. In the ARDM 
approach, the energy parameter is important for select-
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ing the forwarder node. As a result, the ARDM approach 
minimized the unwanted energy utilization in the net-
work. But, the ISFA approach raises energy utilization. 
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Figure. 9 Remaining Energy of ISFA and ARDM approaches 
based on sensor node count

Detection Ratio:
The detection Ratio is declared as the correlation 

between the count of properly-recognized intrusion 
sensors and the count of intrusion sensor. It is com-
puted by the formula given below.

 i
i

nt
nt

=

=

D

r

R
Count of properly recogonized rusi

Whole count of
ne

rusi
r

on
o

se
n S o

nso
s    (9)

Figure 10 explains the DR of the ISFA and ARDM 
approaches based on sensor node count. From this 
figure, the DR of the ARDM approach is greater than 
the ISFA approach. Since ARDM approach by apply-
ing the BHC method to isolate the intrusion sensor 
efficiently. But, the ISFA approaches can’t detect the 
intrusion efficiently.
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Figure. 10 Detection Ratio of ISFA and ARDM approaches based 
on sensor node count

False-negative ratio (FNR): 
It is mentioned as the ratio between the number of 

intrusion nodes that are incorrectly classified as nor-
mal sensor nodes and the entire number of normal 
sensor nodes. It is mentioned in equation.
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Figure 11 demonstrates the FNR of the ISFA and 
ARDM approaches based on sensor node count. Here, 
the FNR of ARDM is smaller than the ISFA; since 
ARDM, the intrusion nodes are isolated through an 
adaptive reinforcement learning.
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Figure 11: False Negative Ratio of ISFA and ARDM approaches 
based on sensor node count

False-positive ratio (FPR) versus sensor node:
It is mentioned as the association between the 

number of usual sensor nodes that are incorrectly 
categorized as an intrusion and the entire number of 
normal sensor nodes. It is mentioned in equation (11).
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Figure 12 demonstrates the FPR of ISFA and ARDM 
approaches based on sensor node count. The FPR of 
the ARDM is smaller than ISFA because ARDM ap-
proach isolates an intrusion sensor nodes efficiently. 
Thus, the ARDM approach reduced the FPR.

 

0

0,05

0,1

0,15

0,2

0,25

0,3

0 20 40 60 80 100

ISFA

ARDM

Sensor Node Count

Figure 12: FPR of ISFA and ARDM approaches based on sensor 
node count
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Conclusion:
Secure health care system main objective should 

maximizes the health care quality and minimize the 
health care cost. WSN presents numerous issues and 
challenges caused by intrusion sensor, inadequate en-
ergy, and the absence of security. The sensor node en-
ergy is the significant parameter; this approach avoids 
the break down. This approach exists an Adaptive 
Reinforcement learning with Dij-Huff Method for Se-
cure Optimal Route in the WSN. The diji-Huff meth-
od is able to forward the information to the nodes with 
greater energy and offer secure transmission. Adap-
tive reinforcement learning initiated from the present 
state, the best rule can be a launch to raise the rewards’ 
predictable value. ARL method computes the rewards’ 
predictable value to select the forwarder by the node 
RSS, the energy, and the delay. The simulation out-
comes illustrate that the ISFA approach improved in-
trusion sensor detection and minimized packet delay. 
In addition, it improves the network throughput and 
diminishes the packet losses in the WSN. 
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ABSTRACT 
Introduction: Formal education is the smooth pathway for 
learning, or gaining of knowledge, skills and values in a con-
trolled atmosphere with the avowed goal of instructing stu-
dents. The deadly infectious disease COVID-19 had a significant 
impact on the global economy and education sector forced 
many schools and colleges to remain closed temporarily. So, 
many colleges and universities have begun to offer online 
courses as a viable alternative to traditional face-to-face in-
struction. Nearly 30% of students were taking a course online 
with 21% growth rate for online enrollment of the overall higher 
education student population. Aim and Objective: The aim of 
the study is to assess the level of satisfaction on online teaching 
method among undergraduate students with their selected de-
mographic variables. Methodology: The study was a descrip-
tive cross-sectional study conducted with 100 undergraduate 
students selected by using purposive sampling technique. Sat-
isfaction level was assessed by using self-structured Student’s 
satisfaction scale. Results: 1(1%) of the student was dissatisfied, 
1 (1%) of the student was moderately dissatisfied, 67 (67%) of 
the students were moderately satisfied and 31 (31%) of the stu-
dents were satisfied with online method of teaching. The overall 
mean score on level of satisfaction online teaching method was 
74.72 ±11.14. Conclusion: Domains such as teaching strate-
gies, student involvement and learning outcome are critical for 
educational management to achieve higher levels of satisfac-
tion and performance for online courses among students.

Keywords
Online teaching method, Undergraduate students and satisfac-
tion.
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INTRODUCTION 
Education is the smooth pathway for learning, or 

gaining of knowledge, skills, values, morals, beliefs and 
habits. Educational practices include teaching, training, 
storytelling, discussion and directed research. Educa-
tion originated in ancient period, as adults instruct-
ed the young in the knowledge and skills necessary 
to succeed in their society [1]. Formal education takes 
place in a controlled atmosphere with the avowed goal 
of instructing students. Formal education usually takes 
place in a school setting, with several pupils learning in 
a classroom with a subject-trained, certified teacher [2].

The deadly fatal and infectious disease Corona Vi-
rus also known as COVID-19 had a significant impact 
on the global economy as well as education sector, and 
this concern is likely to resonate across the education 
sector globally [3]. Globally, nearly 1.2 billion children 
are out of school, according to a World Economic 
Forum research (2020). While countries’ COVID-19 
infection rates vary, more than 1.2 billion children 
in 186 countries are being affected by shut down of 
school as a result of the pandemic [4]. As social distanc-
ing is prominent at this stage, it had negative outcome 
on learning opportunities. Educational institutions are 
scrambling to come up with solutions to this difficult 
situation (Rieley, 2020)[5]. 

With the rapid development of the Internet tech-
nologies, many colleges and universities has begun to 
offer online courses as a viable alternative to traditional 
face-to-face instruction. Online learning is defined as 
“learning experiences in synchronous or asynchronous 
setting using various devices (e.g., mobile phones, lap-
tops, etc.) with internet access [6]. Due to COVID-19’s 
safety precautions, online learning has become a use-
ful and practical instrument for curriculum delivery 
around the world. During the COVID-19 pandemic, 
online learning assisted colleges and universities in 
keeping their doors open for students during lockdown 
in order to prevent the spread of disease [7].
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Satisfaction among students and faculties is defined 
as an attitude arising from an assessment of the edu-
cational experience, facilities, and services [8]. Online 
education is a new domain of learning that combines 
distance education with the practice of face-to-face 
instruction utilizing computer-mediated communica-
tion [9]. Higher education institutions are increasing-
ly incorporating online learning into their curricula. 
Faculty satisfaction is defined as the perception/belief 
that online teaching process is efficient, effective and 
beneficial for both student and faculty [10]. 

Online education programs in nursing are growing 
popular in increased numbers. Associate’s degrees to 
doctoral degrees are available online. Critical thinking, 
deep learning, collaborative learning, and problem-solv-
ing skills were enhanced through online education. Stu-
dents are still needed to take part in class, learn the con-
tent, turn in assignments, and work on group projects. 
Teachers must still create curricula, improve instruction-
al quality, respond to class queries, stimulate the students 
to learn, and grade assignments [11]. 

The educational system during COVID-19 era is 
characterized by a ‘new normal’. Online learning has 
been utilised as a supplement to traditional classroom 
instruction. COVID-19 is responsible for the abrupt 
shift from face-to-face instruction to entirely online 
learning [12]. Several advantages of online learning for 
learners have been reported in the literature, including 
easy accessibility to knowledge, proper content deliv-
ery, content standardization, personalized instruction, 
self-pacing, interactivity and increased convenience [13].

Numerous studies have measured either student 
or faculty satisfaction with online learning before 
COVID-19. To the best of our knowledge, no study 
has measured students’ satisfaction on online teach-
ing method during COVID-19 pandemic among un-
dergraduate students. Therefore, this study aimed to 
identify level of satisfaction among students on online 
teaching method during COVID-19 pandemic. Hence 
the present study was planned to assess the level of sat-
isfaction on online teaching method by domain wise 
and to associate level of satisfaction on online teach-
ing method with their selected demographic variables 
among undergraduate students.

METHODOLOGY 
A Descriptive cross-sectional study was conduct-

ed among undergraduate students. 100 undergraduate 
students were selected by purposive sampling tech-

nique in Saveetha College of Nursing, Chennai. The 
study participants were a) Nursing students attending 
online classes in selected nursing college. b) Students 
between the age group 18 to 23 years. c) Students of 
both the sexes were included in the study d) Students 
who are able to read and write Tamil and English. e) 
Students who are willing to participate in the study. 
During the initial interview, the purpose of the study 
was explained to the participants. Written informed 
consent was obtained from the participants in their 
preferred language. The participants have been in-
formed that participation is voluntary and they can 
withdraw from the study at any time. Confidentiality 
of information was achieved by maintaining anonymi-
ty of the participants. Formal permission was obtained 
from the concerned authorities to conduct the study. 
The data collection was done with socio-demographic 
questionnaire followed by Student’s satisfaction scale. 
Student’s Satisfaction Scale is a self-structured tool 
which consists of 25 questions based on three domains 
such as teaching strategies, student involvement and 
learning outcome was used in the study. It is a 4 point 
likert scale with score were interpreted as 1- 25 as dis-
satisfied, 26 – 50 as moderately dissatisfied, 51 – 75 
as moderately satisfied and 76 – 100 as satisfied. The 
reliability of the tool was found to be 0.96 (highly reli-
able) by Cronbach’s alpha method. About 15-30 min-
utes were spent on each participant to elicit data using 
the selected tool. 

Descriptive statistics were used to describe the de-
mographic variables, clinical variables and the level of 
satisfaction on online teaching method. Demographic 
variables and level of satisfaction were given in fre-
quencies with percentage. Association between level 
of satisfaction on online teaching method among un-
dergraduate students with their selected demographic 
variables was analyzed using Chi-Square test. P<0.05 
was considered as statistically significant.

Results – About 100 undergraduate students par-
ticipated in the study. Based on the demographic vari-
ables, 48(48%) were aged 19 years, 65(65%) were fe-
male, 49(49%) were belonging to lower middle class 
family, 42(42%) were residing in rural area, 92(92%) 
used smart phone for online classes and 71(71%) 
spent about 6 – 8 hours in online per day

LEVEL OF SATISFACTION 
Table 1 shows level of satisfaction among under-

graduate students assessed using Student’s Satisfaction 
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Scale. Nearly about 1(1%) of the student was dissatis-
fied, 1 (1%) of the student was moderately dissatisfied, 
67 (67%) of the students were moderately satisfied and 
31 (31%) of the students were satisfied with online 
teaching method [Figure 1].

Table 1
Frequency and percentage distribution of level of satisfaction 
on online teaching among undergraduate students. N = 100

Level of Satisfaction Frequency Percentage
Dissatisfied (1 – 25%) 1 1%
Moderately Dissatisfied (26 – 50%) 1 1%
Moderately Satisfied (51 – 75%) 67 67%
Satisfied (76 – 100%) 31 31%
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Figure 1 – Percentage distribution of level of satisfaction on on-
line teaching method among undergraduate students

DOMAIN WISE LEVEL OF SATISFACTION 
Table 2 shows domain wise level of satisfaction on 

online teaching method among undergraduate stu-
dents. In teaching Strategies – 1(1%) of the student was 

dissatisfied, 2(2%) of the students were moderately 
dissatisfied, 65 (65%) of the students were moderately 
satisfied and 32 (32%) of the students were satisfied 
with online teaching method. In Student Involve-
ment – 1(1%) of the student was dissatisfied, 2(2%) of 
the students were moderately dissatisfied, 77 (77%) of 
the students were moderately satisfied and 20(20%) of 
the students were satisfied with online teaching meth-
od. In learning Outcome – 1(1%) of the student was 
dissatisfied, 5(5%) of the students were moderately 
dissatisfied, 72 (72%) of the students were moderate-
ly satisfied and 22(22%) of the students were satisfied 
with online teaching method [Figure 2].
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Figure 2 – Percentage distribution of domain wise level of sat-
isfaction on online teaching method among undergraduate 
students

For teaching strategies, the mean and standard de-
viation were 24.16 and 3.82. For student involvement, 
the mean and standard deviation were 23.75 and 3.77. 
For learning outcome, the mean and standard devia-
tion were 26.81 and 4.44. For overall level of satisfac-
tion on online teaching method among undergraduate 
students, the mean and standard deviation were 74.72 
and 11.14 [Figure 3].
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Figure 3 – Mean and standard deviation of level of satisfaction 
among undergraduate student

Table 3 shows association between socio-demo-
graphic variables with level of satisfaction on online 
teaching method was analyzed using Chi square test. 
Demographic variable device used for online learning 
(c2=51.307, p=0.0001) had shown statistically signif-

Table 2
Domain wise level of satisfaction on online teaching method 
among undergraduate students. N = 100

Level of Satis-
faction

Teaching 
Strategies

Student In-
volvement

Learning 
Outcome

No. % No. % No. %

Dissatisfied  
(1 – 25%) 1 1% 1 1% 1 1%

Moderately 
Dissatisfied  
(26 – 50%)

2 2% 2 2% 5 5%

Moderately 
Satisfied  
(51 – 75%)

65 65% 77 77% 72 72%

Satisfied  
(76 – 100%) 32 32% 20 20% 22 22%

***p<0.001, *p<0.05, S – Significant
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icant association with level of satisfaction on online 
teaching method among undergraduate students. The 
other demographic variables had no significant asso-
ciation with online teaching method among under-
graduate students.

DISCUSSION 
The present study results revealed that 1(1%) of 

the student was dissatisfied, 1 (1%) of the student was 
moderately dissatisfied, 67 (67%) of the students were 
moderately satisfied and 31 (31%) of the students were 
satisfied with online teaching method. 

The present study results were supported by the 
following studies. Wiam Elshami et al. (2021) con-
ducted a cross-sectional survey to assess the satisfac-
tion perspective with online learning among 370 stu-
dents and 81 faculties. The study result showed that 
68.7% (n = 246) were less satisfied with online learn-
ing, and 41.6% (n = 149) would not recommend the 
online learning experience to others. 60.9% (n = 218) 
of the students were satisfied with the communication 
during online learning and 47.5% (n = 170) of the stu-
dents were satisfied with the flexibility afforded during 
online learning, 34.4% (n = 123) were dissatisfied with 
collaborative activities during online learning[7]. Ence 
Surahman et al. (2020) conducted a descriptive study 
to measure the level of student satisfaction with on-
line learning services in higher education among 224 
undergraduate students. The study result showed that 
19% of the students were very satisfied, 41% satisfied, 
30% dissatisfied, and 10% very dissatisfied[14]. 

Laurentiu Gabriel T et al. (2020) carried out a 
descriptive study to examine the level of satisfaction 
on online teaching-learning method among 726 stu-
dents. The study result revealed that 39.1% of the stu-
dents being very satisfied by the E-learning process, 
31.9% were undecided, and 29% were dissatisfied by 

the E-learning process and Bachelor students mention 
that online teaching is much more difficult than of-
fline teaching (χ2 (2) = 21.44, p = 0.001)[15]. Charles 
Dziuban et al. (2015) conducted a survey on student 
satisfaction with online learning as a psychological 
contract among 1217 students. The study result also 
showed that 4% of students were dissatisfied, 5% of 
students ambivalent and 91% of students were satis-
fied on online learning method[16]. 

The present study results revealed that in teaching 
strategies domain – 1(1%) of the student was dissatis-
fied, 2(2%) of the students were moderately dissatis-
fied, 65 (65%) of the students were moderately satis-
fied and 32 (32%) of the students were satisfied with 
online teaching method. Student involvement domain 
– 1(1%) of the student was dissatisfied, 2(2%) of the 
students were moderately dissatisfied, 77 (77%) of the 
students were moderately satisfied and 20(20%) of the 
students were satisfied with online teaching method. 
And in learning outcome – 1(1%) of the student was 
dissatisfied, 5(5%) of the students were moderately 
dissatisfied, 72 (72%) of the students were moderate-
ly satisfied and 22(22%) of the students were satisfied 
with online teaching method. 

The present study is in consistent with the follow-
ing studies. Wiam Elshami et al. (2021) conducted a 
cross-sectional survey to assess the satisfaction per-
spective with online learning among 370 students 
and 81 faculties. The study result revealed that the 
instructor subscale yielded the highest mean score 
(M = 3.36 ± 0.82), followed by the technology subscale 
(M = 3.31 ± 0.88) mean score of less than 3.4 out of 
5 in all subscales. The instructor subscale yielded the 
highest mean score (M = 3.36 ± 0.82), followed by the 
technology subscale (M = 3.31 ± 0.88)[7]. Ram Gopal 
et al. (2021) conducted a cross-sectional descriptive 
study to identify the factors affecting students’ sat-

Table 3
Association between level of satisfaction on online teaching among undergraduate students with selected demographic variables 
N = 100

Demographic 
Variables

Dissatisfied Moderately Dissat-
isfied Moderately Satisfied Satisfied Chi-Square 

Value
No. % No. % No. % No. %

Device used for online learning
c2=51.307

df=6
p=0.0001

S***

Smartphone 1 1.0 0 0 62 62.0 29 29.0
Laptop 0 0 0 0 5 5.0 1 1.0
Desktop - - - - - - - -
Tablet 0 0 1 1.0 0 0 1 1.0
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isfaction and performance regarding online classes 
during the pandemic period of COVID–19 among 
544 students. The study result showed that four inde-
pendent factors such as quality of instructor, course 
design, prompt feedback and expectation of students 
had positive impact on students’ satisfaction and per-
formance (p = 0.001)[17]. Prodanovic M et al. (2021) 
conducted a descriptive study to assess the students’ 
satisfaction with learning experience in COVID-19 
imposed virtual education environment 87 universi-
ty students. The results highlighted that highest mean 
value obtained for satisfaction with teacher-student 
communication, with mean value of 3.91 and teach-
er-student communication regards the feedback, in-
class and test-related, with mean value of 3.75[18].

The findings of the present study showed that the 
demographic variable device used for online learning 
(c2=51.307, p=0.0001) had shown statistically signif-
icant association with level of satisfaction on online 
method of teaching among undergraduate students. 
The other demographic variables had no significant 
association with online teaching method among un-
dergraduate students.

The present study is supported by the following 
study. Jasmine Paul et al. (2019) carried out a compar-
ative analysis to determine the student performance 
between online and face to face method on environ-
mental science class among 548 students. The study 
result also showed no significant difference in student 
performance between online and face to face method 
in respect to gender [t (145) = 1.42, p = 0.122][19]. 

Globally it was observed that most of the students 
were dissatisfied with online teaching method. The 
present findings highlighted the need for a compre-
hensive view of the pedagogy of online education that 
integrates technology to support teaching and learn-
ing. The study concluded that factors causing dissat-
isfaction include limited internet access, and low lec-
turer’s attachment and guidance. Technical difficulties 
can be solved through prerecording video lectures and 
testing the content.

LIMITATIONS 
The study has some limitations. The researcher 

could not generalize the study findings as the sample 
size is relatively small and limited to 100 undergrad-
uate students. Only second year nursing students at-
tending online classes were included into the study as 
a sample representative. Another limitation is only the 

level of satisfaction on online teaching method among 
undergraduate students was assessed. Psychological 
well-being and level of satisfaction among undergrad-
uate students can differ based on their cultural differ-
ences and background. The current study has only few 
supportive studies in Indian Population due to paucity 
of literature. 

CONCLUSION 
Nurse Educator plays a pivotal role in improving the 

level of satisfaction on online learning among students. 
The present study findings highlighted the importance 
student’s satisfaction level in online learning to pro-
mote psychological well-being among students and 
to improve the proficiency in nursing care. The study 
concluded that domains such as teaching strategies, 
student involvement and learning outcome are critical 
for educational management in order to achieve higher 
levels of satisfaction and performance for online cours-
es among students. They should also conduct periodic 
evaluation of student’s satisfaction level status and de-
velop curriculum according to student’s need that help 
in creating healthy learning environment. 
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ABSTRACT
Coronary artery disease is the buildup of plaque in the arteries 
that supply oxygen-rich blood to your heart. Plaque causes a nar-
rowing or blockage that could result in a heart attack. Symptoms 
include chest pain or discomfort and shortness of breath. Treat-
ment includes lifestyle changes and medication that target your 
risk factors and or possible surgery. Coronary artery disease is 
caused by atherosclerosis. Atherosclerosis is the buildup of plaque 
inside your arteries. Plaque consists of cholesterol fatty substance, 
waste products, calcium and the clot making substance fibrin. As 
plaque continues to collect on your artery walls, your arteries nar-
row and stiffen. Plaque can clog or damage your arteries, which 
limits or stops blood flow to your muscle. If your heart does not 
get enough blood, it can’t get the oxygen and nutrients it needs to 
work properly. This condition is called ischemia. Not getting enough 
blood supply to your heart muscle can lead to chest discomfort or 
chest pain called angina. It puts you at risk for a heart attack. The 
present study aims to assess the role of HDL to triglycerides Vs LDL 
to triglycerides as an indicator in coronary artery disease. Quanti-
tative experimental research was conducted among 60 coronary 
artery disease. A Purposive sampling technique was used to select 
the samples. Self-structured questionnaires were used to collect 
demographic data. The study results show, LDL to triglyceride had 
significant role as an indicator in coronary artery disease., p<0.001. 
Thereby, this indicates that this ratio of LDL to triglycerides as an 
indicator of coronary artery disease.
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INTRODUCTION:
Coronary artery disease is also called coronary 

heart disease. involves the reduction of blood flow 
to the heart muscle due to buildup of atherosclerotic 
plaque in the arteries of the heart. It is the most com-
mon of the cardiovascular disease. Types include sta-
ble angina, unstable angina, myocardial infraction and 
sudden cardiac death. A common symptom is chest 
pain or discomfort which may travel into shoulder, 
arm, back, neck or jaw. Occasionally it may feel like 
heartburn. Usually, symptoms occur with excessive or 
emotional stress less than a few minutes and improve 
with rest. Shortness of breath may also occur.

Triglycerides (TG)/high-density lipoprotein (HDL) 
cholesterol ratio is a marker of small/dense low-den-
sity lipoprotein particles, which are closely associated 
with various metabolic and vascular diseases. Howev-
er, the role of TG/HDL cholesterol ratio in cerebrovas-
cular diseases have not been well studied. In this study, 
we evaluated the relationship between TG/HDL cho-
lesterol ratio and the presence of silent brain infarct 
(SBI) in a neurologically healthy population.

Coronary artery disease is also called coronary heart 
disease. involves the reduction of blood flow to the heart 
muscle due to build-up of atherosclerotic plaque in the 
arteries of the heart. It is the most common of the car-
diovascular disease. Types include stable angina, unsta-
ble angina, myocardial infraction and sudden cardiac 
death. A common symptom is chest pain or discomfort 
which may travel into shoulder, arm, back, neck or jaw. 
Occasionally it may feel like heartburn. Usually, symp-
toms occur with excessive or emotional stress less than 
a few minutes and improve with rest.

A study was conducted to assess the role of HDL to 
triglycerides vs LDL to triglycerides ration as an indi-
cator of coronary artery disease. The test is found to be 
statistically proven to be significant. 

The purpose of the study 
[1] To assess the role of HDL to triglycerides Vs 

LDL to triglycerides as an indicator of coronary artery 
disease.
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[2] To correlate relationship between the lipid vari-
ables especially LDL, HDL, triglycerides and the ex-
tent of coronary artery disease in patients.

[3] To determine the association between the HDL 
to triglycerides ratio as an indicator in coronary artery 
disease.

METHODS AND MATERIALS:
A non-experimental quantitative research ap-

proach with a true experimental descripitional re-
search design was used to conduct the study in SMCH. 
Final data was collected in the month of February 
2022 among dyslipidemia patients. Purpose of the 
study was explained to the subjects. The subjects were 
assured about anonymity and confidentiality of the in-
formation provided by them and written consent was 
taken from the dyslipidemia patients. Total 60 dyslip-
idemia patients were selected by using purposive sam-
pling technique. The criteria for sample collections are 
patients with dyslipidemia patients with the age group 
of 35 above years, who are willing to participate in the 
study, Dyslipidemia patients who can speak, write and 
read Tamil and English. The exclusion criteria for the 
sample selections are Dyslipidemia patients who have 
been diagnosed with chronic dyslipidemia, low cog-
nition. Dyslipidemia patients who are not willing to 
participate in this study were excluded.

The data collection period was done with prior 
permission from the institutions. Pre-test was con-
ducted. The study results show, that the ratio of LDL 
as an indicator of coronary artery disease, p<0.001. 
Thereby, this indicates that the ratio of LDL to tri-
glycerides as an indicator of coronary artery disease. 
The data were analyzed using inferential statistics. The 
sample characteristics were described using frequency 
and percentage. Pearson’s co-relation coefficient was 
used to assess the ratio of LDL to triglycerides Vs HDL 
to triglycerides in coronary artery disease. Chi square 
was used to associate the post-test level of dyslipid-
emia with the selected demographic variables.

RESULTS AND DISCUSSION:

SECTION A: Description  
of the demographic variables  
of the coronary artery disease.

Most of the patients with CAD, 12(48%) were aged 
between 36 – 50 years, 17(68%) had primary educa-
tion, 13(52%) were married, 23(92%) were Christians, 

14(56%) were unemployed, 13(52%) were moder-
ate worker, 13(52%) were highly physically active, 
18(72%) were vegetarian and 9(36%) were living in 
urban and sub-urban area

Most of the patients with CAD, 18(72%) were mod-
erately physically active, 9(36%) diagnosed to have CAD 
for &lt;3 months and 4 months – 6 months, 20(80%) 
had history of diabetes mellitus for 3 – 4 years, 20(80%) 
had clinical visits 3 months once, 12(48%) had the hab-
it of both smoking and alcohol consumption and they 
followed dietary restrictions and 18(72%) were having 
dyslipidemia drugs regularly.

SECTION B: ASSESSMENT  
OF LEVEL OF LIPID PROFILES 
AMONGPATIENTS WITH CAD.

The above table 1 shows that regarding total choles-
terol, 21(84%) had moderate level of Total cholesterol 
and 4(16%) had high total cholesterol. With respect 
to LDL, 30(80%) had moderate level LDL and 5(20%) 
had high level of LDL. With regard to HDL, 15(60%) 
were normal and 5(20%) had moderate and high level 
of HDL. Considering the triglycerides, 18(72%) had 
moderate level of triglycerides and 7(28%) had high 
concentration of triglycerides.

 

48%

32%

20%

Follow dietary restriction

Doesn’t follow dietary production

Follow on & off dietary restriction

Percentage distribution of dietary restrictions among patients 
with CAD

SECTION C: RELATIONSHIP BETWEEN 
LDL AND HDL WITH PREDICTOR 
RATIOS LDL VS. TGL AND HDL VS. TGL 
OF PATIENTS WITH CAD.

The calculated Karl Pearson’s correlation value of 
‘r’ between LDL and LDL Vs. Triglyceride and HDL 
Vs. Triglyceride shows a positive correlation. The 
table 5 depicts that the calculated Karl Pearson’s cor-
relation value of ‘r’ between Triglyceride and LDL Vs. 
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Triglyceride and Triglyceride Vs HDL. Triglyceride 
shows a negative correlation1.0.

SECTION D: SECTION D: ASSOCIATION 
OF LEVEL OF LDL VS. TG AND HDL 
VS. TG OF PATIENTS WITH CAD WITH 
SELECTED DEMOGRAPHIC AND 
CLINICAL VARIABLES.

The table 1 shows that none of the demographic 
variables had shown statistically significant associa-
tion with level of LDL Vs. Triglyceride ratio and HDL 
Vs. Triglyceride ratio as an indicator of CAD among 
patients with CAD.

Table 1
Association of level of LDL Vs. Triglyceride ratio and HDL Vs. 
Triglyceride ration as an indicator of CAD among patients with 
CAD with their selected demographic variables.

n= 25

Demographic Variables F

LDL Vs. 
Triglyceride 

Ratio

HDL Vs. 
Triglyceride 

Ratio
Chi-Square 
& p-value

Chi-Square 
& p-value

Age (in years)
χ2 = 7.835

d.f=6
p=0.250

N.S

χ2 = 3.527
d.f=2

p=0.171
N.S

20 – 35 years 9
36 – 50 years 12
51 – 65 years 4
Educational status

χ2 = 6.116
d.f=3

p=0.106
N.S

χ2 = 0.006
d.f=1

p=0.936
N.S

Primary 17

Higher secondary 8

Graduated -
Marital status

χ2 = 2.901
d.f=6

p=0.821
N.S

χ2 = 1.102
d.f=2

p=0.576
N.S

Married 13
Unmarried 6
Single parent 6
Religion

χ2 = 2.242
d.f=3

p=0.524
N.S

χ2 = 0.686
d.f=1

p=0.407
N.S

Hindu 2
Christian 23
Muslim -
Occupational status

χ2 = 4.331
d.f=6

p=0.632
N.S

χ2 = 5.498
d.f=2

p=0.064
N.S

Government / Private 
sector 6

Business 5
Unemployed 14
Nature of work

χ2 = 5.306
d.f=6

p=0.505
N.S

χ2 = 2.069
d.f=2

p=0.355
N.S

Heavy worker 4
Moderate worker 13
Sedentary worker 8

Demographic Variables F

LDL Vs. 
Triglyceride 

Ratio

HDL Vs. 
Triglyceride 

Ratio
Chi-Square 
& p-value

Chi-Square 
& p-value

Lifestyle
χ2 = 2.683

d.f=6
p=0.847

N.S

χ2 = 3.962
d.f=2

p=0.138
N.S

Highly physically 13
Moderately physically 
active 5

Sedentary lifestyle 7
Dietary habit

χ2 = 0.965
d.f=3

p=0.810
N.S

χ2 = 0.111
d.f=1

p=0.739
N.S

Vegetarian 18
Non-vegetarian 7
Mixed -
Area of living

χ2 = 7.163
d.f=6

p=0.306
N.S

χ2 = 0.808
d.f=2

p=0.668
N.S

Urban 9
Rural 7
Sub – urban 9

N.S – Not Significant

CONCLUSION:
The ratio of HDL triglycerides to LDL Vs HDL 

Vs triglycerides were assessed. From the result of the 
study, it was concluded that the ratio of LDL Vs tri-
glyceride as an indicator of coronary artery disease. 
Thereby it is also a comfortable and easy method that 
can be practiced by the dyslipidemia to reduce the risk 
of coronary artery disease. 
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ABSTRACT
Introduction: Dyspepsia is a common gastrointestinal (GI) 
condition around the world. Dyspepsia is a symptom complex 
that includes a variety of upper GI symptoms such as epigas-
tric pain or burning, early satiety, and post-prandial fullness. 
Treatment with complementary and alternative medicines, par-
ticularly herbal remedies, is one option for treating dyspepsia 
symptoms.
Objectives: The objectives of the study were to evaluate the 
effectiveness of ginger tea on symptoms of dyspepsia among 
adults 
Methods: A one-group pre-test and post-test research design 
with 30 samples who met the inclusion criteria was used. De-
mographic and clinical data were collected using a self-struc-
tured questionnaire. During the pre-test, a questionnaire (LDQ) 
was used to assess the severity of dyspepsia symptoms using 
an interview method. Following the pre-test, 100ml of freshly 
prepared ginger tea was given once a day, seven days a week, 
in the morning before meals. The same tool was used for the 
post-test after seven days of ginger tea administration. Data 
has been subjected to descriptive and inferential statistics
Result: During the pre-test, 13(43.33 %) of the 30 sam-
ples had moderate dyspepsia, 9(30%) had severe dyspepsia, 
and 8(26.67%) had mild dyspepsia, whereas in the post-test, 
14(46.67%) had moderate dyspepsia, 12(40%) had mild dys-
pepsia, and 4(13.33%) had severe dyspepsia. Ginger tea is ef-

fective when the pre-test and post-test values are compared. At 
the p<0.001 level, the calculated paired ‘t’ test value of t = 9.104 
was found to be statistically highly significant. Demographic 
variables such as marital status and clinical variables such as 
dyspepsia duration and smoking history show a significant as-
sociation with post-test dyspepsia level at p<0.05. 
Conclusion: According to the study findings, the overall 
pre-test symptom score was mild to moderate. The post-test 
symptom score of dyspepsia patients who were given ginger 
tea showed a significant reduction in symptom severity. It was 
concluded that ginger had a greater impact on symptom relief 
in dyspepsia patients than other foods.
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INTRODUCTION:
Dyspepsia is a very common gastrointestinal (GI) 

complaint, affecting up to one in every five people world-
wide. [1] Functional dyspepsia is defined by the recently 
revised Rome IV criteria as follows: Dyspepsia that has 
lasted more than 3 months in the last 6 months, Endos-
copy revealed no evidence of a possible organic cause of 
the symptoms and there is no evidence that the dyspep-
sia is relieved solely by defecation or that it is associated 
with stool irregularities. According to the current Rome 
IV criteria, functional dyspepsia is divided into two sub-
groups based on the cardinal symptoms: Epigastric pain 
syndrome (EPS) is characterised by persistent epigastric 
pain or burning and Postprandial distress syndrome 
(PDS) a feeling of fullness and satiation after eating. [2]
The cause of FD is unknown, but a number of theories 
have been proposed to provide explanations, including 
delayed stomach emptying, genetic factors, infection 
with the bacterium Helicobacter pylori, neurologic-hor-
monal disorders, autonomic disorders, stress and mental 
disorders, visceral hypersensitivity, and altered duode-
num sensitivity to acids and lipids (3).
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Functional dyspepsia is a common functional dis-
ease that affects up to 20% of the population and is 
thought to originate in the gastro-duodenum (1). 
Symptoms must have been present for at least three 
days per week for the last three months and be chron-
ic, with an onset at least six months before the diag-
nosis. Most patients have a temporal relationship be-
tween meal ingestion and the occurrence of symptoms 
during postprandial distress syndrome and epigastric 
pain syndrome, but symptoms are not always associ-
ated with a meal, as pain can be induced or relieved 
by eating or may occur during fasting. Weight loss is 
regarded as an alarm sign in patients with function-
al dyspepsia, prompting additional tests (2). Patients 
who have dyspepsia symptoms but did not have any 
investigations such as upper gastrointestinal (GI) en-
doscopy and are not classified as functional or organic 
in aetiology are classified as having un-investigated 
dyspepsia (UD), whereas those who have investiga-
tions and have no detectable cause for their symptoms 
are classified as having functional dyspepsia (FD) [4]. 
A recent systematic review and meta-analysis found 
that the pooled prevalence of UD was 21 percent, but 
it varied by country (1.8 percent to 57.0 percent) and 
the criteria used to define its presence [1]. Females and 
underlying psychological disturbances contribute to 
FD, while environmental/lifestyle factors such as poor 
socioeconomic status, smoking, increased caffeine in-
take, and ingestion of nonsteroidal anti-inflammatory 
drugs (NSAIDs) appear to be more common.[5]

Confirmation of functional dyspepsia is based on-
the typical symptoms and the patient’s history, Other 
diseases of the upper gastrointestinal tract and upper 
abdominal organs that may present with similar dys-
peptic symptoms must be ruled out.[2] Both the ACG/
CAG and NICE guidelines, as well as the ACFD state-
ment, recommend that patients with undiagnosed 
dyspepsia or FD have a non-invasive H. pylori test and 
receive eradication therapy if they test positive.[6,7] 
After a 2-week washout period, NICE recommends 
using either a breath test or a stool antigen test rather 
than serology for those taking PPIs[8]. According to 
NICE guidelines, all patients with undiagnosed dys-
pepsia should be treated with a PPI for four weeks, fol-
lowed by treatment with an H2 blocker. [7]

In recent years, there has been a surge of interest 
in herbal treatments in general, and herbal treatments 
for FD in particular. Various plants have been studied 
to treat FD symptoms. The majority of the medicines 

obtained in this manner are combinations of several 
plants derived from traditional medicine studies in 
various countries (9). The rhizome of Ginger (Zin-
giberofficinale Roscoe), known as Zanjebil in TIM, 
is one medicinal plant used to treat FD. According to 
TIM, this plant is a stomach tonic that can help with 
digestion issues, bloating, and nausea. This plant pos-
sesses free radical scavenging, antioxidant, antiulcer, 
antibacterial, antispasmodic, and anti-inflammatory 
properties (10, 11).Ginger rhizome (Zingiberoffici-
nale Roscoe, family Zingiberaceae) is one of the most 
widely used medicinal plants in the world. It has long 
been used as a treatment for a variety of ailments, in-
cluding GI issues such as belching, bloating, vomiting, 
indigestion, and constipation. [12,13] There is also 
some scientific evidence that it has gastro protective 
effects, such as improving dyspeptic symptoms. [13]
Ginger has been shown in animal and human studies 
to promote  gastric motility.[14] Hu et al. discovered 
that ginger increased the speed of gastric motility and 
gastric emptying more than the placebo in their study 
on the effect of ginger on gastric motility. These effects 
may be beneficial in symptomatic patient groups (15).

Thus, the study aimed to evaluate the effectiveness 
of Ginger tea among dyspepsia adults.

METHODS AND MATERIALS:
For the current study, a quantitative research ap-

proach is used, with a pre experimental one group 
pre-test and post-test research design. 30 samples 
were chosen using the non-probability purposive 
sampling method for the study. House to house sur-
veys at kondancherry village were conducted to select 
participants who met the inclusion criteria of being 
between the ages of 30-55, having un-investigated 
dyspepsia, complaining of at least one of the following 
symptoms such as early satiety, postprandial fullness, 
bloating, and nausea existing for at least 3-6months 
continuously or intermittently. Patients with extreme 
anorexia, esophagitis, dysphagia drelevant gastro-
esophageal reflux symptoms (retrosternal pain, burn-
ing, or regurgitation), a history of peptic ulcer, major 
abdominal surgery, pregnant or lactating women, and 
those who were pregnant or lactating were excluded. 
The questionnaire is divided into two sections. The 
questionnaire’s first section gathers background data 
like age, gender, religion, education, occupation, earn-
ings, and marital status. The clinical variables section 
of the questionnaire asks about the presence of dys-
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pepsia, its duration, any current medications or home 
remedies for dyspepsia, a person’s history of smoking 
and drinking, their BMI, dietary pattern, sleep pat-
tern, and any comorbid conditions. The severity of 
dyspepsia symptoms was evaluated using the Leeds 
Dyspepsia Questionnaire (LDQ)[16]. Eight items on 
the Leeds Dyspepsia Questionnaire, each with two 
stems, were related to the frequency and intensity of 
dyspeptic symptoms over the previous six months, 
and one item was on the patient’s most bothersome 
symptom.

The LDQ asked questions about epigastric pain, 
retrosternal pain, regurgitation, nausea, vomiting, 
belching, early satiety, and dysphagia and generat-
ed a score between 0 and 40. The first five questions 
were used to establish whether dyspepsia was pres-
ent, and the final eight questions were used to deter-
mine how severe it was. Those who did not have dys-
pepsia according to questions 1-5 received a score of 
0. LDQ scores 1-4 indicated very mild dyspepsia, 5-8 
indicated mild dyspepsia, 9-15 indicated moderate 
dyspepsia, and > 15 indicated severe or very severe 
dyspepsia. After receiving ethical clearance from the 
Saveetha Institute of Medical and Technical Sciences’ 
Institutional Ethical Committee (IEC), we explained 
the purpose of the study to the participants and ob-
tained their written consent. Semi-structured ques-
tionnaires and interviews are used to collect data. 
The LDQ pre-test was administered via interview 
and scored accordingly. Following the pre-test, the 
patient was given ginger tea. Ginger is small yellow 
ginger that has been sliced, and the preparation is a 
dose of 2g of ginger and 2g of tea that has been boiled 
in 100ml of water for 10 minutes and cooled. Add 
brown sugar to ginger tea, then take 100ml ginger 
tea once a day, seven days a week, in the morning 
before meals. Patients are advised to drink ginger 
tea instead of tea or coffee. All patients are permit-
ted to take the normal drugs that their doctors have 
advised them to take. The post-test was performed 
with the same tool after seven days of ginger tea ad-
ministration. The data gathered in this manner is 
tabulated in MS Office Excel software and analysed 
using the SPSS trial version. Frequency and percent-
age are used to describe the sample’s characteristics. 
The correlation is used to determine the relationship 
between the effectiveness of ginger tea and post-test 
values. Chi square is used to post-test dyspepsia lev-
els with selected demographic variables.

RESULTS AND DISCUSSION

SECTION A: Description  
of the demographic variables  
of the adults with dyspepsia.

The majority of them were between the ages of 35 
and 45, 83.3% were Males, 56.7% had primary educa-
tion, 33.3% earned less than $5,000 per month, 46.7% 
were Hindus, and 66.7% were married. In terms of 
clinical variables, 62% had frequent dyspepsia, 56.5% 
had a history of smoking, 40% had history of drinking 
alcohol, 75% drank tea, 20% only exercised, and 70% 
had comorbidities such as diabetes and hypertension. 
65% have history of Recent Medication use such as 
NSAIDS/Aspirin.

In this study, most frequently encountered symp-
toms were Postprandial Fullness (66.6%) 43.3% had 
Abdominal Discomfort, 56.6% had Early satiation, 
Epigastric pain (87%), Bloating (50%), Belching (57%), 
Nausea & vomiting (40%) and Heartburn (80%).

Table 1
Frequency and distribution of self-reported functional gastroin-
testinal symptoms in study population (n=30)

Symptoms N %
Postprandial Fullness 20 66.6%
Abdominal Discomfort 13 43.3%
Early satiation 17 56.6%
Epigastric pain 26 87%
Bloating 15 50%
Belching 17 57%
Nausea & vomiting 12 40%
Heartburn 24 80%

Similarly, Seid et al. (2018) found that the most 
common symptoms associated with UD were epigas-
tric pain/burning (42.1 %), PPF (26.1 %), ES (22.6 %), 
and belching (25.2%) [17]. Similarly, the most common 
presenting complaint among Ugandan patients with 
upper GI symptoms was epigastric pain (51.6%) [18].

SECTION B: Assessment of Effectiveness  
of ginger tea on dyspepsia among adults.

The findings show that in the pre-test, 13(43.33%) 
had moderate dyspepsia, 9(30%) had severe dyspepsia 
and 8(26.67%) had mild dyspepsia whereas in the post-
test 14(46.67%) had moderate dyspepsia, 12(40%) had 
mild dyspepsia and 4(13.33%) had severe dyspepsia as 
shown in Table 1 and figure 1. 
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Table 1
Frequency and percentage distribution of pre-test and post-test 
level of dyspepsia among adults. n=30 

Level of dys-
pepsia 

Mild Moderate Severe 
No. % No. % No. %

Pretest 8 26.67 13 43.33 9 30.0
Post Test 12 40.0 14 46.67 4 13.33

 

0
5

10
15
20
25
30
35
40
45
50

mild moderate severe

Severity of dyspepsia

pretest posttest

Figure1: Comparison of Pre and Post Test Level of Dyspepsia 
before and after intervention Among Adults.

The pre-test mean score was 1.83, with a standard 
deviation of 0.83, and the post-test mean score was 
0.73, with a standard deviation of 0.69, as shown in ta-
ble 2. At the p,0.001 level, the calculated paired ‘t’ test 
value of t = 9.104 was found to be statistically highly 
significant. This clearly indicates that there was a sig-
nificant improvement in patients’ post-test dyspepsia 
levels.

Table 2
Comparison of pre-test and post-test level of dyspepsia among 
patients n = 30
 Level of dyspepsia Mean S.D Paired ‘t’ test Value
Pretest 1.83 0.83 t = 9.104

p = 0.0001
S***Post Test 0.73 0.69

***p<0.001, S – Significant

Similar to this, Sanjib Kumar Panda’s et.al (2022) 
conducted a randomised, double-blind, placebo-con-
trolled clinical trial in subjects with functional dys-
pepsia (FD).  In the study group, 41% of participants 
reported a statistically significant favourable reaction 
at two weeks into the experiment, and this response 
persisted for the duration of the trial. In comparison to 

the placebo, which was found to be just 21% effective, 
zingiber officinale supplementation was found to be 
successful in 79% of the individuals. (19)

Section C: Association of level of dyspepsia 
with selected demographic and clinical 
variables.

n = 30
Demographic and clinical variables such as marital 

status, smoking history, and NSAID use, as well as tea 
consumption, were found to have a significant associ-
ation with post-test dyspepsia levels in this study. Sim-
ilarly, Talley et al. (2021) found that individuals who 
smoke cigarettes have a significantly higher risk of 
postprandial distress syndrome (FD-PDS)[17]. Like-
wise, Tobacco use was found to be an independent 
predictor of PDS+EPS, but not of PDS or EPS alone. 
The explanation could be related to how smoking in-
teracts with various constitutional and environmental 
factors to produce distinct symptomatology. Cigarette 
smoking raises gastric acid secretion and pepsinogen 
release, relaxes colonic smooth muscles, and increases 
intestinal permeability [18]. Smoking may impair all 
gastrointestinal functions, including those of the oe-
sophagus, stomach, and colon, increasing susceptibili-
ty to disease such as GERD, FD & IBS.

Several studies [20,21] have found similar links 
between smoking and FD. According to Seid et al. 
(2018), NSAID use is statistically associated with UD 
(AOR = 5.29, 95 percent CI 2.82-9.93, p <0.001)[22], 
which is consistent with findings from British and 
American population-based studies in which NSAID 
use has been identified as an important independent 
risk factor for UD [21]. In Nigeria, Solomon et al. dis-
covered a link between excessive tea consumption and 
UD [23].

Conclusion:
The study’s findings demonstrate the usefulness 

of ginger tea in treating dyspepsia symptoms. These 
symptoms resolved after one week and the patient was 
even instructed to continue treatment at home after 
the trial. Empiric antisecretory treatment, the “test-
and-treat” approach for Helicobacter pylori, or a quick 
upper endoscopy are some first care options for un-
investigated dyspepsia. Differentiating between unin-
vestigative and investigated dyspepsia is crucial. Since 
ginger is a common herbal remedy, it is efficient in 
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speeding up stomach emptying in indigestion suffer-
ers, cheap, and accessible. Because there is little chance 
of negative side effects, herbal medication is a good 
alternative. It is obvious that these herbs enhance gas-
trointestinal tract motility and stomach emptying. Ac-
cording to the study, ginger tea is one of the best ways 
to lessen the intensity of dyspepsia symptoms. We can 
consider the ginger supplement we used as a valid tool 
for an empirical method to treat dyspepsia sufferers. 
Dietary counselling that makes sense can be beneficial 
for patients who experience symptoms after meals. 
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Abstract
A biometric is in fact a pattern recognition system that uses bio-
logical traits like fingerprints, voice recognition, facial geometry, 
and hand geometry in addition to different patterns like iris and 
retina. The fact that different data protection codes like authen-
tications and ID cards can be shared, stolen, or copied is what 
makes biometric so alluring. Physiological characteristics can be 
applied to improve the system’s security and dependability. This 
paper provides an overview of the main biometric technolo-
gies, the fundamental techniques used, and the disadvantages 
of each. The paper then demonstrates how ECG operates and 
discusses various opportunities for ECG.
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1. INTRODUCTION
The strongest link between a person’s identity and 

their biometric characteristics is that they cannot be 
easily shared, lost, or duplicated. It is therefore more 
immune to social engineering attacks. This kind of sys-
tem necessitates user presence during authentication. 
It may discourage users from asserting untrue things. 
As a result, it can be used in security applications. For 
forensic identification of criminals, law enforcement 
agencies all over the world rely on fingerprints. Access 
control, detecting multiple access controls, crossing 

international borders, and secure appropriate docu-
mentation are all dealt with by biometric traits. Each 
biometric characteristic has strengths and weaknesses 
of its own. Forensics, Automated teller machine bank-
ing, communication security[1], and other fields can 
all benefit from the technique of using bio – metric 
methods for identification.

Biometric Techniques:
Appearance-These physical characteristics include 

height, weight, gender, race, eye and skin colour, hair 
texture, physical markings, and height. speaking, ha-
bituated actions and visible handicaps. Bio-dynam-
ics refers to a person’s gestures, speech patterns, and 
keystroke dynamics, particularly in relation to login 
information and passwords Natural physiography. 
These include earlobe patterns, hand geometry, DNA, 
retina, and iris patterns, among many others. Imposed 
physical characteristics like dog tags, collars, bracelets 
and anklets, barcodes, embedded microchips.

2. BACKGROUND
A biometric is a computer that employs sensing, 

feature extraction, and matching modules to carry out 
biometric algorithms. The sensing component detects 
the traits, extraction of features removes extraneous 
data, and identical modules match the characteristics 
to references kept in the database. The authentication 
procedure is divided into two steps. As seen in Fig. 
2.1, they are enrollment and verification. Verification 
is the process of comparing the extracted traits with 
references that are stored in the database. Registration 
is the method by which the traits in the database. 

Fig2.1 BiometricSystem
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Classification of biometric identification 
systems:  
Biometric SystemsTypes:

Physical biometric:
This information obtained from precise calculates 

of human body parts. Some of the most popular physi-
ological biometrics include facial recognition, iris, ret-
ina, iris, and fingerprints.

Behavioral characteristics:
The human is recognized based on his distinctive 

behavioural traits. These traits can include a person’s 
walking gait, voice, speech, signature, and typing 
rhythm. Despite being influenced by an individual’s 
actions, behavioural biometrics[2] is also determined 
by the physical makeup of the human body.

3. VARIOUS BIOMETRICS APPROACHES
• Typing or Keystroke Recognition:

The path in which a person types personalities on 
a keyboard is captured by keystroke dynamics. The 
period of time when a key is depressed is referred to 
as dwell time, and the period between pressing one 
key and pressing the next is referred to as flight time. 
This timing information is saved. The primary pattern 
that will be used for subsequent comparisons is then 
produced by processing the data using neural algo-
rithms[3]. 

Fig.3.1 Typing Recognition

• Speakeror Voice Authentication:
A voice biometric is are presentation of a person’s 

voice’s sound, rhythm, and pattern. As distinctive to a 
person as any other biometric technique is the voice 
biometric, or «voice print.» Voice verification[4] is a 
relatively easy process. When registering, a user takes 
a voice sample and stores it as a «voiceprint» in the 
authentication system. A sample of the user’s voice 
is provided to the system to determine whether they 
want to access the resource. In order to confirm that 

the correct person is granted access to the resource, a 
difference between the input and voice print is made.
 

Fig.3.2VoiceAuthentication

• Fingerprint Recognition:
Fingerprint technology, It is an identification tech-

nique where two fingerprint samples are compared to 
see if they come from the same sources. This method 
involves comparing various fingerprint[5] characteris-
tics that have been identified as being particular to an 
individual. An individual’s ridges and minute points 
are distinctive. There are three different types of ridg-
es: loop, whirl, and arch. Specific fingerprint features 
known as minutia points are essential for identifica-
tion. With the aid of a scanner, these finger features 
are photographed, enhanced, and transformed into 
a template. The template is a mathematical formula 
or a biometric key that has been encrypted. The fin-
gerprint’s image is not saved. This template cannot be 
changed back into an image by the algorithm. 

Fig.3.3FingerprintIdentification

• Hand or Finger Geometry Recognition:
Based on the distinctive trait of the hand, hand ge-

ometry can find a specific person. The unique meas-
urements may be length of finger, its thickness, the 
distance between the finger joints and full of the bone. 
The system consisted of a camera that records the 
hand’s image. Extractions, processing, and database 
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memory of the need features take place. After that, 
these saved elements can be used for verification.
• Facial Recognition:

Face recognition technology can recognize a person 
based on the different features of their face. The nod-
al points are a group of distinctive characteristics on 
the human face[6]. On the face, here 80 various nodal 
points present. The size of the nose, the separation be-
tween the eyes, the length of the jawline, the curve of 
the facial orient on the cheekbones, in profundity of the 
eye socketsis, and a number of other features. Suitable 
algorithms like PCA and LDA are used to measure the 
locations of these nodal points. 3D face recognition sys-
tems, which are more accurate than older systems, are a 
growing concept in face recognition.

 

Fig.3.4 FacialRecognition

4. DRAW BACKS OF VARIOUS 
APPROACHES
• Fingerprint:

Injury, trauma, wounds, or cuts may obfuscate the 
fingerprint[5]values. The likelihood of the identification 
being rejected increases with distortions brought on by 
grease, dirt, or leakage on finger tips. Scanners of the pres-
ent day are still unable to distinguish between authentic 
and fake fingerprints. Gelatinized moulds placed over real 
finger prints can be used to trick fake fingerprint[5].
• Facial Recognition:

Pose variations and ageing continue to be the main 
barriers to accurate face recognition[7]. 2D scanners 
are sensitive to changes in light and shadow and are 
unable to handle variations in pose. Although using 
3D scanners prevents these restrictions, doing so is 
costly and time-consuming.
• Voice Recognition:

When there is noise and outside sounds, these sys-
tems are prone to error. The accuracy rates are also 
impacted by the user’s proximity to the microphone. 

Voice[8] that has been prerecorded can be accessed ma-
liciously. These systems need a lot of memory to store 
voice files and take time to adapt to a person’s voice.
• Iris and Retinal Recognition:

The effectiveness of the system is impacted by the 
subject’s proximity to the camera. Errors may happen 
as a result of reflection from eyelashes, lenses, or spec-
tacles. The subject must maintain complete stillness 
throughout[9] the scanning process. The tools em-
ployed cost a lot of money.
• Hand Geometry based Recognition:

It becomes problematic when used with many per-
sons. The propagation of human pathogens could be 
fatal[10]. The equipment may operate as a result of 
potential hand form changes.
• Signature

The inconsistent signature is a restriction for these 
systems. A person without the need for a consistent 
signature might not be recognized, and someone with 
a muscular disorder[11] might have trouble proving 
their identity. Rejections could also be caused by poor 
paper and ink quality.
• Keystroke:

Low accuracy rates caused by the inconsistent typ-
ing rhythms are the main drawback. These differences 
may be brought on by illness, exhaustion, distractions, 
mood swings, or the negative effects of using alcohol, 
drugs, or both.
• DNA Recognition:

It may not be very correct among close relatives be-
cause it is a new technology, making it less well-liked 
in public. takes time to establish identity and process. 
expensive machinery is needed to process and analyse 
the samples.

5. ECGAS A BIOMETRIC
Latest research has focused on biometric that use an 

ECG. The ECG is a graphic representation of the heart’s 
electrical pulses. The ECG signal is a representation of 
the heart’s electrical function[12]. Without the subject’s 
cooperation, it is achieving to capture the ECG signal. 
Consequently, it is difficult to create a wrong identity. 
The fact that the ECG takes into account a person’s vi-
tality is one of its most significant futures. As a result, 
the person must be physically present during the veri-
fication process. Comparing these factors to the other 
biometric that were previously discussed, they all guar-
antee big security. Therefore, in the future, ECG may 
turn out to be the most hopeful biometric.
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Description of ECG waveform:
ECG signal traits different segments of signal waves 

denotes the symbol of P,Q,R,S,T. Figure 5.1 displays 
information on the cardiac cycle. A conductor for cur-
rent is the body. With the aid of an ECG, the electrical 
activity of the heartbeat can be seen on the skin. To 
monitor voltages changes in cells here between elec-
trodes, electrodes are placed on the skin. On an ana-
lyzer and graph paper, these voltage variations are vis-
ibly enlarged and shown. An ECG records the heart’s 
electrical activity from a particular “view” through a 
series of pulses and aberrations. Vertical analysis from 
fixed electrodes at various locations on the body are 
monitored by many screens, each of which is referred 
to as a lead. Bipolar leads I, II, and III each feature 
two electrodes with opposing polarities (positive and 
negative). Other sources’ electrical activity is reduced 
by a third (ground) electrode. single lead with an one 
positive terminal and a reference point are AVR, AVL, 
and AVF (having zero potential). It is at the center 
of the heart’s electrical field. Leads V1-V6 are single 
lead and consist of a single positive electrode with a 
negative reference point found in the electrical center 
of the heart. An ECG tracing looks different in each 
lead because the recorded angle of electrical activity 
changes in each lead.

A range of perspectives enable a more accurate un-
derstanding than just one. Any skin electrode can be 
made positive or negative by adjusting the Output de-
vice. The lead that the device registers determines the 
orientation. For an inspection system, a wire linked to 
the patient has three, four, or five coloured wires, or 
ten for just a 12-lead Electrocardiogram. A electro-
cardiogram reading might become aberrant by having 
the electrodes placed incorrectly.

 

Fig5.1 Basic ECG signal

Features that make ECG unique:
The ECG is special because the morphology and 

signaling of the heart rate depending  on the size, 
shape, and place of the heart. Heartbeat[8] is a char-
acteristic of the heart that varies greatly. The average 
heartbeat of an individual is sixty to eighty beats per 
minute. The heart rate might reach two hundred beats 
per minute during times of stress or excitement.

This change could shorten the diastole and de-
crease ventricular depolarization[13]. The amplitude 
of a R wave may also be attenuated as a result. But 
there are only less variation in the length of the QRS 
complex. Typically, noise absorbs the ECG signal, ne-
cessitating preprocessing to remove the interference. 
Following preprocessing, Feature must be extracted in 
order to perform authentication.

6. APPLICATIONS OF ECG AS 
BIOMETRIC

The following areas are where we can conduct an 
ECG based authentication process. ID cards are typi-
cally used in attendance monitoring system systems to 
validate a person’s presence. A guy could forget the ID 
at home, but it’s quite unlikely that he would forget his 
heart home. Additionally, utilizing  ECG to find dupli-
cate attendance is challenging. ECG can be a crucial 
component of a single vote in electronic voting devices. 
One vote may be cast per person. Multiple votes or the 
addition of fictitious votes can be quickly found and dis-
regarded. In the locking system found in automobiles, 
home doors, bank lockers, mobile phones, etc..It is The 
condition of a patient could be observed from a large dis-
tances utilizing telemedicine [15] by using the patient’s 
ECG as an identifying feature.used in applications that 
include fund transactions, such as online platforms, 
ATM systems, and net banking.Used as a digital signa-
ture for delivering and receiving encrypted emails, elec-
tronically procuring goods and services, and filing tax 
returns, among other things. Useful for UID cards. Each 
Indian resident is given a 12-digit ID card called an UID 
cards. With the broader presence of banking sectors and 
error-free delivery of governmental schemes, this one 
source of truth will aid in financial inclusion. Irises and 
fingerprints[5] were photographed for the card. 

These biometric equipment are susceptible to for-
gery. However, the individuality of a person can be 
tough to clone if ECG-based Reconization[17] is ap-
plied. Can be utilized as a factor in a person’s identity 
while moving an international border[18] to prevent 
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future instances of illegal trespassing, smuggling, and 
other anti-social behaviour.

Acquire access control over computer programmes 
and data files that include sensitive information that is 
important to the military[19], inspection agencies, rev-
enue, the defence, and other governmental agencies. 
keeping secrecy[20] for that kind of agency is crucial.

CONCLUSION
This paper evaluates the rationale for using an ECG-ca-

pable biometric identification system. In contrast to con-
ventional biometric, which are neither firm nor robust 
sufficientin opposition to falsification, ECG is inherited 
by a person and is extremely secure and impossible to be 
falsified. The ECG’s very very important feature is the re-
al-time vitality feature. This makes the person’s presence 
at the time of authentication necessary and prevents the 
acquisition of an ECG from a less persons. The ECG is the 
most innovative, useful, and widely applicable biometric 
identification. Its durability is a crucial component for it to 
quickly develop into a top-notch biometric system.
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Abstract
A vital element of widespread patient monitoring is consistency 
in transmission between the patients and the healthcare profes-
sionals not including time and position dependencies. Artificial 
intelligence (AI) and machine learning (ML) techniques have a 
vast possibility to proficiently handle the automated function 
of the mobile nodes distributed in the Mobile ad-hoc network 
(MANET). ML is a part of AI in that the computer algorithms 
learn themselves by improving from historical experiences. The 
main issues in MANET are autonomous operation, maximiza-
tion of a lifetime, coverage of the network, energy utilization, 
connectivity issues, quality of service, high bandwidth neces-
sity, communication protocol design, etc. ML is valuable for 
data aggregation, and it saves the energy of mobile nodes and 
enhances the network lifetime. In this paper, we propose an 
Artificial Intelligence Machine Learning Algorithm for improv-
ing the Quality of Service in MANET (AIMQ). ML techniques 
based on artificial neural networks (ANN) algorithm is helpful 
for data aggregation tasks. This approach formed the clusters 
by node mobility and connectivity. Glowworm Swarm Optimi-
zation (GSO) algorithm is applied in every cluster to choose a 
proficient Cluster Head (CH). Here, we choose the CH by GSO 
fitness function based on mobile node degree, node distance, 
node reliability, and energy. ANN algorithm recognizes and 
chooses the data aggregator with great energy and more ex-
tended stability. It updates the weight of input parameters such 
as node energy, node degree, packet loss ratio, and node delay 
to reduce the errors. It minimizes the repetitive CHs selection 
and member nodes’ re-affiliation in a cluster. 

Keywords
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tion, Artificial neural networks, Mobile ad hoc network.
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1. Introduction
Patient observing applications mostly rely on struc-

ture based networks for data communication. But, 
structure based networks suffer from volatile network 
coverage thus it provides irregular transmission reli-
ability of patient monitoring. However, MANET is an 
active and self-configuring network collected of mo-
bile nodes which are mutual and intelligent that builds 
a provisional network lacking a manager [1]. Because 
of the dynamic nature, the route among sender and 
intention is not fixed, and it can update with the mo-
ment; this outcome in the overhead of routing, con-
gestion and higher energy utilization. The clustering 
method is initially executed to minimize energy utili-
zation [2]. A node that is associated together is known 
as a cluster. CH is an essential cooperative function for 
a network. In clustering, a node is selected as a CH 
that collects its cluster data and then transmits it to the 
receiver. The clustering concept main aims to improve 
the energy efficiency in the MANET. 

 

Figure 1: Artificial Intelligence machine learning algorithm 
based Healthcare application

The healthcare service system acts an essential 
function in the medical domain that constitute huge 
demands of human life. The difficulty and increase of 
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data that represents AI is increasingly useful in health-
care. But AI is more proficiently, rapidly and inexpen-
sive.ANN system is motivated through neural networks 
which comprise human brains. An ANN is a collection 
of associated nodes known as artificial neurons [3]. Once 
neurons are associated with every other, they communi-
cate the signals among other nodes. Every neuron ob-
tains the signals, processes them, and communicates to 
other neurons. This communication signal is received if 
the computed value is superior to or equal to a threshold 
value. In ANN, the signals are in the form of real num-
bers, and a non-linear function calculates the output of 
each artificial neuron as the sum of its inputs.

ANN is established on the origin of attributes spec-
ified, and it is optimized routinely [4]. These param-
eters proceed into the artificial neurons’ nodes, and 
layer-wise, the output is promoted for further input 
processing. The ANN contains three layers an input 
layer, hidden layer also output layer [5]. Every layer has 
nodes which are the artificial neurons. Hidden layers 
can be different along with the optimization level. The 
nodes in the input layer are taken according to the spec-
ified inputs. Fundamentally, QoS is an essential element 
for measuring the function of MANETs, and hereafter 
the limitations on delay, bandwidth, jitter, and loss of 
packets are established to power the QoS components 
[6]. Hence, QoS routing not only exacts a route from a 
sender to a receiver but also needs a route that satisfies 
the QoS restraint. The purpose of a QoS routing policy 
is to enhance the utilization of the network. In MANET, 
many heuristic-based methods to solve the QoS rout-
ing issues [7]. Heuristic-based methods are essential for 
developing several routing approaches. 

Problem Statement:
Expanding Ring Search (ERS) and Random Ear-

ly Detection (RED) Parameters using the Machine 
Learning approach (ERED) is used to improve the 
QoS [8]. The ERS and RED methods evaluate the net-
work delay, throughput, and delivery ratio. Both RED 
and ERS methods control the link and minimize the 
congestion level. This approach is measured the root 
mean squared error and mean absolute error. How-
ever, this approach increases the energy consumption 
and raises the network delay in the MANET.

2. Related Works
K-means-based cluster formation and selection ap-

proach provide high energy efficiency. In this approach, 

the k-means method builds the clusters by the node 
distance [9]. ANN is employed to select the CH. ANN-
based selects the CH to have greater energy and longer 
stability. ANN algorithm selects the CH by the highest 
node energy with the highest neighbour node count [10]. 
ANN-based route formation enhances the lifetime. This 
method examined several factors such as rounds, energy 
utilization, and the formation of CH. Incorporate ANN 
decision parameter principles to improve the execution 
[11]. This method recommends that node traversal time 
adaptability is greatly desirable to improve the function. 
However, this approach is not appropriate for large net-
work sizes. Artificial Intelligence (AI) method is used to 
improve network efficiency [12]. AI is the capability to 
self-calibrate, and it can build decisions lacking interfer-
ence from a third party. This approach offers improving 
energy efficiency and routing efficiency.

A hybrid computational intelligent algorithm ap-
plies two heuristic algorithms to improve QoS routing 
[13]. This approach decides an optimum route that as-
sures necessary constraints. A hybrid algorithm using 
position updating algorithm with modifying cuckoo 
search algorithm. This approach is derived from the 
differential evolution technique. The node mobility 
creates network congestion since it can’t improve the 
QoS [14]. This approach uses a hybrid routing protocol 
like RED and Droptail queue management method to 
minimize network congestion. Machine learning plays 
a vast role in offering the highest throughput and im-
proving the packet delivery ratio [15]. Path learning and 
trust learning procedures using machine learning. This 
approach minimized the delay and routing overhead 
[16]. The perspective of learning and non-learning ap-
proaches cooperating reliability and improving the QoS 
[17]. It forms the route by node connectivity, mobility, 
topography adaptation, and network size. In this ap-
proach, the learning and non-learning procedures im-
prove the network performance. Effective QoS-based 
route optimization model is used to choose the optimal 
route [18]. This approach identified the link failure and 
reached the QoS route by the knowledge-based learn-
ing method. The reinforcement learning utilizes the 
node information to launch a route [19]. This method 
diminishes the energy utilization delay, and enhances 
the delivery ratio, and improves the throughput.

3. Proposed Method
The proposed system that is utilized for forward-

ing health information from sender to receiver using 
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Artificial Intelligence Machine Learning algorithm. In 
MANET, mobile nodes are randomly distributed, and 
it collects the information and forwards it to the other 
nodes. Figure 2 shows the examples of MANET. This 
figure contains a number of mobile nodes, CH, and 
data aggregators.

 

Data Aggregator 

CH 

Mobile Node 

Figure. 2 Example of MANET

The mobile nodes have formed the clusters, and it 
selects the CH by the GSO. The GSO fitness function 
is to choose the CH. This fitness function is computed 
based on the mobile node degree, node distance, node 
reliability, and energy. 

3.1 Cluster Formation
Presume a MANET with N mobile nodes and 

expand K clusters. The GSO method forms the opti-
mal clustering, owing to the GSO method minimized 
routing overhead. The CH density, nodes energy con-
sumption, CH expandable, and average distance with-
in-cluster parameters are utilized to form the clusters. 
We choose the CH by GSO fitness function based on 
mobile node degree, node distance, node reliability, 
and energy. The fitness function computation is given 
below.

 GSO(FF) = f(ND) + f(NC) + f (NR) + f(NE) + (1)

The CHs necessitate great energy than the cluster 
member since it collects all data from inside the clus-
ter members. The node energy (NE) computation is 
given below.

 NE = IE – UE  (2)

Here indicates the initial energy and UE denote the 
utilized energy. 

The forwarding data has observed energy which is 
directly proportional to the square of distance among 
2 nodes. The node distance computation is specified 
below:

 
2

2
avg

r

dis
ND

d
=   (3)

disavg indicates the great distance between node and 
neighbors and dr denotes the node radius. The node 
degree represents the count of neighbour nodes. The 
node degree computation is specified below.

 ND = Count of neighbour nodes  (4)

The node reliability is defined as the difference be-
tween the count of received route requests (RREQ) to a 
specific node and the count of not forward route re-
ply (RREP) messages. The node reliability is computed 
based on the RREQ and RREP messages. It is computed 
based on the equation given below.

 
*100P QNR

P
− =  

 
  (5)

Here
P-> Receiving RREQ

Q->Not forward RREP

 Q = P – K  (6)

where
K-> Route Request-Reply

3.2 Data Aggregator Selection
After selecting the CH, we choose the data ag-

gregation nodes using the ANN model. ANN model 
uses four input parameters such as Node Energy (NE), 
Node degree (ND), Packet loss(NPL) ratio, and Node 
Delay (NDe).

From figure 3, the mobile node weights are allot-
ted to every parameter based on every artificial neu-

 

Output Layer 

Output (Y) 

Output1 

NPL 

ND 

NE 

W8 

W7 

W6 
W5 

W4 
W3 

W2 

W1 

Output2 

Input 

Input Layer 

NDe 

Hidden Layer 

Figure. 3 Training model of ANN
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ron. The change in the value of these weights results 
in a change in the strength of signals. The summary 
of these weights is equal to 1. For choosing the aggre-
gator nodes, the input parameters should be weighted 
such that the final target value is the highest. Based 
on these input parameters, the node energy with node 
degree value is the highest, and the packet loss with 
delay value is minimum.

After offering the inputs and input layer weights, 
the ANN forecasts various outputs. The whole net in-
put computation is specified below.

 *j jWhole input w x= ∑   (7)

 Whole input1 = W1*NE + W3*ND + W5*NPL + W7*NDe (8)

 Whole input2 = W2*NE + W4*ND + W6*NPL + W8*NDe (9)

Next, the input is condensed, and applying the lo-
gistic task to obtain the output is denoted as equations 
given below.
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1 whole inputOutput
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This procedure is repetitive for the output layer, 
utilizing the output from the hidden layer as inputs. 
Finally, the CH forwards the data through the data 
aggregator; thus, minimizing the CH dead issues also 
reduces the CH burden in the MANET.

4. Simulation and Analysis
Simulation results illustrate the applicability and 

execution of introduced AIMQ and existing ERED 
approaches. In the simulation field, we applied 100 
mobile nodes distributed randomly in 850x950m2. 
The mobile node’s transmission range is 200m, and 
the channel capacity for transmission is 2Mbps. This 
approach simulation time is 200 seconds. To measure 
the AIMQ and ERED approaches performance based 
on node mobility using parameters like packet deliv-
ery ratio, delay, packet loss ratio, remaining energy, 
and the count of CH change in the MANET. 

The packet Delivery Ratio is defined as the ratio 
of the number of packets formerly distributed to the 
receiver. The highest delivery ratio represents this ap-
proach improves energy efficiency. 

Figure 4 demonstrates that the proposed approach 
AIMQ improve the packet delivery ratio compared to 

the existing approach ERED based on node mobility, 
since the AIMQ approach using AI based route for-
mation. But, ERED approach not feasible to increase 
packet delivery better when increases the node mobil-
ity because it increases the network delay.
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Figure. 4 Packet delivery ratio of ERED and AIMQ based on 
node mobility

In MANET, the delay is an essential component in 
several application needs. Delay represents the time of 
communicating packets from sender to receiver. It is 
computed as the whole transmission delay ratio while 
equating with the amount of packets productively dis-
tributed to the receiver. 

Figure 5 demonstrates the delay of ERED and AIMQ 
approaches regarding the mobility of the nodes. From 
this figure, the node mobility increases the delay also in-
creases. The AIMQ approach delay is lesser compared 
to the ERED; since the AIMQ approach using the GSO 
algorithm selects a CH is optimal. But, the delay value of 
ERED is higher because it can’t improve efficiency. 
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Figure. 5 Delay of ERED and AIMQ based on node mobility

In MANET, each node has a queuing buffer that 
stores the packets before being communicated for 
routing. While nodes forward packets at a greater rate 
and the communication of packets obtain a longer 
time; next, the buffer overflow happens since conges-
tion may reason packet losses.
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Figure 6 demonstrates that the AIMQ approach 
has lesser packet losses than the ERED approach. The 
ERED approach requirements to revive the path to re-
transmit the packets lost because of the node’s move-
ment. But, the AIMQ selects the optimal CH. The 
ANN is improving the data gathering procedure. As a 
result, enhances the QoS routing in the MANET.
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Figure. 6 Packet Loss ratio of ERED and AIMQ based on node 
mobility

Figure 7 explains the count of CH changes of AIMQ 
and ERED approaches based on node mobility. This 
figure clearly states that the AIMQ approach provides 
optimal CH selection while equated with the ERED 
approach. In the ERED approach, the speed of node 
mobility increases the count of CH change also high-
ly increased. But, the AIMQ approach is little raised 
when it increases the node mobility. 
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Figure. 7 Cluster Head change count of ERED and AIMQ based 
on node mobility

Figure 8 examines the remaining energy analysis 
of the ERED and AIMQ based on node mobility. The 
figure described that the AIMQ approach provides 
better energy efficiency than the ERED approach. The 
AIMQ approach makes a routing decision by ANN; 
hence it minimizes the energy utilization. But, the 
ERED approach increases the energy utilization in the 
MANET. 
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Figure. 8 Remaining Energy of ERED and AIMQ based on node 
mobility

5.Conclusion
The fundamental principle of the present research is 

that QoS transmission between a patient and a health-
care is a significant necessity of comprehensive patient 
monitoring solutions. This paper presents an Artificial 
Intelligence Machine Learning Algorithm for improving 
the Quality of Service. GSO fitness function is applied in 
every cluster to choose a proficient CH. This approach 
formed the clusters by node mobility and connectivity. 
The CGSO fitness function is computed based on the 
node reliability, node degree, node distance, and energy 
to minimize the repetitive CHs selection and member 
nodes’ re-affiliation in a cluster. ANN learning recog-
nizes and chooses the data aggregator with great energy 
and more extended stability. AIMQ selects the aggrega-
tor by Node Energy, Node degree, Packet loss ratio, and 
Node Delay. The QoS parameters like packet delivery 
ratio, delay, packet loss, and remaining energy param-
eters are based on node mobility to evaluate network 
performance. Simulation experiments illustrate that the 
proposed approach can improve the packet delivery ratio 
and minimize the MANET network delay. 
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ABSTRACT
In patients in the post-COVID period, there is a decrease in the 
functional activity of the salivary glands. In general, in patients 
who underwent COVID-19, basal secretion was reduced by 
19.51% (P≤0,05); secretion stimulated by chewing – by 31.67% 
(P≤0.01) and secretion stimulated by acid – by 29.60% (P≤0.01). 
In this study, the physicochemical parameters of mixed saliva 
and the effectiveness of their complex therapy in patients in 
the post-COVID period were evaluated. In patients who have 
undergone COVID-19, a decrease in the rate of salivation, an in-
crease in rheological properties (surface tension and viscosity), 
and a decrease in the buffering capacity of saliva are recorded. 
The established pathological changes in the composition and 
properties of the oral fluid are the cause of the deterioration of 
the dental status in this group of patients. It has been proven 
that the use of vitamin C and zinc in the form of zinc gluco-
nate increases the rate of salivation, normalizes the rheological 
properties and buffering capacity of saliva.
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Introduction
Since the first report of SARS-CoV-2 infection 

in Wuhan, China at the end of 2019, more than two 
years have passed during which it became clear that 
COVID-19 has a diverse range of clinical manifesta-
tions affecting many body systems [8;25]. 

Numerous literature data report that patients in-
fected with SARS-CoV-2 complain of both taste dys-
function and xerostomia already in the early stages of 
the disease. Often, dryness in the oral cavity is regis-
tered more often than taste disorders [7]. 

Currently, it has been proven that after the elim-
ination of the virus and clinical recovery, a «con-
dition after COVID-19» is registered in some pa-
tients, which is characterized by a wide range of 
signs and symptoms that occur four or more weeks 
after acute COVID-19 infection [16;19]. It is in-
creasingly obvious that lesions in the oral cavity 
are the most important symptoms in patients who 
have had COVID-19. Symptoms in the oral cavity 
include dysgeusia, burning of the tongue, cheili-
tis, congestion, oral candidiasis, xerostomia, com-
plaints of dry mouth or hyposalivation and/or diffi-
culty swallowing [11;24]. 

It has been established that pathology of the sali-
vary glands and xerostomia syndrome is registered in 
43.0% of patients in the post-COVID period [1;13]. 
Decreased saliva secretion leads to dryness, xerosto-
mia (subjective complaint of dry mouth) and hypos-
alivation. Xerostomia and the disorders initiated by 
it, the physico-chemical parameters of mixed saliva 
in patients in the post-COVID period are poorly 
studied, despite the fact that these factors determine 
oral health and quality of life [18]. Obviously, first of 
all, it is necessary to investigate the processes in the 
oral cavity that determine the level of inflammation, 
healing and protection in order to develop specific 
protocols for better treatment of patients who have 
survived COVID-19, and thus to improve their over-
all health.

THE PURPOSE OF THE RESEARCH: to evalu-
ate the physico-chemical parameters of mixed saliva 
and the effectiveness of their complex therapy in pa-
tients in the post-COVID period.
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MATERIALS AND METHODS  
OF RESEARCH

Data on the examined were obtained from copies 
of medical histories. Clinical and laboratory parame-
ters were studied in all patients, including the assess-
ment of inflammatory factors (levels of C-reactive 
protein (CRP) and lactate dehydrogenase (LDH), the 
number of leukocytes and lymphocytes during hospi-
talization and at the moment, the therapy received and 
oral diseases that occurred during or after COVID-19 
were taken into account the results of a comprehen-
sive medical examination, anamnesis and complaints 
about the underlying disease and somatic diseases that 
could not be explained by an alternative diagnosis and 
arose as a result of COVID-19.

When compiling groups of patients who have un-
dergone COVID-19, the «Recommendations for the 
management of patients with COVID-19 coronavirus 
infection in the acute phase and with post-COVID 
syndrome in outpatient settings» were taken into ac-
count, edited by Professor P.A. Vorobyov. [4]. 

The indicators of mixed saliva were studied on the 
basis of a survey of 114 patients who had undergone 
COVID-19 more than 12 weeks ago, with a negative 
PCR test and IgG levels in the titers corresponding to 
the transferred COVID-19, who had previously re-
ceived treatment for COVID-19.

1st control group – 30 patients who had never had 
COVID-19 before with a negative result of PCR test-
ing and the absence of antibodies to SARS-CoV-2.

The main group consisted of 84 patients who had 
undergone COVID-19 and were divided into 3 sub-
groups, depending on the severity of the post-COVID 
state: The patients of the main group were divided into 
3 subgroups in accordance with the clinical severity of 
the post-COVID state.

2nd main group – 31 patients (asymptomatic 
course) – with a personal history of COVID-19 (ICD-
10 U08.9.), these patients had no complaints charac-
teristic of the transferred COVID-19, indicators of 
systemic inflammation and blood clotting were within 
normal limits.

3rd main group – 26 patients (condition after 
COVID-19, ICD-10 U09.9), these patients had com-
plaints characteristic of the transferred COVID-19 
without activation of indicators of systemic inflamma-
tion and blood clotting.

4th main group – 27 patients (condition after 
COVID-19, ICD-10 U09.9), had complaints charac-

teristic of the transferred COVID-19, secondary dam-
age to organs and systems and activation of indicators 
of systemic inflammation and blood clotting. 

The exclusion criteria used for the examination 
groups were alcohol consumption, smoking, pregnan-
cy, a history of radiation therapy, salivary gland dis-
ease, mental disorder, the presence of any lesions of 
the oral mucosa and wearing dentures. The patients 
have fully explained the goals and objectives of the 
study and received written informed consent to par-
ticipate in the study. The patients of the comparison 
groups were comparable in gender and age composi-
tion, social status, and the presence of bad habits. 

When studying the physico-chemical parameters 
of saliva, unstimulated whole saliva (basal salivation) 
was collected by the generally accepted method of 
spitting in the morning on an empty stomach, stim-
ulated by chewing – after stimulation of salivation by 
2-minute chewing of paraffin and stimulated by acid 
– after irritation of the back of the tongue with 0.2% 
citric acid solution, the saliva flow rate (ml/min) was 
measured. Acid and alkaline buffer capacity were es-
timated by the method of V.K.Leontiev 1976; surface 
tension according to D.N.Goryachev 2011; viscosity – 
using an Oswald viscometer; pH value – using a pH 
meter.

In 42 patients with a diagnosed decrease in saliva-
tion, its therapy was carried out, a treatment complex 
was developed for this purpose. At the first stage of 
therapy, complex sanitation of the oral cavity of all pa-
tients, treatment of caries and its complications, pa-
thology of the oral mucosa and periodontal disease 
were carried out.

To maintain oral hygiene, Glimo toothpaste (Hal-
tron Ilaç, Turkey) was prescribed by manufacturer 
Nobel-Pharmsanoat, FV Uzbekistan, containing only 
natural ingredients: calcium phosphate dihydrate, 
propolis, magnesium chloride, birch charcoal, juni-
per extract, carbon, glycerin, miswak, peppermint oil, 
xylitol, the formula of which is designed to provide a 
synergistic effect without causing hypersensitivity and 
without damaging teeth and gums.

Salivation reduction therapy was aimed at moist-
ening the oral cavity and stimulating salivation. For 
this purpose, an enhanced drinking regime was pre-
scribed, humidification and aeration of the room, 
abundant drinking of green tea containing bioflavo-
noid (quercetin) or epigallocatechin-3-gallate in its 
composition [23]. 
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For drug stimulation of salivation, tablets for re-
sorption of Anzibel with vitamin C and Anzibel® Im-
muno+ Zn – with zinc in the form of zinc gluconate 
– 1.0 mg – were used to restore the function of the sal-
ivary glands (manufacturer Nobel Pharmsanoat, FV, 
Uzbekistan), in a daily dose of at least 8 lozenges, in 
accordance with the instructions for use of the drug. 

The data obtained were statistically analyzed us-
ing SPSS version 17. If necessary, the t-test for inde-
pendent samples, chi-squared, Pearson correlations 
and multiple comparative a posteriori tests were used  
p <0.05 was considered significant. 

RESULTS AND DISCUSSIONS
Saliva plays a crucial role in maintaining the ho-

meostasis of the oral cavity, modulating the ecosystem 
of the oral cavity, wetting the food lump, antiviral and 
antimicrobial and mycotic protection, maintaining 
buffer capacity, immunological protection and regen-
eration of the oral mucosa, as well as maintaining the 
mineral balance of oral fluid and remineralization of 
hard tissues of teeth [2].

Thus, the study of the salivation rate and physi-
co-chemical characteristics of mixed saliva in patients 
who have undergone COVID-19 is necessary to un-
derstand the pathogenesis of the development of den-
tal pathology in this contingent of patients and its ad-
equate therapy. 

Salivation rate measurement is often used in the 
study of oral pathology and systemic pathology. As-
sessment of basal secretion is important when study-
ing the functional state, and stimulated secretion re-
flects the functional reserve of the salivary glands [12]. 

As can be seen from Table 1, in patients in the post-
COVID period, there is a decrease in the functional ac-
tivity of the salivary glands. In general, in patients who 
underwent COVID-19, basal secretion was reduced by 
19.51% (P<0.05); secretion simulated by chewing – by 
31.67% (P<0.01) and secretion stimulated by acid – by 
29.60% (P<0.01).

With the clinical points of view, it is important that 
the established reduction of salivation is associated 
with the clinical treatment in the Post-course period. 
Thus, in patients with non – symptomatic treatment 
in the Post-course period, the level of basic salivation 
did not have statistically significant differences with 
group control and was reduced by 4.88% (P≥0.05); the 
corresponding dynamics of salivation with stimulated 
eating was 10.68% (P ≥ 0.05); a salivation of stimulated 
acid-12.00% (P ≥0.05); in 2 groups of patients with 
complaints related to over-the-counter COVID-19, 
the reduction of salivation has already been achieved 
and amounted to 24.59 % (P≤0.05); 31.67% (P≤0.01) 
and 27.20% (P≤0.05) and 3 groups corresponding re-
ductions in patients (suffering from complaints and 
laboratory failures of recovery and hypercoagulation) 
were 31.61% (P≤0.01); 41.18% (P≤0.01) and 27.20% 
(P≤0.05) (Table 1).

A decrease in the level of salivation in patients who 
underwent with COVID-19 was associated with a 
change in the physico-chemical parameters of mixed 
saliva (Table 2). 

At the same time, in patients after COVID-19, 
a decrease in pH was found by 9.06% (P≥0.05); the 
buffer capacity for acid neutralization by 38.40% 
(P≤0.01); the buffer capacity for alkali neutralization 

Table 1
The rate of salivation in patients who underwent COVID-19

Control group Asymptomatic 
course

Complaints without lab-
oratory confirmation of 

systemic inflammation and 
hypercoagulation

Complaints, damage to individual 
organs and systems, laboratory 

confirmation of systemic inflamma-
tion and hypercoagulation

1. Basal secretion 0,41±0,02 0,39±0,01 0,31±0,015● 0,28±0,011●Vᴼ
2. Secretion stimulated 
by chewing

2,81±0,13 2,51±0,12 1,92±0,08● 1,65±0,07●Vᴼ

3. Acid-stimulated 
secretion

1,25±0,05 1,10±0,05 0,91±0,04● 0,79±0,03●Vᴼ

Note:
● – р≤0,05 in relation to the control;
V – р≤0,05 in relation to the 1st group;
ᴼ – Р≤0,05 in relation to the 2nd group.
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by 28.05% (P≤0.01); an increase in viscosity by 36.89% 
and an increase in the surface tension of mixed saliva 
by 42.86%; the buffer capacity for acid neutralization 
by 38.40% (P≤0.01) (Table 2). 

A detailed analysis showed a significant increase in 
the detected disorders, correlating with the severity of 
the post-ovoid condition. Thus, in patients with an as-
ymptomatic course of the post-COVID period (group 
1), the PH value was reduced by 5.60% (P≥0.05); the 
ability of mixed saliva to neutralize acids by 18.68% 
(P≤0.05); alkali neutralization rate – by 14.72% 
(P≥0.05); viscosity increased by 23.93% (P≤0.05), and 
surface tension increased by 18.37% (P≤0.05); similar 
to the dynamics of patients with complaints (group 
2) was 7.67% (P≥0.01); 26.68% (P≤0.01); 25.84% 
(P≤0.01); 47.01% (P≤0.01) and 41.49% (P≤0.01), while 
in patients with clinically and laboratory confirmed in-
flammation (Group 3), these changes were maximum 
10.50% (P≥0.05); 38.40% (P≤0.01); 31.81% (P≤0.01); 
80.34% (P≤0.001) and 68.71% (P≤0.001). (Table 2).

As can be seen, in this study, the transferred with 
CОVID-19 and the inflammatory reaction caused 
by it is associated with a decrease in pH. Our results 
showed that the pH of unstimulated saliva is lower 
than in patients who were not ill with CОVID-19. A 
decrease in pH leads to a change in the physico-chem-
ical properties of saliva, contributing to the growth of 
dental pathology [2;3;10]. 

This study showed that a decrease in the rate of 
salivation is associated with a violation of the phys-

ico-chemical properties of saliva in patients with 
COVID-19. These data can be the basis for timely 
diagnosis of salivation disorders and early control of 
salivation complications. COVID-19 affects not only 
the quantity, but also the quality of saliva. Thus, it can 
be stated that a decrease in salivation on the one hand 
and a change in saliva components on the other hand 
can cause xerostomia. The current study was aimed 
only at quantifying the level of salivation and physi-
co-chemical indicators of saliva quality, as an addition 
to its quantitative indicators.

DISCUSSIONS
Currently, there are no generally accepted meth-

ods of treating xerostomia in COVID-19, therefore it 
is believed that the generally accepted treatment of xe-
rostomia and hyposalivation may be applicable to sick 
patients and/or survivors of COVID-19 [23]. Currently, 
various saliva substitutes are widely used as symptom-
atic therapy. Good clinical results were obtained with 
the use of drugs that stimulate the parasympathetic 
nervous system (pilocarpine and cevimeline), drugs 
that stimulate taste receptors (ascorbic and malic acid), 
as well as mechanical stimulation of parotid gland se-
cretion with sugar-free chewing gum [5;9;24]. Howev-
er, stimulants of the parasympathetic nervous system, 
especially pilocarpine, have excessive side effects, such 
as increased sweating and frequent urination. 

In the body, zinc is essential for cell growth, wound 
closure, and barrier formation [15]. Ionic zinc, Zn2+, 

Table 2
Physico-chemical parameters of mixed saliva in patients who underwent with COVID-19 (M ± m)

Control group Asymptomatic 
course

Complaints without lab-
oratory confirmation of 

systemic inflammation and 
hypercoagulation

Complaints, damage to individual or-
gans and systems, laboratory confir-
mation of systemic inflammation and 

hypercoagulation
2.1 рН 6,95±0,31 6,70±0,33● 6,41±0,31● 6,22±0,29
2.2 Buffer capacity for 
neutralizing acid mol-eq/l

8,62±0,51 7,01±0,34● 6,32±0,30●V 5,31±0,26●V

2.3 Buffer capacity for 
neutralizing alkali mol-
eq/l

45,32±1,65 38,65±1,62● 33,61±1,42● 30,92±1,42●V

2.5 Viscosity of the joint 
venture

1,17±0,05 1,45±0,07● 1,72±0,07●V 2,11±0,10●V

2.6 Surface tension nm/m 65,32±3,11 77,32±3,60● 92,42±3,88●V 110,21±4,51●V

Note:
● – р≤0,05 in relation to the control;
V – р≤0,05 in relation to the 1st group;
ᴼ – Р≤0,05 in relation to the 2nd group.
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plays an important role in the development and func-
tioning of every system in the body. Zn2+ has been 
identified as a cofactor of many enzymes, plays an im-
portant structural role in various proteins, especially 
in transcription factors. Changes in the concentration 
in the extracellular as well as intracellular content of 
Zn2+ trigger cellular signaling pathways, and Zn2+ is 
considered as a metal ion that acts as the first or sec-
ond intermediary in physiological processes [21]. 

Zn2+ is a divalent cation, the presence of which is 
important for many biological processes because of 
its ability to influence ion channels and enzyme ac-
tivity. Zn2+ is able to activate the G-protein receptor 
via activation of the metabotropic zinc receptor ZnR/
GPR39 [17]. The activity of ZnR/GPR39, in turn, trig-
gers signaling and subsequent cellular pathways asso-
ciated with cell growth and survival. In addition, it has 
been shown that ZnR/GPR39 regulates the activity of 
ion transport mechanisms that are necessary for the 
physiological function of epithelial and neuronal cells. 
Thus, ZnR/GPR39 represents a unique target for the 
therapeutic modification of zinc action in a specific 
and selective manner [15].

GPR39 Zn (2+) transmits signals in the tissues and 
cells of the ducts of the salivary glands [6]. Asraf H 
et al. is able to modulate salivary secretion in human 
sublingual gland cells, independent of muscarinic or 
histamine receptor signaling [17]. Since the metabo-
tropic zinc receptor ZnR/GPR39 is expressed in hu-
man submandibular gland cells, zinc is able to induce 
saliva secretion via ZnR/GPR39 independently of 
muscarinic receptor signalling [17]. 

The ability of zinc to stop the toxic effects of cad-
mium on the sublingual salivary glands is shown, 
while the protective role of zinc is due to its antioxi-
dant properties. Thus, an increase in the zinc dose by 
79%-151%, compared with the standard, completely 
prevents the reduced activity of AOS enzymes in the 
tissues of the salivary glands, proving the protective 
effect of increased zinc intake on the hyoid gland tis-
sue in conditions of chronic toxic exposure to cadmi-
um [20]. 

It has been experimentally proved that the metal-
loenzymes zinc-carbonic anhydrase is responsible for 
the production and secretion of saliva due to the par-
ticipation of zinc in the secretory function and growth 
of myoepithelial and glandular epithelial cells of the 
salivary glands zinc deficiency is associated with de-
creased saliva secretion [14,23]. 

Based on the assumption that zinc deficiency may 
be one of the causes of the pathogenesis of xerosto-
mia, therapeutic regimens of zinc intake for its therapy 
have been developed. It was found that oral admin-
istration of zinc acetate (15 mg of zinc per day) for 5 
weeks increased the flow rate of stimulated saliva of 
the parotid salivary glands of healthy adults [23]. And 
taking zinc sulfate (300 mg/day orally) for 6 months in 
patients with symptoms of xerostomia and taste dys-
function was clinically effective in 57.9% – 72.7% of 
cases [22]. Kim et al. [17] it was shown that rinsing 
the mouth with 0.25% ZnCl2 solution for 3 minutes 
(without affecting the taste) increased basal and chew-
ing-stimulated saliva secretion in healthy people and 
patients with hyposalivation. 

The intake of zinc into the cells can be increased 
with the help of ionophores. The cellular absorption of 
zinc in xerostomia increases when zinc ions are com-
bined with bioflavonoids (quercetin) or epigallocate-
chin-3-gallate contained in green tea [23]. 

Thus, the therapeutic complex developed by us 
has an effective effect on the leading mechanisms of 
reducing salivation in the post-COVID period, while 
the positive effects of taking Anzibel® Immuno+ Zn – 
tablets with zinc in the form of zinc gluconate are en-
hanced by the stimulating and antioxidant properties 
of Anzibel® tablets with vitamin C and taking green tea 
containing the bioflavonoid epigallocatechin-3-gallate.

CONCLUSIONS:
In patients undergoing with COVID-19, a decrease 

in the salivation rate, an increase in rheological prop-
erties (surface tension and viscosity), and a decrease 
in the buffering ability of saliva are recorded. The es-
tablished pathological changes in the composition and 
properties of the oral fluid are the cause of the dete-
rioration of the dental status in this contingent of pa-
tients.

As a result of the application of the developed 
therapeutic complex, including oral sanitation, oral 
hydration, drinking green tea, using Glimo tooth-
paste (Haltron Ilaç, Turkey), stimulation of saliva-
tion with absorbable tablets Anzibel with vitamin C 
and Anzibel® Immuno+ Zn – with zinc in the form of 
zinc gluconate (manufacturer Nobel Pharmsanoat, 
FV, Uzbekistan), it was found that simultaneously 
with an increase in the rate of salivation, the rheo-
logical properties and buffering ability of saliva are 
normalized.



Issue 25. December 2022 | Cardiometry | 1173

REFERENCES 
1. Bekjanova O. E., Kayumova V. R. Influence of cor-
onoviral infection on the development of dental pa-
thology. Biomeditsina Va Amaliet Zhurnali. p. 13. [in 
Uzbek]
2. Bekzhanova O.E., Kayumova V.R. Clinical man-
ifestations of COVID-19 in the oral cavity. Journal 
STOMATOLOGIYA. p. 60-64. [in Russian]
3. Bekzhanova O.E., Kayumova V.R., Rizaev E.A. 
Features of the development of oral candidiasis infec-
tion with COVID-19. p. 24. [in Russian]
4. “Recommendations for the management of pa-
tients with coronavirus infection COVID-19 in the 
acute phase and with post-covid syndrome on an out-
patient basis”. Edited by Professor P.A. Vorobyov, Mos-
cow. 2021. 107p. [in Russian]
5. Aframian, D.J., et al. Pilocarpine treatment in a 
mixed cohort of xerostomic patients. Oral Dis. 2007, 
13, 88–92. 
6. Asraf H, et al. The ZnR/GPR39 interacts with the 
CaSR to enhance signaling in prostate and salivary 
epithelia. Cell Physiol. 2014 Jul;229(7):868-77. doi: 
10.1002/jcp.24514. PMID: 24264723
7. Biadsee, A, et al. Olfactory and oralmanifestations 
of COVID-19: Sex-related symptoms – a potential 
pathway to early diagnosis. Otolaryngol. Head Neck 
Surg. 2020, 163, 722–728. 
8. Brodin P. Immune determinants of COVID-19 
disease presentation and severity. Nat Med, 27 (2021), 
pp. 28-33
9. Chainani-Wu, N, et al. Assessment of the use of si-
alogogues in the clinical management of patients with 
xerostomia. Spec. Care Dentist. 2006, 26, 164–170. 
10. Chen, L, et al. Detection of 2019-nCoV in saliva 
gland characterization of oral symptoms in COVID-19 
patients. Cell Prolif. 2020, 53, e12923. 
11. Etemad-Moghadam, S.; Alaeddini, M. Is SARS-
CoV-2 an etiologic agent or predisposing factor for 
oral lesions in COVID- 19 patients? A concise review 
of reported cases in the literature. Int. J. Dent. 2021, 
2021, 6648082. 
12. Freni, F, et al. Symptomatology in head and neck 
district in coronavirus disease (COVID-19): A possi-
ble neuroinvasive action of SARS-CoV-2. Am. J. Oto-
laryngol. 2020, 1, 102612.

13. Gherlone E.F., et al. Frequent and Persistent Sali-
vary Gland Ectasia and Oral Disease After COVID-19. 
J Dent Res, 100 (2021), pp. 464-471
14. Goto, T.; Shirakawa, H.; Furukawa, Y.; Komai, M. 
Decreased expression of carbonic anhydrase isozyme 
II, rather than of isozyme VI, in submandibular glands 
in long-term zinc-deficient rats. Br. J. Nutr. 2008, 99, 
248–253. 
15. Hershfinkel M. The Zinc Sensing Receptor, ZnR/
GPR39, in Health and Disease. J Mol Sci2018 Feb 
1;19(2):439. doi: 10.3390/ijms19020439.
16. Huang, C, et al. Clinical features of patients in-
fected with 2019 novel coronavirus in Wuhan, China. 
Lancet 2020, 395, 497–506. 
17. Kim, YJ, et al. Zn2+ stimulates salivary secretions 
via metabotropic zinc receptorZnR/GPR39 in human 
salivary gland cells. Sci. Rep. 2019, 9, 17648.
18. Niklander, S, et al. Risk factors, hyposalivation and 
impact of xerostomia on oral health-related quality of 
life. Braz. Oral Res. 2017, 31, e14. 
19. Nalbandian A, et al. Post-acute COVID-19 syn-
drome. Nat Med, 27 (2021), pp. 601-615
20. Paula Kostecka-Sochoń, Barbara M. Onopiuk, 
Ewa Dąbrowska, “Protective Effect of Increased Zinc 
Supply against Oxidative Damage of Sublingual Gland 
in Chronic Exposure to Cadmium: Experimental 
Study on Rats”, Oxidative Medicine and Cellular Lon-
gevity, vol. 2018, Article ID 3732842, 8 pages, 2018. 
21. Sunuwar L. GiladD., Hershfinkel M. The zinc 
sensing receptor, ZnR/GPR39, in health and disease. 
Articles. 2018;22(9):1469-92.
22. Tanaka, M. Secretory function of the salivary 
gland in patients with taste disorders or xerostomia: 
Correlation with zinc deficiency. Acta Otolaryngol. 
2002, 134–141. 
23. Tsuchiya, H. Characterization and Patho-
genic Speculation of Xerostomia Associated with 
COVID-19: A Narrative Review. Dent. J. 2021, 9, 130. 
24. Tsuchiya, H. Oral symptoms associated with 
COVID-19 and their pathogenic mechanisms: A liter-
ature review. Dent. J. 2021,9, 32. 
25. Wang, D, et al. Clinical characteristics of 138 hos-
pitalized patients with 2019 novel coronavirus-infect-
ed pneumonia in Wuhan, China. JAMA 2020, 323, 
1061–1069.



1174 | Cardiometry | Issue 25. December 2022

ORIGINAL RESEARCH Submitted: 1.12.2022; Accepted: 15.12.2022; Published online: 25.12.2022

Prognosis of the probability  
of development and progression 
of the disease under the influence 
of factors causing cerebral vascular 
disorders in vascular parkinsonism

Dilshoda Turdiqulovna Akramova*, Ra’no Baxodirovna Azizova,  
Satima Razzakovna Kuranbaeva, Bekzod Abdusattorovich Ibodov

Tashkent Medical Academy, 100109, Uzbekistan, Tashkent, Farabi 2 

*Corresponding author:
dilshoda.akramova@tma.uz

Abstract
Cerebrovascular disease, according to many studies, causes 1 
to 15% of cases of Parkinsonism. “...200 out of every 100,000 
people in the world have the disease...”. Parkinson’s disease is 
a chronically stable progressive, unavoidable disease, second 
only in prevalence among the elderly and among neurode-
generative diseases worldwide. The number of elderly people 
worldwide has increased by 48% since 2000 and is expected to 
continue to increase by 56% between 2015 and 2030. Accord-
ing to the International Parkinson’s Foundation, the number of 
Parkinson’s disease cases worldwide will exceed 10 million by 
2020. In particular, prediction of severe complications based 
on the analysis of neurological, neurophysiological, neuroim-
aging features of the clinical course of vascular Parkinsonism, 
prevention of cognitive and motor disorders, assessment of 
the patient’s disability index through key quality of life indica-
tors, diagnostic and treatment algorithms, and determination 
of differential approach measures are of particular importance. 
A number of scientific studies are being conducted worldwide 
to clarify the features of optimization of multivariate analysis of 
cerebral vascular impairment in parkinsonism.
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Parkinson’s disease, cerebrovascular disease, prevention, treat-
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Introduction
The Parkinson’s disease problem has attracted re-

searchers’ attention for many years, thousands of inno-
vations were found about the clinic, treatment methods, 
principles of differential approach, today pathogenesis of 
the disease development, differential diagnosis and treat-
ment of complications, disease prevention still limp not 
only from the scientific, but also from the practical point 
of view. Moreover, neurological features, cognitive im-
pairment, neurophysiological and neuroimaging find-
ings in vascular parkinsonism and its complicated forms 
are the subject of heated discussions. Moreover, the fact 
that the problem of diagnostic and treatment algorithm 
for vascular parkinsonism is still unsolved led to the im-
plementation of this research work.

The aim of the study: to analyze factors causing 
cerebral vascular disorders in vascular parkinsonism, 
to predict the probability of disease development and 
progression under the influence of factors, and to im-
prove effective treatment regimen.

Object of the study: 117 patients aged from 40 to 
87 years who were treated in the neurological depart-
ment of the multidisciplinary hospital of the Tashkent 
Medical Academy in 2015-2022 and 20 healthy people 
from the control group became the object of the study.

Material and methods of research: 
The clinical-neurological, neurophysiological, 

neuroimaging and statistical methods were used in the 
research. Results of clinical-neurological, neurophysi-
ological, neuroimaging examination were the subject 
of the research.

Results 
of the comprehensive clinical examination of 117 

patients were analyzed on the basis of the present 
study. The research work was carried out on the basis 
of the clinic of Tashkent Medical Academy in 2015-
2022. To evaluate the characteristics of vascular disor-
ders in Parkinson’s disease 47 patients with Parkinson’s 
disease (first group), 40 patients with vascular Parkin-
sonism (second group), 30 patients with chronic ce-
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rebral ischemia (third group) and 20 patients without 
diseases of the nervous and cardiovascular system. 
Laboratory, instrumental and hormonal methods of 
investigation were carried out.

All patients underwent comprehensive clini-
cal-laboratory and neuroimaging examination. Exam-
ination was complex and included somatic, neurolog-
ical and neurophysiological examination, clinical and 
biochemical blood analysis.

Bioimpedansitometry is a method based on de-
termining key indicators of health factors, and bio-
impedansitometry was performed in 3 groups. Bio-
impedansitometry was performed on the second day 
of hospitalization on a Tanita BC 545 analyzer (Japan). 
In patients with Parkinson’s disease and vascular Par-
kinsonism the amount of cortisol hormone and al-
pha-fetoprotein in the morning serum was tested at 
the Central Research Laboratory of the Tashkent Med-
ical Academy using HUMAN reagent from venous se-
rum by enzyme immunoassay.

Cortisol concentration was determined by enzyme 
immunoassay on an ER 808 Ultra Microplete Rider 
automatic analyzer (BIO-TEC Instruments, Inc.) with 
reagents No. 061R Steroid ELISA-Cortisol-01. The 
control value of cortisol was 50-250 mg/mL.

Patients’ cognitive status and mental status were 
assessed using the following tests: Mini-Mental State 
Examination- (MMSE) (1975), Montreal Cognitive 
Assessment- (MoCA test) (1996)) degree of depres-
sion using Beck Depression Inventory (1996), pa-
tients’ sleep disturbances were assessed using Epworth 
Sleepiness Scale (2001). The results were processed on 
a personal computer using a biomedical research pro-
gram using the traditional method of variation statis-
tics. The organization and conduct of the study were 
based on the principles of evidence-based medicine.

The reliability of the study results depended on the 
theoretical approach and methods used in the work, 
the methodological accuracy of the study, the choice 
of sufficient material, the modernity of the methods 
used. Specific optimization of multivariate analysis of 
cerebral hemispheric vascular disorders in Parkinson-
ism based on additional clinical-neurological, neuro-
physiological, non-visual and statistical methods of 
computer research based on comparable principles 
presents time of onset of Parkinson’s disease and vas-
cular Parkinsonism as well as gender characteristics of 
patients. It was noted that the age of onset differed be-
tween the two patient groups (see Table 1).

Table 1
Individual differences in onset in patients with Parkinson’s dis-
ease and vascular Parkinsonism

Gender and age DP( n=47) VP (n=40)
Abs % Abs %

Men 28 59,4 27 67,5
Women 19 40,5 13 32,5
Average age 52,4±4.3 61,3±4,4
Mean age at onset 50,9±2.3 58,4±4,3

While studying the origin of vascular parkin-
sonism, 27,5% of patients developed vascular par-
kinsonism after stroke, 40% developed it against the 
background of diabetes mellitus, 72,5% of patients 
developed vascular parkinsonism against the back-
ground of chronic cerebral ischemia, 22,5% of diabetic 
patients had myocardial infarction in the anamnesis. 
The findings once again prove that diabetes, chronic 
cerebral ischemia, strokes, and myocardial infarction 
are among the leading factors in the development of 
vascular parkinsonism. In patients with PD, the first 
complaints began with leg stiffness in 35% of patients, 
in 40% of cases the first symptoms of the disease began 
with slowness of movement, and only in 10% of cases 
the first signs of the disease began with tremor.

In PD, the onset of tremor as the first sign of the 
disease was observed in 86% of patients, unilateral 
onset was observed, tremor was observed only in the 
hand in 72% of patients, tremor was also present in the 
legs in 28%. of patients. In vascular parkinsonism, the 
disease was observed symmetrically in 68% of cases 
and started predominantly in the foot. The main mo-
tor disorders showed similar findings in both groups, 
but the fact that 89.3% of resting tremor was expressed 
in the group of patients with PD compared to the 
group of patients with VP confirms that this symptom 
is mainly specific for PD. In addition, olfactory dis-
turbances were predominant in PD patients in 57.4%, 
hypomimia in 70.2% of PD patients and in 22.5% of 
VP patients. General hyperhidrosis was observed in 
74.4% of patients in the PD group and 7.5% in the 
EP group. Constipation was observed in 64% of PD 
patients, whereas in VP patients this figure was 10%; 
a similar increase in salivation occurred in 46.8% of 
PD patients, and 7.5% of VP patients; orthostatic hy-
potension was observed. In patients, the health factor 
was assessed by bioimpedensitometry, with bioimped-
anceometry significantly increased body weight gain 
in patients with CCI and EP, high body mass index 
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was observed in group II patients, muscle mass sig-
nificantly decreased in group I and II patients, and 
total fluid volume significantly decreased in patients 
with PD and VP. Reliably decreased mineral mass was 
observed in patients with VP and reliably decreased 
in patients with PC, visceral fat content was noted in 
patients with VP and CCI (p<0.05) (see Table 2).

Table 2
Results of bioimpedensitometric analysis in the assessment of 
health factors

Bioimpedance 
metrics

DP n=47 VP n=40 CCI n=30

Body weight 58,4±1,38 66,5±1,21** 60,7±1,20*
Body mass index 
kg/m2

23,2±0,08 30,8±0,82*** 28,8±0,86**

Fat mass% 17,6±0,91 31,2±1,22*** 29,6±0,69*
Muscle mass, kg 44,1±1,09* 51,2±1,01** 55,6±0,99
% Of total fluid 
volume

48.6±1,65* 43,1±1,85** 55,2±3,12

Basic metabolism, 
kcal

1577,3±53,9 1477±47,3 1667±38,5

Body Condition 
Assessment

4,6±0,15 4,2±0,15 4,5±0,15

Bone mineral mass 2,2±0,05* 2,1±0,05** 2,6±0,05
Visceral fat 3,1±0,32 3,7±0,25** 3,5±0,2*

Note: * significant difference (*- p<0.05; **- p<0.01; ***- 
p<0.001).

On neuroimaging examination, moderate periven-
tricular edema was reported in 49.7 ± 2.4% (p < 0.05) 
for PD, 62.4 ± 2.3% for VP (p < 0.05) and 55.7 ± 3.4% 
(p < 0.05) for HIM. Also subcortical leukoareosis sep-
arately and in small leukoareosis with multihyperin-
tensity in different localizations in T2 mode in 51.4% 
(p<0.05) in group 1, 74.8% (p<0.01) in group 2, 49.3% 
in group 3. Ischemic changes in the subcortical nuclei 
were observed in 49.2% (p<0.05) in group 1, 76.2% 
(p<0.01) in group 2, and 38.9% in group 3. Results of 
fMRI analysis showed a correlation between the cor-
relation between periventricular edema and growth 
and postural impairment r = -0.31, a correlation be-
tween coordination impairment r = 0.71, memory im-
pairment r = 0.31, and an association with emotional 
lability r = -0.31. 

These correlations were based on the origin of 
memory impairment and emotional instability due 
to the association of the limbic region of the brain, in 
particular, the Cingularis gyrus, with an increase in 
the ventricular system of the brain, and coincided with 
data from foreign scientists (Bondok A.2012).

Angiographic data showed more damage of the mid-
dle cerebral artery, mainly in patients with vascular par-
kinsonism. A correlation between vascular stenosis and 
neurological abnormalities was found. On MR angiog-
raphy, the correlation between middle cerebral artery 
narrowing and movement retardation was r = 0.31 (p < 
0.05); similarly, the correlation between height and pos-
tural impairment and middle cerebral artery narrowing 
was r = 0.31 (p < 0.05). The correlation between vertebral 
artery narrowing and movement retardation was r = 0.30 
(p < 0.05), and the correlation between coordination dis-
orders was r = 0.77 (p < 0.01). The correlation between 
anterior and spinal artery narrowing and coordination 
disorders was r = 0.77 (p < 0.01), with dizziness r = 0.31 
(p < 0.05) and insomnia r = 0.48 (p < 0.05).

According to our analysis and data of foreign litera-
ture (Haines 2015), the specified changes are connect-
ed not only with deterioration of blood circulation in 
cerebrospinal arteries, but also with poor blood supply 
of frontopontocerebellar ways because of disturbance 
of blood circulation in the internal carotid artery.

The main statistical changes in the study of morning 
serum cortisol in patients were observed in the VP pa-
tient group, and the mean cortisol value was 264.6 ± 66.4.

The correlation with cognitive impairment on the 
MMSE scale was r = -0.79 p < 0.01, and the correlation 
with the MoCA test and cognitive impairment was r = 
-0.77 p < 0.01. It was also noted that AFP concentrations 
in the second group of patients significantly increased 
compared with the first group of patients and virtual-
ly healthy patients with an increase of 15.3 ± 3.7. and 
the correlation of cognitive impairment on the MMSE 
scale was r = -0.80 p < 0.01, and the correlation of the 
MoCA test with cognitive impairment was r = -0.79 p < 
0.01. Group 2 patients showed a significant increase in 
blood sugar levels p < 0.05. Depression in patients with 
GP was 72.5% on the Beck scale, p < 0.01 when mod-
erate depression was observed, elevated blood pressure 
was also dominant in the GP patient group compared 
with groups one and three (see Table 2).

According to the study, the development of cogni-
tive impairment and depression was characteristic of 
both patient groups, with these changes being more 
pronounced in vascular parkinsonism due to circula-
tory disturbances not only in the basal ganglia but also 
in the cerebral cortex.

When analyzed by neuropsychological scales, it was 
noted that the overall results in the EP patient group 
on the MMSE scale were in the range of 2 clearly pro-
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nounced cognitive impairment, while the MoCA test 
also showed a statistically significant change in clearly 
pronounced cognitive impairment. Cognitive impair-
ment was observed in 72.5% of EP patients with p <0.01.

CONCLUSIONS
The following conclusions were drawn from the re-

sults of the study: Parkinson’s disease and vascular par-
kinsonism development factors, onset of disease, clini-
cal course, degree of autonomic, psychoemotional and 
cognitive disorders differed dramatically from each oth-
er. The main factor in the development of DP was AH 
86.5% (r < 0.05), CCI 72.5% (r < 0.05), diabetes mellitus 
40% (r < 0.05), strokes 55.5% (r < 0.05) and their combi-
nation, factors were observed in 82.3% of cases (r < 0.05);

The process of long-term cerebral vascular abnor-
malities in vascular parkinsonism alters the morpho-
logical structure of brain tissue. In particular, vascular 
changes are clinically significant in terms of their im-
pact on the pathophysiological form of vascular par-
kinsonism, the appearance of neuroimaging, and the 
clinical form of the disease;

In Parkinson’s disease and vascular parkinsonism, the 
level of cognitive impairment increases with increasing 
serum cortisol, i.e. amount of cortisol hormone and de-
gree of cognitive impairment are directly proportional to 
each other r = 0.85 p < 0.01; In Parkinson’s disease and 
in vascular Parkinsonism, a significant increase in se-
rum alpha-fetoprotein with increasing disease duration 
was observed (p < 0.05) In vascular Parkinsonism, bio-

impedanceometry showed: decrease in muscle mass by 
26.1% (p <0.01), decrease in mineral mass by 14.7% (p 
<0.05), decrease in body water by 12.3% (p <0.05), total 
and visceral fat significant increase (p <0.01) dysmeta-
bolic processes in vascular parkinsonism should be con-
sidered as a factor of cerebral vascular lesions.
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Table 3
Changes in cortisol and AFP levels in patients

PD VP CCI Paractic 
Healthy

Cortisol 
mg/ml

229.4±43.3* 264.2±66.4** 116.7±10.9 98.7±9.4

AFP U/ml 17.5±1.01* 21.4±1.3** 8.34±1.1 9.34±1.7

Blood sug-
ar, ml/ml

5.6±1.4 8.9±2.2* 5.5±1.1 4.4±1.1

MMSE 
score

22.4±2.2* 20.4±2.3** 26.4±1.1 28.4±2.1

MoCA test 
score

23.4±2.2* 21.5±2.3** 27.4±2.1 29.4±1.1

Beck De-
pression 
Question-
naire, score

19.7±2.2* 28.7±1.3** 11.5±1.6 9.3±1.3

BP systolic 
mm.rt.

110.4±9.3 129.6±10.8** 116.4±7.3* 100.8±7.6

Note. * significant difference (* – r < 0.05; ** – p < 0.01; *** – r 
< 0.001).
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INTRODUCTION 
Healthcare workers (HCWs) stand at the fore-

front for treating the patients of coronavirus disease 
2019 (COVID-19). This puts them at higher risk of 
acquiring the infection than any other individuals in 
the community [1]. Infected health care workers act as 
potential carriers and transmit infections to co-health 
care workers and patients. Since the beginning of this 
epidemic this occupational exposure has led to posi-
tivity of several doctors and even death of more than 
1000 doctors in India.

During this global pandemic the health care work-
ers were overburdened with tremendous responsibil-
ities of treating the patient, preventing infection to 
oneself and ultimately preventing other patients, their 
own families and friends. Awareness plays a vital role 
for not only doctors and nurses but also all the house-
keeping staff even after the commencement of vaccine 
administration [2] During the start of the pandemic, 
various policies were made in almost all hospitals, 
rigorous training sessions were given to protect the 
HCWs. Training on hand hygiene, adequate personal 
protective equipment (PPE) use, biomedical waste dis-
posal and following of stringent HIC protocols were 
undertaken [3].

COVID-19 can present a spectrum, from being as-
ymptomatic to having fever, respiratory distress, gas-
trointestinal upset and even death. The infected sub-
jects who are asymptomatic or pre-symptomatic may 
go undetected [4,5]. The evidence on COVID-19 infec-
tion among HCWs is growing and several studies had 
estimated the seroprevalence of SARS-CoV-2 among 
their HCWs. The results of those studies indicate that 
between 1.7% to 11% of HCWs became seropositive 
[6,7,8,9]. Seropositivity among asymptomatic HCWs was 
even more accounting to 38% to 48% [6,7]. 

Surveillance of seroconversion among health care 
workers will help to evaluate the rate of exposure 
in them and correlation can be done with the stan-
dard precautions followed. This in turn will help us 
to re-evaluate our hospital infection control policies 
and fill any lacunae present. It will also help us col-
lect epidemiological data on COVID infections and 
reduce nosocomial spreading. In present scenario we 
saw that aftermaths of COVID 19 are no less import-
ant and thus by knowing the infectivity status one can 
take precautionary care for post COVID complica-
tions. With this aim, we undertook this study to evalu-
ate seroprevalence of SARS-CoV-2 antibodies among 
HCW in our medical college and level 3 hospital in 
Ghaziabad.

MATERIALS AND METHODS
It was a cross sectional study in health care workers 

from Santosh Medical College and Hospitals, Ghazia-
bad. After ethical clearance from the institution the 
study was conducted from October 2020 till March 
2021. The study included voluntary participation from 
the health care workers and consent was taken. A total 
of 100 samples were collected and particulars like age, 
sex and comorbidities of the health care workers were 
noted in predesigned proforma. The blood samples 
were collected from all participants in a clot activa-
tor red top vial from median cubital vein by phlebot-
omy. Serum was separated and samples were stored 
in refrigerator for antibody detection by using Covid 
Kawach IgG Microlisa kit of J. Mitra Co.

Calculation of results-
a. Cut off value = NCx + 0.2
b. Calculation of P/N ratio of samples: 
Sample O.D. / average O.D. of negative control. 
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Interpretation of results
1. For an unknown sample (test sample) if O.D val-

ue > Cutoff value and P/N ratio is more than 1.5, sam-
ple should be considered as “Positive”. 

2. For an unknown sample (test sample) if O.D val-
ue < Cutoff value and P/N ratio less than 1.5, sample 
should be considered as “Negative”. 

The performance of 3 batches of Covid Kawach 
IgG Microlisa has been validated by ICMR, NIV, 
Pune. The results obtained are as follows: Sensitivity: 
96.33% Specificity: 100% Precision: Within-run and 
between-run precisions have been determined by test-
ing 10 replicates of five specimens: two negative and 
three weak covid IgG positive. The C.V. (%) of nega-
tive and weak positive values was within 10%.

Microsoft excel was used for the purpose of data 
management. In depth analysis of the data was car-
ried out with focus on type of contact and other de-
mographic factors. Simple proportion and appropri-
ate statistical tests were used wherever required. As 
an ethical obligation the results were shared with the 
concerned HCWs and management only.

RESULTS 
A total of 100 samples collected from Health Care 

Workers were screened for COVID IgG antibody. The 
majority of HCW had exposures to SARS-CoV 2 at 
their workplace. Though the workers were catego-
rised under low risk, intermediate risk and high risk 
groups according to their exposure risks. Mild cate-
gory included workers who never confronted COVID 
patients, nor had exposure to any of the patient’s be-
longings, but they were working in the medical college 
and hospital set up. Secondly the moderate category 
included those which had contact with patients body 
fluids like the lab technicians or had contact history 
with patient’s attendants during dispatch of reports, or 
during billing etc. Lastly the third category included 
doctors, nurses, house keeping staffs and attendants 
in the COVID wards who were directly exposed and 
were grouped under high risk. 

DISCUSSION
A novel coronavirus (SARS-CoV-2) causing an out-

break of infectious Pneumonia (COVID-19) emerged 
in December 2019 from Wuhan city of China. Because 
there is currently no specific immunity in the popu-
lation, humans of all ages and races are susceptible to 
SARS CoV-2 infection. The health care workers are at 

risk of hospital associated infection also besides the 
community acquired infections. The results of this 
study demonstrate the overall profile and seroconver-
sion patterns of IgG antibodies after doing the duties 
in Level 3 tertiary care Santosh hospital attached to 
Santosh Medical College. A total of 100 serum samples 
collected from health care workers delivering various 
duties in Hospital and Medical College. The kinetics 
of anti-SARS-CoV-2antibodies should be helpful in 
epidemiological surveys, and especially in clinical di-
agnosis since the immunoassays can efficiently com-
pensate the false negative limitations of nucleic acid 
testing. As development time for specific antibodies 
have significantly varied from method to method was 
5 days (range 3 to 6 days) for specific IgM and IgA, 
whereas 14 days (range 10 to 18 days) for specific IgG 
after the onset of symptoms usually.

Seroprevalence of SARS-CoV IgG antibodies in 
HCWs in our study was 41% (Table 1) Which was high-
er than that reported in studies from Thrissur by Aboo-
backer Mohamed Rali et al [10] 8.75%, New Delhi by Ritu 
Gupta et al [11] 13% and 23.48% by Murhekar et al [12], 
14.4% from Italy by Sotgiu G et al [13], 1.6% from Germa-
ny by Korth et al [14], 6% from England by Poulikakos D 
et al [15], 5.9% from Spain by Martin et al [16], 18% from 
UK by Pallet SJC [17] and 36% from USA by Mansour M 
et al [18]. Higher sero- prevalence in our study could be 
due to higher sero -prevalence in general population al-
though no such published study in our area, or may be 
due to asymptomatic infection in HCWs which remain 
unnoticed, may be less awareness and training for infec-
tion control practices at workplace in term of adequate 
use of personal protective equipments availability of rap-
id screening diagnostic tests for disease identification 
and strict quarantine not followed. 

Table: 1
Samples according to professional duties

S.no Type of staff Seropos-
itive

Seronega-
tive Total

1 DOCTORS 14 27 41
2 NURSES 01 02 03

3 HOUSEKEEPING 
STAFF 01 02 03

4 LAB TECHNICIANS 10 13 23
5 OFFICE STAFF 07 07 14

6
OTHERS (ASSIS-
TANTS, ATTENDANTS 
& AAYAS)

08 08 16

Total 41 59 100
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The age group most commonly affected includes 
21-30 years (45 cases out of 100), followed by 31-40 
years age group (25 out of 100 cases and 2 cases were 
from 10-20 years of age group. The reason may be due 
to it as HCWs involved in study more of younger age 
group as compared to middle and older age group. The 
age group wise seropositivity seen in range of 2.4% to 
58.5%. The positivity is lower at both extreme of age 
groups. In both the group sample size is also compar-
atively lower as compared to other groups. The other 
reasons behind it as during pandemic time these two 
groups were avoiding practices and clinical exposure 
also on safer side. (Table 2) Similar results were found 
by study done by Omprakash etal [19] 2021.

Table: 2
Health care workers according to age
S.no. Age Group Seropos-

itive
Seronega-

tive
Total

1 10-20 years 01 01 02
2 21-30 years 24 21 45
3 31-40 years 07 18 25
4 41-50 years 06 12 18
5 Above 50 years 03 07 10

Total 41 59 100

The seropositivity was found significantly high-
er among male HCWs (70.7%) than female HCWs 
(29.2%). This is due to more number of male HCWs 
participated in study (66/100) in comparison to fe-
male HCWs (34/100). (Table3) This is in contrast to 
other studies where sex wise difference is not statisti-
cal significant. Higher seropositivity among male also 
reported by Murli U Puruswani et al [20] 2021 from 
Newyork and Omprakash et al [19] 2021 from India.

Table: 3
Health care workers according to gender
S.No Gender Seropositive Seronegative Total

1. Male 29 37 66
2. Female 12 22 34

Total 41 59 100

Table 4 shows out of 100 HCWs, 13 were worked 
in low risk area, 36 were worked in moderate risk area 
and 51 were worked in high risk area such as covid 
ICU and wards. 41 were found positive for IgG anti-
bodies. Out of 41 HCWs 7 were found positive for an-
tibodies worked in low risk, 13 were positive worked 

in intermediate risk area and 21 were found positive 
worked in high risk area The chances of exposure were 
quite higher amongst the HCWs who did covid ward 
and ICUs duty in comparison to HCWs who worked 
in college and hospital in low risk area and office, re-
ception and Technician who worked in moderate risk 
area. The reason behind it that, they have close con-
tact for longer duration and without mask or appro-
priate protective equipments. Proper implementation 
of infection control policy, social distancing, imple-
mentation of masking policy for N-95 MASK, along 
with continuous exaggerated training for transmission 
based precautions and correct donning and doffing of 
personal protective equipments necessary to prevent 
the infection spread. Strict isolation and quarantine 
policy to be followed in hospital to prevent the spread 
of infection. Similar results were found by Purswani 
et al [20] 2021. As WHO defined close supervision of 
high risk contacts more necessary for making changes 
in policy and procedures for IPC. 

Table: 4
According to exposure groups:
S.no Exposure group Seropos-

itive
Sero-

negative
Total

1.

Low risk 
Working in hospital and 
college setup
No confrontation with 
patient or his belongings

07 06 13

2.

Intermediate risk/Moder-
ate risk
Lab technicians
Office staff
Pharmacist
Billing staff and recep-
tionist

13 23 36

3.

High risk
Doctors
Nurses
House keeping staff in 
COVID ICUs/wards

21 30 51

Total 41 59 100

Table 5 showed out of 41 positive for IgG anti-
bodies only 2 were found symptomatic and 39 were 
found asymptomatic. 59 were found negative for IgG 
antibodies from which 2 were found symptomatic and 
57 were found asymptomatic. Overall seropositivity 
among the contacts also gives an estimate of acquired 
immunity among HCWs. Asymptomatic infection 
also highlighted the risk of covid 19 among the con-
tacts of HCWs this further highlighted the scope of 
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further research to generate evidances regarding risk 
transmission and covid 19 spread.

Table: 5
According to symptoms:

S.no. Symp-
toms

Seropositive 
(41)

Seronegative 
(59)

Total

Present Absent Present Absent Present Absent

1 Fever 01      40 00 59 01      99
2 Chills 01      40 00 59 01      99
3 Conges-

tion
01      40 00 59 01      99

4 Body 
ache

02      39 02      57 04      96

5 Sore 
throat

02      39 01      58 03      97

6 Hot spot 
history

01      40 00      59 01      99

7 Contact 
history

08      33 10      49 18      82

Total 02      39 02      57 04      96

Table 6 shows the history of past covid 19 infec-
tions were found among 4 HCWs and 96 were not 
having history of covid infection. Table 7 shows 13 
were not followed strict quarantine policy after covid 
duty and 83 followed the strict quarantine policy. 
The 4 HCWs who were having history of past covid 
infection also not followed strict quarantine policy 
after covid duty may be responsible for spreading in-
fections in healthy persons and contact family mem-
bers also.

Table: 6
History of past COVID infection
S.no History of past COVID infection. Total

1. YES 04
2. NO 96

Table 7 shows the history of strict quarantine was 
present in 87 participants and 13 were not followed 
strict quarantine protocol also.

Table: 7
History of strict quarantine
S.no History of strict quarantine Total

1. YES 87
2. NO 13

Table 8 shows that 18 were aware of exposure and 
03 were found positive after exposure and 15 were 
found seronegative also even after exposure. 15 were 
found seronegative as during exposure time and viral 
load may be not more or significant. 82 were not aware 
of exposure, out of which 38 were found seropositive 
and 44 were found seronegative for IgG antibodies. 
The reason behind such data indicate covid exposure 
occurred in such healthcare worker either due to not 
following covid appropriate behaviour or may be due 
to coming in contact of asymptomatic covid positive 
healthcare worker. 

Table: 8
Awareness to exposure (in seropositive cases)?
S.no Were aware of 

exposure
Seropos-

itive
Seronega-

tive
Total

1. YES 03 15 18
2. NO 38 44 82

The findings of the present study are important 
owing to widespread impact of COVID-19 pandemic. 
However, the strength of the evidence is to be borne in 
mind while extrapolating the findings of the study in 
the clinical scenario. 

CONCLUSION 
The presence of antibodies to SARS CoV-2 IgG 

higher in asymptomatic HCWs. this was helpful to 
provide information about immune status of HCWs as 
vaccine was not available when study was done. These 
findings support current nationwide policy to vaccinate 
the HCWs on priority as well need of improvement of 
infection control practices in hospital settings and also 
helpful in reframing existing policies and procedures to 
face the existing pandemic in successful way. 
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Abstract
Hypothyroidism may occur as a result of primary gland failure 
or insufficient thyroid gland stimulation by the hypothalamus or 
pituitary gland. Hypothyroidism may be associated with per-
nicious anemia as part of the autoimmune polyglandular en-
docrinopathy. Thyroid hormones (THs) influence endothelium 
and directly raise NO production in vascular smooth muscle 
cells through the phosphatidylinositol 3-kinase/protein kinase 
B (PI3K/Akt) signaling pathway. Folic acid deficiency, admin-
istration of folate antagonists such as methotrexate and car-
bamazepine and disturbance of methionine metabolism after 
hypothyroidism has been suggested as the reasons of rising 
in serum homocysteine levels. The following article reviewed 
association of serum vitamin B12, folic acid and nitrosative stress 
in hypothyroidism. It suggests that combination therapy with 
levothyroxine plus folic acid will diminish serum homocysteine 
level more effectively; so this treatment regimen is preferable to 
levothyroxine alone in hypothyroidism.
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Introduction:
Thyroid hormone (TH) regulates metabolic pro-

cesses essential for normal growth and development 
as well as regulating metabolism in the adult.1 Hypo-
thyroidism, reduced thyroid hormone levels, is associ-
ated with hypometabolism characterized by reduced 
resting energy expenditure, weight gain, increased 

cholesterol levels, reduced lipolysis, and reduced glu-
coneogenesis.2 It is a common disease with different 
frequencies in different countries. It is characterized 
biochemically by a reduction in serum T3 and T4 lev-
els that result in an increase in serum thyroid stimulat-
ing hormone (TSH) concentration.3,4

Hypothyroidism may occur as a result of primary 
gland failure or insufficient thyroid gland stimula-
tion by the hypothalamus or pituitary gland. Primary 
gland failure can result from congenital abnormalities, 
autoimmune destruction (Hashimoto disease), iodine 
deficiency, and infiltrative disease. Autoimmune thy-
roid disease is the most common etiology of hypothy-
roidism.5

Vitamin B12 
Vitamin B12, also known as cobalamin, is a wa-

ter-soluble vitamin involved in metabolism.6 It 
is required by animals, which use it as a cofactor 
in DNA synthesis, in both fatty acid and amino 
acid metabolism.7 It is important in the normal 
functioning of the nervous system via its role in the 
synthesis of myelin, and in the circulatory system in 
the maturation of red blood cells in the bone marrow.8 
Anemia is caused by iron deficiency, the remainder is 
caused by vitamin B12, folate deficiencies, sickle cell 
disease and other inherited anaemia.9 Patients with a 
deficiency of vitamin B12 and hypothyroidism usual-
ly have symptoms of fatigue, weakness, poor memory 
retention, itching and loss of sensation.10,11

Pernicious anaemia is present more frequently in 
subjects with primary autoimmune hypothyroidism 
with reports of association in up to 12% of hypothy-
roid patients.12 Antibodies to gastric parietal cells are 
seen in 1/3 rd of patients with primary hypothyroid-
ism. Vitamin B12 deficiency in hypothyroid patients 
may also be due to other causes, including inadequate 
intake or altered intestinal absorption due to sluggish 
bowel motility, bowel wall oedema and bacterial over-
growth.

Hypothyroidism may be associated with perni-
cious anaemia as part of the autoimmune polyglan-
dular endocrinopathy.13 Vitamin B12 deficiency may 
occur as a result of autoimmune pernicious anaemia, 
malabsorption, malnutrition or use of drugs includ-
ing proton-pump inhibitors, H2 receptor antagonists 
or metformin.14,15 Metformin can cause malabsorption 
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secondary to its effect on ileal mucosa or membrane 
receptors.16,17 Proton Pump Inhibitors and H2 recep-
tor antagonists cause gastric hypochlorhydria and 
malabsorption of vitamin B12. Untreated helicobacter 
pylori infection is occasionally associated with B12 de-
ficiency.10-12 In our study we found no association 
between use of drugs and B12 deficiency, although the 
numbers may not have been large enough to demon-
strate this association. Intrinsic factor and gastric pa-
rietal cell antibody assays were not available locally at 
the time of the study, hence the occurrence of B12 de-
ficiency in hypothyroid patients, it was not possible to 
determine the underlying etiology of this association.

Clinical signs of vitamin B12 deficiency may take 
longer to manifest and often affected patients are as-
ymptomatic for several years. Occasionally, haemato-
logical or neuropsychiatric manifestations may present 
as early markers of deficiency but many non-specific 
complaints are attributed to ageing. 

Hypothyroid and B12 deficient patients often have 
common symptoms of weakness, lethargy, memory 
impairment, numbness and tingling.We noticed that 
several patients, despite being on adequate thyroxine 
replacement, had persistent symptoms and subse-
quently were found to be B12 deficient.

Metabolism of homocysteine and methyl-melonyl 
acid (MMA) involves cobalamin, thus both MMA and 
homocysteine levels increases in vitamin B12 defi-
ciency.18,19

Nitric oxide 
Nitrate is a competitive inhibitor of iodide (I) up-

take at the thyroidal sodium-iodide symporter (NIS).20 

Nitrate, nitrite, and nitric oxide (NO) are the oxidized 
species of nitrogen available for biological uptake.21 
Green leafy vegetables contain nitrate, and it is also 
added to foods as a preservative. Owing to the use of 
nitrate as an agricultural fertilizer and another atmo-
spheric release of nitrogen oxides, environmental ni-
trogen emissions have increased enormously, leading 
to an increase in the nitrogen concentrations of sur-
face waters as a potential water pollutant. 22

NO is produced endogenously from L-arginine by 
the NO synthases (NOS) enzyme family, mainly in 
vascular endothelial cells.23,24

Thyroid hormones (THs) influence endothelium 
and directly rise NO production in vascular smooth 
muscle cells through the phosphatidylinositol 3-ki-
nase/protein kinase B (PI3K/Akt) signallingpathway.25

Direct measurement of this ubiquitous free rad-
icalsignalling molecule is impossible due to its short 
half-life (< 0.1 s).26 Hence, NO metabolites (nitrite + 
nitrate = NOx) are measured as indirect markers of 
serum NO synthesis in vivo.27,28

Recent evidence shows the role of NO in the regu-
lation of thyroid function, vascularity and blood flow. 
29,30Most of the studies focused on the disrupting ef-
fects of nitrate on the thyroid axis have considereddi-
et and drinking water nitrate level rather than serum 
NOx concentration.31,32

In limited low sample size human studies, serum 
NOx concentration measurement in subjects with thy-
roid dysfunction reveals controversial results. 33,34As far 
as we know, however, few studies indicate the correla-
tion between serum NOx and changes in THs in an ep-
idemiologic setting. Also, there is increasing evidence 
of the beneficial effects of high nitrate diets on hyper-
tension control, diabetes mellitus management, etc. 35,36

Some other studies, in which serum NO level was 
evaluated in hypoand hyperthyroid individuals, have 
shown controversial results. 

Verma et al. 37 showed higher serum NO levels in 
hypothyroid individuals in India, which was similar to 
Atta et al. 38 and Coria et al. studies 39 conducted on hy-
pothyroid cases, respectively. In contrast, other studies 
showed lower serum NO levels40or no nitrate changes 
in hypothyroid patients.41

Folic acid 
Folate, also known as vitamin B9 and folacin, is 

one of the B vitamins.42 Manufactured folic acid, 
which is converted into folate by the body, is used as 
a dietary supplement and in food fortification as it is 
more stable during processing and storage.43Folate is 
required for the body to make DNA and RNA and 
metabolise amino acids necessary for cell division.44 

As humans cannot make folate, it is required in the 
diet, making it an essential nutrient.It occurs naturally 
in many foods.45

Folic acid deficiency, administration of folate an-
tagonists such as methotrexate and carbamazepine 
and disturbance of methionine metabolism after hy-
pothyroidism have been suggested as the reasons of 
rising in serum homocysteine levels.46

A decrease in the rate of homocysteine metabolism 
and diminution of its renal excretion was reported in 
patients with hypothyroidism.47,48 It has been report-
ed that treatment with levothyroxine reduces serum 
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homocysteine levels.49 With regard to the role of fo-
lic acid in the homocysteine metabolic cycle as well 
as low serum folic acid levels in patients with hypo-
thyroidism, it seems that the addition of folic acid to 
levothyroxine may decrease serum homocysteine lev-
els more efficiently.50

Discussion 
The levels of TSH of hypothyroid patients show 

a significant increase in comparison to normal indi-
viduals. Hypothyroid patients had significantly lower 
levels of serum total T3 and T4. The mean serum vi-
tamin B12 and folate were also significantly decreased 
as compared to normal. In the case of serum ferritin, 
the level was observed lower in comparison to normal.

Haematological and neurological abnormalities 
may coexist, be independently found, or be very un-
certain. Even in asymptomatic patients, the first sign 
may be the detection of vitamin B12 deficiency.51

Patients with both hypothyroidism and vitamin 
B12 deficiency also have similar symptoms. Symp-
toms such as fatigue, weakness, dementia, depres-
sion, memory impairment, lethargy, and tingling are 
frequently seen in patients with hypothyroidism and 
vitaminB12 deficiency.

Vitamin B12 deficiency increases homocysteine 
levels52 and a relationship is known to exist between 
hyperhomocysteinemia and the development of ath-
erosclerosis. Several studies have shown a relationship 
between hypothyroidism and homocysteine levels. 
Thus, if vitamin-B12 deficiency is overlooked in hy-
pothyroid patients it may increase cardiovascular risk 
through hyperhomocysteinemia.53

Screening for B12 deficiency should be undertak-
en early in the diagnosis of hypothyroidism and pe-
riodically thereafter. Patients should be followed and 
evaluated for suggestive symptoms. Surrogate markers 
including anaemia and macrocytosis cannot be relied 
upon to select out likely B12 deficient individuals. Ini-
tiation of early therapy will prevent the long term se-
quele of vitamin B12 deficiency.

Serum NOx level was within the normal range for 
the general population in our participants. Neither 
was any association demonstrated between serum 
NOx concentration and incidence of clinical and sub-
clinical hypothyroidism in euthyroid participants at 
the end of the follow-up.serum nitrate at normal levels 
in humans is not potent enough to reduce TH produc-
tion in iodine-sufficient areas.

The results of the present study suggest that com-
bination therapy with levothyroxine plus folic acid will 
diminish serum homocysteine level more effectively; 
so, this treatment regimen is preferable to levothyrox-
ine alone in hypothyroidism. Folic acid is an easily 
available, safe, and low-cost drug. Its administration 
along with levothyroxine can lessen the risk of cardio-
vascular disease by decreasing serum homocysteine 
level in hypothyroidism.

CONCLUSION
Vitamin-B12 deficiency should be investigated in 

patients with autoimmune hypothyroidism at the time 
of diagnosis and during periodic follow-ups, and sup-
plementation should be performed in those who need 
it.The results of the present study suggest that combi-
nation therapy with levothyroxine plus folic acid will 
diminish serum homocysteine level more effectively; 
so this treatment regimen is preferable to levothyrox-
ine alone in hypothyroidism. Folic acid is an easily 
available, safe, and low-cost drug. Its administration 
along with levothyroxine can lessen the risk of cardio-
vascular disease by decreasing serum homocysteine 
levels in hypothyroidism.
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ABSTRACT
Papillary thyroid cancer (PTC) is one of the generic types of 
thyroid cancer and most prevalent form of malignancy among 
all cancers of the thyroid. It is also one of the few cancers with 
a rapidly increasing incidence. PTC constitutes approximately 
85% of all thyroid cancer cases. PTC is usually contained within 
the thyroid gland and generally biologically indolent. The pres-
ent article provides an updated condensed overview of PTC, 
which focuses mainly on the molecular and biomarker inves-
tigations.
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INTRODUCTION
Thyroid Cancer (ThyCa) is the most common en-

docrine malignancy and account for the majority of 
endocrine cancer death each year [1]. Thyroid cancer 

originates in the thyroid gland, which is located at the 
front of the neck, just below the larynx. Thyroid hor-
mones control metabolism, growth, body tempera-
ture, menstrual cycles, the functioning of the lungs, 
heart & muscle strength and ancillary vital organs. 
Thyroid disorder is a silent disease where the symp-
toms are subtle and may be often overlooked during 
diagnosis, so it’s essential to critical monitoring during 
such type of diagnosis. Generally, the symptoms of the 
under-active thyroid are similar in men as well as in 
women, with weakness, fatigue, weight gain, depres-
sion and high cholesterol dominancy [2]. 

Thyroid cancer incidence and prevalence rates are 
rising throughout the world, including India. Accord-
ing to the statistics from the National Cancer Registry 
Program (NCRP) of Government of India, to study 
the epidemiological trends of thyroid cancer. The in-
cidence rate of thyroid cancer in India in women in-
creased from 2.4 to 3.9/100,000 and in men from 0.9 to 
1.3/100,000. Very few studies have reported about the 
mutation/polymorphism in RAS/RET/BRAF of pa-
tients diagnosed with Papillary thyroid cancer. Hence, 
there is lack in studies reporting the cause of Papil-
lary thyroid cancer in North India. Most of the data 
supporting an epidemic of thyroid cancer come from 
high-income countries; therefore, this phenomenon is 
generally considered a problem of the developed world. 
However, an epidemiologic transition from communi-
cable disease to chronic noninfectious diseases is rap-
idly developing in low and middle income countries 
[6]. In the past, infectious diseases overwhelmed the 
health care infrastructure in these regions; the system 
has now been overtaken by the burden of noncom-
municable diseases such as cancer, diabetes and heart 
disease. The state of Kerala in southern India, home 
to >34 million people, has health indices comparable 
to those of developed nations. The health care system 
in Kerala has undergone the epidemiologic transition 
much earlier than the rest of country [7]. Therefore, we 
hypothesized that a thyroid cancer epidemic may be 
occurring in the region and aimed to study thyroid 
cancer trends in Kerala. 

There are four sub-types of thyroid cancer: papil-
lary cancer (85% of cases), follicular cancer (5-15%), 
anaplastic cancer (<5%) and medullary cancer (5%) 
(Figure 1)[5]. Patients with co-morbidities have a low-
er quality of life [8]. Comorbidities can have a negative 
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impact on the overall health of patients and worsen 
the prognosis of cancer. Patients suffering from thy-
roid cancer are at high risk for cardiac and vascular 
diseases (CVD)[9-10]. 

 

85%

05-15%

<5%
5%

Types of Thyroid Cancers

PTC FTC ATC MTC

Figure 1: Frequency of thyroid neoplasms.

Through a careful revision of several published 
studies, a correlation between age of incidence can 
be established. In fact, PTC is more frequent in child-
hood and <50 years, FTC in patients <60 years and the 
ATC 60-70 years (Table 1). It is usually detected within 
3rd to 5th decades of the patients lives, with the mean 
age at 40 years.

Table 1
Correlation between incidence types of thyroid cancer.

Types Incidence
PTC Childhood

<50 years
FTC <60 years
ATC 60-70 years

Papillary thyroid cancer (PTC) is an so gener-
ic types of thyroid cancer and one of the most com-
mon subtypes of thyroid cancer in countries having 
iodine-sufficient or iodine-excess diets [6] with high-
er incidence rate[7]. However, after correction for the 
greatest number of nodules, the percentage of TCa in 
thyroid nodules is similar to the one found in areas 
with normal intake of dietary iodine.

Different histotypes occur in accordance to the 
contribution of dietary iodine (Figure 2). In presence 
of a sufficient iodine intake, more iodine deficiency 
follicular and anaplastic figures are more frequently re-
ported (approximately 2-3 times higher than observed 
in areas with adequate iodine intake). The reasons for 
this may not be clear, but may reflect improvements 

that contribute to earlier cancer screening [13]. PTC 
occurs at any age and has rarely been diagnosed as a 
congenital tumor [14]. The incidence of PTC increases 
with age and women are more frequently affected than 
men in ratios of 2:1 to 4:1[15]. Additional suggested risk 
factors include pre-existing benign thyroid disease or 
having a family history of PTC [16]. PTC appears to be 
the most common variety of thyroid malignancy that 
have been incidentally detected in patients with be-
nign thyroid goiter [17-18].

Molecular Genetic Aspects: 
The most frequent genetic alterations identified 

based on molecular biology studies over the past 20 
years mainly reported the activation of oncogenes 
such as BRAF, RAS and RET. Substantial molecular 
genetic alteration studies performed in the last two de-
cades have given better insights in the understanding 
of the progression of PTC. PTC is often characterized 
by RET chromosomal rearrangement, or point muta-
tion of RAS or BRAF proto-oncogenes, all of which 
are able to trigger the activation of mitogen-activat-
ed protein kinase (MAPK) cascade. Mutations of the 
BRAF, RAS or RET genes are found in nearly 70% of 
PTC cases [19]. Genetic events subsequent to the muta-
tions may further lead to numerous different variants 
of PTC [20].

RET and PTC rearrangements: 
RET rearrangement is another genetic alteration 

found in Papillary thyroid carcinomas [21]. RET/PTC 
rearrangements are the second most common genetic 
alteration in PTC. The RET chromosomal rear range-
ment was first reported in PTC by Fusco et al. [22]. The 
rearranged proto-oncogene during transfection (RET), 
located on chromosome 10q11.2, was isolated in 1985 
and shown to be activated by DNA rearrangement (re-
arranged during transfection) [23]. RET, a proto-onco-
gene, encodes for the plasma membrane-bound RET 
tyrosine kinase receptor for ligands in the glial-derived 
neurotrophic factor (GFL) family [24].

The RET proto-oncogene encodes a cell membrane 
receptor tyrosine kinase. RET is highly expressed in 
parafollicular C cells, which is usually not expressed in 
follicular cells, but it can be activated by chromosomal 
rearrangement: the RET/PTC translocation. This oc-
curs due to genetic recombination between 3’ tyrosine 
kinase of RET and 5’ portion of a partner gene. The 
translocation constitutively activates tyrosine kinase 



1190 | Cardiometry | Issue 25. December 2022

activity of RET. RET/PTC activates both the MAPK 
and PI3-AKT pathways [25]. There are more than 10 
types of this translocation and the most common are 
RET/PTC1 and RET/PTC3 [25-27]. 

Oncogenic BRAF and PTC:
BRAF is a serine–threonine kinase, part of the 

RAF proteins family, which are effectors of the MAPK 
pathway. MAPK is an intracellular signalling pathway 
that has a central function in cell growth, proliferation, 
apoptosis and differentiation; BRAF alterations affec-
tively activate this pathway.One of the most important 
gene mutations that plays a significant role in thyroid 
carcinogenesis and has been studied most extensively 
involves BRAF [28]. A point mutation (T1799A) causes 
the substitution of V600E amino acids in the BRAF 
protein, which is one of the common mutations essen-
tial to activate serine–threonine kinase. The frequency 
of this point mutation can be as high as 90%, but it 
is observed on average in 45% of PTC [29]. Mutations 
in the BRAF gene are not detected in benign thyroid 
nodules.

Oncogenes RAS and PTC:
The oncogene RAS, which include Ha-ras1, K-ras2, 

N-ras, synthesize a group of 21 kDa proteins that plays 
a significant role in oncogenesis and tumor progres-
sion [30].There are two forms of RAS proteins, an in-
active form linked to GDP and an active form with 
GTPase activity and thus transmits signals to a mito-
genic activated protein (MAP) kinases cascade. RAS 
mutations have the constituent activating effect of Ras 
proteins [30], which in turn lead to genomic instability 
and additional mutations and malignant transforma-
tion [31]. Overexpression of ras seems to be associated 
with normal human thyroid growth as well as both of 
which are markers of the progression towards malig-
nancy. 

METHODOLOGY
In this article, we have searched for relevant re-

search on Molecular biomarkers, RET/PTC, RAS, 
BRAF of Papillary thyroid cancer in the past 10 years 
and search by PubMed, Scopus, Cochrane Library, 
Web of Science using the MeSH/Keywords: Thyroid 
cancer, Papillary thyroid cancer, Molecular biomark-
er, Genetic alteration, RET/PTC, RAS, BRAF. The last 
search was done on Sep 20, 2022. We also included rel-
evant studies cited in reports identified by this search 

strategy and relevant work from our own scientific lit-
erature collections. 

CONCLUSION
Based on the available literature it is evidenced 

that suggesting that PTC is the most prevalent type of 
thyroid malignancy, with complex etiopathogenesis 
and requires further in-depth investigations. Current-
ly very limited knowledge on miRNA and proteom-
ic biomarker are available in literature as biomarkers 
for PTC. The estimation of existing markers are not 
on the regular panel of clinical laboratories. There is 
a need for more future studies so that the findings can 
be eventually translated into useful clinical markers 
and their applications in the diagnosis and manage-
ment of PTC.
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ABSTRACT00
The prolonged increase of blood glucose give rise to compli-
cations of diabetes- premature atherosclerosis (including car-
diovascular diseases and stroke), retinopathy, nephropathy and 
neuropathy. The lipid abnormality (dyslipidemia) associated with 
type 2 diabetes predominantly consists of elevated triglycerides 
and decreased HDL cholesterol levels. The incident of dyslipid-
emia in male is higher in comparison to female type 2 diabetic 
patients. It was also observed that type 2 diabetic patients with 
higher BMI has higher chance of developing dyslipidemia Dia-
betic nephropathy is one of the main microvascular complica-
tion of diabetes. In diabetic subjects, a major cause of morbidity 
and mortality is diabetic nephropathy (DN). Diabetic patients 
are in risk for the development of dyslipidemia and Diabetic 
nephropathy. Hyperglycemia causes lipid derangement and 
nephropathy. Elevated levels of serum cholesterol, triglycerides 
and lipoproteins are the main lipid derangements in diabetes 
which are common risk factor for coronary artery disease. It is 
found that elevated blood glucose levels and duration of dia-
betes are responsible for nephropathy and microalbuminuria. 
However Apo B and Lp(a) increases in the microalbuminuria 
and macroalbuminuria respectively.
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INTRODUCTION:
Diabetes mellitus (DM) is a disease in which the hall-

mark feature is elevated blood glucose concentrations due 
to loss of insulin-producing pancreatic β-cells (type 1dia-
betes) or through loss of insulin responsiveness in its target 
tissues (type 2 diabetes). Different studies have described 
diabetes as one of the main threat to human health in the 
21st century (1). Diabetes mellitus is one of the commonest 
chronic disease globally and number of diabetic patients 
is increasing day by day.(2)In 2021, it is evaluated that 537 
million people have diabetes and this figure is expected to 
reach 643 million by 2030, and 783 million by 2045. It is 
also found that above 6.7 million people aged 20-79 will 
die due to causes associated to diabetes.(3)

There are at least two major identifiable pathologi-
cal defects in patients with type 2 diabetes. One is de-
creased ability of insulin to act on the peripheral tis-
sue. This is called insulin resistance. The other is β-cell 
dysfunction, which is an inability of the pancreas to 
produce sufficient insulin to compensate for the insu-
lin resistance. Thus, there is a relative deficiency of in-
sulin early in the disease and absolute insulin deficien-
cy later in the disease. Type 2 diabetes is an extremely 
heterogeneous disease and no single cause is adequate 
to explain the progression from normal glucose toler-
ance to diabetes (4). Type 2 diabetes mellitus has a high-
er genetic link than type 1 DM, the pathogenesis of 
type 2 diabetes mellitus is characterized by decreased 
insulin secretion and insulin resistance.(5)

 Figure 1: Pathogenesis of type 2 diabetes characterized by im-
paired insulin secretion and insulin resistance 
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Diabetes can be diagnosed on the basis of plas-
ma glucose criteria, either the fasting plasma glucose 
(FPG) value or the 2-h plasma glucose (2-h PG) value 
during a 75-g oral glucose tolerance test (OGTT), or 
A1C criteria. (6)

Table 1
Criteria for the diagnosis of diabetes

FPG ≥ 126 mg/dL (7.0 mmol/L). Fasting is defifined as no 
caloric intake for at least 8 h.*

Or
2-h PG ≥ 200 mg/dL (11.1 mmol/L) during OGTT. The test 

should be performed as described by WHO, using a glucose 
load containing the equivalent of 75 g anhydrous glucose 

dissolved in water.*
Or

A1C ≥ 6.5% (48 mmol/mol). The test should be performed 
in a laboratory using a method that is NGSP certifified and 

standardized to the DCCT (Diabetes Control and Compli-
cations Trial) assay.*

Or
In a patient with classic symptoms of hyperglycemia or 

hyperglycemic crisis, a random plasma glucose ≥ 200 mg/
dL (11.1 mmol/L).

*In the absence of unequivocal hyperglycemia, di-
agnosis requires two abnormal test results from the 

same sample or in two separate test samples.

The prolonged increase of blood glucose give rise 
to complications of diabetes- premature atherosclero-
sis (including cardiovascular diseases and stroke), ret-
inopathy, nephropathy and neuropathy (7). 

Dyslipidemia in type 2 diabetes 
The American Diabetes Association (ADA) has set 

desirable LDL cholesterol, HDL cholesterol, and tri-
glyceride levels as less than 100 mg/dl, more than 40 
mg/dl in men/more than 50 mg/dl in women, and less 
than 150 mg/dl, respectively.(8)The dyslipidemia relat-
ed with type 2 diabetes generally consists of increased 
triglycerides and lowered HDL (high density lipopro-
tein) cholesterol level(9) with a dominance of small 
dense LDL (Low density lipoprotein) cholesterol(10).
The level of LDL cholesterol in type 2 diabetic patients 
is usually not remarkably different from non-diabetic 
individuals.(11)

By influencing several factors, insulin resistance 
may play a major role in the occurrence of diabetic 
dyslipidemia. In insulin resistance and type 2 diabe-
tes, increased outflow of free fatty acids from adipose 
tissue and decreased insulin mediated skeletal muscle 
uptake of free fatty acids causes increase fatty acid in-
flow to the liver (10)which in turn stimulates the secre-

tion of apolipoprotein B (ApoB) and VLDL cholester-
ol. The insulin’s decreased ability to inhibit release of 
free fatty-acid leads to increased hepatic VLDL choles-
terol production, which correlates with the extent of 
hepatic fat accumulation. The elevated concentration 
of VLDL cholesterol particles and elevated triglyceride 
concentration in plasma lowers the level of HDL cho-
lesterol and increases the concentration of small dense 
LDL-cholesterol particle through various processes: 
VLDL-transported TG (triglyceride) is interchanged 
with HDL-transported cholesterol ester by the activ-
ity of the cholesteryl ester transfer protein (CEPT), 
which causes in increased concentration of of both 
atherogenic cholesterol-rich VLDL remnant particles 
and triglycerides-rich, cholesterol-less HDL particles. 
The HDL cholesterol which has higher concentration 
of triglycerides is hydrolyzed by hepatic lipase or lipo-
protein lipase which result in dissociation of ApoA-I 
from the decreased-size HDL.The ApoA-I is filtered 
by the renal glomeruli and break down in renal tubu-
lar cells. The elevated level of small dense LDL-choles-
terol particles is explained by a similar lipid exchange. 
Increased concentration of VLDL-carried triglyceride 
enable CETP to stimulate the transfer of triglyceride 
into LDL in exchange for LDL-carried cholesteryl es-
ter. The LDL which is rich in triglyceride is hydrolyzed 
by hepatic lipase or lipoprotein lipase, which gives lip-
id-depleted small dense LDL particles.(12)

 Figure 2: depicts the role of insulin resistance in diabetic dys-
lipidemia.

Insulin resistance begin the feature of triad of ele-
vated triglyceride levels, low HDL cholesterol level and 
high small dense LDL level. Insulin resistance found 
to contribute either directly or indirectly to the tri-
ad of plasma lipid abnormalities of diabetes mellitus, 
called as hypertriglyceridemia, low HDL-cholesterol 
levels and high small dense LDL-cholesterol levels. (12)

Increased serum levels of low-density lipoprotein cho-
lesterol (LDL-C) and triglycerides (TG) and low levels 
of high-density lipoprotein cholesterol (HDL-C) are 
strongly linked with increased risk for macrovascular 
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events (e.g., myocardial infarction, ischemic stroke, 
and coronary mortality) in patients with T2DM.(13)

Diabetic Nephropathy and 
microalbuminuria

Diabetic nephropathy (DN) is one of the com-
monest microvascular complications of diabetes. In 
diabetic subjects, a major cause of morbidity and mor-
tality is diabetic nephropathy (DN). It is a main cause 
of end-stage renal disease (ESRD), and its prevalence 
is progressively increasing worldwide. (1)DN appears 
in both type 1 and type 2 diabetes and is found in 
about 5-10% of patients who suffer from non insulin 
dependent diabetes (NIDD). In spite of this relatively 
low occurrence in type 2 diabetes, those patients have 
been widely studied, since type 2 is far more com-
mon than type 1. Classically the development of DN 
depends mainly on the duration of diabetes; however 
modern theory believe that the pathogenesis of DN is 
multi-factorial. In addition to chronic hyperglycemia, 
the major cause which initiates factors and mediators 
of diabetic renal disease, hypertension, dyslipidemia 
and obesity have to be risk factors and to be related 
for differences in onset and severity of renal disease 
among diabetic patients. (1)

The initial sign of ongoing nephropathy is micro-
albuminuria (MA), which is defined as urinary excre-
tion of albumin at the rate of 30-299 mg/24hrs or 20-
199 μg/min. if microalbuminuria is present it indicate 
worsening of renal disease to overt diabetic nephrop-
athy (14).Diabetic nephropathy is the leading cause of 
end-stage renal disease (ESRD) worldwide, and it is 
estimated that 20% of type 2 diabetic patients reach 
ESRD during their lifetime.(15)

Multiple biochemical mechanisms by which diabe-
tes causes diabetic nephropathy have been proposed 
to explain the adverse effect of hyperglycemia, includ-
ing inappropriate activation of the protein kinase C 
(PKC)–mitogen-activated protein kinase (MAPK) 
pathway, activation of the polyol pathway, increased 
accumulation of advanced glycation end products, 
and oxidative stress.(16)

The initial clinical proof of nephropathy is the ex-
cretion of low but abnormal levels (≥30 mg/day or 20 
µg/min) of albumin in the urine, called as microal-
buminuria, and patients with microalbuminuria are 
said to have incipient nephropathy. A larger number 
of type 2 diabetes patients are found to have micro-
albuminuria and overt nephropathy shortly after the 

diagnosis of their diabetes, as these individuals may 
be suffering from diabetes for many years before the 
diagnosis is made and also because the presence of 
albuminuria may be less specific for the presence of 
diabetic nephropathy, as indicated by biopsy studies. 
If there is no specific interventions, 20–40% of type 
2 diabetic patients with microalbuminuria lead to 
overt nephropathy, but by 20 years after development 
of overt nephropathy, only ~ 20% will have worsen to 
ESRD (end stage renal disease). (17)Furthermore, mi-
croalbuminuria being the earliest indication of ne-
phropathy, albuminauria is a indicator of remarkably 
increased cardiovascular morbidity and mortality for 
patients with either type 1 or type 2 diabetes.

Thus, the finding of microalbuminuria is an signal 
for screening for probable vascular disease and aggres-
sive intervention to minimize all cardiovascular risk 
factors (e.g., lowering of LDL cholesterol, antihyper-
tensive therapy, cessation of smoking, institution of 
exercise, etc.). Additionally, it is found thatlowering of 
cholesterol may decrease the degree of proteinuria. (17) 

Table 2 
Definitions of abnormalities in albumin excretion

Category Spot collection 
(µg albumin/

mg creatinine)

24-h col-
lection  

(mg/24 h)

Timed 
collection
(µg/min)

Normal <30 <30 <20
Microalbuminuria 30–299 30–299 20–199
Clinical albuminuria ≥300 ≥300 ≥200

If urinary albumin excretion is ≥30 mg/24h (equiv-
alent to 20µg /min on a timed specimen or 30 mg/g 
creatinine on a randomsample) it is called as micro-
albuminuria.(17) A Study on Lipid Profile Levels of 
Diabetics and Non-Diabetics Among Naini Region 
of Allahabad, India and found that Hypercholesterol-
emia, Hypertriglyceridaemia and lipoprotein are the 
main lipid abnormalities found in diabetes which is 
risk for coronary artery disease. In diabetes sex plays 
a significant effect on risk of coronary artery disease 

(18). In another study of 355 type 2 diabetic patient, 
it was found that occurrence of dyslipidemia is high 
and dyslipidemia was present in 224 (63%) patient. 
It was also observed that incident of dyslipidemia in 
male is higher in comparison to female patients. They 
also observed that patients with higher BMI has high-
er chance of developing dyslipidemia.(19) However the 
effect of gender on dyslipidemia in patients with DM 
remains controversial, different studies conducted in 
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diferent countries reported a higher incidence of dys-
lipidemia in females compared to males. Hyperlipid-
emia in females may be due to the effects of estrogen 
on body fat distribution, which results in diferences in 
altered lipoproteins.(20)

Arnaud et al in their study on 4199 obese adults 
with DM who do not have CVD and analyzed link 
of triglycerides HDL-C status with several CVD out-
comes. In DM patients dyslipidemia was common 
(40%). It was also found that low HDL-C and meta-
bolic dyslipidemia were connected with raised risks of 
CAD (coronary artery disease).(21)

The prevalence of overt nephropathy and microal-
buminuria was 2.2 and 26.9%, respectively (22). There 
are number of responsible factors for CKD progres-
sion, found specific relationship among inflammatory 
chemokines and progression of diabetic CKD.(23) Du-
ration of diabetes, Hb A1C, and systolic blood pressure 
were the common risk factors for overt nephropathy 
and microalbuminuria.(22) glycemic control but not 
lipids were associated with abnormal urinary albumin 
excretion, a marker of increased risk for progressive 
disease (24)Elevated levels of Apo B & Lp (a) was found 
in the stages of microalbuminuria and macroablumin-
uria respectively. Throughout the 3 stage of albumin-
uria, triglycerides increases significantly.(25) 

CONCLUSION:
Diabetic patients are in risk for the development of 

dyslipidemia and Diabetic nephropathy. Hyperglyce-
mia causes lipid derangement and nephropathy. Elevat-
ed levels of serum cholesterol, triglycerides and lipopro-
teins are the main lipid derangements in diabetes which 
are common risk factor for coronary artery disease. It is 
found that elevated blood glucose levels and duration of 
diabetes are responsible for nephropathy and microal-
buminuria. However Apo B and Lp(a) increases in the 
microalbuminuria and macroalbuminuria respectively.
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ABSTRACT:
The pathogenesis of the SARS-CoV-2 virus responsible for 
COVID-19 disease is ever unravelling. Researchers are con-
tinuously generating evidence regarding the mechanism of 
the infection and its complications. There is also an attempt 
to understand the role of various biomolecules in preventing 
or treating COVID-19 disease and its complications. Trials show 
that Vitamin D decreases the rate of admission in ICU. Vitamin 
C is known to exert the positive influence in decreasing the 
intensity of viral infections and severe sepsis. Vitamin B12 plays 
a pivotal role in gut microbiome management. Dietary sup-
plementation of micronutrients with defined roles in immune 
function can streamline the balance of the body’s immune reac-
tion, lessening the incidence of infections and ICU hospital stay.
The focus of this review is to apply our modern knowledge of 
vitamin D, B12 and C as micronutrients & facilitator of immune 
competence. We suggest that vitamins D, B12 and C may serve 
as attenuators to COVID-19 symptoms. Large randomized trials 
are required to confirm this hypothesis. 
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INTRODUCTION:
In December 2019 a sudden rise of acute respirato-

ry distress syndrome casesoccurred in Wuhan, china, 
[1] The pathogen was isolated from Chinesepopula-
tion and identified as severe acute respiratory syn-
drome corona virus [2] (SARS-COV-2). COVID-19 
specially affects respiratory systemwith most import-
ant symptoms being fever, cough, flu and dyspnoea. 

As SARS-Cov-2 usually disrupts the immune system 
of humans and animals with the help of a huge release 
of cytokines as cytokine storms and the hyper activa-
tion of the otherelements of the immune system. [3-6]

Vitamin D and Mechanisms to Reduce 
Microbial Infections 

The overall metabolism and clinical benefits of Vi-
tamin D are widely recognized. Vitamin D3 is generate 
din skin through the UVB radiation using 7-dehydro-
cholesterol which is found in the skin, followed by a 
thermosensitive reaction. Vitamin D3 is converted to 
25(OH)D inside the liver and then to 1,25(OH)D (cal-
citriol), within the kidneys or other organs as need-
ed. Calcitriol is the active form of vitamin D which 
is a hormone that enters nuclear D receptor, a DNA 
binding protein interacting directly with regulating 
sequences near target genes and recruits chromatin 
active complexes participating genetically and epigen-
etic ally in modifying transcriptional output. Apart 
from this characteristic of calcitriol is to help regulate 
serum calcium concentrations, which it does in a feed-
back loop with parathyroid hormone (PTH). [7]

Coronavirus disease 2019 (COVID-19), often 
leads to severe respiratory signs and symptoms. Vita-
min D treatment has been recognized as an able strat-
egy to deal with COVID-19 and has been found to 
decrease different viral respiratory infections, mainly 
in persons with vitamin D deficiency[8-10].Calcitri-
ol (1,25-dihydroxyvitamin D3) exerts its action on 
ACE2/AngMasR axis with better expression of ACE-2 
in the host cell receptor liable for mediating infection 
with the aid of SARS-CoV-2. In the lungs, ACE2 is 
proven to defend acute lung damage. Vitamin D has 
many mechanisms by which it reduces the chance of 
microbial affection and early death in COVID-19 pa-
tient. A current data on covid-19suggests that vitamin 
D aids in three ways: physical barrier, cellular natural 
immunity, and adaptive immunity. Vitamin D helps 
maintain tight junctions, gap junctions, and adherens 
junctions (e.g., by using E-cadherin) [11]. 

Vitamin D promotes cellular innate immunity part-
ly via the induction of antimicrobial peptides, along 
with human cathelicidin, LL-37, through 1,25-dih-
droxyvitamin D, and defensins [12]. Cathelicidins 
exhibits direct antimicrobial effect in opposition to a 
spectrum of microbes, which include Gram-positive 
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and Gram-negative microorganism, enveloped and 
non enveloped viruses, and fungi. The host-derived 
peptides kill the invading pathogens through perturb-
ing their cellular membranes and might neutralize the 
biochemical activity of endotoxins. In another labora-
tory study, 1,25(OH)D reduces the replication of ro-
tavirus both in vitro and in vivo by another method. 

Vitamin D partly enhances cellular immunity, by 
means of lowering the cytokine storm caused by the 
innate immune system. The innate immune system 
produces anti-inflammatory and proinflammatorycy 
to kines in reaction to viral and bacterial infections 
[13]. Vitamin D is a modulator of adaptive immuni-
ty, it decreases responses mediated with the aid of the 
T helper celltype1 (Th1), by repressing production 
of anti-inflammatory cytokines IL-2 and interferon 
gamma (INFγ) Also, it promotes cytokine produc-
tion through the T helper type 2 (Th2) cells.[14] Fur-
thermore, 1,25(OH)2D3 promotes induction of the T 
regulatory cells, thereby inhibiting anti-inflammatory 
approaches [15].

Serum 25(OH)D concentrations tend to decrease 
with age which can be critical for COVID-19 because 
case-fatality RATIO (CFRs) increase significantly 
with age. Also a few drugs decrease serum 25(OH)D 
concentrations by activating the pregnane-X receptor.
Such drugs consist of antiepileptics, antineoplastics, 
antibiotics, antihypertensives, antiretrovirals, endo-
crine drugs, and a few herbal drug treatments. Sever-
al reviews consider the ways in which vitamin D re-
duces the risk of viral infections [16,17]. Vitamin D 
has many mechanisms by which it reduces the risk of 
microbial infection and death.Vitamin D supplemen-
tation additionally enhances the expression of genes 
associated with anti-oxidants (glutathione reductase 
and glutamate–cysteine ligase modifier subunit). 

Vitamin D holds an important position in the im-
mune system. Vitamin D interacts with majority of the 
immune system cells such as macrophages, B and T 
lymphocytes, neutrophils and dendritic cells. Cathe-
licidin, a peptide shaped via vitamin D stimulated ex-
pression, has shown antimicrobial activity against mi-
cro organism, fungi and enveloped viruses, including 
corona viruses.[18]

The metabolite of vitamin D in macrophages and 
dendritic cells, derived from the precursor 25(OH)D, 
leads to the activation of VDR, which, after RXR het-
ero-dimerization, effects inside the expression of di-
verse proteins of the innate and adaptive immune sys-

tems (Treg cells, cytokines, defensinsetc.). Vitamin D 
exerts contrary consequences at the adaptive and in-
nate immune system. This correlates and balances the 
immune response. The active metabolite of vitamin 
D, 1,25(OH)2D3 may act in T and B lymphocytes and 
inhibits T cell proliferation and activation. This way, 
vitamin D may also suppress T-cell mediated inflam-
mation and stimulate Treg cells proliferation, with the 
aid of increasing IL-10 formation in DC cells, and as a 
result enhance their suppressive impact[19-22].

Vitamin B12 and COVID-19
Vitamin B12 (cobalamin) is an immunomodula-

tor and is essential in the healthy functioning of the 
hematopoietic, nervous and immune systems. The 
occurrence of cobalamin deficiency is seen the most 
in the elderly, who have difficulty in absorption of the 
required dietary allowance from diet because of the 
deficiency of gastric acid or intrinsic factor. [23-25]

Niacin acts as a building block of NAD and NADP, 
each essential at some point in chronic systemic in-
flammation. NAD+ acts as a coenzyme in various 
metabolic pathways and its elevated levels are crucial 
a variety of pathophysiological situations. NAD+ may 
be responsible for limiting and preventing the cytokine 
storm resulting in resolution of inflammation. Inter-
leukin-6 (IL-6) which is a biomarker of cytokine storm 
has been found to be significantly raised in complicat-
ed and severe COVID-19. It is therefore evident that 
management of the cytokine storm is essential to the 
management of COVID-19. Moreover, niacin reduces 
neutrophil infiltration and reveals a beneficial effect 
in patients with ventilator associated lung damage. In 
hamsters, niacin and nicotinamide prevents lung tis-
sue damage. In addition, nicotinamide reduces viral 
replication (vaccinia virus, human immunodeficiency 
virus, enteroviruses, hepatitis B virus) and strengthens 
the host’s defence mechanisms. Taking into consider-
ation the lung protecting and immune strengthening 
roles of niacin, it could be used as an accessory remedy 
for COVID-19 patients. [26,27]

With the use of molecular modelling technology, it 
has been found that Vitamin B12, nicotinamide, riba-
virin and telbivudine may have a potential role in the 
treatment of COVID-19. It is being suggested that Vi-
tamin B12 may be a possible inhibitor of the RNA de-
pendent RNA polymerase activity of the SCV2-nsp12 
enzyme. This inhibitory action may result in a decrease 
in the viral infection the severity of COVID-19. It has 
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also been proposed that melatonin, an anti-oxidative 
molecule, potentially can be used in the management 
of COVID-19 patients.[28]

It is hypothesized that the SARS-Cov-2 virus inter-
feres with Vitamin B12 metabolism. The virus proba-
bly impairs the growth of intestinal microbiota which 
results in the manifestations of vitamin B12 deficiency. 
Signs of Vitamin B12 deficiency, including the increase 
of reactive oxygen species, hyper-homocysteinemia, 
pro-coagulation, thrombocytopenia, raised lactate de-
hydrogenase (LDH), reticulocytopenia, intravascular 
coagulation, thrombosis, vasoconstriction and vascu-
lopathies are also manifestations and complications 
of COVID-19 disease. [29] Symptomatic Vitamin B12 
deficiency is treated by the administration of high 
dose methylcobalamin. It is therefore being extrapolat-
ed that administration of dietaryvitamin B12, mainly 
methylcobalamin, in patients with COVID-19 could 
reduce the disease complications. Vitamin B12 sup-
plementation reduces oxidative stress, infection and 
microvasculopathy related to hyper-homocysteinemia.
The majority of Vitamin B12 supplements contain cya-
nocobalamin which is metabolized and transformed to 
methylcobalamin in the liver. This conversion may also 
be occasionally reduced, especially in disease.[30]

The methyl component of methylcobalamin stimu-
lates serotonin which is aneurotransmitter responsible 
for cognition, memory and modulation of mood.Vi-
tamin B12also plays an important role in maintaining 
myelination, erythropoesis and DNA synthesis. Sup-
plementation with methylcobalamin has been con-
sidered in the management of vitamin B12 deficiency, 
Alzheimer’s disease, neruro-regeneration, Bell’s palsy 
and rheumatoid arthritis The metabolite of vitamin 
B12 are hydroxo-, adenosyl- and methyl-cobalamin. 
Vitamin B12 acts as a modulator of gut microbiota 
and low degrees of vitamin B12 increase methylma-
lonic acid and homocysteine, resulting inincreased 
inflammation, reactive oxygen species and oxidative 
stress.[31] Hyperhomocysteinemia causes endotheli-
al dysfunction, activation of platelet and coagulation 
cascades, megaloblastic anemia, disruption of myelin 
sheath integrity and reduced immune responses.

A study conducted in Singapore found that pa-
tients with COVID-19 who had been given vitamin 
B12 dietary supplements (500 μg), vitamin D (1000 
IU) and magnesium had reduced COVID-19 symp-
tom severity.Dietary supplements appreciably reduced 
the need for oxygen therapy and intensive care sup-

port.[32]Vitamin B12 can potentially be used as a 
safe and cost effective immunomodulator which can 
down regulate the pro inflammatory cytokines caus-
ing the cytokine storm in COVID-19 patients. It may 
potentially improve respiratory and gastrointestinal 
symptoms, prevent hypercoagulability resulting in 
improved outcome and decreased duration of hospital 
stay of COVID-19 patients.[33]

The protective role of vitamin C in the 
management of COVID-19

Vitamin C or ascorbic acid an inevitable cofactor 
for mediating enzymatic reactions which can be re-
sponsible for several biological activities. It is deemed a 
significant antioxidant with strong anti-inflammatory 
and anti-microbial properties.[34]It possesses a variety 
of biochemical actions like antioxidant, phagocytosis, 
neutrophil chemotaxis, microbial clearance, and im-
munomodulatory. It modulates the immune system by 
enhancing natural killer cell and T cellular proliferation, 
provoking the activation and response of T lymphocytes, 
increasing interferon levels and scavenging reactive oxy-
gen species (ROS). Besides, vitamin C is needed for the 
synthesis of nor-adrenaline, catecholamine, and adrenal 
steroids. It additionally acts as a cofactor for peptidyl-gly-
cine alpha-amidating monooxygenase that is wanted for 
vasopressin’s endogenous synthesis. [35] It has been sig-
nificantly used to manage critically ill patient. [36,37,38] 
Due to these actions, Vitamin C has a potential in the 
management of COVID-19 patients. [39,40,41] 

Vitamin C supplementation has shown beneficial 
results in infections and sepsis. As extreme COVID-19 
can also induce acute respiration distress syndrome 
(ARDS) and sepsis, excessive doses of vitamin C sup-
plementation may also contribute to ameliorating in-
flammation in patients with COVID-19. [42,43]

A series of clinical trials related to COVID-19 have 
been launched or announced from the very beginning 
of COVID-19 to evaluate the therapeutic benefit of 
vitamin C alone or in combination therapy with one 
or more therapeutic substances (e.g., zinc, vitamin D, 
hydroxychloroquine, and azithromycin). However, it 
should be kept in mind that vitamin C is not yet a stan-
dard treatment for COVID-19 owing to a shortage of 
evidence. [44,45,46]

CONCLUSION:
It is regarded that a strong immune system can 

help prevent or treat COVID-19 infection. The use 
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of vitamins especially Vitamin D, B12 and C may 
have an effect. Supplementation of these vitamins 
and treatment of their deficiency may significantly 
improve the anti-inflammatory status of the individ-
ual and may have a positive impact on the outcome 
of COVID-19 disease. Randomized clinical trials of 
interventions to reduce the deficiencies of specific 
vitamins must be undertaken to determine whether 
the interventions could reduce COVID-19 associated 
morbidity and mortality. The anti-inflammatory and 
immunomodulatory effects of Vitamins may prove to 
be very important for the prevention and treatment of 
COVID-19 infection.
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ABSTRACT
Carcinoma of the prostate is the most common malignant tu-
mour in men over the age of 65 years with peak age of incidence 
between 70 and 74 years. Oxidative stress and one carbon me-
tabolism are important contributary factors in etiopathogene-
sis in Prostate Neoplasm. Significant increase in oxidative stress 
and serum homocysteine level and no difference of serum vita-
min B12 was found in BPH and prostate cancer cases compared 
to control group. Following review compare level of Oxidative 
Stress Marker and One Carbon Metabolism markers between 
Prostate neoplasm patients and control Group. Antioxidant 
drugs may play a role in influencing outcome in these patients. 
However, randomized trials are required to investigate.
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INTRODUCTION
Carcinoma of the prostate is the most common 

malignant tumor in men over the age of 65 years 
with peak age of incidence between 70 and 74 years.
[1] In 2017, ~161, 360 prostate cancer cases were di-
agnosed and 26, 730 men died from prostate cancer 
in the United States. The disease is more common in 
countries with higher proportions of elderly men in 
their population. Incidence of prostate cancer in India 
is lower than that in t he Western populations. Most 
early- stage prostate cancers are asymptomatic and 
difficult to detect clinically. However, the paradox of 

management is that although 1 in 6 men will eventu-
ally be diagnosed with prostate cancer, and the disease 
remains the second leading cause of cancer deaths in 
men, only 1 man in 30 with prostate cancer will die 
of his disease.[2] The progressive inherent or acquired 
changes in cellular metabolism occurring with aging 
may play an important role in the development of this 
disease.[3]

Sign & Symptoms of Prostate Cancer:
Prostate cancer may initially cause no symptoms. 

In later stages, symptoms include
• Dull pain in the lower pelvic area
• Frequent urinating
• Trouble urinating, pain, burning, or weak urine 

flow
• Blood in the urine (Haematuria)
• Painful ejaculation
• Pain in the lower back, hips or upper thighs
• Loss of appetite
• Loss of weight

In Prostate Cancer, one- carbon metabolism path-
way is modulated by the Androgen Receptor. This 
pathway is comprised of a number of connected path-
ways that promotes the folate – mediated transfer of 
one- carbon units which are necessary for essential 
cellular processes, including DNA synthesis, repair 
and the maintenance of redox status.[4-6]

“Oxidative stress” is t he state of a cell, characterized 
by excess production of reactive oxygen species (ROS) 
and/or a reduction in antioxidant defenses mecha-
nism responsible for metabolism. ROS are formed as a 
natural by- product of the normal oxygen metabolism. 
Oxygen radicals may cause damage to DNA and chro-
mosomes, induce epigenetic alterations, interact with 
oncogenesis or tumor suppressor genes, a nd impart 
changes in immunological mechanisms.[7,8]

Folate is necessary for DNA synthesis, repair and 
methylation, and biological reactions involving folate 
require vitamins B6 and B12 as cofactors. Low con-
centrations of these vitamins can impair one- carbon 
metabolism pathways,[9] leading to homocysteine 
accumulation, insufficient methyl groups for DNA 
methylation or depletion of DNA synthesis and repair 
precursors, thus, potentially promoting carcinogen-
esis.[10] These nutrients have been implicated with 
respect to several malignancies, including colorectal, 
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lung, cervix [11] and may impact prostate cancer as 
well. [12] Both hyper- and hypomethylated DNA have 
been found in prostate tumors and the activation of 
oestrogen receptors in prostate cancer cell lines and t 
issues is regulated through promoter region methyla-
tion.[13]

Elevated homocysteine may promote oxidative 
stress by inhibiting the expression and activity of glu-
tathione peroxidases. Elevated plasma homocysteine 
levels, a condition t hat may also be associated with 
folate deficiency, is often seen in the setting of malig-
nancy.

This review is intended to see the association be-
tween Oxidative Stress and One Carbon Metabolism 
in Prostate Cancer as contributing factors.Parameters 
like MDA (for oxidative stress), Vitamin B12 and ho-
mocysteine (for status of the one carbon metabolism) 
were selected for the present review to investigate eti-
ology of prostate neoplasms.

DISCUSSION
Cancer cell metabolism differs significantly from 

the metabolism of non-transformed cells. This altered 
metabolic reprogramming mediates changes in the 
uptake and use of nutrients that permit high rates of 
proliferation, growth, and survival.

Hydroxyl radicals, peroxides and superoxide are 
ROS that are generated during everyday metabolic 
processes in a normal cell. ROS, generated either en-
dogenously (mitochondria, metabolic process, inflam-
mation etc.) or from external source, [14] play a vital 
role in regulating several biologic phenomena. While 
increased ROS generation has traditionally been asso-
ciated with tissue injury or DNA damage which are 
general manifestations of pathological conditions as-
sociated with infection, aging, mitochondrial DNA 
mutations and cellular proliferation; new and exciting 
information points to an essential role for increased 
ROS generation in several cellular processes asso-
ciated with neoplastic transformation and aberrant 
growth and proliferation,[15,16]

Oxidative stress and one carbon metabolism are 
important contributary factors in etiopathogenesis in 
Prostate Neoplasm. Significant increase in oxidative 
stress and serum homocysteine level and no difference 
of serum vitamin B12 was found in BPH and prostate 
cancer cases compared to control group.[17]

Almushatat et al (2006) found that prostate cancer 
patients had higher levels of MDA and lower levels of 

circulating lutein, lycopene and β-carotene. α-tocoph-
erol, retinol, lutein and lycopene were observed in met-
astatic disease and compared to localized tumor.[18]

Aydin et al in their study (2006) on newly diag-
nosed patients of prostate cancer and BPH patients 
observed increased lipid peroxidation in patients ver-
sus controls and cancer patient versus patients with 
BPH.[19]

A review by Lakshmipathi Khandrika   also sum-
marize the causes for increased ROS generation and 
its potential role in etiology and progression of pros-
tate cancer.[20]

Assies J(2014)Stated that, oxidative-stress-induced 
alterations in FA and 1-C metabolism may initially 
enhance oxidative stress resistance, persisting chron-
ically, they may cause damage possibly underlying 
(co-occurrence of) psychiatric disorders and CVD. 
This might have implications for research into diagno-
sis and (preventive) treatment of (CVD in) psychiatric 
patients.[21]

Joshua M. Corbin et al.(2016)stated another factor 
of tumor formation.Androgen receptor (AR) plays an 
essential role in the establishment and progression 
of prostate cancer (PCa), and in the metabolic adap-
tation that takes place during this progression. In its 
role as a transcription factor, the AR directly affects 
the expression of several effectors and regulators of es-
sential catabolic and biosynthetic pathways. Indirectly, 
as a modulator of the one-carbon metabolism, the AR 
can affect epigenetic processes, DNA metabolism, and 
redox balance, all of which are important factors in tu-
morigenesis.[22]

Another study by sovan sannigrahi (2020), statisti-
cally significant increase in oxidative stress and serum 
homocysteine level and no difference of serum vita-
min B12 was found in BPH and prostate cancer cases 
compared to control group.[23]

Conclusion
The current investigation reveals that, when com-

pared to an age-matched control group, a high level 
of oxidative stress is related with prostate cancer and 
BPH instances. Antioxidant drugs may play a role in 
influencing outcome in these patients. However, ran-
domised trials are required to investigate. If the link 
between hyperhomocysteinemia and BPH and pros-
tate cancer is confirmed in larger prospective inves-
tigations, it may imply the advent of Hcy as a novel 
tumour marker in addition to PSA.
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Abstract
Background- Obesity and overweight has become a public 
health concern. Excess weight in the body is linked to vari-
ous conditions like Hypertension, diabetes, osteoporosis, and 
stroke which contributes to morbidity and mortality. Prevalence 
of obesity and overweight have been increasing in childhood 
and adolescent period because of more sedentary lifestyle and 
changes in dietary patterns. Methodology- This cross-sec-
tional study was conducted among the children of age 10-
19 years in urban population of district Ghaziabad through a 
house-to-house survey, using a pre-designed, semi-structured 
questionnaire with a sample size of 1128 study participants. Re-
sults- Among the study participants, 508 students were males 
and 620 were females. Among males, 194 students were found 
to be overweight or obese and among females, 210 students 
were found to be overweight or obese. Children from private 
schools had the highest prevalence of overweight and obesity, 
26.0 % while children from rural government school had the 
lowest prevalence of overweight and obesity, 0.7%. Consump-
tion of fast food was highest in urban government school stu-
dents (45.4%) and lowest in rural private school students (24.8 
%). Students from rural government schools did maximum 
vigorous physical activity (87.9%). Conclusion- Obesity was 
significantly associated with area of residence, type of school 
and gender.
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Introduction
Obesity is a condition characterised by an un-

healthy accumulation of adipose tissue which af-
fects the health of an individual.1 The primary cause 
of overweight and obesity is the imbalance between 
consumed and expended energy. More of sedentary 
lifestyle and changing trend in dietary practices have 
resulted in increased prevalence of overweight and 
obesity. It has been estimated that South Asia has the 
highest prevalence of obesity and it is increasing every 
year.2 

Adolescence is the period of transition from child-
hood to adulthood.3 This period is characterised by 
physical, psychological and sexual growth and de-
velopment. It has been found that around 35% of the 
global burden of diseases emergence in adolescence 
period.4 During the adolescent period, individuals are 
prone to develop behavioural patterns and lifestyle 
changes that affects their present and future health.5 

According to study conducted in 2016, the preva-
lence of obesity has increased from 11 million to 124 
million in adolescents and school-age children world-
wide in past 40 years.6 It has been reported that the 
prevalence of overweight and obesity was 15.8 % among 
urban children and 26 % among the rural children in 
India in 2016.7 A progressive increase in the prevalence 
of childhood obesity is associated with more sedentary 
lifestyle, increased purchasing power of families and 
a decrease in physical activity.8,9 Childhood and ado-
lescent obesity can lead to the development of hyper-
tension, diabetes, osteoarthritis, dyslipidaemia, during 
adult life.10 It was found that individuals who had obesi-
ty since childhood or adolescence had 50-100% higher 
morbidity from diabetes, cardiovascular disease and 
cancers.11,12 Overweight and obesity have been found 
to contribute to more than 34% of mortality in people 
aged younger than 60 years in some countries.13 Obe-
sity is a public health concern and is now considered a 
“global pandemic”14,15

The major risk factors of various non communi-
cable diseases that are established in late childhood 
and adolescence are easier to modify early in young 
age rather than at later age or after the disease onset. 
School going age group is particularly receptive to the 
health advices. Schools provide a good platform to 
sensitize them about future health risks and ways of 
their prevention.16
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Based on the above findings, the following study 
was conducted to assess the prevalence of overweight 
and obesity among adolescent population in Ghazia-
bad, India and its contributing factors.

Materials and Methods
Study design- This was an observational cross-sec-

tional study conducted in Rural and Urban areas of 
Ghaziabad and Community Medicine Department, 
using a pre designed semi structured questionnaire. 
Sampling frame were Intermediate (10+2) schools in 
the urban and rural areas of District Ghaziabad. Study 
unit were all school going adolescents aged from 10 to 
19 years studying up to intermediate schools in urban 
and rural areas of District Ghaziabad amongst the se-
lected schools. Approval was taken from the medical 
ethics committee of Santosh Medical College before 
starting the survey.

Sample size:
The present study was conducted on overweight 

and obesity among school going adolescents in Dis-
trict Ghaziabad. Prevalence of Overweight and obesity 
in various locations in some previous studies was Del-
hi 31%, Pune 24%, Chennai 22% and Karnataka 19%. 
A mean prevalence of 24% was obtained from these 
studies and was used to calculate sample size required 
to conduct the present study. The minimum sample 
size was calculated to be 563. Thus sample size con-
sidered for this study was 564 each for Urban & Ru-
ral areas. Data of 564 adolescents was collected from 
schools of urban areas of Ghaziabad district and equal 

number of adolescents from rural areas of Ghaziabad. 
The total sample size for the study was 1128. Out of 
this, equal proportion of samples were collected from 
Private Schools and Government Schools in both Ur-
ban and Rural areas respectively i.e., 282 school going 
adolescents from each group. All students of age 10 
to 19 years with informed and written consent forms 
signed by their parents or by self were included in the 
study. Students whose parents refused to give permis-
sion and those who gave incomplete responses were 
excluded from the study.

Results
Table 1 shows the socio-demographic characteris-

tics of the study participants. A total of 1128 students 
were included in the study. The percentage age distri-
bution observed was similar in all age groups, (10-12 
years- 34.84%), (13-15 years- 32.5%), (16-18 years- 
32.6%). In both urban and rural area 55.5% of the to-
tal study subjects were males and 45% were females. 
Among urban area, 39.7% students were from the SES 
I in private school whereas 29.1% students were from 
the SES IV in government school. In rural area 58.8% 
students belonged to SES II in private school, while 
62.4% students belonged to SES V in government 
school.

Table 2 shows age and gender wise distribution of 
nutritional status of the students. Underweight was 
more common in younger age group (10-12 years) 
(13.2%) and overweight and obesity was more com-
mon in older age group (16-18 years) (11.7%). This 
difference was statistically significant. It was seen that 

Table 1
SOCIO-DEMOGRAPHIC PROFILE OF STUDY SUBJECT

Socio de-
mographic 

features

Indepen-
dent Vari-

ables

Urban Area Rural Area Total Total
Private School 
(N= 282) (%)

Govt. School 
(N= 282) 

(%)

Private 
School  

(N= 282) (%)

Govt. School
(N= 282) 

(%)

Private 
School  

(N= 564) (%)

Govt. School
(N=564) (%)

N (%) 
(N=1128)

Age 10 – 12 95 (33.7) 99 (35.0) 99 (35.0) 100 (35.46) 191 (33.86) 199 (35.28) 393 (34.84)
13 – 15 107 (37.8) 82 (29.7) 89 (31.56) 95 (33.68) 185 (32.8) 180 (32.8) 367 (32.5)
16 – 18 90 (31.9) 92 (32.7) 94 (33.3) 87 (31.0) 188 (33.3) 185 (32.8) 368 (32.6)

Gender Female 129 (45.8) 138 (48.9) 112 (39.7) 129 (45.7) 241 (42.7) 267 (47.3) 508 (45.0)
Male 153 (54.2) 144 (51.1) 170 (60.3) 153 (54.3) 323 (57.3) 297 (52.7) 620 (55.0)

Socio 
Economic 
Status

I 112 (39.7) 10 (3.5) 66 (23.4) 8 (2.8) 178 (31.5) 18 (3.1) 196 (17.4)
II 83 (29.4) 5 (1.7) 166 (58.8) 5 (1.8) 249 (44.1) 10 (5.6) 259 (22.9)
III 33 (11.7) 22 (7.8) 10 (3.5) 6 (2.1) 43 (7.6) 28 (4.9) 71 (6.3)
IV 42 (14.8) 82 (29.1) 21 (7.4) 87 (30.8) 63 (11.1) 169 (29.9) 232 (20.6)
V 12 (4.2) 163 (57.8) 19 (6.7) 176 (62.4) 31 (5.4) 339 (60.1) 370 (32.8)
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most common form of malnutrition was undernu-
trition, except for urban private school where it was 
obesity and overweight. Overweight and obesity was 
more common in males than females in all types of 
schools and it was statistically significant. (p=0.0015).

Table 3 depicts the frequency of daily intake of var-
ious food items by the students in the last one week. 
Rural government school students showed highest 

consumption of vegetables (94.7%). Frequency of fruit 
intake was highest in the urban private school (60%) 
followed by rural private school (40.8%). Urban gov-
ernment school showed least consumption of fruits on 
daily basis. This difference was statistically highly sig-
nificant (X2=187.01, df=6, p<=0.001).

Carbonated drink intake frequency was highest in 
the urban government school (36.5%) followed by ur-

Table 2
NUTRITION STATUS OF THE SUBJECTS ACCORDING TO AGE AND GENDER

Socio 
demogra. 

feature

Ind. 
variable

Nutritional Status

Chi-
Square 

test and p 
value

Underweight Overweight/Obese
Rural 
Govt. 

School
(N=282) 

(%)

Rural Pvt. 
School 

(N=282) 
(%)

Urban 
Govt. 

School 
(N=282) 

(%)

Urban 
pvt. 

School
(N=282)

(%)

Rural 
Govt. 

School
(N=282) 

(%)

Rural Pvt. 
School

(N=282) 
(%)

Urban 
Govt. 

School
(N=282) 

(%)

Urban 
pvt. 

School
(N=282) 

(%)

Age

44905 52 (13.2) 18 (4.6) 20 (5.1) 15 (3.8) 2 (0.5) 8 (2.0) 10 (2.5) 12 (3.0)
x2= 0.399, 

df=2, 
p=0.82

13-15 25 (6.8) 22 (6.0) 19 (5.2) 10 (2.7) 4 (1.1) 10 (2.7) 12 (3.3) 18 (4.9)
16-18 9 (2.4) 20 (5.4) 20 (5.4) 14 (3.8) 3 (0.8) 20 (5.4) 20 (5.4) 43 (11.7)
Total 86 (7.6) 60 (5.3) 59 (5.2) 39 (3.5) 9 (0.7) 38 (3.4) 42 (3.7) 73 (6.4)

Gender
Male 24 (8.51) 12 (4.2) 28 (9.92) 15 (5.31) 5 (1.77) 26 (9.21) 22 (7.80) 62 (21.98) x2= 15.6, 

df=3, 
p=0.0015Female 62 (21.9) 48 (17.0) 31 (10.9) 24 (8.51) 4 (1.41) 12 (4.25) 19 (6.7) 10 (3.5)

Table 3
COMPARISON OF THE DIETARY PRACTICES BETWEEN THE STUDENTS OF PRIVATE AND GOVERNMENT SCHOOLS IN URBAN 
AND RURAL AREAS

Food item Frequency of intake 
in last one week

Urban pvt. 
School 

(N=282) (%)

Urban Govt. 
School 

(N=282) (%)

Rural Pvt. 
School 

(N=282) (%)

Rural Govt. 
School 

(N=282) (%)

Chi-Square test 
and p value

Vegetables
Nil 3 (1.1) 14 (5.0) 18 (6.4) 2 (0.7)

X2=168.27,df= 6, 
p<0.0011 time/ Day 153 (54.2) 173 (61.3) 219 (77.6) 267 (94.7)

2 or more times/Day 126 (44.7) 95 (33.7) 45 (16.0) 13 (4.6)

Fruits
Nil 15 (5.3) 119 (42.2) 29 (10.3) 69 (24.5)

X2=187.02, df= 6, 
p<0.0011 time/ Day 169 (60) 129 (45.7) 115 (40.8) 119 (42.2)

2 or more times/Day 98 (34.7) 34 (12.1) 138 (48.9) 94 (33.3)

Carbonated drinks
Nil 129 (45.7) 99 (35.1) 211 (74.8) 221 (78.4)

X2= 187.01, df= 6, 
p<0.0011 time/ Day 114 (40.4) 80 (28.4) 53 (18.8) 44 (15.6)

2 or more times/Day 39 (13.9) 103 (36.5) 18 (6.4) 17 (6.0)

Fast food
Nil 59 (20.9) 27 (9.6) 70 (24.8) 52 (18.4)

X2=151.05, df=6, 
p<0.0011 time/ Day 168 (59.6) 127 (45.0) 202 (71.6) 133 (47.2)

2 or more times/Day 55 (19.5) 128 (45.4) 10 (3.6) 97 (34.4)

Second helpings during 
meals

Healthy 63 (22.3) 165 (58.5) 130 (46.1) 199 (70.6) X2=143.75, df=6, 
p<0.001Junk 219 (77.7) 117 (41.5) 152 (53.9) 83 (29.4)

Intake of meal after 
having fast food

Yes 144 (51.1) 57 (20.2) 30 (10.6) 43 (14.2) X2=143.75, df=6, 
p<0.001No 138 (48.9) 225 (79.8) 252 (89.4) 239 (84.8)

Milk intake
Yes 252 (89.3) 184 (65.2) 272 (96.5) 139 (49.3) X2=214.46, df= 6, 

p<0.001No 30 (10.7) 98 (34.7) 10 (3.5) 143 (50.7)
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ban private school. Rural government school showed 
least consumption for carbonated drinks. It was statis-
tically highly significant. (X2=187.01, df=6, p<=0.001).

Fast food intake frequency was highest in the urban 
government school (45.4%) followed by urban private 
school. Rural private school was showing least con-
sumption of fast food on daily basis (3.6%). The dif-
ference was statistically highly significant. (X2=151.05, 
df=6, p<0.001).

The frequency of intake of unhealthy junk food as 
second helping during meals was highest in the urban 
private (77.7%) and in form of healthy meal was high-
est in rural government school (70.6%). It was statisti-
cally highly significant. (X2=143.75, df=3, p<=0.001).

Frequency of intake of meal after having fast food 
meal in last one week was highest in the urban private 
(51.1%) and lowest in rural private school (14.2%). 
The difference was statistically highly significant. 
(X2=151.05, df=6, p<=0.001).

The frequency of intake of milk in last one week 
was highest in the rural private (96.5%) and lowest in 
rural government school (49.3%). It was statistically 
highly significant. (X2=214.46, df=6, p<=0.001).

The frequency of vigorous physical activity was 
highest in rural govt. schools (87.9%) and least in ur-
ban govt. school (23%). The difference was statistically 
highly significant. (X2=399.26, df=6, p<=0.001).

The frequency of strengthening exercises in last 
week was highest in urban private schools (54.6%) and 
least in rural government schools (3.6%). It was statis-
tically highly significant. (X2=399.26, df=6, p<=0.001).

The frequency of moderate physical activity in last 
week was highest in rural government school (82.9%) 
and least in rural private school (6.7%). It was statisti-
cally highly significant. (X2=399.26, df=6, p<=0.001).

The time of attending physical education (PE) 
classes in last week was highest in rural private school 
(62.4%) and least in urban government school (6.4%). 
The difference was statistically significant. (X2=309.26, 
df=6, p<=0.001).

The proportion of students spending least amount 
of time in these classes was from urban private schools 
(35.4%) and those spending the maximum time was 
from rural government schools (63.8%). The differ-
ence was found to be statistically highly significant 
(X2=309.26, df=6, p<=0.001).

Table 4
COMPARISON OF PHYSICAL ACTIVITY PATTERN BETWEEN THE STUDENTS OF PRIVATE AND GOVERNMENT SCHOOLS IN UR-
BAN AND RURAL AREAS

Physical activity pattern Frequency of activity 
in last one week

Urban pvt. 
School 

(N=282) (%)

Urban Govt. 
School

(N=282) (%)

Rural Pvt. 
School

(N=282) (%)

Rural Govt. 
School

(N=282) (%)

Chi-Square test 
and p value

Vigorous Physical Activity Nil 110 (39.0) 117 (41.5) 18 (6.4) 24 (8.5) X2=399.26, 
df=6, p<0.0011-2 days/week 95 (33.7) 100 (35.5) 41 (14.5) 10 (3.6)

3 or more days/week 77 (27.3) 65 (23.0) 223 (79.0) 248 (87.9)
Strengthening Exercises Nil 77 (27.3) 223 (79.1) 184 (65.2) 260 (92.2) X2=399.26, 

df=6, p<0.0011-2 days/week 51 (18.1) 35 (12.4) 30 (10.6) 12 (4.2)
3 or more days/week 154 (54.6) 24 (8.5) 68 (24.2) 10 (3.6)

Moderate Physical Activity Nil 24 (8.5) 148 (52.5) 164 (58.2) 5 (1.8) X2=399.26, 
df=6, p<0.0011-4 days/week 27 (9.6) 38 (13.5) 99 (35.1) 43 (15.2)

5 or more days/week 231 (81.9) 96 (6.7) 19 (6.7) 234 (82.9)
Attending Physical Educa-
tion classes

Nil 52 (18.4) 159 (56.4) 42 (14.9) 48 (17.0) X2=309.26, 
df=6, p<0.0011-4 days/week 200 (70.9) 105(37.2) 176 (62.4) 136 (48.2)

5 or more days/week 30 (10.6) 18 (6.4) 64 (22.7) 98 (34.7)
Average time spent in sports 
in Physical Education class

Nil 100 (35.4) 52 (18.6) 30 (10.6) 18 (6.4) X2=145.76, df=6, 
p<0.001< 30 min 57 (20.3) 138 (48.8) 100 (35.5) 84 (29.8)

> 30 min 125 (44.3) 92 (32.6) 152 (53.9)
Average time spent in TV 
watching or computer/
internet

<2 hours/day 143 (50.7) 160 (56.7) 213 (75.5) 232 (82.2) X2=102.93, df=6, 
p<0.0012-3 hours/day 39 (13.8) 38 (13.6) 40 (14.2) 12 (4.3)

>3 hours/day 100 (35.5) 84 (29.8) 29 (10.3) 38 (13.5)
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The students who were spending maximum time 
in watching TV were from urban private schools. The 
rural government school students were spending the 
least amount of time in watching television. This dif-
ference in proportions of students spending time in 
watching TV was statistically significant (X2= 102.93, 
df=6, p<0.001).

Discussion
In the present study, out of a total of 1128 students, 

564 from urban and 564 from rural area were included 
in the study

In a present study, majority of private school stu-
dents belonged to socio economic class I and Il while 
majority of government school students belonged to 
socio economic class IV and V. This may be because 
parents who had better economic condition mostly 
send their children to private schools whereas parents 
from low economic back grounds mostly opted for 
government schools.

The prevalence of obesity and overweight in the 
study population was 14.3% with 10.7% overweight 
and 3.7% obese. Amongst the urban areas prevalence 
of overweight and obesity in private school was 35.6% 
and in government schools it was 14.9%. This differ-
ence observed in the prevalence of overweight and 
obesity among the study subjects in government and 
private schools was statistically highly significant. This 
may be because urban private school students may be 
consuming more of junk food.

In the present study, it was observed that over-
weight and obesity was most common in the older 
age group (16-18 years) and the overall prevalence of 
overweight and obesity was increasing with age. In 
a study done by Ahmed et al17 in Karnataka, among 
2207 students, prevalence of overweight was 7.02% 
and of obesity was 6.12% respectively. The study of 
Swaminathan et al18 reported that among urban ado-
lescent school children aged 7-15 years in south India, 
7.2% of children were overweight and 1% were obese.

Our study shows that overweight and obesity was 
more prevalent in males as compared to the females 
in the study population. It was seen that in urban gov-
ernment school; 7.80% male students were overweight 
and 6.7% female students were overweight. Similarly, 
in rural private school, 9.21% males were overweight 
while among females 4.25% students were overweight. 
In urban private and urban government school major-
ity of the overweight and obesity students were males 

(21.98%) as compared to the females (3.5%). This dif-
ference observed in the distribution of overweight and 
obesity amongst the male and female population was 
statistically significant. Similar findings were reported 
by Chhatwal et al19 in urban area of Punjab. Overall 
prevalence of overweight and obesity was more in 
boys (14.2%) as compared to girls (11.1%) In contrast, 
Sidhu and colleagues20 from Amritsar reported over-
weight in 10% boys and 12% girls.

Among the school going adolescent’s intake of veg-
etables at least once a day was found to be between 
54.2% to 94.7% while fruit intake varied between 
40.8% to 60%. 

Similar findings were observed by Peltzer K et 
al,21 where 70% of the adolescents consumed at least 
one serving per day. According to Rani A et al,22 40% 
students ate vegetables and fruits at least once per day 
(74.5%). Singhal N et al23 reported in their study that 
intake of fresh fruits (>3 times per week) was seen in 
only 9.9% children of North India.

This study found that more than 50% of the urban 
adolescents consumed carbonated drinks at least once 
a day. However, almost three-fourth of rural adoles-
cents did not consume any carbonated drinks during 
the week. This difference was found to be significant 
among urban and rural area adolescents. A study 
conducted by the Delhi Diabetes Research Centre 
(DDRC)24 1061 in urban and rural area over 30 gov-
ernment and private schools in Delhi which showed 
that 47% of students have one soft drink daily. This is 
in line with the findings of our study.

Government school students consumed fast food 
three or more times per week as compared to private 
schools and this difference in consumption pattern 
was statistically significant. In our study it was found 
that private school students both in urban and rural 
areas ate more than one helping of junk food. (53.9% 
and 77.7% respectively). The government school stu-
dents preferred to take healthy foods as second helping 
(70.6% and 58.5% respectively). This difference was 
found to be statistically significant. In the study con-
ducted by the Delhi Diabetes Research Centre24 in 
Delhi it was observed that over 81% school children in 
the capital eat at a fast-food joint at least once in a week. 

Majority of adolescents in our study consumed 
milk in the preceding week with highest number be-
ing those of rural private (96.1%) and the least of rural 
government school adolescents (49.3%). In general, 
private school students consumed milk more often in 
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both urban and rural areas (96.5% and 89.3% respec-
tively) as compared to governments school adolescents 
in the two areas (49.3% and 65.2% respectively) This 
difference was found to be statistically significant. In 
a study, Singhal N et al23 reported 32.8% of children 
consumed two glasses of milk every day. This is in line 
with the findings of our study.

In our study, majority of rural adolescents (>90%) 
performed vigorous physical activity, while, lesser 
number of urban adolescents performed the same 
(50-60%). This difference was statistically significant. 
According to the study by Rani A et al22 15.6% of ad-
olescents were inactive, 43.4% were minimally active 
while the remaining 41% showed moderate physical 
activity. The above findings corroborate the findings 
of our study. In our study we found that most of the 
adolescents had physical education classes (PE) more 
than 1day per week (73.3%). Only few of the adoles-
cents were not spending any time in sports activity 
while majority of them did same sort of sports activi-
ties in their school (82.3%).

A report from Arena et al 25 in the European 
Heart Health Initiative (EHHI), highlights the role 
of physical education at school which is likely to affect 
the amount of physical activity done by the children. 
Physical education (PE) class provides an opportunity 
to be physically active.

In our study, more than 75% of rural adolescents 
were spending less than 2 hours per day in watching 
TV or computer but almost half of the urban ado-
lescents were spending more than 2 hours per day in 
same activity This difference was statistically signifi-
cant.
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Case report of a rare case
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Abstract 
Aplasia cutis congenita (ACC) is a rare malformation character-
ized by localized congenital absence of the skin. This condition 
was first described by Cordon in 1767. We present a 2 month 
old female who presented to Dermatology OPD of Santosh 
deemed to be University with a scalp defect and diagnosed as 
Aplasia Cutis Congenita of scalp and no other accompanying 
anomaly. This case is presented to highlight the importance of 
recognising the condition.
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Introduction
ACC is a rare congenital abnormality involving 

variable layers of the skin, mostly seen as solitary le-
sion involving the midline over the skull vertex and, 
less commonly underlying periosteum and bone. 
It has also been reported in other sites such as the 
chest, abdomen and limbs. Genetics, environmental 
and exogenous causes have been implicated. ACC 
can occur in isolation or as part of a heterogeneous 
group of syndromes (Verhelle et al., 2004; Frieden IJ 
1986). 

[Table 1] The incidence of aplasia cutis is 3/100,000 
newborns; the ratio female/male newborns is around 
7:5 (Srinivasan SM 2012). Only 500 cases have been 
reported globally as per last Records (Mukhtar-Yola. 
Et al., 2020) 

Table 1 
Friedens Classification of ACC 

Group Associations
1 Scalp ACC without multiple abnormalities
2 Scalp ACC with limb abnormalities,Hypoplastic or 

absent distal phalnges,syndactyly, club foot, others
3 Scalp ACC with epidermal or sebaceous nevi
4 ACC with fetus papyraceus or placental infarction
5 ssociated with epidermolysis bullosa[extremities 

and torso]
6 C limited to extremities without epidermolysis 

bullosa
7 ACC due to teratogens such as methimazole 

(scalp),
varicella and herpes simplex infections (any area)

8 ACC associated with syndromes of malformation
such as Goltz Syndrome, trisomy 13, ectodermal 
dysplasia 

Case Report 
A two month old female infant presented to our 

OPD with presenting complaint of defect in scalp since 
birth. She was delivered at 37 weeks gestation to a 26 
year old mother by lower segment caesarean section at 
a local nursing home. Marriage was consanguineous 
as parents are second cousins. Birth weight was in the 
normal range (2.5 kg). She is birth order one. Mother 
was treated for urinary tract infection and was given 
nitrofurantoin, dydrogesterone and ondansetron for 
hyperemesis during pregnancy. The medications for 
UTI were administered in second trimester. There is 
no family history of similar problem in the first de-
gree relatives of the patient. On examination a defect 
in skin of scalp was seen measuring 2 cm across and 
1.5 cm wide on left parietal area. Duramater was vis-
ible through this cutaneous defect (Figure 1). There 
was a linear area of hyperpigmentation extending 
from this defect towards posterior fontanelle, this area 
had a membranous skin covering and duramater was 
not visible (Figure 2). There was no other birth defect 
or any other associated malformation. Patient’s mile-
stones were normal till the date of clinical examina-
tion. Neurological examination was normal. In view 
of normal clinical examination findings, the patients’ 
mother was counselled for the benign nature of the 
condition and also advised for regular follow ups to 
monitor the progress /spontaneous closure of the de-
fect as also to screen for any secondary infection or 
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any other complication. The couple was advised for 
genetic counselling.

 Figure 1: Duramater was visible through this cutaneous defect

 
Fig 2: Linear area of hyperpigmentation (membranous) ccoc-
covereextendincppposterior

Discussion
ACC is under reported, as milder cases go unde-

tected. 70% % of ACC cases present as isolated scalp 
lesions which was recorded in our patient. There is 
slight female preponderance. Most cases are sporad-
ic and our case also appears to be of sporadic inheri-
tance. Case is reported because it is rare disease listed 
in National Organization for rare disorders. Only five 
hundred cases have been reported in the medical lit-
erature.

According to National Organisation of rare diseases 
Aplasia Cutis Congenita is a rare disorder with a com-
plicated pattern of inheritance. Babies are born with 
the absence of epidermis, dermis and subcutaneous 
tissue, most often on the scalp, but also on the trunk, 
and/or arms and legs. The affected area is typically 
covered with a thin, transparent membrane. The skull 

and/or underlying areas may be visible and be abnor-
mally developed. Aplasia Cutis Congenita may be the 
primary disorder or it may occur in association with 
other underlying disorders.  Aplasia Cutis Congenita 
may also occur as a physical condition characteristic 
of several other disorders, including Adams-Oliver 
Syndrome, Aplasia Cutis Congenita-Gastrointestinal, 
and Johanson-Blizzard Syndrome. Children diag-
nosed with Aplasia Cutis Congenita should receive a 
complete medical evaluation to determine whether 
this disorder is occurring on its own or as a second-
ary characteristic of another disorder. If Aplasia Cutis 
Congenita is occurring on its own, affected children 
should be monitored for symptoms and physical char-
acteristics associated with this disorder. Aplasia cutis 
may be associated with defects of the underlying skull, 
especially when the skin lesion is larger than 10cm 
(Brzezinski et al., 215). This is an important clinical 
clue when considering associated malformations or 
possible complications (sagittal sinus haemorrhage or 
thrombosis, focal infection or meningitis), important 
causes of death. 

Medical treatments of Aplasia Cutis Congenita in-
clude measures to prevent the drying out of the mem-
brane by soothing, bland ointments. Antibiotics should 
be used only if signs of bacterial infection are present. 
The damaged area usually heals spontaneously.

Surgical care may include the repair of multiple 
scalp defects that usually, but not always, respond to 
procedures less traumatic than skin grafts. These may 
include such techniques as tissue expanders to fill in 
large areas or flap rotation to ease a piece of skin over 
an affected area (Bharti et al., 2007). Genetic coun-
selling may be of benefit for affected individuals and 
their families.

In our case mother was administered Nitrofuran-
toin in 2nd trimester of pregnancy. It is pregnancy cat-
egory B drug and linked to haemolytic anaemia and 
cardiac defects, there are no reports of it being linked 
to aplasia cutis. This patient has presented with scalp 
defect which is less than 10 cm in size and no other 
symptoms, no neurological symptoms and normal 
milestones. Hence the patient has been advised obser-
vation and periodic follow ups. 
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ABSTRACT 
Objective: To evaluate the prevalence and pattern of upper 
impacted third molar with the help of orthopantomograms 
(OPG).
Methodology: A total of 276 preoperative orthopantomo-
grams were screened from the year 2020 – 2022 of the patients 
who reported to the Santosh Dental College and Hospital.
Result: Out of 276 OPGs, 108 Orthopantomograms were ex-
cluded from the study as they did not fit under our inclusion 
criteria. Among 168 orthopantomograms, 96 were male patient 
(57.14%) and 72 were female patient (42.85%). The most com-
mon pattern of angulation seen in maxillary third molar was 
vertical (36% on right side and 31.2% on left side) followed by 
distoangular (11.71% on right side and 11.41% on left side), me-
sioangular (9% on right side and 12% on left side) and horizon-
tal (0.57%). Class A impaction was common in maxilla.
Conclusion: Surgical removal of the impacted maxillary third 
molar requires proper evaluation and assessment on the basis 
of different criteria.
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maxillary impacted third molar, angulation, orthopantomo-
grams
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INTRODUCTION 
An impacted tooth is one that fails to erupt or devel-

op into the proper functional location in the oral cavity 

beyond the time usually expected.1According to Farman, 
the impacted teeth are those teeth that are prevented from 
eruption due to a physical barrier within the path of erup-
tion.2 The cause of an impacted tooth can be multifarious, 
it is generally due to dense overlying bone, lack of space 
in the arch, abnormal root positioning, early physical ma-
turity, late molar mineralization, or pathological reasons.3 
Prior to surgical removal of the impacted tooth, a clinician 
explicitly assesses the preoperative orthopantomograms 
to study the pattern, angulation, root morphology, and 
difficulty level associated with the impacted tooth. The or-
thopantomograms only aids the clinician in planning the 
minor surgical procedure but also contributes to the stud-
ies carried out to calculate the prevalence of the impacted 
pattern of teeth. The prevalence of impaction in different 
population ranges from 16.7% to 68.6%4 and eruption of 
the third molars occurs between 17 to 21 years of age5. 
Furthermore, the eruption time of the upper third molar 
has been reported to vary with races.6

The contemporaneous objective of this study is to 
compare and assess the prevalence and pattern of im-
pacted maxillary third molars in the regional center of 
Ghaziabad.

MATERIAL AND METHOD 
A retrospective study was conducted on 276 preop-

erative digital Orthopantomograms stored and com-
piled for various treatment modalities in the Depart-
ment of Oral and Maxillofacial Surgery, Santosh Dental 
College and Hospital, Ghaziabad. These 276 Orthopa-
mtomograms, were carefully scrutinized and evaluated 
for the study. The parameters investigated in the study 
were gender, location (left/right), pattern and position 
of the impacted third molar. OPGs showing any pa-
thology were excluded from the study. The variables on 
orthopantomograms were analyzed by using impacted 
maxillary classification given by Archer. The findings 
were tabulated on the basis of gender predilection, pat-
tern and position of the impacted teeth.

INCLUSION CRITERIA
• Patients having impacted/erupted maxillary third 

molars.

EXCLUSION CRITERIA
• Orthopantomograms not fulfilling inclusion crite-

ria will be excluded. 
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• Orthopantomograms with any pathology.
• Orthopantomograms depicting missing maxillary 

second molar.

RESULTS
Out of 276 preoperative orthopantomograms 

which were assessed for the study. 108 orthopantomo-
grams were excluded on the basis of exclusion crite-
ria and 168 orthopantomograms were included in the 
study. Out of which 96 were male and 72 were female. 
The pattern and angulation according to the study 
conducted revealed that vertical was most prevalent 
with 36% on right side and 31.2% on left side followed 
by distoangular 11.71% on right side and 11.41% on 
left side, mesioangular 9% on right side and 12% on 
left side and horizontal 0.57% as depicted in table no. 
1. Class A impaction was the most common and Class 
B being the least common in maxilla as depicted in 
table no. 2. 

Table 1
Position of long axis of impacted maxillary third molar in rela-
tion to long axis of second molar

18 28
Vertical 117 (36%) 104 (31.2%)
Horizontal 1 (0.30%) 0
Mesioangular 14 (9%) 20 (6%)
Distoangular 39 (11.71%) 38 (11.41%)

Table 2
Relative depth of impacted maxillary third molar in bone:

18 28
Class A 130 (40%) 125 (37.5%)
Class B 6 (1.8%) 5 (1.5%)
Class C 33(9.9%) 34(10.2%)

DISCUSSION 
The last teeth to erupt in the oral cavity are the 

third molars, thus having a relatively high chance of 
becoming impacted. The prevalence of impaction in 
different populations ranges from 16.7% to 68.6%4 and 
eruption of the third molars occurs between 17 to 21 
years of age5. Furthermore, the eruption time of the 
third molar has been reported to vary with races.6-7

The study conducted by Hashemipour MA et al4 
was in accordance with our study. The study conclud-
ed that vertical angulation (45.3%) was most prevalent 
followed by distoangular (22.2%) and mesioangular 

(19%) along with no significant difference between 
right and left sides.

In study conducted by Alfadil L8 in 2019, showed 
highest prevalence of vertical angulation (56.5%), fol-
lowed by distoangular (31.9%). The distribution of 
impaction in terms of depth level C (62.1%) was the 
most common followed by level B (35.8%)9 whereas 
in our study Class A was the most common followed 
by Class C. This can attributed to difference in vari-
ous factors such as environmental factor, ethnic back-
ground and sample size.

The present study about pattern and prevalence 
of upper impacted third molars uses a hospital based 
sample which lacks randomization. More precise 
studies are necessary to evaluate the pattern and 
prevalence of upper impacted third molars in a ran-
domized sample representative of Ghaziabad popu-
lation.10

CONCLUSION:
This article represents one of the few studies men-

tioned in the literature to scrutinize and diligently 
study the pattern of upper third molar impaction in 
the regional center of Ghaziabad. Upper third molar 
with vertical angulation are the most prevalent based 
on the results of our study whereas mesioangular fol-
lowed by horizontal impactions are the least prevalent. 
While assessing the relative depth of impacted maxil-
lary third molar Class A pattern were most prevalent 
followed by Class C.
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ABSTRACT:
Lower third molars are the most common impacted teeth en-
countered in clinical practice. There are various pathologies 
associated with the impacted tooth such as root resorption, 
distal caries of the adjacent tooth, cyst formation, periapical 
radiolucency and osteitis. One of the biggest dilemma faced 
by clinicians is the prophylactic extraction of the impacted 
third molar as it can lead to potential pathological compli-
cations.
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INTRODUCTION:
According to Archer, impacted tooth is the tooth 

that is partially or completely unerupted and is po-
sitioned against another tooth or bone or soft tissue 
so that its further eruption is unlikely, described ac-
cording to its anatomic position.1 Various studies in 
literature reported mandibular third molars to have 
a greater incidence of impaction as compared to the 
maxillary third molars.

Impacted teeth are generally associated with nu-
merous pathologies and one such pathology is distal 

caries which grossly affects the adjacent teeth i.e., 
second molar. Partially erupted mesioangular or hor-
izontally impacted mandibular third molars that con-
tact the second molars’ amelocemental junction risk 
the second molar teeth for distal cervical caries.3-5 
The relationship of mandibular third molar with the 
second molar results in exposure of the distal root 
surface of the second molar to the oral environment. 

McArdle WL et al6 suggested the current practice of 
extraction of impacted third molars to be indicat-
ed only if they cause diseases. According to various 
studies, second molars are more prone to distal caries 
due to the pressure exerted by the impacted third mo-
lars which require either restorations or extractions. 
Hence, an additional procedure along with the surgi-
cal extraction of the impacted third molar is required 
for management of such conditions. Depending upon 
the angulation of the impacted mandibular teeth such 
as mesioangular and horizontally impacted teeth, 
plaque tends to accumulate against the second molar’s 
distal surface, thereby predisposing to cervical distal 
caries.5 The study attempts to radiographically assess 
the change in distal surface of second molar (radio-
lucency) suggestive of decayed condition of the tooth 
and its prevalence with the presence of impacted third 
molar.

MATERIAL AND METHOD 
A total of 200 OPG xrays with impacted lower 

third molars (187 lower left third molars and 179 
lower right third molars) were screened from the pa-
tients’ record who had reported to the Department 
of Oral and Maxillofacial Surgery in the last two 
years (2020-2022). The OPG xrays were studied to 
evaluate the presence of radiolucency in the coro-
nal or radicular portion in the distal aspect of the 
second molar which would be suggestive of decay 
in the presence of impacted third molar. The vari-
ables evaluated in this study were gender, incidence 
of distal decay in second molar, different angulation, 
positions and classes of impacted lower third molar 
teeth, based on Winter’s classification, and Pell and 
Gregory classification (Table 1, Table 2 and Table 3). 
The prevalence of distal decay associated with sec-
ond molars were tabulated for different angulation, 
position and class of lower impacted third molar for 
both the sides.
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Table 1
Incidence of distal caries in relation to lower third molar:
SL NO. ANGULATION 38 (%) 48 (%)

1. VERTICAL 10/73 (13.6%) 16/72 (22.2%)
2. MESIOANGULAR 14/86 (16.2%) 24/78 (30.7%)
3. DISTOANGULAR 0/3 (0%) 1/6(16%)
4. HORIZONTAL 3/25(12%) 6/23 (21.7%)

Table 2
Incidence of distal caries in relation to position of mandibular 
impacted 3rd molar according to Pell and Gregory

SL NO. POSITION 38(%) 48(%)
1. A 0/144(0) 16/142(11.2)
2. B 3/33 (9) 7/24 (29)
3. C 0/10 (0) 0/13 (0)

Table 3
Incidence of distal caries in relation to class of mandibular im-
pacted 3rd molar according to Pell and Gregory

SL NO. CLASS 38(%) 48(%)
1. I 0/115 (0) 11/107(10.2)
2. II 3/55 (5.4) 10/50 (20)
3. III 0/17 (0) 2/22 (9)

RESULTS 
Out of 200 pre-operative radiographs of the pa-

tients presenting with third molar impactions from 
the year 2020- 2022, we observed a male predilection 
in the total collected data of population (104 male, 96 
female). The incidence of distal caries was highest in 
the mesioangular lower right third molars with the 
prevalence of 30% (Table 1) whereas the highest inci-
dence for the same was most prevalent in the position 
B and class II (Table 2 and Table 3). No incidence of 
distal caries were found in the position C third molars, 
whereas one case with distoangular was reported out 
of 9 distoangular cases.

DISCUSSION 
Previous studies indicated that the prevalence of 

second molar caries associated with lower impacted 
third molar ranges from 7 to 32%.10-12. But higher inci-
dence was reported by Kang et al (52%) probably due 
to the use of CBCT.13 Variations in the eruption time of 
the third molar was reported in different races.

Our study was in accordance with the study con-
ducted by Pepper T et al, in which out of 133 mesioan-
gular third molars 22 cases had distal caries. 14 The re-

sults of our study can be correlated with another study 
conducted by Syed BK et al, in which 377 out of 979 
patients developed distal caries in the second molars. 
They concluded that 39% of patients had distal caries 
in second molar in relation to mesioangular impac-
tion whereas the incidence of distal caries in distoan-
gular impaction was only 3.4%15. 

Similar study conducted by Marques J et al con-
cluded that contact points at or below the CEJ are 
more prone to plaque accumulation as maintaining 
oral hygiene in the proximal area becomes difficult. 
The response to plaque accumulation is dependent 
on the immune reponse and the immunomodulation 
in the subjects.16,17 A high prevalence was noted with 
Horizontal or mesioangular lower third molars (20.6% 
to 30.2%), hence they advised prophylactic removal of 
the lower third molars. 18

Our study emphasizes on diligent examination, oral 
diagnosis and patient counselling during primary vis-
it to the hospital and also the prophylactic removal of 
third molar as it has the tendency to associate with var-
ious pathologies. However, as randomized controlled 
trials are gold standard, future studies need to be con-
ducted to emphasize on the findings of the study.19 

CONCLUSION 
With this study, we can conclude that mesioangu-

lar type of impaction leads to distal proximal caries 
in almost 30% of the cases, whereas Class II Position 
B (Pell and Gregory classification) third molars lead 
to 29% of distal proximal caries. Most of the impact-
ed third molar play an important role in mastication, 
bearing occlusal load10 hence, early prophylactic ex-
traction of impacted third molar becomes the prime 
treatment modality as it prevents the patient with 
rehabilitation cost of second molar since most of the 
crown structure is lost due to cervical caries. 
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ABSTRACT
Oral epithelium migrates into the defect when an oroantral 
communication lasts more than three weeks, at which point 
it is referred to as an oroantral fistula. Oroantral fistula (OAF) 
can arise for a variety of reasons, including the extraction of 
maxillary posterior teeth, treatments for sinus augmentation, 
the improper use of implant drills, trauma to the craniofacial 
region, osteoradionecrosis, and flap necrosis. The size of the 
pre-existing oroantral communication affects the oroantral 
fistula’s treatment strategy and outcome. Instances when the 
oroantral communication is lesser than 2 mm in diameter it’s 
likely to heal and close by itself, eliminating the need for any 
surgical intervention. However, surgical closure is advised when 
the oroantral communication is higher than 3 mm or linked to 
periodontal or maxillary infection. In the literature, a number of 
algorithms have been proposed to describe the surgical meth-
ods for treating oroantral fistulas. This article aims to discuss a 
case of oroantral fistula of a female patient aged 34 years who 
presented with the chief complaint of foul discharge from the 
nose since 2 months. 
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INTRODUCTION
An epithelialized unnatural and uncommon con-

nection between the maxillary sinus and the oral cavi-
ty is called an oroantral fistula (OAF). It appears when 
the oroantral connection does not spontaneously heal 

by itself, remains patent and becomes epithelialized 
over time due to migration of the oral epithelium into 
the defect.1 It may become a pathological condition 
because of an infection occurring due to the presence 
of a permanent communication.2

Harrison demonstrated that the bone lamella be-
tween the maxillary posterior teeth and the maxillary 
sinus is occasionally 0.5 mm.3 The first premolars ac-
counted for 5.3% of OACs, the second molars were the 
most frequently with an incidence of 45%, followed 
by the third molars 30% and the first molars 27.2%. It 
was reported that about 2.2% of the first molars api-
ces perforated the maxillary sinus floor, followed by 
the second molars in 2% of the described cases.4 Due 
to the approximation of the maxillary roots to the an-
trum and thin sinus floor, the extraction of the upper 
molars and premolars, especially the extraction of the 
first molars, is considered the most common etiology 
of OAC. 

The second molars were most frequently associ-
ated with an incidence oroantral communications of 
about 45%, followed by the third molars 30%, and first 
molars 27.2% and lastly first premolars accounting for 
5.3% of OACs. Harrison stated that the bone lamella 
between the maxillary posterior teeth and the max-
illary sinus is occasionally 0.5 mm. approximation of 
the floor of antrum with the roots and maxillary si-
nus floor being very thin, the extraction of the upper 
molars and premolars, especially the extraction of the 
first molars, is thought to be the most common cause 
of OAC. It was reported that approximately 2.2% of 
the first molars apices perforated the maxillary sinus 
floor.

Some other factors leading to OAC can be trau-
ma or any pathology in the sinus. In few cases odon-
togenic infection can also reach up to Schneiderian 
sinus membrane through maxillary alveolar process. 
Periodontal infections and other factors are the least 
prevalent. Various factors that can led to the formation 
of chronic oroantral fistula may include osteomyelitis 
along with osteitis, odontogenic cysts or tumours, for-
eign body and even maxillary sinusitis. Furthermore, 
improper treatment of OAC can produce maxillary 
sinusitis and become chronic.5 Killey and kay, con-
ducted a study of 250 cases of oroantral fistula treat-
ed by buccal flap operation stated that the sex ratio of 
men to women was almost 2:1. It was concluded in his 
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study that extractions in women were not appreciably 
fewer than in men, the disparity implied that the re-
moval of maxillary teeth in men is was a more diffi-
cult procedure. The age distribution in his extensive 
study peaked in third and fourth decades of life. He 
imperatively also stated that the longer the treatment 
was deferred, the greater was the risk of infection of 
the antral mucosa.6 Once the antrum was chronically 
infected, patients experienced symptoms accentuat-
ed periodically by acute flare-ups. The symptoms in-
cluded unilateral epistaxis, unilateral nasal discharge, 
escape of liquids from the mouth through the nose, 
passage of air into the mouth on sucking, alteration in 
voice resonance, foul or salty taste, pain or presence of 
a lump on the gingiva, inability to blow out the cheeks 
and severe halitosis. Careful evaluation of the present-
ing signs could include pus collection on the floor of 
the mouth, depression of the tongue could reveal pres-
ence of a post nasal drip, and the teeth adjacent to the 
fistula maybe tender on percussion. The affected area 
is usually tender associated with soft tissue oedema 
of varying degree. The local manifestations could be 
accompanied by pyrexia. The appearance of obvious 
signs includes presence of an intraoral defect along 
with blood, pus, bubbles after Valsalva manoeuvre. 
Radiological findings includes breach in the continui-
ty of the antral floor along with the breach in continu-
ity of the antral floor.

CASE REPORT
A female patient aged 34 years reported to the De-

partment of Oral and Maxillofacial Surgery of Santosh 
Dental College and Hospitals when chief complaint 
was a watery discharge from the nose from the past 
2 months. Patient was apparently normal 2 months 
back until she started having pain in her upper left 
back tooth region for which she visited a local dentist. 
The dentist advised extraction of her grossly decayed 
left upper first molar followed by a prosthesis for the 
same. The patient underwent extraction of her upper 
left first molar under local anesthesia two months back 
which was traumatic and associated with fragmented 
removal of the tooth. Subsequently, after 1 month of 
extraction, she noticed escape of fluids through her 
left nostril for which she reported to our unit. Patient 
couldn’t visit her dentist due to some personal reasons 
and reported with a chief complaint of water escaping 
from the left nostril. Patient was an uncontrolled dia-
betic was well built and moderately nourished. On in-

traoral examination, unhealthy granulation tissue was 
observed lining the socket of extracted 26 with ragged 
margins. Water holding test was positive, along with 
cotton wisp test which confirmed the presence of an 
oroantral fistula. Escape of water from the left nostril 
was evident confirming oroantral fistula between the 
oral cavity and nasal cavity. OPG showed a breach I 
n the continuity of the sinus floor which supported 
the clinical diagnosis. In the PNS view, a generalized 
haziness of the left antrum was identified which was 
further suggestive of sinusitis. A final diagnosis of oro-
antral fistula was made. The treatment was planned 
for closure of the fistula advancement flap under local 
anesthesia after diabetic control. The area was anes-
thetized with local anaesthesia along with adrenaline 
by administration of posterior superior alveolar nerve 
block or buccal infiltration and greater palatine nerve 
block anaesthesia. 

 
Figure 1: Pre operative view

An elliptical incision is made around the opening of 
the fistula as a preparation to dissect out the fistulous 
tract. Two diverging incisions were made from each 
end of the extracted socket, preserving the papilla and 
extended upwards into the vestibule. A full thickness 
trapezoidal mucoperiosteal flap was raised followed 
by exposure of sinus lining. Horizontal incision was 
made through the taut periosteum at the base of the 
flap permitting the buccal flap to be advanced without 
tension.
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Excision of fistula tract was done using No. 11 
blade. The buccal and palatal margins of the fistula 
were freshened with No 15 blade. Sinus was curetted 
thoroughly and freed of any gross infection followed 
by antral lavage using warm betadine solution

Primary closure of the flap was done using 3-0 
vicryl by placing simple interrupted sutures. Strict an-
tral regimen was followed and patient was instructed 
not to engage in any activities increasing the negative 
pressure of the antrum like blowing of nose, spitting 
and sucking. Postoperative antibiotics were prescribed 
along with nasal decongestants and warm inhalations.

 

Figure 2: Intra operative view

DISCUSSION
Oro-antral fistulas are commonly seen in clinical 

surgical practice, especially after extractions of max-
illary posterior teeth. According to the literature, the 
incidence of OAC has been reported to be as high as 
11%. Untimely diagnosis and inappropriate treatment 
of such cases lead to formation of oroantral fistula. 
OAF acts as a pathway for bacterial and fungal pene-
tration leading to maxillary sinusitis, or pan-sinusitis 
in 60% of cases.7

The risk of infection of the antrum increases pro-
portionately to the time duration between the diag-
nosis and treatment. In order to minimise abnormal 
changes in the antral mucosa, it would be wise to ini-
tiate treatment as early as possible. The probability of 
certain foreign objects like food, impression materials 
may also entrapped through the orifice of the fistula 
and can chronically infect the sinus. Though most of 
the patients complained of escape of fluids from the 

nostril, unilateral unpleasant nasal discharge accom-
panied by mucopurulent material draining into the 
nasopharynx through the posterior nares may com-
monly be encountered. Patients may also complain of 
occasional headaches, which maybe exaggerated by 
bending, straining, etc inability to puff out cheeks or 
suck on a straw. 

Chronic sinusitis which may be present with cases 
of OAF could be accompanied with tenderness over 
the cheek with presence of pus in the region of the 
middle meatus. Thus it would be prudent for the cli-
nician to examine the nasal cavity with a speculum. 
Various confirmatory tests of for the clinician include 
water holding test, nose blowing test, cotton wisp test 
along with change in the resonance of the suction as it 
approaches the region of the fistula.

Significance of closure of OAF is to prevent the 
contamination of sinus along with the prevention of 
food lodgement which may lead to infection if not 
prevented on time. Post closure rehabilitation is also of 
great significance which should be taken care of along 
with closure of OAF. 

Radiographic examination includes the use of 
IOPA X-rays, OPG to locate the breach in continuity 
of the lamina dura in relation to the floor of the si-
nus and Water’s view for studying the sinus pathology. 
Further use of CBCT permits to visualise the thick-
ening of the sinus mucosa, it’s opacification, patency 
of the osteomeatal complex or any other pathological 
condition involving the sinus. 

There is no dearth of literature mentioning various 
techniques for closure of oroantral fistula including 
local and distant soft tissue flaps. Buccal advancement 
flaps have been routinely used.

Many techniques have been described for the clo-
sure of oroantral fistula, including local and soft tissue 
flaps. Use of grafts such as xenografts along with guid-
ed tissue regeneration(GTR) can also be used in OAF. 
A rational decision-making process has to be followed 
for the closure of OAF rather than randomly practic-
ing the available technique. Clinically, a well-perfused 
flap having a wider base and is well vascularized is pre-
ferred. 

The closure site should ideally be tension free resting 
over intact alveolar bone. Local buccal soft tissue flaps 
are often indicated for the closure of small to moderate 
size defects. There is significant reduction of buccal ves-
tibular height following the closure by buccal flap (Reh-
rrmann flap) which makes postoperative rehabilitation 
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difficult. the buccal advancement flap is one of the most 
successful flap in closure of OAF but only in those cas-
es which has no vestibular obliteration. The buccal flap 
should be advanced without tension and passively ap-
proximated to the palatal margin of the defect to prevent 
dehiscence of the wound margins and adequately seal 
the defect. Sometimes it may be necessary to use a pro-
tective barrier such as a acrylic plate to cover the suture 
line however its use maybe controversial.

Other options may include free gingival grafts 
(FGG) or connective tissue grafts (CTG).9-11 CTG 
should be used as there is no change in the vestibular 
depth due to the use of CTG, it can be either pedicled 
or free. The free mucosal graft is more uncomfortable 
for the patient due to secondary wound healing. Ac-
cording to Borgonova, buccal advancement flap can 
be used successfully for closure of medium size de-
fects, palatal flap in premolar area and a combination 
of buccal advancement flap and buccal fat pad in third 
molar region (Specifically indicated for larger size de-
fects). In cases of failure and limitations of local flap, 
alloplastic material, distant flaps and bone grafts can 
be used for successful surgical outcome.

Post-operatively it’s important to encourage drain-
age of the sinus with steam inhalation and the use of 
nasal decongestant. Special emphasis on discouraging 
the patient from blowing the nose and sneezing is of 
utmost importance.

Before the closure of the fistula infection should 
be managed completely to stop exacerbation of the 
infection and to allow the resolution of the case and 
this is often dependent on immunomodulation and 
inherent immunity of the subject.12,13 In the case of 
patients with sinus infection, amoxicillin/ clavulanic 
acid 1g/125 mg three times per day for 10–14 days, 
nasal decongestants, and nonsteroidal anti-inflamma-
tory drugs can be prescribed to manage sinusitis. The 
response to antibiotics depends on antibacterial re-
sistance amongst infecting organisms as well.14,15 The 
conduct of routine sinus irrigation could be helpful 
alongside the use of these medications.16 However, to 
delineate the treatment algorithm for such cases well 
controlled randomized trials are needed.17 

CONCLUSION
Oroantral fistula can be embarrassing to both the 

patient and the operating surgeon and its timely diag-
nosis and early treatment is of paramount importance 

for predicting successful surgical treatment and the 
outcome.
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ABSTRACT:
The most commonly impacted teeth in the oral cavity next to 
the mandibular molars, are the maxillary canines. Generally, im-
pacted canines are asymptomatic in nature, which make the 
patients less concern about them being impacted until it is as-
sociated with any pathology. Therefore, most of the canine im-
pactions are moreover accidentally diagnosed in routine dental 
visits. In this article, a case of maxillary impacted canine is pre-
sented which was asymptomatic like majority of the impacted 
canines which have been reported in the literature. 
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INTRODUCTION:
The incidence of maxillary canine impactions have 

been reported to be around 1-3% in literature.1-4 After 
the wisdom teeth, the maxillary canines are the next 
common permanent teeth to be impacted. These ca-
nines may have anatomical variations with respect to the 
morphology and positioning, and their absence from the 
dentition may adversely affect the smile of the patients. 
Since canine forms the central pillar of dentition, any 
variations of such nature can demoralise the self-esteem 
of the patient.2,4,5 Various radiographs are used to local-

ise the position of impacted maxillary canines such as 
the “buccal object rule” that was introduced by Clark6 in 
1909 which still forms an important component to de-
termine the position of an impacted tooth.1,6 Similarly, 
occlusal radiographs, PA and lateral cephalogram have 
also been reported to use as tools for localisation of the 
impacted teeth.7,8 The central concept relies on taking 
radiographs in two different planes to obtain the desired 
information.9,10 Panaromic radiographs can be advanta-
geous if they could be reliably used as a single field in the 
clinical scenario.11 In this following article, we describe 
the diagnosis and successful management of an impact-
ed maxillary canine in a patient with the help of routine 
radiographic techniques.

CASE REPORT:
A 38 year-old female patient reported to the de-

partment of Oral and Maxillofacial Surgery with the 
chief complaint of mild swelling over the inner side of 
the left upper jaw since 1 month. Her medical history 
was unremarkable. On examination, there was an over 
retained upper left deciduous canine with a swelling 
on the left anterior palatal region of upper left perma-
nent central incisor and lateral incisor. Swelling was 
hard and non-tender, and reportedly been asymptom-
atic. Panaromic radiograph (Fig 1) and the periapical 
radiograph (Fig 2) depicted the presence of an impact-

 
Fig 1: Pre-operative radiograph depicting the upper left impact-
ed canine

 
Fig 2: Pre-operative intraoral periapical radiograph depicting 
the upper left impacted canine.
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ed left canine at the apical level of the deciduous ca-
nine. The tip of the crown of the impacted canine was 
in close proximity with the middle third of the root of 
the lateral incisors. After routine investigations, sur-
gical removal of the impacted canine was planned. A 
clinical decision to retain the deciduous canine was 
planned as the patient did not give consent for remov-
al due to the immobile state of the tooth and it showed 
minimal resorption as well. 

Under local anesthesia with a palatal approach, 
a crevicular incision was made extending from the 
mesial papilla of 11 to the distal papilla of 25. A full 
thickness palatal mucoperiosteal flap was raised to 
expose the tip of the coronal portion of tooth, taking 
care not to tear the flap (Fig 3). The tooth was further 
exposed by removing the overlying bone with the help 
of an SS white HP 6 round bur with copious saline ir-
rigation, without damaging the roots of the adjacent 
teeth. Since the tooth was resistant to elevation, it was 
subsequently sectioned horizontally at multiple levels 
in the radicular portion and removed in toto (Fig 4). 
The apical third of the root was dilacerated and thus 
resistant to removal. The surgical defect was debrid-
ed with betadine solution and curetted. The adjacent 
roots were examined and the defect was closed pri-
marily using 3-0 silk suture (Fig 5). The patient was 
subsequently reviewed on weekly basis for follow up.

 
Fig 3: Exposure of the palatally impacted canine.

 
Fig 4: The surgical defect after removal of the impacted canine 
in toto.

 
Fig 5: Primary closure of the defect using 3-0 silk suture.

 

Fig 6: Post-operative OPG

 
Fig 7: Post-operative periapical radiograph

DISCUSSION:
Various causes of impacted canine have been re-

ported in the literature with premature loss of the 
predecessor or its over retention, arch discrepencies, 
genetic factors, associated supernumerary teeth and 
pathologies being the most common factors.13 Impac-
tions on the palatal side form a larger number as com-
pared to those in the labial side as reported in litera-
ture.14 Ectopic development of the impacted canines 
hinder a confident smile and also prevent orthodontic 
tooth movement.12 Studies in literature have accurate-
ly predicted the labiopalatal location of these impact-
ed canines with the magnification on OPG x-rays by 
about 80-90%.15,16 Palatally placed canines are project-
ed higher in the vertical plane as compared to the ones 
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on the labial side even if both are on the same level 
above the occlusal level. Most of the palatally impacted 
teeth were reported to be placed higher than their buc-
cal counterparts. This is one of the first observations 
to be made from the OPG after studying the vertical 
position of the impacted tooth.1 Therefore, on the ba-
sis of these studies, it is reasonable to predict that ca-
nines found across the coronal zone of the incisors are 
most likely to be placed bucally as compared to those 
which are found in the middle zone and therefore pal-
atally recorded.1 In our case, the impacted canine was 
positioned more close to the middle third of root of 
the lateral incisor and hence, placed palatally. Various 
complications associated with surgical removal of the 
canine are hematoma, damage to the adjacent teeth, 
infection, paresthesia and dehiscence of the overlying 
mucosa. The impacted teeth even though asymptom-
atic, have the tendency to resorb the roots of the adja-
cent teeth and can cause pathological cystic changes. 
Therefore, surgical removal of asymptomatic canine is 
indicated, despite being discovered on routine dental 
examination, unless a decision is made to orthodonti-
cally extrude and align them to enhance the patient’s 
smile.
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ABSTRACT
Pseudoaneurysm of the lingual artery is very rarely seen, and 
it can arise due to various reasons such as trauma, inflamma-
tion or even neoplasm. Idiopathic pseudoaneurysm along with 
being very rare can also be life threatening if they are not diag-
nosed or treated on time. Our case report describes the idio-
pathic pseudo aneurysm of sublingual artery which was treated 
by surgical excision.
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INTRODUCTION
Vascular abnormality such as aneurysm are seen 

very rarely in the branch of external carotid artery1. Even 
if they are found they are seen in superficial branches. 
Aneurysms in lingual artery (LA) are, usually pseudo-
aneurysms which can be the result of neoplasms, trau-
ma or surgery2-5. Very scarce cases of aneurysm of the 
lingual artery are mentioned in literature6-8. To prevent 
mortality and morbidity due to Lingual Artery aneu-
rysms they must be diagnosed and treated as early as 
posible9. After analysing the histopathological report of 
above mentioned lingual artery aneurysm, they were 
found to be pseudoaneurysm. We are presenting a rare 
case of 18 years old male with lingual artery aneurysm 
which was present from past 1 year. A CT angiogram 
was done to confirm the diagnosis of pseudoaneurysm 
and surgical removal of pseudo aneurysm along with 
speech therapy during rehabilitation was advised.

CLINICAL PRESENTATION 
An 18 year old male with difficulty in speech and swal-

lowing since 1 year reported to our department. On ex-
amination a swelling measuring about 4*3 cm was seen 
on the left dorsolateral surface of the tongue, from past 1 
year. It had bluish purple hue. With no definitive cause or 
any previous history of trauma. The aneurysm was further 
confirmed by CT angiography. No relevant medical histo-
ry was present, with all vitals being in the normal range.

                                   
 Figure 1 & 2: intraoral photographs showing dorsal extension 

of lesion of tongue

On intra oral examination [figure1&2] a dome 
shaped swelling present on dorsolateral surface mea-
suring about 4*3 cm in the anterior 2/3 of the tongue, 
with well defined borders and granular surface. Co-
lour of the swelling had bluish purple hue as compared 
to that of surrounding area. Swelling was soft in con-
sistency with no specific tenderness.

On doing the routine investigation all blood param-
eters were within normal limits with no abnormalities 
in blood or urine examination. CT angiogram reveals 
absence of any feeding vessel in relation to the swelling, 
therefore provisional diagnosis of pseudoaneurysm was 
made. Surgical excision of the lesion was performed 
under general anaesthesia. The lesion on histopatho-
logical examination was reported to be a pseudoaneu-
rysm. A follow up after 1 year revealed no recurrence.

 
Figure 2: CT ANGIOGRAM
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Figure 3: EXCISED PSEUDOANEURYSM

 
Figure 4: INTRAORAL VIEW AFTER SURGICAL EXCISION

DISCUSSION
A false aneurysm or pseudoaneurysm is by defined 

a vessel haematoma in communication with the arte-
rial lumen, contained by the adventitia or adjacent soft 
tissue. Its high intrinsic risk of rupture demands em-
bolization in most cases

Aneurysm of the lingual artery is very rare, whereas 
the aneurysm of facial and superficial temporal artery 
being the most common. External carotid artery (ECA) 
aneurysms is present only in 2.2% cases of the cervical 
carotid aneurysm1. Only three cases of idiopathic lin-
gual aneurysm are reported in the English literature, in 
which were consistent with diagnosis of pseudoaneu-
rysm on the basis of histopathological examination.

In our case there was no pre-existent condition, 
nor was there any history of trauma or any neoplasm. 

Many cases of pseudoaneurysm of the lingual artery 
are associated with trauma or surgery, some cases 
shows relation to chemotherapy, radiofrequency and 
infection along with very few reported cases of idio-
pathic aneurysm. Most common identifying cause 
of aneurysm is haemorrhage which requires imme-
diate medical attention to achieve haemostasis, as it 
can be life threatening if not treated immediately. In 
pseudoaneurysm there is haemorrhage due to arterial 
injury which lead to the development of haematoma 
which is connected to arterial lumen with only a fi-
brous tissue lined cavity8. Our patient did not have any 
history of malignancy, trauma or surgery, patient was 
entirely asymptomatic until he developed difficulty 
in speech and swallowing. Surgical excision was done 
and patient was advised for speech therapy. Even use 
of platinum coils for lingual artery aneurysm is most 
widely used along with gel foam and liquid embolic 
agent (n-butyl cyanoacrylate)9-10 even in the case of 
emergencies. Treatment modality of pseudoaneu-
rysm should be chosen wisely to prevent recurrence 
and complications. However, as only case reports have 
been reported in literature, it is difficult to state prac-
tice based guidelines for these patients. 11

CONCLUSION
Lingual artery aneurysms are rare vascular lesions, 

which in the majority are acquired. Congenital Lin-
gual artery aneurysms have been demonstrated but 
require histologic evaluation for confirmation, which 
is often not practical. Despite lacking a definitive eti-
ology the radiological presentation and associated po-
tential risks warranted prompt intervention.
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ABSTRACT:
Odontogenic infections have tormented mankind since the 
dawn of civilization. With the advancement of modern medi-
cine and newer potent antibiotics, one is able to combat this 
potentially fatal disease. This case report aims to emphasize 
the importance of timely intervention, role of comorbidities and 
possible complications of space infection.
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INTRODUCTION:
Since the time of Galen in second century, fascial 

infections have been conceded1. This infection tends 
to spread through potential spaces that are normal-
ly filled with anatomical structures such as arteries, 
veins, nerves and lymph nodes that may lead to life 
threatening complications2. The odontogenic space 
infections are broadly classified into primary and sec-
ondary spaces. Primary maxillary spaces include the 
canine, buccal and infratemporal space infections and 
the primary mandibular spaces are namely the sub-
mental, sublingual, buccal and submandibular. Mas-
seteric, pterygomandibular, superficial and deep tem-
poral, lateral pharyngeal, retropharyngeal, parotid and 
prevertebral are the secondary spaces3.

The etiologic factors for these infections could be 
of odontogenic/ non odontogenic origin. Some of the 
odontogenic factors mentioned in the literature are caries 

(65%), pericoronitis (36%), and periodontitis (21%)3. The 
microbiology of space infection includes the aerobic and 
anaerobic microbes which play pivotal role in the spread 
of the infection. These bacteria can further be classified 
into two groups which comprises of gram positive or neg-
ative cocci, and gram positive or negative bacilli1. 

The spaces of maxillofacial region have definite 
boundaries according to their specific anatomical 
structure. The buccal space is medially bounded by the 
buccinator muscle, laterally by the zygomaticus major 
muscle, minor and risorius muscles, anteriorly by orbi-
cularis oris and levator labii muscles, posteriorly it ends 
at the parotid gland, and superiorly the buccal fat pad of 
the temporal fossa4. Since there is lack of clear demar-
cation of superior, inferior and posterior boundaries 
in buccal space, it serves as an important pathways for 
rapid spread of infection5. Through this case report, the 
authors want to highlight the importance of early and 
accurate diagnosis, prompt surgical intervention (inci-
sion and drainage) comorbidities and supportive care. 

CASE REPORT 
A 42-year female patient with the chief complaint 

of acute swelling involving the left side of the face from 
the past 5 days reported to the Emergency of Santosh 
Hospital. Patient gave a history of febrile episodes since 
the swelling started to develop. Patient had pain and 
mild swelling in the left upper back tooth region for 
which she visited a local dental clinic where she was 
prescribed medications (Ciprofloxacin 500mg and di-
clofenac 50mg+paracetamol325mg+seratopeptidase 
15mg). Even after taking the prescribed medicine her 
pain persisted and in order to obtain relief, she applied 
hot fomentation about 3-4 times for couple of days 
which aggravated the swelling and associated with py-
rexia. The patient gave a positive history of type 2 Dia-
betes Mellitus and Rheumatoid Arthritis since 5 years.

On local examination, there was a solitary diffuse 
swelling in the left midface region, extending supero-
inferiorly from the left infraorbital region till the lower 
border of the mandible and medially limited by the nasal 
bridge and laterally extending till the lateral canthus. Size 
of the swelling was so large that it obliterated the inter-
palpabral distance of the left eye and caused inability to 
open the eye. The skin over the swelling was tensed, ery-
thematous, shiny and stretched with the punctum of the 
swelling presenting over the left infraorbital region. On 
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palpation, there were local rise in temperature, tender-
ness, extraoral draining sinus with purulent discharge. 
The swelling was soft and compressible in consistency 
with diffused margins. Intraorally, obliteration of the 
buccal vestibule with tenderness over the upper left cus-
pid, bicuspids and maxillary first molar was observed. 
OPG and PNS X-ray were advised along with routine 
blood investigations. The blood investigations revealed 
reduced haemoglobin levels (7.6gm%) and raised TLC 
(12000 cu.mm). After thorough radiographic exam-
ination, a diagnosis of left buccal space infection with 
cellulitis involving the left periorbital region was made. 
Extraoral incision and dependent drainage of the ab-
scess under intravenous antibiotic (Amoxicillin +clau-
vanate1.2gm, Metronidazole 400mg, Gentamycin 80mg, 
Tazobactam 4.5mg), with extraction of the offending 
teeth was planned. Patient was reviewed after 2 days with 
marked reduction in the swelling and overall improve-
ment in her general condition.

 

 

       

                     

 

 

 

 

 

 

 

 

Fig 1: Pre operative clinical profile of the patient

 

 

 

Figure 2: Post operative clinical profile of the patient

DISCUSSION 
Origin of maxillofacial infections are multifactori-

al, it could range from a mere tooth decay, periapical 
lesion, periodontal lesion to direct trauma resulting in 
the breach of the epithelium1. The local anaesthetics 
that we use in modern dentistry have numerous det-
rimental side effects and one such side effect is inoc-
ulation of pathogenic microorganisms into the deeper 
tissue. Such clinical situation is termed as needle tract 
infection6. 

There is tremendous amount of risk factor asso-
ciated with oral cavity as maintaining sterility of the 
oral cavity becomes difficult7.Knowing the tendency 
to spread the odontogenic infections via the fascial 
spaces in the head and neck region, they tend to com-
promise vital structures and can involve the distant 
spaces8-11. 

This case report on buccal space infection with fa-
cial cellulitis emphasises on the symptoms and com-
plications that varied from acute, moderate to severe 
swelling due to gross collection of pus into the buccal 
space. Discolouration of skin preceded gross swelling 
which further led to abscess formation due to hot fer-
mentation (a method of application of hot compres-
sions by the patient, in order to obtain instant relief) 
which led to the increase in inflammatory response. 
Various literature corelated recurrent abscess forma-
tion in Diabetes Mellitus patients as it is a well-estab-
lished fact that diabetes impairs immune response as 
compared to non-diabetic individual. Diabetes leads 
to macro and microangiopathies and obstructed 
granulocyte invasion which ultimately causes delayed 
wound healing12. The inherent immune response in 
subject plays a decisive role in infection control.13-15 

This pronounced swelling, ultimately gave unsight-
ly appearance to the patient and restricted the mouth 
opening (1cm approximately). 

Once the buccal space infection is diagnosed, 
the main objective shifts in resolving the infection 
via evacuation of the pus content. The evacuation of 
purulent material is performed by surgical incision 
and drainage under local anaesthesia followed by 
extraction of the offending tooth, carried out under 
strict aseptic precautions. There are instances which 
are reported in the literature where the patient’s con-
dition fails to improve even after proper surgical treat-
ment, at times patient’s condition failed to improve. 
This occurs due to improper selection of antibiotics 
or resistant bacterial strain. The draining purulent 
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discharge is generally send for culture and sensitivity 
testing which will help to decide the specific antibi-
otic against the microorganism and administration of 
specific antibiotic is advisable owing to increasing an-
tibiotic resistance.16,17 According to various literature, 
initially the infection shows aerobic predominance 
which later switches to anaerobic bacteria. With this 
wide spectrum of microbial culture present in the 
space infection, it is accepted to institute empirical 
therapy, however gram staining and culture sensitivity 
cannot be underestimated.

With the limitation of the present study being a 
case report, the evidence to make recommendations 
cannot be generated and quality trials with sufficient 
sample size are required.18 

CONCLUSION:
It is apt to state that the systemic condition of the 

host plays two significant role in maintaining and de-
termining the surgical outcome in cases of space infec-
tion. Hence it is appropriate to incorporate early den-
tal procedural interventions followed by improvised 
anaesthetic technique by drying the mucosa with an-
tiseptic solution at the injection site. It is noteworthy 
to mention that thorough drainage of the infected site 
cannot be underestimated and supportive antibiotic 
therapy should be advocated for better treatment result.
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ABSTRACT
Background: COVID-19 pandemic started in India on 30th Jan-
uary 2020. A nationwide lockdown was enforced from 24th 
March 2020 and general population was confined to their 
homes causing many psychological problems. 
Objective: To find the prevalence of anxiety during the pan-
demic and post pandemic of COVID-19 among adult popula-
tion of Ghaziabad city.
Methods: A community based cross-sectional study, conduct-
ed among the adult population of urban Ghaziabad, Uttar 
Pradesh, India. Information was collected using a predesigned 
questionnaire with a sample size of 396 consenting individuals 
during the pandemic and 364 post the pandemic.
Results: During the pandemic, one-fifth of the study participants 
(20.9%) suffered from anxiety with 55 (13.88%) of the subjects 
suffering from mild anxiety, 19 (4.80%) having moderate and 9 
(2.27%) having severe anxiety. Whereas, post pandemic only 
24 (7.41%) of the subjects suffered from anxiety with 13 (3.57%) 
having mild anxiety, 11 (3.02%) having moderate and a mere 2 
(0.55%) suffering from severe anxiety. There was a significant 
association between history of contact with a COVID-19 patient 
and anxiety levels before and after the pandemic (p= 0.023).
Conclusion: The COVID-19 pandemic has had a major mental 
health impact. Identifying easily susceptible individuals is thus, 
important as it will help prevent the short and long term neg-
ative consequences due to anxiety both in India as well as in-
ternationally.
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INTRODUCTION
The COVID-19 pandemic is known to have unfore-

seeable effects on all aspects of human lives.(1) The so-
cial, economic and psychological consequences of this 
viral disease had an impact on mental health has been 
recognised universally.(2) COVID-19 was declared a 
pandemic on 11th March 2020, by the WHO, and con-
tinues to be an international public health emergency.
(3) By September 2020, India became the world’s sec-
ond most affected nation with 4.2 million confirmed 
cases of corona virus and 71,642 deaths.(4) Due to the 
rapid spread of the virus, the lack of definitive cure, 
and the severity of the disease nations were forced to 
impose lockdowns.(4) The mental health impact of 
quarantine, isolation and other public health preven-
tion strategies have been investigated after the SARS 
and Ebola outbreaks.(5) The common mental health 
side effects of these strategies were found to be anxiety 
as well as depression, acute stress, poor concentration.
(6) The prevalence of anxiety disorder has been found 
to be varied from 8.3% to 35.1% among the general 
population during the pandemic.(7,8) Factors respon-
sible for these mental health issues are varied and still 
need to be studied in depth. The economic setbacks 
suffered by people during these times are also known 
to cause stress.(9,10) In our study, we aim to find the 
prevalence of anxiety during the COVID-19 outbreak 
and also compare it after the pandemic. Factors as-
sociated with mental health are also dealt with so as 
to reduce the morbidity in general population due to 
negative mental health impact of COVID-19.

MATERIAL AND METHODS 
This comparative cross-sectional follow-up study 

was conducted among the adult population of urban 
areas in Ghaziabad city through a house-to-house sur-
vey. A semi-structured, pre-designed questionnaire 
was used. Approval from the medical ethics committee 
of Santosh Medical College, Ghaziabad was taken pri-
or to starting the study. As the studies regarding anx-
iety due to COVID-19 were very few, the prevalence 
was assumed to be 50% and the sample size was calcu-
lated to be 384. As the district of Ghaziabad consists of 
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five zones, eighty houses were selected randomly from 
each zone. A total of 400 adults were interviewed, four 
of whom refused to give written consent; thus, infor-
mation was collected from 396 individuals. 

The questionnaire had four parts related to so-
cio-demography, pandemic-related questions, ques-
tions regarding isolation and attitudes during the 
COVID-19 pandemic and the questionnaire of the 
Hamilton Anxiety Scale, which was used to grade the 
symptoms of anxiety.(11,12) The total scores of the 
Hamilton Anxiety scale were interpreted to be – nor-
mal (0-7), mild (8-14), moderate (15-23), and severe 
anxiety (>/=24). 

After six months of completion of the pre-as-
sessment post assessment, a follow-up study was 
conducted on the same study participants. In the 
post-pandemic follow-up out of 396 adults, 364 were 
interviewed. The major reason for loss to follow-up 

(8.08%) was that most of the study participants again 
shifted to their workplace (6.24%) and the rest (1.84%) 
refused to participate.

The information was gathered and assimilated in 
MS Excel and analysed using the SPSS trial version 16 
with appropriate statistical tests of significance.

RESULTS
Of the total 396 individuals interviewed during the 

pandemic, there were 203 males (51.3%) and 193 fe-
males (48.7%). The mean age (SD) of participants was 
38.2 (12.7) years, and 143 people (36.1%) were in the 
18 to 30-year age group. Majority of the participants 
274 (69.2%) lived in nuclear families; and 137 individ-
uals (34.6%) had a monthly family income of less than 
fifty thousand rupees (INR). We found that 48 individ-
uals (12.1%) were government employees, 131 people 
(33.1%) were holding a private job, 79 (19.9%) were 

Table 1 
Socio-demographic characteristics of study participants

Characteristics During Pandemic N(%) Post Pandemic N(%)
N= 396 (100%) N= 364 (100%)

Gender Male 203 (51.3%) 180 (49.2%)
Female 193 (48.7%) 185 (50.8%)

Age (in years) 18- 30 143 (36.1%) 126 (34.6%)
31-40 92 (23.2%) 83 (22.8%)
41-50 96 (24.2%) 91 (25.0%)
51-60 44 (11.1%) 43 (11.8%)
61 and above 21 (5.3%) 21 (5.8%)

Type of family Nuclear 274 (69.2%) 260 (71.4%)
Joint 102 (25.8%) 86 (23.6%)
Living Alone 20 (5.1%) 18 (4.9%)

Family income per month (in 
INR)

less than 50000 137 (34.6%) 124 (34.1%)
50000 – 100000 73 (18.4%) 68 (18.7%)
100000 – 200000 75 (18.9%) 71 (19.5%)
200000 and above 111 (28.0%) 101 (27.7%)

Education Up to Primary school / Illiterate 9 (2.3%) 9 (2.5%)
Up to middle school 6 (1.5%) 6 (1.6%)
Up to 12 class 66 (16.7%) 51 (14.0%)
Graduate 166 (41.9%) 160 (44.0%)
Post graduate 149 (37.6%) 138 (37.9%)

Marital status Married 303 (76.5%) 278 (76.4%)
Unmarried 86 (21.7%) 79 (21.7%)
Divorced or Separated 7 (1.8%) 7 (1.9%)

Employment Government job 48 (12.1%) 42 (11.5%)
Private job 131 (33.1%) 124 (34.1%)
Self employed 79 (19.9%) 71 (19.5%)
Unemployed 138 (34.8%) 127 (34.9%)
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self-employed and 138 (34.8%) were unemployed. 
Majority of the respondents 315 (79.5%) were gradu-
ate or post graduate. Out of the total participants, 303 
(76.5%) were married. 

Post pandemic only 364 individuals were inter-
viewed. There were 180 males (49.2%) and 185 females 
(50.8%). Most of the study participants, 126 (34.6%) 
were in the age group of 18 to 30-years. Majority of the 
participants 260 (71.4%) lived in nuclear families; and 
124 (34.1%) individuals had a monthly family income 
of less than fifty thousand rupees (INR). We found 
that 42 individuals (11.5%) were government employ-
ees, 124 people (34.1%) were holding a private job, 
71 (19.5%) were self-employed and 127 (34.9%) were 
unemployed. Majority of the respondents 298 (81.9%) 
were graduate or post graduate. Out of the total partic-
ipants, 278 (76.4%) were married.

During the pandemic, 55 (13.88%) of the study partic-
ipants suffered from mild anxiety, 19 (4.80%) had moder-

ate and 9 (2.27%) had severe anxiety. Whereas, post pan-
demic only 13 (3.57%) had mild anxiety, 11 (3.02%) had 
moderate and a mere 2 (0.55%) had severe anxiety.

Anxiety due to COVID-19 was seen in 66 (79.51%) 
during the pandemic and only 6 (25%) of these anx-
ious study participants had COVID-19 related anxiety 
after the pandemic.

There was a fall in the anxiety levels seen in people 
who had family or friends infected with COVID-19 
in the post pandemic time by almost 19% (p=0.0703). 
There was a significant association between history of 
contact with a COVID-19 patient and anxiety levels 
before and after the pandemic (p= 0.023). 

There was a decline of 11.7% in the anxiety of peo-
ple whose family members had to quarantine in the 
last one week (p=0.271) post pandemic and a decline 
of 1.96% in the anxiety levels of people with history 
of COVID-19 related death in the family, friends or 
neighbourhood in the last 3 months (p=0.810).

Table 2 
Distribution of anxiety Pre and Post Pandemic. 

Characteristics During Pandemic N(%) Post Pandemic N(%) P Value
N= 396 (100%) N= 364 (100%)

Anxiety

Mild 55 (13.88%) 13 (3.57%) <0.001
Moderate 19 (4.80%) 11 (3.02%) 0.207
Severe 9 (2.27%) 2 (0.55%) 0.046
Total 83 (20.96%) 24 (7.41%) <0.001

N= 83(100%) N= 24(100%)

Anxiety due to Covid-19
Yes 66 (79.51%) 6 (25.0%)

<0.001
No  17 (20.48%) 18 (75.0%)

Table 3 
Distribution of factors associated with anxiety.

Factor During Pandemic N 
(%)

Post Pandemic N (%) P-value

N= 83 (100%) N= 24 (100%)
Have any of your family and friends been infected with 
COVID-19 in last 2 Months?

Yes 61 (73.49%) 13 (54.16%) 0.0703

No 22 (26.50%) 11 (45.83%)

Have you come in contact with patients of COVID-19 in 
last 15 days?

Yes 46(55.42%) 7 (29.17%) 0.023

No 37 (44.58%) 17 (70.83%)

Did anyone in your immediate family (living with you) had 
to quarantine due to COVID-19 infection or suspected 
infection in last 1 week?

Yes 27 (32.53%) 5 (20.83%) 0.271
No 56 (67.47%) 19 (79.16%)

Any history of COVID- 19 related death among your fami-
ly/ friends/ in neighbourhood in last 3 Months?

Yes 12 (14.46%) 3 (12.5%) 0.810
No 71 (85.54%) 21 (87.5%)
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DISCUSSION
During the pandemic, 83 (20.96%) of the study 

participants were suffering from anxiety. This shows 
that COVID-19 had a significant impact on people’s 
mental health. Stanton et al (2020) (13) found similar 
prevalence of 21.19% anxiety among the Australian 
population. Whereas, in another Indian study done by 
Verma S et al (14) prevalence of anxiety came out to be 
higher at 28% among their study participants. 

In the present study, 55 (13.88%) of the study pop-
ulation suffered from mild anxiety, 19 (4.80%) had 
moderate and 9 (2.27%) had severe anxiety. Whereas, 
post pandemic only 24 (7.41%) of the study partici-
pants were found to have anxiety. Even that was more 
than double the baseline anxiety prevalence of 3.3% 
among Indian population. (15) 

Anxiety due to COVID-19 was seen in 66 (79.51%) 
of the study participants during the pandemic and only 
6 (25%) of the anxious subjects had COVID-19 related 
anxiety after the pandemic. This can be attributed to 
the fact that during any time of crisis, people want to 
find the necessary information which can help them 
stay protected. Lack of availability of such reassuring 
information can increase anxiety among the common 
people. (16)

In this study it was seen that anxiety was more 
prevalent (73.49%) among those participants who 
had friends/family infected with COVID-19 during 
the pandemic. Shi L et al (2020) (17) also found that 
nearly 50% of family members/ friends of patients 
with COVID-19 experienced mild to severe mental 
health problems. There was a fall in the anxiety levels 
seen in people who had family or friends infected with 
COVID-19 in the post pandemic time by almost 19% 
(p=0.0703).

More than half 55.42% of the participants suffer-
ing from anxiety had come in contact with patients of 
COVID-19 in last 15 days during the pandemic. Fear 
is associated with the stigmatization of citizens who 
are perceived as the source of the disease leading to 
increased levels of anxiety on coming in contact with 
them.(18) There was a significant association between 
history of contact with a COVID-19 patient and anx-
iety levels before and after the pandemic (p= 0.023). 

Quarantine can contribute to poor mental health 
in adults due to various fears and frustration regard-
ing the future. (19) In the present study as well more 
than 30 per cent of the anxious participants had family 
members quarantining during the last week. This was 

still lower than prevalence of anxiety found among 
quarantined populations in other studies.(20) There 
was a decline of 11.7% in the anxiety of people whose 
family members had to quarantine in the last one week 
(p=0.271) post pandemic.

Among the participants having anxiety 14.46% had 
suffered the loss of a loved one in the last three months 
during the time of pandemic. It is known to be a fact 
that bad outcomes of family and friends during nat-
ural disasters lead to negative mental health impact. 
(21,22)

As the change in the psychological status was stud-
ied in the present study, therefore systematic assess-
ment of psychological needs of the population can be 
understood to formulate future research projects and 
interventions by the appropriate authorities.

For early diagnosis and prompt treatment of high-
risk persons for mental health diseases it is important 
to integrate it with the framework of COVID-19 re-
sponse with various measures like behavioural strate-
gies, counselling, social and financial support (23). As 
the mental health impact of COVID-19 has affected 
the millions of people around the world more stud-
ies need to be undertaken in order to form a standard 
strategy to deal with the outcomes. Formulation of 
practice guidelines based on evidence from high qual-
ity research is required (24). 
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ABSTRACT
Introduction: Oral candidiasis is the most common oppor-
tunistic infection of the oral cancer patients. Identification of 
Candida isolates and its susceptibility to antifungal agents will 
be helpful in the therapeutic management.
Aim and Objective: To study the Genetic relatedness and 
antifungal susceptibility pattern of Candida isolates recovered 
from the oral cancer patients.
Material and Methods: The present study was conducted in 
the Department of Microbiology at Santosh Medical College, 
Ghaziabad, U.P. & VarunArjun Medical College & Rohilkhand 
Hospital, Shahjahanpur, Uttar Pradesh. A total of 377 oropha-
ryngeal cancer patients were selected for the study. The study 
was conducted from 2019 to 2021. Oropharyngeal swab was 
cultured by semi-quantitative method on Sabouraud dextrose 
agar (SDA) and Hi-Chrome agar and followed by identification 
and Antifungal susceptibility test. The Molecular characteriza-
tion of Candida albicans and non albicans Candida isolates 
was performed by DNA extraction and PCR. 
Results: Out of the 377 oropharyngeal cancer cases, 292 (78.8%) 
were males and 85 (21.2%) females. The male: female ratio was 3.4:1. 
Of the 377 oral cancer cases, 152 (40.3%) cases were culture positive 
for Candida species. 191 isolates were recovered from oral cavity of 
the cancer patients with oral candidiasis. Isolates included Candi-
da albicans (n = 42, 22.0%), Candida tropicalis (n = 36, 18.8%), 
Candida parapsilosis (n = 34, 17.9%), Candida dubliniensis (n= 30, 
15.7%), Candida krusei (n= 30, 15.7%), Candida glabrata (n = 19, 
9. 9%). 142 (74.3%) isolates were susceptible to miconazole followed 
by Ketoconazole 112 (58.6%), and of and Itraconazole 111 (58.1 %).

Conclusion: The decreased effectiveness of antifungal drugs 
is a serious issue, especially in cancer patients. Hence, addition 
to emphasis on topical use of Miconazole application in the 
first stage of oral candidiasis in patients, using alternative sys-
temic drugs such as Ketoconazole and Itraconazole may prove 
fruitful. 
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INTRODUCTION
Candida albicans is a common commensal fungus 

that colonizes the oropharyngeal cavity, gastrointes-
tinal and vaginal tract, and healthy individuals’ skin.  
Candida species have emerged as an important nos-
ocomial pathogen in immunocompromised individu-
als with severe underlying diseases and comorbidities, 
such as patients treated in intensive care units (ICU) 
[1]. In the last few decades oral Candidiasis have 
emerged as an important hospital acquired infection 
in immune-compromised patients with severe condi-
tions and comorbidities, such as patients undergone 
chemotherapy or radiotherapy after surgical removal 
of oral cancer tissue [2,3]. 

Candida albicans has been reported as the predom-
inant species recovered from different clinical speci-
mens worldwide. However, in the last few decades 
some other species of genus Candida have become 
increasingly prevalent. The distribution of Candida 
varies according to the environmental conditions and 
the geographic areas. The most commonly reported 
non-albicans candida species in studies from central 
and northern Asia is Candida glabrata [4-6]. The oth-
er Candida species are less frequent, although Candi-
da tropicalis infections have increased globally. The in-
creased frequency of Candida krusei isolation in India 
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and some other Asian countries is much higher than 
in other geographic areas. Furthermore, some new 
emerging Candida species have been reported like 
Candida africana and Candida dubliniensis, pheno-
typically similar to Candida albicans, similarly Candi-
da bracarensis and Candida nivariensis, closely related 
to Candida glabrata [7]. 

Most of the cases, identification of Candida to the 
species level helps to predict their drug resistance. The 
acquisition of resistance is observed mainly in restrict-
ed clinical settings due to prolonged antifungal therapy 
[5]. The rise of non- albicans Candida species isolation 
is followed by a larger proportion of isolates that are 
fluconazole resistant. Candida krusei is inherently re-
sistance to fluconazole and reported as multidrug-re-
sistant (MDR) pathogenic yeast due to its decreased 
susceptibility to both amphotericin B and fluorocyto-
sine [8,9]. Increasing number of Candida glabrata iso-
lates reported as resistant to fluconazole. Many strains 
of Candida bracarensis were resistant to amphotericin B 
or showed a decreased susceptibility to it. Understand-
ing the local epidemiology of Candida is critical for 
clinical management and therapy of candidiasis partic-
ularly in patients with oral cancer [10].

As a result, it’s critical to understand the incidence 
and diversity of Candida as well as their phenotypic 
and genotypic traits. From a variety of molecular tech-
niques, PCR-based approaches for molecular typing 
are applied with most success to make it more accu-
rate and a suitable tool for epidemiological study of 
Candida species on local basis.

AIM
The aim of the present study was to analyze the ge-

netic relatedness and antifungal susceptibility pattern 
among Candida isolates recovered from the oral can-
cer patients by randomly amplified polymorphic DNA 
assay (RAPD).

MATERIALS AND METHODS 
The present study was conducted at Santosh Med-

ical College, Ghaziabad, U.P. & VarunArjun Medical 
College & Rohilkhand Hospital, Shahjahanpur, Uttar 
Pradesh. One hundred and twenty-three oropharyn-
geal cancer patients hospitalized between 2019 to 2021 
were selected for the study. The random sampling was 
performed which included 74 (60.1%) males and 49 
(39.8%) females with the average age of 64 years (range 
18–93) from Western part of Uttar Pradesh. Patients 

of all age groups and both genders were included with 
or without any comorbidity. Patients who has taken 
antifungal drugs were excluded in this study. 

Oropharyngeal swabs were cultured by semi-quan-
titative method on Sabouraud dextrose agar (SDA) 
and Hi Chrome (Himedia, India) agar. The agar plates 
were incubated at 37 ºC for 48 hours. The species 
identification was primarily based on the colony color 
of the Candida isolates on Hi-chrome agar. For con-
firmation of the species the testing of the biochemical 
profiles was made using sugar assimilation, germ tube 
test and chlamydospore formation in corn meal agar 
(Himedia, India). Additionally, molecular character-
ization of Candida albicans and Non-albicans Candi-
da isolates was performed using randomly amplified 
polymorphic DNA assay (RAPD). 

In vitro antifungal susceptibility test was performed 
against fluconazole, amphotericin B, fluorocytosine, 
nystatin and voriconazole by disk diffusion method, 
according to the M27-A3 guidelines of Clinical and 
Laboratory Standards Institute criteria. The reference 
strains included Candida albicans ATCC 90028 and 
Candida glabrata ATCC 2001[11,12].

Candida chromosomal DNA was extracted for 
molecular tests with Genomic Mini AX YEAST iso-
lation kit (A&A Biotechnology, Gdynia, Poland), ac-
cording to the manufacturer’s instructions. Candida 
isolates was identified and genotyped by PCR tech-
nique. DNA amplification was carried out in a T per-
sonal thermocycler (Biometra, Gottingen, Germany). 
DNA fragments were separated by 2% agarose gel 
electrophoresis and visualized with ethidium bromide 
staining (Sigma-Aldrich Chemie, Munich, Germany). 
Size of the PCR product was determined by compar-
ing with the molecular weight standard (O’Gene Ruler 
100 bp DNA Ladder Plus; Thermo Fisher Scientific, 
Waltham, Massachusetts, USA) [13].

Molecular identification of C. albicans was 
carried out by PCR assay with CR-f (5′–GC-
TACCACTTCAGAATCATCATC–3′) and CRr 
(5′–GCACCTTCAGTCGTAGAGACG–3′) spe-
cies-specific primers targeting the HWP1 gene as 
previously described. The PCR conditions were as 
follows: denaturation at 95°C for 2 min, 30 cycles of 
denaturation at 94°C for 45 s, annealing at 58°C for 
40 s, and extension at 72°C for 55 s, followed by a fi-
nal extension at 72°C for 10 min [14,15]. Molecular 
confirmation of C. glabrata species was performed by 
PCR reaction with CGL1 (5′–TTATCACACGACTC-
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GACACT–3′) and CGL2 (5′–CCCACATACTGA-
TATGGCCTACAA–3′) primers, Amplification was 
carried out with an initial denaturation at 95°C for 2 
min, followed by 40 cycles consisting of denaturation 
at 94°C for 30 s, annealing at 58°C for 30 s, and elon-
gation at 72°C for 30 s, and a final extension at 72°C 
for 10 min [16].

The Genetic relatedness among the clinical C. albi-
cans and non-albicans Candida isolates were character-
ized by RAPD assay. Five arbitrary primers CD16AS, 
HP1247, ERIC-2, OPE-3 and OPE-18 (Genomed, 
Warszawa, Poland), previously applied in our study, 
were used in the analysis. Due to the low discrimina-
tory power of OPE-18 we excluded this primer from 
the analysis of genetic relatedness among non-albicans 
Candida isolates. 

PCR was conducted with the following cycle pro-
file: one cycle at 95°C for 2 min, followed by 40 cycles 
at 95°C for 1 min, 36°C for 1 min, 72°C for 2 min, and 
a final extension at 72°C for 5 min. Similarity analysis 
of RAPD patterns was carried out with the BIO 1D++ 
software (Vilber- Lourmat, Marne La Vallee, France). 
Therefore, the digital images of RAPD patterns ob-
tained with all the primers tested were used for com-
parison and clustering. In each sample the presence (1) 
or absence (0) of RAPD bands was scored in a binary 
matrix. The study was approved by the Ethics Com-
mittee of Santosh Medical College, Ghaziabad, U.P. & 
VarunArjun Medical College & Rohilkhand Hospital, 
Shahjahanpur, Uttar Pradesh [17].

RESULTS
A total of 377 oropharyngeal cancer patients hos-

pitalized between 2019 to 2021 were selected for the 
study. Random sampling was performed which in-
cluded 292 (78.8%) males and 85 (21.2%) females 
with an average age of 64 years (range 18–93) from 
western part of Uttar Pradesh. The male: female ratio 
was 3.4:1. Higher percentage of culture positive was 
observed in male (Table No 1)

Table No. 1
Gender Wise Distribution of Patients.

Gender Total 
Number 
of cases 

Percent-
age

Number of 
culture posi-

tive cases 

Percent-
age

Male 292 78.8 126 43.1 
Female 85 21.2 26 30.6 

Out of the 377 oropharyngeal cases, 152 (40.3%) 
cases were culture positive for Candida spp. Of the 
152 culture positive cases, 191 Candida strains 
were isolated. Maximum percentage of positivity 
was observed in the age group 51-60 year (Table 
No.2). 

Table No 2: 
Age Wise Distribution of Patients.

Age (in 
years)

Total number 
of Cases

Culture Posi-
tive Cases

Percentage of 
Positivity

31-40 107 35 32.7

41-50 114 49 42.9

51-60 93 40 43.0

61-70 53 25 47.2

≥71 10 3 30.0 

Total 377 152 40.3 

Of the 377 oropharyngeal cases, 206 (54.6 %) cases 
were from urban areas while 171 (45.4 %) were from 
the rural area. Of the 152 culture positive cases 88 
(42.7 %) were urban and 64 (37.4 %) from the rural 
area. Maximum percentage of positivity was observed 
in the urban area (Table No.3). 

Table No 3
Residence Wise Distribution of Patients. 

Residence Total 
number of 

cases

Percent-
age

Number 
of culture 
positive 

Percent-
age

Urban 206 54.6 88 42.7

Rural 171 45.4 64 37.4 

 
Of the 377 oral cancer cases, 152 (40.3%) cases 

were culture positive for Candida species. A total of 
191 isolates were recovered from oral cavity of 152 
cancer patients with oral candidiasis. The isolates 
included Candida albicans (n = 42, 22.0%), Candida 
tropicalis (n = 36, 18.8%), Candida parapsilosis (n = 
34, 17.9%), Candida dubliniensis (n= 30, 15.7%), Can-
dida krusei (n= 30, 15.7%), Candida glabrata (n = 19, 
9.9%). (Table No. 4)

A total of 142 (74.3%) isolates were susceptible to 
Miconazole followed by 112 (58.6%) to ketoconazole, 
111 (58.1 %) to Itraconazole, and Clotrimazole.
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Genotypic identification of C. albicans, C. tropi-
calis, C. parapsilosis, C. dubliniensis, C. krusei, and C. 
glabrata were carried out by the Genomic Mini AX 

YEAST isolation kit (A&A Biotechnology, Gdynia, 
Poland) according to the manufacturer’s instructions 
for the DNA extraction followed by the PCR. 
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Table No. 4: 
Candida Species Profile and Sensitivity Pattern of Candida Isolates. 

Isolate No. of isolates Ampho Keto Flu Itra Clotri Nyst Micona

C. albicans 42 16 21 12 23 36 17 33

C. tropical 36 11 15 10 21 8 13 25

C. parapsilosis 34 11 10 14 16 16 14 24

C. dubliniensis 30 14 21 10 20 9 23 26

C. krusei 30 22 26 12 24 15 12 19

C. glabrata 19 19 19 9 7 10 10 14
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Fig No. 1: DNA Extraction of the Candida albicans isolates

 

Fig No.2: DNA Extraction of the Non-albicans Candida. 

All the isolates were subjected to PCR assay using 
primers targeting the HWP1 gene and were identified 
as C. albicans, as a ∼1000-bp fragment was amplified. 
In case of non albicams Candida all the isolates, an-
alyzed with the use of the primers for amplification 
of the ITS region, a ∼420-bp band was detected for 
non albicans Candida. Genetic relatedness was not 
observed in this study. 

DISCUSSION: 
Candida species have now emerged as important 

pathogens in immunocompromised patients. Noso-
comial infections are basically of endogenous origin. 
Nevertheless, some cases of exogenous candidiasis 
have also been reported.

Due to the increasing incidence of new emerging 
species closely related to C. albicans and non-albicans 
Candida spp. application of PCR-based molecular 
methods to identify them is crucial [18,19].

A total of 191 isolates of Candida were recovered 
from oral cavity of 142 (37.7%) cancer patients with 
oral candidiasis. In our study the maximum number 
of isolates of Candida spp. was the Candida albi-
cans. Our study was in support with the study per-
formed by another author where the prevalence of 
Candida albicans was highest [20, 21]. In our study 

the rate of Candida spp. recovered from patients of 
oral cancer was high. This study was parallel to the 
other studies performed by Chelenz et al., [22] and 
Zollner-Schwetz et al, [23] where Candida albicans 
was the most common isolate. In our study the rate 
of isolation in males was more as compared to the 
females. This study was in contrast with the study 
by Mehrnoush M. et al [24], where the number of 
females was more. Maximum number of cases were 
found in the age group above 40 years which is in 
support with the study performed by other authors 
[24] where in female numbers were higher. Many in-
vestigations have shown that C. albicans is the most 
typical cause of colonization as well as oral candi-
diasis among cancer patients [25] C. albicans is rec-
ognized as the most common cause of colonization 
and candidiasis in patients the increase in non-albi-
cans Candida species such as C. glabrata, C. krusei, 
C. parapsilosis and C. tropicalis has been reported by 
several researchers in recent decades [26].

In the study by Betts et al., the most common spe-
cies of non-albicans Candida was the C. tropicalis and 
C. krusei (11%). In the present study also the most 
prevalent non-albicans Candida species was the C. 
tropicalis and C. parapsilosis.

Fluconazole is a triazole antifungal agent that is 
used as the first line of systemic therapy in patients 
undergoing chemotherapy. On the other hand, fluco-
nazole and amphotericin B are widely used for pro-
phylaxis of fungal infections in neutropenic patients 
especially with malignancies [27]. In this study, C. 
albicans isolates showed the highest resistance to flu-
conazole followed by and lastly by nystatin while the 
resistance of isolated non-albicans Candida species 
to fluconazole and amphotericin B was more as com-
pared to nystatin. This finding was in support with 
the other studies [28]. In our study 51.4 % of the test 
isolates were resistant to amphotericin B including 
65.2% and 57.1 of C. tropicalis and C. albicans species 
respectively. On the other hand, in an investigation 
conducted by Haddadi and colleagues’ resistance to 
amphotericin B was reported in C. albicans, C. kru-
sei, and C. glabrata species [29]. The drug resistance is 
common in fungal species as well similar to bacterial 
microorganisms [30,31]. The antifungal treatment is 
affected by inherent immunity of subjects as well [32-
34]. Nevertheless, the study findings are to be applied 
in clinical research keeping in mind the limitations of 
the present study [35].
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CONCLUSION: 
We concluded that the early diagnosis and iden-

tification of fungal pathogens for targeted antifungal 
therapy is essential. Antifungal drugs Fluconazole, 
Amphotericin B are being used for the treatment 
of candidiasis over decades. Application of topical 
itraconazole is advisable in the first stage of treatment 
and even for the prevention of high-risk patients be-
cause most Candida isolates were susceptible to this 
drug while the increasing resistance to Fluconazole 
and Amphotericin B demands novel antifungal drugs 
with a different function. Genetic relatedness was not 
observed in this study and all the isolates were endog-
enous. However, more clinical trials are needed for ep-
idemiological studies. 
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ABSTRACT 
BACKGROUND: Cardiovascular diseases (CVD) are the major 
cause of morbidity and mortality in our society with Dyslipid-
emia contributing significantly to atherosclerosis. OBJECTIVE: 
To find proportion and distribution of Dyslipidemia among the 
apparently healthy young adult visiting the preventive OPD of 
a tertiary care Hospital. MATERIAL AND METHODS: The 
study was conducted for a period of 2 months --from 1st May 
2022 to 30th June 2022. Based on inclusion and exclusion cri-
teria 400 subjects (250 males and 150 females) with > or =40 
age group were selected from a total no. of patients who had 
attended preventive OPD run by department of community 
medicine at Santosh medical college and hospital Ghaziabad. 
RESULTS: The total proportion of Dyslipidemia was found to 
be 23.75% among total study participants. The proportion of 
Dyslipidemia was observed to be higher in males than in fe-
males. Among participants who had a total Cholesterol (TC) 
concentration > or = 200 mg/dl, 44.8% were males and 24.8% 
were females. High density lipoprotein cholesterol (HDL-C) was 
abnormally low in 65.2% males and 34.7% in females. Isolated 
Low-density lipoprotein-C was abnormally high (>100 mg/dl) in 
28% of males and 24.7% of females. Deranged levels of Total 
Cholesterol, Triglycerides and LDL levels found 24.8% in males 
and 22.6% in females. CONCLUSION: There is significant pro-
portion of Dyslipidemia in healthy adults which indicates that 
there is a need for awareness programs for the prevention and 
control of Dyslipidemia. 
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Introduction 
The Noncommunicable Diseases Commonly In-

clude Cardiovascular Disease (CVD), Various Can-
cers, Chronic Respiratory Illnesses, Diabetes, and So 
on. CVDs Such as Ischaemic Heart Disease and Cere-
brovascular Such as Stroke Accounts for 17.7 Million 
Deaths and are the Leading Cause (1).

In accordance with the World Health Organization, 
India Accounts for One-fifth of These Deaths World-
wide Especially in Younger Population. Global Burden 
of Disease Study States Age-standardized CVD Death 
Rate of 272 Per 100000 Population in India as Com-
pared to a Global Average of 235. CVDs Strike Indians 
a Decade Earlier than the Western Population (2).

Dyslipidemia is an Established Independent Major 
Risk Factor for Coronary Artery Disease (CAD), Even 
Occurring Before other Major Risk Factors Come into 
Play (3). Low HDL Cholesterol and High TG concen-
trations have been Implicated as Possible Independent 
Predictors of CVD (4) and the Combination of These 
Two Conditions are Called as Atherogenic Dyslipid-
emia (5).

Cholesterol travels through the blood on proteins 
called “lipoproteins.” Two types of lipoproteins carry 
cholesterol throughout the body: LDL (low-density li-
poprotein) cholesterol, sometimes called “bad” choles-
terol, makes up most of your body’s cholesterol. High 
levels of LDL cholesterol raise your risk for heart dis-
ease and stroke. HDL (high-density lipoprotein) cho-
lesterol, sometimes called “good” cholesterol, absorbs 
cholesterol in the blood and carries it back to the liver. 
The liver then flushes it from the body. High levels of 
HDL cholesterol can lower your risk for heart disease 
and stroke. Triglycerides are a type of fat in your blood 
that your body uses for energy. The combination of 
high levels of triglycerides with low HDL and/or high 
LDL cholesterol levels can increase your risk for health 
problems, such as heart attack (6).

Keeping in mind the prime role of dyslipidemia in 
CAD development in young, we aimed to investigate 
the prevalence of lipid abnormalities in young and ap-
parently healthy population in district Ghaziabad.
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Aim and objective 
• To Find Proportion and Distribution of Dyslipidemia 

Among the Apparently Healthy Young Adults Visit-
ing the Preventive OPD of a Tertiary Care Hospital.

Material and methods 

Materials 
Type of Study: Hospital Based Cross Sectional 

Study. 
Period of Study: From 1st May 2022 to 30th June 

2022.
No. of Study Subjects: Out of 1000, who attend-

ed the OPD, 400(Males -250, Females-150) selected 
based on inclusion and exclusion criteria.

Study Population: Apparently Healthy Adult Individ-
uals Attending Preventive OPD of Department of Com-
munity Medicine at Santosh Medical College Ghaziabad

Inclusion Criteria: Apparently Healthy Individual 
Without Any Co-morbidity, No History of Cardiovas-
cular Disease, No History of Hypertension, No Histo-
ry of DM type -2, Normal BMI, No Obesity, No His-
tory of Any Medication for Dyslipidemia, 12 Hours 
of Fasting Before Giving Sample, Age Should be Less 
Than or Equal to 40 Years.

Exclusion Criteria: Individuals with history of any 
co-morbidity, History of Cardiovascular Disease on 
Medication, History of DM Type-2, History of Hyper-
tension, Obesity, Previous History of Dyslipidemia on 
Medication, Non-Fasting, Age More than 40 Years.

Methods 
Health Status was Evaluated by Physical Checkups, 

Complete Fasting Lipid Profiles, Blood Glucose Levels 
and BMI. Evaluation of Distribution of Dyslipidemia 
Based on National Cholesterol Education Programme 
(NCEP), Adult Treatment Panel III (ATP III) Guide-
lines (7,8) was Done.

Definition and preferred cutoff value 
For serum lipids, we referred to NCEP – ATP III 

Guidelines (7,8). According to these standard guide-
lines, hypercholesterolemia is defined as TC >200mg/
dl, LDL-C as >100mg/dl, hypertriglyceridemia as TG 
>150mg/dl and HDL-C <40mg/dl. Dyslipidemia is de-
fined by presence of one or more than one abnormal 
serum lipid concentration.

The NCEP has established guidelines for the 
screening, diagnosis, and treatment of dyslipidemia.

The guidelines specify desirable and undesirable lev-
els of the various lipid fractions.Because atherogenesis 
begins relatively early in life, the NCEP recommends that 
all adults above the age of 20 have a lipid profile performed 
at least once every 5 yr. The most recent guidelines of the 
NCEP’s third Adult Treatment Panel (ATP III) stress the 
assessment of patients’ near-term (that is, within the next 
10 yr.) risk for CHD to determine the aggressiveness of 
treatment. Patients may fall into one of three categories: 
those with CHD or with a risk factor profile equivalent to 
having CHD, or “CHD equivalent”; those with multiple 
risk factors (2 or more); and those with 0 to 1 risk fac-
tors. The identification of a “CHD-equivalent” group is 
an important modification from previous guidelines. In-
cluded in this category are patients who have other forms 
of atherosclerotic disease, those with diabetes, and those 
with a 10-yr CHD risk greater than 20%. This schema 
shows an appreciation for the continuum of cardiovascu-
lar risk that blurs the distinction between “primary” and 
“secondary” prevention (9).

Consent obtain from individuals taking part in the 
study and ethical approval obtained from institute eth-
ical committee.

Data analysis was done using Microsoft Excel 2019 
and SPSS 20.0.0.

Results 
After analysis of all reports of individual with no 

symptoms who had come for routine evaluation, we 
have found that out of 400 individuals, majority of them 
were males (62.5%) and females constituted 37.5%. To-
tal proportion of dyslipidemia was found to be 23.75%.
Table 1
Distribution of Total Cholesterol, HDL Cholesterol, Triglycerides, 
LDL Cholesterol, Deranged Complete Lipid in Males and Females

Types of lipids and Levels Proportion in 
males

(n=250) 62.5%

Proportion in 
Females

(n=150) 37.5%
TOTAL CHOLESTEROL 
<200mg/dl –Desirable 138 (55.2%) 113 (75.3%)
>200 mg/dl-Abnormal 112 (44.80%) 37(24.7%)
HDL CHOLESTEROL
Normal – 35-70 mg/dl 87(34.8%) 98(65.3%)
Low <35 163(65.2%) 52(34.7%)
TRIGLYCERIDES
Normal- <150 mg/dl 175(70%) 114(76%)
Abnormal – >150 mg/dl 75(30%) 36(24%)
LDL CHOLESTEROL 
Optimal <100 mg/dl 180(72%) 113(75.3%)
Abnormal > 100 mg/dl 70(28%) 37(24.7%)
DERANGED COMPLETE 
LIPID PROFILE

62(24.8%) 34(22.7%)
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The prevalence of dyslipidemia was observed to be 
higher in males than in females. Among participants 
who had a total Cholesterol (TC) concentration > or 
= 200 mg/dl, 45% were males and 24.8% were females. 
High density lipoprotein cholesterol (HDL-C) was ab-
normally low in 65.2% males and 34.7% in females. Tri-
glycerides was found abnormal in 30% males and 24% 
females. Isolated Low-density lipoprotein-C was ab-
normally high (>100 mg/dl) in 28% of males and 24.7% 
of females. Maximum deranged complete lipid profile 
found in males (24.8%) and Females (22.7%). Out of 
all lipids maximum abnormality found in HDL levels.
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Profile in Males and Females

Discussion 
Dyslipidemia involves those individuals who have 

faulty life style including sedentary habits, increased 
consumption of fatty foods, smoking, hypertension 
and diabetes and atherosclerosis starts at an early age 
in these individuals (10). These empirical observations 
have been confirmed by Framingham studies (11). 
However, most of the information on the contribu-
tions of various lipid fractions to CVD risk is derived 
from studies in the Caucasian population and limited 
information exists regarding the changing time-trends 
in lipid levels and the prevalence of dyslipidemia in 
Indian subjects. Indians bearing high burden of CVD 
risk factors especially disturbed lipid profile  (12). 
Though the prevalence of CHD in young is difficult to 
establish accurately due to “silent” nature of the pro-
cess (13). The early detection of risk factors often con-
tribute significantly in the prevention/delaying of the 
event as it could be managed by lifestyle modification. 
It is known that even though CAD is a fatal disease 
with no known cure, it is also highly predictable, pre-
ventable, and treatable with the existing knowledge. 
To the best of our knowledge none of the study has 
systematically evaluated the trend of lipid abnormali-
ties in young and healthy adults in the region.
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In our study the abnormalities of various lipids such 
as total cholesterol, triglyceride, HDL-C, LDL-C and 
total lipids were 44.80%, 30%, 65.2%, 28% and 24.8% % 
in males whereas in females the prevalence were 24.8%, 
24%, 34.7%, 24.7% and 22.7% respectively.

Similarly in study conducted by Sahoo et al (12) at 
Gujarat they found that the abnormalities of various 
lipids such as total cholesterol, triglyceride, HDL-C, 
LDL-C, LDL-C/HDL-C, TC/HDL-C, VLDL and to-
tal lipids were 25.1%, 8.75%, 52.65%, 27.83%, 44.2%, 
51.8%, 13.1% and 19.4% in males whereas in females 
the prevalence were 10.9%, 2.15%, 21.4%, 10.2%, 
13.6%, 16.3%, 4.04% and 6.2% respectively.

In Sahoo et al (12) study maximum lipid abnormal-
ities were found in males as compared to females. Our 
study also showed similar results as compared to their 
study in terms of Low HDL-C levels in males,High 
LDL-C and Total Cholesterol in males. 

These trends have been continuing from 2006, a 
study conducted in 2006 by Sawant et  (14) showed 
similar results as our study and the study by Sahoo et 
al (12). 

Several cross-sectional studies have demonstrated 
that lipid profile abnormalities are associated with age 
and gender, where females get fairer protection due 
to well-known premenopausal phenomena (15–18). 
There is a delayed onset of CVD events by 10-15 years 
in females as compared to male (19). The similar phe-
nomena was observed in this study also as prevalence 
of conventional lipid (total cholesterol, triglyceride, 
HDL-C and LDL-C) abnormalities were significantly 
lower in females as compared to their male counter-
parts.

This global phenomenon of prematurity and sever-
ity suggests that CVD starts at an early age and has 
a malignant course (20-22). In our study we found 
that there is significant prevalence of dyslipidemia in 
young healthy adults. Dyslipidemia is independent 
risk factor for development of cardiovascular disease. 
Limitation of our study was small sample size and its 
single institute cross sectional study so results may not 
be generalized (23).

Conclusion
In our study we have found that there is preva-

lence of dyslipidemia in healthy adult population and 
overall prevalence of dyslipidemia more in males than 
females. There is need to adopt lifestyle modification 
techniques including change in dietary habits and ex-

ercise, to reduce effect and levels of harmful lipids in 
the body, to reduce cardiovascular diseases risk. 
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ABSTRACT
Purpose: To evaluate the effectiveness of various relaxation 
noises on anxiety levels of children aged between 4-8 years old 
by analysing through heart rate, FLACC scale and Wong-Baker 
Faces Pain Rating Scale. Material and methodology: Using 
simple random sampling 40 children were equally divided into 
group of four; GROUP 1: Control group ( any cartoon music), 
GROUP 2: White noise, GROUP 3: Brown noise, Group 4: Pink 
noise. Patients in each group were treated in a single appoint-
ment after using the particular sound distraction technique, Pa-
tients who all require extraction under local anaesthesia were 
included in the study. Patient anxiety level was evaluated by 
measuring pulse rate, wong baker’s scale, FLACC scale at differ-
ent time intervals. Results: Among all shades of noises, White 
noise shown significant results. Conclusion: It was concluded 
that audiodistraction is the innovative technique for diverting 
patient’s mind in pediatric dentistry.

KEYWORDS
Nonaversive techniques, Audioanalgesia, White noise, Brown 
noise, Pink noise, Distraction.
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INTRODUCTION:
Pediatric dentistry has made much progress in pro-

viding a patient-friendly environment. The main aim 
of the clinician is to provide joyful surrounding and 
healthy habitat during treatment, but despite revolu-
tionary new dental techniques, anxiety and fear to-

wards dentistry has stayed relatively constant over the 
past many years.

Dentists have a wide variety of behavior modifica-
tion techniques available to them to assist in the man-
agement of the child with anxiety1 such as tell-show-do, 
relaxation, distraction, systematic desensitization, mod-
eling, audio analgesia, hypnosis, and behavior rehearsal. 
Among all these techniques, traditional behavior man-
agement techniques such as papoose board and hand 
over mouth technique can be successful, but the attitude 
of parents and dental professional towards these tech-
niques is changing, and now non aversive techniques like 
distraction and relaxation are becoming more popular.2

Relaxation via audio analgesia as a technique to re-
duce stress is based on the principle of inhibition of 
anxiety: it is impossible to be relaxed and anxious at 
the same time. Most of the research in this field stems 
from Wolpe’s work on the reciprocal inhibition of anx-
iety through desensitization.3

The historical backgrounds of audio analgesia were 
explored by two coworkers, Gardner and Licklider.4 

These authors described the use of sound to “suppress” 
pain produced by the dental operation. In the audio-an-
algesia technique, sound provided to the subject through 
earphones. The subject receives music and masking 
sound, known as white noise, volume that remains con-
stant regardless of frequency, such as high-pitched static.

A study from 1990 found that white noise helped 
neonates fall asleep5 and another from 2004 also dis-
covered that patients exposed to white noise slept bet-
ter because white noise effectively hides “background 
noise” and other “peak noises”.6 

Pink noise classified as noise that’s volume decreas-
es by 3 dB per octave, such as thunder is similar to 
white noise in that it’s random noise. However, with 
pink noise, higher frequencies have less spectral pow-
er than lower frequencies.7

Brown noise lowers the higher frequencies even 
more. It’s a bit “rougher” than pink noise and resembles 
the roar of a river current or strong wind. Common 
benefits associated with brown noise are relaxation, 
improved focus, and of course, sleep improvement.8

Knowledge about different shades of noises to in-
duce distraction in children is still at infancy in pediat-
ric dentists, So keeping this thought in mind the study 
was designed to evaluate the effectiveness of various 
relaxation noises on anxiety levels of children aged be-
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tween 4-8 years old by analyzing through heart rate, 
FLACC scale and Wong-Baker Faces Pain Rating Scale.

MATERIALS AND METHODOLOGY
This double blinded randomised, clinical study 

was conducted in the Department of Pediatrics and 
Preventive Dentistry. Ethical approval of the study was 
obtained from Institutional ethical committee.

Informed consent was obtained from each subject’s 
parents/guardians before enrolling them in the study.

The child was included in the study if 1.) Aged be-
tween 4 and 8 years 2.) Children with Frankl’s behav-
ior rating score of 2 or 3 3.) No prior dental experience 
4.) Children requiring any treatment under Local An-
esthesia 5.) Systemically healthy children (American 
Society of Anesthesiologists Type I)

And the child was excluded if 1.) Frankl’s behavior 
rating score of 1 or 4 2.)Treatment can be done with-
out local anesthesia 3.) Medically and developmental-
ly compromising conditions 4.) Patients with mental / 
cognitive problems

Using simple random sampling technique, selected 
children were equally distributed into four groups of 
10 each, 

Group 1: Audio analgesia (control group)
Group 2: White noise,
Group 3: Brown noise,
Group 4: Pink noise,
Samples in each group were treated during first 

appointment after using any of the above mentioned 
four groups.

All the children were treated by a single operator in 
order to avoid bias.

The evaluation of the subjective parameters was by 
another observer who was blinded against the type of 
noise used. 

The subjective parameters were recorded imme-
diately after LA was given using FLACC scale (Table 
1). Along with this the child’s overall experience of the 
dental visit was recorded by the child using Wong bak-
er’s FACES pain rating Scale (Fig 1) The pulse rate of 
the child was recorded before exposing the child to the 

Table 1

 

 
Figure 1
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noise using pulse oximeter in a preformed pro forma 
(Table 2). Pulse rate was then again recorded after 10 
minutes of noise exposure and then after the end of 
the treatment.

STATISTICAL ANALYSIS
All the data collected and entered in MS excel and 

analyzed using SPSS 16.0 for windows (SPSS Inc, Chi-
cago, IL, USA, 2001). The normality of data was tested 
by Shapiro Wilks test. Descriptive statistics, frequen-
cy distribution, including the mean, median and S.d. 
S.E.M. were calculated for all measurements.

The significance of difference of means between 
two groups, i.e. inter group comparison for normal 

data was tested by ANOVA one way test, and intra 
group comparison was tested by paired t test(para-
metric test) and The qualitative data association 
tested by Kruskall-Wallis H test. The level of signifi-
cance and confidence interval were 5% and 95 % re-
spectively.

Significant p<0.05,
Highly significant p<0.01
Not significant p>0.05

RESULTS

FLACC SCORE

Table 2

 

Table 3
Flacc scores comparison among different groups.

GROUPS

FLACC
Total Relaxed and com-

fortable Mild discomfort Moderate pain Severe discomfort 
or pain or both 

n (%) n (%) n (%) n (%) n (%)
Control group 0 (0.0) 4 (40.0) 5 (50.0) 1 (10.0) 10 (100.0)
White Noise 0 (0.0) 8 (80.0) 2 (20.0) 0 (0.0) 10 (100.0)
Brown Noise 0 (0.0) 6 (60.0) 3 (30.0) 1 (10.0) 10 (100.0)
Pink Noise 0 (0.0) 6 (60.0) 4 (40.0) 0 (0.0) 10 (100.0)
Hypnosis for anxiety 0 (0.0) 3 (30.0) 5 (50.0) 2 (20.0) 10 (100.0)

P value =0.188; Not Significant
Statistical Analysis: Kruskall-Wallis H test. Statistically significant if P<0.05

Wong – Baker’s FACES pain rating scale
Table 4
Wong – Baker’s FACES pain rating scale scores comparison among different groups.

Wong bakers
Control group White Noise Brown Noise Pink Noise Hypnosis for anx-

iety

n (%) n (%) n (%) n (%) n (%)
No Hurt 2 (20.0) 3 (30.0) 3 (30.0) 1 (10.0) 2 (20.0)
Hurts Little Bit 3 (30.0) 4 (40.0) 4 (40.0) 3 (30.0) 4 (40.0)
Hurts Little More 2 (20.0) 2 (20.0) 2 (20.0) 3 (30.0) 1 (10.0)
Hurts Even More 2 (20.0) 1 (10.0) 1 (10.0) 2 (20.0) 2 (20.0)
Hurts Whole Lot 1 (10.0) 0 (0.0) 0 (0.0) 1 (10.0) 1 (10.0)
Hurts Worst 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Total 10 (100.0) 10 (100.0) 10 (100.0) 10 (100.0) 10 (100.0)

P value =0.524; Not Significant
Statistical Analysis: Kruskall-Wallis H test. Statistically significant if P<0.05
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Figure 2 

 
Figure 3
 

HEART RATE

Table 5
Mean comparison of Heart Rate in different groups at different time intervals.

Variables Before exposure After 10 min After treatment P value
Control group 91.80±6.23 88.80±7.28 85.90±4.63 0.119
White noise 90.70±5.01 87.30±7.10 84.70±6.11 0.109
Brown noise 91.40±4.95 89.90±7.42 88.10±6.15 0.506
Pink noise 93.80±5.27 91.90±4.63 92.50±5.08 0.689
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Discussion
Fear and anxiety are human reactions to any dan-

ger which in turn produces far-reaching effects, es-
pecially in pediatric dental patients.9 It often leads to 
poor behavior outcomes, increased treatment time, 
risk of tooth injury to the child, and increased post-
operative pain. 

The developing child often lacks the coping skills 
necessary to navigate the dental experience, making 
provision of quality dental care to children a challeng-
ing task. Dental fear usually develops in childhood as 
a result of frightening and painful dental experiences. 
If appropriate precautions are not taken, dental treat-
ment may overwhelm the child, resulting in dental 
fear and avoidance.10

American Academy of Pediatric Dentistry states 
that distraction is the technique of diverting the pa-
tient’s attention from what may be perceived as an un-
pleasant procedure. Giving the patient a short break 
during a stressful procedure can be an effective use of 
distraction prior to considering more advanced be-
havior guidance techniques.11

It was stated that the music has been associated 
with the treatment of disease since ancient times. In 
fact, the oldest known written account of medical 
practices, the Kahum papyrus, refers to the use of in-
cantations for healing the sick. While many cultures 

throughout history have relied on music to cure physi-
ological or psychological ills, it was not until the end of 
the nineteenth century that researchers began to study 
this area systematically.12 The effects of music on spe-
cific physiological processes such as cardiac output, 
respiratory rate, pulse rate, and blood pressure were 
originally reported by in 1880.13

In the Indian population, a lot of studies have been 
undertaken to evaluate the effectiveness of different 
types of audio in children, these studies used instrumen-
tal music or nursery rhymes, either separately or togeth-
er.14 There is a deficit of literature on the use of different 
colors of sound and hypnosis music to which the knowl-
edge of pediatric dentistry is still at immaturity.

White noise is defined as music with unaltered fre-
quency or amplitude, sound parameters, and masks 
the other unwanted noises in the environment. The 
adjective “white” is used to describe this type of noise 
because of the way white light works. White light is 
light that is made up of all of the different colors (fre-
quencies) of light combined together (a prism or a 
rainbow separates white light back into its component 
colors). In the same way, white noise is a combination 
of all of the different frequencies of sound, eg: rainfor-
est or soothing beach sounds.15

Brown noise is also known as Brownian noise be-
cause its change in sound signal from one moment to 

Table 6
Intragroup comparison of heart rate in the different groups

variables T1-T2 T1-T3 T2-T3
Control group MEAN±SD 3.00±1.05 5.90±1.60 2.90±2.65

P value 0.034 0.001 0.05
White noise MEAN±SD 3.40±2.09 6.00±1.10 2.60±0.99

P value 0.020 0.001 0.006
Brown noise MEAN±SD 1.50±2.47 3.30±1.20 1.80±1.27

P value 0.173 0.001 0.085
Pink noise MEAN±SD 1.90±0.64 1.30±0.19 0.60±0.45

P value 0.007 0.083 0.370
 
T1 – Before Exposure
T2 – After 10 mins
T3 – After treatment

Table 7
Intergroup comparison of mean at various time intervals

Variables Control group White noise Brown noise Pink noise P value
Before exposure 91.80 90.70 91.40 93.80 0.753
After 10 mins 88.80 87.30 89.90 91.90 0.651
After treatment 85.90 84.70 88.10 92.50 0.022
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the next is random. To the human ear, brown noise is 
similar to white noise, but is much deeper  –  it has the 
sound of a low roar not unlike that of a strong water-
fall.16

Pink noise consists of all frequencies we can hear, 
but the energy isn’t equally distributed across them. 
It’s more intense at lower frequencies, which creates 
a deep sound. Nature is full of pink noises like steady 
rain,heart beats etc.17

In this study we compared the effectiveness of all 
these sounds in distracting uncooperative children.

It was observed that statistically no significant dif-
ference in FLACC score was observed in all the groups. 
When anxiety was measured with Wong Bakers Facial 
Rating Scale, again no significant difference was found 
between different groups.

Thus the observations from this study indicated 
that the FLACC scale and Wong-Baker Facial rating 
scale gave statistically inconclusive results. Despite the 
inconclusive results, the picture test was an effective 
measure of the emotional state of the child at that par-
ticular instance.

In addition to psychological measures, a physio-
logical measurement of anxiety was also made by re-
cording heart rate using a pulse oxymeter. Since vaso-
constriction or pain can cause a change in heart rate, 
it is important to compare heart rate during each time 
the interval during the treatment session.18 Pulse rate 
is a direct measure of physiological arousal and its in-
crease is attributed to stress during dental procedures 
because of which it is an index of patient’s response to 
dental stimuli.

Statistically significant results were observed with 
the pulse rate measured in white noise among all the 
groups at different time intervals during the proce-
dure, but in intergroup comparison it was conclud-
ed that no particular shade of sound was effective, it 
was the distraction via audio analgesia which kept the 
child relaxed after the treatment.

CONCLUSION
From the present study it was concluded that no 

particular shade of sound is better, it’s the audio dis-
traction which was responsible for reduction in anxi-
ety, However, further research is required with greater 
sample size, involving younger age group children, 
giving choice of the audio to the subjects and effica-
cy of other distraction methods such as audio-video 
distraction.

From the present study it was concluded that no 
particular shade of sound is better, it’s the audio dis-
traction which was responsible for reduction in anxi-
ety, However, further research is required with greater 
sample size, involving younger age group children, 
giving choice of the audio to the subjects and effica-
cy of other distraction methods such as audio-video 
distraction.
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ABSTRACT
Introduction: Dental Treatment for an anxious child has al-
ways been a challenge to the pediatric dentist. Nitrous oxide 
has been documented as a safe and effective pharmacological 
mean of behaviour management which results in anxiolytic and 
analgesic effects along with slight amnesic effect. The objec-
tive of the study is to evaluate the amnesic effects of nitrous 
oxide during treatment at 30% and 50% concentrations of ni-
trous oxide and after 100% oxygen for 3 minutes. Materials 
and method: 30 Healthy Children (ASA I) of age group 7-12 
years undergoing extraction were included in the study. Amne-
sic effects were evaluated visually by showing various cartoon 
pictures before the start of the treatment (A1) and subsequently 
asking the child to recognise them after 30% (A2), 50% (A3) ni-
trous oxide and after 100% oxygen (A4). Results: Nitrous oxide 
showed amnesic effects at various titration levels. Discussion: 
Any invasive dental intervention makes even a cooperative child 
uncooperative in the subsequent visits. However, any substance 
having amnesic effect results in no negative memory of the 
painful procedure performed.Nitrous oxide seems to be prom-
ising as a safe and potent amnesic agent. Conclusion: Nitrous 
oxide shows amnesic effects which can be helpful as it won’t let 
the child create any traumatic memory of the treatment.
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Introduction
Contrary to the revolutionary upward shift in 

dental technology and material sciences, children’s 

behavior seems to have undergone a retrograde qual-
itative transformation; being less cooperative or even 
unreceptive these days, which gets compounded with 
protective parenting and inability to control children’s 
behavior is probably accountable for this1,2.

Although a pediatric dentist has the option of us-
ing many conservative behavior management tech-
niques such as ‘tell-show-do’, ‘modeling’, ‘contingency 
management’, etc. but these techniques fail to gain co-
operation from difficult children at many instances. 
This situation tends to worsen when the intervention 
is urgently required.3 Thus, the use of pharmacological 
techniques like general anesthesia and conscious seda-
tion is warranted in such circumstances.

Treatment of a child under local anesthesia may 
make the child uncooperative and make it very dif-
ficult for a pediatric dentist to maintain fearless den-
tistry. Nitrous oxide sedation remains the preferred 
pharmacological behavior management technique for 
anxious children. There is certainly no need for deep 
sedation or use of dense pharmacological drugs to get 
positive Frankl behavior from a child.

Conscious sedation is a medically controlled state 
of depressed consciousness that allows protective re-
flexes to be maintained, retains the patient’s ability to 
maintain a patent airway independently and continu-
ously and permits appropriate response by the patient 
to physical stimulation or verbal command.4 

According to AAPD guidelines, nitrous oxide is 
commonly used in conscious sedation especially in a 
pediatric dental setup as it is non- toxic, rapidly acting 
and have capabilities of CNS depression. Its desirable 
characteristics include analgesia, anxiolytic action, 
rapid onset of action, possible titration, rapid cogni-
tive recovery, and amnesia with minimal side effects.5

Amnesia is a transient loss of memory which may 
be caused by brain damage, disease, or psychological 
trauma. It can also be caused temporarily by the use of 
various sedatives and hypnotic drugs.6

Amnesia can be retrograde or anterograde. Retro-
grade amnesia is the inability to recall past memories 
while anterograde amnesia is the inability to create 
new memories.

Many studies evaluated the amnesic effects of 
various drugs in combination with nitrous oxide. In 
a study done by Mouquet et al, patients were given 1 
mg of dextromoramide and during the procedure, a 
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mixture of 50% nitrous oxide and 50% oxygen was 
delivered. Among 20 patients given the nitrous ox-
ide-oxygen mixture, 15 experienced total, 4 partial, 
and 1 no amnesia.7 Limited literature is available 
on the amnesic effect of nitrous oxide alone at var-
ious titration levels i.e. without any combination of 
conscious sedation, which is of specific interest to 
the pediatric dentist. The present study was thus 
planned to study the retrograde amnesic effect of Ni-
trous Oxide.

Materials and methodology
Thirty systemically healthy children (American 

Society of Anesthesiologists Type I) aged between 7 
and 12 years, undergoing extraction at Department of 
Pedodontics and Preventive Dentistry were selected 
for the study. Risks and benefits of sedation were ex-
plained to the parent/guardian before the initiation of 
the treatment and Consent was taken.

Children who required extraction of atleast one 
tooth, ASA Type I, Cooperative child (Frankl type III 
or IV) were included in the study while the child was 
excluded from the study if – The child was not coop-
erative (Frankl type I or II), No tooth is indicated for 
extraction or Parent/guardian did not give consent.

To prevent bias, extraction was the treatment pro-
vided in all the patients.

Three gas concentration levels of nitrous oxide 
(30%N2O, 50%N2O and 100%O2) were chosen in or-
der to standardize the procedure. The first one was of 
30% as it is a percentage where an appropriate seda-
tion level is generally achieved and where the subject 
experiences the pleasant senses associated with the 

gas.7 The second was of 50% as it is the maximum rec-
ommended concentration by the American Academy 
of Pediatric Dentistry in order to avoid nitrous oxide 
adverse effects8 and the third one was after 3minutes 
of 100% O2.

In this study the child was shown 2 cartoon 
pictures before the beginning of the treatment  
(fig 1).

 
Figure 1

The children who were included in the study had 
never seen those cartoons before and hence all the pic-
tures were new for all the patients. 

Then the child was asked to recognise these two 
cartoon pictures from a group of 5 pictures at various 
titration levels and the child’s response was recorded 
on a preformed table (fig 2a-2d). The pictures on the 
preformed table were randomly arranged.

Responses were recorded at the following N2O – O2 
titrations:

A1 – At 100% O2

A2 – At 30% N2O
A3 – At 50% N2O
A4 – After 3 minutes of 100% O2 administration

     
              2a                                   2b                                 2c                                 2d 
 Figure 1 Before sedation, 2b – at 30% nitrous oxide, 2c – at 50% nitrous oxide, 2d – after 100% oxygen 
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In this study, patient’s memory was assessed by 
showing cartoon characters and then asking them to 
recapitulate them at various titration levels.

It was observed that,
At 30% N2O 15 out of 30 children were not able to 

recapitulate 1 out of 2 pictures and 3 were not able to 
recapitulate any of the cartoon images.

At 50%N2O 14 out of 30 children were not able to 
recapitulate 1 out of 2 pictures and 9 were not able to 
recapitulate any of the cartoon images.

At 100% O2 11 out of 30 children were not able to 
recapitulate 1 out of 2 pictures and 13 were not able to 
recapitulate any of the cartoon images.

Discussion
Anxiety and pain control are of paramount impor-

tance especially in pediatric dentistry and most often 
they go beyond communicative behavioral modifica-
tion in children who are not able to tolerate dental pro-
cedures comfortably despite of gentle encouragement 
and profound local anesthesia. For children who can-
not be managed with traditional behavioral guidance 
techniques pharmacological techniques are needed.

Various studies investigating childhood period re-
port different dental anxiety ratios between 3% and 

43% worldwide.9 Sedation in dentistry offers an excel-
lent and perhaps the only way to provide safe, anxi-
ety-free, dental experience to such children.10

Recently nitrous oxide inhalation sedation has 
gained much importance as a technique that alters 
the patient’s mood, thus making him psychologically 
amenable to dental treatment. Conscious sedation has 
essentially “changed his mind” toward the pending 
procedure. 

It has been observed that negative childhood 
memories associated with dental treatment may af-
fect patient’s future emotional reactions related with 
dentistry. So making efforts in order to limit this kind 
of negative memories is crucial.11 Few procedures can 
make the pediatric patients uncooperative for subse-
quent visits. Evidence prove that patient’s satisfaction 
correlates with amnesia for the procedure.12 

Amnesia is a transient loss of memory which may 
be caused by brain damage, disease, or psychological 
trauma. It can also be caused temporarily by the use 
of various sedatives and hypnotic drugs. Amnesia can 
be either retrograde or anterograde. In retrograde am-
nesia, memory is blocked for input occurring prior 
to an event whereas, in anterograde amnesia, mem-
ory is blocked for input occurring after an event. For 

Results
Table 1
Response of the child at baseline,30% N2O,50%N2O & 100%O2

 

0 1 2
30%N20 12 15 3
50%N20 7 14 9
100%02 6 11 13
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Memory scores at various titrations of 
nitrous oxide inhalation sedation

0 Patient recognises both the cartoons correctly
1 Patient is able to recognise only 1 cartoon
2 Patient is not able to recognise any cartoon
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example, an individual could be unable to remember 
the input immediately prior to anesthesia (retrograde 
amnesia) or could be unable to remember input im-
mediately following the anesthesia (anterograde am-
nesia).13 According to AAPD guidelines Nitrous oxide 
has been reported to have amnesic effects. 

Many authors conducted study using various other 
sedative drugs like midazolam etc. Koht and Moss re-
ported improvements in short and long-term memory 
loss within one minute of flumaze-nil being given, but 
the expected anterograde amnesic effect of midazolam 
was, however, unaffected.

Quraishi et al reported amnesic effects after seda-
tion with propofol in a 12-year-old boy.14

However, studies related to amnesia using nitrous 
oxide analgesia are limited in literature.

It had been stated that, as the concentration of ni-
trous oxide is increased above 25 per cent the patients 
experience psychological symptoms described by Stein-
berg (1953) as dissociation from the environment.15

These psychological effects have been extensive-
ly studied in volunteers (Sonnenschein et al., 1948; 
Steinberg, 1953, 1954, 1956; Russell and Steinberg, 
1955; Parkhouse et al., 1960; Frankenhaeuser, 1963; 
Rodnight and Gooch, 1963; Berry, Gelder and Sum-
merfield, 1965).

According to Steinberg and Summerfield slight 
amnesia may be detected when 30 per cent nitrous 
oxide is inhaled and increases as the concentration 
is increased. On the other hand, memory may be im-
proved for events preceding nitrous oxide.

In this study retrograde amnesic affects produced 
by nitrous oxide through a set of pictures shown at 
baseline, then the child was asked to recognise these 
pictures at various N2O concentrations were eval-
uated. Results showed that initially all the children 
identified correct picture at baseline. But, after 30% 
N2O few children were not able to recognise either 1 
or both of the pictures. Similarly, after 50% N2O and 
100% O2 most of the children forgot either 1 or both 
the pictures, proving the retrograde amnesic effect of 
N2O. Limitations of the present study include inability 
to include proper randomization, sequence generation 
and allocation concealment and the findings of the 
study are to be interpreted in this light only.16,17

Conclusion
To conclude, sedation protocols with nitrous oxide 

inhalation sedation along with being safe and effective 

for managing anxious pediatric dental patients also 
have retrograde amnesic effect which can be of great 
benefit to a pediatric dentist as it won’t let the child to 
create any traumatic memory of the treatment making 
the child cooperative for subsequent visits and instill-
ing a positive dental attitude.
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Abstract
Background-Acute respiratory infections (ARIs) contribute 
to major disease associated mortality and morbidity among 
children under 5 years of age. Methodology- This observa-
tional cross-sectional study was conducted among the under 
5 children in slum population of Ghaziabad city through a 
house-to-house survey, using a pre-tested, semi-structured 
questionnaire with a sample size of 667 study participants. 
Result – In this study 389(58.32%,) individuals were males 
and 278 (41.68%) females. Most of the study subject 187 
(28.04%) belonged to the 0 to <1 year age group. Among 
the study participants. maximum ARI cases (47.06%) in chil-
dren were found in the age group 0 to < 1-year children. 
Majority 25.13% ARI cases were found among the children 
with 3-to-4-member family. Among all the children, 26.01% 
ARI cases were found among the children given exclusive 
breastfeeding, Conclusion: This study identifies the over-
all prevalence of Acute Respiratory Tract Infection among 
the under live children and determines the factor influence 
prevalence of ARI.
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INTRODUCTION
A child constitutes the most priority and vulnerable 

group in terms of survival, growth, and development 
(1). Acute respiratory infections (ARIs) contribute 
to major disease associated mortality and morbidity 
among children under 5 years of age (2).

WHO in 1997 stated respiratory infection as “In-
fection in any area of the respiratory tract including 
the nose, middle ear, throat (pharynx), larynx, bron-
chi, bronchioles and lung”. Acute respiratory tract 
infection is often classified by clinical syndrome de-
pending on the site of infection and is referred to as 
acute upper respiratory tract infection (AURI) and 
acute lower respiratory tract infection (ALRI). The 
upper respiratory tract infection includes common 
cold, pharyngitis and otitis media. The lower respira-
tory tract infection includes epiglottitis, laryngitis, la-
ryngotracheitis, bronchitis and pneumonia (3).

Most common organisms known to cause ARI 
among children include bacteria such as Staphylococ-
cus aureus, Streptococcus pyogenes, Pneumococci, 
Haemophilus influenzae & Klebsiella pneumonia. Vi-
ruses such as Adeno, Rhino, Corona & Influenza are 
also the common etiological agents. Acute respiratory 
tract infection is a major cause of morbidity and mor-
tality in developing and developed countries. In young 
children, ARI is responsible for an estimated 3.9 mil-
lion deaths worldwide, with 90% deaths due to bac-
terial pneumonia. In the developing countries, seven 
out of 10 deaths happen due to ARI in under 5-year 
age group (4).

ARI in young children is responsible for an esti-
mated 3.9 million deaths every year worldwide. It is 
reported that Bangladesh, India, Indonesia, and Nepal 
together account for 40% of the global ARI mortality. 
ARI deaths about 90% are due to pneumonia which is 
usually bacterial in origin (5). The incidence of pneu-
monia in developed countries may be as low as 3-4%, 
whereas in developing countries range between 20-
30%. The difference is due to high prevalence of mal-
nutrition, low birth weight and indoor air pollution in 
developing countries (6).

Globally, 30-60% of paediatric outpatient atten-
dance and 20-30% of hospital admissions are due to 
ARI (7). Every year ARI in young children is responsi-
ble for an estimated 3.9 million deaths worldwide (8). 
The World Health Organization (WHO) estimates 
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that 2 million children under five die of pneumonia 
each year (9).

In developing countries, close to 50% of all deaths 
in the community are among under-five age group 
children (WHO comprise 13% of the general popula-
tion). Among under-fives, ARI cause specific mortali-
ty in 20-25%. On this basis, one million deaths among 
under-five in our Country are due to ARI. Cause spe-
cific mortality due to ARI is 10 to 50 times higher in 
developing countries than developed countries (10).

According to NFHS-4, prevalence of symptoms of 
ARI in last two weeks preceding the survey was 2.7% 
in Uttar Pradesh. ARI is an important cause of mor-
bidity in the children. ARI contributes to 15-30% of 
all under-five deaths in India and most of these deaths 
are preventable (8). In our country, 15.9% of deaths 
between 1-5 years of age are due to ARI. In India, 
pneumonias are estimated to be responsible for 75% 
of ARI deaths (7).

In India, ARI is one of the major causes of hospi-
talization and mortality in fewer than five. Hospital re-
cords from states with high infant mortality rates show 
that up to 13% of inpatient deaths in paediatrics wards 
are due to ARI. The proportion of deaths due to ARI 
in the community is much higher as many children 
die at home (11).

According to RCOS, almost one in every six (16 
percent) children aged 0-5 had cough during the 15 
days prior to the survey. However, all those who had 
cough did not show the symptoms of ARIs. Only about 
50 percent of the children (8.6 percent of all children) 
having cough had breathing faster than usual with 
short, rapid breaths or had difficulty in breathing, and 
the difficulty in breathing was due to a problem in the 
chest or to a blocked or runny nose (i.e., symptoms 
of ARI). For more than three quarters (77 percent) of 
the children with ARI, medical advice/treatment was 
sought. The prevalence of ARI symptoms was a little 
higher in rural areas (9.1 percent) than in urban areas 
(7.6 percent); though in both areas medical help was 
sought for 76-80 percent of affected children. With 
increases in mother’s education and wealth quintile, 
there was a decrease in the prevalence of symptoms of 
ARI and an increase in the proportion of children who 
received medical help, though the differences were not 
very significant (12).

Keeping these facts in mind and realizing the 
need for a community-based data, the present study 
on prevalence of acute respiratory tract infection and 

its risk factors among under five children of slums of 
Ghaziabad city, Uttar Pradesh was undertaken.

AIMS AND OBJECTIVE 
To know the prevalence of acute respiratory tract 

infection in under five years age group children in 
slums of Ghaziabad city.

To assess the risk factors influencing Acute Respi-
ratory Tract Infection in the children under five years 
of age residing in slums of Ghaziabad.

MATERIALS AND METHODS
Study Type: Community-based, cross-sectional 

study
Study Population: All the population having chil-

dren under five years of age residing in slum at Kar-
haida, which comes under field practice area of de-
partment of community medicine Santosh medical 
college and hospital Ghaziabad.

Study Duration: The study was carried out from 
May 2017 to April 2018.

Sample Size calculation: According to previous 
studies conducted on ARI the prevalence of ARI was 
found as 52% by Goel K et al (7) in 2011-12 at Meerut, 
23% by Arun A et al (13) in 2013 at Lucknow, 26.22% 
by Islam F. et al (1) in 2004 at Guwahati, 59.1% by Ku-
mar S.G. et al (14) in 2013-14 at Puducherry and 27% 
by Sharma D (15) in 2009-10 at Kancheepuram.

Therefore the “Mean Prevalence” = 37.5%
Sample size was calculated by the following formu-

la: – n= 4pq/L2

Where n=sample size, p=prevalence, q=100-p, 
L-Allowable error (10%) i.e., 10% of prevalence.

Here in this study: P=37.5%, q=100-37.5=62.5, 
L=37.5*10 /100=3.75

Now n=4pq/L2 = 4*37.5*62.5 / (3.75)2 = 9375/14.06 
= 666.78 = 667

Inclusion Criteria: All children of under five years 
(up to 4 years and 364 days) of age, residing in the se-
lected slums of Ghaziabad city.

Exclusion Criteria: Children whose families had 
not been residing in the slums for the past 3 months 
and children of families who were visiting their rela-
tives were excluded from the study.

Severely ill children and those who were not co-op-
erating.

Strategy for collection: For the selection of study 
area, a list of all slums in Ghaziabad city was obtained 
from Nagar Nigam Ghaziabad which consists of 40 
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slums, from which study area was selected using sim-
ple random sampling technique. The study area select-
ed was” KARHAIDA” having the population of 7250. 
This slum area was visited during the study period 
and the households in the slum were visited as per re-
search methodology till the required sample size was 
achieved. Data was collected from the respondents 
(especially mothers) who had under five children. In 
the first house enquiry was done about the presence of 
any under five children and if any were present then 
the required information was collected from the re-
spondent regarding that child. If there were more than 
one under five children present in the family, then all 
the under five children were covered for the study.

All the information was gathered in pre-tested and 
semi-structured Proforma. Study variables include 
demographic variables such as age, sex, religion, ed-
ucational status, family size etc., socioeconomic status 
such as education, occupation, per capita income, etc. 
Variables in relation to environment such as ventila-
tion, housing condition, overcrowding, kitchen, fuel 
used in kitchen etc. Immunisation status and Feeding 
Practices of the child. Medical history which includes 
illness in the past 2 weeks of the children. Data col-
lection tools used are Weighing scale, Wristwatch, 
Mercury Thermometer etc., General clinical examina-
tion for assessing illness. Correct age of the child was 
collected based on birth certificate, parent’s informa-
tion, age of other siblings, etc. Immunization card of 
the child. Weighing scale for measuring weight of the 
children

Ethical Approval: The study protocol was ap-
proved by Institutional Ethical Committee of Santosh 
medical college and hospital Ghaziabad 

Consent: Informed consent was taken from all the 
participants parents and confidentiality was main-
tained

Data Analysis – Data was coded and entered in 
Statistical Package for the Social Sciences (SPSS). 
Qualitative data was expressed in proportions and chi-
square test was applied. Mean and standard deviation 
was used for quantitative data. Suitable tests of signifi-
cance were applied wherever necessary.

Data was collected and entered in MS Office excel 
2013 and analysed in Statistical Package for the Social 
Sciences (IBM SPSS) Version 16 (Trial). Descriptive 
statistics were applied for different study variables. Chi 
square test was used to analyse the categorical variable. 

Criteria of significance used in the study was taken as 
a p value = <0.05.

RESULT 
A total of 428 household were visited to meet the 

required sample size of 667. The result of the present 
study are as follows:

In table no.1 majority of children (28.04%) be-
longed to 0 to <1 year age group. Most of the children 
were male 58.32%, while female constituted 41.68%. 
Majority 71.67% of the children were Hindus, 23.69% 
were Muslims and 3.59% were in others followed by 
1.05% in Christian community. Out of 428 families 
studied in urban slums of Ghaziabad city, 61.92% 
families were nuclear families. bearing 43.03% of total 
under five children while 23.36% were joint families 
bearing 32.98% of total under five children and 14.72% 
were three generation families bearing 23.99% of total 
under five children. Most of the children belonged to 
Socio-economic class IV families (71.21%). followed 
by class III (24.59%) and class II (4.2%). Majority 
(50.67%) of the children’s mothers were illiterate. Ma-
jority 63.42% children’s parent used to smoke, where-
as 36.58% children’s parent did not have the smoking 
habit. Most of children (62.82%) lived in houses with 
unsatisfactory ventilation. while 37.18% children 
lived in houses with satisfactory ventilation. Majority 
66.27% of the children lived in houses with attached 
kitchen, while 33.73% lived in houses where the kitch-
en was separate. Majority of the children (65.98%) 
lived in overcrowded houses. Majority 63.26% of the 
children were not given exclusive breast feting while 
(36.74%) were exclusively breast feed. Most of the chil-
dren (68.33%) are fully immunized.

In table 2 maximum ARI cases (47.06%) in chil-
dren were found in the age group 0 to < 1-year chil-
dren, whereas 41.96%, 33.33%, 21.85% and 12.10% 
ARI cases were found among 1 to < 2 year, 2 to 3 years, 
3 to <4 years and 4 to 5 years age group children re-
spectively. (This difference was statistically significant, 
p < 0.001). Maximum ARI cases (35.25%) were found 
among female children and 28 53% ARI cases were 
found among male children. However, the difference 
was not statistically significant (p > 0.05). Maximum 
42.86% ARI cases were found among the children be-
longing to nuclear families, whereas 25.45% ARI cases 
were found among the children belonging to the joint 
families and 18.75% ARI cases were found in three 
generation families. (This difference was statistically 
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Table 1
Distribution of children according to Sociodemographic fea-
tures

SOCIODEMO-
GRAPHIC FEA-

TURES

Variables Number of 
Children 

Percent-
age (%)

AGE 0 – <1 187 28.04%
1 – <2 112 16.79%
2-<3 84 12.59%
3- <4 119 17.84%
4-<5 165 24.74%

SEX Male 389 58.32%
Female 278 41.68%

RELIGION Hindu 478 71.67%
Muslim 158 23.69%
Christian 7 1.05%
Others 24 3.59%

FAMILY TYPES Nuclear 287 43.03%
Joint 220 32.98%
Three generation 160 23.99%

NUMBER OF 
FAMILY MEM-
BERS 

3 – 4 187 28.04%
5 – 6 209 31.33%
7 or more 271 40.63%

SOCIOECO-
NOMIC STATUS 

Upper Class(I) 0 0.00%
Upper Middle 
Class(II)

28 4.20%

Lower Middle 
Class(III)

164 24.59%

Upper Lower 
Class(IV)

475 71.21%

Lower Class(v) 0 0.00%
MOTHER’S 
EDUCATIONAL 
STATUS

Illiterate 338 50.67%
Primary School 146 21.89%
Middle School 79 11.84%
High School 65 9.75%
12th Class passed 
and above

39 5.85%

PARENTS SMOK-
ING HABIT

Yes 423 63.42%
No 244 36.58%

VENTILATION IN 
HOUSE 

Satisfactory 248 37.18%
Unsatisfactory 419 62.82%

TYPE OF KITCH-
EN

Separated 225 33.75%
Attached to living 
room

442 66.27%

OVER CROWD-
ING

Present 440 65.98%
Absent 227 34.02%

EXCLUSIVE 
BREAST FEEDING 
GIVEN

Yes 223 36.74%
No 384 63.26%

IMMUNIZATION 
STATUS

Fully immunized 328 68.33%
Partially immu-
nized

121 25.22%

Not immunized 31 6.45%

Table 2
Distribution of children according to ARI status 

CATEGORY
ARI IN CHILDRENS

PRESENT ABSENT P VALUE 

AGE 

0 – <1 88(47.06%) 99(52.94%)

0.000

1 – <2 47(41.96%) 65(58.04%)

2-<3 28(33.33%) 56(66.67%)

3- <4 26(21.85%) 93(78.15%)

4-<5 20(12.12%) 145(87.88%)

 SEX 

Male 111(28.53%) 278(71.47%)
0.065

Female 98(35.25%) 180(64.75%)

 RELIGION 

Hindu 147(30.75%) 331(69.25%)

0.322
Muslim 56(35.44%) 102(64.56%)

Chirstian 1(14.29%) 6(85.71%)

Others 5(20.83%) 19(79.17%)

 FAMILY TYPES  

Nuclear 123(42.86%) 164(57.14%)

0.000Joint 56(25.45%) 164(77.37%)

Three generation 30(18.75%) 130(81.25%)

NUMBER OF FAMILY MEMBERS  

3 – 4 47(25.13%) 140(74.87%)

0.02395- 6 79(37.80%) 130(62.20%)

7 or more 83(30.63%) 188(69.37%)

SOCIOECONOMIC STATUS  

Upper Class(I) 0(0%) 0(0.00%)

 

Upper Middle 
Class(II) 0(0%) 28(100.00%)

Lower Middle 
Class(III) 42(25.61%) 122(74.39%)

Upper Lower 
Class(IV) 167(35.16%) 308(68.84%)

Lower Class(v) 0(0%) 0(0%)

MOTHER’S EDUCATIONAL STATUS 

Illetrate 134(39.64%) 204(60.36%)

0.000

Primary School 42(28.77%) 104(71.23%)

Middle School 18(22.78) 61(77.23%)

High School 10(15.38%) 45(84.62%)

12th Class passed 
and above 5(12.82%) 34(87.18%)

PARENTS SMOKING HABIT 

Yes 147(34.75%) 276(65.25%)
0.012

No 62(25.41%) 182(74.59%)
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significant, p < 0.0001). Majority 25.13% ARI cases 
were found among the children with 3-to-4-member 
family, while 37.80% and 30.63% were among the chil-
dren with 5 to 6 member and 7 or more member fam-
ilies respectively. (This difference was statistically sig-
nificant, p = 0.0239). Maximum (39.64%) ARI cases 
were found among the children whose mothers were 
illiterate, whereas the percentage of ARI cases decreas-
es as the mother’ educational status increases. (This 
difference was statistically significant, p < 0.0001). 
Maximum (84-75%) ARI cases were bond among 
be children whose parents used to smoke, where-
as 25.41% ART cases found mong e children whose 
parents did not have the smoking habit. (This differ-
ence was statistically significant, p < 0.05). Maximum 
number of ARI cases (33.65%) occurred in children 
living in houses with. inadequate ventilation, where-
as 27.42% occurred in children living in houses with 
adequate ventilation. (The difference was statistically 
not significant, p> 0.05). Maximum number of ARI 
cases (35.75%) occurred in children living in hous-
es with, attached kitchen, whereas 22.67% occurred 
in children living in houses with separated kitchen. 
(The difference was statistically significant, p < 0.001). 
Maximum number of ARI cases (36.14%) occurred 
in children living in houses where overcrowding was 
present, whereas 22.02% occurred in children living 
in house where overcrowding was absent. (The differ-
ence was statistically significant, p < 0.001). Among 

all the children, 26.01% ARI cases were found among 
the children given exclusive breastfeeding, whereas 
35,68% ARI cases were found among be g not given 
exclusive breastfeeding. (This difference was statis-
tically significant, 0.05). ARI cases were maximum 
(51,61%) among the children who were not immu-
nized followed by 47.93% and 14.33% in partially and 
fully immunized children respectively, (This differ-
ence was statistically significant, p< 0.001)

DISCUSSION 
The present study entitled “STUDY OF PREV-

ALENCE OF ACUTE RESPIRATORY TRACT IN-
FECTION AND ITS RISK FACTORS AMONG 
UNDER FIVE CHILDREN OF SLUMS OF GHA-
ZIABAD CITY” was undertaken to assess the prev-
alence of acute respiratory tract infection and its 
risk factors among under five children of slums of 
Ghaziabad city, Uttar Pradesh. The results and ob-
servations of the present study are compared in this 
chapter in the light of available data, information 
and observation made by other workers in the simi-
lar region or elsewhere.

Table 1 shows that Majority of the children were 
male (58.32%). while female constituted 41.68%.

Maharjan PL et al in their study found that Sex 
wise distribution was almost equal male (54.5%) and 
female (45.5%) (16).

Kuldeep Temani et al in their study in Kota city 
found that out of 406 children.

56.65% (230) were male, whereas 43.35% (176) 
children were female (17).

In a study done by Upadhyay et al in urban slums 
of Puducherry, South India it was found that, nearly 
57% of children were males.

Table 1 shows that out of 428 families studied in ur-
ban slums of Ghaziabad city, 61.92% families were nu-
clear families bearing 43.03% of total under five chil-
dren while 56.97% were joint families bearing 39.74% 
of total under five children.

Maharjan PL et al, in their study found that ma-
jority of the families were nuclear families (58%) (16). 
Both the studies showed that most of the slum dwell-
ers settled as nuclear families.

Table 1 shows that 63.42% children’s parent used to 
smoke, and 36.58% children’s parent did not have any 
smoking habit.

Maharjan PL et al in their study found that 67.5% 
of the population didn’t smoke Cigarettes (16).

VENTILATION IN HOUSE  

Satisfactory 68(27.42%) 180(72.58%)
0.093

Unsatisfactory 141(33.65%) 278(66.35%)

TYPE OF KITCHEN 

Separated 51(22.67%) 174(77.33%)
0.000Attached to living 

room 158(35.75%) 284(64.25%)

OVER CROWDING   

Present 159(36.14%) 281(63.86%)
0.000

Absent 50(22.02%) 177(77.98%)

EXCLUSIVE BREAST FEEDING GIVEN 

Yes 58(26.01%) 165(73.99%)
0.014

No 137(35.68%) 247(64.32%)

IMMUNIZATION STATUS 

Fully immunized 47(14.33%) 281(85.67%)

0.000Partially immunized 58(47.93%) 63(52.07%)

Not immunized 16(51.61%) 15(48.39%)
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In this present study distribution of children ac-
cording to the presence of ARI are described in table 2.

In the present study it was found that out of 667 
children, 209 children (31.33%) had ARI, whereas 458 
(68.67%) were free from ARI. (Table 2)

In a study by Maharjan PL et al, conducted 
amongst under five children in Gorkha, Nepal 2017 it 
was found that the prevalence of ARI was found to be 
21.5% (16).

In another study done in Saudi Arabia in the PHC 
of Makkah 2016, the incidence of ARI in children un-
der 5 years old was 358 (39.4%) (18).

Gupta et al in their study in urban slums of Banku-
ra, West Bengal found that overall prevalence of ARI 
was 44.73% (19).

Risk factors in relation with ARI:
ARI cases in relation to their family type and ARI 

cases in relation to the number of family members:
In this present study 42.86% ARI cases were found 

among the children belonging to nuclear families, 
whereas 22.63% ARI cases were found among the chil-
dren belonging to the joint families. (This difference 
was statistically significant with p <0.0001) (Table 2)

In this study 25.13% ARI cases were found among the 
children with 3-to-4-member family, while 37.80% and 
30.63% were among the children with 5 to 6 member 
and 7 or more member families respectively. (This dif-
ference was statistically significant, p =0.0239). (Table 2)

Kuldeep Temani et al in their study in Kota city 
found that Prevalence of ARI was more in children 
whose family had >2 under five children (48.4%) as 
compared to children whose family had <2 under five 
children (28.9%) (p=0.002) (17). 

ARI cases in relation to their socio-economic sta-
tus:

In my study 35.16% ARI cases were present in the 
children belonging to socioeconomic status Class IV 
whereas 25.61% ARI cases were present amongst the 
children in Class III status. (This difference was statis-
tically significant, p < 0.0001). (Table 2)

Prajapati et al conducted one study in Ahmadabad 
district in Gujarat in 2009 found that prevalence of 
ARI was higher in low social class (in class III – 31.4%, 
class IV 22.1%, and class V-26.2%). This difference 
was statistically significant (p-0.001) (20).

ARI cases in relation to mother’s educational status:
In this study maximum (39.64%) ARI cases were 

found among the children whose mothers were illiter-

ate, whereas the percentage of ARI cases decreased as 
the mother’s educational status increased. (This differ-
ence was statistically significant, p <0.0001). (Table 2)

Kuldeep Temani et al in their study in Kota city 
found that Prevalence of ARI was significantly higher 
in children of illiterate mothers (39.8%) (p=0.007) (17).

ARI cases in relation to parents smoking habit:
In present study maximum (34.75%) ARI cases 

were found among the children whose parents used 
to smoke, whereas 25.41% ARI cases found among 
the children whose parents did not have the smoking 
habit. (This difference was statistically significant, p < 
0.001). (Table 2)

Kuldeep Temani et al in their study in Kota city 
found that overall prevalence of ARI was 32%. Pres-
ence of a smoker in the household was a significant 
risk factor for developing ARI (17). 

ARI cases in relation to Exclusive breast feeding 
given after birth:

In this present study 26.01% ARI cases were found 
among the children given exclusive breastfeeding, 
whereas 35.68% ARI cases were found among the 
children not given exclusive breastfeeding. (This dif-
ference was statistically significant, p <0.05). (Table 2)

In a study by Ladomenou F et al found that chil-
dren who are exclusive breast fed for 6 months had 
30%-42% lower incidence of ARI compared to chil-
dren who did not receive for same duration of breast 
feeding (21).

Distribution of ARI cases in relation to their im-
munization status:

ARI cases were maximum (51.61%) among the 
children who were not immunized followed by 47.93% 
and 14.33% in partially and fully immunized children 
respectively. (This difference was statistically signifi-
cant, p < 0.001) (Table 2)

Gornale VK et al in their study in Bengaluru in 
2011 found that immunisation status (p=0.0001) was 
significantly associated with severity of lower respira-
tory infections (22).

In another study conducted by Abhishek Arun 
et al in Lucknow 2013, direct correlation was found 
between immunization status of children and occur-
rence of ARI. It was least in children who were fully 
immunized (12.5%) as compared to unimmunized 
children (26%). This difference was statistically signif-
icant (Chi Sq.= 36.15, p<0.001) (13).

It is to be noted that quality of care during child-
birth can also be determinant of ARIs in children, 
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however, the present study did not evaluate that. (23) 
Also, it is to be noted that inherent genetic factors con-
tributing to immunity may play a role in the develop-
ment of ARIs in children, however, an evaluation of 
such risk factors was beyond the scope of this study 
(24-27). Lastly, it is recommended to conduct future 
studies with fine control over study design so that reli-
able evidence can be generated (28).

CONCLUSION
Findings of the study summarized below

A. Magnitude of the problem
The overall prevalence of Acute Respiratory Tract 

Infection among the under live children in the Slums 
of Ghaziabad City was found to be 31.33%.

B. Factor influencing the prevalence of ARI:
• Maximum prevalence of ARI (47.06%) has been ob-

served amongst the children less than 1 year age, how-
ever the prevalence of ARI was found to decrease grad-
ually with the advancement of the age of the child.

• Maximum ARI cases were observed amongst the 
children belonging to the lower socio-economic 
status.

• Prevalence of ARI (39.64%) among under five chil-
dren of the illiterate mothers was higher than those 
children of the literate mothers.

• Prevalence of ARI amongst the under five children 
of the parents who had the habit of smoking was 
maximum (34.75%).

• Maximum prevalence of ARI (35.75%) was ob-
served amongst the under five children living in 
the houses where the kitchen was attached to the 
living room.

• Prevalence of ARI amongst the under five chil-
dren was maximum in those living in overcrowded 
housing conditions and in ill ventilated rooms

• Prevalence of ARI was low amongst the under 
five children who were exclusively breastfeed than 
those who were not exclusively breast feed.

• Prevalence of ARI among the under five children 
who were fully immunized was lower than those 
children who were not immunized.
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ABSTRACT
Background: The association between TB, oxidative stress and 
dietary supplements is multidirectional. The inflammation asso-
ciated pathology in tuberculosis leads to the development of 
the free radical generation. 
Methods: A cross-sectional study design was selected for the 
study. This study was carried out in the Department of Bio-
chemistry, Santosh Medical College, Ghaziabad. A total of 75 
subjects will be enrolled from department of respiratory med-
icine from Santosh hospital, Ghaziabad and were divided into 
3 groups as 75 healthy individuals of either sex as controls, 75 
newly diagnosed patients of pulmonary tuberculosis and 75 
patients after 6 months from starting treatment. Patients with 
newly diagnosed tuberculosis and on anti tubercular treatment 
(after 6 months) belonging to age group of 18 years and above 
from either sex were included in this study. The data was col-
lected from July 2020–June 2021.
Results: A total of 225 patients were recruited for the study 
from the department of respiratory medicine. Newly diag-
nosed cases have significantly increased levels of MDA with 
values estimated as 4.59 nmol/ml as compared to the healthy 
subjects with value as 1.82 nmol/ml. Anti oxidant markers i.e. 
Serum calcium, total antioxidant capacity, Vitamin D and zinc 
levels were decreased with the TB patients and were raised 
after 6 months of ATT.
Conclusion: Tuberculosis is an important health problem requir-
ing early diagnosis for timely initiation of the therapy and con-
trol of disease transmission (RNTCP Guideline 2010). Although 
the available data suggest that the TB epidemic may be on the 
decline, the absolute number of new cases is still the highest. 
Anti tubercular therapy proves to be beneficial in reducing the 
oxidative stress and hence, the tubercular burden. 
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mation
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INTRODUCTION
Tuberculosis is a disease prevalent in third world 

and developing economies. The increasing incidence of 
tuberculosis (TB) is a major concern to public health 
policy-makers in both developing and developed coun-
tries. Globally, one-third of the population is infected 
with tuberculosis-pulmonary and extra pulmonary, 
and three million people die every year (342 death / 
hour) due to TB1. Loss of potential human contribu-
tion gets significantly reduced due to the limitations 
imposed by this disease. Human health is the primary 
causality but the associated losses in terms of economic, 
social and population well being is the added byprod-
uct. The cause to work for tuberculosis (Koch’s disease) 
is of immense value in the countries which face the ca-
tastrophe of associated complications2,3.

Tuberculosis (TB) is caused by infection with My-
cobacterium tuberculosis, which is part of a complex 
of organisms including Mycobacterium bovis (reser-
voir cattle) and Mycobacterium africanum (reservoir 
human) 4. In tuberculosis, oxidative stress is a resul-
tant of tissue inflammation, poor dietary intake of 
adequate nutrients, free radical burst from activated 
macrophages, and anti-tuberculosis drugs. Hence, 
these free radicals generated contribute towards the 
pulmonary inflammation and should be neutralized 
by antioxidants. As there is a critical balance between 
free radical generation and antioxidant defenses5, an 
imbalance between oxidants and antioxidants in fa-
vor of the oxidants, potentially leading to damage, is 
termed ‘oxidative stress ’.

The total antioxidant status (TAS) in human beings 
can defined as a measurement of dietary, enzymatic 
and systemic antioxidants and is therefore an indi-
cator of the free radical load along with total oxidant 
status6. Free radicals are formed as a normal conse-
quence of a number of biochemical reactions taking 
place in human body. The same can occur at elevated 
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rates under patho-physiological conditions. Patients 
with active pulmonary tuberculosis exhibit increased 
circulating level of free radical activity and inflamma-
tion-related oxidative stress which is linked with lung 
fibrosis and dysfunction. Activated macrophages me-
diate the associated fibrosis and lead to granulomatous 
response with central necrosis causing release of vari-
ety of chemicals including oxygen free radicals 7,8.

Such results lead towards an understanding that a 
number of free radicals are released in processes asso-
ciated with inflammation and thus may be measured 
as indicators for the different levels in the disease pro-
cess and treatment.9Adverse effects of the free radical 
reactions produced due to damage to cells and tissues 
can be managed and measured by enzymes, small mo-
lecular weight molecules,macronutrients and micro-
nutrients with antioxidant capabilities. However, the 
diagnostic limitations of chest x-ray, culture, tubercu-
lin skin test and acid-fast staining are inconclusive and 
present lack of reliability and specificity. Therefore, 
biochemical abnormalities (oxidants/antioxidants) 
can assist and guide the diagnosis.

As compared to the other internal organs, the lungs 
carry a higher associated of oxidative stress leads to 
tissue inflammation. The increased risk as causative 
factors can be elaborated as poor dietary intake of 
micronutrients, free radical burst from activated mac-
rophages, and anti-tuberculosis drugs. Vitamin D as 
lung immune-modulator and Vitamins A, C, E as 
antioxidants improves the complications of inflamed 
airflow in asthma but the studies in the area of pulmo-
nary tuberculosis are very limited10,11.

As Vitamin D and calcium metabolism are interre-
lated and hypercalcemia is known to occur in granulo-
matous disease as a complication of active pulmonary 
tuberculosis, but the reported incidence of hypercal-
cemia in patients with active pulmonary tuberculosis 
varies widely between countries, probably because of 
variation in vitamin D level, calcium levels and the 
amount of sun exposure.

The nutritional levels of zinc are low in patients 
having active pulmonary tuberculosis. Several studies 
have shown that the level of zinc in the serum decrease 
significantly during the stage of active pulmonary tu-
berculosis and it increase following recovery after anti 
tubercular therapy therefore in the view of poor nutri-
tional status in patients of pulmonary TB, measuring 
the level of zinc maybe added as important diagnostic 
tool at different stages of TB12. The current review is 

planned to comprehend the detailed interaction be-
tween oxidative stress created due to tuberculosis 
and anti oxidant defense mechanisms utilized by the 
host and the M. tuberculosis which are significant 
towards improvement of new preventive/restorative 
methodologies for tuberculosis. There exists a poten-
tial supplemental role for macronutrients (calcium) 
and micronutrients (vitamin D and zinc) as antioxi-
dants in management of tuberculosis. The ill effects 
of anti tubercular drugs specifically hepato-toxicity 
can be possibly counter acted and treated with the 
micro and macro nutrients along with antioxidants. 

MATERIALS & METHODS
This Cross-sectional observational study was car-

ried out in the Department of Biochemistry, Santosh 
Medical College, Ghaziabad. A total of 75 subjects will 
be enrolled from department of respiratory medicine 
from Santosh hospital, Ghaziabad and were divided 
into 3 groups as follows:

Group 1 -75 healthy individuals of either sex will 
be enrolled as controls

Group 2- 75 newly diagnosed patients of pulmo-
nary tuberculosis 

Group 3- 75 patient after 6 months from starting 
treatment.

Patients with newly diagnosed tuberculosis and on 
anti tubercular treatment (after 6 months) belonging 
to age group of 18 years and above from either sex were 
included in this study. Subjects with extra pulmonary 
tuberculosis, non-tuberculous pulmonary infections, 
chronic pulmonary disease, chronic liver disease, 
chronic renal disease, diabetes mellitus, smoking, 
pregnancy and chronic cardiovascular diseases were 
excluded from the study. Well informed written con-
sent was obtained from all the enrolled subjects. In-
stitutional ethical committee was also taken into the 
account. Under all aseptic precautions 10ml of blood 
was collected and serum was separated by standard 
procedure and stored in smaller aliquots at -4 degree 
Celsius. Following parameters were carried out on the 
samples on the same day of collection. Oxidant/anti-
oxidant status assessed by kit method from Randox 
(U.K), levels of zinc and calcium was assessed by Kit 
method from Centronic, Germany. The levels of Vita-
min-D were assessed by Cobas C311 by the Kit meth-
od from Roche (U.K). Statistical analysis of results 
was carried out by one-way ANOVA and indepen-
dent t-test by SPSS (23rd version). A detailed clinical 
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history including age, sex, occupation, socio-econom-
ic status, history of alcohol intake, smoking, their res-
idence and any associated risk factor contributing for 
the illness was elicited from the subjects. 

RESULT
A total of 75 subjects each were enrolled in the study 

segregated under 3 categories as 75 healthy individu-
als of either sex as controls, newly diagnosed patients 
of pulmonary tuberculosis and those patients after 6 
months from starting treatment as follow up cases. Ta-

ble 1 depicts the presence of tuberculosis is high in male 
gender and with illiteracy. Smoking and alcohol intake 
increased the prevalence of tuberculosis.

Table 2 comprises of oxidant status in all the 3 groups. 
Newly diagnosed cases have significantly increased lev-

els of MDA, a product of lipid peroxidation and a potent 
marker of oxidative stress. The levels of MDA decrease 
effectively after 6 months of ATT therapy. 

Table 3 shows the various markers for the anti-
oxidant status of the subjects. Serum calcium, Total 
Anti-oxidant (TAS) status, Vitamin D and zinc levels 
were significantly decreased in the newly diagnosed 
TB patients as compared to the normal age and sex 
matched subjects and they drastically improve upon 
the regular anti tubercular treatment. 

DISCUSSION
Shrivastava et al recently reported that India is 

the highest TB burden country with an estimated in-
cidence of 26.9 lakh cases in 2019 (WHO). India ac-
counts for nearly 24% of the global prevalence and 

Table No. (1) 
Comparison of Demographic Parameters in 3 groups:-

Demographic Param-
eters

Characteristics Healthy Individuals 
Group 1 (n=75)

Newly diagnosed TB
Group 2 (n=75)

After 6 months of ATT
Group 3 (n=75)

(1) Sex Female 26 27 27
Male 49 48 48

(2) Education Status Literate 29 32 32
Illiterate 46 43 43

(3) Smoking Yes 21 49 49
No 54 26 26

(4) Alcohol intake Yes 23 48 48
No 52 27 27

(5) Residence Urban 33 35 35
Rural 42 40 40

Table No. (2) 
Comparison of Oxidant Status in 3 groups:-

Parameters Healthy Individuals 
Group 1 (n=75)

Newly diagnosed TB
Group 2 (n=75)

After 6 months of ATT 
Group 3 (n=75)

(1) MDA (nmol/ml)) 1.82 + 0.22 4.59+0.43 2.36+0.17
(2) Total Oxidant (TOS) status (µmol H2O2 equi./ lt) 4.02+0.59 16.6+3.13 8.23+2.59

Table No. (3)
For Comparison of Anti-Oxidant Status: 

Parameters Healthy Individuals 
Group 1 (n=75)

Newly diagnosed TB
Group 2 (n=75)

After 6 months of ATT
Group 3 (n=75)

(1) Calcium (mg/dl) 9.25± 1.02 8.01±0.56 9.30±1.04
(2) Total Anti-oxidant (TAS) status (µmoltroloxequi./ lt) 1.95± 0.9 0.62±0.2 1.89±0.4
(3) Vitamin D (ng/dl) 43.03±3.66 10.31±2.33 26.23±2.21
(4) Zinc (µg/dl) 95.26± 9.90 53.5± 6.89 94.3± 8.12
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21% of the global TB deaths13. The Global data also is 
bleak as an estimated 10.0 million people developed 
active TB disease in 2019 with 1.4 million TB deaths14. 
Daniels B et al in 2019 reported that men are more 
likely than women to have active tuberculosis In India 
as represented from two urban based settings. This is 
also reported in our study15. 

In a study by Rao VG et al in 2012 it was observed 
that the prevalence of tuberculosis was significantly 
higher (p<0.001) amongst males as compared with fe-
males. The prevalence was proportionately increased 
in rural areas as compared to the urban areas in Jabal-
pur population16.In a multi-centric prospective cohort 
study of newly diagnosed adult pulmonary TB patients 
by Thomas Be et al in 2019 it was accounted that more 
than 25% of TB patients reported history of smoking, 
either current or past smoking. Our study findings 
clearly indicate that being a smoker is a significant risk 
factor for composite treatment outcomes17.

In a meta analysis by Imtiaz S et al in 2017 it was 
concluded that alcohol consumption was associated 
with an increased risk of tuberculosis and was conse-
quently a major contributor to the tuberculosis bur-
den of disease18.In a recent study in a hospital in Peru 
it was found that members living in destitution and 
with low socio economic strata had low wellbeing pro-
ficiency scores due to less literacy rates, setting them 
at an expanded danger of chronic weakness results, 
ill-advised utilization of medicines and higher fre-
quency of trauma center visits and hospitalizations19.

In a study by Wiid I et al in 2004 it was concluded 
that in TB pathogenesis and treatment, anti oxidant 
mechanism is multi-faceted which incorporates anti 
oxidant enzymes, reactive oxygen species generated 
as free radicals, micronutrients and dietary nutrients. 
The lung inflammation which occurs during tubercu-
losis disease is a vicious cycle of free radical genera-
tion. The free radicals produced attack the cell mem-
brane causing tissue damage and wasting disease in 
pulmonary tuberculosis patients20. 

In a study by Reddy et al it was observed that MDA 
as a lipid peroxidation product was significantly in-
creased in the pulmonary TB and were decreased after 
completion of the ATT regimen21. The nutritional de-
rangement and lower antioxidant status should be well 
treated promptly by timed nutritional intervention in 
the management of pulmonary tuberculosis patients22. 

A population’s nutritional profile is an important de-
terminant of its TB incidence23. C Padmapriyadarsini et 

al in 2016 quoted that “improvement of the nutritional 
status of the mass population is the key factor to reduce 
the tuberculosis burden in Indian community” 24. 

In a recent study it was observed that in patients of 
pulmonary tuberculosis the levels of anti oxidants de-
crease and that of oxidative stress biomarkers remark-
ably increase as in Nigerian population25. 

In the current study in newly diagnosed TB pa-
tients vitamin D insufficiency is exceptionally com-
mon as contrasted with healthy subjects. In pul-
monary tuberculosis, patients show severe clinical 
manifestations along with Hypovitaminosis D26. 
Zinc acts as an important micro nutrient that adds 
to protein structure and regulates gene expression as 
well. Zinc inadequacy impacts the host as it achieves 
reduced phagocytosis and prompts a diminished 
number of streaming T-cells and lessened tuberculin 
reactivity. Therefore, it is judicious that zinc supple-
mentation may be valuable in accomplishing the ear-
ly recovery from the disease27. 

Similar to this, in Delhi a study with the sample of 
104 sewage workers with a mean age of 50.71 (8.43) 
years showed a profile of chronic respiratory disorders 
and tuberculosis. Of them, 21.15% had tuberculosis, 
and 92.31% had at least one of these diseases.28

The findings of present study are important ow-
ing to widespread presence of TB in community and 
its effect on quality of life of life.28-30 Newer develop-
ments in the genetic methods may provide further in-
sights.31,32 Lastly, it is recommended to conduct quality 
randomized controlled trials to generate an evidence 
of high strength.33

CONCLUSION:
The present study gives an insight to the relation 

between oxidative stress and antioxidant levels in 
pulmonary tuberculosis patients. It helps to under-
stand the beneficial role of antioxidants in preven-
tion and intervention to device appropriate thera-
peutic regime to be employed during the course of 
treatment by the consulting practitioners. This study 
will further open the new avenues for subsequent re-
search at genetic level to understand the mechanism 
associated with pulmonary tuberculosis and role of 
antioxidants. The COVID-19 pandemic and its rap-
id global spread, highlights the intrinsic weaknesses 
of health care is that of creating a systemically strong 
healthcare base upon which to build disease-specific 
programs such as for TB.
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Abstract 
Objective: To study the antidiabetic effect of Withania Somnif-
era root powder (WSR) in Streptozotocin induced diabetic rats. 
Methods: Diabetes in rats were induced by injecting Strepto-
zotocin intraperitoneally (45 mg/kg of body weight) to over-
night fasting rats. Withania Somnifera root was given to group 
C (100 mg/ kg of body weight) and Pioglitazone to group D (20 
mg/kg of body weight) orally for 4 weeks respectively. Blood 
glucose level, glycated Hb, insulin, protein tyrosine kinase activ-
ity and serum DPP-4 levels were measured. 
Results: Significant Improvement in body weight, glycemic 
profile, dyslipidemia and tyrosine kinase activity were observed 
in WSR treated rats at week 4 of the study compared to diabetic 
control rats. Blood glucose level, glycated Hb and Serum DPP-
4 levels, were also found to be decreased in WSR treated rats 
compared to diabetic control rats at the end of study. This is 
possibly due to augmented serum insulin levels and increased 
insulin sensitivity after treatment with WSR. 
Conclusion: The results from above study it was concluded that 
Withania Somnifera root powder has antidiabetic activity. Fur-
ther study required to confirm the exact mechanism of action.
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Introduction
Type 2 Diabetes mellitus is a metabolic disorder of 

characterised by defect incarbohydrate metabolism 
due to abnormality in both insulin resistance and in-

sulin secretory ability of beta cell of pancreas causing 
hyperglycaemia. This chronic increase in glucose con-
centration is associated with dysfunction, and failure 
of various organs, especially the eyes, kidneys, heart, 
and blood vessels [1, 2].The frequency of diabetes is 
increasing all over the world due to aging, food habit, 
urbanisation, and physical inactivity. Modern synthet-
ic drugs which has been used since long have several 
side effects, due to this patients are looking for other 
options and used of herbs are one of them, which pop-
ularity has been increased[1]. For the last few decades, 
there is cumulative study has reported that plant based 
drugs help to control various diseases. Also the herb 
based products are safer and free from any side effects 
than synthetic products which may be harmful and 
toxic to the human and environment [3].

Withania Somnifera which iswell-known as Ash-
wagandha and widely used in indigenous medicine in 
India [4,5]. Roots of Withania have a several bioactive 
chemical compounds such as flavonoids, tannin, ste-
roidal lactones such withanaloid, withaferin and alka-
loids [6,7]. Many studies have reported that the root 
of Withaniahave been several therapeutic properties, 
such asimmunomodulatory anti-inflammatory,an-
ti-tumour and antioxidant [8,9]. Recently, Withaniais 
used as tea to improve immunity and facilitate detox-
ification, which helps preserve better health. Ashwa-
gandha roots also reported to not having any toxic 
effect in studies[10].

Methodology 

Experimental animal model 
Male Wistar rats were used weighing 150-180 grams 

to induce diabetes for the present study. Animals were 
secured from the animal house of the University. Rats 
were allowed free access to feed on a standard chow 
diet and water ad libitum. The rats were acclimatized 
underlaboratory condition of temperature (25 ± 2°C) 
with light dark cycle (14/10hr). Ethical clearance was 
acquired from University Animals Ethical Committee 
for present study. 

Induction of diabetes
To induce diabetes, a freshly prepared solution of 

streptozotocin (45 mg/kg of body weight in 0.1 M ci-
trate buffer, pH 4.5) was injected intraperitoneally to 
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overnight fasted rats. Nicotinamide at a dose of 230 
mg/kg body weight was given 15 minutes prior to STZ 
injection for the development of stable type 2 diabetes 
mellitus[11]. After 48 hours of STZ administration, 
fasting blood glucose (FBG) levels were measured.

Plant material 
Fresh roots of WS (WSR) were obtained in the 

month of March from the local market of Delhi was 
air dried at room temperature. Dried roots were 
crushed in an electric grinder machine to a fine pow-
der and stored in an air-tight container, until further 
use[12].

Grouping of animals
After induction rats were divide randomly into 4 

groups with 6 rats each.
Group A: Healthy control (normal saline) 
Group B: Diabetic control (normal saline) 
Group C: Diabetic treated with WSR (100 mg/kg of 

body weight) [12]
Group D: Diabetic treated with Pioglitazone (20 

mg/kg of body weight)

Glycemic parameters and hormonal assays: 
Rats were fasted overnight and blood was drawn 

from retro orbital plexus on day 1 and afterwards at 
week 4 of the study for the estimation of Glycosylated 
hemoglobin and plasma was separated from blood for 
the estimation of Glucose. Serum was separated for 
the estimation of lipids, Insulin and Dipeptidyl Pepti-
dase-4 using commercially available kits: plasma glu-
cose (Fortress diagnostics, United Kingdom), HbA1c 
(Fortress diagnostics, United Kingdom), serum tri-
glycerides (Fortress diagnostics, United Kingdom),-
Insulin (Mercodia rat ELISA kit, Sweden) and DPP-4 
(Bioassay technology laboratory rat ELISA kit, China) 
respectively. 

Insulin Receptor (IR)-binding assay: At the end 
of the study ratswere sacrificed and their organs in-
cluding liver and adipose tissues were dissected for the 
estimation of protein tyrosine kinase activity. These 
tissues were collected and solubilized by lysis buffer. 
IR-binding assay was performed using Rayto 2100c 
microplate ELISA reader (Rayto, China). The amount 
of phosphorylated IR was quantified by sandwich 
enzyme-linked immunosorbent assay (ELISA). The 
absorbance was measured at 450 nm through ELISA 
plate reader.

Histopathology of Pancreas
At the end of the study, all the rats were sacrificed 

and their pancreas were dissected out and fixed in 10 
% buffered formalinsolution for further processing. 
Tissues were processed and embedded in paraffincas-
settes. 5µ sections were cut using rotary microtome 
(A.O. Spencer). These slideswere subjected to heat at 
60 ° C for 10 minutes for melting of paraffin section 
and further processed for Heamatoxylin and Eosin 
staining. All the tissues weremicroscopically exam-
ined and compared among the four study groups.

Results

Effect of WSR on Body weight and Serum 
TG level

The effect of the WSR on body weight in the dia-
betic rats is given in Table 1. Treatment of diabetic rats 
with WSR and reference drug Pioglitazone causes in-
crease in body weight,but the increase stayed less than 
the normal rats, however in the diabetic rats, there was 
a substantialdecline in the body weight over the same 
period.

Triglyceride (TG) levels of the diabetic rats were 
significantly higher when compared with the normal 
rats though after treatment TG comes close to healthy 
normal rats (Table 1).

Parame-
ters

Time 
points 

Group A Group B Group C Group D

Body 
Weight

Week 0 225.1±4.32 215.41±5.74 228.12±8.41 244.48±24.20

Week 4 255.41±21.14 2.17±7.58 235.18±5.99 2.48.32±21.47

Serum 
TG (mg/
dl)

Week 0 62.33±4.12 66.25±5.55 91.25±4.71 84.65±4.53

Week 4 65.45±6.84 115.12±8.87* 68.75±4.69# 67.15±3.67#

Values are mean ± S.D. (n = 6). (p < 0.001)
* = group A vs. Group B, C, D, #= Group B vs. Group C, D

Effect of WSR on glucose and insulin level
The effects of the WSR on the blood glucose in 

diabetic rats are showed in Figure 1. Glucose levels 
were considerablyhigher in diabetic rats as compared 
to healthy rats. Oral administration of WSR lowered 
the increased level of blood glucose as compared to 
diabetic rats and their glucose levels were close to the 
normal control. 

Insulin level was found to be decreased in diabet-
ic rats which was ameliorated to near normal level in 
treated rats (Figure 2).
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Figure 1. Showing Blood glucose level at week 0, 4 after treatments 
with WSR and Pioglitazone. Values are mean ± S.D. (n = 6). (p < 
0.001), * = group A vs. Group B, C, D, #= Group B vs. Group C, D 

Figure 2. Showing Insulin level at week 0, 4 after treatments 
with WSR and Pioglitazone. Values are mean ± S.D. (n = 6). (p < 
0.001), * = group A vs. Group B, C, D, #= Group B vs. Group C, D

Effect of WSR on Serum HbA1c level
The effects of the WSR on the HbA1c in diabetic 

rats are showed in Figure 3. HbA1clevels were signifi-
cantlyincreased in diabetic rats as related to healthy 
rats. Treatment with WSR lowered the HbA1clevel 
significantly in compared to diabetic rats (Figure 3). 

 
Figure 3. Showing HbA1c level at week 0, 4 after treatments 
with WSR and Pioglitazone. Values are mean ± S.D. (n = 6). (p < 
0.001), * = group A vs. Group B, C, D, #= Group B vs. Group C, D

Effect of WSR on DPP-4 activity
In the present study we found an increase in DPP-4 

activity in diabetic rats which after treatment with WSR 
level of DPP-4 was decreased significantly and the results 
were comparable to Pioglitazone treated rats (Figure 4).

 
Figure 4. Showing DPP-4 level at week 0, 4 after treatments 
with WSR and Pioglitazone. Values are mean ± S.D. (n = 6). (p < 
0.001), * = group A vs. Group B, C, D, #= Group B vs. Group C, D

Effect of WSR on tyrosine kinase activity 
After treatment with WSR, we have observed in-

crease in tyrosine kinase activity in liver and adipose 
tissues respectively compared to the diabetic rats and 
the results were comparable to Pioglitazonetreated rats.

 Figure 5. Showing TK (Liver) level at week 0, 4 after treatments 
with WSR and Pioglitazone. Values are mean ± S.D. (n = 6). (p < 
0.001), * = group A vs. Group B, C, D, #= Group B vs. Group C, D

 Figure 5. Showing TK (adipose tissue) level at week 0, 4 after treat-
ments with WSR and Pioglitazone. Values are mean ± S.D. (n = 6). (p 
< 0.001), * = group A vs. Group B, C, D, #= Group B vs. Group C, D
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Discussion 
In diabetes due to the partial damage of pancre-

atic beta cells, cause decrease in insulin secretion as 
we observed and so tyrosine kinase levels also found 
to be decreased in diabetic rats compared to healthy 
controls. After oral treatment with WSR for 4 weeks 
a significant rise in the level of serum insulin and also 
activity of protein tyrosine kinase in liver and adipose 
tissue homogenates compared to diabetic rats (Figure 
5). In agreement with previous activity, we have also 
observed reduced tyrosine kinase activity in diabe-
tes[13,14]. This diminution in tyrosine kinase activity 
is probably due to hyperglycemia which triggers pro-
tein kinase C causingincrease production of insulin re-
ceptor which preventphosphorylation of beta subunit 
of tyrosine kinase [15,16]. Reduced insulin level is also 
one of thereason to diminishthe binding of insulin to 
its tyrosine kinase receptors that eventuallyleads to in-
creased glucose levels in blood. Further Insulin also 
responsible for increasing activity of protein tyrosine 
kinase. After treatment with WSR, we found that a 
significant increase in plasma concentration of insulin 

which potentiated increased glucose uptake probably 
via improving the insulin pathway(Figure 1,2) [17]. In 
preceding study, it has been reported that Momordica 
charantia binds to IR and activates the insulin signal-
lingpathway, which ultimatelydecreases the blood glu-
cose levels in diabetic animal[18]. Our results are in 
agreement with previously reported studies that also 
shows that the treatment with herbs increases tyrosine 
kinase activity and so improvesglycemic profile. 

In the present study we also investigatedthe level of 
DPP-4, and found a substantialincrease in serum DPP-
4 levels in diabetic rats. Studies have statedthat serum 
DPP-4 levels was found to be altered in diabetic con-
ditions[19]. Treatment with WSR cause suppression of 
DPP-4, that leads toincreasein incretin levels and in 
return of this incretin stimulate beta cells of pancreas 
to increased insulin secretion as shown by our study 
(Figure 4). Histopathology of pancreases also showed 
increased Beta cell islets in WSR treated rats (Figure 
6) compared to diabetic rats. Previously, Zhang et al. 
has reported that treatment with alogliptin restored 
the β-cell mass, and insulin secretion in STZ model 

 
Fig 6- Showing effect of WSR treatment on the pancreatic beta cell islets in all the 4 study groups. 
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of mouse [20]. Increased beta cell mass cause increase 
secretion of insulin in blood that also accountable for 
augmented uptake of triglycerides from the blood into 
the muscles and adipose tissues and reducedthe rate of 
lipolysis consequently lowers the level of plasma fatty 
acid [21]. Hence we summarized that WSE has sub-
stantial effect on controlling diabetes via ameliorat-
ing the level of glucose, insulin secretion and plasma 
fatty acid level (Table 1). It also significantly reduced 
the serum DPP-4 levels and improving the alter levels 
of tyrosine kinase which is involved in establishing a 
smooth insulin signalling.

As the findings of the present study are form in-vi-
tro rat model, the evidence to formulate any clinical 
evidence is lacking.22 It is expected that the upcoming 
and ongoing developments in the field of tissue engi-
neering may foster research in this area.23 

Conclusion
The results from above study it was concluded 

that Withania Somnifera root powder has antidiabetic 
activity. Further study required to confirm the exact 
mechanism of action.
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ABSTRACT
Introduction: Mycobacterium Tuberculosis is a complex organ-
ism in which lungs are the main portal of infection. Tuberculosis 
affecting organs other than lungs called as extrapulmonary tu-
berculosis. Tuberculous lymphadenitis is the most common form 
of Extrapulmonary Tuberculosis contributing to 35 percent of Ex-
trapulmonary Tuberculosis cases. CBNAAT is a cartridge based 
nucleic acid amplification test which detects the presence of My-
cobacterium Tuberculosis as well as Rifampicin resistance.
Materials and Methodology: Samples were collected from 
the appropriate extrapulmonary sites which included Lymph 
Node aspirate, Pleural fluid, Ascitic fluid, Abscess, Cerebrospi-
nal Fluid. The samples were sent for AFB smear, CBNAAT and 
AFB culture. The data was analyzed and results were compared.
Results: This cross-sectional study was conducted in a sample 
size of 89 patients attending the outpatient department in a 
tertiary care center in the Department of Respiratory Medicine 
at Santosh Hospital, Ghaziabad who were clinically suspected 
cases of Extra Pulmonary Tuberculosis. MTB was detected in 
CBNAAT in 33(37%) cases giving a Yield of 37% with RIF re-
sistance in 2(2.2%) cases and MTB was detected in 53(59.5%) 
giving it a yield of 59.5% with RIF resistance in 2.
Conclusion: There was statistically significant weak agreement 
seen between CBNAAT finding and AFB culture finding (Kappa 
value = 0.48; p value <0.01).
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INTRODUCTION
Mycobacterium Tuberculosis is a complex organ-

ism in which lungs are the main portal of infection. 
Tuberculosis affecting organs other than lungs called 
as extrapulmonary tuberculosis.1 Extrapulmonary Tu-
berculosis can include lymphadenitis, pleuritis, peri-
tonitis, meningitis, ocular, oral, cutaneous, musculo-
skeletal, abdominal, genital, miliary tuberculosis.1

Tuberculous lymphadenitis is the most common 
form of Extrapulmonary Tuberculosis contributing 
to 35 percent of Extrapulmonary Tuberculosis cases.2 
Cervical lymph nodes are most commonly involved, 
others like axillary, mediastinal, mesenteric, inguinal 
lymph nodes are also involved.2

It is challenging to diagnose tubercular lymphade-
nitis as fine needle aspiration cytology does not differ-
entiate between tuberculosis and non-tubercular my-
cobacteria. The major causative agents of Tuberculosis 
lymphadenitis are Mycobacterium Tuberculosis and 
Mycobacterium Bovis.2

The most common cause of pleural effusion in In-
dia is tuberculosis.3 ADA greater than 40U/L is often 
considered as Tubercular pleural effusion in India, 
but in order to make definitive diagnosis we need to 
demonstrate granulomas in the pleural tissue which 
often lacks sensitivity.2

AFB smear has little role in the diagnosis of Ex-
trapulmonary tuberculosis.4Fine needle aspiration 
cytology, is a simple and rapid technique but lacks 
specificity.5 In both smear microscopy and fine needle 
aspiration cytology there is no detection of drug re-
sistance and have limitation in species identification.5 

A major hinderance in the diagnosis of EPTB is its 
atypical nature and often simulates neoplasia.6

CBNAAT is a cartridge based nucleic acid amplifica-
tion test which detects the presence of Mycobacterium 
Tuberculosis as well as Rifampicin resistance.4 It is a cost 
effective and rapid test, which may revolutionize the di-
agnosis of Extrapulmonary Tuberculosis. 4 In India, Tru-
enaat is a novel, cost effective and rapid method of de-
tecting Mycobacterium Tuberculosis in clinical samples 
which is a point of care, battery operated and chip based 
RTPCR micro device and Rifampicin resistance can be 
detected with a second chip as a follow-on test.7

PCR based MGIT 960 liquid media is able to de-
tect Mycobacterium Tuberculosis growth faster (5-10 
days) when compared with Lowenstein Jensen media.8
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As per WHO, EPTB should be diagnosed on the 
basis of culture positive specimen or caseating granu-
loma on biopsy or strong clinical evidence consistent 
with active Extrapulmonary Tuberculosis. 9

MATERIALS AND METHODOLOGY
STUDY DESIGN: Cross Sectional Study
PLACE OF STUDY: Department of Respiratory 

Medicine, Santosh Hospital, Ghaziabad, (U.P)
STUDY POPULATION: Clinically suspected cas-

es of extrapulmonary tuberculosis both inpatient 
and outpatient were enrolled in the study after their 
consent. The samples included Lymph node aspirate, 
Pleural Fluid, Ascitic Fluid, Cerebrospinal Fluid and 
Abscess

DURATION OF STUDY: One year study 
SAMPLE SIZE: sample size is 89.
INCLUSION CRITERION: 
1.All adult patients (>18years) suspected of Ex-

trapulmonary tuberculosis which includes Superficial 
Lymphadenitis, Pleural effusion, Abdominal Kochs, 
Cerebrospinal Fluid and Abscess.

2.All genders.
3.All new as well as retreatment EPTB cases.

EXCLUSION CRITERION:
1.Extrapulmonary samples contaminated with 

blood, stool, blood
2.Pleural Effusion due to Chronic Renal Failure 

and Cardiac Failure
It is a Cross sectional study conducted at Santosh 

Hospital, Ghaziabad where all the clinically suspected 
cases of Extrapulmonary tuberculosis were taken in 
the study.

Samples were collected from the appropriate ex-
trapulmonary sites which included Lymph Node aspi-
rate, Pleural fluid, Ascitic fluid, Abscess, Cerebrospi-
nal Fluid

The samples were sent for AFB smear, CBNAAT 
and AFB culture.

The data was analyzed and results were compared.

OBSERVATIONS & RESULTS
As observed from the above Table 12 and Fig 12, 

out of 89 cases, MTB was not detected in CBNAAT in 
56(62.9%) cases and MTB was detected in CBNAAT 
in 33(37%) cases giving a Yield of 37% with RIF resis-
tance in 2(2.2%) cases.

 

FLOWCHART OF THE STUDY  
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Table 1
Yield of CBNAAT in study subjects (n=89)

CBNAAT No. %
Not detected 56 62.9
Detected with rifampicin sensitivity 31 34.8
Detected with rifampicin resistance 2 2.2

 

62,9%

34,8%

2,2%

Yield of CBNAAT in study subjects (n=89)

Not detected
Detected with rifampicin sensitivity
Detected with rifampicin resistance

Figure 1

As shown in the above Table 13 and Fig 13, out of 
89 cases, MTB was not detected in 36(40.4%) in AFB 
culture and MTB was detected in 53(59.5%) giving it a 
yield of 59.5% in which 2(2.2%) were detected to have 
MDR.

There was statistically significant weak agreement 
seen between CBNAAT finding and AFB culture find-
ing (Kappa value = 0.48; p value <0.01).
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Table 2
Yield of AFB culture in study subjects (n=89)

AFB culture No. %
Not detected 36 40.4
Detected with no MDR 51 57.3
Detected with MDR 2 2.2

 

40,4%

57,3%

2,2%

Yield of AFB culture in study subjects (n=89)

Not detected

Detected with no MDR

Detected with MDR

Figure 2

DISCUSSION
This cross-sectional study was conducted in a sam-

ple size of 89 patients attending the outpatient depart-
ment in a tertiary care center in the Department of 
Respiratory Medicine at Santosh Hospital, Ghaziabad 
who were clinically suspected cases of Extra Pulmo-
nary Tuberculosis.

The study was conducted to know the yield of CB-
NAAT in Extra Pulmonary Tuberculosis in the locality 
and to compare it with AFB culture sensitivity taking 
it as the Gold Standard in the diagnosis of Tuberculo-
sis. Study conducted by Singh KG et al had a diagnos-
tic yield of 77.9% in CBNAAT in tubercular peripheral 
lymphadenopathy.1

Study conducted by Shamma Shetye et al had max-
imum diagnostic yield of CBNAAT in pus and aspi-
rates where 48.38 % were MTB positive with Rifam-
picin resistance and 49.74% were MTB positive with 
Rifampicin sensitive.10

E. Tortoli et al conducted a study in which the 
overall sensitivity and specificity of Xpert in Extrapul-
monary Tuberculosis was 70% and 97.3%.6

Table 3
Association of AFB culture and CBNAAT finding (n=89)

 Not detected AFB CULTURE Total
Detected without 

MDR
Detected with 

MDR

CBNAAT
Not detected 33 22 0 55
Detected with rifampicin sensitivity 3 29 0 32
Detected with rifampicin resistance 0 0 2 2

Total 36 51 2 89

Kappa value = 0.48; p value <0.01
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In a study conducted by Yadav.K and Veena.M, yield 
of CBNAAT was 23.8% in which maximun cases of 
MTB positives were found in the FNAC that is 52.2%.

In our study, MTB was not detected in CBNAAT in 
56(62.9%) cases and MTB was detected in CBNAAT in 
33(37%) cases giving a Yield of 37% with RIF resistance 
in 2(2.2%) cases and MTB was not detected in 36(40.4%) 
in AFB culture and MTB was detected in 53(59.5%) giv-
ing it a yield of 59.5%.There was statistically significant 
weak agreement seen between CBNAAT finding and 
AFB culture finding (Kappa value = 0.48; p value <0.01).

The current study was conducted in the Depart-
ment of Respiratory Medicine, Santosh Hospital to 
study the yield of CBNAAT in EPTB and to compare 
the diagnostic efficacy of CBNAAT with AFB culture 
in all the forms of EPTB.

Out of 89 subjects included in the study who were 
EPTB suspects, all the extrapulmonary samples from 
the respective Extrapulmonary sites were subjected to 
CBNAAT and AFB culture, out of which 33 came out 
to be CBNAAT positive giving it an yield of 37% and 
53 came out to be AFB culture positive giving AFB 
culture an yield of 59.5%.

The findings of the present study are imperative 
owing to widespread impact of tuberculosis on the so-
ciety.11-13 In future the newer developments in genetic 
or tissue engineering are sought to bring developments 
in this field.14,15 Nevertheless the findings of the study 
are to be interpreted with caution keeping in mind the 
limitations of the study and the strength of evidence.16 

CONCLUSION
Yield of AFB culture (59.5%) in clinically suspect-

ed cases of EPTB is greater than Yield of CBNAAT is 
(37%) in clinically suspected cases of EPTB. There was 
statistically significant agreement seen between CB-
NAAT finding and AFB culture finding.
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ABSTRACT:
Background: One of the major concerns of the current 
era is Dental anxiety in Pediatric Dentistry. Kids are very well 
adapted to emojis or emoticons nowadays, and they repre-
sent better emotions or moods than a cartoon picture. As a 
result, this study was carried out to assess a recently created 
anxiety rating scale. The Jeet Wheel Scale employs emojis and 
colours to gauge a child’s fear or mood during their first ap-
pointment. Aim: The purpose was to develop the innovative 
anxiety rating scale and evaluate it against the Venham picture 
test and the Facial Image Scale. Materials and Methods: 
The Jeet Wheel Scale, Venham Picture Test, and Facial Image 
Scale were used in the study to measure the dental anxiety 
of 100 healthy children between the ages of 4 and 8 years 
old, as well as their preference for a particular scale. RESULT: 
The mean and standard deviation of anxiety scores measured 
using Facial Image Scale, and Venham Picture Test, and Jeet 
Wheel Scale were 1.67 ± 0.87681, and 1.99 ± 1.16771 and 2.79 
± 1.35061, respectively. Amongst the scales used, a significant 
difference was observed. A strong correlation was observed 
with the Pearson’s correlation test. The results indicated a 
strong correlation existed (0.863) between Jeet Wheel Scale 
and Venham Picture Test, and a strong correlation between 
Jeet Wheel Scale and the Facial Image Scale (0.802). Based 
on the above observations, it could be confirmed that Jeet 
Wheel Scale has high validity. Children preferred Jeet Wheel 
Scale over the other two established scales. Conclusion: For 
evaluating children’s dental anxiety, the Jeet Wheel Scale was 
proven to be more effective.

KEYWORDS
Jeet Wheel Scale, Dental Anxiety, JWS, Anxiety rating scale, New 
anxiety rating scale.
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Introduction 
Dental anxiety is a significant concern in a child’s 

dental care management. Despite significant advance-
ments in dentistry, dental anxiety remains a major 
factor commonly faced by Pediatric dentists [1]. Every 
dental professional/ Pediatric dentist’s goal is to pro-
vide their patients comfortable and stress-free envi-
ronment during treatment.

When managing a child with dental anxiety, a pae-
diatric dentist’s job is to carry out a painless process in 
order to win the patient’s cooperation.[2] The psycholo-
gy underlying the child’s behaviour can be understood 
in order to do this. We can effectively manage anxiety 
if we comprehend the child’s emotions and the source 
of their worry.

Children have various moods and feelings. Assess-
ment of the exact mood of the child would be benefi-
cial to eliminate the cause of anxiety and manage the 
patient efficiently. Various non-pharmacological tech-
niques such as tell-show-do, ask-tell-ask, tell-play-do, 
audio distraction, audio-visual distraction techniques 
help distract the child and achieve an anxiety-free en-
vironment[3]. 

Different approaches for assessing dental anxiety 
have already been described in the literature, includ-
ing perceptual approaches like dental fear picture tests 
for children, including questioning, measuring, scor-
ing, and indirect methods such as physiological tests 
[4]. However, because it’s challenging to analyse stories 
and optimise ratings, it displays dubious reliability and 
validity.

The Corah scale of dental anxiety [4] and the mod-
ified child dental anxiety scale, as well as question-
naires, are two often used psychological examinations 
in young people. [5]. They are the most widely used 
and accepted scale for evaluating anxiety, but they do 
not cover all aspects of anxiety, and the questionnaire 
makes it complicated for a child. Picture factors appear 
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as an option to resolve the limitations of the scale as 
mentioned above. Numerous research [6–8] used Ven-
ham’s visual exam and the face index scale to measure 
dental anxiety prior to any dental procedures. These 
scales have several drawbacks, such the fact that the 
Venham Picture Test scale figures are all cartoon male 
figures, which can be problematic for a young female 
patient.[7]

Additionally, the imprecise existence of those fig-
ures on the scale mystifies the kid, making it a task that 
requires time [9]. In addition, the figures used in those 
scales are obscure to the children. An optimal measure 
of anxiety should be easy to carry out, less time-con-
suming, enticing, accessible & legible to young chil-
dren who have minimal verbal and language abilities, 
and incorporate a scoring system[4].

Children are familiar with the emotions, therefore 
they can correlate their mood with them very easily 

[8]. Colors have shown to reflect and depict different 
moods psychologically [9-10]. Colours make patients 
more comfortable and reduce their stress, such as 
green depicts frustrated, Purple is scared, Pink is sad, 
orange color depicts exited, red is angry, yellow color 
depicts happy emotion[2].

Taking all of this into account, a novel scale for 
anxiety evaluation, Jeet Wheel Scale, was designed us-
ing emoticons and colors. In the present scale, each 
emoticon is linked to the respective color that allows 
the child to quickly put forward their mood and let us 
know more about their anxiety and fear effectively. It 
has been designed keeping in mind the interest and 
attraction towards multimedia of the new generation 
children and their preference for a play tool rather 
than paper cartoons. 

The purpose of the current study was to measure 
children’s dental anxiety using a newly formed Jeet 
Wheel Scale with emoticons and kid-friendly colours, 
and to compare its results to those of other established 
scales like the Venham Picture Test and the Facial 
Image Scale before the children’s first dental appoint-
ment.

Materials and Methods: 
 For this study, a sample size of 100 was chosen. 

The formula n = 4PQ/L2 [P = 6.3% (as in prior re-
search); Q = 100 P, L = 5%] was used to determine the 
sample size for the current investigation.

The inclusion and exclusion criteria were used to 
randomly choose 100 kids between the ages of 4 and 8 

who were visiting the OPD of the Department of Pe-
diatric and Preventive Dentistry. Children and their 
parents/guardians were asked about the child’s prior 
dental appointment history while they were waiting in 
the department’s OPD.

Inclusion criteria-
• No previous dental experience or Hospitalization
• Patient age: 4–8 years
• Without any disease or sickness
• First visit to a dentist
• Need of LA administration 

Exclusion criteria-
• Physically or mentally disabled children
• Children having undergone dental treatment

Consent was obtained from parents/ guardians 
after informing them about the study, and all queries 
were met. The study was conducted after ethical com-
mittee clearance from the institution. Children who 
reported to the department and met the criteria were 
included in the study until the desired sample size 
was achieved. With the help of three different scales 
(Jeet Wheel Scale, Venham Picture Test, and Facial 
Image) the dental anxiety of each child was assessed. 
On a computer-driven sequence generation, the order 
of presentation of the scales to each child was estab-
lished. Two investigators independently presented all 
the scales to each patient and noted the result to avoid 
inter-examination errors. Two investigators presented 
all the scales to each patient to avoid inter-examina-
tion error. To check the reliability and eliminate in-
ter-examiner bias, kappa test was done and the score 
obtained was 0.90 and the anxiety scores were added 
immediately after the examination.

The Jeet Wheel Scale consists of 8 emoticon pic-
tures eg, Excited, happy, angry, sad, crying, frustrated, 
scared, shouting, and with 8 colors, e.g., Orange, yel-
low, red, pink, sky blue, green, purple, white in each 
segment on a wheel[2,20]. Different feelings and moods 
of the child ranging from excited to scared to shout-
ing, which depicts from positive to the most negative 
feelings or moods, were displayed on the wheel. To 
eliminate bias, all emotions were jumbled up and not 
displayed in a sequence from positive to negative feel-
ings or vice versa.

The youngster was instructed to select the 
wheeled toy’s color-coded emoticon that most close-
ly reflected their current state of mind or emotion. 
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(Fig-1,2) The scale ranged from 1 to 8, with 1 rep-
resenting excitement, 2 happiness, 3 sadness, 4 fear, 
5 frustration, 6 anger, 7 crying, and 8 shouting. (Ta-
ble 1) Every child who requires treatment under 
local anaesthesia, whether it be an emergency or 
non-emergency operation, can use this innovative 
anxiety assessment scale.

Table 1
Jeet Wheel Scale score, gradient and inference

Score Scale gradients Inference

1 Excited No intervention needed

2 Happy No intervention needed

3 Sad Mild intervention needed

4 Scared Moderate Intervention needed

5 Frustrated Moderate Intervention needed

6 Angry Severe Intervention needed

7 Crying Severe Intervention needed

8 Shouting Severe Intervention needed

The Facial Image Scale is a collection of five imag-
es of people’s faces, from the happiest to the saddest. 
Children were asked to select the image they first 
connected with after being shown the scale as part of 
the study. The happiest face received a score of one, 
while the saddest face received a score of five[13]. 
Eight cards made up the Venham Pictorial Scale, with 
each card featuring two characters that represented an 
anxious and a non-anxious person. The students were 
instructed to point to the image of the character that 
best represented their current feeling. The cards were 
all displayed one after the other. If the child chose a 
non-anxious figure, a score of zero was recorded, and 
if they chose an anxious figure, a score of one was re-
corded.The cumulative score was added to obtain a 
final score out of eight[5].

By employing categorical variables, mean, and 
SD for continuous variables frequency and pro-
portion, the data was tabulated and statistically 
analysed using SPSS statistical software. All of the 
parameters used to explain and determine results 
underwent descriptive analysis. The mean age and 
mean anxiety levels on various gender rating scales 
were compared using Friedman’s test and the indi-
vidual student t-test. The correlation test of Pearson 
has been used to compare the anxiety scores across 
multiple rating scales.

RESULTS
With mean ages of 7.62 ±2.68 and 7.64 ±2.55, re-

spectively, 56 males and 44 females out of the 100 
kids who attended their first dental appointment 
were male. There was no discernible difference be-
tween the middle ages of male and female youngsters 
(Table-2). 69 kids between the ages of 4 and 5 and 
31 kids between the ages of 6 and 8 made comprised 
the group when patients were sequentially enrolled. 
Using the Jeet Wheel Scale, Facial Image Scale, 
and Venham Picture Test, respectively, to measure 
anxiety, the mean scores were 2.79 ±1.35061, 1.67 
±0.87681, and 1.99 ±1.16771. The three Friedman’s 
test measures’ mean anxiety levels varied significant-
ly (P>0.001) from one another (Table 3). The Jeet 
Wheel Scale relationship with the Venham Picture 
Test and the Facial Image Scale was investigated us-
ing the Pearson correlation test. The Jeet Wheel Scale 
and Venham Picture Test had a strong correlation 
(r = 0.863, P > 0.001), indicating that they assessed 
anxiety in roughly the same ways. There are strong 
correlations between the Jeet Wheel Scale and the 
Facial Image Scale (r = 0.802, P > 0.001) and the Fa-
cial Image Scale and the Venham Picture Test (r = 
0.766, P > 0.001), indicating that the two scales re-
flect anxiety equally (Table 4).

Table 2
Distribution of study samples by age and gender using Student 
t- test

Gender N Mean Age ± SD t P

M 56 7.62 ±2.68

F 44 7.64 ±2.55 0.38 0.97

Total 100 7.63 ±2.61

Table 3
Table describing Mean and Standard deviation of various scales 
used for anxiety rating

N Mean ± SD Mini-
mum

Maxi-
mum

P- Val-
ue

Jeet Wheel 
Scale 100 2.7900 ± 1.35061 1.00 8.00 <0.001

Facial Image 
Scale 100 1.6700 ± 0.87681 1.00 5.00

Venham 
Picture Test 100 1.9900 ± 1.16771 .00 6.00

JEET WHEEL SCALE: Jeet Wheel Scale, VENHAM PICTURE TEST: 
Venham picture test, FACIAL IMAGE SCALE: facial image scale
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Table 4
Correlations between different anxiety rating scales using Pear-
son correlation test

Scales N R p-value
Jeet Wheel Scale with Facial 
Image Scale

100 0.802 0.001*

Facial Image Scale with Venham 
Picture Test

100 0.766 0.001*

Venham Picture Test with Jeet 
Wheel Scale

100 0.863 0.001*

*Statistically significant

Participants in this study chose JWS over VPT and 
FIS; no person preferred FIS. The order of the chil-
dren’s preferences for the various scales in all groups 
was JWS > VPT > FIS. Table 5 . Males and younger 
age groups showed a stronger preference than females 
(78.8% and 82.6%, respectively).

DISCUSSION
Dental anxiety in children is a problem that primarily 

manifests at the start of puberty[14, 15] and is frequently 
upsetting for the child, the parents, and the dental profes-
sionals. While 10% to 20% of children report having high 
levels of anxiety, around half of children exhibit mild to 
moderate dental anxiety[16, 17]. The infant is unfamiliar 
to people during a visit to a dental office, illustrating situ-
ations that could be threatening and unpleasant for kids. 
It might be difficult for sensitive and anxious people to 
handle these unique situations. Unsurprisingly, the most 
difficult component of child supervision has been identi-
fied as anxiety-related behaviours in dental activities [18, 
19]. It’s also important to measure and detect fear.

According to Buchanan et al. [5] the ideal scale for anx-
iety evaluation should be brief, include topics that are im-
portant to paediatric dentistry, easily reflect on the kid, 
and be straightforward to score and understand in order 
to maximise child response and shorten implementa-
tion time. The measure should also be simple to use for 
younger children with less developed cognitive and ver-
bal abilities. In this study, there were no variations in the 

anxiety levels between the genders. Other studies[8,11] 
have also reported findings that are comparable.

As picture scales for measuring anxiety in young 
children during their first dentist appointment, the 
Facial Image Scale, Venham Picture Test, and Jeet 
Wheel Scale were compared to each other in the cur-
rent study. In contrast to questionnaires, which were 
more complex and perplexing, the Jeet Wheel Scale 
uses emoticons and colors.[4]

The study showed that all scales were vigorously 
associated with each other (Table-4). Nevertheless, us-
ing the Friedman test, the comparison of mean anxiety 
scores (Table-3) revealed a substantial difference for 
the research interest. Compared to Jeet Wheel Scale 
(2.79) and Venham Picture Test (1.99), this disparity 
could be due to the lower mean Facial Image Scale 
anxiety level (1.67). Its high degree of agreement with 
the Venham Picture Test and Facial Image Scale has 
helped to validate the novel Jeet Wheel Scale. Mea-
surements of dental anxiety with the Jeet Wheel Scale 
demonstrated a reasonably direct correlation with 
Venham Picture Test as children preferred the first 
one because the figures found in Venham Picture Test 
cards demonstrated certain figures that appeared sim-
ilar and also took time for interpretation.

Additionally, young children find Jeet Wheel Scale 
to be quite engaging because they are taught how to use 
emoticons on a variety of multimedia and social network-
ing platforms. It has both colours and emojis. All of the 
cards in the Venham Picture Test feature masculine im-
ages, which can make it difficult for a young woman to 
connect those images to her worry. In contrast, Jeet Wheel 
Scale uses colours and emoticons to avoid gender bias.

There is a link between the Jeet Wheel Scale and the 
Facial Image Scale. Facial Image Scale is an effective 
predictor of dental anxiety assessment for children, ac-
cording to Buchanan and Niven[4]. None of the study 
participants preferred the Facial Image Scale above the 
other two scales since young children have trouble un-
derstanding the images for it. For younger children with 

Table 5
Age and Gender comparison of Liking/Preference for different anxiety rating scale among study subjects using Chi Square Test

VARIABLE CATEGORY Jeet Wheel Scale Venham Picture Test Facial Image Scale Χ2 value p-value
N % N % N %

Age 4-5 years 57 82.6 12 17.4 0 0 5.330 0.021
6-8 years 19 61.3 12 38.7 0 0

Gender Male 41 78.8 11 21.2 0 0 0.481 0.488
Female 35 72.9 36 27.1 0 0
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limited linguistic and cognitive abilities, the Jeet Wheel 
Scale has many benefits. It is highly alluring, makes it 
easy for kids to express their emotions, takes less time, 
is straightforward, doesn’t need any questionnaires, is 
appropriate for both sexes, and delivers a fast dental anx-
iety ranking. This makes it possible for the dental staff to 
employ the best behaviour modification techniques for 
effective and secure dental care. [7] Before clinical extrap-
olation of the study findings, the study limitations such 
as lack of proper randomisation, absence of allocation 
concealment are to be kept in mind by readers.[22] 

Conclusion
An innovative and kid-friendly scale called the Jeet 

Wheel Scale was developed to measure dental anxiety. 
The JWS scale had similar outcomes to the VPT and 
FIS, according to the study’s findings. As a standard for 
measuring young children’s dental fear, it had become 
well-known for its clarity and easily-recognized statis-
tics. In order to assess children’s dental anxiety during 
their dental appointment, Jeet Wheel Scale offers a sim-
ple, alluring, quick, easy, straightforward, and effective 
method. In light of this, a novel solution for assessing 
young children’s dental anxiety is the Jeet wheel scale.
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Abstract
Objective: To evaluate the durability and stability of Coaxial 
& 3D (Three-dimensional) -printed bonded lingual mandibular 
retainer wire (3-3) at the middle third position with the applica-
tion of forces. The objective is to evaluate the displacement of 
teeth, stiffness, and stresses on the wire.
Methods: A comparison of coaxial wire (six-stranded stain-
less-steel wire) with 3D-Printed retainer wire (chrome cobalt 
alloy) was done by conducting a FEM (Finite Element Method) 
study for which mesh models were prepared onto which forces 
were applied. A load of 10N was applied to simulate biting forc-
es and protrusive jaw movements during mastication.
Results: There was a uniform displacement of teeth in the 
3D-printed retainer wire whereas, in the case of coaxial retainer 
wire more force was noted onto the central incisor due to its 
low stiffness and thus inability to transfer force to an adjacent 
unit. High stiffness, von mises, and shear stresses were found 
to be present in the case of a 3D-printed retainer for which the 
high modulus of elasticity is responsible. The factor of safety for 
both materials was high but when compared to each other it 
was higher in the case of the 3D-printed retainer.
Conclusion: 3D-Printed retainer wire showed higher durability 
and stability when compared to coaxial wire retainer, but re-
quires clinical studies for better appraisal.

Keywords
Retention, Bonded Lingual Retainer, Coaxial Wire, 3D- Printed 
Wire, Durability, Stability.
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Main points:
• Retention after orthodontic treatment is imper-

ative. Fixed retention methods owing to their ad-
vantages necessitated the study of different materi-
als like coaxial wire and 3D- printed wire.

• The durability and stability of both the wires were 
evaluated by application of forces as the design idea 
was to assess long term maintenance of achieved 
orthodontic results.

• In 3D-printed retainer wire high stresses were 
present but there was minor displacement of teeth 
as a unit providing better periodontal conditions.

• Whereas, in case of coaxial retainer wire there was 
more force accumulated on small unit of teeth due 
to low modulus of elasticity of wire.

INTRODUCTION:
Orthodontic retention is described as holding the 

teeth in adequate aesthetic and functional position af-
ter treatment.1

Retention protocols include fixed and/or remov-
able retainers. Fixed bonded retainers were first de-
scribed in 1973 by Kneirim1, used for long-term re-
tention of treated orthodontic cases to prevent relapse 
in anterior segment after correction of crowding, ro-
tation, midline diastema closure, generalized spacing, 
severely displaced teeth, impacted canine/ incisor, cas-
es with loss of periodontal support etc.2

Fixed retainers have significant advantages of pa-
tient comfort, aesthetic acceptability, effectiveness and 
lack of need for patient compliance over removable 
retainers.3

Fixed bonded retainers also have a few disadvan-
tages i.e. the need for precise bonding technique, un-
intended tooth movement, can cause occlusal inter-
ference, tendency to cause periodontal problems by 
affecting oral hygiene, bond failure or retainer break-
age.4 The retention protocol differs in each and every 
case depending on the patient’s initial malocclusion, 
diagnostic records, habits, cooperation, growth pat-
tern and age. 5 
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Initially, plain round or rectangular orthodontic 
wires were used as fixed retainers. Later multi-strand-
ed wires introduced by Björn Zachrisson became 
popular, due to its flexibility and the presence of its 
irregular surface providing increased mechanical re-
tention.3 Multistranded wires can be of different types: 
twisted, braided, coaxial. Coaxial wire is a single core 
wire wrapped by five wires and is twisted to form sin-
gle unit. 6

In recent years, bonded retainers are being man-
ufactured using CAD–CAM (computer aided de-
sign- computer aided manufacturing) systems and 
3D (Three-dimensional) printers. The advantages of 
3D-printed retainers are: precision and accuracy of fit 
thus promoting patient comfort and improved gin-
gival health by easy maintenance of oral hygiene and 
ensuring less plaque accumulation, less chair side time 
and reduction in wastage of raw material.7 

The reason of failure of lingual retainers most 
commonly is: separation at tooth-adhesive surface fol-
lowed by separation at wire-adhesive interface, break-
age of wire (usually in the first six months of use) and 
unwanted post debonding torque movements of teeth. 
The separation at tooth-adhesive interface is almost 
always related to extreme biting forces and the break-
age of wire is usually associated with metal fatigue 
in long term use.1,8 Studies also have concluded that 
lower incisors were susceptible to breakage and no dif-
ference was seen between direct and indirect bonding 
techniques regarding rate of failure.9

FEM (Finite Element Method) is an engineering 
tool which makes it feasible to analytically apply vari-
ous force systems at any point and in any direction and 
also quantitatively evaluate the distribution of such 
forces.10 Hence, this tool was preferred for the study.

There is abundant history studying various means 
of orthodontic retention. But due to the introduction 
of newer materials in dentistry it is necessary to con-
duct more advanced studies. In view of aforesaid, the 
present study intent was to compare and evaluate the 
extent of displacement patterns of teeth by applying 
forces on both 3D- printed and coaxial wire bonded 
retainer by placing it in middle third position of man-
dibular anterior teeth. The forces applied are to imitate 
biting forces and loading during protrusive jaw move-
ment. The purpose was to compare the durability and 
stability of wires by calculating various parameters like 
von mises and shear stress, deformation and displace-
ment stability of these two materials on the teeth by 

the same amount of force application to study the re-
tentive ability post orthodontic treatment to prevent 
relapse.

MATERIALS AND METHODOLOGY:

MATERIALS REQUIRED:
Computational facilities used for the study:
Hardware details:

• Intel core I 7 8th generation 8-core processor
• 32 GB RAM
• 8 GB Graphics

Software details:
• MIMICS (Materialise MIMICS, Materialise NV, 

Leuven, Belgium) software 
• GEOMAGIC (3D systems, Morrisville, North Car-

olina, USA) modelling software 
• ALTAIR HYPERWORKS (Altair Engineering, 

Troy, Michigan, United States) software

METHODOLOGY:
The FEM study was conducted in the following 

steps: (Figure 1)
CBCT (Cone Beam Computed Tomography) scan 

of an adolescent skull without any skeletal defects, 
trauma, lesions and with full complement of teeth up 
to 2nd molar were obtained from the archives of a re-
puted CBCT scan centre. Sequential CT (computed to-
mography) images were acquired at 0.5-mm intervals 
in the axial direction, parallel to the Frankfort plane. 
DICOM (Digital Imaging and Communications in 
Medicine) files were the output of the scan which were 
then imported into MIMICS software to develop a 3D 
model. This software assists in transporting the data, 
envisions and aids in 3D interpretation and calculating 
the CT scan details. Different parts of teeth and jaw-
bone were then extracted from MIMICS by separating 
them based on bone density. STL (Stereo-lithography) 
files were exported as a constructed 3D representa-
tion of all DICOM slices. STL file was imported into 
Geomagic software where it was converted into Sur-
face CAD (computer aided design) model. This CAD 
model was then imported into FEM software; Altair 
Hyperworks for the analysis.

The FEM is composed of an aggregate of small el-
ements that are sufficient to describe the complex ge-
ometry of the subjects. This process is called meshing, 
(Figure 2,3).
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The material properties of teeth (Table 1), PDL 
(periodontal ligament), and alveolar bone used were 
the average values reported in literature.11-16

Table 1
Material Properties used for Finite Element Analysis

Component Young Mod-
ulus (GPa)

Poisson’s 
Ratio (µ)

Periodontal Ligament 5.0E-5 or 
0.00005 0.49

Teeth 20 0.30
Co-Axial Wire 8.61 0.30
3D-printed lingual bonded 
retainer (chrome cobalt alloy) 260 0.29

Filtek flow composite material 4.24 0.39
Alveolar bone 2 0.30

Coaxial wire (Table 2) was built on the model of 
the jaw in the software by drawing a line which forms 
the path of the wire from one end to another. This 
guiding line was based upon nodes constructed onto 
the lingual side of anterior teeth based on the position 
of placement of bonded lingual retainer. A mesh was 
generated on one end and providing the specifications 

 
Figure 1: Steps in construction of Finite Element Model

  

 Figure 2: Finite Element Model with Coaxial Wire Retainer
A: Occlusal View B: Lingual View

  

 Figure 3: Finite Element Model with 3D- Printed Retainer
A: Occlusal View B: Lingual View

Table 2
Dimensions of Wires used

S.No Name Dimension

1 Coaxial Wire 0.4445 mm (0.0175’’) – 
diameter

2 3D-printed lingual bond-
ed retainer

0.4 mm- width
0.4 mm- height
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of wire the same mesh is swept across till the other end 
generating a 3D Mesh framework.

Same methodology was used for the 3D printed 
retainer (Table 2) wire except the guiding line frame 
passed through the gaps fully contoured and a 3D 
mesh was generated as in the coaxial wire.

Next step was defining the boundary conditions 
that is basically the way model is held in the Finite Ele-
ment space & the way forces are applied on the model, 
(Figure 4).

 
Figure 4: Application of Forces

A vertical load on the incisal edges of the midline 
to simulate vertical loading while biting and lingual 
loading from the labial surface of the teeth to simulate 
protrusive jaw movement during mastication.3

RESULTS:
1. Assessment of maximum displacement of teeth 

Co-axial wire showed the red color more towards 
inner sides of the central incisor indicating its higher 
displacement compared to adjacent unit.

In case of the 3D printed wire, a more evenly dis-
tributed plot of displacement was noted, indicating 
the movement of the entire anterior segment as a unit, 
(Figure 5).
2. Assessment of von mises stress results-

The second parameter measured was the von mises 
stress contained in both wires. It is equivalent tensile 
stresses, it is calculated when combined multiaxial 
loading occurs.

It is observed that stress in 3D-Printed retainer 
wire was higher than in co-axial wire, (Figure 6). This 
was due to the stresses observed in the bends as was 

 
Figure 5: Maximum Displacement of Teeth seen on Application of Force

 
Figure 6: Von Mises Stresses Calculated on Application of Force 
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more engaged with the tooth movement due to its 
curvature and embedding into grooves and due to the 
modulus of wire.
3. Assessment of shear stress 

Shear stress is responsible for sudden breakage of 
the wire across its cross-section (Figure 7).

It was observed that the Shear Stress was higher in 
3D printed wire compared to Co-Axial wire due to the 
stiffness of 3D printed wire being substantially higher 
than Co-Axial wire.
4. Calculation of factor of safety for von mises and 

shear stress
Factor of safety is simply defined as a load carrying 

capacity of a system up to which load can be sustained. 
It is the ratio of the ultimate stress of an object to the 
calculated stress in the object. It is an important factor 
while designing any components, to help predict the 
maximum stress which can be applied not resulting 
into failure.

Factor of Safety = (tensile limit of wire material) / 
(Calculated Stress in the wire)

As we can see that factor of safety of both 3D print-
ed wire and Coaxial wire was higher but when com-

pared amongst each other, it can be established that 
3D-Printed wire will have higher factor of safety hence 
better durability when compared to Co-Axial wire.

Factor of safety of both von mises stresses and 
shear stresses are graphically represented (Figure 8,9).

DISCUSSION:
Rigorous evaluation of various retention tech-

niques have been carried out in the last years. During 
this time, numerous clinical trials of high method-
ological quality were carried out in which effectiveness 
of bonded as opposed to removable retention, direct 
versus indirect bonding, or round twisted versus rect-
angular braided wire for mandibular retainers were 
compared.17-19 The last decade also brought attempts 
to use CAD/CAM technology to improve accuracy of 
fabricated retainers or to replace metal wire with alter-
native materials.7,20 

The aim of the present study was to compare the 
durability and stability of wires of two different mate-
rials on the same amount of force application to assess 
the retentive ability post orthodontic treatment. The 
methodology involved FEM preparation from the pri-

 
Figure 7: Shear Stresses Calculated on Application of Force 

 
Figure 8: Graphical Representation of Factor of Safety for Von 
Mises stress of both wires

 
Figure 9: Graphical Representation of Factor of Safety for Shear 
stress of both wires
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or constructed CAD model. The material properties 
of teeth, PDL, and alveolar bone used were the values 
reported in literature. 11-16 Vertical loading from the in-
cisal edge and lingual loading from the labial surface 
of the teeth was simulated for biting forces and protru-
sive jaw movements during mastication respectively. 
FEM models were then used and various parameters 
were studied by application of forces of 10 N each. 

Firstly, the maximum displacement of teeth was 
measured. This was indicated by the red color in the 
center in the first model whereas one could see contin-
uous shades of blue in the model with 3D-printed re-
tainer, (Figure 5). This means that the force on central 
incisor was high as compared to adjacent teeth in case 
of coaxial wire than in the case of 3D-printed retainer 
where more uniformity is seen pertaining to its high 
stiffness, it dissipates the force to the entire anterior 
segment as a whole. 

Secondly, the amount of von mises stress and shear 
stress were higher in the 3D-printed retainer, (Figure 
6,7). Von mises stresses were used to determine if a 
given material will yield or fracture. Shear stress are 
developed due to sliding of one object over another. 
This is justified by the high elastic modulus of the wire 
and the engagement of the wire into the curvature and 
embedding into grooves. Co-axial wire has 30 times 
lower modulus compared to 3D printed wire. Modu-
lus affects the stiffness of wire, that is stiffer the wire 
more will be the resistance to applied force.

Lastly, we evaluated the most important compo-
nent, factor of safety for a given material. Factor of 
Safety factor simply expresses how much stronger a 
system is than it needs to be for its intended load. 
Its purpose is to define the risk of failure of a prod-
uct by calculating the total stress and the tensile 
limit of the wire. Both wires showed a high factor 
of safety but when compared to each other, a higher 
safety factor in 3D- printed retainer was encoun-
tered in case of both shear and von mises stresses. 
This is elaborated further by a graphical represen-
tation, (Figure 8,9). Thus, it would conclude better 
durability and stability of 3D-printed retainer in 
comparison to coaxial wire.

FEM studies describe one of the best ways to anal-
yse force systems effectively, delivered by orthodontic 
appliances. Also, the results of the simulation are lim-
ited as in vitro and in vivo study results may differ. 
When analysing force on coaxial and 3D-printed re-
tainer wire, it should always be kept in mind that there 

are other factors influencing the durability and stabil-
ity of wire. These factors are isolation control, precise 
bonding technique, aftercare of the retainer, mainte-
nance of oral hygiene etc. Unfortunately, most of these 
factors cannot be attributed in FEM study.

Another limitation in the FEM study in ortho-
dontics is the approximation in modelling the mate-
rial properties of biological components, in particular 
PDL. Despite the increase in scientific evidence in this 
field, modelling of PDL properties remain an issue to 
consider when interpreting FEM studies results. 21,22

CONCLUSION:
Considering the results obtained through the finite 

element analysis, we can conclude the following:
1. There was uniform displacement of teeth in the 

3D-printed retainer wire whereas, in case of coaxi-
al retainer wire more force is noted onto the central 
incisor due to its low stiffness and thus inability to 
transfer force to adjacent unit.

2. High von mises and shear stresses were found to be 
present in case of 3D-printed retainer for which the 
high modulus of elasticity is responsible.

3. High stiffness was present in case of 3D- printed 
retainer than in coaxial wire.

4. Factor of safety for both materials were high but 
when compared to each other it was higher in case 
of 3D-printed retainer.  
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Abstract
Background: Whey protein beverages’ viscosity, lactose con-
tent, and acidic pH could all pose risks to the oral cavity’s cur-
rent composite restorations.
Objectives: Assessing the impact of distilled water (DW), whey 
protein concentrate (WPC), whey protein isolate (WPI), and 
whey protein water (WPW) on the surface roughness of four 
restorative composites with various microstructures (Filtek Z 
250XT, Filtek Z 350XT,, Filtek P 60 and Filtek Bulk Fill).
Materials & Methodology: A total of eighty samples were 
divided into 4 groups. From each material, 20 disc-shaped 
samples were created and wet polished.  Samples from each 
group were subsequently separated into four subgroups based 
on the amount of time they spent submerged in various Whey 
protein beverages. In each Protein powder beverage, the soak-
ing protocol was carried out twice for a total of 10 minutes. They 
were then submerged in fake saliva for an additional 10 minutes 
every day for 30 days. Samples were kept until the following 
cycle in distilled water. The surface roughness of all the samples 
was measured before and after immersion using a contact-type 
surface profilometer. With a 5% level of significance, the data 
were statistically analysed using the unpaired “t” test and Mann 
Whitney U test.
Results & Conclusions: The surface roughness of all dental 
composites substantially increased after immersion in all whey 
protein beverages, although WPW induced the greatest alter-
ations, followed by WPC and WPI. The biggest increase in sur-
face roughness was seen in Filtek Z 250XT composites, followed 
by Filtek P 60 composites, with Filtek Bulk Fill demonstrating the 
lowest increase.
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Introduction 
The consumption of sports drinks to aid in rehy-

dration and replacement of electrolytes is becoming a 
common practice. Along with acidic soft drinks and 
juices, the newly available sports and energy drinks are 
becoming extremely popular. Due to their nutritional 
importance, whey proteins were added to the list of 
protein supplements, and ever since, their demand has 
grown. Protein supplements are used by a huge por-
tion of the population, including both gym users and 
the general public, for a balanced meal, weight loss, 
and other claimed health benefits.

Branch-chained amino acids can be found in 
abundance in whey proteins, which are derived from 
cow’s milk.[1] Additionally, these proteins promote the 
synthesis of beneficial compounds such as lactofer-
rin, glutamine, lactalbumin, and immunoglobulins.
[2] These supplements are available as powders, ener-
gy bars, and energy drinks, but their use as powders 
derives maximum nutritive benefits. Whey Protein 
Concentrate (WPC), Whey Protein Isolate (WPI), and 
Hydrolysed Whey Protein are the three types of whey 
protein powders available in the market.[3]

Whey protein powders are generally available in 
different flavors like vanilla, orange, and chocolate, 
which can be mixed with either water or milk to form 
a thick shake and are mildly acidic (5.7- 6.0) in na-
ture. [4] In addition to shakes, whey protein-containing 
pre-packaged beverages have also been introduced as 
they provide proteins of high quality. These drinks are 
acidic (pH <3.5) and are relatively clear and available 
in fruity flavors such as fruit punch, cola, lemon-lime, 
and grape.[4]

Commercially accessible whey protein shakes may 
be harmful to teeth and restorative materials as they are 
mildly acidic in nature.[5] Excessive use of acidic foods 
and beverages, as well as unique eating and drinking 
habits such as sipping an acidic drink over time, have 
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been shown to enhance the acidic challenge to teeth.[6] 
Since whey protein shakes are quite viscous, they stay 
in contact with the tooth and the restorative material 
for a longer period of time as compared to other aer-
ated drinks. Hence, their acidic nature can degrade the 
properties of restorative material and lead to the fail-
ure of the restoration. Also, since taken post-exercise, it 
may further cause decrease in salivary flow. Inadequate 
rinsing and buffering of demineralizing acids on tooth 
surfaces increase the potential for erosion.[7]

Surface features of these restorative materials are 
important in enhancing their clinical shelf life, as su-
perficial biodegradation from chemicals present in di-
etary substances increases susceptibility to plaque ac-
cumulation, staining, and wear. [8-9] The data suggests 
that a surface roughness (SR) as minimal as 0.2 mm, 
may increase the risk for both secondary caries and 
periodontal inflammation. [10]

Hence, owing to the increased demand and popu-
larity of whey protein beverages in every household, 
a study was conducted to observe the effects of Whey 
protein drinks on P 60 Posterior composites, Filtek Z 
250XT, Filtek Bulk Fill, and Filtek Z 350XT composite 
resin restorative materials.

Materials and methodology 

Sample Preparation.
A plastic straw with a diameter of 6mm was used 

to make disc-shaped samples. The plastic straw was 
sectioned into discs of 2mm in height each and molds 
were prepared according to ISO specifications.[11] Four 
widely available dental resin composites were used to 
create 20 disc-shaped samples of various composite 
resin materials with varying filler compositions and 

matrices. (Table 1) The resin material was squeezed 
into the molds after they had been made, and to create 
a polymerized flat surface, a matrix strip was put on 
both open ends of the disc. The irradiance value was 
measured by a radiometer and repeatedly checked. 
The guide tip of the curing light was placed perpen-
dicularly to the surface of the specimen contacting the 
mylar strip.

To achieve the best post-irradiation hardness of 
composite restorations, the samples were placed at 
37°C for 24 hours. After that, the samples were pol-
ished and finished in planar motion using discs made 
of a coarse, medium, fine, and superfine abrasives. This 
procedure was performed by an operator using a low-
speed handpiece (NSK Contra-angle handpiece) with 
water cooling. After each 10 second polishing phase, 
the samples were rinsed with water for 10 seconds to 
remove debris, air dried for 5 seconds, and polished for 
the same amount of time with a lower grit disc before 
the final polishing. The samples were then ultrasoni-
cally cleaned for 10 minutes in distilled water. The pre 
immersion SR of all the samples was evaluated with a 
digital contact type surface profilometer “Time 3200”.

Solution Preparation.
Two types of solutions were prepared from whey 

protein powders available namely; WPI (Whey Pro-
tein Isolate, Isopure, Strawberry flavored) and WPC 
(Whey Protein Concentrate, Muscleblaze, unflavored) 
and third solution, WPW (Whey Protein Water, Mus-
cleblaze, Cola flavored) was a pre-packaged solution.

One scoop (25 grams) of powder was mixed in 
250 mL of lukewarm water to create the correspond-
ing solutions. To prevent the formation of lumps, the 
solution was regularly agitated with a rod. A digital pH 

Table 1
Composition of P-60, Z 350XT, Z 250XT and Bulk Fill Composites.

Material Filler Manufacturer Monomers
GROUP 1 Bulk Fill Posterior (4–11 nm), ytterbium triflu-

oride (100 nm), zirconia/
silica–

Filtek Bulk Fill Poste-
rior3M ESPE, St.Paul, 
MN, USA

Bis-GMA, AUDMA UDMA, 
DDDMA

GROUP 2 Microhybrid composite zirconia/silica0.01μm to 
3.5μm

Filtek P60 Posterior 
Restorative3M ESPE, 
St.Paul, MN, USA

TEGDMA has been replaced 
with a blend of UDMA (urethane 
dimethacrylate) and Bis-EMA (6)

GROUP 3 Nanofilled composite Zirconia-silica(5-20nm) Filtek Z350 XT Universal 
Restorative.3M ESPE, 
St.Paul, MN, USA

Bis-GMA, UDMA, TEGD-
MA,PEGDMA and Bis-EMA resins

GROUP 4 Microhybridcomposite 1 mm glass, ceramic micro-
fillers, 20–60 nm SiO2

Filtek Z 250 XT Universal 
Restorative3M ESPE, 
St.Paul, MN, USA

Bis-GMA, UDMA,Bis-EMA1 mm 
glass, ceramic microfillers, 20–60 
nm SiO2
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meter was used to record the pH of all three solutions 
(pH Pocket-sized pH Tester – HI98107P) and noted.

IMMERSION PROTOCOL
According to the immersion media that the samples 

were immersed in, they were classified into 4 subgroups: 
subgroup A (DW), subgroup B (WPI), subgroup C 
(WPC), and subgroup D. (WPW). The immersion reg-
imen included two cycles of immersion lasting 10 min-
utes each in each of their individual solutions, followed 
by a further 10 minutes of immersion in synthetic saliva. 
All of the samples were dried and kept in distilled water 
after being submerged in artificial saliva (pH-6.8). This 
protocol was followed for 30 days daily.

The samples were again tested for SR after 30 days 
of immersion. Each sample was carefully smeared 
with wax on metallic support for this purpose, and the 
needle located at the end of the equipment’s arm was 
positioned on the sample surface and programmed to 
trace a 4.8 mm path. Two further measurements were 
obtained by rotating the disc at a 90-degree angle. The 
SR (mm) was measured at three different positions in 
each sample and the average was noted.

Results 
The percentage of change in SR for all the restor-

ative materials was calculated as follows:

% Change = 100 x final value – baseline value / 
baseline value 

Mean percentage change in surface roughness, 
standard deviation, and differences in surface rough-
ness post immersion were determined by application 
of unpaired “t” test and Mann Whitney U test using 
Statistical Package for the Social Sciences, version 26 
software (IBM, CA, USA). The level of significance 
was set at P< 0.05. 

Mean percentage change in surface roughness be-
tween different pairs of subgroups in P 60, Z 250XT, 
Bulk-fill, and Z 350XT composite post immersion 
was compared (figure 1). All the composites showed 
increased SR post immersion in different Whey pro-
tein beverages. The table no. 2 and table no. 3 depict 
that Z 250XT composites exhibited maximum rise in 
SR followed by P 60 composites and then Z 350XT. 
The bulk fill composites showed least surface rough-
ness changes post immersion in various Whey protein 
solutions. The samples immersed in WPW and WPC 
showed greatest spike (p<0.05) in surface roughness 
values followed by WPI while DW caused minimal 
rise in surface roughness.

Discussion
The market for composite restorative materials is 

continually evolving ever since the discovery of BIS-

 Figure 1. Comparison of mean percentage change in SR for four different groups post immersion in DW, WPI, WPC & WPW.
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GMA. The dentists’ desire to combine consistency 
and strength with life-like aesthetics has given rise to 
a wide range of hybrid composites available today. In 
addition, nanotechnology has further revolutionized 
the era of composite resins in the field of dentistry.

The oral cavity experiences a wide variety of chang-
es in its pH due to the complex interactions between 
the saliva, dietary substrate, and microflora. The drop 
in pH could be attributed to the fermentation of dietary 
substrates by microflora and also the acidic beverages 
and food items consumed by an individual during the 
entire day.[12] As a result, the dynamic structure of the 
oral cavity influences not only the dental hard tissues 
but also the properties of various restorative materi-
als. In the past, various studies have assessed the effect 
of acidic drinks on resin-based composites and they 
have stated that composites are easily corroded by the 
effect of acids both in vivo and in vitro.[13-15] In fact, it 
is demonstrated that acidic environment can alter me-
chanical properties of the composites, make the sur-
face of the composites rougher, and also results in the 
creation of micro-infiltration between the enamel and 
the restoration.[16] Thus, all categories of dental com-
posites were included in this study to see the effect of 
whey protein beverages on each one of them.

Whey proteins can now be further purified and 
separated into Whey Protein Concentrate (WPC) 
and Whey Protein Isolate thanks to advancements in 
processing technologies (WPI). [3] Concentrates have 
higher concentrations of bioactive substances such as 
lactose-containing carbohydrates than they do of lip-
ids and cholesterol. [17] On the contrary, Isolates are the 
purest form and contain 90% or greater protein with 
minimal lactose.[18] These Whey proteins are available 
as energy bars, infant formula and aerated beverages In 
addition, more convenient supplements are available 
as aerated Whey protein beverages packed with phos-
phoric acids in air tight containers. The presence of ac-
ids provides a refreshing taste and storage durability.[4]

Despite being a nutritional boon, Whey protein 
beverages have their own limitations. Firstly, they have 
an acidic nature, and secondly, as stated by Hogan and 
Callaghan, Whey powders with high lactose content 
form lump in water and are prone to become sticky 
in nature.[19] In addition, lactose being hygroscopic in 
nature tends to absorb moisture and lead to deteriora-
tive actions. [20]

Hence, three different types of whey protein bev-
erages namely WPC, WPI, and WPW were used in 
this study to evaluate their effect on composite resin 

Table 2
Comparison of mean percentage change in surface roughness values between different pairs of sub groups in Bulk-fill, P60, Z 
250XT and Z 350XT composites using by Mann-Whitney U test.
S.NO. PAIR OF SUB-GROUPS GROUP – 1

(BULK FILL)
GROUP – 2

(P-60)
GROUP--4
(Z-250XT)

GROUP--3
(Z-350XT)

1 DW & WPI .3039 P>.05 (N.S.) .0003* P<.05 (SIG.) .1355 P>.05 (N.S.) .0118* P<.05 (SIG.)
2 DW & WPC .0069* P<.05 (SIG.) .0006* P<.05 (SIG.) .0054* P<.05 (SIG.) .0449* P<.05 (SIG.)
3 DW & WPW .0057* P<.05 (SIG.) .0008* P<.05 (SIG.) .0479* P<.05 (SIG.) .0336* P<.05 (SIG.)
4 WPI & WPC .0009* P<.05 (SIG.) .0011* P<.05 (SIG.) .0042* P<.05 (SIG.) .0063* P<.05 (SIG.)
5 WPI & WPW .0013* P<.05 (SIG.) .0032* P<.05 (SIG.) .0047* P<.05 (SIG.) .0049* P<.05 (SIG.)
6 WPC & WPW .0460** P<.05 (SIG.) .2318 P>.05 (N.S.) .5276 P>.05 (N.S.) .0787 P>.05 (N.S.)

*shows a significant difference between groups at 0.05 level of significance. (P<.05)

Table 3
Comparison of mean percentage change in surface roughness values b/w different pair of groups post immersion in DW, WPI, 
WPC and WPW using Mann-Whitney U test.

S.NO. PAIR OF SUB-GROUPS DW WPI WPC WPW
1 BULK FILL & Z-250XT .1433** P>.05 (N.S.) .0036* P<.05 (SIG.) .4201** P>.05 (N.S.) .3384** P>.05 (N.S.)
2 BULK FILL & Z-350XT .0736** P>.05 (N.S.) .2302** P>.05 (N.S.) .9122** P>.05 (N.S.) .9868** P>.05 (N.S.)
3 BULK FILL & P-60 .0000* P<.05 (SIG.) .0100* P<.05 (SIG.) .2834** P>.05 (N.S.) .2164** P>.05 (N.S.)
4 P-60 & Z-250XT .0574* P<.05 (SIG.) .7435** P>.05 (N.S.) .5389** P>.05 (N.S.) .3424** P>.05 (N.S.)
5 P-60 & Z-350XT .0003* P<.05 (SIG.) .0729** P>.05 (N.S.) .7344** P>.05 (N.S.) .9301** P>.05 (N.S.)
6 Z-250XT & Z-350XT .6557** P>.05 (N.S.) .7712** P>.05 (N.S.) .3905** P>.05 (N.S.) .2190** P>.05 (N.S.)
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materials. Composite resins were chosen for testing as 
in the present scenario, they are the most commonly 
used direct-filling restorative material, and since the 
available composite resins themselves differ in their 
compositions and applications, thus, four different 
composite resins with varying microstructures were 
selected to conduct the study.

Although the oral cavity is the best testing setting 
for predicting restorative behaviour, its complexi-
ty and diversity cannot be recreated. Thereafter, an 
in vitro model was chosen to minimize the effect of 
confounding factors and provide a clear insight into 
the fundamental mechanism of degradation. During 
intake, any food or drink only has a brief contact with 
a tooth/restorative surface before being rinsed away 
by saliva, hence a 10 minutes time was chosen for im-
mersion in beverages followed by dipping in artificial 
saliva for 10 more minutes to simulate buffering and 
cleansing action of saliva. [21]

The various factors determining the surface prop-
erties of restorative materials can either be material 
based such as type of organic matrix, size, shape, and 
distribution of filler particles or there could be exter-
nal factors like pH, a chemical present in food and 
drink and thermomechanical loading which might 
soften the matrix. [22-24]

All the three beverages namely WPC, WPI, WPW 
caused increase in surface roughness significantly 
(p<0.05) of all four types of composite resins tested. 
The pH for WPI, WPC and WPI on testing gave values 
of 5.9, 5.7 and 3.9 respectively. It has been established 
that acidic pH plays an important role in increasing the 
surface roughness of restorative materials and a study 
by Musfirah et al. stated that composite resins are solu-
ble in low pH solutions, which can lead to matrix soft-
ening, surface abrasion and loss of surface ions.[25]

An important phenomenon like water sorption can 
result in to swelling and delamination of the organic 
matrix and further increase the penetration of acids 
into the resin matrix of a resin-based composite. [27] 

The study suggested that apart from Whey protein 
beverages, even immersion in distilled water, can lead 
to increase in surface roughness of composite resins. 
Thus, water sorption explains the increase in surface 
roughness of samples dipped in distilled water, though 
the rise was statistically insignificant.

All samples, immersed in WPW, irrespective of the 
composite resin, demonstrated greatest rise in surface 
roughness which is consistent with various studies 

which have concluded that acidic pH can deteriorate 
the surface properties of composite. [26,28] Despite being 
mildly acidic, it was noted that WPC and WPI also 
showed rise in surface roughness, though the rise was 
significantly less in comparison to WPW. The find-
ings of Hogan and Callaghan et al revealed that the 
presence of lactose in Whey proteins has the potential 
to alter their physical interactions making them sticky 
in nature, which favors their adherence on composite 
discs. [19] Moreover, the literature supports the fact as 
composites being more heterogenous in nature tend to 
adsorb more proteins on their surface than enamel. [28]

In addition to creates gritty deposits on their sur-
face, the adherence of whey proteins on to the com-
posite surface increase the water binding affinity of 
composites owing to the hygroscopic nature of lactose, 
which ultimately results in leaching out of ions and 
loss of surface properties. [20]

Moreover, a study conducted by Santin et al sug-
gested that mildly acidic beverage like WPI had the po-
tential to solubilize the resin matrix and create rough-
er surfaces which corroborated with the results of the 
present study. [5]

Another interesting finding is that samples dipped 
in WPC exhibited a greater surface roughness rise 
than samples immersed in WPI which could be ex-
plained by lower lactose content in WPI. [3]

With reference to the restorative materials, the Z 
250XT composite followed by P 60 composites showed 
the highest increase in surface roughness. These find-
ings were in agreement with Alrobeigy, who stated 
that decreased filler loading promotes greater water 
sorption. [29] As Posterior 60 composites possess the 
lowest filler loading (61% by weight), they showed less 
resistance to surface changes.

A conflicting finding was also noted as Z 250XT 
had the highest filler loading (78% by weight) yet re-
corded the highest rise in surface roughness. A possi-
ble explanation is that hybrids contain a broad distri-
bution of particle sizes with the largest particle size of 
1 micron and when they are exposed to low pH, their 
heterogenous nature results in leaching out of larger 
particles generating larger bumps and craters, thus 
increasing the surface roughness.[30] Furthermore, 
Hong-Yi Fan in his study revealed that a less homo-
geneous distribution of filler and matrix is minimally 
susceptible to acid attack. [26]

The samples prepared with Filtek Bulk Fill and 
Z 350XT nanoparticulate composite chemical for-
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mulations showed a significantly lesser rise in sur-
face roughness as the two materials are comprised of 
nanoparticles and nanoclusters that provide less inter-
stitial space between the inorganic particles, making 
it more difficult to displace them. [30] Also, the smaller 
particles released, leave only minor surface defects. [30]

Although statistically insignificant, Filtek Z350XT 
nanoparticulate composite recorded a higher surface 
roughness rise than Filtek Bulk Fill samples despite sim-
ilar filler loading. This could be attributed to the type of 
monomers present in both materials. Filtek Bulk Fill has 
monomers like AUDMA and UDMA which have been 
reported to reduce water sorption of the composites and 
increase their resistance to surface alterations. [31]

Because in vivo research provide more meaningful 
data in terms of replicating the oral environment, the 
current study design was unable to include the effect 
of various variables like temperature and masticatory 
forces. In addition, this study included only four types 
of composite resin materials. Studies with other ma-
terials should also be carried out before making any 
opinions and validation.

Conclusions 
When exposed to various Whey protein beverages, 

modern tooth restorative materials perform differently. 
The Z 250XT and P 60 composites were found to be 
considerably impacted by exposure to WPW and WPC 
in the current investigation, while FBF has shown high-
er resistance to changes in surface roughness. In addi-
tion, it was discovered that other elements, such as vis-
cosity, lactose content, and beverage pH, were crucial in 
determining the stability of the resin surface.
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ABSTRACT
Aims and objective: The stress control is essential in pa-
tients to elude the loss of motivation for Dental procedures 
.The present study was conducted to estimate salivary cortisol 
response to stress developed in patients undergoing Dental 
treatment 
Methodology : 36 patients had their salivary cortisol levels mea-
sured; 30 of them were in the study group and had had root 
canal, apicoectomy, tooth preparation, and impression-making 
procedures for the fixed prosthesis. Six of the patients were 
healthy individuals who didn’t need any dental treatment.The 
groups demarcated were as follows. 
Group 1: Control group with no treatment and just the saliva 
sample was taken. 
Group 2 ; The patients undergone access opening, Biomechan-
ical preparation and obturation 
Group 3 ; The patients undergone apicoectomy procedure
Group 4 ; The patients undergone tooth preparation and im-
pression making for fixed prosthesis . The salivary cortisol levels 
were evaluated using Salivary Cortisol Enzyme Immunoassay Kit.
Results : The salivary cortisol level was highest in Group 3,fol-
lowed by Group 2 ,Group 4 and least in Group 1. 
Conclusion The stress level was lowest in healthy patient and 
highest when patient underwent apicoectomy procedure in 
appointment .
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Introduction 
The assessment of patient stress is essential to 

evenly execute Dental procedures. Buchanan T W, 
Preston SD1 reported that the stress ripostes are 
not invariably hostile. The stress control is neces-
sary in patients to escape the loss of motivation for 
dental treatment. The stress disturbances are the 
common mental disturbances 2. Ohura K, Noza-
ki T, Shinohara M, Daito K, Sonomoto M, Daito 
M Kiyo3 stated that By lowering stress of Dental 
procedures, the patients adjustability improves 
and motivate them to get their Dental treatment 
done4. Cortisol malfunction and severe pain may 
develop as a result of an extended stress response5. 
Children’s behaviour may change as a result, and 
it may have an impact on dental care. Saliva can 
be collected with less effort than blood samples 
because it is not invasive or harmful, making it 
a suitable specimen for the measurement of sub-
stances related to stress. Salivary chromogranin A 
(CgA), secretory immunoglobulin A (slgA), sali-
vary amylase, catecholamine, and cortisol are all 
stress-related substances that are present6,7. There 
is marked contrast in patients reaction to stress 
in children who are involved not only in a agony 
procedure but also a painless treatment. Anxiety 
develops due to restless tense feeling while in den-
tal chair during the treatment procedure. The out-
come with administration of anesthesia and with 
agony procedures are unavoidable. Dental outlook 
can be intiator of stress for young patients. Ex-
posure treatment strategy should be followed for 
phobic anxiety. The raised stress levels should be 
inscribed in clinical training. 8 Panifull situation 
generally develops due to the stressful situation. 
9Therefore the anxiety strand is more in patients 
undergoing dental treatment and this pressure dif-
fer in the further visits that persue to depend upon 
to what they are open to, during these visits. 

Pain rehabilitation is not dissertated but there is 
connection between stress and pain . Therefore, the 
goal of the current study was to determine how much 
salivary cortisol patients receiving dental treatment 
produced in reaction to stress.
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Aims and Objectives 
To estimate salivary cortisol level in healthy pa-

tient. 
To estimate salivary cortisol level in patient after 

doing access opening, Biomechanical preparation and 
obturation 

To estimate saliary cortisol level in patient under-
going apicoectomy procedure 

To estimate salivary cortisol level in patient after 
doing tooth preparation and impression making for 
prosthesis .

To comparatively estimate salivary cortisol level in 
patients undergoing Dental treatment . 

Material and Methodology:
There was 36 participant (6 control and 30 study 

group patients )who participated in the present study. 
Greabu M. used the results of prior studies to deter-
mine the sample size. Spinu T, Totan C, Totan A, and 
Purice 10 The sample size was calculated to be 30 for 
each group, with a 95% confidence interval and at least 
80% power. The accurate medical and dental histories 
of all subjects involved were requested. The age range 
of the 36 patients involved in this study was 20 to 30. 
The motive of the study was prior notified to the pa-
tients requesting them for collection of saliva sample.
These patients underwent Dental procedure.They 
were divided into 4 groups 

Group 1: control group with no treatment and just 
the saliva sample was taken. 

Group 2 ; The patients undergone access opening, 
Biomechanical preparation and obturation 

Group 3 ; The patients undergone apicoectomy 
procedure 

Group 4 ; The patients undergone tooth prepara-
tion and impression procedures for fixed prosthesis.

The saliva was taken 5 minutes before patients 
sat on Dental chair for group 1 subjects,however for 
group 2, group 3 and group 4 subjects ,saliva was tak-
en 10 minutes after commencement of Dental pro-
cedures . Each of the subject was informed to collect 
saliva samples in polypropylene vials and placed in 
freezer . Around 1.0 ml of non-revivifying saliva was 
collected in a sterile tube and frozen latter at 20 degree 
centigrade for further study. Salivary Cortisol Enzyme 
Immunoassay Kit was used to measure the salivary 
cortisol levels ( SalimetricTM , LLC State college PA 
,USA)9 SPSS was the programme utilised for the sta-
tistical analysis (statistical package for social sciences)

Statistical Analysis: 
The statistical analysis were done using Krus-

kal-wallis test and Mann-whitney U test
Level of Significance (p-value)

• P-value < 0.05 - Significant

RESULTS
The Kruskal-Wallis test was used to compare the mean 

cortisol levels in the various groups. The mean cortisol 
level varied significantly amongst the various groups. 
Group 3 had a considerably higher mean cortisol level 
than groups 1, 2, and 4. The mean cortisol level in group 
2 was substantially higher than that in group 4, which was 
significantly higher than that in group 1. In comparison to 
group 1, the mean cortisol level was considerably higher in 
groups 2, 3, and 4. Group 3 had the highest mean cortisol 
levels, followed by Group 2, Group 4, and Group 1, which 
had the lowest levels. (Table 1 and Graph 1)

Table 1
Comparative mean salivary cortisol level(ng/ml) for group 1, 
group 2, group 3 and group 4 

Cortisol level
Groups Mean S.D. F-value p-value
Group 1 8.51 3.07

50.908 < 0.001*a
Group 2 23.63 8.69
Group 3 30.40 10.05
Group 4 15.62 7.99

Group 1 vs Group 2b 0.001*
Group 1 vs Group 3 b < 0.001*
Group 1 vs Group 4 b 0.038*
Group 2 vs Group 3 b 0.045*
Group 2 vs Group 4 b 0.020*
Group 3 vs Group 4 b < 0.001*

a Kruskal-wallis test
b Mann-whitney U test
* Significant difference
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Graph 1. Comparative mean salivary cortisol level(ng/ml) for 
group 1,group 2,group 3 and group 4 
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DISCUSSION
The cortisone prepares the body for fear or fright-

ening conditions and situations by production of glu-
cose,providing an immediate energy source to large 
muscles.The cortisol inhibits insulin production in a 
purpose to halt or terminate glucose from being stored 
for immediate release 11 .The stress exherbation can 
develop diminished PNS tone ,which further increases 
patients attentional reactions to stressors.It can result 
in alterations in autonomic nervous systems elevating 
patients vulnerability to stress. 12

The cortisol nourishes and recalls the frightening 
participation of Dental treatment. Drexler SM, Merz CJ 
,Tanja C,Hamacher –Dang, Tengentoff M,Oliver T in 
2015 13, stated that there is persistence of powerfull touch-
ing revoke happening in fear and post traumatic pressure 
therapy .Lai JCL in 201414 reported that it is not always 
that aging helps in adjustment of stress hormone cortisol 
during psychosocial disturbance.There is lesser hope-
fulness ,anxiety,mental disorder ,depression with severe 
pressure ,distress multipled with raised cortisol level .The 
cortisol is produced in response to anxiety, pressure or 
stress by adrenal gland.The cortisol is also liberated in 
conditions like getting up early morning,exertion and 
acute pressure or tension.Dental anxiety ,fear,stress re-
sults in negligence of proper Dental treatment care.This 
is the most commom proplem in Dental office. 15

The goal of the current study was to determine 
how salivary cortisol reacts to stress brought on by 
dental treatment treatments. Cortisol levels in the 
control group significantly differed from those in the 
study groups (groups 2, 3, and 4). The salivary cortisol 
level was highest in Group 3(subjects with apicoecto-
my procedure procedure [ 30.40 ng/ml]),followed by 
Group 2(subjects with access opening, Biomechani-
cal preparation and obturation[23.63ng/ml]) ,Group 
4(subjects with tooth preparation and impression 
procedure [15.62ng/ml]) and least in Group 1(con-
trol[8.51ng/ml]) .These results are similar to stud-
ies done by Padmanabhan V, Rai K,Hedge AM8The 
study group (group 2,group 3 and group 4) opened to 
dental treatment develops in an elevation of salivary 
cortisol in contrast to control group with no treat-
ment wherein just the saliva sample was taken . Dental 
treatment raises tension and uneasiness level which 
further elevates salivary cortisol .Among the study 
groups {group 2,group 3 and group 4} ,group 3(sub-
jects with apicoectomy procedure[ 30.40 ng/ml]) pro-
duced highest cortisol level. The mean cortisol level 

was more in group 3(subjects with apicoectomy pro-
cedure[ 30.40 ng/ml])) compared to group 2(subjects 
with access opening, Biomechanical preparation and 
obturation[23.63ng/ml]) .The probable reason may be 
that the patient saw bleeding during the apicoectomy 
procedure which elevated stress level in these subject 
resulting with raised cortisol level . Among the study 
groups {group 2,group 3 and group 4} ,group 4(sub-
jects with tooth preparation and impression procedure 
[15.62ng/ml]) ) produced lowest cortisol levl. Group 
2(subjects with access opening, Biomechanical prepa-
ration and obturation[23.63ng/ml]) produced higher 
cortisol level compared to group 4(subjects with tooth 
preparation and impression procedure[15.62ng/ml]) 

The probable reason may be that the local anesthe-
sia administered for access opening,BMP and obtura-
tion elevated the anxiety level more in these patients 
which further elevated in mean cortisol level more in 
comparision to subjects with tooth prepation and im-
pression procedures.

Interpratation and Conclusion 
1. The mean cortisol level was highest when patient 

underwent apicoectomy followed by patients who had 
undergone access opening, Biomechanical prepara-
tion , obturation and thereafter in patients with treat-
ment of tooth preparation for fixed prosthesis and 
lowest in healthy patients(control group)

2. The salivary cortisol is suitable indicator of stress 
detector.

Strength of the study
Salivary cortisol was used as a diagnostic aid to 

check stress levels in Dental patients. As collection of 
Saliva is not invasive and not harmful,therefore it can 
be used as a specimen for stress-releated substance 
measurement and is easily collected with minimum 
efforts than blood sampling.The cortisol saliva does 
not attach to corticosteroid binding globin as it hap-
pens in the blood

Limitations of the study
1.The salivary cortisol level test was not done at 

particular time so prejudice can be there due to the 
day- to- day variation.

Future research Direction
1.How to manage patients with stress and anxiety 

(may be by proper diet,enough sleep or yoga)
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2. Effects of laughter therapy on stress responses in 
patients
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Abstract
Aim- The current study sought to assess the fracture strength 
of thin monolithic zirconia crowns of varying thickness and fin-
ish line configuration.
Study design- The current study was carried out to evalu-
ate and compare the fracture strength of monolithic zirconia 
crowns with chamfers and radial shoulder finish lines of 0.5, 0.8, 
and 1.1 mm thickness.
Result- Monolithic zirconia crowns with merely 0.5 mm reduc-
tion demonstrated adequate strength for use in posterior areas. 
On evaluation and comparison it was observed that no statisti-
cally significant difference was found in the fracture strength of 
monolithic zirconia crowns with different thicknesses and finish 
lines was investigated.
Conclusion- The 0.5 mm thickness of monolithic zirconia 
crowns demonstrated significant fracture resistance to with-
stand physiological performance, regardless of finish line type.

Keywords
Monolithic Zirconia Crowns, Fracture Strength, Varying Thick-
ness, Finish Line, Minimal Tooth Preparation.
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Introduction
The ideal restoration of a tooth follows form, func-

tion and esthetics. The new approach in restoration 

dentistry is focused on the esthetics. For this, various 
materials have been introduced in dentistry that de-
mands less reduction of natural tooth structure. The 
current research work was undertaken to assess one 
such dental material, i.e. monolithic zirconia crown. 
In addition to its superior esthetics Zirconia crowns 
gained popularity because of greater biocompatibil-
ity and fracture resistance. Its fracture efficiency in 
terms of in an in-vitro context, different thicknesses 
and configurations of finish lines were evaluated. As of 
now, this is the strongest esthetically and biologically 
accepted dental material.[1]

The minimally invasive dentistry is an evidence 
based approach for the tooth restoration that requires 
a material which provide equivalent strength in as 
minimum thickness as possible. A uniform thickness 
is required to avoid any concentration of stress on the 
crown. It is reported that for any restoration or pros-
thesis, the design determines its durability and resis-
tance from fracture. The available literature data states 
that the fracture forces are buffered and balanced by 
the crown thickness at the finish line.

A modified design in conventional ceramic tooth 
preparation was proposed to avoid stress concentra-
tion over the finish line. So the radial shoulder on 
buccal and narrower finish line on proximal and on 
lingual is suggested. [2] It was believed that this prepa-
ration could aid in conserving the tooth structure, sur-
rounding peridontium, tooth anatomy and esthetics. 
However, limited data is retrieved as evidence to sup-
port the considerable durability of minimally invasive 
technique and finish line in monolithic zirconia resto-
rations.[3] In an in-vitro context, different thicknesses 
and configurations of finish lines were evaluated.

Method
A premolar tooth was used to receive monolithic 

zirconia crown in the current study. A total number of 
48 premolars were prepared and further divided into 
six groups on the basis of different preparation designs 
(thickness and finish line). (n=8 per subgroups) (Fig-
1). Each typhodont tooth was prepared as per spec-
ification by customized bur made according to the 
thickness and then confirmed by the digital caliper 
which measure the thickness.

Group 1 -thickness 1.1mm, R: radial shoulder fin-
ish line. [Control]
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Group 2 -thickness 1.1mm, C: chamfer finish line. 
[Control]

Group 3 -thickness 0.5mm, R; radial shoulder fin-
ish line.

Group 4 -thickness 0.5mm, C: chamfer finish line. 
Group 5 -thickness 0.8mm, R: radial shoulder fin-

ish line. 
Group 6 -thickness 0.8mm, C: chamfer finish line. 

The prepared typhodont was scanned by a 3D 
scanning device. 8 monolithic zirconia crowns was 
designed for each group. Therefore, a total of 48 
crowns was designed and sintered in this present 
study. The prepared teeth’s CAD file was then trans-
ferred into the milling machine and 48 respective 
zirconia crown were milled using a millingmachine. 
After that, the durability of human peridontium was 

Figure. 1- Tooth Preparation as per specification

   

 

FIGURE 1A. 1.1 mm Thickness with 2 different finish line i.e. Radial Shoulder and Chamfer. (Control)

   

 

FIGURE 1B. 0.5 mm Thickness with 2 different finish line i.e. Radial Shoulder and Chamfer.

   
FIGURE 1C. 0.8 mm Thickness with 2 different finish line i.e. Radial Shoulder and Chamfer.
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replicated by coating the tooth roots with a 1mm 
polyether layer and the teeth was than positioned 
in resin blocks. 48 monolithic zirconia crowns were 
cemented using Resin based Adhesive system. After 
cementation, each group of 48 specimens underwent 
thermocycling. 5 years of intraoral usage was mod-
elled using TCML parameters that were selected. 
Ageing process that alternated between heating them 
in an autoclave & simulating them as on chewing in a 
loading mechanism. 

All crowns that had survived the ageing process 
were put through a quasi-static load test in UTM (Uni-
versal Testing Machine) until they fractured. A hori-
zontal cylinder of stainless-steel stainless steel with a 

12-mm inner diameter was used to provide axial force 
to the central occlusal fossa. A 2 mm thick rubber 
disc was put between the crown and the indenter to 
provide even load distribution on the occlusal surface 
between the cusps. The load was increased at 0.5 mm/
min until it cracked, at which point the load was re-
corded. The maximal fracture load was measured for 
fracture resistance. 

The measurements were tabulated as fracture 
load of varying thicknesses and configuration of fin-
ish lines. A mean standard deviation (S.D.) was used 
to summarize & evaluated for each group. The mean 
fracture strength values were compared between dif-
ferent groups by unpaired t-test. 

Study Design

Tooth Preparation 

 

 
Scanning of Prepared Teeth Fabrication of Monolithic Crown 

 
Fabrication of Resin Teeth 

 
Positioning of Resin teeth with Monolithic Crown on Resin Blocks 

 
Crown cementation Thermocycling and mechanical loading 

 
Fractured strength measurement using Universal Testing Machine 

 
Statistical analysis. 

 
 

Group 2 
thickness 
1.1mm, 

C: chamfer 
finish line. 

Group 1 
thickness 
1.1mm, 

R; radial 
shoulder finish 
line.(control) 

Group 6 
thickness 
0.8mm, 

C: chamfer 
finish line. 

Group 5 
thickness 
0.8mm, 

R; radial 
shoulder finish 

line. 

     Group 4 

thickness 

0.5mm, 
C: chamfer 
finish line. 

Group 3 
thickness 

0.5mm, 

R; radial 
shoulder finish 

line. 

 

N=48 
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Results
The average fracture load of Monolithic Zircona 

crown is 2,969 N.[4] The fracture resistance of mono-
lithic zirconia crowns is mentioned in this paper with 
an average fracture load of 1834.88N, 2220.13N for 1.1 
crowns with radial shoulder and chamfer finish line 
respectively, 1544.25 N, 1272.38 N for 0.5mm crowns 
with radial shoulder and chamfer finish line respec-
tively and the average fracture load of 1449.38 N and 
1325.38 N for 0.8 mm crowns with radial shoulder and 
chamfer finish line respectively as depicted in (Table 
2) second table. The overall fracture strength amongst 
these groups were non-significant as compared to the 
other samples. 

Group 1 specimen (control) was compared with 
Group 3 (p = 0.175) and Group 5 (p= 0.102) as 
depicted in Table 3 A & B and no significant differ-
ence was found. Similarly, in Table 4 A & B Group 
4 (p=0.098) and Group 6 (p=0.133) were compared 
with Group 2 (control) and no significant difference 
was found. Likewise when Group 1 & 2 (p=0.131), 

Group 3 & 4 (p=0.175) and Group 5 & 6 (p=0.217) 
were compared non-significant results were obtained. 
Table 5 shows no significant differences in the thick-
ness (1.1mm, 0.5mm, and 0.8mm) and finish lines 
(chamfer and radial shoulder) of monolithic zirconia 
crowns (p value >0.05).

The results obtained were non-significant ( >0.05). 
Therefore, a conservative procedure of minimal tooth 
preparation of 0.5 mm thickness is preferred along 
with chamfer finish line, as it proved to bear maxi-
mum occlusal load.

Discussion
Innovation in restorative materials for dental treat-

ment allows for efficient procedures with longer-last-
ing results. All ceramic restorations have grown in 
favour as the importance of aesthetics and biocom-
patibility has grown.[5] Monolithic Zirconia crowns 
introduced in early 2000’s, are a preferred choice for 
restoration with all ceramic prosthesis. Monolithic 
crowns which are prepared from ceramics exhibit low 

Table 1
Fracture strength of thin monolithic zirconia crowns

Radial shoulder and chamfer finish line 
(1.1mm)

Radial shoulder and chamfer finish line
(0.5mm)

Radial shoulder and chamfer finish line
(0.8mm)

Fracture load (N)

Group-A (Radial 
Shoulder)

Group-B Group-C Group-D Group-E Group-F 
(Chamfer) (Radial Shoulder) (Chamfer) (Radial Shoulder) (Chamfer)

1,870 2,525 747 550 1,470 969
1,974 2,675 2,140 625 1,163 1,321
2,048 1,611 1,866 971 1,322 1,375
2,020 2,409  1,647 839 1,474 1,411
1,596 2,489 2,156 913 1,448 1,280
1,382 2,187 1,353 810 1,620 1,266
1,695 1,778 956 792 1,503 1,203
2,094 2,087 1,489 979 1,595 1,778

Table 2
Mean Value and Standard Deviation Value of Fracture Resistance with Average Fracture Load for thickness with radial shoulder 
and chamfer finish line. 

Minimum Maximum Mean Std. Deviation
Group 1 (1.1, R) 1382.00 2094.00 1834.88 253.31
Group 2 (1.1, C) 1611.00 2675.00 2220.13 376.67
Group 3 (0.5, R) 747.00 2156.00 1544.25 516.10
Group 4 (0.5, C) 1013.00 1625.00 1272.38 214.461
Group 5 (0.8, R) 1163.00 1620.00 1449.38 147.58
Group 6 (0.8, C) 969.00 1778.00 1325.38 227.48

*R- Radial shoulder finish line; C- Chamfer finish line. Group 1&2=control groups.
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Table 3 A
Comparison of Mean Strength Value between Group 1 and 
Group 3 using the unpaired t-test. There was no significant dif-
ference in mean strength value between two groups.

Groups Mean Std. De-
viation

Mean 
Differ-
ence

t-test 
value

p-value

Group 1 1834.88 253.31 290.63 1.430 0.175
Group 3 1544.25 516.10
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Table 3 B
Comparison of Mean Strength Value between Group 1 and 
Group 5 using the unpaired t-test. There was no significant dif-
ference in mean strength value between two groups.

Groups Mean Std. De-
viation

Mean 
Differ-
ence

t-test 
value

p-value

Group 1 1834.88 253.31 385.50 1.719 0.102
Group 5 1449.38 147.58
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Table 4 A
Comparison of Mean Strength Value between Group 2 and 
Group 4 using the unpaired t-test. There was no significant dif-
ference in mean strength value between two groups.

Groups Mean Std. De-
viation

Mean 
Differ-
ence

t-test 
value

p-value

Group 2 2220.13 376.67 947.75 1.793 0.098
Group 4 1272.38 214.46

 

0,00

500,00

1000,00

1500,00

2000,00

2500,00

Group 2 Group 4

2220,13

1272,38

Mean strength value

Table 4 B
Comparison of Mean Strength Value between Group 2 and 
Group 6 using the unpaired t-test. There was no significant dif-
ference in mean strength value between two groups.

Groups Mean Std. De-
viation

Mean 
Differ-
ence

t-test 
value

p-value

Group 2 2220.13 376.67 894.75 5.751 0.133
Group 6 1325.38 227.48
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Table 5 A
Comparison of Mean Strength Value between Group 1 and 
Group 2 using the unpaired t-test. There was no significant dif-
ference in mean strength value between two groups.

Groups Mean Std. De-
viation

Mean 
Differ-
ence

t-test 
value

p-value

Group 1 1834.88 253.31 -385.25 -1.401 0.131
Group 2 2220.13 376.67
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Table 5 B
Comparison of Mean Strength Value between Group 3 and 
Group 4 using the unpaired t-test. There was no significant dif-
ference in mean strength value between two groups.

Groups Mean Std. De-
viation

Mean 
Differ-
ence

t-test 
value

p-value

Group 3 1544.25 516.10 271.87 1.855 0.175
Group 4 1272.38 214.46

 

0,00

500,00

1000,00

1500,00

2000,00

Group 3 Group 4

1544,25
1272,38

Mean strength value

Table 5 C
Comparison of Mean Strength Value between Group 5 and 
Group 6 using the unpaired t-test. There was no significant dif-
ference in mean strength value between two groups.

Groups Mean Std. De-
viation

Mean 
Differ-
ence

t-test 
value

p-value

Group 5 1449.38 147.58 124.00 1.293 0.217
Group 6 1325.38 227.48
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fracture strength as compared to the crowns that were 
prepared from zirconia. Monolithic zirconia crowns 
show more reliable properties and have a greater 
tendency to withstand occlusal and flexural load. In 
clinical settings, zirconia restorations demonstrate 
improved long-term stability and lesser vulnerabili-
ty to ageing and fatigue effects. The strength is esti-
mated with thermal cycling and, mechanical loading 
test. The preparation design directly depends on the 
strength of material. [6]

The material thickness and design of the prepara-
tion can be influenced by the strength of ceramic ma-
terial. Circumferential tooth reduction of 1-1.5mm, 
occlusal reduction of 1.5-2mm, and uniform shoulder 
reduction of 1.2mm in the finish line are all features 
of all-ceramic materials.[6] However, dental pulp can 
be potentially damaged or stability of the remaining 
tooth structure can be lost due to excessive removal of 
tooth structure. The prepped teeth can be saved using 
minimally invasive methods and a thin restoration.

This study assessed the monolithic zirconia crown 
fracture strength with 0.5mm, 0.8mm and 1.1mm 
thickness in accordance with radial shoulder and 
chamfer finish line.

Weigl P et al[6] and Nakamura K et al (2015)[7], re-
ported a similar studies on 0.5 mm monolithic zirco-
nia crown which showed clinically acceptable fracture 
resistance, surviving the ageing procedure and can be 
used in the posterior region. Similarly Sorrentino R 
et.al. [8] investigated the fracture strength and failure 
mode of zirconia with varying thickness in 2016. 

Juntavee N (2020) [9] did a study to evaluate the 
finish line thickness and collar height of translucent 
monolithic zirconia crowns. They concluded that 
chamfer finish line (light or heavy) showed enough 
strength to withstand maximum occlusal load. 

In year 2019 and 2020 many studies are not in fa-
vour of thin monolithic zirconia crowns. Øilo M et al. 
[10] in 2019 studied the fracture load influenced by the 
thickness of monolithic zirconia restorations after age-
ing. 70 translucent monolithic zirconia crowns with 
chamfer finish line were made for premolars. They 
were separated into 30 and 40 crowns of 0.5mm and 
0.8mm thickness, respectively, with 20 glazed and 30 
polished, and 10 control crowns. Mechanical stress and 
ageing were applied to the remaining crowns. The sur-
viving crowns’ margins were assessed and subjected to 
quasi-static loading until fracture. They came to the 
conclusion that ageing had a greater impact on thin-

walled transparent monolithic zirconia crowns than on 
thick-walled translucent monolithic zirconia crowns.

Likewise Zimmermann M et.al.[11] In 2020, looked 
into the effect of CAD/CAM and sintering techniques 
on the fracture strength of monolithic zirconia resto-
rations of various thickness adhesively seated to ste-
reolithography-fabricated methacrylate dies. They 
discovered that a material thickness of 0.5 mm to 0.8 
mm should be regarded crucial for monolithic zirco-
nia crown restorations.

Likewise, Miura S e.t al. [12] investigated the short-
term failure of monolithic zirconia single crowns in 
2020. According to the findings of this study, mono-
lithic zirconia crowns in the posterior region require 
proper interocclusal clearance.

The effect of thickness reduction and fatigue on 
the failure load of monolithic zirconia crowns is in-
vestigated by Prott LS et al (2021) [13]. They concluded 
that decreasing crown thickness resulted in decreased 
characteristic strength, even when failure loads ex-
ceeded physiological chewing pressures.

Recently, “table-top” crowns introduced as an al-
ternative to complete coverage crowns have been suc-
cessful. Yu H, Zhao Y, Li J et.al. [14] in 2019 advised 
conservative tooth preparation for long-term stability 
of esthetic restorations. [22,23]

Within the constraints of the current study, it is 
possible to conclude that Zirconia Crowns can be used 
with only 0.5 mm thickness with either radial shoulder 
or chamfer finish line configuration successfully. How-
ever, the findings are to be inferred with caution as ran-
domization was not done as per standard guidance.[24]

Conclusion
The purpose of this study was to analyse and 

compare the fracture strength of monolithic zirco-
nia crowns with different and finish lines. The frac-
ture strength of a zirconia crown was not affected by 
modifying the thickness, which was 0.5mm, 0.8mm, 
and 1.1mm with either a radial shoulder or a chamfer 
finish line, according to evaluation and comparison. 
The fracture strength of a 0.5 mm monolithic zirconia 
crown with chamfer finish line was higher, albeit not 
statistically significant, than a 0.5mm crown with ra-
dial shoulder finish line.

Therefore, this study concludes that a conservative 
procedure of minimal tooth preparation of 0.5 mm 
thickness can be incorporated with chamfer finish line 
for fixed dental prosthesis.
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Abstract
Background- Patients with different malocclusions may show 
the different activities of masticatory muscle. Masticatory mus-
cle with neuromuscular disorder can act as an aggravating fac-
tor for a malocclusion. Patients may adopt faulty masticatory 
positions in case of different malocclusion, which may cause 
interference during orthodontic treatment. It mainly depends 
on muscle function or expression while recording. 
Aim- The current study is to evaluate the muscles’ activity 
using surface electromyography in the masseter, temporalis, 
and buccinator muscles in different malocclusions at rest, and 
during chewing and clenching.
Material and Methods- A Total of 39 patients were examined 
and they were divided into 3 groups based on Angle’s classi-
fication of malocclusion- Group 1- Class I malocclusion, Group 
2 – Class II malocclusion, and Group 3- Class III malocclusion. 
Result- At rest position, Group-1 subjects showed higher muscle 
function in the masseter and temporalis muscle (Mean- 18.54 ± 
5.22 and 13.42 ± 4.16 respectively). Whereas, Buccinator showed 
enhanced performance in Group 1 subjects during chewing (Mean- 
52.31 ± 8.98). However, no gender-wise discrepancy in the muscles 
was found during any of the masticatory functions or malocclusions. 
Conclusion- Patients with Class I malocclusion showed higher 
masseter activity than patients with Class II and Class III malocclu-
sions. No gender-wise discrepancy was found in the muscle func-
tion during any of the masticatory functions or malocclusions. 
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Introduction
The stomatognathic apparatus is a complex sys-

tem that operates as a functional unit of the hu-
man body described by numerous tissues of various 
sources and structures that operate in compatibility 
to execute several functional jobs. [1] The synchro-
nization of the masticatory system is based on the 
coordination in the stomatognathic mechanism, in-
cluding teeth, craniofacial bones, periodontal tissues 
masticatory muscles, nerve system, and temporo-
mandibular joint. It has been found that several dy-
namics could play a key role in the mechanism of 
mastication. It has been presumed that malocclusion 
may influence not only morphology but also masti-
catory performance.[2]

The basic rhythm of masticatory function and 
rhythmic muscle movements corresponding with 
jaw movements is thought to be acknowledged by the 
masticatory central pattern generator (mCPG) present 
in the brainstem. [3] Once an abnormal masticatory 
pattern is instituted, it generally remains and tends to 
affect jaw growth. [4,5] 

Electromyography has an important role in eval-
uating the relationship between malocclusions and 
muscle activity. It is the determination of the electrical 
activity of muscular tissue, or its depiction as a visu-
al display or audible signal, by employing electrodes 
connected to the skin or implanted into the muscle 
[6]. Surface EMG is a non-invasive examination that 
is employed to examine the bioelectrical occurrences 
of muscular contractions from the surface of the skin 
of the muscle using a pair of electrodes. [7] Surface 
electromyography has long been the «paradigm» for 
observing muscle activity of the masticatory muscle in 
function and at rest. [8] The research has given an un-
derstanding of the relative meaning of the masticatory 
muscles and has quantified the potential significance 
of electromyographic statistics in dentistry. Therefore, 
this study aims to assess the masticatory muscle re-
sponse in different malocclusions using surface elec-
tromyography. 
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Material and methods
The present study has got an ethical clearance from 

IRB (Institutional Review Board) and the letter num-
ber is SU/2019/1531[16]. The sample for this study 
was drawn from the patients who reported to the De-
partment of Orthodontics and Dentofacial Orthopae-
dics, Santosh Dental College and Hospital, Ghaziabad 
seeking orthodontic treatment. 

Inclusion criteria included patients with different 
malocclusions (Angle’s Class I, Class II, and Class III), 
age between thirteen to thirty-five years, permanent 
dentition, and normal to good oral hygiene. 

Patients having deciduous or mixed dentition, 
with congenital/craniofacial deformities, with TMJ 
dysfunction, parafunctional habits, and muscular dis-
orders, having pathology within the maxilla or mandi-
ble, with cleft lip, palate, or both, with a partial or full 
edentulous arch or refuse to sign the informed consent 
were excluded. 

Patients were segregated equally into 3 groups ac-
cording to their malocclusion. Group 1 patients had 
Angle’s Class I malocclusion, Group 2 patients had 
Angle’s Class II malocclusion (including Div 1 and Div 
2), and Group 3 patients had Angle’s Class III maloc-
clusion. Surface electromyography was done for all the 
groups.

sEMG of muscles was performed using a Sin-
gle Channel Digital EMG Unit (NeuroTrac Simplex; 
made in the United Kingdom). (Fig-1) The NeuroTrac 
Software allows the measurement of high-resolution 
sEMG with an accuracy range from 0.2μV to 2000μV. 
The machine has a sensitivity value of 0.1μV RMS. The 
electrodes (3cm x 1cm) were attached to dual conduc-
tor lead wires with a coppethe patients were instructed 
to keep the head and body still asr core. (Fig-2)

During the procedure, the patients were told to 
maintain a steady posture as the movement of the 
head and neck region, or the body could impact the 
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Figure 1: Quantitative evaluation of activity in masseter muscle in different malocclusions at rest, during chewing, and during 
clenching.
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sEMG results. The patients were instructed to avoid 
any movement of their tongues as any stimulation of 
the muscles may alter the results. The surface to be 
evaluated was cleaned with a disinfectant. Chewing 
gum was kept in the mouth, and patients were told to 
chew it only when the EMG activity of the masseter 
and temporalis muscles during mastication and swal-
lowing in Class II and Class III patients. No significant 
difference of masticatory muscles activity between 
Class II and Class III malocclusion signal is given. 
For clenching, patients were instructed to clench with 
pressure continuously. In each patient total of six sur-
faces above the following muscles were examined for 
each malocclusion group – right and left Masseter, 
right and left temporalis, and right and left Buccinator 
muscles. The readings were taken for three actions at 
rest, during clenching, and during chewing. The sur-
face leads were placed at different areas, respectively. 
(Fig-3) For reading for the chewing patient was at rest 
for 10 seconds then, 10 seconds of bilateral chewing 
and 10 seconds of rest. For reading for clenching pa-
tient was at rest for 10 seconds then, 10 seconds of 
continuous clenching and 10 seconds of rest.

Statistical analysis 
Data was entered into a Microsoft Excel spread-

sheet and was checked for any discrepancies. Sum-
marized data was presented using Tables and Graphs. 
The data were analyzed by SPSS (21.0 version). Sha-
piro Wilk test was used to check which all variables 
were following a normal distribution. Bivariate analy-
ses were performed using the parametric tests i.e., in-
dependent t test (for comparing two groups) and one 
way ANOVA (for comparing more than two groups). 
Level of statistical significance was set at p-value less 
than 0.05

Results
The mean masseter muscle activity at rest in class I, 

II, and III malocclusions were found to be 18.54±5.22, 
12.61±4.020, and 10.95±4.03 respectively. During 
chewing, the mean and standard deviation of class I, 
II and III malocclusion was 51.77±9.74, 48.85±10.9 
and 50.38±8.53. In class I, II and III malocclusions, 
mean and standard deviation during clenching was 
161.75±29.49, 176.85±26.25 and 159.38±31.56 respec-
tively. Overall significant difference in masseter mus-
cle activity was found at rest only among class I, II and 
III. The muscle activity was found to be maximum in 
class I malocclusion as compared to class II and III. 
During clenching and chewing no significant differ-
ences were seen in masseter muscle activity. (Table-1) 
(Graph- 1)

The mean temporalis muscle activity at rest in 
class I, II, and III malocclusions were found to be 
13.42±4.16, 7.68±2.12, and 10.16±2.87 respectively. 
During chewing, the mean and standard deviation 
of class I, II, and III malocclusions were 46.92±7.08, 
47.62±13.02, and 53.31±24.94. In class I, II, and III 
malocclusions, mean and standard deviation during 
clenching were 197.54±27.33, 160.85±30.50 and 
168.92±32.31 respectively. An overall significant dif-
ference was found in temporalis muscle activity at 
rest and during clenching when compared in class I, 
II, and III malocclusion the muscle activity was found 
to be maximum both at rest and during clenching in 
class I malocclusion as compared to class II and III. 
During chewing, no significant difference was seen in 
temporalis muscle activity. (Table-2) (Graph- 2)

The mean buccinator muscle activity at rest in 
class I, II, and III malocclusions were found to be 
14.18±3.96, 10.47±4.03 and 11.02±6.95 respectively. 
During chewing, the mean and standard deviation of 
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Figure 3- Quantitative evaluation of activity in buccinator muscle in different malocclusions at rest, during chewing and clenching
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Table 1
Quantitative evaluation of activity in masseter muscle in different malocclusions at rest, during chewing, and during clenching.

MASSETER MUSCLE N Mean Std. Devia-
tion

95% Confidence Interval 
for Mean

P value Post hoc 
comparisonLower 

Bound
Upper 
Bound

At rest

Class I 13 18.54 5.222 15.38 21.69

<0.0001 1>2,3Class II 13 12.61 4.020 10.19 15.04

Class III 13 10.95 4.039 8.50 13.39

During 
chewing

Class I 13 51.77 9.748 45.88 57.66

0.749 -Class II 13 48.85 10.900 42.26 55.43

Class III 13 50.38 8.530 45.23 55.54

During 
clenching

Class I 13 161.15 29.493 143.33 178.98

0.257 -Class II 13 176.85 26.251 160.98 192.71

Class III 13 159.38 31.561 140.31 178.46

Table 2
Quantitative evaluation of activity in temporalis muscle in different malocclusions at rest, during chewing and during clenching

TEMPORALIS MUSCLE Mean Std. Deviation
95% Confidence Interval for 

Mean P value Post hoc com-
parison

Lower Bound Upper Bound

At rest

Class I 13.42 4.168 10.90 15.94

<0.0001 1>2,3Class II 7.68 2.124 6.39 8.96

Class III 10.16 2.874 8.42 11.90

During chewing

Class I 46.92 7.088 42.64 51.21

0.571 -Class II 47.62 13.029 39.74 55.49

Class III 53.31 24.941 38.24 68.38

During clench-
ing

Class I 197.54 27.333 181.02 214.06

0.009 1>2,3Class II 160.85 30.501 142.41 179.28

Class III 168.92 32.317 149.39 188.45

Table 3
Quantitative evaluation of activity in buccinator muscle in different malocclusions at rest, during chewing and during clenching

BUCCINATOR MUSCLE Mean Std. Deviation
95% Confidence Interval for 

Mean P value Post hoc com-
parison

Lower Bound Upper Bound

At rest

Class I 14.18 3.963 11.78 16.57

0.158 -Class II 10.47 4.039 8.03 12.91

Class III 11.02 6.955 6.81 15.22

During chew-
ing

Class I 52.31 8.985 46.88 57.74

0.002 1>2,3Class II 39.46 10.293 33.24 45.68

Class III 40.08 9.188 34.52 45.63

During 
clenching

Class I 42.69 10.119 36.58 48.81

0.367 -Class II 35.69 16.580 25.67 45.71

Class III 41.08 11.471 34.15 48.01
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class I, II and III malocclusion was 52.31 ± 8.98, 39.46 
± 10.29 and 40.08 ± 9.18. In class I, II and III maloc-
clusion, mean and standard deviation during clench-
ing was 42.69±10.11, 35.69±16.58 and 41.08±11.47 
respectively. An overall significant difference in bucci-
nator muscle activity was found during chewing only 
among class I, II and III malocclusions using the mus-
cle activity was found to be maximum both in class I 
malocclusion as compared to class II and III. At rest 
and during clenching, no significant difference was 
seen in buccinator muscle activity. (Table-3) (Graph- 
3)

Gender-wise comparison of buccinator, temporalis 
and buccinator muscle activity showed no significant 
differences at rest, during chewing, and during clench-
ing. (Tables 4, 5 and 6)

Discussion
The hypothesis that muscles generate electricity 

was by Francesco Redi in 1666, due to the suspicion 
that the discharges of electric fish were of muscular 
origin.[9] In Graber el al (1963) found relationship 
between muscles and their structural configuration in 
Class I, Class II, and Class III malocclusions. It was 
seen that muscle function can be adaptive to morpho-
genetic pattern. [10] The initial effort to utilize elec-
tromyography in dentistry was devised by Moyers et 
al. It was employed to record the neuropsychological 
dynamics related to prosthetic rehabilitation tech-
niques. [11]

In a trial conducted by Moss et al (1975) it was 
concluded that patients with normal occlusion show 
a regular pattern of muscle activity, and the muscle 

Table 4
Masseter muscle activity among males and females

Masseter Gender N Mean Std. Deviation P value

At rest
Male 16 12.59 5.171

0.172
Female 23 15.03 5.534

During chewing
Male 16 48.19 9.628

0.249
Female 23 51.83 9.485

During clenching
Male 16 164.88 31.106

0.873
Female 23 166.43 29.019

Table 5
Temporalis muscle activity among males and females

Temporalis Gender N Mean Std. Deviation P value

At rest
Male 16 9.34 3.409

0.153
Female 23 11.17 4.111

During chewing
Male 16 51.94 20.174

0.411
Female 23 47.43 13.697

During clenching
Male 16 174.38 34.217

0.831
Female 23 176.74 33.516

Table 6
Buccinator muscle activity among males and females

Buccinator Gender N Mean Std. Deviation P value

At rest
Male 16 12.71 5.940

0.425
Female 23 11.31 4.867

During chewing
Male 16 43.19 11.845

0.724
Female 23 44.48 10.655

During clenching
Male 16 40.75 15.725

0.716
Female 23 39.17 11.126
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activity is exceedingly correlated. Patients with Class 
II (Division I) Class II (Division 2) Class III, and pos-
tural Class III malocclusions can be segregated on the 
basis of their patterns of muscle activity. The pattern of 
muscle activity was not similar to that of persons with 
normal occlusion. [12], these results are in agreement 
with the present study.

The outcomes of the current study verify the find-
ings of the trial by Cuevas et al (2013) to investigate 
the performance in the muscles of jaws and mandib-
ular kinematics following Teuscher activator manage-
ment and at 2 years following orthodontic treatment 
conclusion. Teuscher activator and the following fixed 
orthodontic appliance improved jaw muscle perfor-
mance in the subjects with Class II Div1 malocclusion; 
nonetheless, an extensive approach was required to 
gain the full neuromuscular adaptation. Thus, proving 
that muscles at normal occlusion have greater mus-
cle activity than in malocclusion.[13] Antonini et al 
(1990) evaluated the EMG activity of the temporalis 
and masseter muscle during swallowing and mastica-
tion in Class II and Class III patients. No significant 
difference of masticatory muscles activity between 
Class II and Class III malocclusion was reported at 
rest. [14] The study done by Melo et al (2016) showed 
data of habitual postural characteristic the electrical 
activity of the temporal muscles is higher than the 
activity of masseter muscles.[15] Our research co-re-
lates with the above-mentioned studies. The studies 
done by Karau et al (1956) [16] Lowe and Takada et 
al (1984) [17], Cha BK et al (2007) [18], Kaya D et al 
(2013) [19], Nakamura et al (2013) [20] showed simi-
lar results as the present study. 

The present study findings of the surface electro-
myography were similar in both genders. Their find-
ings agree with Ferrario et al (1993), Khamnei et al 
(2016), and Yusuf et al (1997). [7, 21-22]

Further investigations are needed to explore the 
relationship between occlusal features and muscular 
activity, designed following specific criteria (random-
ization, inclusion and exclusion criteria, similarity be-
tween groups at baseline, detailed description of the 
protocols to facilitate replication, blinding methods) 
to establish if a causal association between these vari-
ables really exist, thus avoiding spurious associations.23

Conclusion 
Different malocclusion (class I, II, and III) can alter 

muscle activity which can act as a predisposing factor 

for more severe malocclusion. This study has evaluat-
ed the functional ability of masticatory muscle in dif-
ferent malocclusions by using surface electromyogra-
phy (sEMG). Patients with different malocclusion may 
show different efficacy of masticatory muscle. The 
study concluded that the patients with Class I maloc-
clusion showed higher masseter activity than patients 
with Class II and Class III malocclusions. 

The electromyographic activity of the Masseter mus-
cles showed insignificant variations during chewing and 
clenching. Patients with Class I malocclusion showed the 
highest electromyographic activity in Temporalis mus-
cles during rest and clenching than other malocclusions. 
However, the variations in the values were insignificant 
during chewing. For buccinator muscles, the highest 
muscle activity was found during chewing in patients 
with Class I malocclusion. However, the variations in 
muscle activity for all the muscles for every malocclusion 
were found to be highly insignificant. 

References
1. Ritzel, C., Diefenthaeler, F., Rodrigues, A., Guim-
arães, A., Vaz, M. (2007). Temporomandibular joint 
dysfunction and trapezius muscle fatigability. Revista 
Brasileira de Fisioterapia, 11(5),333-339.
2. Van Der BILT, A. (2011). Assessment of mastica-
tion with implications for Oral Rehabilitation: A Re-
view. Journal of Oral Rehabilitation, 38(10), 754–780. 
https://doi.org/10.1111/j.1365-2842.2010.02197.x 
3. Dellow, P. G., & Lund, J. P. (1971). Evidence for 
central timing of rhythmical mastication. The Journal 
of Physiology, 215(1), 1–13. https://doi.org/10.1113/
jphysiol.1971.sp009454 
4. Takeda, H., Nakamura, Y., Handa, H., Ishii, H., 
Hamada, Y., & Seto, K. (2009, September). Examina-
tion of Masticatory Movement and Rhythm Before 
and After Surgical Orthodontics in Skeletal Class III 
Patients With Unilateral Posterior Cross-Bite. Journal 
of Oral and Maxillofacial Surgery, 67(9), 1844–1849. 
https://doi.org/10.1016/j.joms.2009.04.027 
5. Throckmorton, G. S., Buschang, P. H., Hayasaki, 
H., & Pinto, A. S. (2001). Changes in the masticato-
ry cycle following treatment of posterior unilateral 
crossbite in children. American Journal of Orthodon-
tics and Dentofacial Orthopedics, 120(5), 521–529. 
https://doi.org/10.1067/mod.2001.118626 
6. McQuillen M. P. (1977). Clinical electromyogra-
phy: definition, application, and innovation. Advances 
in neurology, 17, 285–294.



Issue 25. December 2022 | Cardiometry | 1325

7. Ferrario, V. F., Sforza, C., Miani, A., Jr, D’Addona, 
A., & Barbini, E. (1993). Electromyographic activity 
of human masticatory muscles in normal young peo-
ple. Statistical evaluation of reference values for clini-
cal applications. Journal of oral rehabilitation, 20(3), 
271–280. https://doi.org/10.1111/j.1365-2842.1993.
tb01609.x. 
8. Malta, J., Campolongo, G. D., Barros, T. E., & 
Oliveira, R. P. (2006). Eletromiografia Aplicada Aos 
Músculos da Mastigação. Acta Ortopédica Brasile-
ira, 14(2), 106–107. https://doi.org/10.1590/s1413-
78522006000200011 
9. Ferreira, C., & Augusto, R. (2012). Application 
of surface electromyography in the dynamics of hu-
man movement. Computational Intelligence in Elec-
tromyography Analysis – A Perspective on Current 
Applications and Future Challenges. https://doi.
org/10.5772/52463 
10. Graber, T. M. (1963). The “Three m’s”: Muscles, 
malformation, and malocclusion. American Jour-
nal of Orthodontics, 49(6), 418–450. https://doi.
org/10.1016/0002-9416(63)90167-2 
11. Ashraf, H. (2011). To determine the influence 
of the complete denture prosthesis on masticatory 
muscle activity in elderly patients: An in vivo study. 
International Journal of Prosthodontics and Restor-
ative Dentistry, 1(1), 35–40. https://doi.org/10.5005/
jp-journals-10019-1006 
12. Moss, J. P. (1975). Function-fact or fiction? Amer-
ican Journal of Orthodontics, 67(6), 625–646. https://
doi.org/10.1016/0002-9416(75)90138-4 
13. Cuevas, M. J., Cacho, A., Alarcon, J. A., & Mar-
tin, C. (2013). Longitudinal evaluation of jaw muscle 
activity and mandibular kinematics in young patients 
with class II malocclusion treated with the Teuscher 
Activator. Medicina Oral Patología Oral y Cirugia Bu-
cal. https://doi.org/10.4317/medoral.18610 
14. Miralles, R., Hevia, R., Contreras, L., Carvajal, 
R., Bull, R., & Manns, A. (1991). Patterns of electro-
myographic activity in subjects with different skeletal 
facial types. The Angle orthodontist, 61(4), 277–284. 
https://doi.org/10.1043/0003-3219(1991)061<0277:-
POEAIS>2.0.CO;2
15. Melo, D. G., & Bianchini, E. M. (2016). Relation-
ship between electrical activity of the temporal and 

masseter muscles, bite force, and morphological facial 
index. Relações entre potenciais elétricos dos múscu-
los temporais e masseteres, força de mordida e índice 
morfológico da face. CoDAS, 28(4), 409–416. https://
doi.org/10.1590/2317-1782/20162014233
16. Karau, R.E. (1956). An electromyographical com-
parison of the temporal and masseter muscles of or-
thodontically treated and untreated malocclusion of 
the teeth. American Journal of Orthodontics, 42(10), 
792. https://doi.org/10.1016/0002-9416(56)90057-4 
17. Lowe, A. A., & Takada, K. (1984). Associations be-
tween anterior temporal, masseter, and orbicularis oris 
muscle activity and Craniofacial Morphology in chil-
dren. American Journal of Orthodontics, 86(4), 319–
330. https://doi.org/10.1016/0002-9416(84)90143-x 
18. Cha, B. K., Kim, C. H., & Baek, S. H. (2007). 
Skeletal sagittal and vertical facial types and elec-
tromyographic activity of the masticatory muscle. 
The Angle orthodontist, 77(3), 463–470. https://doi.
org/10.2319/0003-3219(2007)077[0463:SSAVFT]2.0.
CO;2
19. Kaya, D., & Kocadereli, İ. (2013). Electromyo-
graphic activities of masticatory muscles in class III 
patients treated by facemask with miniplate anchor-
age. Turkish Journal of Orthodontics, 26(2), 65–71. 
https://doi.org/10.13076/j.tjo.2013.26.02_65 
20. Nakamura, A., Zeredo, J. L., Utsumi, D., Fujishita, 
A., Koga, Y., & Yoshida, N. (2013). Influence of mal-
occlusion on the development of masticatory function 
and mandibular growth. The Angle Orthodontist, 
83(5), 749–757. https://doi.org/10.2319/083012-698.1 
21.  Khamnei, S., Zamanlu, M., Shakouri, S. K., Os-
koee, S. S., SalariLak, S., Houshyar, Y., & Salekzama-
ni, Y. (2016). Mastication patterns in humans: Gender 
differences. Neurophysiology, 48(5), 375–379. https://
doi.org/10.1007/s11062-017-9612-3
22. Youssef, R. E., Throckmorton, G. S., Ellis, E., 3rd, 
& Sinn, D. P. (1997). Comparison of habitual masti-
catory patterns in men and women using a custom 
computer program. The Journal of prosthetic den-
tistry, 78(2), 179–186. https://doi.org/10.1016/s0022-
3913(97)70123-9
23. Mittal N, Goyal M, Mittal PK. Understanding and 
Appraising Systematic Reviews and Meta-Analysis. J 
Clin Pediatr Dent. 2017;41(5):317-326. 



1326 | Cardiometry | Issue 25. December 2022

ORIGINAL RESEARCH Submitted: 4.11.2022; Accepted: 22.11.2022; Published online: 25.12.2022

Comparative Evaluation  
of the Oral Hygiene Status  
and Prevalence of Dental Caries  
in Hemophiliac  
and non-Hemophiliac Patients

Utkarsh Gupta1, Adarsh Kumar2, Manjunath BC3,  
Sunita Aggarwal4, Abhishek Singh5, Rajiv Ahluwalia6

1Dental Surgeon, Department of Dental Surgery, Community 
Health Centre, Kannauj, U.P., India
2,3Dept of Public Health Dentistry, Post Graduate Institute of 
Dental Sciences, Rohtak, Haryana, India
4Department Of Medicine, Maulana Azad Medical College and 
Lok Nayak Hospital, Delhi, India
5,6Department of Orthodontics and Dentofacial Orthodontics, 
Santosh to be deemed university, Ghaziabad, India 

Abstract
Aim & Objective: The aim of this study is to compare the oral 
hygiene status, caries experience, and prevalence of hemophil-
iac patients and non-Hemophilic controls.
Material & Methods: The present study was carried out on 600 
participants. The study population was divided into two groups of 
300 each i.e., the case Group (Hemophilics) and the Control Group 
(non-Hemophilic). Hemophilic patients were taken from Hemo-
philia Day Care Centre, Lol Nayak Hospital, Delhi, and PGIMS 
Hospital Rohtak. Controls were recruited from among the relatives 
who came along with the hemophilic patients. Data collection was 
done using a structured questionnaire consisting of demograph-
ic details, knowledge, attitude, and practice regarding oral health 
maintenance. Patients were clinically examined for DMFT index 
and Oral Hygiene Index- Simplified to assess caries experience and 
oral hygiene status. The data were analyzed statistically. 
Results: Mean age for the Case Group and Control Group was 
18.47±6.22 and 19.19±6.09 respectively. Amongst the study 
population, 89.7% were having hemophilia A while 10.3% had 
hemophilia B. 72.3% suffered from severe hemophilia while 0.7% 
had the mild form. The caries prevalence was higher among 
hemophiliacs (74%) than among non-hemophiliacs 67%. DMFT 
score was significantly higher among hemophiliacs [permanent 
dentition (2.47±2.69), Primary dentition (0.33±1.26). The mean 
debris, calculus and overall OHI score were significantly higher 
among hemophiliacs (1.69±0.60, 0.93±0.66 & 2.63±1.07).
Conclusion: Hemophiliacs have more Caries experience and 
poor oral hygiene status as compared to non-hemophiliacs 

Hemophiliacs patients are high-risk group, so they should be 
given more education and motivation about the importance 
of oral health care and preventive dental care such as fluoride 
varnish and fissure sealants should be delivered by professional 
at early stages.
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INTRODUCTION
Hemophilia is a congenital sex-linked recessive 

bleeding disorder in which the person’s blood lacks the 
capability to coagulate even after a minor injury. This is 
due to the deficiency of one of the clotting factors in the 
blood. Factor VIII (Hemophilia A) is found to be defi-
cient in the majority of the cases followed by Factor IX 
(Hemophilia B) and Factor XI (Hemophilia C). The se-
verity of the disease depends upon the level of deficient 
factors. In India, the prevalence of hemophilia A is 
1:5000 and for hemophilia B is 1:30000 male live birth.1 
Hemophiliac frequently encounter joint, muscular or 
mucosal bleeding episodes. Oral bleeding is common 
among them with all patients experiencing it at one or 
the other time. Sonis AL et al reported that the diag-
nosis of hemophilia following an oral bleeding episode 
appears to be inversely related to the severity of the dis-
ease. She also reported that about 14% of hemophilia 
may be diagnosed because of persistent oral bleeding.2 
The bleeds may result even due to minor trauma while 
tooth brushing, flossing, eating, exfoliation of decidu-
ous teeth etc. The spontaneous bleeding from the oral 
cavity could also be due to inflammatory conditions of 
the periodontium, due to poor oral hygiene.

Authors share a contrarian view regarding oral 
health maintenance among hemophilia. Kumar et al3, 
Azhar et al4 and Alpkiliç et al5, Mielnik- Blaszczak M 
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et al6 reported oral hygiene to be poorer among hemo-
philiacs than non-hemophiliacs while studies by Son-
bol et al7, Boyd et al8, Ziebolz et al9, Sonbol et al7, Oth-
man et al10 and Salem and Eshghi et al11 reported the 
opposite. The fear of bleeding in hemophiliacs inhibits 
oral health maintenance leading to an increase in the 
accumulation of plaque, which is the primary caus-
ative agent of oral and dental disorders. Continuous 
accumulation leads to a localized fall in the pH below 
the critical level that disrupts the equilibrium between 
remineralization and demineralization and leads to 
dental caries. Boyd D et al8, Azhar S et al4 and Miel-
nik Blaszczak M et al6 reported that the prevalence of 
dental caries among hemophiliac patients ranges from 
27 to 94%. Ziebolz et al9 reported the DMFT among 
hemophiliacs to be as high as 18. Although it has been 
clearly stated that dental caries is multifactorial and 
is associated with lifestyle factors such as inadequa-
cy in maintaining oral health, sugar-containing diet, 
frequent snacking, socio-economic status (SES), and 
infrequent dental visits. 12-16 There is a lack of evidence 
that can clearly state the association of hemophilia 
with oral health status. Thus, it is important to know 
whether the presence of hemophilia has any role in the 
development of dental caries.

Very few studies have been conducted so far due 
to the rarity of the disease. The existing studies have 
controversial results making it difficult to draw an 
association between hemophilia with oral health sta-
tus. Thus, it is imperative to conduct a study to know 
whether hemophilia is affecting oral health status. 
The aim of this study is to compare the oral hygiene 
status and caries experience of hemophiliac patients 
with their healthy controls and also to find out the 
prevalence of dental caries among hemophiliacs It is 
hypothesized that hemophiliacs have higher caries 
prevalence due to more poor oral hygiene status than 
non-hemophiliacs.

MATERIALS AND METHODS
A cross-sectional study was carried out to assess 

the effect of hemophilia on oral hygiene status & caries 
experience and to compare it with healthy individuals. 
Cases were the subjects with hemophilia aged 7 to 30 
years, recruited from the daycare center at Lok Nayak 
Hospital, New Delhi, and PGIMS, Rohtak. Controls 
were recruited from among the relatives who came 
along with the hemophilic patients. The participants 
were matched with the hemophilic patients for age 

and gender. The sample size of 300 (each group) was 
calculated at a 95% Confidence interval, with a power 
of 80% and a 9.2 difference in the prevalence of caries 
among hemophiliacs and healthy individuals respec-
tively. A simple random sampling technique was used 
to select the participants. Participants with any other 
coagulation disorder like Von Willebrand disease and 
other developmental anomalies of teeth, poor com-
pliance, any other systemic diseases, and under med-
ication except for hemophilia were excluded. Ethical 
clearance was sought from the Institution Ethics com-
mittee of the Post Graduate Institute of Dental scienc-
es, Rohtak. The study was commenced after obtaining 
consent from the concerned authorities of the selected 
hospitals and individual participants.

Data collection was done using a structured ques-
tionnaire which was pilot-tested on a group of 30 indi-
viduals visiting OPD of PGIDS to ensure clarity, reli-
ability, and validity. The questionnaire contains items 
about socio-demographic details, knowledge, atti-
tude, practice regarding oral health maintenance, ba-
sic questions regarding systemic conditions, etc. The 
knowledge and attitude of parents towards oral health 
maintenance were assessed for the children.

Dental examinations were done by a single exam-
iner supported by a recorder. Before the fieldwork, 
both examiner and recorder participated in a cali-
bration exercise. The intra-examiner reliability kappa 
score of 0.78 was obtained. A random sample of 10% 
of the children was re-examined to monitor intra-ex-
aminer reproducibility. WHO oral health survey 2013 
was used for DMFT status17, and Oral Hygiene Index- 
Simplified18 was used for oral hygiene status under ar-
tificial light using a mouth mirror, WHO Probe, and 
Explorer.

The data was analyzed using SPSS 21 (Statisti-
cal Package for Social sciences) package for relevant 
statistical comparison. Shapiro Wilk test was used to 
assess the normality of the data. The significance of 
the variables was assessed using the chi-square test, 
Mann-Whitney U Test & Kruskal-Wallis test. Spear-
man correlation was used to establish the correlation 
between the variables. The P value of <0.05 was con-
sidered to be statistically significant.

RESULTS
300 hemophiliacs and 300 controls were recruited 

in the study with mean ages 18.47±6.22 & 19.19±6.09 
respectively (P=0.6). 50.7% & 67% of subjects among 
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hemophiliacs and non-hemophiliacs groups belong to 
the middle socioeconomic strata. Parental education 
levels were significantly lower among the study group 
than in the control group.

The majority of the patients 89.7% were having he-
mophilia A while 10.3% had B. 72.3% of hemophilia 
suffered from severe hemophilia while 0.7% had the 
mild form. Only 2.7 % of the subjects were having 
their inhibitor status positive & 61.7% had a family 
history of the disease. 38% had 1 to 2 bleeds per month 
while 10.3% reported a number >6. (Table 1)

Table 1
Different variables in Hemophilic Patient
Hemophilia Type A 89.7%

B 9.3%
Severity Of Hemophilia Severe (<1%) 72.3%

Moderate (1-5%) 27%
Mild (>5%) 0.7%

Inhibitor Status Positive 2.7
Negative 97.3

Hemophilia Family History Positive 61.7
Negative 38.3

Number Of Bleeds/Month 1 To 2 38
3 To 4 36
5 To 6 15.7
>6 10.3

The mean knowledge score towards oral hygiene 
practices was significantly high in non-hemophiliacs 
(2±1.421) than among hemophiliacs (1.60±1.254), 
however, the difference in the attitude scores was in-
significant. A significantly higher hemophiliac popu-
lation 57.3% reported that accessing oral health care is 
difficult for them because 37.3% of hemophiliacs re-
ported the fear of the increased risk of bleeding while 
15% reported the non-availability of dental setups & 
10% reported refusal for treatment by the dentist due 
to hemophilia. Almost double the hemophiliacs re-
ported twice the number of oral bleeds with different 
frequencies. (Table 2 and 3)

The caries prevalence (74%) was higher among he-
mophiliacs than non-hemophiliacs 67% but the differ-
ence was not statistically significant. (Table 4) For per-
manent dentition, the DMFT score was significantly 
higher among hemophiliacs i.e., 2.47±2.69. (Table 5) 
For Primary dentition, mean decayed and filled teeth 
were 0.33±1.26, 0.00±0.00 respectively for hemophil-
iacs, which were significantly higher than non-he-

Table 2
Mean knowledge score, mean attitude scores, and percentage 
of subjects having difficulty on accessing oral health care and 
having oral bleeds.

Variable Cases 
(300) `

Controls 
(300)

P Value

Mean Knowledge Scores 1.60±1.254 2±1.421 0.00*

Mean Attitude Score 3.76±0.60 3.73±0.52 0.48

Difficulty In Accessing Oral 
Health Care (Yes)

57.3% 20% 0.00*

Oral Bleeds Present 44.3% 21.3% 0.00*

Table 3
Increased risk of Bleeding, Refusal for Treatment by dentist, 
Lack of knowledge in managing hemophilia among dentists, 
Non-availability of factor, Pain, Appointments duration, Cost of 
Treatment in cases and controls

CASES 
(POSITIVE 

RESPONSE IN 
PRECENTAGE)

CONTROLS 
(POSITIVE 

RESPONSE IN 
PRECENTAGE)

INCREASED RISK OF BLEED-
ING

37.3 2

REFUSAL FOR TREATMENT 
BY DENTIST

10 0

LACK OF KNOWLEDGE IN 
MANAGING HEMOPHILIA 
AMONG DENTIST

13.3 0

NON-AVAILABILITY OF 
FACTOR

15 0

PAIN 3.7 13

LONG APPOINTMENTS 1.3 5

HIGH COST OF TREATMENT 3.7 4.7

Table 4
Status of caries in cases and controls

CASES CONTROLS P VALUE

N% N%

PRESENT 74 67 0.06

Table 5
DMFT index in permanent dentition in cases and controls

PERMANENT
DENTITION STATUS

CASES
MEAN±SD

CON-
TROLS

MEAN±SD

P VALUE

Mean DECAYED TEETH 2.13±2.30 1.32±1.53 0.000*

Mean MISSING TEETH 0.18±0.64 0.11±0.40 0.207

Mean FILLED TEETH 0.15±0.70 0.42±0.98 0.000*

Mean DMFT 2.47±2.692 1.86±1.987 0.034*
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mophiliacs, 0.21±0.68 & 0.31±0.92 for the respective 
categories. (Table 6) The mean debris, calculus, and 
overall OHI score were significantly higher among he-
mophiliacs, 1.69±0.60, 0.93±0.66 & 2.63±1.07 respec-
tively than 1.20±0.56, 0.52±0.49 & 1.73±0.96 respec-
tively for non-hemophiliacs. (Table 7). The difference 
for OHI-S was statistically significant for hemophilics 
and non hemophilics (Table 8)

DISCUSSION
Hemophilia a rare royal disease effects very small 

percentage of the population, there are few research-
es regarding dental aspects of the disorder have been 
reported. Similar to general population, Dental caries 
and gingivitis/ periodontitis are the two major and 
common oral diseases that affect hemophilic patients 
also. Although hereditary coagulation disorder does 
not have any direct role in the oral diseases, it is con-
vincing that these act as risk factors for dental caries, 
gingivitis, periodontitis and alveolar bone loss. Hemo-
philiacs are scared to use frequent prophylactic mea-
sures in appropriate way in order to prevent bleeding. 
Children who suffer from inherited coagulation disor-
ders avoid using the tooth brush to prevent bleeding of 
gingiva and they are more anxious about being med-

ically fit than their dental and oral health. Also, the 
shortage of oral health awareness and dental care ser-
vices which lead to ignored oral cavities that leads to 
poor oral hygiene, and teeth that are hard to be man-
aged by any treatment other than extractions which is 
again a tedious task to perform. Thus, the study was 
conducted to evaluate the oral hygiene status and car-
ies experience among hemophiliacs and to compare it 
with the general population.

Hemophilic were matched with controls accord-
ing to age and gender. The mean age of hemophilic 
was 18.47±6.22 in this study. Since hemophilia is a 
X-linked recessive disorder, males are predominantly 
affected while females are mainly the carriers. Hemo-
philia A was most prevalent than B. Giancarlo Casta-
man et al reported that the prevalence of hemophilia 
A is one in 5,000 male live births compared to one in 
30,000 in hemophilia B.1 Same trend had also been re-
ported by Payal V et al in his study.19 Majority of the 
participants had the severe phenotype of the disease. 
A large number of hemophilic participants had at least 
one or more disabilities in joints. A Study reported 
that patients with severe or moderate hemophilia had 
structural damage and functional deficits in joints.20

A significantly higher proportion of hemophiliacs 
had a higher frequency of oral bleeds for prolonged 
duration in comparison to the general population due 
to obvious reasons. The fear of bleeding can inhibit 
the maintenance of routine oral hygiene which leads 
to poor oral hygiene and in turn increases the risk of 
oral bleeding. In a study by Shilpa Padar Shastry et al, 
it was reported that poor oral hygiene increases oral 
bleeding rates.21 Hemophiliacs had lower knowledge as 
compared to the control group. This was the first study 
comparing the knowledge of hemophiliacs; hence we 
couldn’t compare the results. Despite hemophiliacs vis-
iting the dentist more frequently had lower knowledge 
indicating either lack on the part of the dentist or pas-
siveness of the population as they are advised too fre-
quently regarding prevention. Hemophiliacs had poor 
oral hygiene compared to controls. The results were 
consistent with Kumar et al3, Azhare et al4 and Alpkiliç 
et al5, but unlike those reported by Boyd and Kinirons8, 
Sonbol et al7(1), Othman et al10 and Salem and Eshghi9. 
Despite similar OHP, we found Hemophiliacs had poor 
oral hygiene this can be attributed to a lack of proper 
technique, intermittent periods of hospitalization when 
it’s difficult to take oral care, also manual dexterity is 
compromised if Upper limb joints are affected and rela-

Table 6
DMFT index in primary dentition in cases and controls
Mean DT 0.33±1.26 0.21±0.68 0.67
Mean FT 0.00±.00 0.10±0.42 0.00*
Mean DMFT 0.33±1.25 0.31±0.92 0.74

Table 7
Debris and calculus index in cases and controls

ORAL HYGIENE CASES 
MEAN±SD

CONTROLS 
MEAN±SD

P VALUE

MEAN DEBRIS INDEX 1.69±0.60 1.20±0.561 0.000*
MEAN CALCULUS 
INDEX

0.93±0.66 0.52±0.49 0.000*

MEAN OHI-S 2.63±1.07 1.73±0.964 0.000*

Table 8
OHI-S index in cases and controls

OHI-S CASES CONTROLS P-Value
NN% NN%

GOOD (0-1.2) 11.3 32.7 0.000*
FAIR (1.3-3) 55 57.3
POOR (3-6) 33.7 10
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tively lower placement of toothbrush to avoid bleeding. 
43.7% of hemophiliacs reported tooth brushing as the 
primary cause of gum bleeding.

Hemophiliacs had significantly more caries experi-
ence than the control group. Similar to that reported by 
Alpkiliç et al5, Azhar et al4, Kabil et al22 and Babu et al23, 
also they had a lower number of restored teeth. Con-
trary to this, Boyd et al8, Sonbol et al7, Mielnik-Blaszcza 
et al6 found the DMFT to be higher among non-hemo-
philiacs. This can be attributed to the fact that hemo-
philiacs tend to take a softer diet or plaque accumula-
tion due to inefficient oral hygiene practices and other 
factors including relatively lower SES & lower maternal 
education levels. We found no difference in snacking 
habits, unlike Jangra B24 & Babu NSV23.

Hemophiliacs also had a lower number of restored 
teeth this can be due to the fear among dentists and 
patients related to the underlying risk of bleeding also 
there is a lack of specialized centers due to the low 
prevalence of Hemophilia. Hemophilic also reported 
high cost of treatment, fear of pain during treatment & 
long appointments as other barriers. The majority of 
the hemophiliacs self-rated that their oral health status 
was good. This indicates a low felt forwards oral health 
as we found the majority had dental and periodontal 
disease. Thus, it becomes imperative to educate the 
group and also sensitize physicians towards the same. 
Poor oral health increases the risk factor of oral bleed-
ing. Maintenance of oral health along with regular 
dental visits can ensure good dental and periodontal 
health which would lead to lower oral bleeds.

The main strength of the study is that to the best of 
our knowledge, this is the first study conducted with such 
a large sample size & correlating the knowledge, attitude 
towards oral health concerning oral hygiene and DMFT 
among hemophiliacs and the barriers to accessing oral 
health care by hemophiliacs. However, it has some lim-
itations – it was difficult to assess the patients because of 
their great geographic dispersion and the fact that all fac-
tors needed to minimize the risk of bias could not be ad-
dressed.25 Also, the hemophiliacs were examined during 
their bleeding episodes of one or more joints. There 
might be a possibility that the patient had not brushed 
due to the problem that had raised their OHIS scores 
and this may be affected by inherent immune potential 
of subjects.26-29 The results cannot be generalized. Lon-
ger follow-up studies are required with a larger sample 
size and clinical examination of hemophiliacs to be done 
during no episode of any bleeding.25

CONCLUSION
Caries experience and oral hygiene scores were 

found to be significantly higher among hemophiliacs 
than non-hemophiliacs There should be more educa-
tion about the importance of oral health care for he-
mophilic patients. In addition, preventive dental care 
such as fluoride varnish and fissure sealants should 
be delivered to these patients at an early age because 
they are considered a high-risk group. Another nec-
essary step to create effective dental care management 
of hemophilic patients is improving the communica-
tion between hematologists and dental professionals 
during general dental practice.
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Abstract
Introduction: Transcranial electrical nerve stimulation (TENS) 
is being used to relieve pain in various specialties for ages but till 
date, no concurrent evidence is achieved on the efficacy of this 
method to relieve pain, still it is used as a non-pharmacological 
method of pain relief. For orthodontic pain relief the literature 
is scanty, as the studies conducted are also very less, hence we 
conducted this metanalysis to pool the results of these scanty 
studies and achieve some concurrent evidence of TENS efficacy 
in pain relief caused due to orthodontic tooth movement.
Material and methods: Medline/PubMed, Cochrane, and 
google scholar were searched for the studies of TENS use in 
orthodontic tooth movement. Studies having data for 24 hrs. 
and 48 hrs. after application of tens device were included. The 
results were scaled and pooled and statistical analysis was done 
by using python and SPSS software.
Results and discussion: Our results were statistically highly 
significant in favor of TENS with a p-value of 0.0001 indicating 
that TENS is highly effective in orthodontic pain relief.
Conclusion: TENS is highly effective in relieving pain from or-
thodontic tooth movement.
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Introduction
Transcranial electrical current to stimulate brain is 

not a recent technique but dates back to 47CE1 and the 
first evidence in the literature is found to be in 1974 

by Toledo by Sergio Sconocchia.2 Scribonius report-
ed for the first time the use of the torpedo fish which 
produced an electric discharge, which was then used 
to stimulate brain to alleviate the pain, the mechanism 
was although not known to him. TENS has come a 
long way since then. If TENS is beneficial or harmful 
for the management of pain is still debatable. Analysis 
of Cochrane review indicates that TENS had effect on 
various acute and chronic pain, but the studies for or-
thodontic pain resulted in only 2 studies which dealt 
with orthodontic tooth movement pain relief with 
TENS. Google scholar analysis resulted in 4 studies. 
This indicates that the literature is very sparse for the 
TENS in orthodontic pain.

TENS technique is noninvasive and nonpharmaco-
logical, it utilizes electrical stimulation which in turn 
reduces periodontal pain. The mechanism of action of 
TENS studied by various research using TENS therapy 
has shown that it blocks nerve depolarization, hence 
incumbering the initial neuropeptide release and 
blocks the positive feedback loop.3

TENS is used worldwide as a non-pharmacological 
technique for the relief of pain whatever may the cause 
and its uses to relieve cancer-related pain have gained 
popularity.4 A Systematic review probably the first on 
TENS was published in 1990s and since then the un-
certainty of this technique in the efficacy of relieving 
chronic and acute pain persists.5-7 

Aim of this study is to evaluate the effectiveness of 
TENS in orthodontic pain, by doing the metanalysis 
based on the available studies.

Mechanism of action of TENS
Acupuncture pain reliving mechanism was ex-

plained by 2 methods, one proposed that if similar in-
tensity pain is introduced in another part of the body, it 
relieves the previous pain which was known as count-
er-irritant mechanism, another mechanism came after 
the gate control theory, which, Stratton8 proposed stat-
ing that high frequency but low-intensity TENS appli-
cation stimulates A-delta and A- Beta fibers and hence 
blocks the transmission of painful stimuli by small 
unmyelinated C- Fibers in the spinal cord. This was 
supported by Melzack and Wall’s gate control theory.9 
According to which any activity in large diameter low 
threshold mechanoreceptive (touch-related) nerve fi-
bers may inhibit the spread of action potentials from 
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small diameter higher threshold nociceptive fibers via 
pre and post synaptic inhibition in the dorsal horn of 
spinal cord as nociceptive fibers (A-delta and C-fibers) 
have a higher threshold of activation than mechanore-
ceptive fibers (A-beta) Hence the prolonged effect of 
TENS is due to release of endogenous opioids explain-
ing the persistence of analgesia for hours after elec-
trical stimulation has stopped, as endorphins effects 
the central nervous system for longer periods. The re-
leased opioids might generate their analgesic action at 
peripheral, spinal and supraspinal sites whereas other 
neurochemicals like GABA, acetylcholine, 5-HT, nor-
adrenaline and adenosine have been concerned in 
TENS analgesia. 

Materials and methods
Eligibility criteria: systematic review was conduct-

ed of all the published data, which was in accordance 
with the Cochrane Handbook for the Systematic Re-
view of Interventions and reported according to the 
guidelines of the Preferred Reporting Items of System-
atic Reviews and Meta-Analysis (PRISMA)10,11,12 

Inclusion Criteria:
1. randomized clinical trials which analyzed the ef-

fectiveness of TENS in orthodontic tooth move-
ment pain with no other adjunct treatment were 
included in this study. 

2. Studies which have evaluated the pain using VAS 
scores having reading at 24 and 48 hours were in-
cluded in our study. (As there was only one study 
with was having control group and none of the oth-
er studies were having any control group, hence the 
study methodology was improvised using Python 
and performing regression analysis and comparing 
the results.)

3. participants who received orthodontic treatment 
with elastomeric separators, canine retraction, 
and/or other orthodontic treatment

Exclusion criteria:
1. Studies involving medically compromised patients.
2. Animal Studies
3. Studies not having 24 and 48 hours reading after 

application of TENS
Data collection: A systematic search on Google 

Scholar, Cochrane database, and Pubmed was con-
ducted, the details of this search are provided in table 
1. This search was completed by manually reviewing 

the results. All the selected studies were then scruti-
nized by a single reviewer but at 2 different occasions 
at an interval of one week, to reduce the search bias.

On Google Scholar search out of 17400 only 5 stud-
ies were found relevant and out of those five only 3 met 
the criteria and were included in this meta-analysis.

On Pubmed search, only three relevant studies 
were found and those were already extracted via Goo-
gle scholar.

On Cochrane database, search we extracted 38 
studies out of which only 2 met the inclusion criteria 
and those two were already extracted by Google schol-
ar search.

RCT done by Zahid H et al was quite near to our 
selection criteria but the readings taken in that study 
were not at 24 and 48 hours hence this study could not 
be included in our study. 13

Statistical Analysis
For Statistical analysis various tools and software 

were used like Python and SPSS. Dunnett’s T3 test was 
used for comparing the results as the samples were 
unequal to evaluate if the results of these studies are 
comparable and can be included in the metanalysis. 

Study one was Asavari L Desai study13 In this 
study TENS was applied on front and back teeth and 
separate analysis was done on them, hence we com-
pared both the results statistically. Before combining 
the front and back teeth results, we wanted to know 
if these two groups are comparable and can be added 
in our study hence, we conducted independent t-test 
to calculate the p value which was insignificant for 
both 24 and 48 hrs data, indicating that that both the 
groups are comparable and hence we included both 
the groups in our study. 

Description
This procedure calculates the difference between 

the observed means in two independent samples. A 
significance value (P-value) and 95% Confidence In-
terval (CI) of the difference is reported. The P-value 
is the probability of obtaining the observed difference 
between the samples if the null hypothesis were true. 
The null hypothesis is the hypothesis that the differ-
ence is 0.

Mean and Standard deviationwere calculated. The 
significance level, or P-value, is calculated using the 
t-test. When the P-value is less than 0.05 (P<0.05), the 
conclusion is that the two means are significantly dif-
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ferent.As there was no significant difference in the 2 
groups and hence, we added both the front and back 
teeth results in our study which made the combined 
sample size to 60 from this single study.

Studies done by Asavari et al14 (Study one), 
Haralambidis C et al15 (Study two), and Roth and 
Thrash al16 (Study three) were included for analysis. 
(Desai et al., 2018, Haralambidis., 2019 and Roth and 
Thrash., 1986)

Results:
We combined the experimental groups of all the 

studies and a total N of 112 was obtained. 
N=60 was obtained from Study one,14 Study two15 

contributed to N=34 and Study three16 gave N=9 to 
our experimental group.

N= 9 for the control group was provided by study 
three which was later scaled and regressed and went 
through python software and was found fit to use in 
our study although it would have affected the results 
as the mean scores were higher as compared to other 
studies, as the results were significant even with higher 
values, this proved that if we had controls from other 
studies the results would have been highly significant 
again, hence this does not make any difference to the 
study results and hence the analysis was continued. 

Age distribution was compared in all three stud-
ies and the difference was found to be insignificant.  
(Figure 1) 

 

20,2

21

28

Mean age distribution

Study one Study two Study Three

Figure 1: Shows Mean Age distribution in the three selected 
studies.

Firstly, we compared the front and back teeth re-
sults from study one to check if they were comparable 
and could be included in the study. As the p-value is 
0.5674 is > 0.05, hence the difference is insignificant 
and hence we included the results in our study. (Table 
3) Similarly, the results were insignificant with p-value 
= 0.1039 for 48 hours results. (Table 4)

Table 1
Search criteria and results obtained and studies selected in this Metanalysis.

Database Search Strategy Results

Medline/Pubmed #1. Transcutaneous Electrical Nerve Stimulation, TENS 11149

#1+2Analgesia or discomfort 116

#1+2+3 orthodontics 2

Included in our study ½

Exclusion reason It was a literature review

Cochrane Library #1. Transcutaneous Electrical Nerve Stimulation, TENS 38

#1+2Analgesia or discomfort 1

#1+3 8

Included in study 2

Exclusion reason Does not meet our inclusion criteria

Google scholar #1. Transcutaneous Electrical Nerve Stimulation, TENS 33,800

#1+2Analgesia or discomfort 24,100

1+2+3 9,980

1+2+pain relief 1390

Included in the study 3

Reason for exclusion Does not meet our inclusion criteria
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Table 2
Shows the comparison of three studies considered for meta-analysis

Study Aim Material methods Results Mean Age 
of subjects

Study 1 To assess and compare the effi-
cacy of transcutaneous electrical 
nerve stimulation (TENS) therapy 
and preemptive piroxicam admin-
istration in reducing the severity of 
pain after orthodontic separator 
placement.

It was a randomized, single-blind, par-
allel arm trial. Subjects of either gender 
between 18 and 30 years of age, sched-
uled to undergo regular orthodontic 
therapy with placement of two sepa-
rators in each arch, were selected for 
this trial. The sample size consisted of 
60 patients from whom prior informed 
consent was obtained. They were as-
signed randomly into two categories of 
30 subjects each.
• Group I: Subjects were given piroxi-
cam (20 mg) 1 hour before separator 
placement.
• Group II: Subjects were given TENS 
therapy immediately after separator 
placement.
The treatment was administered by the 
coinvestigator, so as to blind the princi-
pal investigator to the treatment group.
Perceived pain was evaluated on chew-
ing and fitting back teeth together at 
2-, 6-, 24-, and 48-hour intervals, using 
the visual analog scale (VAS)

Descriptive statistical 
analysis revealed that the 
VAS scores in the piroxi-
cam group were margin-
ally higher than the TENS 
group at all intervals, 
except at 2 hours. The 
difference was, however, 
statistically insignificant.

20.2

Study 2 study was designed to evaluate 
whether a new portable TENS 
device can control orthodontic 
pain in a timely manner, as well as 
to determine the duration of pain 
relief following TENS application, 
identify the optimal locations of 
intraoral TENS application, and 
assess the reaction of patients and 
orthodontists to the use of TENS 
therapy.

65 Subjects with in age group of 10-57 
(mean 21) were included in the study. 
The TENS device was applied in each 
patient immediately after orthodontic 
wire activation or adjustment. After 
the stimulation, the provider recorded 
the time required to achieve comfort 
or when the subject no longer needed 
application. The patient was asked to 
rate the intensity of pain after TENS 
application and after 24 and 48 hours 
on a numeric rating scale.

The consolidated scores 
indicated a significant 
reduction in pain after 
initial application of the 
Dental Pain Eraser.

21

Study 3 To assess the TENS effect on 
periodontal pain associated with 
orthodontic separation.

45 adult subjects were randomly se-
lected and assigned to TENS group 
and Placebo TENS group and Control 
Group, they were further decided into 
intraoral and extraoral electrode place-
ment and 1,2,3day treatment groups. 
Subjects were asked to rate the pain 
on 10 cm VAS scale after 24, 36 and 48 
hours.

This study suggests that 
TENS is an effective 
non-pharmacologic 
method of controlling 
orthodontic pain.

28

Table 3
compares the mean results of front and back teeth for 24 hours 
from study one.

Difference -0.400
Standard error 0.696
95% CI -1.7922 to 0.9922
t-statistic -0.575
DF 58
Significance level P = 0.5674

Table 4
compares the mean results of front and back teeth for 48 hours 
from study one.

Difference -1.070
Standard error 0.648
95% CI -2.3662 to 0.2262
t-statistic -1.652
DF 58
Significance level P = 0.1039
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Combined means were calculated for 24-hour and 
48-hour means from the experimental groups using 
the Cochrane method for combining the means. 

Initially, the two means (back and front teeth) of 
study one was combined, which resulted in a combined 
mean for study 1 for 24- and 48-hour results. The com-
bined N was 60 and combined mean for 24 hours was 
3.33 and STD combined was 2.6784. (Table 5) and for 
48 hours was 2.965 and STD was 2.5445. (Table 6)

Table 5
Combined means for 24 hours from study one.

Region No. of Teeth Mean STD
Back 30 3.53 2.569
Front 30 3.13 2.813
Combined result 60 3.33 2.6784

Table 6
Combined means for 48 hours from study one

Region No. of Teeth Mean STD
Back 30 3.5 2.515
Front 30 2.43 2.501
Combined result 60 2.965 2.5445

Means for all the studies were now combined for the 
experimental group along with the standard deviation. 
Table 7 shows the combined result mean for 24 hours and 
table 8 shows the combined mean results for 48 hours.

Table 7
Shows combined mean of all studies for experimental group 
for 24 hours

Study N Mean Standard 
Deviation

Σx Σx2

Study 1 60 3.33 2.6784 199.8 1088.5898
Study 2 34 2.1 3.0 71.4 446.94
Study 3 9 4.77 6.96 71.55 1019.4759
Sum 103 342.75 2555.0057
Combined 103 3.1445 3.6984

Table 8
Shows combined mean of all studies for experimental group 
for 48 hours

Study N Mean Standard 
Deviation

Σx Σx2

Study 1 60 2.965 2.5445 177.9 909.4678
Study 2 34 1.2 2.1 40.8 194.49
Study 3 9 5.55 9.30 83.25 1672.8975
Sum 103 301.95 2776.8553
Combined 103 2.7702 4.2387

As the experimental and control group was not 
equal in N, hence Welch’s t-test for unequal variance 
data was used to compare both groups. Table 9 and 10 
shows the results of the comparison of experimental 
and control group for 24 hours and 48 hours respec-
tively. There was a statistically significant reduction in 
pain.

Table 9
Results of comparison of experimental and control group for 
24 hours

Difference 11.406
Standard error 1.384
95% CI 8.6649 to 14.1471
t-statistic 8.241
DF 116
Significance level P < 0.0001

Table 10
Results of comparison of experimental and control group for 
48 hours

Difference 13.670
Standard error 1.605
95% CI 10.4913 to 16.8483
t-statistic 8.518
DF 116
Significance level P < 0.0001

Discussion:
Transcutaneous electrical nerve stimulation 

(TENS) is a procedure which is non-pharmacological 
and is quite commonly used by medical and paramed-
ical practitioners in a large number of varied condi-
tions for the treatment of acute and chronic pain. It 
is frequently used to ease a wide variety of incapaci-
tating symptoms which includes non-malignant acute 
and chronic pain and cancer pain and care.17 TENS 
principal of mechanism is explained by the electrical 
stimuli generation that has a greater speed as com-
pared to the impulse of pain which enters the dorsal 
horn substantia gelatinosa and closes the gate for pain 
impulses, hence reduces the severity of pain. TENS 
also provide activation of opiate-like peptides such as 
endorphins. Apart from medical uses TENS has been 
used actively to relieve the pain in dentistry, which 
includes pain in TMD18, dental treatment in pediatric 
patients19, tooth pulp related pain20, trigeminal Neu-
ralgia21, TMJ ankylosis22, Myofascial pain dysfunction 
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syndrome, post-herpetic neuralgia,23 in patients with 
xerostomia24,25 and also for orthodontic pain, although 
the studies for orthodontic pain are sparse. 

As Cochrane reviews were not able to make an 
informed, evidence-based decision on the efficacy 
of TENS for relieving pain, and the limited literature 
on orthodontic pain relief by TENS posed anoth-
er problem for evidence-based decision-making for 
the use of TENS. Due to the limited literature avail-
able on orthodontic pain relief by TENS, its efficacy 
is not proven. All the studies available had limitations 
of number, hence we conducted a meta-analysis and 
pooled the available results to get a significant and ev-
idence-based decision on the effectiveness of TENS 
in orthodontic pain. Only 3 studies met the selection 
criteria and the results were pooled. Regressive sta-
tistical analysis was performed on the pooled results 
and found that the TENS was statistically highly sig-
nificant in relieving orthodontic pain. The limitation 
of our study was the limitation of available literature. 
We compared the experimental group with the control 
group and the readings of 24 hours and 48 hours were 
recorded, and in both scenarios, TENS pain relief was 
statistically significant. This is the only meta-analysis 
available for the efficacy of TENS in orthodontic pain. 
Despite many limitations of this study, statistically sig-
nificant pain relief with the use of TENS has been ef-
fectively proven.

The Limitations of this study were that only three 
RCTs were available that dealt with orthodontic pain. 
For a full-fledged metanalysis, this number was very 
less. Out of those three studies, two were not having 
any control group which again posed a problem in 
data analysis. As there was no control group compar-
ison was not possible, hence the control group from 
one available study was taken and considered after 
making sure that the experimental group of all the 
studies are comparable statistically with each other. 
The only study having the control group was having 
higher overall VAS scores as compared to the other 2 
studies, which again posed the problem in compari-
son, hence the means from that study were regressed 
and went through pythons Scikit for outlier detection 
and then included in the study. Still, the scores provid-
ed a little negative impact, but as the overall result was 
in favor of TENS and would have been more positive 
if the scores were in a similar range with the h other 2 
studies, this was not impacting negatively on our study 
results. 

Conclusion:
TENS has been used as a mechanism for chronic 

or acute pain relief in various disciplines of medicines 
and its use in dentistry is also gaining popularity. Pain 
during various stages of orthodontic therapy is one of 
the major causes of dropout from the treatment, hence 
various pharmacological and non-pharmacological 
methods are being used, but none was found to be com-
pletely effective with no side effects. TENS as does not 
alter the normal physiology and being non-pharmaco-
logical method does not have any significant side effect, 
could prove to be beneficial in relieving orthodontic 
pain. In our study we found that TENS was not only 
effective in relieving the early orthodontic pain but also 
had delayed effect. Hence, we conclude that pain relieve 
obtained by TENS is statistically significant. 
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Abstract
Introduction. Patients with coronavirus illness experienced a cy-
tokine storm as a major cause of morbidity and mortality in 
2019. (COVID-19). The goal of the study was to ascertain the 
predictive value of pro-inflammatory cytokines with regard to 
the overall prognosis of COVID-19 patients.
Methods. This study was conducted by the Department of Mi-
crobiology, Santosh Medical College & Hospital, Ghaziabad, 
Uttar Pradesh from April to July 2021. We followed 189 patients 
hospitalized for suspected or confirmed COVID-19 from the 
day of hospitalization to the day of discharge or death. We 
measured serum IL-6, CRP, D – Dimer, Ferritin levels upon ad-
mission and correlated these results with clinical and laboratory 
markers of disease severity and with disease outcome.
Results. Most of the patients were males and greater than 60 
years of age. The mean ferritin level prior to the terminal event 
(survival or death) among non-survivors was 746 ng/mL as 
compared to 294 ng/mL among survivors and this difference 
was statistically significant (p-value <0.05). A decrease in ferritin 
levels prior to the terminal event (survival or death) and at ad-
mission were associated with a greater probability of survival. 
Ferritin levels prior to the terminal event were more strongly 
correlated with death than ferritin levels at baseline. Mean CRP 
level at admission among non-survivors was 69 mg/L as com-
pared to 283 mg/L among survivors and this difference was not 
statistically significant (p >0.05).
Conclusion. In patients with COVID-19, inflammatory markers 
have prognostic value, with higher levels being associated with 
worse outcomes.
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Introduction
SARS-COV2 infection first appeared in Wuhan, 

China in December 2019 leading to COVID-19 sick-
ness which then spread around the world. (1) Since 
not every patient has equal risk of developing severe 
COVID-19 there is a lot of ambiguity about how the 
disease will evolve. (2) As there are currently no ef-
fective treatments for COVID-19 either preventative 
or curative it is critical to improve our understanding 
of the pathogenesis of SARS-CoV-2 in order to create 
effective medications. Recent research suggests that 
uncontrolled inflammation in addition to direct viral 
harm influences the severity of COVID-19 disease. 
(3,4). In line with this theory individuals with severe 
disorders have been found to have elevated levels of 
inflammatory cytokines and chemokines such as C-re-
active protein (CRP), ferritin and D-dimer as well as 
high neutrophil-to-lymphocyte ratios (5-8) and CRP, 
Ferritin and D-dimer levels. Pathogenic inflammation 
also known as cytokine storm resembles cytokine re-
lease syndrome (CRS) which was observed in cancer 
patients receiving treatment with chimeric antigen 
receptor-modified (CAR) T cells as well as symptoms 
previously observed in patients infected with other 
severe coronaviruses such as SARS-CoV and Middle 
East respiratory syndrome coronavirus (11) (12).

Several cytokines in addition to IL-6 have been 
demonstrated to be increased in CRS and to aid in 
tissue destruction playing a crucial role in almost 
all acute inflammatory events by amplifying the in-
flammatory response. (13) (14). Given the frequent 
neutrophilia seen in SARS-CoV2-infected individu-
als and the fact that IL-6 is a powerful pro-inflam-
matory cytokine essential for the recruitment and 
activation of neutrophils during inflammation (15) 
it is possible that IL-6 has a role in the pathogenesis 
of COVID-19.

Immunomodulatory drugs such as small mole-
cules and monoclonal antibodies that target cytokines 
have been entering clinical trials quickly to reduce in-
flammation brought on by SARS-CoV-2 and several 
of these FDA-approved drugs are already being used 
frequently in the clinic off-label. There is an urgent 
need to find biomarkers that may reliably predict 
which patients will deteriorate from an unregulated 
inflammatory response and help direct logical focused 
immunomodulatory therapy approaches given the 
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considerable adverse effects connected with the usage 
of these medications.

In this study we investigated whether inflammato-
ry cytokine levels could aid in the prognostication of 
COVID-19 patient illness progression and outcome. 
We concentrated on four pathogenic cytokines – IL-6, 
CRP, D dimer and ferritin – with therapeutically acces-
sible or experimental medications to inhibit them in 
order to increase the relevance of the cytokine assays. 

Material and methods 
This study was conducted by the Department of 

Microbiology, Santosh Medical College & Hospital, 
Ghaziabad, Uttar Pradesh from April to July 2021. The 
study included all patients with severe acute respirato-
ry syndrome coronavirus 2 (SARS-CoV-2) infection 
confirmed by real-time reverse-transcription-poly-
merase chain reaction (RT-PCR) assay of nasal, pha-
ryngeal or lower respiratory tract samples. We followed 
189 patients hospitalized for suspected or confirmed 
COVID-19 from the day of hospitalization to the day 
of discharge or death. We measured serum IL-6, CRP, 
D – Dimer, Ferritin levels upon admission and correlat-
ed these results with clinical and laboratory markers of 
disease severity and with disease outcome. 

ELISA platform was used for the analysis of all 
clinical samples as test results were available within 
three hours of sample collection making them poten-
tially useful.

Statistical analysis
Data accrued on all COVID patients were analyzed 

using SPSS latest version. Chi-square test was used in 
assessing the associations between categorical vari-
ables. A p-value of 0.05 or less was considered statisti-
cally significant.

Results 
A total of 189 patients were included in the study 

and their demographic characteristics and clinical fea-
tures are as described in Table 1,2,3. Most of the pa-
tients were male and greater than 60 years of age.

We found that elevated IL-6, Feritin, D- dimer and 
CRP serum levels at presentation were strong predic-
tors of disease severity and survival independently of 
other standard biomarker measurements of laboratory 
and clinical severity factors. These results suggest that 
multiplex cytokine profiling could be used to stratify 
patients and guide resource allocation.

Table 1
Sex wise distribution of COVID 19 patients 

Sex Number (%)
Male 118(62.43%)

Female 71(37.56%)

Table 2
Age-wise distribution of COVID-19 patients 

Years Number (%)
0-10 0
11-20 1(0.52)
21-30 19(10.05%)
31-40 36(19.04%)
41-50 34(17.98%)
51-60 37(19.57%)
>60 62(32.80%)

Table 3
Inflammatory markers of COVID-19 patients.

Variables  At admission P – 
value

 At discharge P – 
valueNon 

survivors 
(n=30)

Sur-
vivors 

(n=159)

Non sur-
vivors
(n=30)

Sur-
vivors 

(n=159)

IL-6* 
(pg/mL) 
[Mean]

222 643 0.0046 231 887 0.1403

Ferrit-
in(ng/mL) 
[Mean]

350 1283 0.0882 246 794 0.0178

D- di-
mer[Mean]

1605 5402 0.0221 3236 5352 0.0001

CRP(mg/L) 
[Mean]

69 283 0.2968 43 106 0.0050

The mean ferritin level among non-survivors at 
admission was 350 ng/mL as compared to 1283 ng/
ml among survivors and this difference was not statis-
tically significant (p-value >0.05). The mean ferritin 
level prior to the terminal event (survival or death) 
among non-survivors was 246 ng/mL as compared to 
794 ng/mL among survivors and this difference was 
statistically significant (p-value <0.05). 

Hence a decrease in ferritin levels prior to the 
terminal event (survival or death) and at admission, 
were associated with a greater probability of survival. 
Ferritin levels prior to the terminal event were more 
strongly correlated with death than ferritin levels at 
baseline. 

The mean CRP level at admission among non-sur-
vivors was 69 mg/L as compared to 283 mg/L among 
survivors and this difference was not statistically sig-
nificant (p >0.05). Mean CRP level prior to the ter-
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minal event (survival or death) among non-survivors 
was 43 mg/L as compared to 106 mg/L and this dif-
ference was statistically significant (p <0.05). Hence 
a decrease in CRP levels prior to the terminal event 
and those obtained at baseline were associated with 
a greater probability of survival. The association was 
stronger for CRP levels prior to the terminal event 
than CRP levels at admission. 

The mean D- dimer level at admission among 
non-survivors was 1605 mg/L as compared to 5402 
mg/L among survivors and this difference was not 
statistically significant (p >0.05). Mean D- dimer level 
prior to the terminal event (survival or death) among 
non-survivors was 3236 mg/L as compared to 5352 
mg/L and this difference was statistically significant (p 
<0.05). Therefore, a drop in D-dimer levels before the 
terminal event and those measured at baseline were 
linked to a higher chance of surviving.

Discussion
Mean of Ferritin, CRP, IL-6 and D-dimer levels were 

considerably higher in survivors than in non-survivors 
according to our research. To determine the connec-
tion between these markers and the general prognosis 
of patients with COVID-19 disease several investiga-
tions have been carried out. According to reports in-
flammatory indicators can predict death in COVID-19 
disease patients [16]. One of the main causes of death 
in patients with severe COVID-19 disease has been re-
lated to the cytokine storm brought on by the release of 
pro-inflammatory factors similar to that documented 
in other infections [17]. Patients with mild and moder-
ate coronavirus disease showed a clear fall in the level 
of inflammatory markers within 10 days of admission 
whereas patients who ultimately passed away in the re-
search group showed no meaningful decline [18].

According to the results of our investigation high 
serum ferritin levels before the terminal event – that 
is life or death – were more strongly associated with 
death. A severe illness course has been independent-
ly linked to high blood ferritin concentrations at the 
time of admission [19]. Acute respiratory distress syn-
drome (ARDS) in COVID-19 has also been linked to 
hyperferritinemia as a separate risk factor [20]. Hy-
perferritinemia is linked to a more severe course of the 
disease according to some publications, but it might 
not be linked to a worse prognosis [21]. The results 
of our investigation are in contrast to these earlier re-
ports because elevated serum ferritin levels particular-

ly those that occur before the terminal event have been 
strongly linked to unfavourable outcomes.

Similarly lower CRP levels before the terminal 
event (survival or non-survival) were seen in our study 
to be more substantially linked with the ultimate result 
than the CRP values at admission. Additionally earlier 
studies have suggested that CRP levels at the time of 
admission just before release or death are indicators of 
a poor prognosis in COVID-19 patients [22].

In our study group we found that IL-6 levels were 
considerably greater in survivors than in non-survivors. 
These results confirm other research conclusions that 
COVID-19 is a hyper inflammatory condition accom-
panied by an increase in pro-inflammatory cytokines 
and that elevated inflammatory markers are linked to 
a severe disease course and a poor prognosis [23–25].

In our investigation we found that a worse progno-
sis was linked to higher D- dimer levels. These results 
are consistent with past research that has been pub-
lished in the literature [25].

The small sample size and retrospective design 
of our study were among its drawbacks [26]. As this 
was a retrospective study it was unable to randomly 
assign study participants to different treatment pro-
tocols therefore the effects of various therapies such 
as anti-inflammatory medicines and other supportive 
therapies such as antibiotics, vasopressors etc. could 
also not be evaluated [27,28]. The ongoing revolutions 
in field of tissue engineering and an enhanced under-
standing of mechanisms of immunity may provide 
further insights [29-32].

Conclusion 
In patients with COVID-19 inflammatory markers 

have prognostic value with higher levels being asso-
ciated with worse outcomes. One of the main causes 
of death in patients with severe COVID-19 disease 
has been related to the cytokine storm brought on by 
the release of pro-inflammatory factors like CRP,IL-6, 
Ferritin and D-dimer similar to that documented in 
other infections. Patients with mild and moderate 
coronavirus disease showed a clear fall in the level of 
inflammatory markers within 10 days of admission 
whereas patients who ultimately passed away in the 
research group showed no meaningful decline.
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ABSTRACT
Both patients and hospitals are harmed by hospital-acquired 
infection, sometimes known as “nosocomial infection.” To pre-
vent these hospitals, require excellent disinfection and steril-
ization technologies, which are now integrated into a single 
department known as the central sterile supply department 
(CSSD).Aim is to study Organization, workload and the Quality 
Control Practices in CSSD. This descriptive, observational and 
hospital survey based study was carried out over a period of 
6 months from November to April in Santosh Medical College 
& Hospital Ghaziabad. Monitoring of CSSD is done to oversee 
the use of different sterilization methods and capturing indi-
cators to monitor sterilization process and ensure technical 
maintenance of the equipment according to National standards 
and manufacture’s recommendation. CSSD of the institution is 
centrally located within the hospital. Various articles including 
linen, dressings, surgical instruments and trays are sterilized in 
the CSSD. Sterilization is done by steam sterilization and gas 
sterilization with a total of seven autoclaves and two ETO ma-
chines. Physical, chemical are regularly used during the process 
of sterilization. CSSD of institute with proper practices of steril-
ization methods helps in continuous improvement required to 
decrease hospital acquired infections (HAIs).
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INTRODUCTION 
Both patients and hospitals are harmed by hos-

pital-acquired infection, sometimes known as “nos-
ocomial infection.” Increased length of hospital stay, 
emotional stress, disability, and mortality of patients, 
as well as increased hospital costs for both patients and 
providers, are all consequences of nosocomial infec-
tions(1).

CSSD is an important part of the hospital that plays 
a crucial role in the infection prevention control and 
safety process in the hospital and clinical setting. The 
goal of developing a CSSD is to make reliably sterilized 
articles available at the required time and place for any 
agreed-upon purpose in the hospital as cost- effec-
tively as feasible, while also taking into account the 
requirement to save users’ time (2). CSSD is primarily 
positioned in a central location to make it more conve-
nient for its primary customers, including as operating 
rooms, nursing units, and labour rooms, to receive, 
disinfect, pack, sterilize, and distribute instruments 
according to established protocols(1).A minimum 
of 7 square feet per bed is required when planning a 
CSSD with room for future extension and growth (3). 
Unidirectional flow should be designed into the CSSD 
layout. For a smooth work flow, the CSSD should have 
four zones. (4) which includes an unclean and un-
washed area, Area of assembly and packing, Steriliza-
tion zone and Sterile storage zone.

Steam sterilization (autoclave) is the most fre-
quent procedure for sterilizing medical tools around 
the world. Steam sterilization or autoclaving, on the 
other hand, may not always be 100 percent success-
ful in eradicating all bacteria (5).Equipment that uses 
ethylene oxide as a biocide to kill bacteria, viruses, 
fungus, and other undesired organisms is known as an 
ethylene oxide sterilizer can also be used (4).

The quality management of the sterilization pro-
cess has a significant impact on the reliability of sterile 
supplies from the CSSD. Indeed, the CSSD’s steriliza-
tion and packaging processes have a direct impact on 
the quality of health treatment and most crucially, the 
safety of the patient (6).

Sterilization errors can have disastrous repercus-
sions and lost a lot of money. Certain quality indica-
tors must be used to measure the quality of sterilized 
products. The Association for the Advancement of 
Medical Instrumentation (AAMI) and the Interna-
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tional Standards Organization (ISO) recommend that 
physical parameters, chemical, and biological markers 
be monitored in this center (ISO) (7).

Because of the increased prevalence of surgical site 
infections and health-care- associated infections, it is 
critical that all stages of the sterilization process be as-
sessed and followed consistently and conscientiously 
in order to deliver safe products to patients. Profes-
sionals should conduct a review and audit of current 
practices before implementing a workable, continuous 
quality-improvement educational intervention (8).

METHODS
This observational survey based study was con-

ducted for a period of 6 months from November to 
April in Santosh Medical college and hospital.

A structured observation checklist technique will 
be used to collect data from the management staff 
doctors and CSSD and OT staffs. Monitoring of CSSD 
is done to oversee the use of different sterilization 
methods and capturing indicators to monitor steril-
ization process and ensure technical maintenance of 
the equipment according to National standards and 
manufacture’s recommendation.

An observational checklist was used for the purpose of 
study National Accreditation Board for Hospital (NABH), 
Ministry of Health and Family Welfare (MoHFW), Gov-
ernment of India was used for data collection. Ethical 
clearance was obtained from Ethical committee.

We visited the CSSD department of the institution 
and collected data regarding infrastructure, layout 
zone, general facility, staff knowledge, items sterilized, 
process of sterilization and quality control operations in 
CSSD. Confidentiality of information was maintained.

RESULTS
Infrastructure of location- The CSSD Department 

is close to OT,where no external traffic movement is 
there having separate entry and exit gate the finishing 
wall, ceiling, and furniture according to infection con-
trol requirement.

Layout zones include- collection zone, clean zone, 
packing area, sterilization zone, storage area and uni-
directional movement in all these zones.

General facilities- for CSSD includes proper 
work benches, chair, separate trolleys for soiled and 
sterilized items, gowning area, hand washing area, 
changing area, wash rooms and fire extinguishers 
are present in department but trolleys are not used 
properly.

Equipment facilities include- Autoclave or steam 
sterilizes, ETD sterilizer, ultrasonic washes, heat seal-
ing device for packing material.

Staff- The CSSD Staff member are well trained 
and work according to standard operating proce-
dures (SOPS) and regular training sessions are been 
arranged for CSSD staff for continuous improvement.

All infection control practices were done to main-
tain the sterile environment in CSSD. Biomedical 
waste generated during the process is disposed of ac-
cording to biochemical waste management guidelines.

Workload- The load is according to the article ster-
ilized in a month. 

Total run in ETO sterilizer during 6 months is 181 
and in total run in autoclave during 6 months is 993.

Quality control check- is done by using mechani-
cal, physical indicator and chemical indicator but bio-
logical indicator and bowie- dick indicators are not in 
our CSSD.

Table No 1
the table given below is on sterilized autoclave articles

S.No. ARTICLES QUANTITY
1-Nov-21 1-Dec-21 1-Jan-22 1-Feb-22 1-Mar-22 1-Apr-22

1 Surgical Instrument 245 241 230 200 250 255
2 Gumjee roll 70 91 84 34 49 36
3 Gauze piece 10,700 16,830 13,110 14,630 17,780 19,056
4 Dressing Pad 3,400 3,900 2,728 3,253 4,092 4,192
5 Ribbon gauze 10 10 14 11 12 12
6 Mope 180 198 170 150 165 200
7 Gown pack 145 135 165 120 130 150
8 Mackintosh 70 72 67 75 70 75

Total 14818 21472 16568 18464 22548 23976
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DISCUSSION
In the present study, an attempt was made to de-

termine the survey and study of the organization and 
workflow of the central sterile supply department 
(CSSD) in Santosh Hospital Ghaziabad.

Sterilization and disinfection in hospitals is a major 
concern for both the medical community and the gen-
eral public. Because of inadequate sterilization, there 
has been an increase in many infectious diseases such 
as Acquired Immunodeficiency Syndrome (AIDS) 
and Hepatitis B. (9,10).

There have been very few studies in India that 
highlight the importance of CSSD in infection pre-
vention and control. CSSD was used in a 167-bed on-
cology center in eastern India, and the importance of 
CSSD in controlling nosocomial infections was docu-
mented (11).

The OT is closed to CSSD and there is no exter-
nal traffic movement. Separated area for decontami-
nation, entry and exit gate is separated, but there are 
no proper separate area for sterilization and distri-
bution. According to infection control requirements 
the finishing wall, ceiling and furniture is not proper-
ly maintained and the unidirectional movement and 
emergency exit route is properly followed. In general 
facilities: compliance was (87.50%) and partially com-
pliance was (12.50%). We have observed general facil-
ities are available except trolleys are not properly use.

Resources should be directed not only toward the 
development of the CSSD’s physical infrastructure 
and equipment, but also toward the recruitment and 
retention of technically qualified personnel capable of 
effectively operating the system (12).

According to Indian health facility guidelines for 
CSSD, there are no major restrictions on timings for 
receiving and issuing items in CSSD because depart-
ments such as OT, ICU, emergency department, and 
so on are exempt from time dimensions because it is 
difficult to restrict their activity within specific time 
limits due to the emergency nature of the care provid-
ed by the department (12). Autoclave or steam and 
ETO sterilizer equipment are commonly used in many 
hospitals. We have observed that in our hospital

Autoclave and ETO sterilizer are available. We have 
observed that additional autoclave also available but 
there is only one ETO sterilizer, autoclave regularly 
checks performed. Autoclaves functions according to 
SOPs of CSSD, regularly cleaned and quality checks 
of sterilized items are undertaken regularly. And oth-
ers equipment are available such as storage cupboard 
for sterile and unsterile articles, proper functioning of 
interlocking hatch and Heat sealing device for pack-
ing facilities are available. Where as in many hospital 
other equipment are using like ultrasonic washer, Hot 
air oven, Gauze cutter and Linen folding table these 
equipment are not use in our hospital.

Table No. 2
the table is given below is on sterilized ETO articles.
S.No. ARTICLES QUANTITY

1-Nov-21 1-Dec-21 1-Jan-22 1-Feb-22 1-Mar-21 1-Apr-21
1. Vacuum suction 06 06 2 05 3 17
2. Lapchole 28 48 41 31 21 17
3. Bain Circuits 23 21 28 20 24 20
4. Venti Circuits 25 32 20 27 25 26
5. PNS Needle 9 15 12 10 16 11
7. Ambu Mask 08 10 14 16 9 12
8. O2 Mask 12 19 15 21 18 16
9. laryngoscope 04 6 04 5 3 6
10. Lap flask 26 32 28 25 30 27
11. Cystoscope 04 5 03 02 03 04
12. Catract set 10 8 11 9 10 12
13. Phaco tubing 14 12 15 14 15 13
14. Neocare eye pad 06 09 08 7 10 9
15. Bujji 15 20 17 18 15 20

Total 190 243 218 210 177 193
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According to a similar study cited by Sakharkar, 
the autoclave is the primary piece of equipment in the 
CSSD (13). To account for failure or increased work-
load, at least one additional autoclave should be pro-
vided in addition to the main one. (14).

The storage condition, using sterile packs, employ-
ee right emergency codes, use of fire extinguisher, haz-
ardous chemical and its spill management, recall pro-
cedure and validation test is under partial compliance. 
Visitors are clean protective gowns, labeled on sterile 
packs and expiry date is mentioned, staff know their 
SOP are under compliance.

Maximum articles sterilized in a month 21000 and 
minimum 14000. It was reported that keeping steril-
ization records was beneficial to ensuring high safety 
control because it facilitated monitoring the quality of 
daily work practices. In China and some other coun-
tries, hospitals have increasingly used an instrument 
monitor in the CSSD, which has reduced the risk of 
packaging errors, including missing and mismatched 
equipment (15). Previous research has also looked 
into potential methods to improve safety control in 
the CSSD (16).

As per our study we have observed the sterilization 
indicators plays the most important role in CSSD in 
hospitals. There are three type of indicators physical 
or mechanical parameters, chemical and biological in-
dicators are use. In many countries, steam sterilization 
processes are being validated with indicators.

In our present study findings and results that phys-
ical and chemical indicators are used. The physical 
monitoring are used as temperature, holding time, and 
pressure and the chemical indicators are used for au-
toclave and ETO sterilizer. We have found that in our 
present study the biological indicator are not used in 
our CSSD. A similar study found that autoclaves in pri-
vate dental practices in Hong Kong were not routinely 
checked by indicators, with only 4% using biological 
and 62% using chemical indicators in accordance with 
recommendations (17). The present study may form 
a basis for conduction of future studies which need to 
conducted to generate quality evidence (18).

CONCLUSION
In conclusion of this research we found that our 

hospital CSSD staff members are having considerable 
knowledge with positive outlook, along with proper 
practice of sterilization methods which is resulting in 
continuous improvement required to decrease hos-

pital acquired infections (HAIs), HIV, Hepatitis and 
HCV, nosocomial infection. Previous research sug-
gests that only washing hands by HCWs can prevent 
approximately (40-45%) of HAI, which is a reasonably 
high success rate (18).

Maintaining one’s education in the CSSD is dif-
ficult, but it is necessary for providing effective and 
efficient service. We concentrate on improving the 
sterilization process by detecting and learning from 
experiences that are consistent with the World Al-
liance for Patient Safety. Articles are sterilized using 
steam sterilization (autoclave) and gas sterilization 
(ETO). Quality of standards for sterilization and dis-
infection are well maintained by physical and chemi-
cal indicators are regularly used but biological indica-
tors are rarely used.
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Abstract
Introduction:- Hypertension is one of the essential health 
problems Worldwide. According to JNC I to VIII guidelines 
treatment of hypertension with various type of antihypertensive 
drugs either mono therapy or combination therapy is updated 
time to time. Selection of a drug is often based on the ben-
efit-risk ratio is also called drug safety even no one drug has 
totally safe and can be measured on the basis of occurrence of 
beneficial effect verses Adverse effect. The reporting of ADRs 
in nations is still low as comparison to providing 10% of total 
medication in the world. So the present study is proposed on 
entitled Drug safety among Hypertensive patient treated with 
antihypertensive drugs in Tertiary care teaching Hospitals. Ma-
terials and Methods:- This was a prospective and observa-
tional study carried out in the department of Pharmacology, 
Santosh Medical College and Hospital, Ghaziabad in collabo-
ration with Department of Medicine, Muzaffarnagar Medical 
College, Muzaffarnagar, A total 234 hypertensive patient of 
both gender and age above 18 years treated with any types of 
antihypertensive drug were selected for the study. ADRs were 
recorded and evaluated with the help of ADRs form upload-
ed by CDSCO-PvPI of whose causality assessment and severity 
score that were calculated by appropriate scale and. Observa-
tion and Results:- A total 16.67% of prevalence of ADRs were 
found in this study of whose Risk/Benefit were calculated and 
found that ARBs and BBs groups were the safest group of an-
tihypertensive drug with smallest number of ADRs prevelance 
14.14% and 15.15% with risk benefit ratios 0.16 and 0.18 respec-
tively. Conclusion:- The results of the above study would be 
useful for the physicians in rational selection of drug therapy for 

treatment of hypertensive patients. The present data suggest 
that the ADRs monitoring needs to be done in hospital settings 
continuously so that untoward effect caused by different medi-
cines can be identified and documented to make better health 
care system and to stop further burden of unnecessary use of 
drug by patients health care system. 
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Introduction:
As we know that Hypertension is one of the essen-

tial health problems Worldwide. According to Joint 
National Committee 7th on prevention, detection, 
evaluation, and treatment of increased blood pressure 
(JNC-7th report 2003) and WHO-ISH guideline (2003) 
itself, it is not a disease but it is one of an important 
risk factor for cardiovascular mortality and morbidity 
and it to be above 140 mm Hg systolic and 90 mm Hg 
diastolic though risk appears to increase even above 
120/80 mmHg.1 Previous report has been estimated 
that by the year 2030, hypertension projected 23 mil-
lion cardiovascular deaths, of which about 85% cas-
es will be from low-resource settings and developing 
countries.2 In India, cardiovascular disease is said to 
contribute the largest burden of non-communicable 
diseases. The prevalence of hypertension among the 
Indian population is 29.8%.3 Scientific and research 
evidence exists to suggest that such outcomes can be 
prevented by lowering BP effectively.4,5 Recent studies 
in India show that hypertension is emerging as an es-
sential health problem and is mainly responsible for 
57% of all death due to stroke and 24% of all death due 
to coronary heart disease. Although numbers of peo-
ple with hypertension are aware (69%) that they have 
the disease among them only 54% receive treatment 
and 27.4% achieve adequate BP control.6 

According to JNC I to VIII guidelines treatment 
of hypertension with various type of antihypertensive 
drugs either mono therapy or combination therapy 
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is updated time to time.7 Selection of a drug is often 
based on the benefit-risk ratio is also called drug safe-
ty even no one drug has totally safe and can be mea-
sured on the basis of occurrence of beneficial effect 
verses Adverse effect. Recent scientific evidence con-
sider that adverse drug reactions (ADRs) are one of the 
leading causes of morbidity and mortality.8,9 Previous 
study suggest that 5–8% of all hospitalized individuals 
experience serious ADRs and 10% of the hospital costs 
are related to ADRs by prolonging hospital stay and 
increased healthcare costs.10,11 According to the World 
Health Organization (WHO), “ADR is a noxious and 
unintended response that occurs at doses normally 
used in humans for prophylaxis, diagnosis or thera-
py of disease, or for the modification of physiological 
function”. This definition did not cover therapeutic 
failure, overdose, medication abuse, noncompliance, 
and medication error. 12, 14 Numbers of factors affected 
ADRs susceptibility, they are polypharmacy, age, dis-
ease severity and the type of medicines prescribed.15 
Hospital-based ADR reporting programs can provide 
important information about the potential issues as-
sociated with drugs usage in that Hospital. However, 
physicians are still unaware of ADRs reporting and 
monitoring services, as many untoward adverse inci-
dents are unrecognized in an Indian hospital setting16. 
The reporting of ADRs in nations is still low as com-
parison to providing 10% of total medication in the 
world. So the present study is proposed on entitled 
Drug safety among Hypertensive patient treated with 
antihypertensive drugs in Tertiary care teaching Hos-
pitals. 

Material and Methods:

Types of study and study place:
This was a prospective and observational study car-

ried out in the department of Pharmacology, Santosh 
Medical College and Hospital, Ghaziabad in collabo-
ration with Department of Medicine, Muzaffarnagar 
Medical College, Muzaffarnagar, as a part of PhD the-
sis work during the period of 2018 to 2020 and the 
study was approved by institutional ethics commit-
tee(IEC) of both the institute.

Study Population and sample size:
A total 234 hypertensive patient of both gender and 

age above 18 years treated with any types of antihyper-
tensive drug were selected for the study.

Methodology:
All the study patients were taken after the written 

consent form, and the patients were observed for flow 
up to six month after the entry in to the study. Any 
unwanted events or reactions either explained by pa-
tients or observed in patient’s body during flow up pe-
riod of next OPD visit or by phone contact were noted 
on the basis of ADRs reporting form issued by Cen-
tral Drugs Standard Control Organization (CDSCO) 
under the Pharmacovigilance Programme of India 
(PvPI), Ghaziabad and reported to AMC of the insti-
tutions. Causality assessment was done on the basis of 
UMC-WHO scale and Naranjo’ scale. The prevent-
ability, predictability, and severity assessment were 
done with appropriate scale of which we have easy to 
avail. The Inclusion criteria included all the hyper-
tensive patients with/without their co morbid condi-
tion having age more than 18 years, of both genders 
who were treated with any types of antihypertensive 
drug and not taken any herbal remedies during study 
period were included. The exclusion criteria contain 
patients aged below 18 years, pregnant ladies and lac-
tating mothers, patients suffered with acute or severe 
renal & liver dysfunctions, and the patients who were 
not willing to take part in study were excluded.

Statistical analysis: Demographic variables were 
presented in number and percentage (%). Statistical 
analysis was performed using MS EXCEL spreadsheet 
and analysis was done using Statistical Package for So-
cial Sciences (SPSS) version 16.0.

Results and Discussion:-
As we know selection of a drug is often based on 

the benefit-risk ratio which is also called drug safety 
even no one drug has totally safe and can be mea-
sured on the basis of occurrence of beneficial effect 
verses adverse effect. Recent scientific evidence con-
sider that adverse drug reactions (ADRs) are one of 
the leading causes of morbidity and mortality.8,9 The 
previous study suggested that 5–8% of all hospitalized 
individuals experience serious ADRs and 10% of the 
hospital costs are related to ADRs by prolonging hos-
pital stay and increased healthcare costs.10,11 According 
to the World Health Organization (WHO), “ADR is a 
noxious and unintended response that occurs at doses 
normally used in humans for prophylaxis, diagnosis 
or therapy of disease, or for the modification of phys-
iological function”. This definition did not cover ther-
apeutic failure, overdose, medication abuse, noncom-
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pliance, and medication error. 12, 14 Numbers of factors 
affected ADRs susceptibility, they are polypharmacy, 
age, disease severity and the type of medicines pre-
scribed.15 Hospital-based ADR reporting programs 
can provide important information about the poten-
tial issues associated with drugs usage in that Hos-
pital. However, physicians are still unaware of ADRs 
reporting and monitoring services, as many untoward 
adverse incidents are unrecognized in an Indian hos-
pital setting16.

Adverse drug reactions adversely affect the health 
care system and quality of life of patients in many 
ways. The present study was conducted in order to 
identify and assess the ADRs occurred in the outpa-
tient department of General Medicine Muzaffarnagar 
Medical College and evaluation of their risk benefit 
ratio to calculate drug safety. 

In present study a total 234 Hypertensive patient were 
selected among them 53.85% (n=126) patients were Fe-
male and 46.15% (n=108) patients were male as shown in 
Fig. 1. This observation was opposite to the studies con-
ducted by Roy B. et al., Rackel hoff et al, and Gupta et 
al. whether most of the patients were in Male subject.17-19
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Figure 1

Out of 39 ADRs patients 26 (66.67%) patients 
were Female patients and remaining 13 (33.33%) pa-
tients were Male as shown in Fig.1. which was similar 
to study done by Redmarker M, shown that women 
are reported to have up to a 1.7-fold greater chance 
of developing an ADR compared with males.20 How-
ever, some studies have observed higher death rates 
associated with ADRs in men21 and some studies 
have reported that women are more likely to report 
ADRs. Thus, contribute to the overall higher rate of 

ADRs were seen in Female patients. Reasons for the 
increased risks of ADRs in women have been reported 
to be based on differences in hormonal as well as im-
munologic factors and differences in medication use 
when women are compared with men.22

In present study higher number of ADRs were 
found (38.46%) in age group of 60-79 years followed 
by (35.90%) in age group (40-59) and (20.51%) in age 
groups (20-39) years as shown in Fig.2 which were 
similar to the study done by Solanki et. al. was found 
that elderly patients are more prone to ADRs than 
younger patients. 23 
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Figure 2

Most common system associated with ADRs was 
CNS 41.03% (n=16) followed by GIT 15.38% (n=6), 
CVS 12.82% (n=5), Respiratory 12.82% (n=5), RFT 
0.08% (n=3) as shown in Fig.3, but Hussain et al, 
study reported cardiovascular system as the common-
ly affected system.24 This study showed that different 
patterns of prescriptions of antihypertensive drugs 
produced different types of ADRs in different patients.

One of the important reflection of this study was, 
ACEI were the common group of antihypertensive 
drugs associated with ADRs (25.0%) followed by AR-
B+CCB+ DU (22.22%), ARB + CCB (21.95%), ARB + 
DU (16.67%), CCB (16.67%), CCB +BB (16.67%), BB 
(15.15%) and ARB (14.14%) whether study conducted 
by Basak et al. shown that most of the ADRs (64.10%) 
were due to CCBs.25 The most common individual 
ADR was headache which was seen in 15.38% of the 
patients which was similar to the study done by Alomar 
et. al. 26 As expected, slightly combination therapy was 
associated with higher number of ADRs as compared 
to monotherapy as shown in Fig.4 and Table 1. 
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Table 1

Group of Drugs No. of pts. Prescribed No. of pts. Having ADRs % ADRs Risk/Benefit Ratio (TNH/TNB)

ACEI 4 1 25% 0.33

ARB 99 14 14.14% 0.16

ARB+CCB 41 9 21.95% 0.28

ARB+DU 12 2 16.67% 0.20

ARB+CCB+DU 9 2 22.22% 0.22

BB 33 5 15.15% 0.18

CCB 30 5 16.67% 0.20

CCB+BB 6 1 16.67% 0.20

Total 234 39 16.67% -
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So in present study the overall prevalence of ADRs 
were 16.67% as shown in Fig.5, which was assessed 
by WHO-UMC causality assessment scale as well as 
Naranjo’ scale and found that most of the ADRs were 
probable (43.58%, 51.28%) type followed by possible 
(41.02%, 35.89%) types and indicate that occurrence 
of ADRs were due to drug factors instead of patients 
or others factors and similar to study to a study done 
by Rende et al, showed a probable association in 92% 
and a possible association in 8%.27 and severity scale 
showed most of the ADRs were moderate (51.28%) 

types followed by mild (48.71%) types, no ADRs were 
severe type as shown in Fig. 8. The preventability scale 
showed most of the ADRs were preventable (61.54%) 
types which was due to alteration of dose of drugs 
that can be reduced by decreasing the dose of drugs 
as shown in Fig. 9. Further, the injudicious use of an-
tibiotics as over the counter medications can enhance 
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development of multiple drug resistant microbes.28,29 
However, it is to be noted that the present study suffers 
from certain limitations the sample size was small and 
special groups like pregnant women, mentally chal-
lenged patients and drug addicts, and BMI were not 
included in the study.30

Conclusion:
The present study showed that the ARBs and BB 

were the safest group of antihypertensive drug which 
leads to the occurrence of smallest percentage of ADRs 
(14.14%) and (15.15%) in comparison to others group 
of antihypertensive drug even they were prescribed in 
more (42.31%) and (14.10%) number of population re-
spectively. No any severe ADRs were found and more 
ADRs were preventable types. The results of the above 
study would be useful for the physicians in rational 
selection of drug therapy for treatment of hyperten-
sive patients. The present data suggest that the ADRs 
monitoring needs to be done in hospital settings con-
tinuously so that untoward effect caused by different 
medicines can be identified and documented to make 
better health care system and to stop further burden of 
unnecessary use of drug by patients health care system. 
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Abstract:
Background: Nearly 98% of total deaths in neonatal period 
occur in developing countries all over the world and are mainly 
caused by infection, asphyxia, LBW and prematuriy. Of all the 
neonatal deaths happening globally, nearly 30% occur in In-
dia. As per global reviews, nearly 15% newborns require facility 
based care, 10% newborns require SNCU treatment.
Objectives: 1) To study the referral process of neonates ad-
mitted in Sick Newborn Care Units of Lucknow District. 2) To 
suggest measures (if, any) to improve the services provided for 
management of neonates in Sick Newborn Care Units.
Methods: A descriptive cross sectional study was conduct-
ed among 360 neonates managed in Sick Newborn Care 
Units of district Lucknow. Out of 5 government SNCUs in 
Lucknow, 3 were randomly chosen. The schedule was pre-
tested on 10 percent of the total sample of neonates ad-
mitted to SNCU. 
Results: Maximum (74.8%) referrals came from the health 
facility, 25.2 percent referrals were from the community. In 
majority (68.3%) of the referred neonates, symptoms ap-
peared within 24 hours of birth. In majority (52.8%) of the 
cases, symptoms were first seen by doctor at health facility, 
only in 0.8 percent cases, symptoms were seen by ASHA. Most 
frequent (27.6%) symptom observed in referred neonate was 
difficulty breathing
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INTRODUCTION 
Neonatal period is the most susceptible period of 

life as majority of diseases occurring during this peri-
od are preventable. Nearly 98% of total deaths in neo-
natal period occur in developing countries all over the 
world and are mainly caused by infection, asphyxia, 
LBW and prematuriy1. Of all the neonatal deaths hap-
pening globally, nearly 30% occur in India2. In India, 
nearly 50% of overall deaths occur during neonatal pe-
riod. According to SRS (2017), IMR of India is 33 per 
1000 live births, and of U.P. is 41 per 1000 live births3. 
According to NFHS 4 (2015-2016), Neonatal mortali-
ty of U.P. is 45 deaths per 1000 live births. 

India has an alarming task of serving newborns 
with good care when it has largest share of births 
(20%) and neonatal deaths (30%) globally. 

As per global reviews, nearly 15% newborns re-
quire facility based care4, 10% newborns require SNCU 
treatment. Both Emergency newborn care along with 
essential newborn care are required to bring down 
the mortality. It is very unfortunate that proper basic 
newborn care is still not adequately available at many 
facilities where newborns get delivered and admitted. 

There are three levels of care- Level 1 is provid-
ing basic care to all non critical neonates, Level 2 is 
providing special care for sick newborns (in SNCU), 
Level 3 is providing care to extremely sick newborns 
(in NICU)5. It has been assessed that 85 percent of the 
newborns would require Level 1 care, while Level 2 
and Level 3 (NICU) is required by 10 percent and 5 
percent of the newborns respectively6.

District and subdistrict hospitals with annual 
delivery load of more than 3000 are now equipped 
with SNCUs to provide all types of neonatal care 
to sick newborns except for assisted ventilation and 
major surgeries7. SNCU is a separate unit located in 
vicinity of the labour room, having 12 or more beds 
to provide 24x7 services for sick newborns, and is 
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managed by adequately trained doctors, staff nurs-
es and support staff. SNCUs are established with a 
purpose to provide facility based care to sick new-
borns.

In addition, the unit should also provide training 
to medical officers and nurses in newborn care. 

The present study was undertaken to study the re-
ferral process of neonates admitted in SNCUs of Luc-
know district.

Objectives:
1. To study the referral process of neonates admitted 

in Sick Newborn Care Units of Lucknow District.
2. To suggest measures (if, any) to improve the ser-

vices provided for management of neonates in Sick 
Newborn Care Units.

MATERIAL AND METHODS
Study area: The study was conducted in district 

Lucknow of Uttar Pradesh.
Study Duration: The study was conducted from 

September 2018 to August 2019.
Study unit: Neonates admitted in Sick Newborn 

Care Units of Lucknow district. 
Study setting: Sick Newborn Care Units of Luc-

know
Study Design: A descriptive cross-sectional study.

Inclusion criteria:
1. Neonates less than 28 days admitted in SNCUs di-

rectly or referred in during the study period
2. Mothers who consented to be a part of the study

Exclusion criteria:
1. Babies more than 28 days of age on the first day of 

admission
2. Non cooperative mothers
3. Newborns who were brought dead with no docu-

mented diagnosis

Sampling technique:
Out of five government SNCUs in district Luc-

know, three were randomly selected for the study: 
1. Veerangana Avanti Bai Mahila Chikitsalaya, Luc-

know
2. Queen Mary Hospital, King George’s Medical Uni-

versity, Lucknow
3. Lok Bandhu Shri Raj Narayan Combined Hospital, 

Lucknow

Prior permission was taken from the Chief Medical 
Superintendent of the hospital/Head of the Department/
In-charge of the respective SNCUs. Weekly, three days 
were randomly selected and random visit was made to 
each SNCU’s per week for data collection. Neonates ad-
mitted on the day of visit to SNCU (excluding those who 
were already enrolled in the study) and fulfilling inclu-
sion criteria were selected for that particular day. The ob-
jectives of the study were briefed to the mothers of those 
selected neonates in local language and informed con-
sent was obtained for the interview. Data was collected 
from the subsequent mothers in-case of refusal during 
the interview. Complete confidentiality and anonymity 
of the respondents was ensured. Clinical records of neo-
nates were utilized for collection of information e.g. birth 
weight, age and weight on admission, final diagnosis, du-
ration of stay, intervention given, final outcome, age and 
weight at discharge etc. Study outcomes were obtained 
at the time of discharge. Data collection was continued 
until the desired sample size was reached.

Sample size estimation:
The sample size was calculated using the following 

formula-- 

 n = {(Z1-α/2)
2 x p x q/d²}

Where, q = 1-p
n = sample size
Z = value of z statistic at α level of significance. 

Here, for level of significance of 5%, value of z is 1.96.
p = prevalence
d = allowable error, taken here as 2.2%.
Prevalence of least occurring morbidity in neo-

nates (Congenital malformation) admitted in SNCUs 
for Uttar Pradesh was found to be 4 % (inborn + out-
born)5. With 10 % of non-response rate, sample for the 
study was calculated to be 336. Finally, 360 neonates 
were included in the study.

Pre-testing of interview schedule 
The designed schedule was pretested on 10 percent 

of the total sample. Relevant modifications were made 
in the schedule to overcome the difficulties faced 
during pretesting. Result of pre-test was not included 
in the final study.

Data analysis
Data was analyzed using Statistical Package for So-

cial Sciences (SPSS) version 24. Descriptive statistics 
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such as mean, standard deviation (SD) for continuous 
variables and frequencies, proportions for categorical 
variables were used to present study results. Associ-
ation between variables was determined using Chi 
Square test, Fisher’s exact test. The level of significance 
was set at 0.05 at confidence interval of 95%.

RESULTS
Maximum (74.8%) referrals came from the health 

facility, 25.2 percent referrals were from the commu-
nity. Among health facilities, maximum (26.02%) re-
ferrals came from district hospital. Only 0.81% were 
referred by ASHA/ANM/AWW. Among referred cases, 
4.1 percent were further referred to a hospital. (Table 1)

Table 1
Source of Referral of Neonates Admitted to Sick Newborn Care 
Units (For Referred Neonates) (N = 123) 

Referred from/ by
Total (N = 123)

n (%)
Community 31 (25.2)
a) Self / Relatives / others 30 (24.4)
b) ASHA / ANM/ AWW 1 (0.81)
Health facility 92 (74.8)
a) PHC/CHC 23 (18.7)
b) District hospital 32 (26.02)
c) Medical College 23 (18.7)
d) Private hospital /clinic 14 (11.4)

In majority (49.3%) of the cases, symptoms in neo-
nates appeared at PHC/CHC, district hospital in 37.7 
percent cases and private health facility in 13.04 per-
cent cases. (Table 2).

Table 2
Types of Delivery Facilities as Place of Appearance of Symptoms 
(For Referred Neonates) (N = 69) 

Delivery Facility
Total (N = 69)

n (%)
PHC/CHC 34 (49.3)
District Hospital 26 (37.7)
Private health facility 9 (13.04)

In majority (68.3%) of the referred neonates, symp-
toms appeared within 24 hours of birth, in 4.1 percent 
cases, symptoms appeared on 7th day or more after 
birth. Association of age of onset of symptoms in ne-
onates with place of appearance of symptoms was sta-
tistically significant. 

In majority (52.8%) of the cases, symptoms were 
first seen by doctor at health facility, only in 0.8 percent 
cases, symptoms were seen by ASHA. Mother saw the 
symptoms in 18.7 percent cases. Association of person 
who first saw the symptoms in neonates with place of 
appearance of symptoms was statistically significant. 

Most frequent (27.6%) symptom observed in re-
ferred neonate was difficulty breathing, no cry at birth 
was observed in 36.6 percent cases, yellow eyes and 
body (22%), fever (21.1%), Low birth weight (20.3%), 
refusal to feed (16.3%), convulsions (13%), Small for 
gestational age (8.9%), fast breathing and prematurity 
(5.7% each), blue baby and excessive cry (4.1% each). 
Vomiting after feed, cold extremities, no movement, 
increased frequency of stools, blood in stool, grunt-
ing, bloating abdomen, chest indrawing, poor activity, 
shivering, skin pustules, draining pus umbilicus, de-
creased cry, birth injury, no urination all contributed 
very less to first symptoms. (Table 3)

Table 3
Pattern of Symptoms in Sick Neonates Before Getting Admitted 
to Sick Newborn Care Units (For Referred Neonates) (N= 123)

Characteristics Place of Appear-
ance of Symptoms

Total
(N = 123)

Home
(n = 54)

Delivery 
Facility

(n = 69)
n (%) n (%) n (%)

Age of onset of symptoms in neonates (in days)$  
(p value < 0.001)@

< 1 24 (44.4) 60 (87.0) 84 (68.3)
1 – < 3 7 (13.0) 2 (2.9) 9 (7.3)
3 – < 7 18 (33.3) 7 (10.1) 25 (20.3)
≥ 7 5 (9.3) 0 5 (4.1)

Symptoms were first seen by$ (p value < 0.001)@

Mother 23 (42.6) - 23 (18.7)
Other family members 23 (42.6) - 23 (18.7)
ASHA 1 (1.9) - 1 (0.8)
Doctor at Health facility 2 (3.7) 63 (91.3) 65 (52.8)
Nurse / ANM / Birth atten-
dant

5 (9.3) 6 (8.7) 11 (8.9)

First symptoms appeared in neonates  
at the onset of illness*

Low Birth Weight 12 (22.2) 13 (18.8) 25 (20.3)
Prematurity 0 7 (10.1) 7 (5.7)
No cry at birth 14 (25.9) 31 (44.9) 45 (36.6)
Difficulty breathing 12 (14.8) 39 (37.7) 51 (27.6)
Convulsions 5 (9.3) 11 (15.9) 16 (13.0)
Yellow eyes and body 16 (29.6) 11 (15.9) 27 (22.0)
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Characteristics Place of Appear-
ance of Symptoms

Total
(N = 123)

Home
(n = 54)

Delivery 
Facility

(n = 69)
n (%) n (%) n (%)

Refusal to feed 11 (20.4) 9 (13.0) 20 (16.3)
Fever 18 (33.3) 8 (11.6) 26 (21.1)
Chest indrawing 0 1 (1.4) 1 (0.8)
Fast breathing 3 (5.6) 4 (5.8) 7 (5.7)
Eyes not opening 1 (1.9) 1 (1.4) 2 (1.6)
Decreased cry 1 (1.9) 1 (1.4) 2 (1.6)
Small for gestational age 5 (9.3) 6 (8.7) 11 (8.9)
Shivering 1 (1.9) 0 1 (0.8)
Poor activity 0 1 (1.4) 1 (0.8)
Birth injury 0 3 (4.3) 3 (2.4)
Draining pus umbilicus 2 (3.7) 0 2 (1.6)
Stool not passed 1 (1.9) 0 1 (0.8)
No urination 2 (3.7) 0 2 (1.6)
Skin pustules 1 (1.9) 0 1 (0.8)
Caput 0 1 (1.4) 1 (0.8)
Excessive cry 4 (7.4) 1 (1.4) 5 (4.1)
Bloating abdomen 0 1 (1.4) 1 (0.8)
Groaning 0 2 (2.9) 2 (1.6)
Grunting 0 2 (2.9) 2 (1.6)
Blood in stool 0 1 (1.4) 1 (0.8)
Increased frequency of stool 1 (1.9) 0 1 (0.8)
Vomiting after feed 3 (5.6) 1 (1.4) 4 (3.3)
Blue baby 0 5 (7.2) 5 (4.1)
No movement 0 1 (1.4) 1 (0.8)
Cold extremities 1 (1.9) 1 (1.4) 2 (1.6)

@p value < 0.05 *Multiple responses $Fisher’s exact test

In most (56.9%) of the cases, first point of contact 
after the appearance of symptoms was Government 
hospital without SNCU, SNCU was first point of con-
tact in 20.3 percent cases, ASHA was first point of con-
tact in 4.9 percent cases, home treatment was first re-
sort of treatment in 1.6 percent of cases. Association of 
first point of contact after the appearance of symptoms 
in neonates with place of appearance of symptoms was 
statistically significant.

Majority (86.2%) of the referred cases had time 
lapse of less than 12 hours between onset of symptoms 
and visiting first health facility, 6.5 percent had time 
lapse of 48 hours or more. Association of time lapse 
between onset of symptoms in neonates and visiting 
first health facility with place of appearance of symp-
toms was statistically significant. 

In most (43.9%) of the cases, only one facility was 
visited before coming to SNCU, in 37.4 percent cases, 
two or more than two facilities were visited before com-
ing to SNCU. 18.7 percent of the referred cases came 
directly to SNCU. Association of number of facilities 
visited before coming to SNCU with place of appear-
ance of symptoms was statistically significant. (Table 4)

Table 4
Action Taken by the Family on Appearance of Symptoms in Ne-
onates (For Referred Neonates) (N = 123) 

Characteristics Place of Appear-
ance of Symptoms

Total
(N = 123)

p value

Home
(n = 54)

Delivery 
Facility

(n = 69)
n (%) n (%) n (%)

First point of contact after the appearance  
of symptoms in neonates$

None (Home 
treatment)

2 (3.7) 0 2 (1.6) < 0.001@

ASHA 6 (11.1) 0 6 (4.9)
Private doctor 12 (22.2) 8 (11.6) 20 (16.3)
Government 
hospital without 
SNCU

14 (25.9) 56 (81.2) 70 (56.9)

SNCU 20 (37.0) 5 (7.2) 25 (20.3)
Time lapse between onset of symptoms in neonates 

and visiting first point of contact (in hours)$

< 12 39 (72.2) 67 (97.1) 106 (86.2) < 0.001@

12- < 24 3 (5.6) 0 3 (2.4)
24- < 48 5 (9.3) 1 (1.4) 6 (4.9)
≥ 48 7 (13.0) 1 (1.4) 8 (6.5)
Number of facilities visited before coming to SNCU$

Zero (Came Di-
rectly to SNCU)

23 (42.6) 0 25 (20.3) < 0.001@

One 15 (27.8) 39 (56.5) 54 (43.9)
≥ Two 16 (29.6) 30 (43.5) 44 (35.8)

@p value < 0.05 *Multiple responses $Fisher’s exact test

In most (46.3%) of the referred cases, government 
ambulance was used for reaching SNCUs, personal 
vehicle was used in 23.6 percent cases, paid vehicle 
or other public transport (20.3%), private ambulance 
(9.8%). Association of mode of transport used for 
reaching SNCUs with place of appearance of symp-
toms was statistically significant.

In majority (78.9%) of the referred cases, time tak-
en to reach SNCU was less than 1 hour, in 0.8 percent 
of the cases, time taken was 5 hours or more. Asso-
ciation of time taken to reach SNCU from previous 
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facility or home with place of appearance of symptoms 
was statistically significant.

In most (85.4%) of the cases, treatment was start-
ed within 1 hour of arrival to SNCU, 1.6 percent cases 
had delay of 3 hours or more from arrival at SNCU to 
initiation of treatment. 

In most (56.9%) of the referred cases, time taken 
from onset of symptoms to admission in SNCUs was 
less than 1 day, whereas in 6.5 percent cases, it took 7 
days or more from onset of symptoms to admission in 
SNCUs. (Table 5)

Table 5
Transport Related History and Time Interval between Arrival 
and Initiation of Treatment at Sick Newborn Care Units (For Re-
ferred Neonates) (N= 123)

Characteristics

Place of Appear-
ance of Symptoms

Total
(N = 123) p valueHome

(n = 54)

Delivery 
Facility

(n = 69)
n (%) n (%) n (%)

Mode of transport used for reaching SNCUs&

Government 
ambulance 18 (33.3) 39 (56.5) 57 (46.3)

< 0.001@

Private ambu-
lance 2 (3.7) 10 (14.5) 12 (9.8)

Personal vehicle 15 (27.8) 14 (20.3) 29 (23.6)
Paid vehicle / 
Other public 
transport

19 (35.2) 6 (8.7) 25 (20.3)

Time taken to reach SNCU (in hours) from previous 
facility or home$

< 1 48 (88.9) 49 (71.0) 97 (78.9)

0.013@
1 – < 3 4 (7.4) 18 (26.1) 22 (17.9)
3 – < 5 2 (3.7) 1 (1.4) 3 (2.4)
≥ 5 0 1 (1.4) 1 (0.8)

Time interval between arrival at Sick Newborn Care 
Units and initiation of treatment / admission  

(in hours)$

<1 44 (81.5) 61 (88.4) 105 (85.4)

0.44
1-<2 7 (13.0) 7 (10.1) 14 (11.4)
2-<3 2 (3.7) 0 2 (1.6)
≥ 3 1 (1.9) 1 (1.4) 2 (1.6)

Time lapse from onset of symptoms to admission  
in Sick Newborn Care Units (in days)$

< 1 27 (50.0) 43 (62.3) 70 (56.9)

0.485
1 – < 3 16 (29.6) 17 (24.6) 33 (26.8)
3 – < 7 6 (11.1) 6 (8.7) 12 (9.8)
≥ 7 5 (9.3) 3 (4.3) 8 (6.5)

@p value < 0.05 $Fisher’s exact test

 
FIGURE 1: SOURCE OF REFERRAL OF NEONATES ADMITTED 
TO SICK NEWBORN CARE UNITS (FOR REFERRED NEONATES)

DISCUSSION
In the present study, maximum (74.8%) referrals 

came from the health facility, 25.2 percent referrals 
were from the community, 26.02 percent were re-
ferred from district hospital, 18.7 percent were re-
ferred from PHC/CHC and medical college each, 11.4 
percent were referred from private hospital/clinic and 
only 0.81 percent were referred by ASHA or ANM or 
AWW. 24.4 percent cases were referred by self/rel-
atives/others. Similar findings were seen in a study 
done by Miles M et al., (2017)8 which showed that out 
of the total admitted neonates, 24 percent neonatal ad-
missions got self referred. Similar findings were seen 
in a study done by Negi R et al., (2019)9 which showed 
that out of all admitted neonates, 28 percent of total 
neonates got self referred. Shah H.D et al., (2018)10 in 
their study showed that neonates got admitted in Sick 
Newborn Care Units either by direct admission or by 
referral to Sick Newborn Care Units from the commu-
nity or lower health facilities, Primary Health Centres, 
Community Health Centres, district hospitals, subdis-
trict hospitals, and private hospitals.

In the present study, amongst referred neonates, 
4.1 percent were further referred to a hospital. Similar 
findings were seen in a study done by Nsibnde D et 
al., (2013)11 which showed that out of total referred 
neonates, 9 percent cases got referred further to an-
other hospital.

In the present study, in majority (68.3%) of the re-
ferred neonates, symptoms appeared within 24 hours 
of birth. Similar findings were seen in a study done by 
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Negi R et al., (2019)9, which showed that out of total 
admitted neonates, symptoms appeared within first 24 
hours of life in 67.1 percent neonates.

In the present study, most frequent (27.6%) first 
symptom observed in referred neonate was difficulty 
breathing, fever was first symptom in 21.1 percent ne-
onates. Similar findings were seen in a study done by 
Nsibnde D et al., (2013)11 which showed that out of 
all the referrals, the commonest symptoms identified 
by mothers were difficulty in breathing (in 28%) and 
fever (in 24%). Similar findings were seen in a study 
done by Negi R et al., (2019)9, which showed that the 
most common symptom was respiratory distress (in 
38.2%).

In the present study, in majority (52.8%) of the cas-
es, symptoms were first seen by doctor at health fa-
cility, mother first saw the symptoms in 18.7 percent 
cases. Other health personnel (Nurse/ANM /Birth at-
tendant) first saw the symptoms in 8.9 percent cases. 
Similar findings were seen in a study done by Negi R 
et al., (2019)9, which showed that doctor at health fa-
cility first saw the symptoms in most (44.4%) of the 
cases, in 22.9 percent cases, mother first saw the symp-
toms, in 11.9 percent cases, other health staff first saw 
the symptoms.

In the present study, in most (56.9%) of the cases, 
first point of contact after the appearance of symptoms 
was Government hospital without SNCU, SNCU was 
first point of contact in 20.3 percent cases, ASHA was 
first point of contact in 4.9 percent cases, home treat-
ment was first resort of treatment in 1.6 percent of cas-
es. Private doctor was contacted first in 16.3 percent 
cases. Negi R et al., (2019)9 in their study showed that 
in 33.2 percent cases, initial place where first referral 
occurred was government facility, in 35.8 percent cas-
es, it was a private institution and in 31.1 percent cas-
es, it was home.

In the present study, ambulance was used in reach-
ing SNCUs in 56.1 percent cases. Similar findings were 
seen in a study done by Negi R et al., (2019)9 which 
showed that ambulance was final means of transpor-
tation in 48.8 percent cases. 

In the present study, in most (46.3%) of the referred 
cases, government ambulance was used for reaching 
SNCUs, personal vehicle was used in 23.6 percent cas-
es, paid vehicle or other public transport (20.3%), pri-
vate ambulance (9.8%). Hedstrom A et al., (2014)12 in 
their study found that vehicle was the commonest (in 
53%) mode of transportation to hospital, second com-

monest mode of transport was motorcycle (in 40%). 
Nasibnde D et al., (2013)11 in their study showed that 
most (56%) mothers reached the referral health facil-
ities by walking whereas 38 percent mothers used taxi 
as a mode of transport. 

In the present study, in majority (78.9%) of the re-
ferred cases, time taken to reach SNCU was less than 
1 hour. Similar findings were seen in a study done by 
Negi R et al., (2019)9 which showed that in 62.4 per-
cent cases, parents reached at the health facility within 
30 minutes.

In the present study, the main cause of referral to 
SNCU or most common indication of admission in 
referred neonates was birth asphyxia. Similar results 
were seen in a study done by Hoque M et al., (2011)13 

which showed that birth asphyxia was the primary 
cause of referral to SNCU from other health facilities. 
The quality of care during antenatal period, child birth 
and in neonatal period is essential factor for neonatal 
health.14 However, the strength of evidence is low ow-
ing to the limitations of the study design.15 

CONCLUSION
In the present study, it was found that as maximum 

referrals came from district hospitals, so district hos-
pitals should be well equipped with all the facilities 
for newborns including SNCUs. ASHA, ANM and 
AWWs should be trained on how to recognise dan-
ger signs in newborns, so that they can refer newborns 
to hospitals timely. Most frequent symptom observed 
in referred neonate was difficulty breathing, so health 
care facilities should be properly equipped with resus-
citation units. As in some cases, time lapse was seen, 
so people should be educated more on danger signs of 
newborns. As in some cases, time taken to reach SN-
CUs was 5 hours or more, so transport and ambulance 
facility should be made good. Number of beds in SN-
CUs should be increased so that beds do not fall short 
for admitting neonates referred to SNCU from other 
health facilities or from community. 
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ABSTRACT
The structure and functions of neuroendocrine pineal gland re-
mains an enigma to both philosophers and scientists since time 
immemorial. Some of the structural and functional mysteries 
of pineal gland are unfolded to some extent in this article by 
reviewing the work of various researchers. Recently a neuronal 
circuit consisting of seven neurons between retina and pineal 
gland have been established to relate the effect of light and 
other rays on its secretion.
The various physical properties such as piezoelectricity, piezo-
luminescence, electromagnetic field, solar flare, infrared energy 
are also explained and correlated with the structural and secre-
tional components of the gland. The neurosecretion of pineal 
gland such as melatonin play an important role in sleep-wake 
patterns, timings and release of reproductive hormones along 
with temperature control.
The presence of all enzymes needed for the synthesis of di-meth-
yl-tryptamine (DMT) in pineal gland explains the near death expe-
rience (NDE) phenomenon. The various audiovisual hallucinations 
in NDE phenomenon occur due to massive increase of DMT in 
pineal gland before death. A very high concentration of di-meth-
yl-tryptamine (DMT), presence of retinal proteins in 10% of pine-
alocytes, its role in thermoregulation and a possible role as mag-
netoreceptor in blind men and highest deposits of fluoride in the 
body are not only interesting but significant for the future research. 
Hence a lot of further research on pineal gland is still required to 
correlate its unique properties with its structural components.
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INTRODUCTION
The pineal gland for long has been regarded by 

the biologists as the vestigial organ, like vermiform 
appendix in the abdomen, with no functional impor-
tance and that it degenerates with age is well approved. 
However, in the religious texts, both in the eastern 
and western philosophies. it has been regarded as the 
God organ, Pineal Eye, Third Eye, Eye of Shiva, Eye of 
Dangma, etc. The pineal gland’s reference to being the 
“Third Eye” is quite ironic, as if, the gland has a lens, 
cornea and retina like actual eye. Galen named it as 
Konareion.

Herophellus (c 300 BC) noted that pineal gland 
was the first gland to develop around 3rd week of in-
tra uterine life (IUL). Rene´ Descartes (1596e1650),1 
a French philosopher, physiologist, physicist, math-
ematician and natural scientist called it the “seat of 
the soul”, intimately associated with the spiritual con-
sciousness, intelligence etc.; this work was published 
in 1662.

Pineal gland or “spiritual third eye” is regarded as 
the gateway of spiritual life as per ancient concepts 
about the soul. Recently, modern neuroscience has 
proven that pineal gland is not only the melatonin-se-
creting neuroendocrine organ which controls the cir-
cardian rhythm, but it also has mystical and energetic 
associations with spirituality.

METHODS
A systematic review of articles from year 1965 to 

2022 was done by searching articles using MesH term 
“ pineal gland and third eye anatomy” in google search. 

Articles were searched in pubmed, embase, scopus 
and other database. Articles were assessed for eligibili-
ty and full text article related to pineal gland and third 
eye anatomy were included. and rest were excluded at 
title and abstract level only.

HISTORICAL ASPECT
The ancient philosophers and scientists have a dif-

ferent belief in the soul and its existence. The exact 
seat of the soul has evolved over centuries. Herophilus 
gave specific reference to the pineal gland who wrote 
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that the soul is in “kalamos.”(17) The detailed descrip-
tion was given by Galen in his work “De anatomicis 
administrationibus.” He believed that the soul flows in 
form of air from the lungs to the heart and then to 
the brain. The flow of air in the brain is controlled in 
valve-like fashion by the pineal gland [1]

René Descartes has called it the “principal seat of 
the soul” and believed that there was a point of con-
nection between the intellect and the body. Descartes 
believed that it was a single section of the brain which 
existed as a single part, rather than two parts. Descates 
argued that because a person can never have more 
than one thought at the same time, external stimuli 
must be united within the brain before being revealed 
to the soul [2]

LOCATION
The pineal gland is reddish-gray and about 5–8 

mm in humans. It is located beneath the stria medul-
laris, between the thalamic bodies placed laterally just 
dorsal to the superior colliculus([3]

COMPARATIVE ANATOMY 
Pinealocytes seen in many non-mammalian verte-

brates have a strong resemblance to the photoreceptor 
cells present in the eye. Ancestor retinal cells share a 
common characteristic to the vertebral pineal cells. Ex-
posure to light can set off a chain reaction and enzymatic 
events within the pineal gland that regulates circadian 
rhythms in some vertebrates. Some early vertebrate fossil 
skulls have a pineal foramen. The lamprey and the tuata-
ra and some of the vertebrates that have a parietal organ 
or “third eye” are photosensitive. The third eye represents 
evolution of earlier approach to photoreception.[4

Pineal gland and circadian rhythm
The suprachiasmatic nucleus (SCN), site of the pri-

mary clock in the circadian rhythm system, has three 
major afferent connections. The most important con-
sists of a retinohypothalamic projection through which 
photic information, received by classical rod/cone 
photoreceptors and intrinsically photoreceptive retinal 
ganglion cells, gains access to the clock.(5) Morin etal)
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PINEAL GLAND AND CICARDIAN 
RHYTHM

The pineal gland is the neuroendocrine organ that 
primarily functions to maintain circadian rhythm and 
provide “light and dark” information to the rest of the 
brain through hormone melatonin. The melatonin is 
derived from amino acid tryptophan, and its forma-
tion is controlled rhythmically by the hypothalamus 
and pineal gland. The melatonin shows rhythmic se-
cretion and control in following four steps. The rhyth-
micity is controlled both locally (enzymes) and cen-
trally by suprachiasmatic nuclei of the hypothalamus

1. Dietary amino acid tryptophan to 5-hydroxy-
tryptophan (5-HTP) by tryptophan hydroxylase 1 
(TPH1).

2. Synthesis of 5-hydroxytryptamine (5-HT or se-
rotonin) by aromatic amino acid decarboxylase.

3. Formation of N-acetylserotonin (NAS) by arylal-
kylamine N-acetyltransferase (AANAT).

4. Production of melatonin by hydroxyin-
dole-O-methyltransferase (HIOMT) (also termed 

N-acetylserotonin methyltransferas [ASMT]). Circadi-
an signals from the SCN are transmitted sequentially 
to the paraventricular nuclei, the intermediolateral 
nucleus of the spinal cord, superior cervical ganglion, 
and then finally the pineal gland. The pineal gland is 
also innervated by parasympathetic system.[21]

PINEAL GLAND AND THIRD EYE 
ANATOMY

According to Standering (2008)22 the 1st order neu-
rons starts from the Glial cells (non-image forming 
cells) found in the 8th layer of retina. The light sig-
nals from the retina reach the suprachiasmatic nucle-
us (SCN) of the hypothalamus via retinohypothalamic 
tract. The 2nd order neurons carry the impulse to the 
reticular formation of brain stem. From there the 3rd 
order neurons descend as reticulospinal tract to the T-1 
to T-3 spinal cord and end in the neurons of the lat-
eral column. The 4th order neurons starting from the 
lateral column of T-1 come out from the ventral root 
of first thoracic spinal nerves (T1) and ascend in the 

PINEAL GLAND AND THIRD EYE
Author Year Third eye explanation

Jackson6 2020 Third eye is believed to reside within the pineal gland inside of the brain. The 
name “third eye” comes from the pineal gland’s primary function of ‘letting in 
light and darkness’, just as our two eyes do

Karim7 etal 2019 The Eye of Horus was used as a sign of prosperity and protection, derived from 
the myth of Isis and Osiris. This symbol has an astonishing connection between 
neuroanatomical structure and function. Artistically,
the Eye is comprised of six different parts. From the mythological standpoint, 
each part of the Eye is considered to be an individual symbol. Additionally, parts 
of the Eye represent terms in the series 1/2, 1/4, 1/8, 1/16, and 1/32; when this 
image is superimposed upon a sagittal image of the human brain

Kumar8 etal 2018 Third eye acts as a tremendous coordinator between molecular, hormonal, phys-
iological, and
chemical rhythmic orchestra.

Sahai9 etal 2013 The pineal gland’s reference to
being the “Third Eye” is quite ironic, as if, the gland has a lens, cornea and retina 
like actual eye.

Mano10 etal 2007 The molecular analysis of the pineal gland provides a unique opportunity to 
investigate the evolutionary history of vertebrate photoreceptive organ

Hoffman11 R A,  
Reieter12-14 R J, 
Lincolin15 G A, Bittman E L

1965, 2014, 
1980, 1983

Pineal gland mediates effects of the photic environment on many aspects of 
physiology

Jangir18 et al 2005 Pineal body and its surrounding tissues would have been potent to transdif-
frentiate in to median third eye. Morphological and histological studies revealed 
that the third eye is identical to the two normal eyes, having all components like 
cornea, lens and retina and a stalk connecting the eye to the brain,

Winter19 1995 The human pineal is denied access to light directly, but like the lizard’s “third eye,” 
it shows enhanced release of its hormone, melatonin, during the night

Booth20 etal 1987 The human pineal gland is an extremely active neuroendocrine transducer. Envi-
ronmental light acts through the retina and entrains the pineal gland’s circadian 
rhythms 
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cervical sympathetic chain to relay in the superior cer-
vical ganglion. The 5th order neurons come out of this 
ganglion and ascend as a plexus around the internal 
carotid artery and its branches. The sympathetic nerve 
fibres finally leave themedial posterior choroidal arter-
ies as nervous conarii to enter the pineal gland from its 
posterior aspect. However, Singh (2006) describe that 
the 5th order neurons in the nervous conarii enter the 
habenular nucleus and via habenulo-pineal tract. The 
6th order neurons from the nucleus terminate in the 
ganglion conarii placed ontheapexof the pineal gland 
and fromthere the fibres of the 7th order neurons enter 
the substance of the pineal gland.[22]

The pineal gland is one of the organs that re-
ceives a neuronal input from the SCN. Thus, axons of 
the pacemaker neurons in the central clock project, 
among other places, to the paraventricular nuclei of 
the hypothalamus. Fibers from these neurons descend 
through the brain stem presumably without making 
synaptic contact with other cells until their arrival at 
the intermediolateral cell column of the upper thorac-
ic cord.[23] 

These are preganglionic sympathetic neurons. Af-
ter synapsing with these cells, the preganglionic axons 
exit the spinal cord and pass up the sympathetic chain 
to the superior cervical ganglia where the final syn-
apse is made. Axons of the postganglionic neurons ac-
company blood vessels to the pineal gland.[24]

During darkness, the Supra charismatic nucleus 
(SCN) sends a neural impulse which causes the dis-
charge of norepinephrine from the postganglionic ter-
minals near the pinealocytes. The catecholamine acts 
primarily on conventional b-adrenergic receptors on 
the pinealocyte membranes; this action culminates in a 
series of molecular events that induce the night-related 
rise in pineal melatonin synthesis and release.[25.26]

Apart from light and parasympathetic system, 
melatonin rhythm is coupled tightly to the core tem-
perature rhythm with the peak of melatonin secretion 
corresponding closely to the nadir of temperature.[27]

The suprachiasmatic nucleus (SCN), site of the 
primary clock in the circadian rhythm system, has 
three major afferent connections. The most important 
consists of a retinohypothalamic tract (RHT) through 
which photic information, received by classical rod/
cone photoreceptors and intrinsically photoreceptive 
retinal ganglion cells, gains access to the clock. This 
information influences phaseand period of circadian 
rhythms. The two other robust afferent projections 

are the median raphe serotonergic pathway and the 
geniculohypothalamic (GHT), NPY-containing path-
way from the thalamic intergeniculate leaflet (IGL). 
Beyond this simple framework, the number of ana-
tomical routes that could theoretically be involved in 
rhythm regulation is enormous, with the SCN pro-
jecting to 15 regions and being directly innervated by 
about 35. If multisynaptic afferents to the SCN are in-
cluded, the number expands to approximately brain 85 
areas providing input to the SCN. The IGL, a known 
contributor to circadian rhythm regulation, has a still 
greater level of Complexity[5]

Critical to the understanding of SCN intrinsic 
anatomy is the overall morphology of the nucleus 
and its species dependence. The SCN of hamster and 
mouse is an upright, roughly tear-drop shaped nu-
cleus (somewhat more elliptical in the hamster), but 
in the rat, the shape is oblate. As a result, the robust 
retinorecipient region in the rat SCN, compared to 
that of mouse and hamster, has a larger medial-later-
al axis than a dorsal-ventral one. This modification is 
associated with a change in the distribution of VP-IR 
neurons from a predominantly dorsomedial position 
to a position capping the more ventral, densely retino-
recipient region.[28]

Monosynaptic neural projections from the RHT 
terminate in the bilaterally paired SCN of the anterior 
hypothalamus, hosting the central pacemaker. TheR-
HTcomprises a distinct subset of retinal ganglion cells 
that recent studies have shown to contain a novel phot-
opigment melanopsin (Opn4) and to be directly light 
sensitive (Fu et al., 2005). These ganglion cells appear 
to express and utilize pituitary adenylyl cyclase-acti-
vating peptide (PACAP) and glutamate as cotransmit-
ters to communicate with the SCN.[29]

About < 10% of the pinealocytes have a selective 
group of retinal proteins.11 The lizard, frogs and birds 
use their pineal glands to detect lght. In a paper pub-
lished in the journal Neurochemical Research, RN Lo-
oley30 wrote “. That the pinealocytes have a selective 
group of retinal proteins that are involved in the pho-
totransduction cascade”. Strassman (2001)31 demon-
strated synthesis of a psychoactive chemical di-meth-
yl-tryptamine, DMT in the pineal gland.

In an earlier study conducted by him32 he pro-
posed the theory that the DMT could be the “Spirit 
molecule”. He hypothesized that there is a massive 
release of DMT from the pineal gland close to death 
and causes a near death experience (NDE), a phenom-
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enon which is both auditory and/or visual. It was also 
demonstrated that DMT production is stimulated, in 
the extraordinary conditions of birth, sexual ecstasy, 
childbirth, extreme physical stress, near-death, and 
death, as well as meditation.32

CONCLUSION
The pineal gland is light sensitive and the pho-

totransduction path is multi neuronal..
➢ Though it regulates the circadian rhythm in the 

lower mammals but the same is doubtful in the human 
beings.

➢ The presence of retinal proteins, its evolutionary 
closeness to the retina, presence of a separate circadian 
rhythm in the retina, piezoelectric and piezolumines-
cent crystals in the gland, sensitivity of pineal to the 
electromagnetic forces, magnetoreceptor properties 
and its possible role as an instrument of navigation in 
the blinds are interesting and need further probe.

Numerous spiritual philosophies contain the no-
tion of an inner third eye that is related to the ajna 
chakra and the pineal gland, which is significant in 
mystical awakening or enlightenment, clairvoyant 
perception, and higher states of consciousness. (33) 
Pineal gland has been mystical gland due to its impor-
tance in ayurveda and yoga and its role in relation to 
ajna chakra still needs to explored.

Its pharmacologic uses such as anticancer and an-
tiaging agents are much awaited. Its role in prevent-
ing osteoporosis and menstrual irregularity is under 
trials. [34]The author believes that someday the mod-
ern science mystery of “third eye” could be decoded 
completely, and we intend to find the solution for su-
pernatural and voluntary control of ajna chara so as 
to regulate all chakra with human wish. The present 
systematic review was done in accordance with the 
guidelines [35] and thus presents the reliable findings. 
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ABSTRACT
Coronaviruses has been spreading across the planet for more 
than two years now. Emerging new competent variants makes 
the surge never ending. With over thirty crore cases as on first 
week of January 2022 this virus has caused serious havoc to 
humanity.
Due to evolutionary selection, new variants become predom-
inant. These new variants are associated with higher transmis-
sibility, increased severity, re infection, immune and diagnostic 
escapes. It has been prescribed that emergence of herd immu-
nity either achieved by vaccination or by natural infection will 
be the game changer. Nonetheless COVID appropriate behav-
ior has to be strictly followed.
We take the opportunity to describe the variants which created 
and are still creating havoc all along the world. 
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INTRODUCTION
SARS-CoV-2 is an RNA virus that mainly affects 

the respiratory system and undergoes mutation as a 
part of replication. Mutation is not specific to Corona-
viruses; all the viruses mutate. More transmission and 
replication give the virus abundant opportunities for 
mutation. Newer variants caused desolating outcome 
as was witnessed in India during the second wave 
starting in late March 2021. 

With nearly 4 lakh Covid-19 cases daily there was 
system collapse both in the hospitals and crematori-
ums. But when the cases began to rise consequently in 
villages, rural areas were no exception. Due to Delta 
variant and delay in getting medical aid resulted in se-
vere consequences and increased fatality.1

Infections in some were severe, few were diagnosed 
negative on RT PCR tests in spite of having conven-
tional symptoms. These uncommon presentations 
were attributed to prodigious mutations which led to 
emergence of new variants of SARS Co V-2. The threat 
to global health is not over due to hypermutant vari-
ant Omicron which is spreading rapidly all across the 
globe. Omicron variant produces milder disease but if 
it spreads at such faster rate we can anticipate a hyper-
virulent mutation in the coming future.

Coronavirus is a constantly changing virus with 
endless mutations. Mutation is an important conse-
quence of viral replication. It is defined as an ‘error’ 
or change in the RNA sequence of the virus as it rep-
licates. The error can be in any form either substitu-
tion, deletion or addition of nucleotides. The import-
ant mutations are those conferring survival advantage 
and making the virus more competitive, for example, 
by increasing infectivity and virulence2. Multiple set 
of mutations leads to emergence of new “variants”. A 
strain is formed when a distinctly different phenotype 
with clear cut differences emerges due to sequences of 
variation. Covid-19 is caused by a Coronavirus strain 
known as SARS-CoV-2 which was different from the 
previous SARS CoV and MERS-CoV strains. A vari-
ant that deviates significantly from its viral ancestors 
may be identified as a new lineage (branch on the evo-
lutionary tree) and a group of lineages form a clade. 
Coronaviruses are expected to have rate of mutation 
ranging between 10−5 and 10−3 substitutions per nucle-
otide site per cell infection.3,4

SARS-CoV 2 can mutate due to random error 
during replication of virus, prolonged multiplication 
in immune-compromised individuals or due to im-
mune pressure faced after treatment with convalescent 
plasma or monoclonal antibodies. The spike receptor 
present on the Corona virus is the major mutation site. 
It is glycoprotein in nature and helps in entry of the 
virus. It has two surface areas, the N-terminal domain 
(NTD) which is mainly responsible for determining 
the host range and its receptor binding domain (RBD) 
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which helps in binding ACE 2 receptors. These are 
supposed to be the most common mutation sites. The 
mutations in S protein have also led to diagnostic es-
capes i.e. giving a false negative result on RT PCR tests.

Variants are emerging faster than they are being 
studied. Through this review article the authors have 
made a genuine effort to give an insight to major vari-
ants with the latest data available. It has been challeng-
ing as the virus was mutating at a faster rate and newer 
developments were seen almost every day.

Variants can be labelled by NextStrain nomencla-
ture system in which clade is written followed by ma-
jor mutation or PANGO nomenclature system which 
depends on lineage and sub lineages. For ex. “B.1.1.7”, 
in this case there was evolution of lineage B.1 and B.1.1 
evolved as a subst, which again changed to give at least 
7 lineages, one of which was B.1.1.7.5

If the variant shows increased transmissibility, en-
hanced virulence, more hospitalisations, escapes antibody 
neutralisation, diagnostic escapes etc. with genuine evi-
dence then the variant is called as a Variant of Concern.

Variant of interest refers to a variant associated 
with mutations with established or suspected pheno-
typic implications. 

On 31 May 2021, instead of using regional terms 
for variants, WHO has assigned new names to them 
and some of the major Covid Variants are discussed 
in Table 1.6,7 

Currently there are no Variants of Interest.
It becomes important to do gene sequencing and 

study these variants, to:
1. Identify the virus and determine it’s virulence and 

clinical presentation.
2. Determine the immunological responses and vac-

cine efficacies in mutant strains and thus help in 
formulating vaccines with better patient outcome.

Alpha variant (UK variant: B.1.1.7 lineage)
U.K. variant is labelled as B.1.1.7 / VOC 202012/01 

(variant of concern, year 2020, month 12, variant 01) / 
501Y.V1. WHO has renamed it as Alpha (α) variant. It 
was first detected in South East England in September 

Table 1
Covid Variants

S.NO. Variants First found in Pango 
lineage

Designation
history

Major mutations

1 Alpha U.K. B.1.1.7 VOC: Dec 2020
VBM: Sept,2021

N501Y, D614G, P681H,E 484K

2 Beta South Africa B.1.351 VOC: Dec 2020
VBM: Sept,2021

K417N, E484K, N501Y, D614G, A701V

3 Gamma Brazil P.1 VOC: June 2021
VBM: Sept 2021

K417T, E484K, N501Y, D614G, H655Y

4 Delta India B.1.617.2 VOC: June 2021
VBM: April,2022

L452R, T478K, D614G, P681R

5 Omicron South Africa & Botswana B.1.1.529 VOC: Nov 2021 P681H, N440K, N501Y, S477N, many 
others

6 Epsilon US B.1.427/ VOC: March 2021
VOI: Feb 2021 and June,2021
VBM: Sept,2021

L452R, D614G

7 Zeta Brazil B.1.429 VOC: Dec 2020
VBM: Sept,2021

E484K, D614G

8 Eta Nigeria P.2 VOI: Feb 2021
VBM: Sept 2021

E484K, D614G, Q677H

9 Theta Philippines B.1.525 VOI: March 2021 E484K, N501Y, D614G, P681H
10 Iota US P.3 VOI: Feb 2021

VBM: Sept 2021
E484K, D614G, A701V

11 Kappa India B.1.526 VOI: May 2021
VBM: Sept 2021

L452R, E484Q, D614G, P681R

12 Lambda Peru B.1.617.1 VOI: June 2021
VBM: Sept 2021

L452Q, F490S, D614G

13 Mu Columbia C.37 VBM: Sept 2021 T95I,YY144-145TSN,R346K, E484K, 
and N501Y
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2020 and in a very short period it spread all over and 
responsible for second wave of COVID in England.

This variant is known to have a total of 23 mu-
tations out of which 9 are in spike protein which fa-
cilitate attachment and entry and result in increased 
transmissibility. 

Three mutations which are of main concern were 
N501Y mutation, P681H mutation and deletion 
DH69/DV70 in S gene. Last mutation leads to failure 
to detect spike glycoprotein gene (immune escape) 
which results in false negative results. 8-10

The B.1.1.7 variant is more transmissible and in-
creased risk of death when compared to other strains. 
Transmission of this variant is 43% to 90% more than 
the original virus from Wuhan. Observational studies 
suggest an approximately 30% increased fatality rate 
associated with the variant.11

BETA VARIANT (SOUTH AFRICAN 
VARIANT, B.1.351)

This variant (20H/501Y.V2, B.1.351 lineage) was 
first detected in South Africa in October, 2020. It was 
also detected in other countries like USA/UK/Norway 
and India. It has 9 mutations in spike protein-coding 
sequences, and 3 in RBD, N501Y, K417N and E484K.12 
It was seen that B.1.351 variant had probable reluc-
tance to antibodies either developed by past infections 
or by vaccination.13 The issue was concerning as it 
reduced neutralization to several approved vaccines 
such as mRNA-1273, BNT162b2, ChAdOx1 nCoV-
19, NVX-CoV2373.14

A new more dangerous variant N501Y.V2 was 
identified in South Africa and Brazil. It has more se-
quence changes near RBD and it can affect the neu-
tralizing antibody (NAbs). 

GAMMA VARIANT (Brazilian variant, P.1)
Gamma variant P.1 (20J/501Y.V3) is an offshoot of 

B1.1.28 lineage was detected in January 2021 in Tokyo, 
Japan, in four people who had travelled from Brazil 
and a few days later in Manaus. It is reported to have 
17 mutations with 10 amino acid changes in the spike 
protein15,16. The three important amino acid changes 
were K417T, E484K, N501Y. These mutations led to 
higher transmissibility and decreased neutralization 
efficacy with vaccines or convalescent sera.

E484K was responsible for vaccine escape and both 
K417T, N501Y help in easy binding with human cells, 
thus leading to increased transmission.17,18

The P.2 variant also known as Zeta variant was re-
ported in Rio de Janeiro. The five P.2-specific muta-
tions are: E484K in S-gene, A119S in N-gene, 5’UTR 
C100U, L3468V and synC11824U in ORF1ab-gene.

DELTA VARIANT(B.1.617.2)
Delta variant is a sub lineage of B.1.617 vari-

ant.B.1.617 variant was the most common variant 
prevalent in India during the second wave. It was first 
detected in Maharashtra in October 2020. Though 
B.1.617 has around 13 mutations but it is known as 
“double mutant” as it has two major mutations:

a)E484Q: The E484K mutation in these variants 
is considered an “escape mutation” because it en-
ables SARS-CoV-2 to evade immune protection with 
monoclonal antibodies, which may decrease the effec-
tiveness of vaccines.

b) L452R: This mutation causes immunological 
escapes.

A third mutationP681R which is a substitution at 
position 681 may increase the cell infectivity of the 
variant.19

B.1.617 variant of SARS-CoV2 has three sub types 
or sub-lineages: (B.1) 617.1, 617.2 and 617.3.B.1.617.2 
has been renamed as Delta variant and B.1.617.3 
has been called Kappa variant. The mutations L452R 
and E484Q were peculiar to lineage B.1.617.1 and 
B.1.617.3 while L452R and T478K were expressed in 
lineage B.1.617.2. 20

In case of all the three sub-lineages, Delta variant 
has the ability to reduced antibody efficacy and re-
duced neutralisation by vaccine sera.21,22

Delta variant has increased transmissibility and is 
twice as easily spreading as alpha variant. It can lead to 
exponential spread and easily overburden health care 
systems which was truly witnessed during the second 
wave in India. It has around 23 mutations out of which 
twelve are in spike protein. From various studies it 
is seen that the delta variant 108% increased risk of 
hospitalization, 235% enhanced severe cases leading 
to ICU admission, and fatality rate increase of about 
133% 21,22

The highly infectious Delta variant (B.1.617.2) of 
Covid-19 has been mutated into a more virulent ver-
sion AY1 or Delta plus. Delta Plus (AY.1) variant is re-
sistant to monoclonal antibodies cocktail. It is charac-
terized by 666K417N, V70F and W258L mutations. In 
India Covaxin vaccinated individuals showed reduced 
neutralisation to Delta Plus variant. It was also report-
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ed to resist monoclonal antibodies. It was seen that it 
presents greater transmissibility due to greater affinity 
to the mucosal lining of lungs.23

OMICRON VARIANT (B.1.1.529,21K)
A new variant of concern Omicron has been de-

tected in several countries. First detected in South Af-
rica, Botswana and Gauteng province it is believed to 
be more transmissible than Delta. It takes about 2 to 
4 days to develop disease. It is a new variant of SARS-
CoV-2 that has recently been reported from South Af-
rica on 24th November 2021 and called as B.1.1.529 or 
Omicron. The variant has shown more than 60 mu-
tations.24,25 The critical mutations in spike protein are 
G339D, S371L, S373P, S375F, K417 N, N440K, G446S, 
S477 N, T478K, E484A, Q493R, G496S, Q498R, 
N501Y, and Y505H.25 The CDC has highlighted four 
key mutations that may aid transmission: N501Y, 
H655Y, N679K, and P681H, the last of which has 
also been found in the alpha variant, while a different 
mutation at this position (P681R) is found in delta. 
Current PCR testing does detect the variant, although 
several laboratories have said that one widely used test 
doesn’t detect one of the three target genes (S). This is 
the same gene dropout that was seen with the alpha 
variant in late 2020.26 WHO has said that this dropout 
can be used as a marker for the omicron variant before 
confirming with gene sequencing. NCDC also reports 
a subvariant of Omicron that is stealth variant which 
is spreading.27 

As per WHO BA.1., B.A.1.1 and B.A.2 are the 
commonly found sublineages of Omicron. Hospi-
talisations are increasing but fraction is less as com-
pared to delta wave. It is for sure that the variant is 
superspreading as we see in the exponential increase 
in cases, but the severity of clinical presentation is 
quite less. It will be premature to comment on vac-
cine efficacy impact and vaccine effectiveness as the 
studies are ongoing.

To monitor the genomic variations, Health Minis-
try and Department of Biotechnology (DBT) togeth-
er with Council for Scientific & Industrial Research 
(CSIR) and Indian Council of Medical Research 
(ICMR) has established a Consortium of 10 National 
Laboratories in December 2020. Now there are 28 labs 
at present who are undergoing gene sequencing. 

The samples are transported to the Regional Ge-
nome Sequencing Laboratories, where the genomes 
are sequenced and identified.

FUTURE PERSPECTIVES
It has been speculated that current vaccines will 

definitely decrease the disease severity, 
not reducing the risk of reinfections though. It has 

been discovered by scientists that virus is more like-
ly to mutate in regions with lower vaccination rates. 
Laboratory investigations on Pfizer‐BioNTech vac-
cines show a high level of protection from the Omi-
cron variant with threedoses.28Only the booster dose 
can increase the neutralizing antibody titers by 25‐fold 
compared with the other two dose Pfizer and other 
mRNA vaccines have been essential in launching mass 
vaccination campaigns in the United States and world-
wide.29

CONCLUSION
COVID has resurged and caused devastating threat 

to economy and global medical health system. The 
emergence of newer variants producing infections and 
reinfections all the more emphasizes on adaptation 
of COVID appropriate behaviour. Wearing masks by 
default, maintaining social distancing, hand hygiene, 
ventilation and vaccination is the ultimate key to re-
duce transmission of SARS-CoV-2. Vaccination is the 
only public health initiative which provides a ray of 
hope in the never-ending tunnel. Ongoing researches 
regarding vaccines and their efficacies and novel treat-
ment plans will definitely help us win the battle over 
COVID. 
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Abstract
Objectives: Study was conducted to evaluation effect of Aten-
olol plus Amlodipine on blood glucose level and lipid profile in 
essential hypertensive patients.
Materials and Methods: A Prospective Observational study 
was conducted at tertiary care teaching hospital which includ-
ed a total 165 patients with essential hypertension. The demo-
graphic and baseline data, Random blood sugar level and lipid 
profile of the patients were recorded. After baseline investiga-
tion of each parameter of the patients were subsequently mon-
itored and reassessed at 4th week, 8th week and 12th weeks of 
interval during each follow-up.
Results: Total 165 Patients were receiving Atenolol plus Am-
lodipine showed a significant increase Random blood sug-
ar level and lipid profile (Total cholesterol, Total triglyceride, 
Low-density lipoprotein, Very-low density lipoprotein, and High 
density lipoprotein) except HDL (High density lipoprotein) which 
was significant reduced at the end of 4th, 8th and 12th weeks of 
interval as compared to their baseline data. 
Conclusion: The Finding of the present study was that the 
effect of Atenolol plus Amlodipine on Random blood sugar 
level, Total cholesterol, Total triglyceride, Low-density lipopro-
tein, Very-low density lipoprotein, significant increase (p-value 
<0.0001) at the end of 12 week of treatment therapy from base-
line data. HDL was significant reduced (p-value <0.0001) with 
the treatment of Atenolol plus Amlodipine at the end of treat-
ment from baseline data
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Hypertension is the most prevalent, complex quan-
titative trait which is characterized by chronic increase 
in the blood pressure<140/90mm Hg. Because of the 
associated morbidity and mortality and the cost to so-
ciety, hypertension is an important public health chal-
lenge.1 High blood pressure is one of the known risk 
factors for stroke, coronary artery disease, congestive 
heart failure, end-stage renal and cerebrovascular dis-
ease. About one billion of the world’s adult population 
suffered hypertension in the year 2020; but this data 
is expected to increase by 29% which is 1.56 billion by 
the year 2025.2 Increase blood pressure is directly re-
sponsible for 57% of all deaths due to stroke and 24% 
of all deaths due to coronary heart disease.3 Treatment 
of increase blood pressure at an early stage has been 
associated with 40% reduction in the risk of stroke and 
15% reduction in the risk of myocardial infarction.4

The current European Society of Hypertension 
(ESH) and European Society of Cardiology (ESC) guide-
lines define hypertension as BP>140/90 mmHg and 
recommend a treatment target of <140/90 mmHg and 
<130/80 mmHg in the general hypertensive population 
and in patients with diabetes mellitus (DM) respectively.5

Initial treatment can reverse and decrease the com-
plications like stroke, coronary artery disease, conges-
tive heart failure, and other cerebrovascular disease 
which is associated with hypertension. The different 
type of antihypertensive drug is available for the treat-
ment of increase blood pressure which is include thi-
azide diuretics, beta-blockers, calcium channel block-
ers (CCBs), angiotensin-converting enzyme (ACE) 
inhibitors and angiotensin receptor blockers (ARBs). 
Beta Blockers are widely used in the clinical manage-
ment of hypertension. β-blockers have long been con-
sidered as first line antihypertensive drugs. A number 
of clinical trials such as STOP, CAPP, NORDIL and 
JNC 7 recommend β blockers in the initial manage-
ment of hypertension.6,7,8 Atenolol, a β1-blocker, is a 
commonly used antihypertensive agent, and has often 
been used as a reference drug in a number of clinical 
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trials.9 However, the question arises about the status of 
this drug as a reference drug in comparison with oth-
er antihypertensive drugs, because of its undesirable 
effects on lipid profile, blood sugar, and heart rate of 
patients.10,11

The newer 3rd generation β -blocker, nebivolol, is 
found to be more cardioselective, and has a vasodilat-
ing effect on resistance arteries.12 This drug is endowed 
with peripheral vasodilating properties mediated by 
endogenous production of nitric oxide.13 Recently, it 
has been well studied that pharmacogenomics has a 
greater impact on the therapeutic effect of the drug. 
It has been shown improved tolerability profile with 
respect to adverse effects commonly associated with 
other β-blockers.14

MATERIAL AND METHODS

Study Design and Site
Observational study which was conducted in De-

partment of Pharmacology at Santosh Medical College 
and Hospital Ghaziabad in collaboration with and FH 
Medical College and Hospital Agra, Utter Pradesh en-
titled “Effect of Atenolol plus Amlodipine on blood 
sugar level and lipid profile in patients of essential 
hypertensive patients”

Study population
Total 165 Newly – diagnosed Patients of Hyperten-

sion (Age 18 – 80 yrs of both genders) From Medicine 
OPD of F.H. Medical College and hospital.

Methodology
After initial screening among the patients, their 

socio-demographic data regarding Age, Sex, Educa-
tion status, Socioeconomic status, were recorded in a 
case form. Blood glucose and lipid profile, of patients 
estimated at baseline. After baseline investigation 
patients was receive Atenolol 25 mg plus Amlodip-
ine 5 mg OD. 

Patients under the study was subsequently moni-
tored and reassessed at 4-week, 8 week and 12 weeks, 
during each follow-up.

Statistical Analysis – Frequency and percentages 
have been used to represent categorical variable. Mean 
and Standard variation has been used to represent 
the continuous variables. For intra group comparison 
repeated measures ANOVA has used. The data were 
analyzed using SPSS Software (IBM Corp. Released 

2013. IBM SPSS Statistics for Windows, Version 28.0. 
Armonk, NY: IBM Corp.).

Result and Observations 

Table – 1 
Effect of Atenolol plus Amlodipine on Random blood sugar lev-
el (mg/dl)

S.No. Parameter Atenolol plus Amlodipine 

RBG (mg/dl)

1 Baseline 92.84±8.23

2 After 4 week 98.25±9.36

3 After 8 week 100.99±9.60

4 After 12 week 104.78±12.29

5 p-value <0.0001

 

Table – 2 
Effect of Atenolol plus Amlodipine on Total cholesterol level 
(mg/dl)

S.No. Parameter Atenolol

TC (mg/dl)

1 Baseline 181.06±41.08

2 After 4 week 182.67±39.81

3 After 8 week 190.47±40.34

4 After 12 week 193.12±39.84

5 p-value <0.0001
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Table – 3 
Effect of Atenolol plus Amlodipine on Total Triglycerides level 
(mg/dl)

S.No. Parameter Atenolol
TG (mg/dl)

1 Baseline 131.22±37.58
2 After 4 week 134.99±36.79
3 After 8 week 141.70±34.71
4 After 12 week 144.49±34.29
5 p-value <0.0001

 

Table – 4 
Effect of Atenolol plus Amlodipine on High-density lipoprotein 
level (mg/dl)

S.No. Parameter Atenolol
HDL (mg/dl)

1 Baseline 45.40±6.88
2 After 4 week 44.61±6.44
3 After 8 week 43.45±6.07
4 After 12 week 42.62±5.86
5 p-value <0.0001

 

Table – 5 
Effect of Atenolol plus Amlodipine on Low-density lipoprotein 
level (mg/dl)

S.No. Parameter Atenolol
LDL (mg/dl)

1 Baseline 109.42±42.30
2 After 4 week 111.06±40.29
3 After 8 week 118.67±41.25
4 After 12 week 121.60±40.20
5 p-value <0.0001

 

Table – 6 
Effect of Nebivolol and Atenolol Very-low density lipoprotein 
level (mg/dl)

S.No. Parameter Atenolol
VLDL (mg/dl)

1 Baseline 26.24±7.51
2 After 4 week 27±7.35
3 After 8 week 28.34±6.94
4 After 12 week 28.90±6.85
5 p-value <0.0001

 

Discussion 
Sympatholytic drugs like beta blockers are consid-

ered safe and effective as first line medicines in the 
management of hypertension. According to the new-
er treatment guideline for the treatment of increase 

blood pressure from National Institute for Health and 
Clinical Excellence (NICE) and the British Hyperten-
sion Society (BHS) give recommendation based on 
the evidence of various studies of atenolol as mono 
therapy or fix dose combination with diuretics causes 
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increases the risk of new onset diabetes mellitus than 
other medicines such as ACE inhibitors, angiotensin 
receptor blockers, and calcium channel blockers so “ 
beta blockers should no longer be used as first-line 
drugs for the treatment of uncomplicated hyperten-
sion.” Hence, β-blockers are now reserved as third- or 
fourth-line treatment option Due to the adverse effect 
on carbohydrate and lipid metabolism.

In our study (table and figure no.1) Observed that 
the effect of Atenolol plus Amlodipine on Random 
blood glucose level during different time period. The 
values of are represented as mean ± SD. in Random 
blood glucose (RBG) at the end of each week at 4, 8 and 
12 week 98.25±9.36, 100.99±9.60 and 104.78±12.29 as 
compared to the baseline (92.84±8.23) respectively, 
which was significant increase at the end of 12 week. 
Similar observation was found in study done by Badar 
VA, Hiware SK et al in 2011 shown that the effect of 
Atenolol on blood sugar level was increase at the end 
of 24 week of treatment from the baseline data which 
was similar to my study.15

Present study (table and figure no.2) reveled that 
the effect of Atenolol plus Amlodipine on Total cho-
lesterol level during 4,8, and 12 week from the baseline 
data. The values of baseline TC was 181.06±41.08, after 
4 week of the treatment it was increase 182.67±39.81, 
after 8 week value of TC was 190.47±40.34, and at the 
end of the treatment 12 week total cholesterol was 
193.12±39.84, which was significant increase from the 
baseline data. Similar result found in other study con-
ducted by Bhosale VV, Inamdar SC et al.16

In other parameter in present study (table and fig-
ure no.3) the effect of Atenolol plus Amlodipine in To-
tal triglyceride level was increase with the timing of the 
treatment. Baseline data was 31.22±37.58 which was 
increase after 4 week of treatment with Atenolol plus 
Amlodipine 134.99±36.79, after 8 week 141.70±34.71 
and at the end of the treatment total triglyceride value 
was 144.49±34.29 which was statistically significant 
from the baseline data 131.22±37.58. Our study re-
sults are also similar with other study done by Pollare 
T, Lithell H et al.17

Observations of the present study (table and figure 
no.4) find that the effect of Atenolol plus Amlodip-
ine on HDL. Baseline data was 45.40±6.88 which was 
slightly decrease after 4 week of treatment 44.61±6.44, 
after 8 week of the treatment the result was 43.45±6.07 
and at the end of the 12 week of treatment HDL value 
was 42.62±5.86 which was significant decrease from 

the baseline data 45.40±6.88 to 42.62±5.86 at the end 
of 12 week of treatment. Study conducted by Smith 
SM, Gong Y et al.18 was slightly similar to present study.

Present study (table and figure no.5) reveled that the 
effect of Atenolol plus Amlodipine significant increase 
the level of LDL at the end of 12 week of treatment, 
result was after 4 week 111.06±40.29, after 8 week 
118.67±41.25, and after 12 week 121.60±40.20, as com-
pared to the baseline 109.42±42, which was similar to 
other study done by Sourgens H, Schmidt J et al.19

In our study (table and figure no.6) shown that 
the effect of Atenolol plus Amlodipine in VLDL. The 
baseline data was 26.24±7.51 which was increase after 
4 week of treatment with Atenolol plus Amlodipine 
27±7.35, after 8 week of the treatment the result was 
28.34±6.94, and at the end of the 12 week of treatment 
VLDL value was slightly increase 28.90±6.85, which 
was significant from the base line data 28.90±6.85 
similar result find in old study done by Schmitz G, 
Stumpe KO et al.20 Limitations of the present study 
include poor randomization and insufficient control 
over sequence generation and allocation conceal-
ment.21 Progressive development in tissue engineering 
may pave a way for further development.22 

Conclusion
Atenolol treatment was associated with a signifi-

cantly increase random blood sugar level, and lipid 
profile patients with essential hypertension.
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ABSTRACT
AIM. To study the use of sputum and broncho alveolar lavage 
(BAL) for CBNAAT, as an adjunct in the diagnosis of pulmonary 
tuberculosis, in sputum AFB smear negative patients.
OBJECTIVE. To calculate and compare the yield of sputum Car-
tridge Based Nucleic Acid Amplification Test (CBNAAT) and BAL 
CBNAAT in sputum AFB smear negative patients.
MATERIALS and METHODS. 50 Patients with respiratory symp-
toms which are suspected of pulmonary tuberculosis with Chest 
X-ray showing changes consistent with active pulmonary TB 
and Sputum negative for AFB on two samples were subse-
quently subjected to sputum CBNAAT, in which 23 out of 50, 
came out to be positive (46% yield).
The remaining 27 patients were subjected to bronchoscopy 
and the BAL was sent for CBNAAT, in which 23 patients came 
out as positive (Yield 85%).
CONCLUSION. Sputum CBNAAT and BAL CBNAAT prove to be 
useful adjuncts in the diagnosis of presumptive PTB patients 
who are sputum AFB smear negative. BAL CBNAAT has higher 
yield than sputum CBNAAT. 
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INTRODUCTION
Tuberculosis (TB) is a disease that is a major com-

municable disease caused by the bacterium Myco-
bacterium tuberculosis and spread by air droplets. 
In India, 1.8 million TB cases were notified in 2020 
with Uttar Pradesh, being the highest contributor 
with 366,709 cases (20.30% of total)1. Tests for diag-
nosis of TB disease include sputum smear microsco-

py, rapid molecular tests and AFB culture remains the 
gold standard. Mortality rate for untreated TB is high. 
Studies indicate that in the absence of treatment with 
anti-TB drugs, nearly 70% of individuals with sputum 
smear positive pulmonary TB died within a decade 
of being diagnosed, as did about 20% of people with 
smear negative but culture positive pulmonary TB2.

CBNAAT is a molecular test which detects the DNA 
in tuberculosis bacteria. It uses sputum samples and 
can give results in less than two hours. Main advantag-
es of CBNAAT are reliability when compared to spu-
tum microscopy and the speed, when compared with 
the culture test. For diagnosis of tuberculosis, although 
sputum microscopy is quick and cheap, it is unreliable. 
It is very unreliable when patients are HIV positive. 
Although culture gives a definitive diagnosis, it takes 
six weeks to get results, rather than two hours, of the 
CBNAAT test. Another advantage is the speed of iden-
tifying rifampicin resistance. Normally it takes weeks to 
get any drug resistance rather than a couple of hours2.

This is prospective study, focuses on the yield of 
CBNAAT, at identifying TB cases, where sputum ex-
amination by AFB testing and CBNAAT, turned out to 
be negative. These patients were subjected to fiberop-
tic bronchoscopy and BAL collected. The BAL is then 
subjected to CBNAAT, which could identify more TB 
patients, that could have been missed, if left otherwise. 
The study was designed with the main of the use of 
sputum and broncho alveolar lavage for CBNAAT, as 
an adjunct in the diagnosis of pulmonary tuberculosis, 
in sputum AFB smear negative patients.

OBJECTIVE 
To calculate and compare the yield of sputum CB-

NAAT and BAL CBNAAT in sputum AFB smear neg-
ative patients.

MATERIALS and METHODS
A prospective study done in Department of Respi-

ratory Medicine, Santosh Hospital, Ghaziabad, Uttar 
Pradesh.

Inclusion criteria
1.Age>18years 
2.Patients with respiratory symptoms which are 

suspected of pulmonary tuberculosis – like cough for 
2 weeks or more, evening rise of temperature, short-
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ness of breath, loss of weight and loss of appetite with 
Chest X-ray showing changes consistent with active 
pulmonary TB.

3.Sputum negative for AFB on two samples.

Exclusion criteria 
1.Asthma 
2.Chronic obstructive pulmonary disease
3.Active haemoptysis 
4.Unstable angina 
5.Patients on anti -tubercular therapy.
Informed consent was taken from all included pa-

tients and the study was approved by Institutional Eth-
ics Committee.

The minimum required sample size was calculated 
to be 47 which was rounded off to 50 which was cal-
culated based upon the study done by Meghna et al.

Patients was enrolled from 1st of September 2020 
till the 1st of September 2021.

METHODOLOGY
Pre-requisite: history, clinical examination and its 

documentation. Investigations like chest X-ray, spu-
tum AFB, relevant blood investigations. Chest X ray 
abnormalities compatible with possible active disease 
such as cavitary lesions, consolidation, patchy fluffy 
shadows, infiltrates and miliary pattern were noted.

Sputum:
All patients in the study were negative for sputum 

AFB smear.
Sputum was collected from all these patients in a 

falcon tube and sent for Sputum CBNAAT examina-
tion via NTEP program.

Bronchoscopy:
Patients who were negative on sputum CBNAAT 

were then subjected to flexible bronchoscopy (Olym-
pus) after at least six hours of fasting, trans-nasally un-
der local anaesthesia with 2% lignocaine.

Broncho alveolar lavage was then performed by 
the instillation of 5 aliquots of 20 ml normal saline at 
room temperature through the working channel of the 
bronchoscope which was then aspirated into a suction 
trap.

The sample processing was done by collecting in 
a falcon tube and sent for CBNAAT examination via 
NTEP program.

After the procedure was finished, the patient was 
put under observation for the development of any 
complications like pneumothorax, haemorrhage, in-
fection and cardiac arrhythmias for 24-48 hours.

Statistical analysis:
Results of CBNAAT sputum examination of all 

patients and BAL CBNAAT examination of eligible 
patients were collected, yield was calculated and com-
pared.

RESULT
The present study included 50 patients of which 

32 (64%) were males and 18 females (36%). The age 
group of 18 to 40 years had 25 patients and 41 years 
and above, 25 patients. All the 50 patients were spu-
tum AFB negative. They were subsequently subjected 
to sputum CBNAAT, in which 23 out of 50, came out 
to be positive. Yield is 46%. The remaining 27 patients 
were subjected to bronchoscopy and the BAL was sent 
for CBNAAT, in which 23 patients came out as posi-
tive. Yield is 85%.

 
                    Pleural Effusion3                              Hilar Lymphadenopathy 3                              Pnemonia4 
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Significant correlation was found between, loss of 
appetite and sputum CBNAAT and between diabetes 
mellitus and sputum CBNAAT. In addition, correla-
tion was observed between, total leucocyte count and 
sputum CBNAAT and between findings suggestive of 
PTB in chest X ray and sputum CBNAAT. There ex-
isted correlation between diabetes mellitus and BAL 
CBNAAT.  

 

DISCUSSION
According to available literature, the sensitivity 

of sputum AFB smear microscopy is 80%.5 But it still 
leaves a large number of undiagnosed cases. Therefor 
a better methodology is needed as an adjunct in the 
diagnosis of TB. Hence this study has been conducted 
to see whether sputum CBNAAT and BAL CBNAAT 
fit this requirement. The present study of 50 sputum 
AFB smear negative patients, who were tested for spu-
tum CBNAAT for PTB, 23 came out to be positive, 
with a yield of 46%.

Ganesh Chandra Mohapatra et al, in their study 
found 31 out of 100 sputum AFB smear negative pa-
tients to be positive for sputum CBNAAT, with a yield 
of 31%.6 Elizabeth. K. Marlowe et al, in their study 
found 31 out 90 sputum AFB smear negative patients 
to be positive for sputum CBNAAT, with a yield of 
34%.7 Amiya Kumar Dwari et al, in their study on 94 
sputum AFB smear negative patients found 34% to be 
positive for sputum CBNAAT.8 Thitta Mohanty et al, 
in their study on 71 sputum smear negative patients, 
found 23 to be positive for sputum CBNAAT, with a 
yield of 32% 9. Meghna Patel et al in their study found 
48 out of 92 sputum smear negative patients to be 
positive for sputum CBNAAT for PTB with a yield 
of 52%.10 So, yield of Sputum CBNAAT in our study 
was comparable to those of other studies. Out of 27 
remaining patients who were sputum CBNAAT nega-
tive, all were subjected to bronchoscopy and BAL was 
taken sent for CBNAAT of which 23 came out to be 
positive with a yield of 85%. It is at par with study con-
ducted by Patil Shital et al on 250 sputum smear neg-
ative patients suspected of PTB on clinic-radiological 
basis who were tested for BAL-CBNAAT, of whom 228 
came out to be positive, with a yield of 91%.11

Jayamol Revendran et al in their study on 71 smear 
negative pulmonary tuberculosis suspects on clin-
ic-radiological basis found BAL fluid Gene-expert de-
tected MTB in 31% cases.12 Ria Shah et al in their study 
of BAL specimens of 51 patients with suspected pul-
monary tuberculosis who were smear negative found 
BAL CBNAAT positive in 25 patients, with a yield of 
49%.13 R.K.Panda et al 65 cases with suspected pul-
monary tuberculosis with negative results on sputum 
AFB smears on at least 2 samples, of negative sputum 
CBNAAT, were subjected to fibreoptic bronchoscopy 
and BAL was sent for CBNAAT, 29 came out positive 
with a yield of 45%.14 Dr C.R. Chaudhary et al con-
ducted a study on 140 patients suspected of PTB on 
clinic radiological basis, who were either negative for 
sputum smear AFB or who did not produce sputum, 
were subjected to FOB and BAL sent for CBNAAT, 
83 came out to be positive with a yield of 59%.15 So 
yield of BAL CBNAAT in our study was higher than 
those of comparable studies. The findings of the pres-
ent study are important owing to widespread impact 
of tuberculosis in community.16-18 However, owing to 
the limitations in the study design, the findings are to 
be interpreted wisely by readers.19 In future, genetic 
methods of diagnosis may pave a way.20 
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CONCLUSION
Present study was conducted to assess the useful-

ness of sputum CBNAAT and BAL CBNAAT as an ad-
junct in the diagnosis of sputum AFB smear negative 
patients who are suspected of PTB in clinic- radiolog-
ical basis. Out of 50 patients included in the study, all 
were subjected to sputum CBNAAT, out of which 23 
came out as positive giving an yield of 46%. The re-
maining 27 patients were subjected to BAL CBNAAT, 
from which 23 became positive, the yield being 85%. 
Therefore, from the present study it concluded that 1. 
Sputum CBNAAT and BAL CBNAAT prove to be use-
ful adjuncts in the diagnosis of PTB in patients who 
are sputum AFB smear negative. 2. BAL CBNAAT has 
higher yield than sputum CBNAAT.
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Abstract
Ganglion cysts are benign soft tissue formations arising from 
the joint capsule or tendon sheath containing mucinous fluid. 
Most common locations are on the dorsum of the wrist, palm, 
and the dorsolateral aspect of the foot. Ganglion cysts with-
in the knee joint are unusual findings and may produce clin-
ical manifestations which mimic internal derangement of the 
knee. We present here a case of 85-year-old female came with 
complaints of swelling near the right knee. On examination the 
swelling was seen in medial aspect of right knee about 7x8cm. 
Fine Needle Aspiration was done and 2ml of gelatinous ma-
terial obtained. Cytomorphological features are suggestive of 
Ganglionic cyst of Right Knee, which was then correlated and 
confirmed by MRI. Ganglion cyst of the knee usually present in 
locations atypical for popliteal cysts. It is important to derive the 
cystic nature of the lesion and its association with intra-articular 
diseases, for which FNAC plays an important role.

Keywords
Ganglion cyst, knee joint, FNAC, cystic lesion
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Introduction:
Ganglion cysts are the most common synovial 

cyst, fluid-filled sac or swelling. Most often, they de-
velop in the wrist, particularly in the dorsal part of the 
wrist and originate from the scapholunate interosse-
ous ligament. Ganglion cysts are often characterized 

by swelling accompanied with pain. They may also be 
asymptomatic. Women are three times more prone to 
develop ganglion cyst than men with a ratio of 3:1. It 
can occur at any age, but mostly between 20 – 50 years. 
Risk factors includes repetitive microinjuries due to 
overuse of the joint, previous traumas. Magnetic res-
onance imaging (MRI) and ultrasonography (USG) 
imaging techniques are used for diagnosis. 1,2

Aspiration is a simple and useful option for acute 
management. Aspiration appears to be significantly 
more successful in ganglia of the flexor tendon sheath 
of the hand with success up to 60% or 70% of the time. 
3 Surgical excision remains the gold standard for the 
treatment of ganglion cysts.

Case History:
A 85 year old female came with complaints of pain 

and swelling near the right knee. There was no history 
of trauma or any other exacerbating factor. She had 
been taking analgesics for last few months due to in-
termittent pain but there was no improvement.

Local examination was done, the swelling was 
seen in medial aspect of right knee, measuring about 
7x8cm, soft to firm in consistency, slightly mobile. 
Tenderness (+), Warmth (+).

 
Fig.1 

 
Fig.2
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FNAC was advised and consent obtained for the 
same.

On aspiration, 2ml of gelatinous material was aspi-
rated, smeared, stained with MGG and observed un-
der microscope.

Giemsa-stained smears showed several single lying 
cells resembling histiocytes with some distorted red 
blood cells in a mucoid background. No atypical cells 
seen. (Fig 3 & 4) Cytomorphological features are sug-
gestive of Ganglionic cyst of Right Knee.

Further, FNAC features were correlated with MRI 
findings.

 
Fig.3 

 
Fig.4 

Discussion:
The ganglion cyst is the most common soft tissue 

mass found in the hand and wrist. 4 They are cystic 
structure containing mucoid material. The most com-
mon cause of ganglion cyst is trauma (38% – 67%). 
The most common site is Dorsal aspect of the wrist, 

from the scapholunate ligament or scapholunate ar-
ticulation around 70% followed by Volar aspect of the 
wrist, from the radiocarpal joint or scaphotrapezial 
joint around 20% followed by Distal interphalangeal 
joint, hip, knee, ankle, foot, others around 10%. Their 
aetiology is unclear. Patient can present with complain 
of firm, rubbery, superficial mass which may form 
suddenly or gradually.

Although most of the ganglion cyst presents with 
no other symptoms except the appearance of a mass, 
if a cyst pressurizes on the nerves which passes across 
the joint, it can cause pain, tingling, and muscle weak-
ness. Painless large ganglion cysts can be distressful 
due to their appearance alone.

Location of the cyst plays a major role on the lim-
itation of joint movement with cysts. Limitation is not-
ed in cysts anterior to the cruciate ligament whereas 
flexion is mostly affected in cysts posterior to cruciate 
ligament. The clinical presentation is usually adequate 
for diagnosis, but ancillary tests are used for confir-
mation.

Ganglion cysts can lead to pressure-related pain 
as well as cosmetic concerns. Painless, non-growing, 
small ganglion cysts can be monitored with no inter-
vention because they may regress spontaneously. Be-
ing a benign condition prognosis for most of the pa-
tient is excellent. 

Treatment options include observation, aspiration, 
and surgical excision. Aspiration is most often com-
bined with some form of injection, electrocautery or 
multiple punctures. Volar ganglion cysts are harder 
to treat and more likely to recur than dorsal ganglion 
cysts. 5,6 Recurrence is rare after arthroscopic surgical 
treatment for ganglion cyst of the knee when com-
pared to other sites. Its recurrence rate is around 10 
– 15% after surgery. 7

The wide variety of treatments which have been 
developed are as a result of its frequent presentation 
to physicians and due to the lack of a satisfactory 
mode of treatment. Aspiration is a very useful and a 
simple option for acute management but appears to 
have a long-term impact on resolution. Currently due 
to emerging adjunctive measures, there is no benefit 
over aspiration alone. Surgery offers improved resolu-
tion of ganglia but is often an invasive method. 8

Cystic lesions are often revealed by MRI. In our 
case, the MRI finding showed a well-defined thick-
walled fluid signal intensity multi-loculated cystic le-
sion seen in medial aspect of the knee joint. They had 
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suggested a differential diagnosis of infected medial 
collateral ganglion cyst, chronic giant para meniscal 
cyst with secondary infection, which was then con-
firmed by FNAC.

Conclusion:
Ganglion cysts are common, benign, soft tissue 

swellings found around the joints. Their presence in 
the knee is uncommon, and very few case reports have 
been noted for this condition at this location. Due to 
an uncommon presentation in the knee, the ganglion 
cysts are often difficult to diagnose. Hence, an aware-
ness about the rare presentation of a ganglion cyst in 
the knee is necessary, to arrive at an early diagnosis 
and treatment.
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Abstract
Becker’s nevus is a rare non-cancerous hamartoma character-
ized by hyperpigmentation and hypertrichiosis with ill-defined 
borders. Becker’s nevus syndrome is an entity in which there is 
association of Becker’s nevus with few abnormalities like unilat-
eral breast hypoplasia, muscle, skin, and skeletal abnormalities. 
Here we present a case of 14 year old boy who presented with 
a large hyper pigmented dark brown patch on his upper back. 
The patient also had a triangular lesion on his lower back with 
increased hair growth, which was present since birth. X-Ray 
spine showed Bifid Spinous process of L4. Histopathological ex-
amination of the hyper-pigmented area showed findings which 
were consistent with Becker’s nevus.
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Introduction:
Becker’s nevus also known as Becker’s melanosis, 

was first described in 1949 by Becker.a It is an epider-
mal cutaneous hamartoma which is common in ado-
lescent men than women. The most common clinical 
presentation is the presence of multiple macules and 
is with hypertrichosis and hyperpigmentation. Com-
monly involved sites are trunk or shoulder and have a 
unilateral distribution.b In rare cases, this condition is 
associated with other skin features; muscular or skel-
etal features; or underdevelopment (hypoplasia) of 
the breast.3recertification, or practice. An extremely 
user-friendly full-color format, replete with full-color 

clinical photographs and other pertinent illustrations, 
makes it easy to locate and read up on any topic. Plus, 
full-text online access lets you consult the book from 
any computer, download all of the images, watch on-
line lectures, and more.Expert discussions and abun-
dant full-color photographs guide you through the 
diagnosis and management of the most important and 
commonly seen skin conditions.A highly user-friend-
ly full-color format and a consistent chapter template 
guide you effortlessly through all the information you 
need to know about any topic.Key Points call attention 
to the most important \”takeaways\” in each chap-
ter.Abundant algorithms streamline diagnostic and 
therapeutic decision making.The book’s compact size 
makes it equally convenient for reference in the office, 
clinic, laboratory, or break room.Full-text online ac-
cess lets you consult the book from any computer, per-
form quick searches, download all of the illustrations, 
and clip content for download onto your handheld 
device. You’ll also find online lectures from the chap-
ter authors, self tests, additional downloadable figures, 
and other exciting materials.Your purchase entitles 
you to access the web site until the next edition is 
published, or until the current edition is no longer of-
fered for sale by Elsevier, whichever occurs first. If the 
next edition is published less than one year after your 
purchase, you will be entitled to online access for one 
year from your date of purchase. Elsevier reserves the 
right to offer a suitable replacement product (such as 
a downloadable or CD-ROM-based electronic version

Case Report:
A 14-year-old boy, presented with complaints of 

large hyperpigmented dark brown patch on his up-
per back, which was increasing in size along with in-
creased hair growth on the lesion since 5 years. Initially 
the lesion appeared as a macule, which was gradually 
enlarging, but asymptomatic. The patient also had a 
triangular lesion on his lower back with increased hair 
growth, which was present since birth. X-Ray spine 
showed Bifid Spinous process of L4. Personal history 
and family history were nil significant. Biopsy of skin 
covering bit of tissue measuring 0.4cm was taken from 
the hyperpigmented area. Whole specimen processed. 
Histopathological examination was done and follow-
ing findings were noted. Epidermis showed slight 
acanthosis and regular elongation of rete ridges. In-
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ter-bridging of rete ridges was also seen. There was hy-
perpigmentation in the basal layer and melanophages 
in the upper dermis and also hyperpigmentation in 
the basal layer and melanophages in the upper dermis. 
Pilar structures were also increased in number. Based 
on histopathological findings, the diagnosis was con-
firmed as Becker’s Nevus. As the patient also had Bifid 
Spinous process of L4, the final diagnosis was given as 
Becker’s Nevus Syndrome.

Discussion:
Becker’s nevus is a benign and acquired lesion, pre-

senting mostly as a unilateral, well-demarcated, irreg-
ular shaped, hyperpigmented macule or patch, most 
commonly found on the shoulder region of males 
around the time of puberty.c It is associated with var-
ious developmental anomalies or structural defects 
such as ipsilateral breast hypoplasia, supernumerary 
nipples, short limb or other forms of limb asymmetry, 
scoliosis, hemivertebrae, cleft vertebrae, spina bifida 
occulta, pectus excavatum, etc.d

Although the etiology of Becker’s nevus remains 
uncertain, two main hypotheses have been proposed. 
First, the majority of cases are sporadic; familial 
grouping is very rare. Hence its genetic basis may be 
due to pattern. The other hypothesis is that the con- 

Fig.1 shows hyperpigmentation on the right upper back tuft of 
hair on his lumbar region(Faun tail Nevus)

 
Fig.2 X-ray showing bifid spinous process of L4

 

 
Fig.Fig3 & 4 showing High and Low power view of inter bridg-
ing reteridges, increased melanophages in the upper dermis 
along with increased pilar structures
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dition is a hormone dependent disorder where there 
is an increase in the number of androgen receptors 
in the affected areas, which explains the appearance 
of lesions in puberty and alterations such as hyper-
trichosis and acneiform eruptions postzygotic autoso-
mal lethal mutation which survives in a mosaic which 
are restricted to the affected regions.e Males are more 
commonly affected than females. Kim et al. has also 
documented a slight male According to a systematic 
literature review by Schneider et al., Becker’s nevi and 
the malformations may have a regional association. 
Similarly in our case, there was hyperpigmentation in 
the upper scalp region along with Bifid spinous pro-
cess in L4. There are few reports that have revealed 
its associated with keratinocyte carcinomas such as 
basal cell carcinoma and Bowen disease. All of these 
cases had developed cancerous lesions over the area 
of Becker nevus, which was not a sun-exposed site 
and was seen in a low-risk patient.f dominance among 
children less than 18 years of age. Hence overall, be-
ing an androgen-dependent disorder, this syndrome 
is more common in males, but more easily diagnosed 
in females.e

Conclusion:
Based on histopathological findings the diagnosis 

of Becker’s Nevus is confirmed. The patient also pre-
sented with Bifid Spinous process of L4, making the 
final diagnosis to be Becker’s Nevus syndrome. Al-

though this is a benign entity, according to few studies, 
it has been associated with keratinocytic carcinomas, 
hence early diagnosis and long term follow up should 
be encouraged in order to prevent the development of 
malignant lesion.
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Introduction
Malnutrition is a frequent concomitant of surgical 

illness. About 50-60% of patients admitted to General 
Surgery wards are malnourished on admission. One of 
the most readily available and clinically valuable pa-
rameters is serum albumin. It predicts perioperative 
and postoperative morbidity and mortality. Malnour-
ished patients have an increased risk of complications 
and death.[1]

Serum Albumin
Structure – Human serum albumin is a protein of 

585 amino acids with a relatively low molecular weight 
of 66 kD. It is a simple monomeric protein without 
prosthetic groups or carbohydrates. Albumin is the 
most abundant plasma protein accounting for 50-60% 
of the total plasma protein.[2]

Synthesis and distribution – The albumin syn-
thesis genes are located on chromosome 4, at posi-
tion 4q11-13, close to the centromere of the long arm. 
The liver is the single source of albumin[3], of which 
the average total body albumin (+/- 280gm in a 70 
to 75kg individual) is distributed in the intravascular 
compartment (40%, 120gm) where the concentration 
of human serum albumin is about 3.5-5gm/dL under 

normal circumstances. remaining 60% (160gm) is 
predominantly extravascular protein.[4]

Catabolism – A steady state exists between albu-
min synthesis and catabolism. Serum Albumin has a 
half-life of 17-19 days. breakdown happens in muscle 
and skin (40-60%), liver (10-15%), kidney (10%) and 
rest in bone marrow, endothelial surface etc. Amino 
acids are the final breakdown product.[5]

Functions – (1) Maintenance of colloidal osmot-
ic pressure (2) Antioxidant activity (3) Transport of 
compounds by ligand binding (4) Enzymatic proper-
ty (5) Anti-inflammatory activity (6) Antithrombotic 
role (7) Maintenance of microvascular integrity (8) 
Plasma buffer function.[6]

Hypoalbuminemia is defined as serum albu-
min <3.5gm/dL. Causes of postoperative hypoalbu-
minemia – (1) Redistribution (2) Overhydration (3) 
Turnover (4) Loss (5) Lymphatic Clearance. Postop-
erative hypoalbuminemia occurring after the surgery 
is known to be inversely correlated to various post-
operative outcomes, such as length of stay, SSI, AKI, 
mortality etc.[7]

Nutritional Assessment
The primary aim of providing adequate nutrition 

in patients undergoing surgery is to prevent or reverse 
the catabolic effect of disease or injury. The efficacy of 
nutritional regimens has been determined by several 
important biological parameters but the ultimate sub-
stantiation for nutritional support in surgical patients 
should be the improvement in clinical outcome and 
restoration of function. Protein depletion results in 
delayed wound healing.[8]

A comprehensive nutritional assessment comprises 
of the following – (1) History (2) Physical examination 
(3) Anthropometric measurements (4) Laboratory inves-
tigations {a} Serum albumin level {b} Serum prealbumin 
level {c} Serum transferrin level (5) Immune function.[9]

Nutritional indices provide means of objective 
comparison and risk stratification among patients. 
These include – (1) BMI (Quetelet’s Index) (2) Prog-
nostic nutritional index (3) Nutritional risk index (4) 
Catabolic index[10]

Starvation
Hepatic glycogen is exhausted after overnight fast-

ing because of decreased plasma insulin and a rise in 
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glucose levels. After a day’s fast, Carbohydrate stores 
are depleted and muscle glycogen is consumed after 
hepatic glycogen. hepatic glucose metabolism must 
satisfy the energy demands of the hemopoietic and the 
central nervous system, particularly the brain which 
is dependent on glucose oxidation during acute star-
vation. within approximately 10 days of starvation, 
the brain adopts the use of fat as it’s fuel source there 
after brain relies on keto acids produced by the liver. 
this has a protein-sparing effect. relative protein pres-
ervation, changes in fuel consumption and a decrease 
in the basal expenditure of energy are the adaptive 
changes to starvation (up to 30%).[11]

Sepsis, trauma and major operations resulting in 
the interaction of endocrine and metabolic respons-
es are divided into three phases – (1) Catabolic phase 
(2) Early anabolic phase (cortical withdrawal face) (3) 
Late anabolic phase

Wound Healing
Healing is a proliferative reaction that restores 

tissue integrity. it involves the following process-
es – (1) Induction of an inflammatory process in 
response to the initial injury with the removal of 
damaged and dead tissue (2) Proliferation and mi-
gration of parenchyma and connective tissue cells 
(3) Formation of new blood vessels (angiogenesis) 
and granulation tissue (4) Synthesis of extracellular 
matrix proteins and collagen deposition (5) Tissue 
remodelling (6) Wound contraction (7) Acquisition 
of wound strength.[12]

Wound healing phases involve – (1) Inflammation 
and haemostasis (2) Proliferation (3) Maturation and 
remodelling

Factors that interfere with wound healing – (1) 
Older the patient, the slower the healing (2) Malnu-
trition (3) Infection (4) Diabetes mellitus (5) Obesi-
ty (6) Medications like chemotherapeutic drugs and 
NSAIDs (7) Stress – physiological and psychological 
(8) Immunosuppression (9) Radiation therapy (10) 
Cigarette smoking (11) Local factors[13]

Surgical Site Infection
SSI is defined by the Centre for Disease Control 

and Prevention as one that can occur on any post-op-
erative day ranging from 0 to 30 days to as late as 1 
year in procedures such as implantation of mesh.[14]

SSI can be classified as – (1) Incisional superficial 
SSI (2) Incisional deep SSI (3) Organ/space related

According to the degree of contamination, surgical 
wounds can be classified as – (1) Clean (2) Clean con-
taminated (3) Contaminated (4) Dirty[15]

Nutritional assessment is essential for identifying 
patients who are at risk of developing complications 
related to significant malnutrition. A dietary histo-
ry, physical examination (including anthropometric 
measurements), and relevant laboratory findings are 
the appropriate tools needed for an accurate evalu-
ation of a patient’s preoperative nutritional status. 
A serum albumin level >3 gm/dL suggests adequate 
protein stores.[16] It forecasts morbidity and mortality 
during surgery. The most relevant laboratory test for 
identifying protein-calorie undernutrition is serum 
albumin. Low serum albumin levels are common in 
patients with severe protein depletion and are associ-
ated with suboptimal clinical outcomes.

Due to the delayed recovery of bowel function 
caused by hypoalbuminemia, post-operative problems 
after procedures for colonic pathologies and other ma-
jor GI surgeries are directly linked to this condition. 
The function of albumin in maintaining homoeostasis 
is well established, but its deficiency and the adverse 
consequences it has on critically ill patients, particu-
larly those who have had major surgery like laparoto-
mies, are still poorly understood. Wound infection 
and remote infections (such as pneumonia and anas-
tomotic leaks) are frequently encountered in hypoal-
buminemia patients. Malnourished patients are more 
likely to experience problems and face death.
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ABSTRACT
The department of transfusion medicine, also known as blood 
bank, is one of the most important parts of a healthcare facility. 
It provides whole blood as well as different blood components 
like packed red blood cells (RBCs), thrombocytes, plasma, and 
coagulation factors to all necessary patient populations. Almost 
all major surgeries require it and only 2.5 billion of the 5 billion 
blood units required by our country each year are available. 
Because human blood cannot be replaced; the gift of life is 
given through the optimum use of blood and its components. 
According to the study, the demand for screened blood is very 
high, and the world requires blood every two seconds. When 
a patient is admitted to a hospital’s emergency ward, a blood 
test is almost always performed first and is usually followed by a 
blood request. Gunshot wounds and unintentional injuries ne-
cessitate immediate medical attention, including blood trans-
fusions to compensate for low blood pressure and significant 
blood loss. A hospital would be considered incomplete without 
a state-of-the-art blood bank, which significantly facilitates car-
diac procedures. Cross-matching and organizing at least five 
units of packed RBCs is a scheduled step in cardiac surgery. 
Simultaneously, one donor is cross-matched and tested for 
all parameters, including infectious markers, and its blood is 
drawn first when needed during cardiac surgery. After that, the 
arranged blood units are supplied for transfusion. This hap-
pens because freshly drawn blood contains all of the essential 
components for coagulation. Burns, hemorrhagic disorders, 
anemia, leukemia, thalassemia, and hemolytic disorders, as well 
as accidents, all necessitate the use of blood. Patients are trans-

fused with blood on an exchange basis. During an emergency, 
blood units are released from the blood bank, and replace-
ment blood is drawn from the patient’s relatives. Because of 
this system of blood unit replacement, many patients’ relatives 
are hesitant to donate blood or do not have donors for re-
placement. This gave rise to one of blood banks’ most unethi-
cal practices: bringing in paid donors or professional donors to 
donate blood for patients in exchange for money. This became 
a major issue for the entire medical community, resulting in the 
spreading of diseases such as HIV, HBsAg, HCV, SYPHILIS, and 
blood with low hemoglobin levels being transfused to patients 
with no clinical benefits.

Keywords
Healthcare, professional, Donor, Blood, Surgery, Transfusion

Imprint
Ajit Pal Singh, Jyoti Batra, Rahul Saxena, Suyash Saxena, 
Chandan Kumar. Alarming rise in professional Blood do-
nors and its repercussions. Cardiometry; Special issue No. 
25; December 2022; p. 1394-1396; DOI: 10.18137/cardiome-
try.2022.25.13941396; Available from: http://www.cardiometry.
net/issues/no25-december-2022/alarming-rise-professional

Introduction
At the launch of NDTV’s Swasth India, Big B, or Mr. 

Amitabh Bachchan, a megastar of Bollywood, gave a tes-
timony, “I keep using my personal example all the time 
and try to preach the idea of getting yourself properly 
screened.” I am a Hepatitis B and tuberculosis survivor 
who had an untested blood infusion that left 75% of my 
liver destroyed. However, because I was able to detect it 
even after 20 years, I am still able to function on 25% of 
my liver. Blood transfusions save millions of lives, but 
unsafe transfusions also put millions of people at risk 
for TTIs (transfusion-transmissible infections). A per-
son to be bled needs to be in good physical and mental 
health and free from communicable diseases (Makroo 
et al., 1996). Age and weight requirements must be be-
tween the ages of 18 and 65 and weigh at least 50 kilo-
grams. The pulse rate was consistently between 50 and 
100. Minimum hemoglobin concentration is of 12.5 g/dl 
(Singh et al., 2022). But professional donors hardly meet 
such criteria, they belong to a society where homelessness 
and drug addiction are prevalent (Chattopadhyay et al., 
1991).The addiction is so severe that they can go to any 
extent and donating blood is the easiest thing they can 
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get due to the apprehensive nature of most of the patient’s 
attendants and relatives due to lack of proper knowledge.
As per the state drug authorities’ guidelines, a donor 
can repeat the blood donation only after three months. 
They come to the blood bank, camouflaging themselves 
as patients’ relatives, hiding their personal identities and 
filling out the donor form with falsified information, 
and donating blood. Paid donors are prohibited in the 
country as of January 1, 1998, according to our Honor-
able Supreme Court decision. The lack of proper knowl-
edge and patients’ apprehension about donating blood 
is the key to such illegal activities, especially in the most 
remote areas where disease awareness is minimum and 
the lack of availability of proper voluntary donors, pro-
motes such crimes. According to a Times of India arti-
cle from November 28, 2007, professional blood donors 
may soon end up in jail. According to the National Blood 
Transfusion Services Act 2007, which is being developed 
by the Union health ministry, blood donors who accept 
payment could be punished with a rigorous three-month 
prison sentence and a sizeable fine. Despite the fact that 
buying and selling blood is currently prohibited, com-
pensated blood donation is nevertheless a thriving in-
dustry according to a landmark Supreme Court decision 
on January 1, 1996. In India, voluntary blood donation 
camps account for 52.42 percent of all blood donations, 
according to a recent World Health Organization survey. 
The percentage was 45% in 2002, which means that over 
47.58% of all blood donations come from either paid do-
nors or family members. Then NACO director K Sujatha 
Rao, who is in charge of the committee writing the Act, 
told the Times of India that it will take another 8 to 12 
months to complete the Act’s final version, which aims to 
completely abolish compensated blood donations. Man-
mohan Lal Sarin, the Indian Society of Blood Transfusion 
and Immunohematology’s legal counsel, told the Times 
of India that this was a real legal gap. Despite the Supreme 
Court’s prohibition on paid donations, it did not specify 
a penalty. Under the pretext of being the patient’s family, 
paid donations are made. Such individuals are detained, 
beaten, and threatened, yet they are not detained in pris-
on. Under the recently passed Act, such business donors 
would now be subject to a three-month term and a rupee 
3,000 fine. said Sarin. He also stated that if blood banks 
are found guilty, their licenses will be revoked. According 
to Dr. Debashish Gupta, NACOs’ national programme 
officer for blood bank safety, it is easy to recognise a hired 
donor. Unfortunately, very few blood banks really require 
volunteers to be screened before donating blood. There 

are numerous studies being done on professional blood 
donors, and unsettling information is being gleaned from 
them (Singh et al., 2022). A new study shows the value 
and effectiveness of standard screening assays for HB-
sAg testing in blood donors used in many blood banks 
in NCT, India. A micro-ELISA method developed at the 
All India Institute of Medical Sciences was used to cross-
check and compare blood from professional donors who 
had already completed screening at blood banks (Wang 
and Jin, 1997). By employing a micro ELISA, it was dis-
covered that these professional donors carried HBsAg at a 
rate of 11.7% as opposed to just 6% in blood banks using 
Reverse passive haemagglutination assay and latex agglu-
tination assays. In comparison to micro-ELISA, blood 
bank assays were found to miss approximately 50% of 
HBsAg-positive cases. Results also revealed the presence 
of anti-HBs (Irshad et al., 1992). ELISA testing, which is 
highly effective in identifying such infectious blood, is 
now used by almost all NACO-supported blood banks 
(Singh et al., 2022). Numerous private hospitals, numer-
ous cutting-edge research labs, and blood banks all use 
the highly sophisticated technology known as nucleic 
acid testing (NAT) (Masood et al., 2007). It is a molec-
ular method of screening blood donations that adds an 
additional layer of blood safety by lowering the chance of 
recipients contracting transfusion-transmitted illnesses 
(TTIs) (Lawrey and Starr, 1959).

Methods to Identify Paid Donors
There are numerous ways to recognize paid do-

nations. They will have low blood levels and multiple 
puncture wounds on their arms. Due to the time need-
ed for the creation of new red blood cells, donors are 
only supposed to donate blood once every three months 
while professional paid donors donate blood week after 
week. It is the job of the technicians to spot suspect do-
nations. A hemoglobin test should be done and, simul-
taneously, a serious interrogation needs to be conduct-
ed with the donors and the patient’s relatives who have 
brought these donors prior to blood donation. There 
are various questionnaires that need to be filled out by 
the donor. The technicians need to check their Aadhaar 
cards, which should be made mandatory for every do-
nor to carry, and a proper record of every donor needs 
to be maintained. Every blood bank technician needs 
to be on alert if they see any repeated donors, as they 
can change their appearance too. The patient’s relatives, 
who claim such donors as their relatives, should be tak-
en to an isolated room and asked questions like, “Is he 
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really your relative or a paid donor?” and threatened 
that if anything suspicious is found, he will face dire 
consequences and be sent behind the bar. On the other 
hand, the suspicious donor must be interrogated rig-
orously, asking for the name of the patient’s father or 
mother, how many siblings the patient has, and if the 
patient’s sister is married, tell the name of her husband, 
and so on. Such donors can be aggressive at times, caus-
ing serious harm to the technician interrogating them. 
It is the responsibility of the blood bank’s medical offi-
cer in charge or technical supervisor to form an inter-
rogatory team capable of dealing with such paid donors 
effectively, and special security personnel must be ap-
pointed to assist the team.

Conclusion
Professional donors, or paid donors, are the re-

al-time epidemic that has infected society and has af-
fected mankind on a very serious note. Various dead-
ly diseases, infections, and life-threatening STDs have 
spread a lot due to this illegal activity, which is a big 
challenge for entire human populations globally. The 
Voluntary Blood Donation Program is the cornerstone 
for secure and high-quality blood transfusion services, 
according to K. Sujatha Rao, Additional Secretary & 
Director General National AIDS Control Organiza-
tion (NACO), Ministry of Health and Family Welfare, 
Government of India, because blood collection from 
unpaid volunteers is thought to be the safest. There was 
a perceived need to develop an operational strategy to 
supplement voluntary blood donation in the country. 
A special drive needs to be initiated to promote volun-
tary blood donations everywhere, especially in remote 
areas where giving blood is still taboo. People are afraid 
to give blood due to their lack of proper knowledge. 
It’s the responsibility of various healthcare agencies, 
NGOs, and community-based organizations to spread 
awareness about the benefits of blood donations. The 
apprehension of not giving blood or the myth which 
has surfaced in their belief that giving blood will cause 
weakness, etc., needs to be removed and a positive 
thought among the masses needs to be imparted. Every 
detail of blood donors, including their Aadhaar card or 
any other government identity card, needs to be sub-
mitted prior to blood donation, which should be made 
mandatory at every blood bank. A strict interrogation 
of suspicious blood donors needs to be conducted in 
every blood bank. Every blood bank needs to adhere 
strictly to WHO, NACO, and state drug authorities’ 

guidelines and strict action need to be taken against the 
culprits, whether they are paid donors or patients’ at-
tendants supporting such crime, which can land them 
in jail. Lastly, organizing blood donation camps needs 
to be made a mandatory practice for all the licensed 
blood banks, and all the blood banks should collabo-
rate with various NGOs, religious groups, colleges, and 
various companies with good manpower for organiz-
ing voluntary blood donation camps, which will enable 
them to gather a good number of blood units.
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Abstract 
Wilson’s illness is an autosomal dominant impairment of 
copper metabolism that results from the lack of or dys-
function of a copper-transporting P-type ATPase, which is 
expressed on chromosome 13. This ATPase is a component 
of the trans-Golgi network and is carried by hepatocytes. It 
transports copper into the secretory route where it is com-
bined with ceruloplasmin and excreted as bile. Affected 
people gradually develop copper accumulation in the liver 
since the only pathway for copper excretion in physiological 
settings is through biliary clearance. Hepatocytes experience 
cell death when their storage capacity is exceeded, which 
causes hemolysis, copper leakage into the plasma, and tis-
sue deposition. Children might experience rapid liver failure, 
silent cirrhosis, or chronic hepatitis. Among the neuropsychi-
atric symptoms induced by copper overload in the central 
nervous system that are frequently seen in young people 
are dystonia, tremors, temperamental disorders, and cog-
nitive deficiencies. Test results showing lower ceruloplasmin 
levels in serum, elevated urine copper concentration, and 
elevated intrahepatic copper percentage indicate Wilson’s 
illness. Because there are more than 100 distinct mutations 
and most people are compound heterozygotes, molecular 
genetic analysis is difficult. Copper treatment with penicilla-
mine is a successful therapy for the vast number of patients, 
and liver transplantation is beneficial in situations of chronic 
liver failure. The molecular genetic causes of Wilson’s disease 
have shed new light on the mechanisms governing cellular 
copper homeostasis.
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Introduction
It is a genetic condition marked by excessive organ 

copper buildup. Due to improper copper elimination in 
Wilson’s illness, copper can build up to potentially lethal 
levels. Symptoms start between the ages of 12 and 23. 
Swelling, exhaustion, stomach ache, and erratically or 
clumsily coordinated movements are some symptoms 
(Das and Ray, 2006). Medication that stimulates the or-
gans to release copper into the circulation is regularly 
used as a kind of treatment. The kidneys can get rid of 
it once it gets into the bloodstream. After several years 
of study, S. A. Kinnier Wilson successfully offered the 
first comprehensive, compelling explanation of both 
the pathological and clinical aspects of the occurrence 
which now bears his name. Our knowledge of Wilson’s 
sickness has been enriched by the contributions of many 
other people. Wilson’s disease’s characteristic rings of 
corneal pigmentation were first characterised by Kay-
ser in 1902 and by Fleischer in 1903 and 1912. Wilson’s 
illness and increased hepatic copper levels were linked 
by Rumpel in 1913, but it wasn’t until the research of 
Mandelbrote et al. and Cumings in 1948 that the mecha-
nism of copper homeostasis in Wilson’s illness was fully 
understood. Scheinberg and Gitlin, Bearn and Kunkel, 
and Frommer each made a diagnosis of ceruloplasmin 
deficiency in 1952 and reduced hepatic elimination of 
copper in 1974 for Wilson’s illness. Genetic diagnosis 
and treatment for Wilson’s illness have made tremen-
dous strides in recent years. Wilson’s disease is an un-
common autosomal-recessive disorder. It is common 
to estimate prevalence of Wilson’s disease at 30 cases 
per million (or one per 30,000) and fertility rates of 
one per 30,000 to 40,000. In the United States, there are 
600 cases of Wilson’s sickness, which affects 1% of the 
population, according to predictions. Despite being es-
sential for biological activity, free copper is exceedingly 
poisonous and therefore can permanently harm cells. 
Ingenious copper-binding methods have developed as 
a solution to this problem, ensuring the safe delivery of 
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needed copper to target locations and the correct re-
moval of excess copper via the biliary system (Sternlieb, 
1990). Copper transport is mediated by ceruloplasmin 
and the ATP7B protein. When six copper compounds 
are added to apoceruloplasmin to form ceruloplasmin, 
the ATP7B protein, which is commonly found in the 
trans-Golgi path that leads to hepatocytes, is involved. 
ATP7B, on the other hand, is redeployed to cytoplas-
mic vesicles in copper-rich surroundings, where it later 
transports more copper into the bile canaliculus and bil-
iary efflux. Wilson’s disease patients with ATP7B genetic 
variants have defective ATP7B proteins that are unable 
to carry out these functions. As a result, copper tends to 
accumulate gradually within the hepatocytes. The liver’s 
storage space is eventually exceeded, enabling unbound 
copper to leak out and end up in other tissues and or-
gans, causing harm and structural failure. Urinary cop-
per excretion greatly rises as additional copper leaves 
the liver, but it is not enough to make up for the defi-
ciency in biliary excretion. Wilson’s disease is assumed 
to be brought on by cellular damage brought on by the 
direct toxicity of too much copper. According to recent 
studies, an increase in copper results in a decrease in 
the XIAP protein, which speeds up caspase 3-initiated 
apoptosis and results in cell death. Wilson’s illness re-
sults in a deficiency in ATP7B-mediated copper integra-
tion into apoceruloplasmin, which leads to ceruloplas-
min insufficiency. Wilson’s condition may not always be 
apparent or identifiable due to this fault. Ceruloplasmin 
levels may be normal or slightly lower in up to 5% of 
Wilson’s disease patients, but they are generally lower 
(10% to 20%) in heterozygous people who are medically 
underdiagnosed (Ala et al., 2007).

Epidemiology
Wilson’s illness is a very uncommon inherited con-

dition. Estimates for prevalence range from 30 cases 
per million to one in 30,000–40,000 for incidence rates 
of conception. Wilson’s illness affects 1% of the popu-
lation in the United States, where there are reported-
ly 600 cases of the condition. (Gomes and Dedoussis, 
2016). In India, there are no studies on the incidence 
and prevalence of WD in the community. Most of the 
research were conducted in hospitals.

Pathophysiology
Despite the fact that cells require copper for certain 

activities, free ionic copper is extremely toxic and can 
permanently injure cells. In order to solve this, im-

proved approaches that firmly bind the copper mol-
ecule have advanced to assure both the safe removal 
of surplus copper through the biliary system as well 
as the secure transit of necessary copper to designat-
ed places. Copper is transported with help from ce-
ruloplasmin and the ATP7B protein. The trans-Gol-
gi network of hepatocytes often contains the ATP7B 
protein, which controls how six copper molecules are 
incorporated into apo-ceruloplasmin to create ceru-
loplasmin. (Schilsky and Mitchell, 2011). When there 
is an excess of copper, ATP7B is redistributed to cy-
toplasmic vesicles, where it carries the excess copper 
from the hepatocyte apical membrane to the bile cap-
illaries for hepatic excretion. Wilson’s disease patients 
who have ATP7B gene mutations have defective AT-
P7B proteins that are unable to carry out these func-
tions. As a result, copper eventually builds up inside 
the hepatocytes. This gradual accumulation of copper 
damages and impairs the liver’s ability to function as 
well as exceeding the liver’s storage capacity. As a re-
sult, unbound copper leaks out of the liver and into 
the surrounding organs and tissues, causing damage 
and dysfunction. Urinary copper excretion increases 
significantly when more copper leaves the liver, but it 
is not enough to make up for a deficit in biliary ex-
cretion. Wilson’s disease-related cellular damage is 
thought to result from a straightforward toxic effect of 
too much copper. Recent studies suggest that copper 
decreases the protein X-linked inhibitor of apoptosis 
(XIAP), accelerating the caspase 3-initiated apoptosis 
that culminates in cell death. Another aspect of Wil-
son’s sickness is a ceruloplasmin shortage brought on 
by a problem with copper incorporation into apo-ce-
ruloplasmin via ATP7B. Wilson’s disease isn’t wide-
spread or obviously present, despite this insufficiency. 
Compared to 10–20% of nonpathological heterozy-
gotes, only 5–15% of individuals with Wilson’s illness 
have normal or considerably reduced ceruloplasmin 
(Guindi, 2019).

Clinical features
Although the hepatobiliary system is where Wil-

son’s disease’s fundamental pathogenetic defect is 
located, the disease’s persistent copper buildup has 
an impact on other systems. It is more challenging 
when there is excessive copper damage to different 
organs and tissues since the clinical presentation is 
so variable. Recent research on 195 Wilson’s disease 
cases included evaluations of psychological, neurobi-
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ological, and hepatic symptomatology, in addition to 
biochemical data provided at the time of preliminary 
admission to a specialized clinic. Before being diag-
nosed with Wilson’s disease, 39 patients (20%) had 
seen a psychiatrist, and 99 patients (51%) seemed to 
have some indication of psychopathologic traits (Den-
ing and Berrios, 1989). Even though melancholy and 
cognitive inhibition were commonly acknowledged 
as psychiatric symptoms, the most common was ab-
errant behavior and personality change. Schizophre-
nia-like psychoses were rare, possibly occurring only 
inadvertently. Neurologic symptoms were linked to 
psychiatric symptoms instead of hepatic symptoms, as 
well as several symptoms (such as inconsistent behav-
ior, annoyance, and personality change) were linked 
to bulbar and dystonic disorders but not to tremors.
Wilson’s disease has numerous psychiatric symptoms, 
many of which show up to be naturally occurring. 
Kayser-Fleischer rings, which are brilliant green, gold, 
or brownish rings around the perimeter of the corneal 
link, are typical in persons with Wilson disease. Cop-
per buildup in the eyes leads to Kayser-Fleischer rings. 
Through a specialised eye examination known as a 
slit-lamp exam, a doctor can see these rings.

Guidelines for Diagnosis and Treatment  
of Wilson’s Disease

Hepatic encephalopathy patients with Wilson’s ill-
ness frequently have decreased ceruloplasmin stages 
and elevated 24-hour urine copper levels. Sometimes 
it is difficult to locate Kayser-Fleischer rings. The con-
ventional approach for verifying elevated hepatic cop-
per concentrations and assessing the degree of hepatic 
damage is a liver biopsy (Walshe, 1988). Most neuro-
logical or psychiatric patients’ slit-lamp scanning for 
the presence of Kayser-Fleischer rings, moderately ele-
vated 24-hour urine copper, and decreased ceruloplas-
min levels is sufficient to make the diagnosis. (Ferenci, 
2017). In asymptomatic patients, zinc alone can be 
used to start and continue Wilson’s disease treatment. 
Although the majority of researchers genuinely think 
that those who experience problems first require more 
aggressive copper elimination, there are powerful ar-
guments for using zinc monotherapy in this scenario. 
These individuals can get trientine or penicillamine, 
although both medications, especially penicillamine, 
run the danger of hastening the decrease of neurolog-
ical function. If tetra-thiomolybdate becomes widely 
available on the market, it might be able to take the 

place of both of these drugs. The only individuals who 
are now eligible for a liver transplant are those who de-
veloped hepatic failure despite receiving the best med-
ical care. Medication is a lifelong requirement for those 
with Wilson’s disease who are under medical control, 
and adherence must be carefully tracked. One method 
for evaluating a patient’s compliance with zinc thera-
py is to look at their 24-hour zinc and copper levels. 
Insufficient compliance is indicated by less than 2 mg 
of zinc in the urine after 24 hours. With penicillamine 
or trientine medicine, it is more challenging to mea-
sure adherence; nonetheless, non-compliance may be 
shown by a jump in a already falling or stable 24-hour 
urine copper level. Another approach is to monitor 
copper in serum that isn’t ceruloplasmin-bound. Cop-
per deficiency can be brought on by prolonged use of 
zinc and chelating medications. Perhaps the first sign 
of this is anaemia. A 24-hour urine copper level of less 
than 35 g in patients undergoing zinc maintenance 
therapy shows copper insufficiency brought on by 
overtreatment. In individuals using trientine or pen-
icillamine, a blood non-ceruloplasmin-bound copper 
level of 5 g suggests overdiagnosis (Hui and NL, 2012).

Conclusion
Wilson’s illness is hereditary copper-related met-

abolic ailment also known as progressive hepatolen-
ticular degeneration. General practitioners, as well as 
specialists in gastroenterology and hepatology, neuro-
science, psychiatry, and paediatrics, need to be aware 
of the clinical signs and symptoms of the disorder, as 
well as its management. If Wilson’s illness is ignored, 
it can cause fatal disability and death. Despite how 
easy it might be missed, there are powerful treatments 
that can stop or even begin to reverse many cases of 
this condition. Diagnostic, biochemical, and particu-
lar genes that can help with diagnosis have all been 
researched, as well as copper’s part in pathogenicity. 
For medical application, a variety of chelating agents 
including zinc salts are accessible. Through the treat-
ment of the underlying condition, liver transplanta-
tion can prolong a person’s life. The identification of 
the gene for Wilson’s illness also paved the door for a 
novel molecular clinical diagnostic that might be the 
basis for a potential gene therapy.
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Abstract
Introduction: For both mothers and fetuses, gestational diabetes 
mellitus (GDM) causes major morbidity and mortality in the Indian 
population. In pregnancy, serum uric acid levels are higher. Elevat-
ed first-trimester uric acid levels can be used to predict GDM. 
Study Design: In 1055 plasma samples taken at a mean ges-
tational age of 9 ±2.1 weeks, uric acid was determined. The 
three-hour glucose tolerance test used to identify GDM as the 
main outcome.
Results: The percentage of GDM was significantly high among 
the higher age group with 19.2% among 30-35 years of age 
and 25.8% among 35-40 years of age. With almost 35% of cas-
es, GDM was most prevalent in the obese category. Among 
348 patients with a confirmed family background of diabetes 
mellitus, 19.5% of pregnant women developed GDM. Uric acid 
levels were found significantly higher among GDM subjects 
both in first and second trimesters than in non-GDM subjects. 
Additionally, both normal and GDM individuals, serum uric acid 
levels were observed to be significantly greater in the second 
trimester than the first.
Conclusion: First trimester hyperuricemia is linked to a higher 
chance of developing GDM.
Keywords: 
gestational diabetes, first trimester, hyperuricemia, uric acid
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Introduction
Uric acid is a component that will be eliminated 

by the kidneys and only remains in the body in a very 
small amount. However, if the excretory organs have 
problems or the body has an increase in the amount of 
purines absorbed, uric acid levels will tend to increase. 
For pregnant women, increased uric acid in gestational 
diabetes mellitus will be more dangerous and difficult 
to overcome, and each impact on the mother’s body 
can affect the development and health of the fetus. 

Increased blood uric acid warns of abnormal 
health. If left untreated, this condition can affect the 
health of mother and prevent the development of 
the fetus. In addition, when uric acid levels increase 
during pregnancy, it can cause pregnant women to 
face several diseases such as gout, kidney disease, high 
blood pressure, and most dangerously, preeclamp-
sia. Pregnancy disorders are very dangerous, and can 
threaten the health and life of the pregnant mother as 
well as the fetus.

Studies have documented that among healthy 
pregnancies uric acid levels decrease slightly in first 
trimester than in non-pregnant state. However, after-
ward in second and third-trimester uric acid levels 
increase steadily and shoot up to 5.1 ± 1.2 mg/dl as 
the fetus develops to term (Laughon et al., 2011). Uric 
acid has been found to cause insulin resistance even 
women, who are not pregnant. Even in non-pregnant 
states, hyperuricemia has been found to cause meta-
bolic syndrome, more specifically among obesity and 
dyslipidemia subjects (Masuo et al., 2003; Coutinho et 
al., 2007)plasma norepinephrine, and insulin or leptin 
levels in subjects with weight gain-induced blood pres-
sure elevation, we conducted the present longitudinal 
study. In 433 young, nonobese, normotensive men, 
body mass index, blood pressure, and levels of serum 
uric acid, fasting plasma norepinephrine, insulin, and 
leptin were measured every year for 5 years. Subjects 
were stratified by significant weight gain and/or blood 
pressure elevation (>10% in body mass index or mean 
blood pressure. Moreover, even among non-pregnant 
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women, Uric acid has been documented as an inde-
pendent risk factor and has been causing type-2 Dia-
betes mellitus within 10 years. Furthermore, chances 
of developing Diabetes mellitus was much more in 
women than in men among hyperuricemia patients 
(Dehghan et al., 2008). 

As pregnancy continues, serum uric acid also in-
creases to maximaum till term (Gungor et al., 2006). 
Moreover, Serum uric acid levels have been doc-
umented to be raised evan more among pregnant 
women with GDM than in age matched non-GDM 
pregnant women. Furthermore, Uric acid values have 
been positively correlated to insulin resistance found 
among patients of gestational hypertension (Anasta-
siou et al., 1998)before glucose intolerance occurs.\
nRESEARCH DESIGN AND METHODS: A total of 
33 women with previous GDM (17 nonobese [BMI < 
27] and 16 obese [BMI > or = 27]. In addition, even 
in non-pregnant women with a history of gestation-
al diabetes, uric acid was higher and was irrespective 
of individual body mass index. before glucose intol-
erance occurs.\nRESEARCH DESIGN AND METH-
ODS: A total of 33 women with previous GDM (17 
nonobese [BMI < 27] and 16 obese [BMI > or = 27] 
Uric acid levels have not been explored much in terms 
of gestational diabetes mellitus among the north In-
dian population. We predicted in our study that uric 
acid levels would be greater during the first trimester 
of pregnancy and further that this would be contribut-
ing to the development of gestational diabetes because 
uric acid levels have already been linked to diabetes 
mellitus and insulin resistance.

Materials and Methods

Study design
It was a cross sectional study. The study included 

pregnant women (with an 8–12 week pregnancy) who 
visited an antenatal clinic and had regular testing, in-
cluding a serum uric acid test. Between September 2016 
and September 2017, the study was carried out at Lady 
Hardinge Medical College and Hospitals in New Delhi, 
India. Women who were receiving treatment or who 
had thyroid disease were disallowed. The study did not 
include expectant mothers who had previously experi-
enced multiple pregnancies, miscarriages, stillbirths, or 
chronic illnesses such diabetes mellitus or hypertension.

Detailed history with routine demographic infor-
mation were collected. Moreover, family history, pre-

vious obstetric and medical history were also noted. 
Furthermore, gestational age was obtained from his-
tory and was further confirmed with the ultrasonog-
raphy reports. 

The mean Uric acid levels were obtained in study 
subjects (pregnant women at 8-12 weeks). 1055 an-
tenatal mothers were enrolled in this study as per 
inclusion and exclusion criteria. The cohort was fol-
lowed till 28 weeks. Gestational diabetes mellitus was 
established through routine OGTT was performed at 
weeks 24–28 of gestation. Further, a selected group 
of 50 pregnant women with gestational hypothyroid-
ism were followed till delivery for fetal and maternal 
complications. Demographic and anthropometric 
measurements along with history were noted in all 
cases. 

Measurement of parameters
Serum uric acid and serum glucose levels were 

measured by AU 680 analyzer machine (Beckman 
coulter, California, United States). 

Statistical analysis
Statistical analysis was done and normality of data 

was determined. Software used was SPSS, version 
16.0, Chicago, IL, USA. Based on normality of data 
paired t test was used and further calculated mean and 
standard deviation using the same software. Further, 
correlation analysis was done using Pearson correla-
tion using medcalc version 8.0. The result was con-
sidered statistically significant when p value was less 
than 0.05. 

Ethics statement
The institute’s scientific and ethical board gave its 

approval to this cross-sectional study for a prevalence 
analysis. Only after receiving ethical approval from the 
Lady Harding Medical College and Hospitals in New 
Delhi, India, was the study carried out.

Results 
Table 1 lists the key demographic characteristics 

of the research population. The study population’s av-
erage age was 25.6±2.43 years, and the average gesta-
tional age was 9±2.1 weeks. The study comprised 1055 
prenatal moms in total. The cohort’s average BMI was 
23.9±3.1 Kg/m2. Additionally, the hemoglobin levels 
were 10.1 g/dl and serum total cholesterol concentra-
tion was 190±26 mg/dl.
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Table 1
Demographic characteristics of the study population (n=1055)

1. Age (years) 25.6±2.43
2. BMI(kg/m2) 23.9±3.1
3. Gestational age(weeks) 9±2.1
4. Total Cholesterol(mg/dl) 190±26
5. Hb(gm/dl) 10.1±1.2

29.6% of antenatal mothers were between 23-27 years 
of age. The percentage of GDM was significantly high 
among higher age groups with 19.2% among 30-35 years 
of age and 25.8% among 35-40 years of age. (Table 2)

Table 2
Age distribution of patients studied

Age (years) No. of patients Percentage of patients
18-23 233 22.1
23-27 312 29.6
27-30 204 19.3
30-35 182  

(35 GDM:19.2%)
17.2

35-40 124 
(32 GDM:25.8%)

11.8

Many of the patients had a BMI of 18.5 to 24.9 within 
the normal range. However, GDM was most common 
in the obese group with approximately 35%. (Table 3)

Table 3
Basal metabolic index (BMI) of study cohort. (n=1055)

BMI (Kg/m2) No. of patients Percentage  
of patients

<18.5 (Underweight) 152 14.5
18.5-24.9 (Normal) 430 40.7
25-29.9 (Overweight) 317 30.1
>30 (Obese) 156  

(54 GDM:34.6%)
14.7

Family history of GDM was absent among 707 cas-
es. 348 antenatal mothers had atleast one family histo-
ry of Diabetes Mellitus. 19.5% of mothers developed 
GDM among 348 patients with a positive family histo-
ry of Diabetes Mellitus. (Table 4)

Out of the 1055 antenatal mothers, 329 (31.2%) de-
veloped GDM. (Table 5)

In both the first and second trimesters, GDM par-
ticipants’ uric acid levels were found to be consider-
ably greater than those of non-GDM subjects. Addi-
tionally, both normal and GDM participants, uric acid 
levels were considerably greater in the second trimes-
ter than the first. (Table 6)

Table 4
Family history of Diabetes mellitus (n=1055)
Family history No. of patients Percentage of patients
Present 348 (68 GDM:19.5%) 33
Absent 707 67

Table 5
Percentage of antenatal mothers developing gestational diabe-
tes mellitus. (n=1055)

Oral glucose chal-
lenge test

No. of patients Percentage of 
patients

Normal 726 68.8
GDM 329 31.2

Table 6
Hyperuricemia in gestational diabetes mellitus cohort and nor-
mal mothers.

Variables Uric acid(mg/dl) 
in first trimester

Uric acid(mg/
dl) in second 

trimester

P value

Normal (726) 3.0±0.7 3.8±1.6 <0.05
GDM (329) 4.12±0.8 5.1±0.9 <0.05
P value <0.05 <0.05

Where, P<0.05: Highly significant

Discussion
Pregnancy itself is considered a diabetogenic state 

due to secretion of hormones from placenta and often 
manifest as insulin resistance state predominantly in 
first and second trimester. Major hormones contrib-
uting to insulin resistance and GDM ultimately are 
Corticotrophin releasing hormones, growth hormone, 
and progesterone. Moreover, during GDM, pancreatic 
functions fail to compensate for the insulin resistance. 
One of the very detrimental action of placental growth 
hormone is that it decreases fetal nutrition due to in-
creased fetal nutrition.

Gestational Diabetes mellitus is a major health bur-
den among pregnant women, with a huge impact on 
gestation related complications both in mother and fe-
tus. Predicting gestational diabetes mellitus in first tri-
mester itself adds a lot to the diagnosis and treatment 
of GDM. Many diseases such as hypertension, pre-
eclampsia, etc. have been attributed to GDM, which 
can be controlled by a timely diagnosis of GDM itself. 
Many parameters have been documented to predict 
gestational Diabetes early, but most of them are costly 
and not done in remote areas.
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Age distribution of the study subjects suggests that 
the age of gestation was 25.6±2.43 years, with approx-
imately 30% of the population between 23-27 years of 
age. Serum uric acid concentrations increase along with 
increasing maternal age (Ali et al., 2019)and the inci-
dence of GDM reflects this trend. Objective: The aim 
of the study was to determine the relationship between 
first trimester elevated uric acid levels and subsequent 
development of gestational diabetes mellitus during 
pregnancy. Patients and Methods: The study includ-
ed 78 pregnant women in the first trimester attending 
the outpatient clinic of Zagazig University Hospitals, 
Zagazig for antenatal care. In this study, patients were 
classified according to their serum uric acid level into 3 
groups. Results: Women’s GDM in group (I. Many oth-
er studies have also documented the role of uric acid 
for predicting GDM. BMI is an independent predictor 
of GDM, with a high chance of developing GDM with 
high BMI. Moreover, High BMI has been document-
ed to be significantly correlated with higher serum uric 
acid values (Sahin Aker et al., 2016). Approximately 
67% of the study cohort had no family history of GDM. 
Among the 33% of antenatal mothers, who had a family 
history of GDM, 19.5% developed GDM in the second 
trimester. Similar conclusions were also published by 
Ratnakaran et al. in their study on impact of family his-
tory of diabetes on risk factors for gestational diabetes 
(Retnakaran et al., 2007).

Our research suggested that both the non-GDM 
and GDM groups had significantly higher uric acid 
levels in the second trimester. Moreover, GDM Group 
had much more elevated levels of uric acids in both 
the first and second trimesters. El Gharib et al, in their 
study concluded that a cut-off value of uric acid at 
4mg/dl is a strong forecaster of GDM (El-Gharib et 
al., 2013).

Uric acid is a parameter, which is a routine test and 
does not require much expertise to perform. Though 
it is too early and beyond scope of the current study 
to consider it as a precise marker of GDM, the study 
suggests a role of the same parameter along with other 
routine parameters to have a predicting potential. 

Conclusion
Higher serum uric acid levels are found among 

GDM mothers than among non-GDM mothers during 
first trimesters. Furthermore, serum uric acid can be 
used alone or in association with other parameters to 
predict GDM.
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Abstract
Purpose: To analyze the electrical activity of Flexor digitorum 
superficialis and extensor digitorum communis for cylindrical 
grip sizes of 30 mm and 40 mm in stroke patients.
Methodology: 10 MCA affected stroke subjects and 10 normal 
subjects of same dominance, age and occupation were tak-
en by purposeful sampling from physiotherapy department 
of M.M. Institute of Physiotherapy & Rehabilitation. They were 
asked to grip two wooden cylinders of size 30mm and 40mm 
and electrical activity of Flexor digitorum superficialis and ex-
tensor digitorum communis i.e. amplitude and duration were 
analyzed during maximal contraction. The readings were sta-
tistically analyzed to compare the difference of activity in the 
proposed muscles for two different cylinders.
Results: The statistical tests revealed that the differences be-
tween the amplitude and duration of the proposed muscles 
in hemiplegic and normal subjects are statistically significant. 
However, the difference of amplitude and duration of “Flexor 
digitorum superficialis” and “Extensor digitorum communis” 
are not statistically significant within the hemiplegic subjects for 
both the cylindrical diameters but the prolonged duration of 
Extensor digitorum communis in 40 mm cylinder was significant 
statistically.
Conclusion: There is a significant difference in the amplitude 
and duration of forearm muscles i.e. flexor digitorum superfi-
cialis and extensor digitorum communis when compared with 
normals. However, only duration of extensor digitorum com-

munis show significant change among the hemiplegic subjects 
with the change in grip size. The amplitude and duration of 
flexor digitorum superficialis and amplitude of extensor digito-
rum communis does not change significantly.

Keywords
MCA affected stroke subjects; cylindrical grip; EMG activity; 
Flexor digitorum superficialis; Extensor digitorum communis.
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Introduction
A stroke is a clinical syndrome characterized by 

rapidly developing clinical symptoms/or signs of fo-
cal and sometimes global loss of brain function, with 
symptoms lasting more than 24 hours or leading to 
death, with no apparent cause other than vascular or-
igin. Upper extremity function is an important aspect 
in determining the quality of life of stroke patients, 
particularly with middle cerebral artery (MCA) in-
volvement, as functional deficit of the upper extremity 
is a major problem encountered in MCA involvement.

During daily activities, there is less or no use of 
the upper extremity of the affected side compared to 
the unaffected side. The function of the upper limb 
always correlates with its dexterity, which is nothing 
more than the ability to accurately, quickly, rational-
ly and skillfully solve any movement task. The loss of 
this dexterity is usually attributed to the loss of muscle 
strength and does not consider the individual contri-
bution of dexterity loss to poor motor performance 
after stroke (Canning et al., 2000).

Low dexterity was characterized by excessive mus-
cle activation and impaired coupling of muscle ac-
tivation to target movement. We also know that the 
development of a cylindrical grip precedes all other 
hand movements in stroke patients. It is also the grip 
needed to perform various activities of daily living, 
such as holding a glass cup, a railing, or a pot handle. 
Thus, this study deals with the study of cylindrical grip 
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in stroke patients. Recent studies by Michaelsen et.al. 
showed that the size of the cylindrical grip in stroke 
patients is the same as in healthy people (Michaelsen 
et al., 2009). a study by Seo et al. on different cylinder 
diameters in normal healthy subjects, which revealed 
that an increase in cylinder diameter shows reduced 
EMG activity (Seo et al., 2007).

In addition, Lowe et.al also demonstrated through 
their studies on normal subjects that the optimal di-
ameter for normal subjects ranges from 30 mm to 40 
mm cylindrical diameters with no significant differ-
ence in electrical activity between Flexor digitorum 
superficialis and extensor digitorum communis (Kong 
and Lowe., 2005). However, there is limited informa-
tion that if the same muscle activities are observed for 
these cylindrical grip sizes in subjects with stroke.

Material and methods:
The present observational study include 40 stroke 

patients of both the sexes as patient group and 40 
healthy subjects were included as control group. Elec-
trodiagnosis of study group subjects was carried out 
in Physiotherapy department MM Hospital & MM 
Institute of Physiotherapy & Rehabilitation, Nasik. 
The present study was approved by IEC and written 
informed consent were collected by the patients and 
controls.

Inclusion criteria: Cerebral strokes (MCA affec-
tion)patients having voluntary control > 3 and dom-
inant upper limb affection were included. In addition, 
age and occupation matched healthy controls were 
included. 

Exclusion criteria: Stroke subjects with cognitive, 
vision, & hearing problems, tremors or facing recur-
rent strokes were excluded. In addition, subjects hav-
ing arthritic hand were also excluded.

In the present study, following materials were used 
• EMG Electrodes: Ground electrode, Surface elec-

trode
• Conducting gel
• Micro pore tape
• EMG Apparatus
• Wooden Cylinders: 30mm and 40 mm
• Measuring Tape

Procedure
1. Subjects were included according to the inclusion 

criteria and written informed consent was tak-
en from the subjects/patients participating in the 

study after informing them about the purpose of 
the study.

2. The subjects were asked to grip the cylinder with 
their own comfortable pattern but while recording 
the muscle activity shoulder was placed in the neu-
tral position with elbow in 900 flexed position and 
hand in mid-prone position.

3. Surface electrodes were placed on the motor points 
of the purposed muscles which were determined 
by marking it first in the unaffected extremity and 
then on the affected extremity by tracing those 
using measuring tape from the nearest bony land-
mark.

4. Amplitude and duration of 3 biphasic waveforms 
of individual muscles were noted down to elimi-
nate error.

5. Appropriate statistical test was applied to verify the 
significant difference between the readings.
The study also had an objective to record the time 

required to grip the cylinder and time required to re-
lease the cylinder without considering the direction of 
approach. However, it was observed during the study 
that none of the patients actively gripped the cylinder 
and so latter was not studied.

Data and Statistical analysis
Mean score, t value, degree of freedom and p val-

ues were calculated to express the results. Primer of 
biostatistics for Windows (version 5.0) was used to 
statistically analyze obtained data from the study. “Un-
paired t test” was used to compare difference between 
normal and hemiplegic subjects and “paired t test” was 
utilised to analysed within hemiplegic subjects. Signif-
icant difference was considered for the readings with 
p values <0.05.The obtained data were organized in 
master charts and graphs were derived from the read-
ings for easy interpretation of results.

Results
The study included 40 stroke subjects with mean 

age of 51 years (SD. +/-13) and the mean post stroke 
period of 21 months (SD. +/-19). 40 normal subjects 
of same age and occupation were considered.On 
observation of the readings i.e mean of the ampli-
tude and duration of the proposed muscles, it can be 
seen that amplitude and duration of FDS and EDC is 
greater in normal subjects as compared to hemiple-
gic subjects in both the diameters of cylinders.(Table 
no. 1 and 2)
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However, when compared within hemiplegic sub-
jects the amplitude & duration of FDS and amplitude 
of EDC have decreased values for 40 mm cylinder 
while EDC duration is prolonged in 40 mm cylinder. 
Statistical test i.e. unpaired t test & paired t test was 

applied to check the significance of these difference 
between hemiplegic and normal subjects & within the 
hemiplegic subjects for two grips respectively (Table 
3&4 and Fig 3 & 4).

 
Figure 1: Placing of Electrodes

 

Figure 2: Gripping the cylinder

Table 1
Mean values of FDS and EDC for 30mm and 40 mm of normal and hemiplegic subjects.

SUBJECTS 30 mm cylinder 40 mm cylinder
FDS EDC FDS EDC

amp dur amp dur amp dur amp dur
NORMAL 251.73 5.41 240.10 7.29 280.77 6.08 214.63 6.08
HEMIPLEGICS 72.17 4.83 61.87 3.87 60.06 4.17 57.97 4.28

Table 2
Statistical analysis and Comparison of Normal and & Hemiplegic- 30mm

Muscle& variable T value Degree of freedom P value Significance
Fds (amplitude) -15.589 18 0.00 Significant
Fds (duration) -1.092 18 0.03 Significant
Edc (amplitude) -11.014 18 0.00 Significant
EDC (duration) -5.570 18 0.00 Significant

Table 3
Statistical analysis and Comparison of Normal and & Hemiplegic- 40mm

MUSCLE& VARIABLE t VALUE DEGREE OF FREEDOM p VALUE Significance
FDS (Amplitude) -10.669 18 0.00 Significant
FDS (Duration) -3.729 18 0.00 Significant
EDC (Amplitude) -9.345 18 0.00 Significant
EDC (duration) -2.663 18 0.00 Significant

Table 4
Statistical analysis and Comparison within Normal subjects- 30mm

MUSCLE& VARIABLE t VALUE DEGREE OF FREEDOM p VALUE Significance
FDS (Amplitude) -1.500 9 0.168 Not Significant
FDS (Duration) -0.903 9 0.390 Not Significant
EDC (Amplitude) 1.408 9 0.193 Not Significant
EDC (duration) 2.172 9 0.052 Not Significant
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Figure 3: Comparison of Amplitude and Frequency of FDS and EDC between Hemiplegic subjects and Normal subjects: 30mm 
cylinder

 

Figure 4: Comparison of Amplitude and Frequency of FDS and EDC between Hemiplegic subjects and Normal subjects: 40mm 
cylinder

Table 5
Statistical analysis and Comparison within Hemiplegic- 40mm

MUSCLE& VARIABLE t VALUE DEGREE OF FREEDOM p VALUE Significance
FDS (Amplitude) -2.097 9 0.065 Not Significant
FDS (Duration) 2.251 9 0.051 Not Significant
EDC (Amplitude) 0.482 9 0.641 Not Significant
EDC (duration) -2.333 9 0.044 Significant

 

Figure 5: Comparison of Amplitude and Frequency of FDS and EDC between Hemiplegic subjects 
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The tests revealed that the differences between the 
amplitude and duration of these muscles in hemiple-
gic and normal subjects are statistically significant. 
The prolonged duration of EDC in 40 mm cylinder is 
also statistically significant.However, the difference of 
amplitude and duration of FDC and amplitude EDC 
was not significant within the hemiplegic subjects for 
both the cylindrical diameters (Table5 and Figure 5).

Discussion
The main purpose of this study was to study the 

effect of changing cylindrical diameter i.e. 30mm 
and 40mm on forearm muscle activity mainly on 
the muscles flexor digitorum superficialis and ex-
tensor digitorum communis.The study included 10 
stroke subjects with mean age of 51 years (SD. +/-
13) and the mean post stroke period of 21 months 
(SD. +/-19). 10 normal subjects of same age and 
occupation were considered.The tests revealed that 
the differences between the amplitude and duration 
of these muscles in hemiplegic and normal subjects 
& difference between the duration of EDC with-
in hemiplegic subjects are statistically significant. 
However, the difference of amplitude and duration 
of FDC and amplitude of EDC was not significant 
within the stroke subjects for both the cylindrical di-
ameters.The loss of efficient muscle activity mainly 
arises from slowness to activate muscles reflecting 
impaired capability to effectively activate flexors and 
extensors (Canning et al., 2000).

As a result of the interruption of the descending 
motor pathways, especially the corticospinal pathways 
after a stroke, motor unit activation is reduced and mo-
tor unit synchronization is disrupted, since this tract 
is mainly involved in voluntary muscle activation of 
the distal muscles of the hand and fingers. (Turton et 
al., 1996). Thus, hemiplegic individuals are unable to 
adapt to the reduced number of available corticospinal 
tracts, and dependence on slower corticobulbar tracts 
for information transmission reduces the efficiency of 
their affected upper limb (Canning et al., 2000). It has 
been suggested that damage to the corticofugal tracts, 
i.e. the internal capsule, has been associated with poor 
recovery of hand motor function after MCA damage, 
and other intact parts of the cerebral cortex could ac-
tivate the finger muscles but cannot compensate for 
the precise and selective control provided by the pri-
mary motor cortex and crossed corticofugal tracts. 
They also reported that wrist flexion associated with 

grasping activity may occur due to loss of corticospi-
nal tracts, which may disrupt the balance between 
converging corticospinal and reticulospinal input to 
the paretic upper limb, and thus uncontrolled retic-
ulospinal input could explain this emergence of syn-
ergy. The ability to grasp the cylinder and shape the 
hand according to the size of the cylinder was limited 
due to a presumed disruption of the cerebellar input, 
which is mainly involved in shaping the hand accord-
ing to the object. the red nucleus is also thought to be 
responsible, but has been found to be dysfunctional in 
human physiology (Kong and Lowe., 2005).

Other reason could be spasticity present in the 
forearm flexors and due to absence of reflex inhibi-
tion, forearm extensors could not efficiently contract 
and carry out the grasp and release and the grip-
ping seen was passive gripping due to overactivity of 
forearm flexors.Prolonged duration of EDC activi-
ty may be attributed to change in the relative posi-
tion of phalanges to the change in cylindrical size. 
(Kong and Lowe., 2005).The results obtained are in 
extension to the studies carried out by Michaelson 
et. al that not only aperture size remains equal for 
hemiplegics and normal but also the muscle activi-
ty for both the cylinders between the groups remain 
relatively equal. Prolonged duration of EDC activity 
may be attributed to change in the relative position 
of phalanges to the change in cylindrical size. (Kong 
and Lowe., 2005). Though this can be said with re-
gard to normal biomechanics, evidence of this phys-
iology in hemiplegic subjects is still to be scrutinized 
to know whether the level of action is supraspinal or 
due to biomechanical change in the position of wrist 
and phalanges.

Conclusion
There is a significant difference in the amplitude 

and duration of muscles of forearm i.e. “Flexor dig-
itorum superficialis” and “extensor digitorum com-
munis” when compared with normals.However, only 
duration of extensor digitorum communis show sig-
nificant change among the hemiplegic subjects with 
the change in grip size. The amplitude and duration of 
flexor digitorum superficialis and extensor digitorum 
does not change significantly. Thus, from the lens of 
its clinical application, the present study emphasizes 
that cylindrical objects for daily use and for the thera-
peutic purpose can be designed in the range of 30mm 
to 40mm.
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Limitations of the study:
Though this conclusion cannot be made by this 

small sample size, more studies using larger sample 
size can be carried out. Moreover, more muscles in-
cluding the synergists and thumb muscles may be re-
quired to give more evident conclusion.

This study needs more research and trials to find 
out gripping time for hemiplegic subjects for these cy-
lindrical grip sizes.

Future scope of the study:
Kinematic analysis using the same cylindrical grip 

sizes may be required to give detailed quantitative 
analysis of cylindrical gripping.

Grip force can be evaluated using these grip sizes 
in further studies since muscle activity remains same 
for these sizes thereby accurate analysis of muscle effi-
ciencies for grip size can be done.
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Abstract
Background: Cancer of the oral cavity is described as the un-
controlled proliferation of cells that can be observed in the Oral 
cavity. The sore in the mouth could resemble a growth or an 
open sore, but it won’t go away. Cancers of the lips, tongue, 
cheeks, floor of the mouth, hard and soft palates, sinuses, and 
throat can develop in the oral cavity. Oral squamous cell car-
cinoma is the most prevalent kind of cancer found in mouths 
and throats. It is well knowledge that tobacco uses in any form, 
including smoking, chewing tobacco and alcohol consumption, 
has a substantial influence in the development of oral cancer. It 
would indicate that patients were unaware of this connection, 
despite the fact that this is widespread knowledge among med-
ical professionals.
Objective: To assess delay in diagnosis of oral cancer. We 
carried out prospective research on people who had been 
given a diagnosis of oral cancer. This research paper looks at 
the disease’s prevalence, the major risk factors for developing 
oral cancer in India, which include drinking alcohol, smoking 
or chewing tobacco, and Human papilloma virus (HPV) infec-
tions, as well as methods for preventing and treating oral can-
cer there.

Methods: To conduct this study Questionnaires were deliv-
ered, assessing oral habits, detect early sign of oral cancer and 
reasons for delay oral cancer treatment. The analysis made use 
of the statistical programme SPSS.
Design: Cross-sectional questionnaire-based study.
Result: There were a total of 150 people that took part in the 
survey. According to this, 68.7 % of oral cancer cases are caused 
by smoking, 60 % by drinking alcohol, and 65.3 % by chewing 
tobacco. It was shown that the level of awareness was directly 
linked to the education level.
Conclusions: The awareness level of oral cancer in this high-
risk community was excellent; however, significant gaps exist, 
pointing to the need for focused health education as well as 
counseling to help individuals quit risk factors.

Keywords
Diagnosis, delay, oral cavity, mouth cancer, early detection, In-
dia.
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INTRODUCTION
Cancer is a disease that damages not only the body, 

but the entire person as well. Oral cancer presents a 
significant obstacle for patients, both in terms of its 
initial diagnosis and the subsequent therapy. Cancer is 
a disease that is particularly significant since it reflects 
a disruption of most fundamental rules governing the 
activity of cells in multicellular organisms. This makes 
cancer a disease that is one of a kind. If we want to 
comprehend cancer and devise effective treatments 
for it, we need to have a solid understanding of both 
the internal functioning of cells and the social inter-
actions that occur between them in the body tissues. 
A patient’s quality of life may be negatively impacted 
by oral cancer and its side effects, which lowers the 
overall survival rate. Patients may endure considerable 
dysfunction in talking and swallowing, along with 
changes in cosmetic appearance, sensory impairment, 
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and chronic discomfort. Patients may also experience 
changes in their cosmetic look. When taken togeth-
er, all of these risk factors contribute to poor mental 
health (Abendstein et al., 2005 and Oskam et al., 2013). 
Oral cancer, often known as mouth cancer, is cancer 
that harms the tissues that surround the inside of your 
mouth. If you have white spots or bleeding sores on 
your lips or in your mouth, this could be an indication 
of oral cancer. This is because oral cancer often devel-
ops in people who have a history of smoking. The fact 
that these changes do not reverse themselves is what 
distinguishes a typical condition from the possibility 
of cancer. Oral cancer has the potential to spread to 
other areas of the head and neck, such as the throat 
and the remainder of the mouth, if it is not treated. 
Oral cancer strikes a significantly higher percentage of 
men than women. Oral cancer is more likely to occur 
in people of white race than in people of black race. By 
eliminating the delay in diagnosis, early detection is 
widely acknowledged as the key to increasing oral can-
cer patients’ chances of survival. Identifying and elim-
inating the factors that contribute to a delay in cancer 
diagnosis may aid in the early detection and treatment 
of the illness.

Delays in Diagnosis
There are two main categories of delays in the di-

agnosis of oral cancers: patient delays and professional 
delays. Only the patient prospectus to delay diagnosis 
was covered in our study.

Patient delay
The interval between a patient’s initial awareness of 

an alteration or new observation and communication 
to a healthcare professional is known as the patient 
delay. The main cause of oral cancer treatment delays 
is patient delay; hence it is important to look into the 
causes of delay further.

The length of time a patient delays treatment rang-
es from around 1.6 months to 5.4 months (Güneri 
and Epstein, 2014), but it is less for people who get 
frequent dental checkups (Yu et al., 2008).

The individual causes of patient delay can be com-
plicated, and they may also involve cultural and reli-
gious concerns [(Costa et al., 2017)(Rizvi et al 2014)]. 
These barriers might obstruct access to treatment, 
which can result in under reporting as well as poor 
outcomes [(Crimmins et al., 2010) (Duetz et al., 2003)
(Coleman et al., 2008)]. To determine the reason for 

the delay in oral cancer diagnosis, this study was car-
ried out. This study also examines the leading risk 
factors of oral cancer in India, which include the use 
of cigarettes, alcohol, and HPV infections, as well as 
approaches for the prevention and treatment for oral 
cancer in Indian context.

MATERIALS & METHODS 

Study Participants and Data Collection
We looked at the variables associated with a de-

lay in the diagnosis of oral cancer cases in a hos-
pital-based case-control study in India. The study 
was conducted in two distinct hospitals. Because of 
their expertise in the treatment of oral and pharyn-
geal malignancies, these centers were selected for 
the study. In this study, all the previously collect-
ed information on oral and pharyngeal cancer was 
analyzed in order to investigate the demographic 
characteristics of people who have been diagnosed 
with oral and pharyngeal malignancies. 150 indi-
viduals have provided their complete information 
regarding the variable of interest. Information on 
smoking and alcohol use, demographic and socio-
economic factors, information on family history of 
cancer, intra-oral status, and weight change were all 
included in the risk factor data. Additionally, the 
tumor’s size and TNM stage at the time of diagno-
sis were assessed. We took note of the amount of 
time that passed between the date that the patients 
themselves stated was the first time they noticed in-
dications and/or symptoms of oral cancer and the 
date that they were given a diagnosis. Long-lasting 
bleeding, pain, the presence of a tumour or nodule, 
and trouble swallowing were some of the symptoms 
that were mentioned most frequently by patients 
who had the condition.

Sample size:
The minimum 80% power requirement and a 5% 

significance threshold (significant at a 95% confidence 
level) are the presumptions used to calculate sample 
size. Results from a reference study (Diagnosis and 
referral delay in primary care for oral squamous cell 
carcinoma) revealed that 61% of the population had 
visited an NHS dentist in the two years prior. With the 
preceding as a guide and a margin of error (confidence 
interval) of +/- 10%, 100 people will make up the sam-
ple size for the study.
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Statistical analysis: 
Observed data are reported as mean SD, and cate-

gorical data are presented as number and percentage 
(%). The Kolmogorov-Smirnov test examines the nor-
mality of the data.

The following statistical tests will be used:
1. Qualitative variables were compared using Chi-

Square test /Fisher’s exact test.
2. Independent sample t-test used to compare two 

groups for real scale indicators.
P-value less than 0.05 considered as significant at 

95% confidence level. The statistical software SPSS 
version 24.0 was used in the analysis.

RESULT
150 respondents gave thorough information on the 

relevant factors during the study period. The primary 
objective of the current study is to observe the factors 
that delay the diagnosis of oral cancer. This study used 
a sample size of diagnosed oral cancer patients who 
were treated at two cancer hospitals. All of these pa-
tients had a history of tobacco use.

The behaviors that are linked to oral cancer and 
have an impact on a person’s health are detailed in ta-
ble 1 and figure 1. According to the findings of our 
research, smoking of any kind (including bidis, ciga-
rettes, and hooka) has the highest frequency (103) and 
percentages (68.7 percent). Chewing tobacco, betel 
nuts/areca nuts, betel quid (PAN), tobacco drink, and 
alcohol are some of the additional behaviors that have 
been linked to an elevated risk of oral cancer.

In table 2 and figure 2, we examined the first step, 
which is to recognize any issues in the mouth or oral 
cavity. Our research indicates that white lesions have 
the highest frequency (97) and percentage (64.7 per-
cent). A red lesion, a smaller mouth opening, an ulcer 
that has not healed, hard or soft nodules intraoral, a 
burning sensation, a sharp tooth, an ill-fitting denture, 
and bleeding are some of the other problems that can 
be caused by mouth or oral cancer.

We discussed over the different reasons patients 
can choose to put off getting treatment for oral cancer 
in table 3 and figure 3. Concerns about one’s financial 
situation were cited as the primary reason for putting 

Table 1
Habits related to oral cancer

Habits Frequency(N = 150) % Percentage
Chewable tobacco 98 65.3%
Betel nut/areca nut 89 59.3%
Bidi/ cigarettes/hooka 103 68.7%
Betel quid(PAN) 64 42.7%
Tobacco drink 46 30.7%
Alcohol 90 60%
No habit 16 10.7%

 
Fig 1: habit related to oral cancer
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Table 2
Problems notice in mouth/ oral cavity

Problems notice in mouth/ oral cavity Frequency (N= 150) % percentage
Red Lession 96 64%
White Lession 97 64.7
Reduced mouth opening 73 48.7%
Unhealed Ulcer 58 38.7%
Hard/soft Nodules intraoral 55 36.7%
Burning sensation 51 43%
Sharp tooth 53 35.3%
Ill fitting denture 33 22%
Bleeding 27 18%

 
Fig. 2: Firstly noticed problem in mouth/ oral cavity

Table 3: Reasons for delay treatment
Reasons for delay treatment Frequency (N=148) % Percentage

Financial issues 146 98.6 %
lack of awareness 139 93.9%
No pain in initial lesions / complain 131 88.5%
No accessibility to higher center treatment 127 85.8%
no knowledge 141 95.3%
primary healthcare provider was not aware 124 83.8%

 
Fig.3: Reasons for delay treatment
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off oral cancer treatment by 146 respondents, giving 
it the highest frequency (146) and percentage (98.6 
percent). Oral cancer treatment can be delayed for a 
variety of other reasons, including a lack of awareness, 
no initial lesions or complaints, a lack of accessibility 
to higher level treatment, a lack of education, and pri-
mary healthcare providers.

In figure 4, we examined the delay in initiating the 
first treatment for cancer after the diagnosis (biopsy 
report) was made. According to the results of our re-
search, out of the 150 people who participated in the 
survey, 59.3 percent of patients diagnosed with oral 
cancer waited more than two years before beginning 
their first treatment for the disease following the re-
sults of a biopsy.

Some reasons for delay treatment:
According to our study we studied following issues 

are occurring those delay treatments:
• Financial issues: People’s relationships with mon-

ey and their financial situations can be major con-
tributors to their stress levels. Problems with one’s 
financial situation can lead a person to have such 
overwhelming negative feelings and self-criti-
cism, which can have a detrimental impact on 
both the person’s mental and physical health. It’s 
also possible for a person’s relationship and fami-
ly life to suffer when they’re having trouble mak-
ing ends meet.

• Lack of awareness: Poor public awareness of oral 
cancer and delayed presentation of symptomatic 

individuals to health care have been identified as 
contributing causes to poor survival rates in pa-
tients diagnosed with mouth cancer. Public aware-
ness initiatives have been proposed in order to en-
courage diagnosis and treatment of oral cancer at 
an earlier stage. These campaigns encourage indi-
viduals who are experiencing signs and symptoms 
of oral cancer to visit primary care facilities at an 
earlier stage.

• No pain in initial lesions / complain: The absence 
of pain in the earliest lesions of oral cancer causes 
people to be less aware, which delays treatment.
Some other factors delay treatments are: no acces-

sibility to higher center treatment, no knowledge that 
it can be early screened, and my primary healthcare 
provider was not aware about treatment (Figure 3).

DISCUSSION
One of the reasons could be the patients’ inability 

to afford treatment, which puts them at a higher risk 
of acquiring oral cancer. The medical and dental com-
munities need to come up with a solution to remove 
the cost barriers that keep patients from seeking treat-
ment as soon as they experience the first symptoms. 
Uninsured patients would certainly benefit from in-
creased access to health care, especially dental treat-
ment, which would make it possible for earlier stages 
of cancer to be detected more frequently.

The education of the general public is another as-
pect that has an influence on the patient delay. The 
need of informing patients that they should see a cli-

 
Fig. 4: Delay in 1st treatment started for cancer after diagnosis (Biopsy report) of oral cancer
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nician as immediately as feasible following the devel-
opment of oral symptoms must be emphasized more 
by individuals in the medical field. The practitioner 
should make every effort to schedule an examination 
for these individuals as soon as feasible. They might 
decide to visit a dentist or a doctor. Tobacco and al-
cohol use are examples of high-risk behavior that pa-
tients should be encouraged to abstain from through 
continued public education campaigns.

One of the most important strategies that can be 
used to increase awareness of oral cancer is the es-
tablishment of a self-examination campaign for the 
mouth, comparable to the monthly breast self-exam-
ination campaign. Patients who don’t have any symp-
toms might go to the dentist every six months and see 
the doctor once a year. Any sort of self-examination 
that is carried out in between these times could lead 
to the early detection of lesions and speed up visits 
to the doctor before the symptoms appear. Once a 
month, a visual examination of the oral cavity in front 
of a mirror would be relatively easy to perform and 
might reveal certain lesions. Patients would be given 
instructions on how to examine the lateral surfaces of 
their mouths by moving their tongues to the right and 
left sides of their mouths, raising their tongues to view 
the floor of their mouths, pulling both cheeks laterally 
to inspect the vestibules, gingivae, and buccal mucosa. 
All of these examinations would take place simultane-
ously. Patients have the ability to examine themselves, 
which has the potential to aid in the early detection of 
asymptomatic malignancies. In addition to increasing 
the frequency of oral cavity checks, patient self-exam-
ination also does so without adding any additional 
costs to the health care system beyond the expense of 
patient education.

CAUSES OF ORAL CANCER
Habits: The use of tobacco in any form, includ-

ing chewing and smoking, the chewing of betel quid, 
excessive use of alcohol, and long-term viral infec-
tions, such as human papilloma virus (HPV) and 
some types of human herpes viruses, are among the 
most important risk factors. Oral hygiene practices 
and diet are increasingly being advocated as inde-
pendent risk factors for oral cancer, despite the fact 
that it is widely known that tobacco and alcohol use 
are two of the main risk factors for the disease. The 
relationships between oral hygiene practices, nutri-
tional variables, tobacco chewing/smoking, and al-

cohol consumption on the risk of the development 
of cancer of the oral cavity in a scenario typical of 
Indians During the survey, we conduct an analysis 
to determine the frequency and percentages of these 
variables shown in figure 1.

GUIDEINES TO PREVENT 
DEVELOPMENT OF ORAL CANCER

We can actively work to prevent oral cancer by 
taking preventative measures. The following are some 
suggestions that can aid in the prevention of mouth 
cancer:
• If you smoke tobacco, chew tobacco, or use a water 

pipe, you should try giving up the habit entirely or 
reducing back significantly. Have a conversation 
with your primary care physician about smoking 
cessation programs.

• If you drink alcohol, do so in moderation so as not 
to negatively impact your health.

• Don’t forget to apply sunscreen. Apply a sunscreen 
that blocks both UVA and UVB rays to your face, 
and use sunblock.

• Make sure you get vaccinated against the human 
papillomavirus.

• Ensure that your diet includes foods from all the 
food groups.

• Have regular dental check-ups. Oral cancer screen-
ings should be performed every three years on 
people between the ages of 20 and 40, and annual 
checks should be performed after age 40.

How to detect early sign of oral cancer?
If oral cancer is detected at an early stage, there is a 

decreased risk that the disease may progress or spread. 
By performing a monthly self-examination, we have 
the ability to detect oral cancer in its earliest stages. 
Please get in touch with your dentist as soon as pos-
sible if we observe any changes or anything out of the 
ordinary. Following are some tips for checking for oral 
cancer in the mouth, throat, and neck:
• Put your finger on your lips, front gums, and the 

roof of your mouth.
• Look for lumps or swollen lymph nodes by giving 

your neck and the region below your lower jaw a 
physical examination.

• Examine the interior of your mouth with the aid of 
a bright white light and a mirror.

• As you perform this exercise, move your head 
backward and concentrate on your mouth’s roof.
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• To examine the interior of mouth, the lining of 
cheeks, and the gums in the back of your mouth, 
pulls your cheeks outward.

• Pull your tongue out and look at the top, bottom, 
and sides of your mouth. Carefully slide your 
tongue under your top teeth to reveal your mouth’s 
exterior.
Noticed early problem in your Mouth/ oral cavi-

ty: Red Lesion, White Lesion, Reduced Mouth open-
ing, Unhealed Ulcer, hard/soft Nodules, Intraoral, 
burning sensation, sharp tooth, ill-fitting denture and 
bleeding mainly early problem noticed in your Mouth/ 
oral cavity. In our study we examine the frequency and 
the percentage of problem arises in early stage of oral 
cancer given in figure 2.

Delay in 1st treatment started for cancer after 
diagnosis (Biopsy report) of oral cancer:

Because there are several stages of treatment for 
cancer, the process is lengthy. Therapy for cancer 
should begin relatively quickly once the diagnosis is 
made, although for the majority of cancer, waiting a 
few weeks before starting treatment won’t hurt. Be-
cause of this, the individual who has cancer has the 
opportunity to discuss all of their treatment options 
along with their cancer care team, as well as their fam-
ily and friends, and then select what course of action 
will be most beneficial for them. Figure 4 contains a 
breakdown of the various percentages with respect to 
a certain time span.

Public Awareness and Promotion  
of Oral Health

By educating the public and teaching the gener-
al public how to conduct self-oral examinations of 
their mouths, oral cancer can be found in its earliest 
stages. The patient themselves may be able to use this 
straightforward but efficient method to find any oral 
cavity abnormalities (Jornet et al., 2015). The ability to 
diagnose oral cancer early can save many lives. People 
living in communities where it is socially acceptable 
to do so are able to have their questions about the role 
of HPV in oral cancer answered by health educators 
and encouraged to engage in safe sexual behaviors. 
Tobacco and alcohol use can be brought to the atten-
tion of the general public through community-based 
interventions, and high-risk individuals can have their 
habits counseled to reduce their likelihood of devel-
oping harmful behaviors. In a nation like India, where 

there is a severe lack of awareness about oral health, 
educational initiatives on public health regarding the 
promotion of good oral hygiene and the preservation 
of oral health are crucial for preventing oral cancer 
and other diseases of the oral cavity. The best time of 
the year for dentists and doctors to inform the public 
about the risks of oral cancer and encourage individ-
uals to have a screening done on their mouths to look 
for any abnormalities may be during events like “Oral 
Cancer Awareness Month” and other occasions (Gup-
ta et al., 2012).

CONCLUSION
Oral cancer claims the lives of more than five people 

every hour and every day in India. It is past time that 
the growing impact of oral cancer in India was recog-
nized, and immediate action is required to lower inci-
dence, improve quality of life, and lower mortality rates 
throughout the nation. The federal and state govern-
ments are obligated to regulate risk factors that are on 
the increase in an effectual and efficient manner by en-
forcing stringent rules. The shared risk factor approach, 
which combines oral health and systemic health, is a 
simple strategy that can be used to reduce the incidence 
of oral cancer in India. It will take a great deal more 
work in the fields of research and public policy to bring 
the rate of oral cancer down in this country. The patient 
remains a major cause of treatment delays for head and 
neck cancers, with these delays typically lasting between 
3.5 and 5.4 months. The typical amount of time delay 
for a professional is between 14 and 21 weeks. Delay in 
diagnosis leads to unfavorable patient outcomes, both 
in terms of morbidity and death. These consequences 
are undesirable for the patient.
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Abstract
The long-standing style of care known as cardiac rehabilitation 
(CR) may have been created to lessen the significant burden 
of cardiovascular diseases (CVD) on people all over the world. 
In Post COVID era, maintenance of cardiac health in COVID 
affected patients has been received much attention. Cardiac 
rehabilitation (CR) may be a sophisticated intervention with 
multiple components which can provide support in develop-
ing health cardiovascular system. The calibre of CR services 
can vary greatly and have an impact on the extent of patient 
benefit. The research has demonstrated that cardiac rehabil-
itation improves quality of life and reduces clinical psycho-
logical distress (DSM sadness and anxiety) (QoL). Subclinical 
discomfort and psychological well-being also demonstrated 
pertinent clinical implications in cardiac situations. Cardiac re-
habilitation could also be an economical. According to studies, 
the benefits of CR are effective for patients with a variety of 
cardiac conditions, such as those who have undergone myo-
cardial infarction (MI), coronary artery bypass surgery, stable 
angina, stable chronic heart failure, heart valve replacement, 
percutaneous coronary treatments, heart transplantation, car-
diac arrhythmias, or severe arterial hypertension. As CR, and in 
several contexts “pre-habilitation,” are in increased demand, a 
chronic disability management programme is being given more 
commonly in home and community settings. As a result of the 

COVID-19 pandemic’s new requirements, the employment of 
distant, personalised solutions within this delivery paradigm is 
currently changing.

Keywords 
Cardiac rehabilitation, Cardiac mortality, COVID 19, Myocardial 
infarction
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INTRODUCTION
Cardiac rehabilitation (CR), a well-known type 

of care, may have been developed to alleviate the tre-
mendous burden that cardiovascular diseases (CVD) 
place on individuals all over the world. The nature 
and quality of cardiac rehabilitation (CR) services can 
differ substantially and have an impact on the degree 
of patient benefit because CR may be a complex in-
tervention with numerous components. The research 
has demonstrated that cardiac rehabilitation (CR) im-
proves quality of life (QoL)and reduces clinical psy-
chological distress (DSM sadness and anxiety) (Cohen 
et al., 1999). Subclinical discomfort and psychological 
well-being also demonstrated pertinent clinical im-
plications in cardiac situations. Cardiac rehabilitation 
(CR) could also be an economical. Patients who have 
undergone myocardial infarction (MI), coronary ar-
tery bypass surgery, severe arterial hypertension, heart 
valve restoration, stable angina, stable chronic cardiac 
arrest, heart transplantation, ventricular arrhythmias, 
or percutaneous coronary interventions, have all been 
shown to benefit from CR. One of the goals of CR is to 
increase exercise tolerance and reduce cardiovascular 
risk factors.

Third world nations where cardiac care therapies 
have experienced fast expansion, are now imple-
menting these guidelines and standards with the cru-
cial goal of making rehabilitation a neighbourhood 
of the quality care package rather than an optional 
component. Cardiovascular rehabilitation (CR) is 
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another potential name for a paradigm of care that 
is provided in both clinical and nonclinical settings 
and is intended to increase the need for individual-
ized home-based care. Cardiac rehabilitation (CR) 
is a care plan that can be used to optimize second-
ary prevention and is provided in both clinical and 
nonclinical settings. It is based on internationally 
recognized, validated original assessments, threat 
factor operation (e.g., diet, smoking, hypertension, 
dyslipidemia, and hyperglycemia/diabetes mellitus), 
structured exercise program, health education, and 
social and psychological consoling (Chaves et al., 
2020). Through its internationally recognized, val-
idated original assessment, threat factor operation 
(such as diet, smoking, hypertension, dyslipidemia, 
and hyperglycemia/diabetes mellitus), systematic ex-
ercise training, patient education, and psychological 
consoling, CR influences these advantages (Chaves 
et al., 2020).Exercise training (Et) is that the main-
stay and thus the foremost studied component of 
cardiac rehabilitation (CR) programs with varying 
recommendations in specific guidelines across coun-
tries. Before prescribing an appropriate CR program, 
functioning assessment is the primary step that can 
be done using the brief international Classification of 
Functioning. The clinical benefits of ET in patients 
with chronic heart failure (CHF) are mentioned in 
previous literatures and include positive changes in 
cardiovascular, respiratory and skeletal muscle ca-
pabilities, endurance, quality of life (QoL), inflam-
mation, depressive symptoms, stress, and cognitive 
functions (Padeletti et al., 2008).

Worldwide, ischemic heart disease (IHD) contin-
ues to be one of the leading contributors of morbidity 
and mortality. In fact, it ranks among the top global 
causes of years lived with a disability (Supervia et al., 
2019). Secondary prevention, such as that provided in 
cardiac rehabilitation (CR), is essential to treatment 
for cardiac patients since they are at a high risk of ex-
periencing recurring episodes and having their qual-
ity of life impaired. Dietary counselling, health risk 
reduction, psychological and social management, pa-
tient engagement, and exercise instruction are the five 
fundamental components of CR. (EACPR Committee 
for Science Guidelines, 2010). The primary cause of 
morbidity and mortality is still cardiovascular disease. 
However, over the past three decades, and particularly 
in developed economies, the mortality rates for ath-
erosclerosis have decreased dramatically.

Cardiac rehabilitation could also be a secure and 
effective intervention within the management of car-
diovascular diseases (CVD), which improves fitness, 
recovery and psychological well-being. Exercise-based 
CR significantly decreases cardiovascular mortality, 
the danger of re-hospitalizations and as a result, the 
cost (Kachru et al., 2019). An active lifestyle helps re-
duce risk of cardiovascular disease and improve over-
all health. Particularly CHD patients have some degree 
of aerobic capacity limits, which are most noticeable in 
individuals with complicated heart defects (Larsson et 
al., 2019). Therefore, this study was conducted to see 
the pattern and implementation of Cardiac rehabili-
tation globally. Also, to see what guidelines are being 
followed for Cardiac rehabilitation in various coun-
tries, especially in developed countries & in develop-
ing countries is very different the basic differences is 
in CR program structure among them.

A study was conducted to characterize the struc-
ture of CR programs globally in accordance to recom-
mended instructions and to juxtapose this by World 
Health Organization (WHO) region. The majority of 
nations in the globe (54.7%), according to data from 93 
surveys, provide cardiac rehabilitation. The most fre-
quent causes of cardiac rehabilitation were myocardial 
infarction, PCI, and coronary artery bypass surgery 
(Supervia et al., 2019). The majority of programs were 
run by doctors. The nursing staff and physiotherapists 
were the most prevalent CR providers. For the first 
time, CR programs were characterized globally, and 
the findings indicated that the quality of CR programs 
is excellent. A more regular delivery of counseling for 
quitting smoking and returning to the workforce must 
be encouraged. However, gaps and inadequacies in the 
provision of CR services have been identified.

A study was carried out to examine these psycho-
logical aspects, how they changed with time, and how 
CR patients’ hearts developed. Patients overall indicated 
high distress in 25.9% of cases with a DSM diagnosis, 
high anguish in 31.5% of cases without a DSM diag-
nosis, and low distress in 42.6% of cases. After CR was 
finished, a significant drop in DSM diagnoses was seen. 
The study’s findings show that there is a considerable de-
crease in clinical distress following CR completion. Sub-
clinical discomfort, however, is still present and predicts 
negative cardiac outcomes (Gostoli etal., 2017).

This study was conducted by Bellmann and his 
colleagues to gain insight into the most recent devel-
opments in CR and to demonstrate its drawbacks. By 
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minimizing risk factors like exercise, nicotine cessa-
tion, weight management, and cholesterol reduction, 
CR can undoubtedly enhance the quality of life and 
lower mortality. CR programs must be tailored to 
the unique requirements of female and male patients 
(Bellmann et al., 2020). 

A cross-sectional study was conducted, in which 
they gave an online survey to CR programs located in 
India. The study was cross-sectional, and it summarized 
the provision and availability of CR in India specifically 
(Babu et al., 2020). Regarding the former, estimates for 
the yearly prevalence of IHD from the Global Burden 
of Disease research were used to calculate CR density. 
India, especially the North, has the biggest need for CR 
out of all the nations included in the ICCPR’s worldwide 
audit. Government funding and training of health-
care professionals to deliver the programs are re-
quired to boost capacity. Where CR was available, it 
was often provided in accordance with suggestions 
from guidelines. Interventions for quitting smoking 
should be made available to everyone.

Chavez et al. conducted this work to characterize 
the dose provided in alternate models and supervised 
CR programmes around the world, as well as any po-
tential correlations. Global CR programmes were giv-
en access to a web survey as part of this cross-sectional 
investigation. Program identification was made easi-
er by cardiac groups and local champions. Countries 
were categorized using criteria for income and region. 
The study’s findings show that CR dose varies great-
ly by nation, location, and socio – economic status; if 
feasible, a global average of 22 hours each monitored 
programme is feasible. Many CR regimens may also 
have to alter their dose, which may have the backing of 
medical professionals (Chavez et al., 2020).

Turk-Adawi et al. conducted a study to determine the 
density, quantities, and drivers of CR. An international 
survey of CR programmed was given out as part of this 
study. Program identification was facilitated through 
cardiac groups and local champions. Generalized linear 
mixed models were used to evaluate factors linked to vol-
umes and compare them by World Health Organization 
area. Only half of the world’s countries have CR. Where 
available, there is a severe lack of capacity, therefore the 
majority of patients won’t benefit from the benefits of 
participation (Turk-Adawi et al., 2019).

Piffle et.al conducted a systematic evaluation of the 
literature relating to national and worldwide cardiac re-
habilitation registries. In July 2016, four databases were 

checked, and two reviewers separately screened complete 
texts and titles/abstracts for inclusion. The study’s sample 
contained a total of 265,608 patients, eleven publications 
from seven national registries, and one international reg-
istry (of 12 European states). The use of domestic and in-
ternational registries to define cardiac rehabilitation and 
provide a benchmark for improving quality, though still 
in its infancy, shows promise for both national and global 
benchmarking. For patients with cardiac problems, clin-
ical registers are crucial for assessing and promoting the 
quality of medical care (Piffle et al., 2017).

Suvero et al indicated that a thorough plan must be 
established in order to prevent, manage, and support 
patients who are enduring delayed morbidity and im-
pairment as a result of post-COVID-19 problems. We 
anticipate that with enough time, research, and health 
education, we will eventually be able to better under-
stand and recognize the post-COVID problems in a 
variety of people and contexts (Suvero et al., 2021).

According to Pal et al., if the pandemic in India is 
not controlled, there could be grave repercussions, in-
cluding extensive instances and thousands of casualties 
that will also quickly overburden the hospital system. 
The World Health Organization recently stated that In-
dia’s response to the pandemic will influence how the 
disease evolves in the future due to the broad scope of 
the pandemic and the potential that India will turn into 
the next COVID-19 epicenter. Here, we’ve outlined the 
current situation of the pandemic in India and the nu-
merous difficulties the nation is currently facing in its 
fight against COVID-19 (Pal and Yadav, 2020).

Over the course of three centuries, cardiac rehabil-
itation has developed into a multifaceted, multi-mor-
bidity chronic disease management approach. The 
primary clinical outcomes have changed over time, 
ranging from attaining unnecessarily long periods of 
bed rest and a quicker return to work to a reduction in 
mortality and, more recently, a reduction in healthcare 
costs. It is crucial to stay aware of what this entails in 
relation to each patient’s quality of mental and social 
life because both individual and medical care technol-
ogy are advancing and helping to preserve life.

A prolonged disability management program that 
is frequently provided in residential and community 
settings is a growing focus for CR, and in some cases 
“pre-habilitation.” Nowadays, this delivery approach 
makes advantage of virtual customized systems, par-
ticularly when the COVID-19 pandemic accelerates 
the development of new needs.
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Conclusion
The enhancement of exercise capacity and man-

agement of coronary risk factors are the goals of CR. 
By reducing risk factors including exercise, quitting 
smoking, weight loss, and cholesterol lowering, CR 
can enhance the quality of life and minimize mortal-
ity. The varied demands of male and female patients 
should be taken into consideration while designing 
CR regimens. Clinical psychological discomfort (DSM 
depression and anxiety) and well being have been pos-
itively impacted by cardiac rehabilitation, according to 
prior research (QoL). Also, CR programs were char-
acterized globally for the primary time, and results 
suggested that CR programs quality is high. However, 
gaps & flaws within the delivery of CR services were 
noticed. 

The last ten years’ worth of English-language CR 
recommendations were carefully examined. These 
principles emerged from a worldwide group, also as 
Europe and therefore the America’s, most considered 
equity. Three excellent, thorough, multi-disciplinary, 
and internationally applicable guidelines were chosen 
from this collection to meet the WHO’s recommenda-
tion extraction criteria.
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Abstract:
A 19-year-old female came with complaints of multiple lumps 
in her right breast of different sizes, which she had noticed 
one month back. The woman also gave a lactating history and 
family history of tuberculosis. After obtaining informed consent 
from the patient, minimally invasive procedure, Fine Needle As-
piration Cytology (FNAC) was performed and about 2 ml of pus 
like material was aspirated. Giemsa stained microscopic finding 
showed epithelioid cells along with lymphocytes in a necrotic 
background that were consistent with Granulomatous mastitis. 
Sometimes epithelial atypia can be worrisome in cases of masti-
tis. Hence clinical correlation is necessary along with cytological 
findings for interpretation. Open biopsy is the gold standard for 
definitive diagnosis.
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Introduction:
Granulomatous mastitis (GM) is an uncommon 

breast lesion, which was reported for the first time in 
1972 by Kessler and Woolloch. It mostly affects wom-
en of childbearing age and often reported with a his-
tory of breast feeding (Wolfrum et al., 2018). The age 
at diagnosis is usually 20-50 years; but, patients of age 
11 and 83 were also reported (Seo et al., 2012). The 
patient usually present with breast mass, pain, nipple 

discharge and retraction and sometimes, lymphangitis 
followed by blisters, sinus formations, and abscesses 
can occur (Pak et al., 2021). Among these most com-
mon presentation is a palpable breast lump (Kok KYY, 
Telisinghe PU, 2010).

Case Report
A 19-years old female came with complaints of 

multiple lumps in her right breast. She has noticed 
this one month back. On examination, the lumps were 
non-tender, mobile, soft to firm in consistency and no 
discharge was seen. No signs of acute inflammation 
were noted. Nipple areola complex was normal. Ex-
amination of contralateral breast was normal. Family 
history of tuberculosis was present. No significant past 
history noted. 

On FNAC, following findings were noted. A hyper 
cellular smear comprising of tight clusters of epithelial 
cells. At places few epithelioid- like cells with slipper 
shaped and vesicular nuclei were noted. Background 
was necrotic along with inflammatory cells predomi-
nantly of lymphocytes and few neutrophils. These 
findings suggested granuloma formation. No obvi-
ous evidence of malignant cell changes seen. Hence 
the case was diagnosed as Granulomatous mastitis of 
right breast.

Granulomatous mastitis presents as a heteroge-
neous disease with variable clinical presentations. 
Mastitis affects about 3–20% of lactating women. This 
was consistent with our case as well. It can occur at 
any time during lactation, but most commonly in the 
first 6 weeks (Chalmers et al., 2020). The diagnosis is 
usually made by exclusion. It can mimic two common 
breast diseases; one is the breast cancer and the other 
breast abscess (Topete et al., 2019). Hence there arises 
the need for the confirmation of diagnosis. The cause 
of Granulomatous Mastitis is yet to be proved. Several 
reviews of literature reveal multiple theories based on 
the findings in cohorts and anecdotal observations. 
Among them, the most accepted theory is that an ini-
tial insult occurs to the ductal epithelial cells in the 
breast that leads to a transition of luminal secretions 
to the lobular breast stroma.

In the diagnosis of Granulomatous mastitis, other 
granulomatous diseases such as Tuberculous Mastitis, 
sarcoidosis, Wegener’s granulomatosis must also be 
included along with breast cancer (Seo et al., 2012).
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Fig.1 
 

Fig.2

Fig.1 & 2 Smear showing epithelioid cells in a ne-
crotic background along with inflammatory cells pre-
dominantly lymphocytes.

Discussion:
This transition further causes a local inflamma-

tory response in the connective tissue, which leads to 
macrophage and lymphocyte migration to the region, 
subsequently leading to a granulomatous response 
(Plugue-Turull et al., 2018). Trigger factors include 
pregnancy, lactation, autoimmunity, hyperprolac-
tinemia, smoking etc (Halim et al., 2018).

As India is endemic for tuberculosis, Tubercu-
lous mastitis should not be missed in the differential 
diagnosis. As the FNAC and imaging studies of vari-

ous granulomatous mastitis is non-specific, definitive 
diagnosis is made by histopathological examination 
(Seo et al., 2012). However, it is not always possible to 
detect acid-fast bacilli in the histological sections of 
Tuberculous Mastitis, thus accurate diagnosis is made 
only when accurate clinical history is present. 

But in recent times, FNAC is evolving as a major 
tool in the diagnosis of breast lesions, as it is mini-
mally invasive. The findings in FNAC for tuberculous 
mastitis reveals epithelioid histiocytes, Langhan’s gi-
ant cells, granulomas and caseous necrosis. Most of 
these findings were noted in our case as well. A pre-
dominantly neutrophilic background with absence 
of necrosis mostly favors a diagnosis of Idiopathic 
Granulomatous Mastitis. This is valid only when there 
is presence of high number of epithelioid histiocytes 
(Seo et al., 2012). 

A study was conducted to show the role of IL-33 
in differentiating Granulomatous mastitis and breast 
cancer. IL-33 levels showed high sensitivity (93.75%) 
and specificity (96%) in differentiating Idiopathic 
granulomatous mastitis from breast cancer. There-
fore, if IL-33 levels are used along with ultrasound and 
mammography favorable diagnosis can be achieved 
(Halim et al., 2018). 

Infective mastitis is a very important diagnosis to 
be exclude in the setting of Granulomatous mastitis, 
as it is the most common cause of inflammatory breast 
disease in women, especially of childbearing age group. 
This condition can be seen in both lactating as well as 
non-lactating women. In a study conducted by Kamal 
et al involving 197 female patients of age ranging from 
14–67 years (average age, 39.8 years) had a diagnosis 
of mastitis, among which 67% were attributed to infec-
tion. They have also found infective mastitis to be very 
common during the childbearing period and during 
lactation, with 63.6% of patients being younger than 
40 years and 37.9% of them lactating (Pluguez-Turull 
et al., 2018). 

Granulomatous lesion with acute inflammation and 
cystic spaces should be examined for the presence of 
some rare species of Gram-positive bacteria such as Co-
rynebacteria, including C. kroppenstedtii. They must be 
investigated in the presence of these mentioned histo-
logical features (Johnstone et al., 2017). Hence, the final 
diagnosis is based on histopathological report, micro-
biological investigations and clinical correlation.

Most commonly used therapies include surgical 
excision of the granuloma, drainage of the wound, and 



Issue 25. December 2022 | Cardiometry | 1425

steroid therapy. Few clinicians use antibiotics, wide 
surgical resection, mastectomy, and immunosuppres-
sants as well. Majority of authors conclude that steroid 
therapy is effective and resolution can be obtained 
without any surgery (Velidedeoglu et al., 2016). 

Conclusion: 
In our case, FNAC findings include presence of ep-

ithelioid cells, lymphocytes and necrotic background. 
Hence the diagnosis was given as Granulomatous 
mastitis. Further the probability of tuberculous eti-
ology must be considered by clinical correlation and 
other confirmatory tests.
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Abstract
Introduction- Catamenial pneumothorax, an extremely rare 
condition, is defined as the accumulation of air in the pleu-
ral cavity occurring in conjunction with menstrual periods and 
during ovulation. It accounts in only 3- 6 %. This is primarily 
caused by endometriosis of pleura. It is seen in 30- 40 years 
aged women.
Case report- A 35-year-old non-smoker female came to OPD 
in the department of Respiratory Medicine with complaints of 
chest pain, breathlessness with dry cough with history of uterine 
endometriosis. She underwent investigations and diagnosed as 
a case of pleural endometriosis and managed conservatively. 
She came with recurrence after 3 months and treated surgically. 
Discussion- Patient initially was managed with chest tube in-
sertion and hormonal therapy. Later on she had recurrence so 
she underwent VATS and pleurodesis and recovered well with 
no complications. 
Conclusion- Catamenial pneumothorax is a very rare condition 
which has multidisciplinary management i.e. can be managed 
by hormonal therapy, chest tube insertion, surgery or in com-
bination. 
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Introduction
Endometriosis most commonly involves the pelvis, 

commonly the ovaries followed by cul-de-sac, broad 
ligaments, and uterosacral ligaments. However, endo-
metrial tissue may be found outside the pelvis e.g. tho-
rax, brain, and skin1. Thoracic cavity is most frequent-
ly involved extra-pelvic location of endometriosis2.

Catamenial pneumothorax, a extremely rare con-
dition, is defined as the accumulation of air in the 
pleural cavity occurring in conjunction with menstru-
al periods and during ovulation. It accounts in only 3- 
6 %3,4. Higher rates are reported in those with primary 
spontaneous pneumothorax 3- 6%, and the highest 
rates are reported in those who were having recur-
rent pneumothorax or pneumothorax which requires 
surgery in 6 -20% and catamenial pneumothorax 
(65-89%).This is primarily caused by endometriosis 
of pleura5. It is seen in 30- 40 years aged women. The 
blood and air cause collapse of lung6 which is usually 
less than 72 hours. There is recurrence of lung collapse 
which helps in diagnosing the pathology. 

Several hypotheses have been proposed for this 
e.g. auto transplantation via retrograde menstruation, 
microembolisation/ metastasis, coelomic metaplasia. 
Although specific risk factors for the development 
of pelvic endometriosis have been described such as 
short menstrual cycles, prolonged menses, nullipari-
ty, early menarche/late menopause and tall thin body 
habitus, it is not known whether the same factors can 
increase the risk for thoracic involvement or not. Ge-
netic predisposition for endometriosis has also been 
described but no such association has been reported 
for the same. 

The most common presentation of thoracic en-
dometriosis is catamenial pneumothorax which 
accounts for 70-73%7-10. A 15% proportion has cat-
amenial pneumothorax due to probable thoracic in-
volvement, and <10 % have pneumothorax that has 
no temporal relationship with menses. Patients with 
endometriosis-related non-catamenial pneumothorax 
are typically identified during surgery for recurrent 
pneumothorax.

Symptoms usually begin just before or within 72 
hours after the onset of menstruation, rarely 96 hours. 
Chest or scapular pain is the most common symp-
tom. Examination findings may reveal reduced breath 
sounds and tracheal deviation. Symptoms and signs 
are mostly right-sided.

Pneumothoraces on chest radiography can be of any 
size and are typically right-sided but can occur left-sided 
or bilateral also7,9. Occasionally, pneumomediastinum 
or pneumoperitoneum is evident. Chest radiographs 
may also reveal other associated features of thoracic en-
dometriosis including an effusion due to hemothorax 
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with or without mediastinal shift depending upon the 
size, parenchymal nodules and cavities, and a nodular 
appearance of the diaphragm due to abdominal viscus 
protrusion through diaphragmatic perforations. Chest 
CT scans are most likely to show abnormalities when 
patients are symptomatic. Due to the higher resolution 
of CT, abnormalities not visualized on chest radiog-
raphy may be better appreciated using this modality. 
These include pneumothorax, pneumomediastinum 
or pneumoperitoneum, bullae, pleural nodules, paren-
chymal nodules, small cavities, scarring, ground glass 
infiltrates, and/or pleural effusions.

Magnetic resonance imaging (MRI) may detect 
similar findings with better resolution compared to 
chest CT.

Grossly, it may occur in isolation, coexist, or be ab-
sent. Endometrial implants may be found on the pleu-
ral, diaphragmatic and pericardial. They can be single 
or multiple, vary in size. Diaphragmatic perforations 
are circular or elliptical, single or multiple, and usually 
located at the central tendon. They are usually small, 
measuring 1 to 3 mm in size but can be larger in some 
cases up to 10 mm. Endometrial implants are histo-
logically similar to that of endometrium in the uter-
ine cavity; they share two major features, endometrial 
glands and stroma.

Biochemical investigation that helps in diagnosing is 
CA-125 which is elevated. Video-assisted thoracoscopy 
confirms the diagnosis. It gets resolved spontaneously 
in many cases but sometimes it may require chest tube 
insertion to release air/blood. Hormonal treatment, 
surgery or combined are also the approaches. 

Pneumothorax due to thoracic endometriosis is pri-
marily treated by definitively managing the presenting 
feature (e.g., chest tube drainage of pneumothorax) fol-
lowed by secondary prevention of recurrence.

Recurrent pneumothorax is prevented using surgi-
cal blebectomy, pleurodesis, and diaphragmatic repair. 
Once the diagnosis is confirmed, adjunctive hormonal 
suppressive therapy is usually administered postoper-
atively, for 6 to 12 months.

Case report
A 35-year-old female, non- smoker, presented to 

pulmonary OPD with complaints of chest pain and 
breathlessness with dry cough for 2 days. These coin-
cided with the onset of her menstrual cycle. She had a 
past history of endometriosis which was diagnosed as 
she had metrorrhagia. There was no history of trau-

ma, fever, chronic lung disease, pelvic or abdominal 
pain. On examination, breath sounds were decreased 
in right lung base. She got her chest x-ray done which 
showed right sided moderate pneumothorax with 
small amount of pleural fluid. These findings were 
verified in CECT thorax. There were no pleural blebs 
seen on radiological investigations. Clinical diagnosis 
of catamenial pneumohemothorax was made and pa-
tient was managed with chest tube insertion and was 
discharged on levonorgestrel/ethinyl estradiol tablets. 
Three months later she had similar symptoms that 
occurred at the time of menstruation. Her chest x-ray 
again showed the right sided pneumothorax and was 
consulted with CTVS surgeon. She underwent vid-
eo-assisted thoracoscopic surgery and pleurodesis and 
nodules were sent for histopathology which revealed 
endometriosis. She recovered well and was discharged 
on POD-5 with no complications.

Discussion 
The patient initially was managed with chest tube 

insertion and hormonal therapy. Later on, she had a 
recurrence so she underwent VATS and pleurodesis 
and recovered well with no complications. She visits 
in follow-up with no recurrence till now. 

Conclusion 
Catamenial pneumothorax is a very rare condition 

that occurs only in 3- 6 % of cases and should not be 
missed, in a young female with chest pain during her 
menstruation. The management of catamenial pneu-
mohemothorax is multidisciplinary i.e. can be man-
aged by hormonal therapy, chest tube insertion, sur-
gery, or in combination. 

 
Figure 1-Showing large pneumothorax with hilar lung collapse.



1428 | Cardiometry | Issue 25. December 2022

References 
1. Jubanyik KJ, Comite F. Extrapelvic endometriosis. 
Obstet Gynecol Clin North Am 1997; 24:411.
2. Bagan P, Berna P, Assouad J, et al. Value of cancer 
antigen 125 for diagnosis of pleuralendometriosis in 
females with recurrent pneumothorax. Eur Respir J 
2008; 31:140.
3. Hiyama N, Sasabuchi Y, Jo T, et al. the three peaks 
in age distribution of females with pneumothorax: a 
nation wide database study in Japan. Eur J cardiotho-
racic surg. 2018;54(3):572-578.
4. Korom S, Kurrer MO, et al. catamenial pneumo-
thorax revisited: clinical approach and systematic 
review of the literature. J thoracic cardiovasc surg. 
2004;128(4):502-8.
5. Definition from mercksource.com archived from 
the original 2006-07-02. Retrieved 2006-07-01.
6. Glynis D.Wallace. Living with lung and colon en-
dometriosis: catamenial pneumothorax. Authorhouse, 
2005. ISBN 1-4208-8331-3. 
7. Alifano M, Jablonski C, Kadiri H, et al. Catamenial 
and noncatamenial, endometriosis-related or nonen-
dometriosis-related pneumothorax referred for sur-
gery. Am J Respir CritCare Med 2007; 176:1048.
8. Channabasavaiah AD, Joseph JV. Thoracic endo-
metriosis: revisiting the association betweenclinical 
presentation and thoracic pathology based on tho-
racoscopic findings in 110patients. Medicine (Balti-
more) 2010; 89:183.
9. Joseph J, Sahn SA. Thoracic endometriosis syn-
drome: new observations from an analysis of110 cases. 
Am J Med 1996; 100:164.
10. Korom S, Canyurt H, Missbach A, et al. Catame-
nial pneumothorax revisited: clinicalapproach and 
systematic review of the literature. J Thorac Cardio-
vasc Surg 2004; 128:502.

 
Figure 2- CECT thorax showing right sided pneumothorax  

 
Figure 3- Post ICD insertion x-ray 

 
Figure 4-  Showing intra-operatively: diaphragmatic lesions- 
multiple circular and elliptical red spots or nodules and holes at 
right leaflet of the central tendon

 

Figure 5- Showing endometriosis in histopathology
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Introduction
Sneezing is considered to be physiological defense 

mechanisms against nasal mucosal irritation due to al-
lergy, infection, or local pathology, unusual triggers of 
sneezing include light, full stomach, sexual ideation, or 
orgasm. Psychogenic sneezing is a relatively rare enti-
ty, first described by Shilkret1 in 1949. Since then it has 
been accepted clinically and commonly considered as 
a differential in chronic intractable cases of sneezing.

It is more common in adolescents and females 
appear to be affected more than males2, the individ-
uals do not sneeze while asleep and they sneeze with 
their eyes open3, generally, the sneezing is refractory 
to a wide variety of medications but responds well to 
psychological measures such as psychotherapy, bio-
feedback, and relaxation exercises4,5. The psychogenic 
sneezing consists of an aborted or pseudo sneeze and 
generally has little or no inspiratory phase, short nasal 
grunting, and little or no aerosolization of the nasal 
mucous secretions, one can often but not always elic-
it a significant psychiatric history, and finally, despite 
the continuous sneezing the physical examination and 
relevant investigations are normal.6,7

In addition to the psychogenic origin of sneezing it 
can originate due to allergic, infectious, or local nasal 
causes,8,9 CNS epilepsy, or vasomotor causes. 

We are reporting a case of a 9-year-old female who 
remitted with psychological and pharmacological in-
terventions.

Case Report
A 9-year-old female was brought to the pediatric 

OPD by her mother with a chief complaint of transient 
episodes of sneezing usually 4-5 sneezes associated 
with throat itching and nose itching for 10 -15 days 
with no diurnal variation, no seasonal variation. Not 
accompanied by nasal discharge or cough. There was 
no dysphagia, vomiting, nausea, or associated throat 
pain. The sneezing was episodic but did not occur 
while talking or during sleep. There was no history of 
allergy, respiratory distress, or skin rashes. There was 
a history of a family stressor event after which the pa-
tient started these episodes of sneezing. Before being 
referred to the Psychiatry Department the patient was 
given a trial of antihistamines and steam inhalation 
sessions. A local examination of the sinuses was done 
which was normal. The patient complained of pain in 
both submandibular region which shifted to the sub-
mental region on examining the patient 15 minutes 
apart indicating psychogenic origin. Mental status ex-
amination revealed that the child had a sad mood and 
anxious affect and the symptoms aggravated when the 
child was afraid of separation from the mother. When 
the mother was asked to leave the child alone for some 
time the sneezing episodes would aggravate and then 
subsides by themselves. The patient was started on 
low-dose Benzodiazepines to which she responded 
well in controlling episodes of her sneezing.

Discussion
The local exam and investigations were normal. In 

this case, a psychogenic stressor was recognized and 
once the psychogenic nature of symptoms, their onset 
(due to underlying stress), and their perpetuation (due 
to secondary gain) was explained initially to the moth-
er, there was an improvement followed by remission of 
sneezing. The role of low-dose benzodiazepines lies in 
reducing underlying anxiety and making the patient 
more amenable to psychotherapy. There is a role of 
supportive psychotherapy (i.e., explanation of nature 
of the illness, suggestion to overcome symptoms) and 
behavior therapy (reward when there is symptom re-
duction, aversion therapy, hypnosis, and relaxation)4,5

Commonly, the reported cases of intractable sneez-
ing are psychogenic in nature, particularly in adoles-
cent patients.2-5,7-10 Therefore when confronting such 
patients this is to be kept in mind, in order to avoid an 
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unnecessary extensive medical evaluation and unneed-
ed medications, parental anxiety, and effect on school 
performance.2,4,7,9 Finding the specific psychogenic trig-
gering event and avoidance of secondary gain (or atten-
tion) can sometimes relieve the symptoms.5,10
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INTRODUCTION
Delusional parasitosis is an infrequent psychotic 

illness characterized by an unshaken belief of having 
been infested by a parasite when one is not.[1] It is also 
called Ekbom syndrome after the Swedish neurologist 
Karl Axel Ekbom who did seminal work on this entity.
[2]Primary delusional parasitosis consists primarily 
of a single delusional belief of having been infested by 
parasite and comes under monosymptomatic hypo-
chondriacal psychosis.[3] 

Discrete bruises, nodular pruritis, ulcers, and scars 
are frequently produced by patient trying to extract the 
parasite.[4] Patient injure themselves to get rid of par-
asites or present to health professionals for help. They 
may even bring dust, fibers, scab, or debris excoriated 
from the skin as evidence for inspection in, for exam-
ple, a matchbox, often called as “match-box sign.”[5]

Morgellons, which refers to cutaneous symptoms 
like biting, crawling, or stinging sensation, finding fi-
bers on or under skin, and persistent skin lesions, are 
often seen in delusional parasitosis.[6] Morgellons 
disease (MD) is a disfiguring and completely baffling 
skin condition associated with spirochetal infection 
and tick-borne illness. The distinguishing diagnostic 
feature of MD is appearing ulcerative skin lesions that 

contain unusual filaments lying under, embedded in, 
or projecting from the skin. The characteristic fila-
ments are microscopic, visually resembling textile fi-
bers, and are white, black, or more vibrant color. In 
addition to fiber production, some patients may ex-
perience formication, described as stinging, biting, 
creeping and crawling sensation.

CASE REPORT
The patient came to psychiatry opd in santosh 

medical college with c/o infestation of skin by threads 
coming out of skin over face, abdomen and limbs start 
from eye since 4 years.

Patient started feeling threads coming out of skin 
after operation in right eye for entropion after which 
she started developing these symptoms. Patient 
brought to hospital by neighbour when she noticed 
multiple unhealed skin lesion which was developed 
when patient try to cut skin by blade or scissor for tak-
ing out thread and insect this was present on right side 
of body. She tells if the thread not removed from area 
lateral to eye, it will fill up in the eye socket and causes 
unbearable pain, thus she tries to pull out the thread 
continuously and it also reaches the skin of chest and 
abdomen. Sometimes she makes a wound over skin 
by sharp object like blade to pull out the threads. This 
delusional behavior is present persistently from four 
year period for which she took multiple consultations. 

DISCUSSION
The local exam and investigation were normal.
These patient commonly seek attention of derma-

tologist or physicians and may continue seeking dif-
ferent therapies in search of a cure. Most of the reports 
are from the dermatologic literature and the exact 
prevalence is not known.[7] Patient sought treatment 
primarily from physicians and could come to psychi-
atric attention only when he presented with depressive 
feature secondary to his delusional belief

Treatment primarily involves use of antipsychotics.
[8] It also involves management of primary psycho-
logical and medical condition in case of secondary or 
organic delusional parasitosis respectively.[4]
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Introduction
Post-sepsis syndrome is an evolving pathologi-

cal entity that has gathered marked interest amongst 
clinicians and researchers over the last two decades. 
Amongst the survivors of sepsis, quite a few patients ex-
perience a variety of physical, psychological and emo-
tional challenges while recovering. COVID-19 is now 
acknowledged as a multi-organ disease with a wide 
range of presentations and manifestations and recent 
researches imply that its problems commonly last 6 to 
18 months but for some it can linger on for years.

Recent acknowledgement of post sepsis syndrome 
means that it is yet evolving and population including 
the treating physicians tends to overlook the potential 
burden this disease carries beyond the acute phase of in-
fection. Hence, this can be a very isolated place for a pa-
tient who is experiencing PSS causing them to doubt the 
problems, increase hospitalization risk and many may 
even go untreated. Our aim is highlighting the need for 
screening for these impairments in order to implement 
early interventions and secondary prevention.

The etiology of the psychiatric sequel of infection 
with coronavirus is multifactorial and includes the di-
rect effects of viral infection, cerebrovascular disease, 
degree of physiological compromise (eg, hypoxia), the 
immunological response, medical intrusions, social 

isolation, the psychological impact of a potentially fa-
tal illness, concerns about infecting others, and stigma.

Several mechanisms of CNS invasion have been 
proposed. The blood–brain barrier appears to be com-
promised in the course of coronavirus infection which 
alters the barrier permeability. Also, the virus may 
directly infect neurons in the periphery or olfactory 
sensory neurons via perivascular spaces of lymphatic’s 
and use axonal transport to gain access to the CNS. 
These disturbances lead to build-up of high levels of 
Interleukin (IL)-1β, IL-6, CXCL10, CCL2, Interferon 
(IFN)-γ, and T-helper-2 cell-secreted cytokines such 
as IL-4 and IL-10in the CNS which lead to multiple 
disturbances such as a disruption of hypothalamo-pi-
tuitary-adrenal and neuroendocrine axis, thus adding 
to compromising host’s immunocompetence. Recent 
focus has been expanded to the occurrence of an im-
munosuppressive phase, occurring concurrently with 
the hyper inflammatory phase, which is marked by 
lymphocyte apoptosis and cellular reprogramming 
(endotoxin intolerance) of innate immune cells. Pro-
longed immunosuppression is said to be the key com-
ponent of the post-sepsis syndrome.

In PSS, patient can experience multiple psychiat-
ric issues like diffuse myalgia, anxiety ((23%), depres-
sion (31%), bipolar mood disturbances, non-restor-
ative sleep, (26%), altered appetite, OCD (20%) PTSD 
(flashbacks, nightmares) (28%), mood swings, de-
creased cognitive function which includes poor con-
centration, confusion, decreased attention and short 
term memory loss), psychosis and epilepsy. This syn-
drome can involve deficits in other systems, including 
the immune, renal and CVS.

Case History
A 20 year old young lady with thin, athletic built 

weighing 46kg and of 5’6”height presented to psychia-
try OPD with complaints of headache, pain abdomen, 
fatigue, difficulty in sleeping and low mood and anx-
iety since last 10 days. Her vitals were stable and were 
afebrile but was found to have pallor. Patient appeared 
anxious, her psychomotor activity was decreased and 
she would take frequent breaks while explaining her 
complaints. She explained her mood as sad and had 
hardly slept over the last 48 hours.

She was advised admission for evaluation under 
psychiatric care. Her blood sample was sent for reg-
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ular investigations. LFT, KFT, Lipid profile and urine 
routine tests were normal. Patient’s ultrasound abdo-
men was insignificant but surprisingly blood reports 
showed pancytopenia with her Hb: 9.2, platelet count: 
0.35, TLC: 2190. Her MCV was reduced to 26.8 and 
lymphocytes were raised a little to 52. Peripheral 
blood smear showed prominence of RBCs which were 
normocytic normochromic with reduced TLC, WBC, 
DLC and platelet counts.

Medicine opinion was taken for the same and was 
advised further blood investigations for workup. Pa-
tient blood culture report had no growth, Malaria 
Parasite card test was negative and so was her den-
gue serology over the subsequent day. On the third 
day of admission she was found to have high grade 
fever of 100 degree Fahrenheit (axillary). She was 
transferred under medicine department and was test-
ed for COVID-19 which came out to be positive and 
was managed appropriately. Repeat CBC showed Hb: 
10.2, Platelet count: 1.15, TLC: 2690, Lymphocytes: 
45. Over the next 3 days her she was discharged af-
ter testing negative. Over the course of admission her 
depressive symptoms continued to worsen although 
she did not encounter typical COVID-19 symptoms 
throughout her admission and she was discharged on 
antidepressants and followed up on regular basis.

Discussion
On September 21, 2020, the American Medical As-

sociation stated on their website that withstanding se-
vere COVID-19 means surviving viral sepsis [1]. If the 
symptoms and/ or delayed long term complications of 
SARS coV2 persist past 4 weeks of onset of symptoms 
and are not attributable to alternative clinical diagno-
ses (commonly known as Post-Acute COVID-19) can 
thus be termed as post viral sepsis syndrome. There is 
limited data published on long-term outcomes of se-
vere COVID-19 and even lesser in Indian setup. Sepsis 
has long-term effects on adaptive immunity and de-
spite numerical recovery of T-cells, CD4+ T-cells have 
weakened immune responses and memory CD8+ 
T-cells have decreased antigen sensitivity from sepsis 
leading to a lower IFNg secretion. It is also associated 
with increased number of regulatory T-cells, which 
persists for at least five to ten months afterwards.[4] 
(Slikke et al., 2020). In A Korean study around 35% 
of SARS survivors reported moderate to severe anx-
iety and/or depressive symptoms 1 month after re-
covery and 33% after 30 months.[2](Kim et al., 2018).

Another study report concludes that Anxiety, sleep 
disturbances, OCD, PTSD and depression have been 
reported in 30–40% of COVID-19 survivors post viral 
recovery [3] (Nalbandian et al., 2021). Similar study in 
UK of 90 covid positive cases with a 97% response rate 
similarly showed elevated levels of psychological dis-
tress with 59% diagnosed with psychiatric disorders 
and a continuing prevalence of 33% at 30 month fol-
low-up. Severity of psychiatric symptoms was found to 
be related to severity of illness and functional impair-
ment. [5] (Ritchie K). Similarly COVID-19 survivors 
have reported chronic malaise, depressive symptoms, 
diffuse myalgia and non-restorative sleep. Cognitive 
impairment has been noted including brain fog, which 
may manifest as difficulties with concentration, mem-
ory, receptive language and/or executive functioning. 
[3](Nalbandian et al., 2021).A Canadian study deter-
mines that the Long-term sequlae of the post-sepsis 
syndrome consist of persistent immune, neuropsychi-
atric, cognitive, and cardiovascular dysfunctions that 
result in decreased quality of life, frequent hospital-
ization, increased mortality and morbidity, in com-
parison to survivors of other acute medical conditions 
[4] (Slikke EC van der). A study concluded that sleep 
disorder, frequent recall of traumatic memories, emo-
tional lability, impaired concentration, fatigue, and 
impaired memory were reported in more than 15% of 
patients at a follow-up period of 6 weeks to 39 months. 
[2](Kim et al., 2018). At the pathogen-immune sys-
tem-brain interface, it is important to understand 
the similarities and differences between sickness be-
haviour and clinical depression as seen in our patient. 
Symptoms such as fatigue, sleep disturbances, appetite 
disturbances, restricted social interactions and loss of 
interest in usual activities are seen in both depression 
and sickness behavior related to viral infections. How-
ever, the core psychological symptoms of depression 
(worthlessness, hopelessness, pessimism and guilt) 
would be more typical of depression than sickness 
alone. [7](Perrin et al., 2020). If patients’ symptomol-
ogies are assessed is an infection-to-mood rather than 
mood-to-infection direction a more aggressive pre-
vention and treatment of respiratory viruses might be 
advocated for patients with mood disorders [8]. 

Other post-acute manifestations of COVID-19 
include migraine-like headaches (often refractory to 
traditional analgesics137) and late-onset headaches 
ascribed to high cytokine levels. Furthermore, An ac-
tivated HPA axis has also been implicated in individu-
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als who committed suicide–a finding that seems to be 
further corroborated by the observation of hyperplas-
tic adrenals in suicide victims

Physical issues include amputations (about 1% of 
survivors have had to have at least one amputation of 
a digit or limb); organ failure (heart or kidney); and 
repeat infections and sepsis. Finally, people recovering 
from sepsis are at increased risk of stroke and heart 
attack in the first four weeks after hospital discharge. 
And those aged 20 to 45 years are at a higher risk for 
these events compared to those over age 75.[1]

Research evaluating the direct neuropsychiat-
ric consequences and the indirect effects on mental 
health is highly needed to improve treatment, men-
tal health care planning and for preventive measures 
during potential subsequent pandemics. [2] The risk of 
depression was also found to be higher among patients 
with COVID-19 rather than mood disorders which is 
commonly associated with infections. [7](Vindegaard 
& Benros, 2020). Sepsis carries long-term effects on 
adaptive immunity. Despite numerical recovery of 
T-cells, CD4+ T-cells have impaired immune respons-
es. Also, memory CD8+ T-cells have decreased an-
tigen sensitivity while stimulation of T-cell activator 
(a-CD3/28) leading to a lower IFNg secretion in post 
viral patients as compared to healthy controls. More-
over, increased number of regulatory T-cells have been 
found in post septic patients, which persists for at least 
five to ten months afterwards. [4](Slikke et al., 2020).

Conclusion
The core understanding implies that as the number 

of sepsis cases increases, so does the burden of sep-
sis survivors who suffer from “post-sepsis syndrome” 
after hospital discharge. Most of the data available 
evaluates patients of ICU setting which understand-
ably is just the tip of the iceberg. In-depth assessment 
and continued follow ups of collective OPD, ward and 
ICU patients is crucial to understand the real burden 
of PSS society carries. For that a sepsis follow-up clinic 
can be a practical option to allow doctors and scien-
tists to provide post-sepsis care while collecting rel-
evant data from sepsis survivors, performing clinical 
trials to determine optimal rehabilitation strategies, 

and widening insights into the mechanisms that un-
derlie this evolving entity. It also sheds light on the fact 
that COVID-19 does not end at the time of hospital 
discharge, and interdisciplinary cooperation is of par-
amount importance for comprehensive care of these 
patients in the outpatient setting.
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Abstract
Background: To examine the prevalence of tuberculosis (TB) 
in healthcare workers (HCWs) with positive chest X-ray (CXR) 
and computed tomography (CT) findings and to ascertain the 
function of imaging in the diagnosis of TB.
Aims & Objectives: This study’s objectives included determining 
the prevalence of TB based on CXR and CT findings in healthcare 
professionals with positive IGRA results as well as the function of 
imaging in the diagnosis and management of pulmonary TB.
Materials and Methods: Retrospective investigations were 
conducted on IGRA positive people among 1976 hospital staff 
who had been TB-screened using the test. CXR was positive for 
clustered nodular and/or linear streaky opacities in the upper 
lung zone. The CT results were categorised. as being active, un-
certain, inactive, or typical. The class was regarded as CT-posi-
tive if it was active or undetermined.
Results: In 195 patients, the IGRA was positive. 190 participants 
(98.95%) and 90 subjects (46.87%) had CXR and CT, respec-
tively. There were 6 of 190 and 14 of 90 patients with CXR- and 
CT-positive findings, respectively. 9 and 5 of the 14 CT-positive 
individuals had active and indeterminate TB results, respective-
ly. All 14 CT-positive participants had negative microbiological 
reactions for TB. Nine CT-positive people were given empirical 
anti-TB drugs, and 5 of these 14 subjects tested negative for 
pulmonary TB on the CXR.
Conclusion: CT helped diagnose asymptomatic TB in IG-
RA-positive HCWs. 
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INTRODUCTION
Latent tuberculosis infection (LTBI) is a persistent 

immunological condition in which a modest number 
of Mycobacterium tuberculosis bacilli are present but 
there is no sign of clinically manifested active TB (1). 
10% of LTBI patients who are not treated go on to ac-
quire TB illness (2). Treatment recommendations for 
latent TB have been tightened to prevent the spread 
of active TB in people with LTBI due to an increase in 
patients with weakened immune systems brought on 
by ageing and medical development (3). As a result of 
the fact that healthcare professionals are more likely 
to contract TB than the general population, effective 
occupational protective measures such as TB blood 
tests have been advocated (2, 4 Chest X-ray (CXR) or 
chest CT can disclose the presence of image findings 
of active or inactive TB in patients with TB infection 
and lead to proper treatment for medical staff, despite 
the fact that there are no clear consensus guidelines 
about the use of imaging modalities in this scenario 
(4). Due to its better sensitivity to CXR and recent 
advancements in CT technology, chest CT is now fre-
quently utilised to diagnose pulmonary tuberculosis 
(5). To our knowledge, no research has been done on 
the use of chest CT in medical staff who have been 
diagnosed with latent or active TB and have positive 
interferon-gamma release assay (IGRA) results.

MATERIALS AND METHODS
Our Institutional Review Board approved this ret-

rospective observational study, and requirement for 
informed consent was waived (IRB No. 20-2018-3).

STUDY SUBJECTS
Retrospective inclusion of IGRA-positive partici-

pants was made for the 1976 hospital employees who 
underwent TB infection screenings with IGRAs be-
tween January 2015 and December 2017 were includ-
ed. The review of electronic medical records looked 
into clinical data such as age, sex, and TB history. For 
individuals with an IGRA result of positive, subse-
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quent radiologic examinations, microbiological tests 
such as acid-fast bacilli (AFB) stain, sputum culture, 
and TB polymerase chain reaction (PCR), as well as 
the usage of anti-TB drugs, were recorded.

CHEST CT IMAGE ACQUISITION
A 128-channel CT scanner (Ingenuity, Philips 

Medical Systems, Best, the Netherlands) or a 64-chan-
nel MDCT were used to perform CT scans (Brilliance; 
Philips Medical Systems, Cleveland, OH, USA). Iopa-
midol (Iopamiro 300; Bracco, Milan, Italy) was inject-
ed intravenously at a rate of 2.5 mL/s for contrast-en-
hanced chest CT scans. With a detector collimation of 
64 0.625 mm, a section collimation of 64 0.625 mm, a 
gantry rotation period of 0.5 seconds, a pitch of 1.0 or 
0.515, and 120 kv, data acquisition was carried out in 
the cranio-caudal direction (peak). For typical chest 
CT scans, the effective milliampere-second (mAs) 
varied from 150 to 200 when employing an automat-
ic tube current modulation approach. Reference tube 
current for the low dose CT technique was either 25 
mAs or 50 mA. Using a precise reconstructing tech-
nique, the CT raw data was reconstructed with a slice 
thickness of 2.5 mm and an increment of 2.5 mm. A 
picture archiving and communication system (PACS) 
was used to store and send the resulting images for im-
age analysis.

ESTIMATION OF RADIATION DOSE
The numbers for each CT scan’s dose length prod-

uct (DLP) were recorded as they appeared on the CT 
exam information. The effective dose was determined 
from DLP values and a conversion coefficient of 0.017.

CLASSIFICATION OF RADIOLOGIC 
ACTIVITY OF TB

Positive for TB was defined as consolidation, cav-
itary nodules, clustered nodular and/or linear streaky 
opacities in upper lung areas on CXR, including active 
and indeterminate activity. Calcified nodules and fi-
brodular scarring were regarded as TB inactive lesions 
(6). According to the consensus readings of two tho-
racic radiologists, CT findings were divided into four 
groups to assess the image-based activity of TB: active, 
indeterminate, inactive, and normal. Numerous clus-
tered centrilobular nodules or cavitary consolidation 
were considered signs of active TB, while minor re-
ticulation or fibroatelectasis was considered a sign of 
inactive TB (7, 8). Active and undecided behaviours 

were categorised as positive in CXR and CT, while in-
active and normal observations were categorised as 
negative.

RESULTS
195 individuals had TB infection that tested positive 

by the IGRA test. Table 1 provided demographic details 
for the study’s participants and radiologic examinations 
participants. 44 years old on average (range; 21–64). 
251 participants had radiologic exams done on them. 
In 190 cases (98.95%), a CXR and a CT scan were both 
done, and in 90 subjects, respectively. Without CXR, 
CT was performed on two individuals. 59.62% indi-
viduals underwent LDCT scans. In 2 cases (0.4%), a 
chest CT with contrast enhancement was done. 209.2 
3±181.37 mGycm was the total dose-length product 
(DLP) (range: 74.8– 747.4). Effective dosage as a result 
was 4.79± 4.29 mSv (range: 1.96–16.78).

Table 1
Demographic Description of Study Subjects with Positive Inter-
feron-Gamma Release Assay Results

Variables Chest Radi-
ograph Only 

(n = 102)

Chest CT  
(n = 90) 

Total  
(n = 192)

Female 73 ( 71.56%) 52 (57.77%) 125 (65.10%)
Male 29 (28.43%) 38 (42.22%) 67 (34.89%)
Age, years 41.2 ± 9.7 

(22–64) 
44.6 ± 10.4 

(21–64) 
43.5 ± 10.7 

(21–64)
History of tuber-
culosis 

6 (5.88%) 4 (4.44%) 10 (5.20%)

Table 2
Demonstrates the image findings of TB on CXRs or CT scans in 
subjects with positive IGRA results. CT-positive subjects for TB 
were 9 of 113 (8.0%), 6 of them showed active TB

TB Findings on Chest CT
Active Indeter-

minate
Inac-
tive

Nor-
mal

N/A Total

Positive 4 1 1 1 1 8
Inactive 1 1 5 0 7 14
Normal 4 2 8 71 8 167
N/A 0 1 1 1 0 3
Total 9 5 15 73 16 192(100%)

TB findings on chest radiographs

(5.3%), while 2 of them had TB with unknown ac-
tivity (2.4%). Clustered micronodules or centrilobular 
nodules were found on CT in 4 people with active TB, 
and a noncalcified nodule of 1-3 cm was found in 2 
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subjects. In 2 subjects, there were clustered ill-defined 
nodules with mild or ambiguous fibrotic alterations, 
and in 1 subject, there was apical pleural thickening 
with subpleural nodules. All 15 participants had CT 
findings consistent with dormant TB, including a va-
riety of calcified nodules and fibrotic alterations. Ex-
amples of CT findings based on TB activity.

All nine CT-positive participants who underwent 
microbiological testing, such as AFB stain, culture, 
and PCR for TB, came back negative. All nine partic-
ipants with CT-positive TB findings received empir-
ical anti-TB therapy, and three of these nine subjects 
had negative CXR results for TB. Following therapy, 
three of the nine participants underwent a follow-up 
CT scan, and the suspicious lesions shrank in size or 
extent.

39 of the 195 IGRA-positive participants (14.1%) 
underwent LTBI prevention therapy. In the CT-neg-
ative group, there were 31.6% people who received 
LTBI treatment, while there were 16.5% (40/242) 
in the CXR-negative group. One participant in the 
CXR-negative group developed active TB after one 
year without having their CT evaluated.

DISCUSSION
In this retrospective observational analysis, we dis-

covered that 9 of 90 (8.0%) patients who underwent 
CT scans received empirical TB treatment as a result 
of probable CT findings of TB in healthcare workers 
who tested positive for IGRA (HCWs). Our findings 
indicate that asymptomatic TB can be image-diag-
nosed and empirically treated in a clinical context. 
These findings also point to the potential use of imag-
ing in IGRA-positive HCWs. Considering that empir-
ical TB treatment was not performed in the group that 
performed only CXR without CT, it may be assumed 
that the diagnostic role in CT was stronger than that 
of CXR. Chest CT scans were only utilised to forecast 
the development of TB in a specific patient group 
due to the radiation dose, cost, and availability. In the 
post-transplant TB group, the prevalence of TB was 
42.0%, compared to 16.8% in the control group in liver 
transplant candidates (p=0.018). Additionally, 6(52%) 
of the 10 patients who had chest CTs performed prior 
to liver transplant and later acquired TB had aberrant 
abnormalities only on chest CT scans, even if their 
CXR values were normal (9,10). In a similar fashion, 
sensitivity of CXRs in our study was only 71.56% and 
5 of 14 CT-positive cases were negative in CXR re-

sults. It means that CXRs have limitations to disclose 
TB finding for TB progression in a high-risk group. 
Patients with inflammatory bowel disease (IBD) from 
areas with a high prevalence of TB were another pop-
ulation for TB screening utilising IGRA and chest CT. 
Chest CT has been used to detect TB signs, which have 
been reported as occurring in 22.8% of IBD patients 
because immuno suppressants used to treat IBD in-
crease the risk of TB development (10). Our findings 
are in line with other research demonstrating that 
chest CT had superior diagnostic performance over 
CXRs for the detection of TB foci (9,11,12).

The prevalence of LTBI among HCWs in Korea 
was reported to range from 13.6% to 8.8% in earlier 
research (13–15), which was comparable to our find-
ings (12.9%). Recent investigations of TB screening in 
hospital staff members using chest CT revealed that 
the frequency of active TB on CT was 0.5% to 1.2% 
(5), which contrasts with the incidence of active TB in 
our study (5.3%). It’s because only participants in our 
study who had IGRA results that were positive under-
went screening CT. The prevalence of CT-positive TB 
in this investigation (n = 9, 8.0%), including active and 
indeterminate activity, was comparable to the finding 
of another study, which found 10.0% active TB on CT 
in screening combining IGRA and CT scans (16). Sev-
eral research have been done on mandated TB test-
ing and suggested treatment from HCWs in medical 
facilities (13, 17, 18). However, new WHO guidelines 
state that there are conditional recommendations 
with low to very low certainty in the estimates of ef-
fect for routine TB infection testing and treatment for 
HCWs from nations with a high TB burden (19). Only 
16.1% of the study participants who had TB infection 
got LTBI therapy, and the percentage of participants 
who did so varied between the CT- and CXR-negative 
groups (30.7% vs. 16.5%). These findings demonstrate 
that LTBI therapies are discretionary and dependent 
on the patient’s cooperation and the clinician’s judge-
ment. Because the participants endure the possible 
complication of TB medications such hepatotoxicity, 
thrombocytopenia, anaphylactic shock, it is vital to se-
lect those who will benefit from TB treatment.

For subjects with TB infection, CTs have been 
utilised as secondary exams to assess TB activity. It 
implies that the presence of active TB on a CT scan 
can help clinicians assess the TB infection’s activity by 
showing that TB infection subjects are using anti-TB 
medications. Studies on the combined use of CT re-
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sults and microbiologic tests for TB have received a lot 
of attention (20, 21). In patients with a TB PCR nega-
tive bronchial aspirate, it is known that the combina-
tion of CT findings of consolidation and QuantiFER-
ON-TB Gold In-Tube test results ensures doctors to 
improve decision-making (22). In our study, TB PCR 
testing employing bronchial aspiration specimens 
came out negative for all participants with positive 
IGRA results. Regardless of the negative microbiolog-
ical results, anti-TB drugs were administered to all 14 
participants (100%) with positive TB indications on 
CT. This retrospective finding demonstrates the cli-
nician’s preference for radiologic evaluation when se-
lecting anti-TB drugs for HCWs with positive IGRA 
results. One person who got CXR without a CT scan 
developed active TB without receiving preventative 
care. Our retrospective analysis reveals the potential 
role of CT in preventative treatment for TB activation, 
even though more prospective research is required to 
demonstrate the predictive utility of CT in people with 
TB infection. Additionally, the CXR values for 5 of the 
14 individuals with positive CT results were normal. 
Therefore, it is probable that the active TB disease 
was undetected in the CXR-only subject group. The 
study’s limitations were numerous. First, the results of 
this study should be carefully interpreted because we 
only retrospectively included a small number of pa-
tients with a selection from the same ethnic origin and 
geographic area. Second, IGRA-negative subjects were 
excluded from the analysis. The incidence of TB was 
elevated in this study due to the selective use of CT 
in IGRA-positive participants exclusively. Third, using 
consensus measurements, the radiologic activity of TB 
was assessed. The classification of TB findings by re-
viewers’ differences was not quantified.

CONCLUSION
In conclusion, the use of CT in IGRA-positive pa-

tients aided in the identification of HCWs with asymp-
tomatic TB. The predictive efficacy of CT screening for 
active TB in HCWs has to be further investigated. TB 
PCR testing using bronchial aspiration samples was 
negative. Regardless of the negative microbiological re-
sults, anti-TB drugs were administered to all 9 partici-
pants (100%) with positive TB indications on CT. This 
retrospective finding demonstrates the clinician’s pref-
erence for radiologic evaluation when selecting anti-TB 
drugs for HCWs with positive IGRA results. In one 
person who underwent CXR without a CT scan, active 

TB development was seen without preventive therapy. 
Our retrospective analysis suggests that CT may play a 
preventive role in the treatment of TB activation, even 
if more prospective research is required to demonstrate 
its prognostic efficacy in people with TB infection. Fur-
thermore, 5 of the 14 individuals (31.6%) with positive 
CT results had normal CXR values. Therefore, it’s pos-
sible that the CXR-only subject group did not identi-
fy the active TB disease. The study’s limitations were 
numerous. The results of this study should be careful-
ly interpreted since, first, we retrospectively included 
only a small number of patients with a selection with 
the same ethnic origin and geographic region. Second, 
patients with negative IGRA results were not included 
in the analysisThe incidence of TB was elevated in this 
study due to the selective use of CT in IGRA-positive 
participants exclusively. Third, using consensus mea-
surements, the radiologic activity of TB was assessed. 
The classification of TB findings by reviewers’ differ-
ences was not quantified. In conclusion, the use of CT 
in IGRA-positive patients aided in the identification of 
HCWs with asymptomatic TB. The predictive efficacy 
of CT screening for active TB in HCWs has to be fur-
ther investigated.
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Abstract
Background: Hepcidin prevents ferroportin-mediated iron 
efflux, which results in intracellular macrophage iron retention 
and may encourage Mycobacterium tuberculosis nutrient ab-
sorption and TB pathogenesis.
Aims & Objectives: In order to research into the relation-
ship between incident pulmonary and extrapulmonary TB and 
plasma hepcidin levels, a retrospective cohort of HIV-positive, 
antiretroviral-native individuals had their plasma hepcidin levels 
tested at HIV diagnosis.
Methods & Materials: Between 5 August 2017 and 1 June 
2019, 140 individuals were monitored, and 34 incident TB cases 
were found.
Discussion: After a median time to TB of 7 months, higher 
hepcidin was linked to a significantly increased chance of TB.
Conclusion: The need for time-sensitive biomarkers that can 
detect individual variations in TB risk and the elucidation of 
iron-related causative pathways cannot be overstated.
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INTRODUCTION
Due to the different disease onset times, TB risk 

factors can be difficult to identify. Hepcidin, a tiny liv-
er-derived peptide that encourages degradation of the 
intracellular inorganic iron exporter ferroportin, may 

also be involved in hostpathogen iron homeostasis, 
which has previously been linked to it. 1 Pro-inflam-
matory cytokines promote expression, which prevents 
intestinal enterocytes and macrophages from releasing 
iron. Hepcidin may facilitate conditions favourable to 
Mycobacterium TB by impacting human iron homeo-
stasis. The objective of the current study was to ex-
amine, using a retrospective analysis of a longitudinal 
cohort, the link between hepcidin and susceptibility to 
tuberculosis (TB).

METHODS AND MATERIALS
149 patients with plasma samples taken within 

three months of an HIV diagnosis were included from 
a cohort in The Gambia with a previous high prev-
alence of the human immunodeficiency virus (HIV). 
Participants were aged 716 years. Plasma samples were 
taken at least 28 days before to an incident TB diagno-
sis in order to address temporality, and cases of recur-
rent TB were disregarded. Provisional TB diagnoses 
were separately reevaluated in accordance with inci-
dent TB case definitions unique to the study: Acid-fast 
bacilli (AFB) in direct smear or culture from sputum 
or lavage were considered to be a sign of confirmed 
pulmonary tuberculosis (PTB). Extra-pulmonary 
TB (EPTB) was diagnosed when AFB was found in a 
lymph node biopsy or aspirate, and likely EPTB was 
assumed when clinical features were strongly sugges-
tive of EPTB. PTB was diagnosed if clinical symptoms 
were strongly suggestive of and radiographic findings 
congruent with PTB. 

By means of a competitive enzyme immunoassay, 
plasma hepcidin was measured (Bachem, Torrance, 
CA, USA). Duplicate samples and dilutions based on 
ferritin concentrations were analysed. Interpolation 
of hepcidin concentrations was done using four-pa-
rameter logistic standard curves. The all-plate mean 
OD450 measurements were used to interpolate the 
lower limit of detection (LoD) at a distance of three 
standard deviations (SDs) (wells containing diluent in 
lieu of hepcidin standard or sample). LoD was imput-
ed using LoD/2 for undiluted samples. Concentrations 
that are not within the linear region either with an in-
tra-assay coefficient of variation or on the curve. 15% 
were re-tested. Alpha-1-antichymotrypsin (ACT) was 
quantified using a nephelometric assay as an indica-
tion of inflammation.
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Figure 1: Incident TB classified by hepcidin quartiles at human 
immunodeficiency virus diagnosis. TB ¼ tuberculosis; CI ¼ con-
fidence interval

Stata Corp, College Station, Texas, USA) and Pois-
son regression, using incident TB (all TB) as the prima-
ry outcome. Associations were reported as incidence 
rate ratios (IRR). Sex and baseline ACT, absolute CD4 
cell count, HIV type, age, and body mass index were 
a priori variables that were taken into account (BMI).

RESULTS
From 149 participants who were followed for 496 

person-years (median follow-up, 1.8 years, interquar-
tile range [IQR] 1.3–2.3), incident TB cases (n=34) 
were found. A median of 0.5 years passed before TB 
was diagnosed (IQR 0.3–1.1). Hepcidin (median 22.1 
ng/ml, IQR 3.3-85.9), CD4 (median 250 cells/ll, IQR 
91-502), age (34.4 years, 6 SD 10.3), haemoglobin (10.5 
g/dl, 6 SD 2.3), ACT (0.49 g/l, 6 SD 0.27), and BMI 
(19.9 kg/m2, 6 SD 4.3) were baseline variables that did 
not statistically differ between incident TB cases Hep-
cidin and the risk of incident TB showed a dose-re-
sponse relationship with a potential threshold impact 
(Figure 1). The chance of contracting TB was highest 
in the higher hepcidin quartile, which also accounted 
for.40% of all incident TB cases. The incidence of TB 
increased by two times when the top hepcidin quartile 
was compared to the combined lowest three quartiles 
(unadjusted IRR 2.05, 95% confidence interval [CI] 
1.01-4.16). Both the unadjusted and adjusted hepci-
din models showed similar magnitude and directional 
relationships; however, only the model with hepcidin 
adjusted for HIV type was statistically significant (ad-
justed IRR 2.10, 95%CI 1.03-4.26). Lower BMI, HIV-
1, and factors previously thought to signify increased 
immunosuppression or inflammation were all related 
with a non-statistically significantly higher likelihood 
of developing tuberculosis in unadjusted models.

DISCUSSION 
Our capacity to look at the temporal relationship 

between hepcidin as a risk factor for TB susceptibility 

rather than TB prognosis is a distinctive strength of this 
work. According to these findings, a higher hepcidin 
concentration is linked to a noticeably higher chance 
of contracting tuberculosis (TB) in those who have 
HIV. According to a recent publication from Indonesia, 
median hepcidin concentrations at cohort entry were 
likewise considerably higher among 45 incident TB 
patients when compared to controls who were HIV-in-
fected [3], but this was only true for cases discovered 
between 31 and 60 days after cohort membership. Our 
results show, using a different statistical technique, that 
the window may be longer because baseline hepcidin 
was related to incident TB detected, on average, six 
months after enrollment. Together, these results show 
that increased hepcidin may be a proxy biomarker for 
subclinical TB, even if it is most likely a component of 
a complex multi-parameter risk profile with the perti-
nent time period still to be determined.

Hepcidin and incidence TB in HIV infection may 
be related, however the exact processes behind this 
link are unknown. Hepcidin seems to fit into a larger 
picture of inflammatory iron redistribution that this 
group has previously described using a bigger subset 
of the same cohort individuals. This image includes 
haemoglobin, plasma iron, ferritin, soluble transfer-
ring receptor, and transferrin. [4] Infection-related 
host iron homeostasis is significantly regulated by 
hepcidin, and pathogen iron homeostasis, including 
both iron acquisition and storage, affects TB patho-
genesis. [5–8] The host iron environment is altered by 
increased hepcidin in a way that favours MThe cause 
of tuberculosis is uncertain. Intriguingly, mounting 
evidence contends that M. tuberculosis may alter host 
cells hepcidin synthesis in order to foster an environ-
ment that is iron-friendly for the disease. If so, ex-
panding current studies on hepcidin antagonists [10] 
to include hepcidin antagonists in TB prophylaxis or 
enhancing current anti-tuberculosis treatments may 
be necessary.

CONCLUSION
In conclusion, the likelihood of having TB and HIV 

co-infection increases with higher hepcidin concentra-
tions upon HIV diagnosis. Understanding how hepci-
din, host-pathogen iron homeostasis, immune activa-
tion/inflammation, and TB pathogenesis are related 
may help clinicians make evidence-based decisions 
when treating patients who are at high risk of develop-
ing TB and iron deficiency anaemia, two serious health 
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issues that are prevalent throughout much of the de-
veloping world. Overall, this study adds to the body of 
knowledge about who is most likely to develop clinical 
TB and the challenges that must be overcome when an 
individual’s TB management and population-level TB 
control are compromised by the transition from an in-
fected-stable state to an infected-progressing state.
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ABTRACT
Background: Evidence of significant, measurable, and pre-
ventable loads of mortality risk even after anti-tuberculosis 
therapy and cure would be a convincing, tangible, and mean-
ingful indicator of the efficacy of prevention.
Aims & Objectives: To study of a life expectancy decline in 
people with treated tuberculosis and the possible benefits of 
prophylaxis
Methods & Materials: We examined the years of potential 
life lost between 918 people with latent tuberculous infection 
and a cohort of 386 cured tuberculosis (TB) patients. To esti-
mate the anticipated years of potential life lost for each cohort 
and for demographic groupings, we built a regression model.
Results: When compared to a group without active TB, dece-
dents with a history of thoroughly treated TB are anticipated 
to lose an additional 3.6 years of life on average. White and 
Hispanic people were expected to see greater longevity losses 
than their Black and Asian counterparts.
Conclusion: The expected lifetime of treated TB survivors was 
significantly different from that of a comparable group without 
active TB, according to our research. With a total of 1485 life-
years lost, or the equivalent of more than 180 75-year lifespans, 
these excess losses are considerable. These results highlight an 
important lost opportunity cost for each TB case that could 
have been prevented: an average of 3.6 years of life. We come 
to the conclusion that despite adequate anti-tuberculosis treat-
ment, there is still a significant burden of preventable mortality, 
which is a strong argument in favour of more widespread and 
organised use of prevention.
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INTRODUCTION
The idea that a cure consistently returns patients 

to their pre-illness state may be inaccurate, despite the 
fact that tuberculosis (TB) is frequently thought of as a 
curable disease with no long-lasting post-cure conse-
quences [1]. While cavitary lesions typically disappear 
after cure on computerised tomography (CT) scans 
[2,3], there is evidence to suggest that poor health may 
persist long after the patient is discharged from care 
and treatment is finished[4–8]. TB is preventable, and 
such health deficits may be linked to a shorter lifes-
pan. It is possible to diagnose latent tuberculous in-
fection (LTBI), assess the likelihood of the infection 
becoming active, and, if necessary, lower that risk by 
taking an antibiotic course. [9,10] As the limitations 
of cure as a fully adequate harm reduction strategy 
become TB control and elimination paradigms have 
started to change as it becomes more clear that treat-
ment is not a truly effective harm reduction method. 
Clinicians and public health authorities are rethinking 
treatment and other decisions based on the presump-
tion that prevention and treatment have equivalent ef-
fects on health outcomes, as well as the idea that active 
TB is a discrete episode in a patient’s lifetime that is 
resolved with the end of standard treatment. [11] Na-
tional medical organisations including the Centers for 
Disease Control and Prevention (CDC, Atlanta, GA, 
USA) have advocated focused testing and treatment of 
people at high risk of LTBI for more than ten years as a 
top priority for TB control in the country. [9,12] These 
recommendations haven’t been generally adopted, 
though [13,14] in part because they haven’t been well 
received by medical professionals[15], and in part be-
cause there aren’t enough resources for public health. 
[16] An evidence-based comparison of results is nec-
essary to balance the possible costs and advantages of 
different strategic decisions or expenditures in order 
to facilitate effective and efficient advocacy or the 
allocation of system resources. The pulmonary im-
pairment and relative mortality risks experienced by 
former TB patients have been characterised. Work has 
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been done to detect TB-related morbidity and mortal-
ity taking place in the period between infection and 
death or cure. [8] Unfortunately, the residual loads of 
morbidity and mortality risks that persist even after 
cure have not been assessed, and the marginal health 
costs associated with failing to intervene in a TB case 
that may have been avoidable as well as the potential 
benefits of prevention are still unknown. By calculat-
ing the absolute burden of TB-associated death among 
a specified cohort of people who were known to have 
finished anti-tuberculosis therapy, we aimed to close 
this knowledge gap. By providing insight into the 
long-term advantages of TB prevention, our estimates 
will help people better grasp the unmeasured health 
effects of active TB.

METHODS AND MATERIALS
The CDC’s Division of Tuberculosis Elimination 

collaborates with academic and public health partners 
at 20 US sites to create the Tuberculosis Epidemiologic 
Studies Consortium (TBESC). 18 We built a database 
for two groups using data from three of the TBESC sites: 
Texas, Massachusetts, and Seattle/King County, Wash-
ington. These groups included people who had fin-
ished treatment for TB illness at least six years ago and 
a comparative group of people who had been diagnosed 
with LTBI. 19,20 Age 718 years at the start of treatment 
(for TB) or diagnosis (for LTBI), a sufficient amount of 
comparable demographic, clinical, and other data to 
allow adjusted analyses, and enough identifiers to de-
termine vital status in the National Death Index were 
the requirements for inclusion in the database (NDI). 
Additionally, TB survivors had to meet the following 
criteria: 1) had their TB identified, reported, and treated 
between 1 January 1993 and 31 December 2002; 2) had 
their treatment finished within 3 years of starting it; and 
3) were still alive at the end of their therapy. One LTBI 
diagnosis made within the same 10-year period as cases 
and the absence of any previous TB disease records were 
additional requirements for inclusion in the comparison 
group. In order to compare our choice of LTBI diagnosis 
with related techniques used to assess lung damage fol-
lowing TB, 8 It is irrelevant to our proposed adjustment 
for generalised non-TB risk factors like lifestyle and so-
cioeconomic status whether a possible comparison sub-
ject has received LTBI therapy, hence it was not taken 
into account in the qualifying criteria.

The essential status of individuals in the two 
groups as of December 31, 2008, was determined us-

ing the CDC NDI, providing 6–16 years of retrospec-
tive observation for each subject. The NDI compares 
provided information on full name, sex, birth date, 
and (where available) Social Security number with its 
death records using a probability algorithm. 1) To cat-
egorise people according to their vital state; and 2) To 
evaluate the reliability and accuracy of the identifying 
information For a positive predictive value for mor-
tality of.89%, subjects categorised by NDI as having 
likelihood scores over the suggested cut-off threshold 
were considered to be deceased. [21–23] For analysis, 
the final results were de-identified.

The Texas Department of State Health (DHSH) 
Institutional Review Board (IRB), the University of 
North Texas Health Science Center Office for the Pro-
tection of Human Subjects (Fort Worth, TX, USA), 
the CDC’s central IRB, as well as the respective IRBs 
of each participating site, approved the protocols for 
data collection and analysis. Years of potential life lost 
(YPLL) were computed for both groups. The YPLL 
stands for the potential loss due to mortality for each 
individual, and it reveals some divergence when the 
average YPLL difference between the two cohorts is 
not equal. Utilizing the life expectancy approach, YPLL 
were determined. [24] We calculated the loss when a 
subject had passed away and YPLL were known by 
utilising the United States Life Tables, 2006. [25] The 
YPLL, which was included as a second data point 
for regression analysis, thus represents the individu-
al’s difference between the observed age at death and 
the anticipated sex- and age-adjusted life expectancy. 
In order to forecast the anticipated YPLL in each co-
hort, a zero-inflated Poisson (ZIP) regression model 
was fitted because death was a relatively rare occur-
rence throughout the observation period. [26,27] For 
each demographic subgroup, the expected YPLL and 
the absolute loss attributed to TB were predicted us-
ing the coefficients from the Poisson portion of the 
regression model (the expected YPLL). The model 
included known TB history, age at treatment comple-
tion (for TB survivors) or admission into observation 
(for comparison patients), duration of observation, 
and demographic factors into account. When the 
HIV was missing, it was assumed to be negative. To 
examine the effect of prior TB illness and HIV on pre-
mature death, a separate ZIP regression analysis was 
performed without include the 748 known HIV-posi-
tive patients and controls. Predicted YPLLs were then 
compared between the HIV inclusive group and the 
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HIV-excluded group. In a second analysis, summary 
YPLLs were determined in order to compare the years 
lost in both cohorts and to help correct for the some-
what younger control group. The midpoint of each 10-
year age group was subtracted from 85 to determine 
the YPLLs for the range of ages 18 to 85. Each cohort’s 
deaths were added together after being multiplied by 
the YPLL for each age group. [28] All analyses were 
performed using Stata Statistical Software Release 12 
(StataCorp, College Station, TX, USA, 2011).

RESULTS
A cohort of 386 TB patients who had been success-

fully treated and a population of 918 people who had 
LTBI were both included in the final database. Table 1 
displays the demographic details for the cohorts of the 
case and control subjects.

Table 1
Characteristics of TB survivors (case subjects) and LTBI compar-
ison cohorts

 Characteristic  Case 
subjects 

n=386(%)

Comparison 
subjects 

n=918(%)

P- value

Sex
Male 206 567 0.01
Female 180 351 0.01

Race
 White 84  248 0.01
Black 83 219 0.01
Asian 112 190 0.01
Hispanic 86 206 0.01
Other or unknown 21  55 0.01

Age at cohort entry, years
18–30 107  397 0.01
30–50 122  285 0.01
50–70 99 161 0.01
70 58  75 0.01

Geographic location
Massachusetts 1293 298 0.01
Seattle/King County 984 252
Texas 1656 305
Known HIV-positive 350  63 0.01

v2 test was used to compare binary or categorical variables.† Sex 
and foreign birth categories do not sum to n due to missing data.
‡ Student’s t-test was used to compare age at diagnosis.

The distribution of sex, race/ethnicity, age at obser-
vation entry, location, HIV status, foreign birth, and 
survival to the conclusion of the observation period all 

showed significant disparities. The LTBI comparator 
group enrolled more frequently among those under 30 
years old and had an average age at enrollment of 89.3% 
compared to 60.7% of TB survivors. At age 770 years, 
TB survivors were enrolled at roughly nine times the 
rate of LTBI comparison participants. 24% of the TB 
group and 5.9%of the LTBI group had passed away by 
the conclusion of the 11-year observation period. Sex, 
race, age, HIV status, and nativity-controlled analyses 
projected that research participants with a history of 
thoroughly treated TB would experience higher rates 
of longevity loss than those with LTBI but no history 
of disease (incidence rate ratio 1.24, P, 0.001).

In Table 2, the estimated average YPLL for people 
who passed away during the observation period is 
contrasted between the LTBI control group and the 
treated TB group. An adjusted average of 4.89 years 
are lost across the cohort to deaths following the end 
of anti-tuberculosis therapy, against a loss of 1.28 years 
to deaths following enrolment in the LTBI comparison 
group (P, 0.001). A sensitivity analysis looking at how 
well the entire model adjusted for the effects of HIV 
predicted less than half a year of YPLL difference from 
the whole model for those who had both HIV infec-
tion and a history of TB (P, 0.001). (data not shown). 
When compared to a population with no history of ac-

Table 2
Predicted YPLL by individual characteristics and TB history

TB Predicted 
YPLL (95%CI)

LTBI Pre-
dicted YPLL 

(95%CI)

Absolute loss of 
years attribut-

able to TB
TB vs. LTBI 4.88  

(4.23–5.45)
1.23  

(1.08–1.43)
3.58

Sex
Male 4.72  

(4.09–5.29)
1.26  

(1.04–1.39)
3.46

Female 5.09  
(4.39–5.73)

1.38  
(1.12–1.62)

3.65

Race
White  5.73  

(4.74–6.76)
 1.53  

(1.25–1.82)
4.22

Black 4.02  
(3.24–4.77)

1.05  
(0.83–1.27)

2.96

Asian 4.27  
(3.34–5.60)

1.11  
(0.84–1.38)

3.13

Hispanic 5.38  
(4.42–6.34)

1.42  
(1.14–1.69)

3.97

HIV-positive 15.39  
(13.23–19.38)

4.64  
(3.58–5.70)

11.56

Foreign-born 3.19  
(2.36–3.57)

0.81  
(0.67–0.95)

2.32
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tive TB disease, decedents with a history of thoroughly 
treated TB had an average life loss of 3.6 years. White 
and Hispanic TB survivors are expected to experience 
greater life loss than their Black and Asian counter-
parts, although immigrants are less likely to lose years 
of potential life than survivors who were born in the 
United States.

DISCUSSION 
In comparison to a group with no history of TB 

disease, we discovered a higher-than-expected mor-
tality burden in the years after anti-tuberculosis ther-
apy completion. In comparison to their sex-adjusted 
life expectancy, decedents with a history of thoroughly 
treated TB lost an adjusted average of 4.92 potential 
years of life. The majority of this loss, or 3.6 years, is 
significantly linked to a history of active but thorough-
ly treated TB. This TB-related burden raises the possi-
bility of even another advantage from TB prevention. 
These additional losses are significant, totaling 14 158 
life-years, or the equivalent of more than 172 75-year 
life spans, in our study cohort of fewer than 4000 case 
subjects. Put another way, These findings suggest that 
progress toward domestic elimination targets with 
an emphasis on prevention has a real and significant 
impact in addition to those On average, 3.6 potential 
years of life may be preserved for every incident case 
that is prevented. Our results are in line with those of 
other researchers who discovered higher mortality 
rates in TB survivors than in the general population. 
[29,30] The large difference in the unadjusted death 
rate between cases and controls (23.6% and 4.2%, re-
spectively) was assessed using two different analytical 
models as well as alternative methodologies. Our esti-
mations were reliable, and repeated results showed a 
substantial correlation between TB survivability and 
potential life-year loss-a potential loss comparable to 
the more widely publicised attributed losses from to-
bacco use and obesity. [31,32]

There are possible difficulties to this study, most 
notably ascertainment issues and biases that could de-
velop from using administrative records as a source 
of data. A person could be observed for a total of 616 
years in the original data set, which was gathered ret-
rospectively. It’s probable that TB survivors will con-
tinue to die prematurely after that point, which could 
result in an underestimation of the mortality load. It 
is possible that our data’s subjects don’t accurately re-
flect the populations we compared. Additionally, the 

lack of data for risk and other factors specific to each 
study participant constrained both our analysis and 
the initial diagnosis of vital condition. Due to the na-
ture of TB, missing data were not spread uniformly. 
Due to the nature of TB reporting and record keeping, 
missing data were not spread fairly. We also noticed 
that the control group had more missing data than the 
other groups.

The use of LTBI as a control group has additional 
restrictions. Due to the circumstances that led to the 
report of a prior illness, such as immigration or con-
finement, there may be ascertainment bias present. 
Other risk variables, such as HIV status, may not be as 
meticulously recorded as TB cases when LTBI status is 
confirmed. It is probably true that TB is a sign of gener-
al ill health and that some of the early mortality seen in 
this population is caused by risk factors for active TB, 
such as untreated comorbidities, substance misuse, or 
inadequate nutrition, rather than by the disease’s actu-
al effects. However, it is well known that people with 
LTBI and active TB share some demographic hazards 
as well as chronic morbidities and the pulmonary and 
other impairments they cause. 2–8 This suggests that 
our premise and comparison approaches are sufficient 
to plausibly explain a measurable connection between 
a history of active TB and disproportionate premature 
death. We discovered that participants who were immi-
grants had higher survival rates, and previous research 
has revealed that those with active TB die less frequent-
ly in immigrants.[33,34] Even so, because our study did 
not record deaths in study subjects who left the United 
States during or after the observation period, we were 
unable to calculate the time spent in the United States. 

The differences found in our study may support 
the “healthy immigrant” hypothesis, which holds that 
moving to another country is most likely to be prac-
tised by healthier people. According to recent studies, 
those who immigrated recently report being in better 
health than people who were born here, although this 
difference becomes less pronounced the longer they 
have lived in the country. [35] Finally, even though 
our data show a diverse population from three differ-
ent US regions, conclusions obtained from studying 
just those three areas may not be completely general-
izable to the US population or other populations. 

CONCLUSION
We conducted analyses to determine the effects of 

potential sample bias, data constraints, and model se-
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lection sensitivity, but we were unable to uncover any 
evidence that would fundamentally undermine our 
findings. Due to the concentration of new cases and 
pockets of LTBI in hard-to-reach populations includ-
ing immigrants, the jailed, and the homeless, eliminat-
ing the residual cases of TB in industrialised countries 
is challenging. Evidence is essential to support the po-
litical goal of eliminating TB since there is uncertain-
ty over the political will to pursue this expensive and 
demanding goal. Our study makes the persuasive case 
for public investment in and support for TB preven-
tion by indicating that even totally treated TB may not 
prevent a significant mortality burden.

Significant improvements in policy, practise, and the 
idea that treating LTBI is, from a societal perspective, 
as important as treating active disease are necessary to 
reduce the burden of TB in the United States and de-
fine a route to elimination. There is growing evidence 
that the burden of TB does not end with the completion 
of effective treatment, challenging our understanding 
of how and when TB impacts health. The correlation 
between prospective life loss and prior TB strengthens 
this argument and shows that the burden is higher than 
previously thought. We advise that long-term sequelae 
and death should be addressed when evaluating the ef-
fectiveness of prevention in order to better understand 
the underlying risk factors for decreased longevity.

Despite these gloomy developments, we are also able 
to offer a second, much more upbeat conclusion: the 
methods for TB elimination through diligent prevention 
efforts are already available, are widely acknowledged, 
and, given the evidence provided in this work, may be 
more valuable and effective than currently believed.
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ABTRACT
Background: ADA levels in PF of 290 individuals were tested 
to investigate pleural effusion. Based on a positive pleural bi-
opsy, each patient was assessed for age, sex, and the presence 
of tuberculosis (TB). The Kruskal-Wallis one-way analysis of vari-
ance was used to analyze differences in ADA levels between 
groups. The likelihood of TB was also predicted using logistic 
regression analysis. Utilizing the receiver operating characteris-
tic (ROC) curve, ADA cut-off levels were chosen.
Aims & Objective: Our study aims to establish an ADA cutoff 
value for the population and explore the possibility that patient 
variables may affect ADA.
Methods & Materials: We conducted a retrospective analysis 
of 309 M pleural effusion patients admitted to Santosh Uni-
versity, Ghaziabad, between 2016 and 2018. Information was 
gathered from patients’ medical records. Age, sex, and whether 
or not a pleural biopsy for TB was positive were all recorded.
Results: When compared to non-tuberculous pleural patients, 
the mean PF ADA level was considerably higher in the tubercu-
lous pleural group (63.3 ± 6.29 IU/l vs. 19.6 ± 31 IU/l, P, 0.001). 
Age and PF ADA levels were significantly correlated; for pa-
tients older than 745 years, the ROC curve for ADA had an 
area under the curve of 0.89. A 29 IU/l ADA level produced a 
sensitivity and specificity of 87.4% and 90.3%, respectively.
Conclusion: Age and PFADA level have a substantial nega-
tive association. The quantity of false-negative outcomes is de-
creased by using a lower ADA cut-off.
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INTRODUCTION
A widespread medical illness with a number of eti-

ologies is pleural effusion. Patients with pneumonia 
and pulmonary embolism are more likely to develop 
exudative and neutrophilic effusions. [1] The most 
frequent causes of effusion with lymphocytic predom-
inance are pleural tuberculosis (TB) and metastatic 
neoplasia. One of the extra-pulmonary TB’s most wide-
spread symptoms, pleural TB, is very common in un-
derdeveloped nations. [2–4] The diagnostic process for 
exudative pleural effusions must include pleural fluid 
(PF) investigation and closed pleural biopsy. The yield 
of PF culture for mycobacteria for the diagnosis of tu-
berculous pleural effusion (TPE) is modest, at about 
36%. [5] Although the combined sensitivity of the bi-
opsy and PF culture can reach 90%, [6] closed pleural 
biopsy is an invasive operation that requires a lengthy 
wait for the results of the culture. Therefore, PF mark-
ers have been thoroughly researched as a possible pleu-
ral biopsy substitute. The most economical PF marker, 
adenosine deaminase (ADA), is frequently used as a 
screening test, primarily in nations where tuberculosis 
is widespread. 1 Various ADA cutoff values, with sen-
sitivities and specificities varying, have been employed 
in research, ranging from 30 to 100 international units 
(IU)/l. [7] The prevalence of TB in diverse study popu-
lations, variations in the ADA analysis methodologies, 
and variations in the study population characteristics 
might all contribute to discrepancies in the results. [8,9] 
This implies that patient demographic variables might 
have an impact on PF ADA levels. Few researches, 
however, have examined the impact of patient variables 
such age, sex, and race on PF ADA levels.

METHODS AND MATERIALS
We conducted a retrospective analysis of 309 M 

pleural effusion patients admitted to Santosh Univer-
sity, Ghaziabad, between 2016 and 2018. Information 
was gathered from patients’ medical records. Age, sex, 
and whether or not a pleural biopsy for TB was posi-
tive were all recorded. In the absence of other causes 
of granulomatous lung disease, a pleural biopsy was 
deemed positive for TB if the histological examina-
tion revealed granuloma with caseous necrosis or if 
the pleural biopsy culture contained Mycobacterium 
tuberculosis. The study only included individuals who 
presented with untreated illness and were at least 18 
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years old. Each patient underwent a complete physical 
examination, radiographic analysis, and meticulous 
history taking. All PF was collected during a routine 
thoracocentesis and sent to the laboratory. The labo-
ratory information were used to compile a list of pa-
tients with PF ADA who had previously been referred 
for analysis. Giusti and Galanti’s spectrophotometric 
approach, which was used to measure PF ADA levels, 
was used. [10] 

Diagnoses for pleural effusions were categorized 
into groups. Based on previously released standards, 
definitions were utilized to diagnose pleural effusion. 
[8,11,12] According to diagnostic standards, there 
are two subclasses of TPE: (1) confirmed pleural TB 
effusion (CPTE), which is defined as the presence of 
bacilli in PF, sputum, or pleural biopsy using stain or 
culture, or (2) probable pleural TB effusion (PPTE), 
which is defined as the presence of clinical and radio-
logical evidence of TB, including exudates containing. 
In the absence of any other obvious cause linked to 
pleural effusions, the presence of 75% lymphocytes, 
the absence of neoplastic cells, and a positive response 
to an entire course of anti-tuberculosis treatment must 
be confirmed through outpatient follow-up of at least 
12 months. After two doctors from the department 
of pneumology evaluated the patients and gave their 
consent, they were included to the PPTE group. 

Positive PF cytology or pleural biopsy histology 
results were used to confirm that pleural effusions 
were malignant. Based on clinical and radiographic 
characteristics consistent with acute lung infection 
and the exclusion of other sources of pleural effusion, 
pneumonic effusions were identified. If effusions were 
transudate and exhibited consistent clinical signs, they 
were diagnosed as congestive heart failure (CHF). 
Pleural biopsy was used to confirm additional causes 
of effusion. SPSS 18.0 statistical software was used to 
conduct the statistical analysis. While categorical vari-
ables are expressed as a number and a percentage of a 
group, continuous variables are expressed as mean SD.

In order to compare group means and analyze dif-
ferences in ADA levels between groups, Kruskal-Wal-
lis one-way analysis of variance was used. The Pear-
son’s correlation coefficient was used to measure the 
correlation between the ADA and the given factors. 
Correlation coefficients (r) of less than 0.3 regarded as 
weak, 0.4–0.6 moderate, as and higher than 0.6 strong. 
A receiver operating characteristics (ROC) curve was 
used to determine the ideal ADA cut-off value for 

TPE diagnosis. Additionally, a logistic regression anal-
ysis was carried out to forecast the occurrence of TB. 
P<0.05 with two tails was regarded as statistically sig-
nificant.

RESULTS
Table 1 displays the baseline characteristics of the 

290 patients examined in this investigation. The TPE 
group included 146 patients (57.4%), 64 CTPE, and 53 
PPTE. The non-TB group included 44.9%) patients, 
92 of whom had malignant effusions, 21 had parap-
neumonic effusions, and four had ‘Other’ effusions.

These 4 instances were divided into 2 CHF-related 
cases, 1 amyloidosis case, and 1 non-specific chron-
ic pleuritis case. Between CPTE and PPTE patients, 
the mean ADA levels in the TPE group did not dif-
fer statistically (61.5 IU/l 6 22.2 vs. 65.4 IU/l 6 33.4, 
P = 0.747). The TPE group’s mean PF ADA was sub-
stantially greater than the non-TPE group’s (63.3 6 29 
IU/l vs. 19 6 31 IU/l, P, 0.001) (63.3 6 29 IU/l vs. Tol-
erance intervals (TI)1 were calculated for each group 
to improve the evaluation of ADA results considerable 
overlap across groups.

Table 1
Baseline characteristics

 All 
n/N 

TPE
n/N 

 Non-TPE
n/N 

 P-value

Male  146/290  82/161  64/129 >0.03

Age, years, 
mean 6 SD

44.3±18.7 4.7±13.4 56.9±17.1 <0.04

Patients 
aged,45 
years

181 103  31 <0.04

Patients 
aged 745 
years

109 58  98 <0.03

ADA level, 
IU/l, mean 
6 SD

43.6±36.5 62.8±27.4 19.5±30.3 <0.04

There was a moderate negative correlation between 
age and pleural ADA (r¼0.445, P, 0.001),indicating 
that PF ADA levels decrease with age (Figure 2). PF 
ADA levels in the TPE and non-TPE groups are shown 
in Table 2. PF ADA levels in patients aged 745 years 
in the TPE group were not significantly lower than in 
those aged,45 years, and were not significantly differ-
ent by sex. A logistic regression analysis was performed 
and showed significant correlation of age and ADA 
with pleural TB. For each unit increase in ADA level, 
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the possibility of having pleural TB increased by 1.08 
times. Furthermore, in the oldest patient groups, the 
likelihood of having pleural TB falls to 1.064 (Table 3).

An ROC curve for ADA was plotted for the study pop-
ulation. The area under the curve (AUC) was 0.905 (95% 
confidence interval [CI] 0.86–0.94) (Figure 2). According 

to the ROC curve, an ADA level of 29 IU/l would have a 
sensitivity of 90.2% and a specificity of 85.2%, a positive 
predictive value (PPV) of 88.6% and a negative predictive 
value (NPV) of 87% for the diagnosis of TPE. The differ-
ence between the ROC curves for patients with and with-
out pleural biopsy was not significant (P =0.945).

 
Figure 1: Tolerance analysis for ADA: A) pleural tuberculosis group; B) control group. ADA ¼ adenosine deaminase. This image can 
be viewed online in colour at http://www.ingentaconnect. com/content/iuatld/ijtld2014/00000018/00000011/art00019
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Figure 2: Correlation between ADA and age. ADA ¼ adenosine 
deaminase; TPE ¼ tuberculous pleural effusion. This image can 
be viewed online in colour at http://www. ingentaconnect.com/
content/iuatld/ijtld2014/00000018/ 00000011/art00019.

The association between age and ADA in our study 
was similar to that reported by Yeon et al. from Ko-
rea and Tay et al. from Singapore.8,18 These studies 
showed that the ADA cut-off level for the diagnosis of 
TPE in the older group was much lower than for the 
younger group (25.9 IU/l vs. 49.1 IU/l and 26 IU/l vs. 
72 IU/l, respectively). 

The ROC for ADA exhibited an AUC of 0.91 (95% 
CI 0.841-0.978) for individuals who were 745 years old 
(Figure 5). For the diagnosis of TPE, an ADA of 29 
IU/l would have the following characteristics: 88.6% 
sensitivity, 91.3% specificity, 75.4% PPV, and 93.5% 
NPV. Using 55 as the age cut-off, we also estimated the 
ideal PF ADA level for pleural TB diagnosis. The ROC 
for ADA revealed an AUC of 0.852 (95%CI 0.777-
0.926) for people over the age of 55. For the diagnosis 
of TPE, a PF ADA level of 37 IU/l would have 86.8% 
sensitivity, 79.6% specificity, 93% PPV, and 91% NPV. 
The ROC for ADA exhibited an AUC of 0.846 (95%CI 
0.705-0.987) for individuals who were 755 years old. 
In order to diagnose TPE, an ADA of 46 IU/l would 

have a sensitivity of 73.3%, a specificity of 96.2%, a 
PPV of 78.5%, and an NPV of 95%.

DISCUSSION
The presence of M. tuberculosis in PF or pleural 

biopsy samples is required for a conclusive diagno-
sis of TPE; however, the development of granulomas 
in the parietal pleura can also support a diagnosis of 
TPE with good certainty. In about 80% of instances, 
granulomas can be found with a closed pleural biop-
sy. On the basis of histological analysis, thoracosco-
py provides a diagnosis yield of almost 100%. [2,12] 
However, it is not practical to do a pleural biopsy on 
every suspected case of pleural TB in Brazil. The ad-
vantages of ADA testing over other options include 
its lengthy history of effective application, simplicity, 
low cost, and 24-hour turnaround time for results. 
[14,15] Results may differ depending on the type of 
ADA analysis used or the prevalence of TB, as well 
as the features of the study population. [16] The cur-
rent study expands on the knowledge offered by the 
relatively few articles published on PFADA conducted 
among populations in Latin America. It is one of the 
only studies that we are aware of that established an 
ADA cut-off point for the diagnosis of TPE in various 
age groups. In contrast to the meta-analysis published 
in 2008 in Brazil, which indicated an ADA level of 40 
IU/l, our study demonstrated an ADA cut-off value of 
29 IU/l in a community with a high prevalence of tu-
berculosis. 17 The variability of the studies included in 
the meta-analysis, only two of which fully met the au-
thors’ standards for sampling, methodology, and out-
comes, may be one explanation for this discrepancy. 
According to the authors, the criteria used in patient 
selection, mainly regarding the inclusion or not of pu-
rulent effusions, showed the greatest heterogeneity in 
the nine studies.

Table 2
ADA analysis and correlation with study variables for different subgroups

IU/l Mean ±SD  P-value  Mean±SD  P-value  Mean±SD  P-value
Sex

Male 44.8±41.2 <0.63 53.4 ±31.5 0.48 18.3 ±21.5 0.49
Female 49.6±41.6 58.9 ±37.4 19.1 ±39.4

Age (yrs)
<45 61.5 ±36.4 <0.001 63.2 ±28.3 0.376 37.5 ±56.8 0.007
≥45 24.6±28.8 61.1 ±30.4 13.9 ±15.6
Age correlation coefficient (r)  -0.43 0.001 0.01 0.907  – 0.26 0.001
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Only a few research have examined the variables 
influencing pleural ADA levels. Age and pleural ADA 
levels were connected in our study, however in the 
subgroup of TPE patients, the correlation between age 
and ADA was not significant. One possibility is that 
the TPE group’s population was less representative be-
cause there were very few senior patients (mean age, 
745 years) there.

Our investigation found a correlation between age 
and ADA that was comparable to that found by Kore-
an researchers Yeon et al. and Singaporean research-
ers Tay et al. 8,18 These studies demonstrated that, in 
comparison to the younger group, the older group’s 
ADA cut-off level for the diagnosis of TPE was sub-
stantially lower (25.9 IU/l vs. 49.1 IU/l and 26 IU/l vs. 
72 IU/l, respectively).

We did not see the same tendency (46 IU/l vs. 37 
IU/l) when we utilised the same cut-off (55 years) as 
Tay et al. Other investigations have found significantly 
greater levels of PF ADA in young TPE patients, which 
is consistent with the results of our study. 19 The mean 
ADA level among patients with TPE in a cohort of 
35-year-old patients was 111.1 IU/l. 19 In a paediat-
ric (18-year-old) population with TPE, Merino et al. 
reported a mean ADA level of 73.8 IU/l, with ADA 
levels of 40 IU/l in all but two cases. 20 According to 
Tay et al., the decline in ADA levels with ageing is not 
continuous across all age groups and only becomes 
apparent at a particular age.[8] However, our logistic 
regression model showed a close correlation between 
age and ADA values (Table 3).

Table 3
Logistic regression analysis to determine the correlation of age 
and ADA levels with pleural tuberculosis

Factor Coefficient Standard 
deviation

P value Odds ratio

Intercept 0.4642 0.6441 0.469
ADA 0.0789 0.0093 0.001 1.080
Age 0.0658 0.0124 0.001 0.940

Clinical application of our study’s findings would 
be the interpretation of PFADA levels, also taking age 
into account. If ADA cut-off levels are assumed to be 
40 IU/l,17 we would have 27 (15.5%) false-negative re-
sults in the TB group, whereas the use of a cut-off level 
of 29 IU/l would result in 17 (9.7%). As PF ADA levels 
decrease with age, the number of false-negative results 
in diagnosing TPE would be higher if a fixed cut-off 
level were used in an older than in a younger popu-

lation. In our study, if the widely accepted standard 
ADA cut-off level of 40 IU/l was used,176 of the 33 
patients (18.5%) with TPE in the 745 years age group 
would have a false-negative result. If a cut-off level of 
29 IU/l was used, 4 (12%) would have a false-negative 
result. This reduction in false-negative results may ap-
pear small, but in high TB prevalence countries, small 
reductions can translate into a correct diagnosis in a 
large number of patients.

Our study has some limitations: as it was retro-
spective, diagnoses based on clinical evidence were 
included. Although this is not optimal, it is considered 
acceptable.[19] Another limitation was that the physi-
cians were not blinded to ADA values when deciding 
whether or not to include patients in the PPTE group. 
We observed that the administration of empirical an-
ti-tuberculosis treatment among patients with lym-
phocytic exudates and high PF ADA levels when there 
is a clinical suspicion of TB is common practice in in-
termediate-to-high TB burden settings, such as Brazil.
[12] Moreover, the determination of ADA levels in all 
PF samples, the absence of significant differences in 
mean levels in the two diagnostic groups (CPTE and 
PPTE), the lack of statistical significance between the 
ROC curves of patients with and without pleural bi-
opsy confirming TPE and the follow-up of all patients 
diagnosed with TPE undergoing antituberculosis 
treatment until complete recovery are strengths, and 
enhance the validity of our study.

CONCLUSION
We conclude that ADA is an effective test for the 

diagnosis of pleural TB; ADA values varied with age 
in our study population. The use of a lower ADA cut-
off could reduce the number of false-negative results. 
Future large prospective studies are needed to validate 
these findings.
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Abstract
In this work, a computational investigation was used to design 
and study new materials based on carminic acid isomers as 
organic dyes for DSSCs. Density functional theory (DFT) was 
applied to report the ground state and the excited state char-
acteristic was reported by utilizing time-dependent DFT (TD-
DFT) methods. Some electronic, optical, photolytic and elec-
tron transfer properties are evaluated to achieve our study. The 
results indicate that modifying the chemical structure of a dye 
by doping improves light harvesting efficiency while reducing 
the driving force for electron injection and the potential of dye 
renewal while boosting dye aggregation on the electrode sur-
face. The new structures dyes displays strong charge transfer 
absorption bands in the visible, excellent electronic, sufficient 
driving force and photoelectric conversion efficiency in com-
parison with carminic acid. Also, All suggested dyes have suffi-
cient properties to achieve high PCE of the DSSCs. These results 
are adequate for a potential effective electron injection process. 
Accordingly, the theoretical methods are significant to provide 
experimental methods for designing new, highly efficient ma-
terials for optoelectronic applications. It was found that these 
dyes do not have any medical effect on human health.
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Introduction
The dye sensitized solar Cells (DSSCs) have stimu-

lated the interest of industry and academic circles due 
to their high efficiency and inexpensive cost. Improve-
ments in renewable power energy conversion have been 
a major object of research [1,2]. During 1991, Grätzel 
et al. were the first to use an organic electrolyte with a 
nanocrystalline electrode material with a larger specific 
surface area ratio in a DSSC [1,3]. The photochemical 
characteristics of various organic sanitizers have been 
widely studied in order to develop dyes with highest 
visible light absorption related to long-lived excited 
states [2,3]. However, significant work needs to be done 
in terms of designing novel sensitizers and determin-
ing the best employment conditions in enhancing pho-
ton-to-current conversion efficiency [1-4]. One of the 
most essential elements that influences the effective-
ness of DSSCs is the dye’s molecular structure. Dyes, 
which absorb solar radiation, mediate charge transfer 
between the semiconductor and the electrolyte [3-6]. 
The excited electron is injected into the semiconduc-
tor electrode while the oxidized dye is retrieved by the 
electrolyte, which then catches electrons from the refer-
ence electrode to continue the circuit [4,7]. The DSSC 
is based on four parts: a nanocrystalline photoanode, a 
counter electrode, a redox electrolyte and dye, the dyes 
of which is vital in estimating the PCE of DSSC’s. The 
dyes can be separated into metal-free, metal-bearing, 
and natural dyes [8,9]. Quantum chemical approaches 
have become an effective option of exposing the relation 
between dye molecules’ structures and properties, pro-
viding a strong theoretical foundation for the sensitive 
detection of high efficiency dyes [9.10]. Carminic acid 
is a low-cost dye with a simple structure. Furthermore, 
carminic acid, which is commonly used as a food and 
cosmetics colorant or as a paint pigment, has a diverse 
range of raw material sources and is environmentally 
friendly [11]. In this study, we utilized carminic acid as 
a sensitizer to evaluate the photosensitizer and electri-
cal properties of DSSCs in studies aimed at understand-
ing the relationship between chemical structure of dye 
and photoelectric characteristics. In order to analyze 
the theoretical results in depth, the significant factors 
influencing the efficiency of the eight derivative dyes 
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based on carminic acid (Fig.1) were evaluated by using 
DFT and TD-DFT functions.

 

Fig. 1: Chemical structure drawings of the derivative dyes. 

Method
Quantum chemical analysis has been used to under-

stand the relationship between the physical, chemical 
properties and electronic structure of the designed dyes. 
The DFT/B3LYP method has been used to optimize the 
ground state structures of carminic acid and its deriva-
tive dyes, with a 6-311+G(d,p) basis set at the gas phase 
without any constraints [12]. Furthermore, the TD-DFT/ 
B3LYP-6-311+G(d,p) level has been used to estimate the 
optical absorption, transition, electron excitations, and 
excitation energy of all dyes. Frequency investigation 
demonstrated that the optimized structures were true 
local minima on the potential energy surface without 
imaginary frequency [12,13]. All the calculations were 
simulated within the Gaussian 09 software with Gauss 
View 5.0.8 program to view the primary structure of the 
dyes and make available the database for it is input file 
[14,15]. The ultraviolet/visible spectra were simulated 
using the GaussSum program [16].

Results and Discussion

Geometrical Structure.
Fig. 2 represents the optimized structure of the 

reference (carminic acid) and the dyes modification 

by introducing subgroups. The carminic acid (CA) 
was first dye studded then; CA connected with an 
thiophene group (CA1), CA connected with pyri-
dine (CA2), CA connected with benzenee (CA3), 
CA connected with methanol (CA4), CA connect-
ed with hydroxylamine (CA5), CA connected with 
N,N-di(l1-oxidaneyl)hydroxylamine (CA6), and CA 
connected with methylsulfanol (CA7) respectively. 
After optimization, the total energy () for CA, CA1, 
CA2, CA3, CA4, CA5, CA6, and CA7 was -0.288193, 
-0.1451779, -0.1585802, -0.3134708, -0.2396713, 
-0.214595, -0.233259, and -0.250869 a.u, respective-
ly. The bond length values for the dyes investigated 
were found in are in line with data of experiment [17], 
as follows: C-C= 1.4245 to 1.4245, C-H=1.0768 to 
1.0929, H-O=0.9717 to 0.9880, O-C=1.2625 to 1.3760, 
N-O=1.1969 to 1.3605, S-C=1.7234 to 1.7702. All of 
the dyes investigated exhibit similar coplanar configu-
ration, according to their relaxed geometries as seen in 
Fig 2. This indicates that the coplanar molecule struc-
ture can enhance transfer of electrons from the donor 
to the acceptor.

Electronic Structures.
The distribution of sensitizer’s frontier molecular 

orbitals (FMOs) is recognized to have a significant 
impact on charge transfer. The FMOs energy gap is a 
crucial characteristic of solar materials, where the PCE 
of solar cells is closely linked to FMOs energies and 
their energy band gaps. The open–circuit voltage and 
driving force for exciton dissociation are predicted 
by the energy gap. It also evaluates the chemical re-
activity, dynamic stability, molecules’ electron trans-
port characteristics, chemical hardness, and softness 
[18]. To explore the impacts of functional groups on 

 CA CA1 CA2 

CA4 CA5 CA6 CA7 

CA3 

Fig 2. Optimized geometrical structures of carminic acid and CA1- CA7 dye.
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the electronic and optical properties of the examined 
dyes, the energy levels graph of HOMOs, LUMOs and 
energy gap of CA and CA1–CA7, TiO2 conduction 
band, and redox potential energy of the electrolyte 
are displayed in Fig. 3. The HOMO energy values are 
calculated to be; -5.9392, -5.0155, -5.0055, -5.0165, 
-5.0455, -5.0177, -5.0277 and -5.0577 eV for CA and 
CA1–CA7 respectively. Calculated HOMOs of CA 
and CA1-CA7 are found to be below the redox poten-
tial (-4.8 eV), resulting in quick dye regeneration and 
avoiding geminate recombination process between 
oxidized dye molecules and photo-injected electrons 
in the TiO2 surface. 

Also, the LUMO energy values for CA and CA1-
CA7 are; -3.1170, -2.8898, -2.9954, -2.9975, -2.8754, 
-2.9628, -2.8823 and -2.9942 eV correspondingly. It 
appears from the results of LUMOs of CA and CA1-
CA7 are found above the TiO2 CBE (- 4.0 eV) provid-
ing the thermodynamic driving force for favourable 
electron injection from the excited state dye to the 
CBE edge of TiO2. The energy gap value of reference 
CA is found to be 2.8222 eV which is noted as high-
est value of band gap among the designed molecules 
CA1-CA7), where differs from 2.0100- 2.1700 eV de-
pending on the dye structures. The small energy gap 
in donor dyes aids in the generation of excitons and 

increases the efficiency of photo-excitation. Thus, all 
dyes have sufficient driving force for use as sensitizers 
in DSSCs and it is clear that the new dyes CA1-CA7 
are better than the reference CA.

It is clear from Fig. 4 that the HOMO distribution 
is mainly on the left side of the dyes. The distribution 
of LUMOs, on the other hand, is primarily concen-
trated on the dyes’ right side. the pattern of HOMOs 
and LUMOs shows that the HOMO-LUMO excitation 
has an intra-molecular charge transfer property and 
advantageous to an efficient solar cell. Because of 
this, there is a strong electronic connection between 
the dye’s excited state and the semiconductor (TiO2) 
conduction band, allowing for easy electron injection, 
and a high location of the HOMO on the donor end 
reduces the possibility of charge transfer between the 
injected electrons and the oxidized dye. This means 
that the electronic structures of these dyes are favour-
able to the solar cells’ high overall efficiency. 

Optical Characteristics
Novel sensitizers that can absorb in the visible area 

with significantly increased absorption coefficients 
are also required in the development of organic dyes 
for DSSCs. To understand the electronic transitions 
of the dyes investigated in this study, TD-DFT/ B3LY-

 

Fig. 3 Diagram EHOMO, ELUMO and Eg of all dyes, also TiO2 and electrolyte. 
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P//6-311+G(d,p) simulations on electronic optical 
absorption were performed. Fig. 5 illustrates the esti-
mated absorption spectra for CA and CA1-CA7 dyes. 
The wavelength longer than 300 nm was listed in Ta-
ble 1 because the absorption in visible and near-UV 
areas is the most significant region for photo-to-cur-
rent conversion.

The major peaks in the carminic acid spectrum are 
at 2.053eV/415.502nm and 2.984eV/603.648nm 2.96 
eV, which is very close to the experimental value [19]. 
The main peak spectrum of the CA1-CA7 dyes displays 
red-shifted in comparison to CA in the following order 
(Table 1): CA1 (2.776eV at 446.611nm and 1.994eV 
at 621.770nm, CA2 (2.911eV at 425.912nm and 
2.030eV at 610.641nm), CA3(2.646eV at 468.541nm 
and 2.030eV at 610.643nm), CA4(2.782eV at 
445.552nm and 1.867eV at 663.791nm), CA5(3.880eV 
at 319.502nm, 3.021eV at 410.393nm and 2.499eV at 
495.951nm), CA6(2.905eV at 2.905nm and 2.302eV 
at 538.583nm) and CA7(2.699eV at 459.252nm and 
1.738eV at 713.072nm), with the major transition 
from the HOMOs to the LUMOs orbital. Also, there is 
no type of wavelength affecting human health. All ab-
sorption bands in the visible region are typical or tran-

sitions. We note that the CA5 dye contains three main 
bundles, and this gives it the possibility of new transi-
tions of importance. All dyes designed with high oscil-
lator strength (f) compared to reference (CA), which 
means that they are more effective and efficient. The 
light harvesting efficiency (LHE) represents one of the 
important characteristics that determine the efficien-
cy of dyes, that the higher its value, the more efficient 
and effective the dyes [6,8]. We note that all values of 
LHE for the designed dye are high compared to car-
minic acid, and this means that the new structures led 
to an improvement and increase in the efficiency of 
these dyes. These dyes display strong charge transfer 
absorption bands in the visible region.

Photovoltaic Properties
The photo-electronic properties of the excit-

ed-state of dyes are essential for improving the pho-
toelectric performance of DSSCs. In this study, The 
significant parameters of JSC are: the open-circuit 
voltage, the lowest energy absorption, the oxidation 
potential energy, oxidation potential energy, free ener-
gy change, dye regeneration were calculated and listed 
in the Table 2 using formulas from a previous study 
[6-19]. It was found that the value of for all the studied 

             HOMO            CA           LUMO             HOMO                 CA1           LUMO 

CA2 CA3 

CA4 CA5 

CA6 CA7 

Fig. 4 the HOMOs and LUMOs distribution of the studied dyes.
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dyes ranged between 0.805to 1.739eV, and it should 
be noted that these values are positive and good. This 
indicates the ease of transfer of electrons from dyes to 
the TiO2 conduction band. As it appears from the re-
sults that the values are negative for all studied dyes, 
and this indicates that the excited state of the designed 
dyes is above conduction band of TiO2. This means 

that the electron injection into the dyes will be spon-
taneous and preferring the electron injection from ex-
cited state of dye to the TiO2 conduction band. The 
is another characteristic that affects the efficiency of 
DSSCs. It is important to reduce the values of regener-
ation in order to achieve the electron transfer process 
quickly and this is noted in the value of in Table 1. This 

 

(CA) (CA1) 

(CA2) (CA3) 

(CA4) (CA5) 

(CA6) (CA7) 

Fig. 5 Simulated absorption spectra for all dyes (CA-CA7).
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indicates that the studied dyes have sufficient proper-
ties to obtain high PCE of the DSSCs. These values are 
sufficient for a potential efficient electron injection 
process. Therefore, all the designed molecules can be 
suggested as the dye sensitized in DSSC.

Conclusions.
The chemical modifications were carried out for a 

well-performing organic dye sensitizer. Through ratio-
nal chemical adaptations, the required qualities, such 
as electronic, optical, optical, redshift absorption spec-
trum, could be improved. Eight dye photosensitizers 
based on carminic acid isomers as organic dyes were 
simulated and reported using DFT//TD-DFT for de-
velop new and more efficient organic dyes. The width 
and location of the first band in the UV-Vis spectra, 

the absorption threshold, and the LUMO energy with 
respect to the conduction band edge were chosen as 
appropriate parameters to evaluate the efficiency of 
these compounds as sensitizers in DSSCs. Also, the 
new designed dyes successfully lowered the energy 
gap depending on the dye structures. The LUMO lev-
els of all designed dyes are much higher than the con-
duction band of TiO2, suggesting that the photo-ex-
cited electron escapes easily from dye to TiO2. The 
proposed new dyes showed significant improvement 
in the properties of dyes that will be used for organ-
ic solar cells such as charge distribution, spontaneous 
electron injection, open circuit voltage, driving force, 
redox, reasonable conversion, strong photosensitiz-
ing, harvesting properties during the photo-excitation 
process, and spectra absorption. Accordingly, all the 

Table 1 
The characteristics of absorption spectra for all designed dyes.

Dyes Excited state (eV) (nm) f LHE Main Transition % Type transition
CA So → S1

So → S2

2.984
2.053

415.502
603.648

0.234
0.073

0.417
0.155

HOMO→LUMO+2
HOMO→LUMO

86%
76%

π → π*
n → π*

CA1 So → S1
So → S2

2.776
1.994

446.611
621.770

1.129
1.034

0.926
0.908

H-1→LUMO
HOMO→LUMO+1

96%
90%

π → π*
n → π*

CA2 So → S1
So → S2

2.911
2.030

425.912
610.641

1.231
1.062

0.941
0.913

H-1→LUMO
HOMO→LUMO

87%
90%

π → π*
n → π*

CA3 So → S1
So → S2

2.646
2.030

468.541
610.643

1.218
1.091

0.939
0.919

H-2→LUMO
HOMO→LUMO

93%
86%

π → π*
n → π*

CA4 So → S1
So → S2

2.782
1.867

445.552
663.791

1.247
1.078

0.943
0.916

H-2→LUMO
HOMO→L+2

91%
89%

π → π*
n → π*

CA5 So → S1
So → S2
So → S3

3.880
3.021
2.499

319.502
410.393
495.951

1.587
1.543
1.348

0.974
0.971
0.955

HOMO→LUMO
H-1→LUMO
HOMO→L+2

91%
86%
89%

π → π*
π → π*
n → π*

CA6 So → S1
So → S2

2.905
2.302

426.745
538.583

1.128
1.091

0.926
0.919

H-1→LUMO
HOMO→LUMO

93%
89%

π → π*
n → π*

CA7 So → S1
So → S2

2.699
1.738

459.252
713.072

1.287
1.072

0.948
0.915

H-1→L+2
HOMO→LUMO

94%
90%

π → π*
n → π*

Table 2 
the photovoltaic properties of all dyes under study.

Dyes VOC(TiO2) E00
dye
OXE  dye*

OXE  ∆ 

injG  ∆ regenG  

CA 1.739 2.054 5.939 3.885 -0.115 1.139
CA1 0.815 1.994 5.015 3.021 -0.979 0.215
CA2 0.805 2.031 5.005 2.975 -1.025 0.205
CA3 0.817 2.031 5.017 2.986 -1.014 0.217
CA4 0.845 1.868 5.045 3.177 -0.823 0.245
CA5 0.818 2.500 5.018 2.517 -1.483 0.218
CA6 0.828 2.302 5.028 2.725 -1.275 0.228
CA7 0.858 1.739 5.058 3.319 -0.681 0.258
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suggested dyes were seen to have good efficiency and 
therefore promising dye for organic solar cells and an 
important characteristic of these dyes is that they do 
not have any effect on human health.
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Abstract
In this work, four kinds of solvents (Acetone, ethanol, methanol, 
and Water) were used for studying their effect of the spectral 
properties of the Eosin-y dye. One concentration used for all 
solvents which was (1*10-5 m/l). The results show that the Flu-
orescence and Quantum Efficiency decreased with increasing 
the solvents polarity where the highest value was found in Ac-
etone. Florescence Life-Time, Radiation Life-Time, and stokes 
shift measured for all solvents. The absorption spectrum shows 
shifting toward (long) red wavelengths with increasing the vis-
cosity of the solvents. Florescence spectrum showed that the 
highest value found Acetone and the lowest value found for 
water where the intensity decreases as the polarity of the sol-
vent increases. All samples can be used as a laser medium for 
lasers used in the medical field, and the best sample is dissolved 
in acetone. 
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Introduction
 Laser dyes are important because of their contri-

butions to the fields of science and technology and its 
applications in the fields of optics, electronics, chem-

ical dyes, communication networks as well as sen-
sors[1]. Xanthine dyes are considered one of the most 
important types of dyes, due to their distinction in the 
accumulated phenomena and the difference in their 
spectrum. Eosin-Y is one of these dyes that utilized as 
“active media” for “tunable lasers” in the visible area 
of the light spectrum[2]. The influence of solvents on 
the absorption spectrum and on the effect iveness of 
organic dyes was studied since the last century. As is 
known, the “photo-physical” behavior of a solved dye 
depends on the kind of its environment such as (in-
tensity, shape). The highest wavelength of the dye ab-
sorption band is affected by the nature of the solvent 
and “solvent- solute interactions”. This influence is 
exceedingly related to the kind and degree of interac-
tions between dye and solvent[3]. Therefore, Eosin-y 
are sensitive to the conditions in which preparations 
are made and the nature of solutions used, whether 
acidic or alkaline[4].

There are many previous studies of solvent polari-
ty, including in 1995, the effects of solvents on the rate 
constant and activation parameters of many intermo-
lecular electron transfer interactions were studied by 
researcher Carlos M. previtali [5], and the effects of 
solvent polarity and solvent viscosity on fluorescence 
properties were studied Molecular Rotors and Related 
Sensors by Debabrata Seth et al. in 2007 [6] and M A 
Haidekker et al. in 2008 [7]. Organic dyes dissolved 
in appropriate solvents have been widely used as la-
ser media for many years. Which have contributed to 
a wide coverage of wavelength and the ability in ad-
dition to the important fluorescence yield , but their 
applications have been limited (because of the toxici-
ty, evaporation, inflammability, etc.) of some solvents, 
and some restrictions have been put on their use and 
make them in specific applications[8]. The spectro-
scopic properties of dyes with moieties electron donor 
and acceptor have received great attention due to sal-
ability of fluorescence probes. Fluid mixing in aque-
ous solution can be quantified by used fluorescent 
dyes .Two fluorescent dyes can be separated optically 
using a general technique including fluorescence ra-
tioning[9].

Fluorescent dyes are used in dyeing flat materials, 
especially textiles, because they increase the brightness 
of the colors and thus increase the clarity and visibility 
of the dyed materials. From this it is concluded that 
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the fluorescent dyes absorb radiation and emit it in the 
light of the visible spectral range, causing fluorescence. 
As a result, these dyes are defined as a group of organic 
dyes that, if placed on a textile material, will cause flu-
orescence under ultraviolet rays in daylight [10].

Theoretical Consideration
 The relative fluorescence intensity at wave number 

(ύ) can be obtained from the molecular fluorescence 
spectrum F (ύ) which is related to the quantum effi-
ciency according to the following relation[11].

 
0

( )FMq F d
∞

= υ υ∫   (1)

In order for the absolute quantum efficiency to be ac-
curately evaluated, both radiative and non-radiative pro-
cesses that occur in the medium must be considered, so:

 number of quantum emitted
number of quantum absorbedFMq =   (2)

Also 
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The radiation life time can be calculated using re-
lation as follow
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where:
v : is the wave number at mid band of the absorp-

tion coefficient 
n: is the refractive index of the solvent and thin 

film.

∫ υυε d)( : is the area under the curve of the mo-
lar absorption coefficient (ε), it is a function for the 
wave number ( v )[12].

EXPERIMENTAL PART

Materials and Chemicals
This work was carried out using dyes of xanthine 

derivative, Eosin-Y chloride with molecular formula 
C20H8Br4O5, which has a molar mass of 647.89 g/mol.

 

Fig 1. Chemical formula of Eosin-Y

Spectroscopic Measurement
A spectrophotometer (Metertech, SP8001, UV/VIS 

spectrophotometer) was used to measure the absorp-
tion spectrum for each of the studied samples, and 
(Spectrofluorometer-model SL174, Elico) was used 
to measure the emission spectrum for each sample, 
and the refractive index was measured using Refrac-
tometer (Bellingham and Stanley Ltd, Tunbridgewells, 
ABBE60, England).

Preparation of dyes
Eosin-Y dye powder was weighed using an analyt-

ical balance (Denver Instrument, TP-214, Germany) 
with high accuracy, and concentration solutions (1*10-

5M) were prepared in four solvents, chloroform, ace-
tone, and ethanol.

By dissolving the dye solution an appropriate 
amount of dye powder in the enhanced volume of the 
solvent used, the dye solution with different concen-
tration can be obtained, and as shown in the following 
relation:

 
1000

CxVxM
W W

=

Where,
W: Weight of the dissolved dye (gm),
Mw: Molecular weight of the dye (gm/mol),
V: The volume of the solvent (ml),
C: The dye concentration (mol/l)[13].

Results and Discussion
It is clear from the result obtained as shown in ta-

ble (1) that the peak of absorption and fluorescence 
wavelength shows a (Red shift) with Salvation refers to 
the reorientation of solvent molecules around a solute 
molecule an effect which does not take place in rigid 
medium [14]. Increasing the viscosity of the solvent 
can reduce the freedom of internal motions in the dye 
molecule and increase the quantum efficiency. Solvent 
can also cause displacement of the absorption and flu-
orescence spectra [15]. Displacement of both absorp-
tion and fluorescence spectra imply an interaction of 
the solvent in both the ground state and the excited 
state of the molecule on the other hand when the fluo-
rescence emission spectrum

The absorption and fluorescence spectral for eosin 
in solvents (water, ethanol, methanol, and acetone) are 
shown in Figure (2), (3), (4), (5), (6), (7) and (8) re-
spectively. 
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Fig 2. Absorption and Fluorescence spectrum for Eosin in Ac-
etone (1*10-5M)

 

Eosin in Methanol

Wavelength (nm)

200 300 400 500 600 700 800 900

 A
bs

or
pt

io
n 

&
 F

lu
or

es
ce

nc
e

0.0

0.2

0.4

0.6

0.8

1.0

1.2

A
F

Fig 3. Absorption and Fluorescence spectrum for Eosin in Meth-
anol (1*10-5M).
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Fig 4. Absorption and Fluorescence spectrum for Eosin in Eth-
anol (1*10-5M).
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Fig 5. Absorption and Fluorescence spectrum for Eosin in Water 
(1*10-5M).

 

Fig 6. Absorption spectrum for Eosin in Water, Ethanol, Metha-
nol and Acetone (1*10-5M).

Wavelength(nm)

300 400 500 600 700 800 900

Fl
uo

rs
ec

en
ce

(a
.u

)

0

5

10

15

20

25

30

35

Eosin in Acetone
Eosin in Ethanol
Eosin in Methanol
Eosin in Water

 
Fig 7. Fluorescence spectrum for Eosin in Water, Ethanol, Meth-
anol and Acetone (1*10-5M).
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Fig 8. The relationship between quantum efficiency and dielec-
tric constant of Eosin-Y dye dissolved in different solutions at 
concentration [1*10-5M].

It can be seen from table (2) that an increase in the 
polarity of the solvent, even if it is small, results in an 
increase in the spectral shift. High values of displace-
ment indicate the geometrical change of the excited 
state from the ground state. The energy difference 
between the two states, which is a property of the re-
fractive index and the dielectric constant ε affects the 
alignment between the solvent and solute molecules. 
The behaviour of the Stock displacement with a func-
tion of the polarity of the solvent indicates the effects 
of the solvent as a function of the refractive index and 
the dielectric constant.

Depending on the polarity of the solvent, there is an 
effect on the absorption spectrum and the fluorescence 
spectrum, and as a result of the exchange of influence 

between both the solvent and the solute in both the 
ground and excited states, the displacement will occur 
in both the absorption and fluorescence spectrums. Ac-
cordingly, the mutual effect between the molecules of 
the polar solvent and the solute will lead to shifting the 
fluorescence spectrum towards longer wavelengths or 
the so-called (redshift) whenever the value of the dipole 
moment of the solute molecule in the exciting level is 
greater than it is in the ground level[16].

 Conclusions
During the study of Eosin-Y dissolved in (acetone, 

ethanol, methanol and water) at a concentration of 
[1*10-5M], a decrease in the quantum efficiency val-
ue was observed and the redshift of fluorescence in-
creased with an increase with the polarity of the sol-
vent, and a decrease in the quantum efficiency was 
also observed with the increase in the value of the di-
electric constant (ε).
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ABSTRACT
Aim: The Aim of the research study is to see how accurate 
Novel Random Forest (RF) and Support Vector Machine (SVM) 
classification algorithms were in predicting heart disease.Mate-
rials and Methods: The RF Classifier is used to a 304-Record 
dataset with heart disease.A paradigm for heart disease pre-
diction in the medical field has been presented and developed, 
comparing Novel Random Forest with SVM classifiers. The total 
number of images in the sample was 42, with 21 in each test 
group. Result:-The classifiers were evaluated, predictions and 
accuracy were supplied. Based on the information provided, 
the SVM classifier predicts heart illness 60.0% of the time the 
accuracy of the SVM is 96.42 %, whereas the Novel The Ran-
dom Forest classifier predicted 72.35% with no statistically sig-
nificant difference between the two groups (p = 0.103; p > 0.05) 
with a 95% confidence interval.Conclusion: Novel Random 
Forest outperforms SVM in terms of prediction and accuracy 
when compared to it.
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INTRODUCTION
Heart is an important part of our human body. 

Blood pressure, cholesterol, pulse,chest pain are the 
main causes of heart disease. The capacity of the heart 
is not as desired, by the way, It affects some parts in the 
body. Blood Pressure(BP), Cholestral, Family History, 
Age, Smoking.Blood vessel moments are overload-
ed, the dangerous level of the blood vessels increases. 
This increases blood pressure. (Sowmiya and Sumitra 
2017; H. Sharma and Agarwal 2019; Micheletti 2019). 
Therefore, it is important to make an early and timely 
diagnosis, This project is Current Trend in the medi-
cal History.Currently they are working on cost-cutting 
strategies with Data Mining Technology (Repaka, Ra-
vikanti, and Franklin 2019). The proposed study helps 
doctors accurately diagnose heart disease, making it 
easier to spot people at high risk for heart attacks.

RF algorithms are widely used to improve heart dis-
ease prediction in a wide range of medical and health 
fields. (Kasabe et.al 2020) proposed A unique tech-
nique that detects important information using a ma-
chine learning algorithm that has been developed to 
improve the accuracy of heart disease prediction. has 
been developed.(Liet.al.2020) (Mohan, Thirumalai, 
and Srivastava 2019) proposed an algorithm for heart 
disease prediction accuracy level of 83% through the 
Novel Random Forest. (Fitriyani et al. 2020) proposed 
a spatial density-based grouping of noise-related ap-
plications and XG boost performed by other models 
by achieving 89 percent to predict heart disease.

Previously, our team had extensive expertise in var-
ious research projects in different fields. (Srinivas and 
karthik 2020). Current trends in this area are motivat-
ed us to continue this Study.Our team has extensive 
knowledge and research experience that has translate 
into high quality publications(Chellapa et al. 2020; 
Lavanya et al. 2021; Raj R et al. 2020; Shilpa-Jain et 
al. 2021; S et al. 2021; Ramadoss (Chellapa et al. 2020; 
Lavanya et al. 2021; Raj R et al. 2020; Shilpa-Jain et 
al. 2021; S et al. 2021; Ramadoss et al. 2022; Wu et al. 
2020; Kalidoss et al. 2021; Kaja et al. 2020; Antink et 
al. 2020; Paul et al. 2020; Malaikolundhan et al. 2020)
al. 2022; Wu et al. 2020; Kalidoss et al. 2021; Kaja et al. 
2020; Antink et al. 2020; Paul et al. 2020; Malaikolund-
han et al. 2020)

Various works have demonstrated the performance 
of SVM is poor and provides less accuracy in prediction 
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of heart disease. A study by (Abdar et al. 2015) com-
pares the accuracy of various mining classification al-
gorithms, when it comes to forecasting heart disease. 
To improve accuracy, it is important to analyze and 
compare different classification algorithms. Therefore, 
this task aims to compare the accuracy of the SVM and 
RF algorithms in predicting heart disease.

MATERIALS AND METHODS
This study was conducted at the Artificial Intel-

ligence Laboratory, Faculty of Computer Science 
and Engineering, Saveetha School of Engineering, 
Saveetha Institute of Health Sciences and Engineer-
ing, Chennai. It has been implemented using Kaggle, 
Statistical Package for Social Sciences (SPSS) version 
26 and hardware requirement is intel i5 processor, 
1TB hard drive, 8GB RAM and Software requirement 
is operating system Windows. A total of 304 records 
from the cardiac dataset were used in the study. To test 
their accuracy in predicting heart disease, two groups 
were tested. To improve accuracy, each group had to 
do a total of ten repetitions. Data is gathered from the 
Kaggle website. There are 304 rows and 14 columns 
in the dataset. The study measured resting blood 
pressure, chest discomfort, serum cholesterol, fasting 
blood glucose, and other vital signs such as heart rate.

The sample size for each group was set to 55 using 
G power-in because 303 patients were sampled, had 76 
characteristics, and had some missing values (Haq et 
al. 2018). The dataset used is the Cleveland Heart Dis-
ease dataset. Sample sizes Alpha and Beta Values are 
0.05 and 0.5 95% confidence intervals,calculated from 
clinical analysis. Performance, 1 scale registration.

Support Vector Machine Algorithm
This is a machine that does a lot of work and uses 

support vectors to solve problems. Support Vector 
Machines are supervised machine learning tools for 
classifying and classifying predictive data. The SVM 
was trained using the svc class from the scikit learning 
package.this investigation. Load the heart.csv dataset 
after it has been imported. The set of data is randomly 
separated into groups for training (80%) and put to 
the test ( 20%) sets. The variable that will be target-
ed has already been determined. The SVM classifier 
is then created using the training data. Rbf has been 
set as the kernel parameter value. The training set is 
projected onto the test set. The accuracy of the SVM 
classifier is calculated once it has been evaluated.

Pseudocode for Support Vector Machine 
Algorithm

Input: Heart disease dataset 
Output: Selected accuracy and features. 
1. Download the data-sets. 
2. Randomly split the data-sets. 
3.Training Set (80%) and Testing Set (20%). 
4. Set theTarget Variable. 
5. Create an SVM classifier using the Training 

Data Set. 
6 Train classifier.. 
7. Test Data Set predictions based on training data-sets. 
8. Evaluate the classifier. 
9. Return Accuracy.

Novel Random Forest Algorithm
Random Classifiers from the sklearn pool library 

are used. The parameter value is «Gini». The dataset 
is divided into two parts: training (80%) and testing 
(20%). It selects samples at random and decision trees 
are gathered for each sample to get the result. Voting is 
performed for each prediction outcome and the final 
result is selected based on the number of votes received.

Pseudocode for Novel Random Forest 
Classifier Algorithm
1. Input: Heart disease data-set
2. Output: Accuracy
3. Download data sets
4. Get Features from data set
5. Create RF classification criteria as a parameter.
6. Gini is the parameter.
7. Use an RF classifier to build a decision tree and 

predict the outcome for each sample.
8. Votes were taken for each prediction result
9. The results of the most popular predictions were 

selected as the final results.
The proposed work has been tested on Google 

Colab. The hardware and software required for the 
working experience includes CPU i7, 1TB, HDD, 8GB 
RAM, Windows OS, Python: Colab / Jupyter. First, the 
dataset is split into two parts, a training set and a test 
set. The algorithm is then tested on the training set 
and test set. The training and test datasets are updated 
10 times depending on the size of the test dataset. 

Statistical Analysis:
Sample Size of 160, an SPSS statistical software with 

a default alpha value of 0.05 is used to assess the data 
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accuracy and dependability.G power value is 80%. (Ab-
dar, etal, 2015). Hence RF is better than SVM. Data 
set-independent factors include opacity, variable light-
ing conditions, shadow effects, and image size. Spectral 
Signatures, Vegetation Indices, changed Images, text or 
Contextual Information, Multitemporal Images, Mul-
tisensor Images, segment-dependent data, image for-
mats, and more are all possible variables. To generate 
the function that contains the interest area for detec-
tion, the image is segmented and binarized.

RESULTS
Table 1 presents the results of comparing the ac-

curacy and precision of SVM and RF in 10 iterations 
with an accuracy of SVM of 96.42% and RF of 72.35%.

Table 1
Correlations for Study. Data collection from N=10 sample data-
sets for Random Forest Algorithm(72.35%) Compared with 
Support Vector Machine(96.42%) using target variable as In-
dependent variable.

Sample No. Test Size SVM RF
1 768 96.42 72.35
2 745 96.23 72.34
3 715 96.00 72.26
4 690 95.54 72.13
5 677 95.23 72.10
6 656 95.00 72.09
7 639 95.68 72.32
8 624 95.89 72.16
9 615 94.26 72.06
10 606 94.06 71.94

Table 2 displays the different parameters of both 
groups. The precision, recall, F1 Score, and F2 Score are 
shown as arguments in SVM (0.475,1.000,0.644,0.891) 

and RF (0.8235, 0.9655, 0.8888, 0.9333) were deter-
mined. 

Table 2
Experimental examination of Precision, Recall, F1 Score, and F2 
Score for SVM and RF in Google Colab. In terms of precision RF 
exceeds SVM (88.1%). (82.3 %).

Model Precision Recall F1 Score F2 Score
SVM 0.4754 1.0000 0.6444 0.8192
RF 0.8235 0.9655 0.8888 0.9333

Table 3 presents the statistical analysis of SVM 
and RF with different test data sets. The RF model 
has 83.20% and seems to have 60.0% higher average 
accuracy than the SVM model. Furthermore, RF has 
significantly higher accuracy than SVM. The RF al-
gorithm outperforms the SVM technique in terms of 
performance.

Table 3
Mean, standard deviation, and standard error statistical analysis 
of the accuracy and accuracy of the SVM and RF algorithms 
The levels of accuracy and accuracy of the two methods differ 
significantly statistically. The accuracy of SVM is lower (80.3%) 
than that of RF (83.2%) and higher (83.2%).

GROUP N Mean Std.Devia-
tion

Std.Error 
Mean

ACCURACY SVM RF 10
10

60.0
83.2100

3.04164
5.84322

.96185
1.84779

PRECISION SVM RF 10
10

60.0
80.3200

3.04164
6.22518

.96185
1.96858

Table 4: Statistical examination of the two groups 
for differences between them that are not statistically 
significant (p = 0.103; p > 0.05). Because there is no 
discernible difference between the two groups, RF is 
the better SVM.

Table 4
If the p-value is 0.05, the significance level of the SVM and RF algorithms is compared. For both SVM and ANN, there is a statisti-
cally non-significant difference between the two groups (p = 0.103; p> 0.05), with a significance level of less than 0.05 with a 95% 
confidence interval.

Levene’s Test for Equali-
ty of Variance

T-test for Equality of Means

F Sig t df Sig(2-
tailed)

Mean 
Difference

Std.Error 
Difference 

95% Confidence Inter-
val of the Difference
Lower Upper

Accuracy 2.956 .103 -14.108
-14.108

18
13.372

.000

.000
-30.09
-30.09

2.13278
2.13278

-34.5708
-34.6846

-25.6091
-25.4953

Precision 7.626 .013 -12.179
-12.179

18
12.713

.000

.000
-27.25
-27.25

2.23737
2.23737

-31.9505
-32.0946

-22.5494
-22.4053
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Figure 1 and 2 inferred the Receiving Operating 
characteristic (ROC) Curve for SVM and Curve of 
Receiving Operating Characteristic (ROC) for Radio 
Frequency

  
Fig. 1. Receiving Operating characteristic (ROC) Curve for SVM

 
Fig. 2. Curve of Receiving Operating Characteristic (ROC) for 
Radio Frequency

Figure 3 inferred the mean and mean accuracy of 
SVM and RF. Statistical analysis of two independent 
groups showed that RF had higher mean accuracy 
(83.2%) and mean accuracy (80.3%) than SVM. The 
mean error of SVM is slightly lower than that of RF

DISCUSSION
Heart disease prediction is a key concern in the 

healthcare industry. Experimental work was per-

formed between two groups, SVM and RF, by chang-
ing the test size. From the experimental results. Figure 
3, done in Google colab, the accuracy and precision 
of RF is 88.5% and 82.3%, whereas SVM provides the 
accuracy and precision to be 47.5%. This depicts that 
RF is better than SVM. The TP rate, FP rate, Precision, 
Recall, and other characteristics such as F-measures 
are compared as well. In comparison to the SVM algo-
rithm, the suggested Novel Random Forest Classifier 
performs better in terms of accuracy (83.2%) and pre-
cision (80.3%), according to the SPSS graph. Figures 3 
and 4 show that the mean error of RF is slightly larg-
er than that of SVM.,which has to be minimized. The 
statistically insignificant difference between the two 
groups (p=0.103; p>0.05)

To forecast heart illness, a machine learning-based 
diagnostic technique was built utilizing the suggest-
ed heart disease dataset (Haq et.al 2018). Common 
machine learning approaches, three feature selection 
algorithms, mutual validation procedures, and clas-
sification accuracy, specificity, sensitivity, Matthews 
correlation coefficient, and execution time are all used 
to evaluate classifier performance. We employed two 
different performance indicators. A scalable strategy 
for predicting heart disease is described in a publi-
cation (Saboji et al.2017). This study found that the 
Spark framework used a novel random forest method 
to predict heart disease and achieved higher accura-
cy using a dataset of 600 documents.(Venu, Harish, V. 

 
Fig. 3. Bar graph analysis of SVM algorithm and RF algorithm. 
The plot shows that the average efficiencies of the proposed 
algorithm SVM and the RF algorithm are 83.2% and 60.0%, re-
spectively. X-axis: SVM algorithm and RF algorithm Y-axis: Av-
erage accuracy ± 1SD.
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Dhana Raju, and Lingesan Subramani. 2019), attribute 
filtering, general item mining, and various decision 
tree techniques are examples of data mining tech-
niques. To do this, we employ Naive Bayes, Support 
Vector Machines, and KNN to forecast cardiac disease 
in its early stages.. When it comes to predicting heart 
disease, the accuracy of Naive Bayse was superior to 
that of other algorithms.

The quantity of the training and test datasets af-
fects the accuracy of the HF classification method. In 
our investigation, accuracy and precision appear to 
be superior to SVM. The proposed work, on the oth-
er hand, appears to have a large average error, which 
should be reduced.

Our university is committed to conducting re-
search that is both high-quality and evidence-based 
significant success in this regard.. (Vij et al. 2019). We 
desire that this study provides to the wealthy records 
of the area.

Despite the fact that the results of the study are 
statistically and experimentally superior, there are 
some drawbacks. On larger data sets, accuracy eval-
uation cannot yield a better result. In addition, the 
mean error in RF looks to be larger than in SVM. It 
would be preferable if the mean error could be low-
ered somewhat. However, optimization algorithm 
techniques can be used to increase accuracy while 
lowering costs of the standard deviation of the task. 
Feature choice procedures may be used earlier than 
category to grow the accuracy of classifier category. 
As a result, we can leverage FS techniques to mini-
mize calculation time and enhance classification ac-
curacy of classifiers.

CONCLUSION
The Novel Random Forest classifier is a classifica-

tion approach that improves accuracy and accuracy 
by averaging. This work shows that the accuracy and 
precision for predicting heart disease using the new 
Random Forest (RF) appears to be superior to Support 
Vector Machines (SVMs)... We find that RF is signifi-
cantly better than SVM in accurately predicting heart 
disease, but the average error is over SVM, slightly 
above. It is concluded that the RF classifier provides 
acceptable accuracy and accuracy as an SVM. Hence 
the research outputs that the prediction of health dis-
ease was more accurate with the Novel Random Forest 
classifier giving precision of 83.2 % whereas SVM had 
accuracy percentage of 80.3%.
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ABSTRACT 
Aim: The main goal of the research is see how accurately pre-
dicting heart disease by Logistic Regression (LR) and Novel 
Random Forest(RF) Classifications. Materials and Methods: 
Novel Random forest appealed on a heart dataset which con-
sists of 200 records A framework for predicting heart disease in 
the medical field has been proposed and developed to com-
pare the RF with a LR classifier. The sample size was calculated 
to be 55 for each group with 80% G performance. The sample 
size was calculated using a Clincalc analysis with Alpha and Beta 
values of 0.05 and 0.5, pretest performance of 80%, and enroll-
ment rate of 1. The Accuracy of the classifier was Evaluated and 
Recorded. Results: The LR produces 89.0% in predicting the 
heart disease on the data set used whereas the Novel Random 
forest classifier predicts the same at the rate of 95.46% of the 
time with a statistically significant difference between the two 
groups (P=0.03; P<0.05) with confidence interval 95%. Con-
clusion: RF is better compared with LR in terms of both preci-
sion and accuracy. 
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INTRODUCTION
Heart is a significant piece of our human body. 

Blood pressure, Cholesterol, Pulse rate, blood vessels, 
chest pain are the major reasons for heart disease. The 
capacity of the heart isn’t done as expected, it will in-
fluence other human body parts moreover. Some dan-
gerous components of coronary illness are Family his-
tory, High blood pressure, Pulse rate,Cholesterol, Age, 
poor diet, smoking. At the point when blood vessels 
are overstretched, the danger level of the blood ves-
sels are expanded. This boosts the blood pressure and 
Pulse rate. (Sowmiya and Sumitra 2017; Sharma and 
Agarwal 2019; Micheletti 2019)As a result, it’s critical 
to provide an accurate and timely diagnosis, which is 
a difficult challenge for doctors. They concentrate on 
using data mining technology to produce cost-cutting 
techniques.(Repaka, Ravikanti, and Franklin 2019).
The proposed study helps the medical practitioners 
in diagnosing heart disease in an accurate way, which 
assists in identifying high risk of heart attacks (Saw et 
al. 2020).

RF algorithm is used in various healthcare and 
medical industries to improve the predictability of 
heart disease.(Kasabe and Trinity college of engineer-
ing and research 2020; 2020 International Conference 
on Computer Communication and Informatics: Janu-
ary 22-24, 2020, Coimbatore, India 2020) proposed a 
novel approach for defining significant features using 
MachineLearning Methods Accuracy (80%) of Heart-
Disease Prediction. (Li et al. 2020) proposed a feature 
selection algorithm with classifier Logistic Regression 
for designing the higher level intelligent system to pre-
dict heart disease.(Mohan, Thirumalai, and Srivastava 
2019) proposed an Algorithm heart disease predic-
tion accuracy level of 83% through the novel random 
forest. (Fitriyani et al. 2020) By achieving 89% to pre-
dict heart disease, we proposed density-based spatial 
grouping of noise and XG gain applications performed 
by other models.Our team has extensive knowledge 
and research experience that has translate into high 
quality publications(Chellapa et al. 2020; Lavanya, 
Kannan, and Arivalagan 2021; Raj R, D, and S 2020; 
Shilpa-Jain et al. 2021; S, R, and P 2021; Ramadoss, 
Padmanaban, and Subramanian 2022; Wu et al. 2020; 
Kalidoss, Umapathy, and Rani Thirunavukkarasu 
2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020)
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The limitation of the paper is that several works 
have demonstrated that the performance of Logistic 
Regression is poor and provides less accuracy in pre-
diction of heart disease. A study by (Abdar et al. 2015) 
compares the accuracy of various mining classifica-
tion algorithms in predicting heart disease. It's critical 
to evaluate and compare the many categorization Al-
gorithms offer higher Accuracy. As a result, the goal of 
the research is to compare the Accuracy of LR and RF 
Algorithms in predicting heart disease.

MATERIALS AND METHODS
Experimental work was performed at the Machine 

Learning Institute of Computer Science and Engi-
neering at the Saveetha School of Engineering in the 
Saveetha Institute of Medical and Technical Sciences 
in Chennai. The research paper was submitted with 
200 records from the cardiac dataset. Two groups were 
evaluated to determine the accuracy of heart disease 
prediction. To increase accuracy, each group went 
through a total of ten iterations. The data was obtained 
from the Kaggle website. There are 200 rows and 14 
columns in the data set. Resting blood pressure, pulse 
rate, chest discomfort, serum cholesterol, fasting 
blood glucose, heart rate, and other essential features 
are used in experimental design..(“Website” n.d.). 

Sample size was evaluated to be 55 for each group 
using 80% G power. In (Haq et al. 2018), the Cleve-
land Heart Disease data-set used with a size of 303 
patients, 76 characteristics. Sample size was calculated 
from clinical analysis with Alpha and Beta values of 
0.05 and 0.5, 95% Confidence, 80% pretest power, and 
a registration rate of 1.

Logistic Regression Algorithm 
LR is a Machine Learning Algorithm that can be 

used for both Classification and Regression tasks. In 
this study, we trained logistic regression using the svc 
class in the scikit-learn library. Download the data-set 
heart.csv and load the dataset. The data-set is divid-
ed into a Training data-set (80%) and a Test data-set 
(20%). Then a logistic regression classifier is generated 
based on the training set. we used the Kernel Parame-
ter value. The Test Data Set is considered by Training 
data-set. LR is evaluated and the accuracy is calculated.

Pseudocode for Logistic Regression 
Algorithm

Input: Heart disease DataSet

Output: Accuracy
1. Download data-set.
2. Randomly split the data-sets. in training (80%) and 

test (20%).
3. Gini is the parameter.
4. Analyze the dataset by varying dependent and in-

dependent variables
5. RF predicts the outcome in a categorical variable.
6. Finally predicts the possibility of an event using the 

log function.

Novel Random Forest Classifier Algorithm
The Random Classifier class from the Sklearn En-

semble package is used in this research. Use Citerian 
as a parameter. The parameter value is «Gini». The da-
ta-set is randomly divided as Training (80%) and Test-
ing (20%). To predict results, we randomly selected 
samples and collected decision trees for each sample. 
We voted for each predicted result and chose the one 
with the most votes as the final result. The algorithm 
uses the RF.

Pseudocode for Novel Random Forest 
Classifier Algorithm

Input: Heart Disease data-set
Output: Accuracy

1. Download data-set
2. Randomly split the data-sets. in training (80%) and 

test (20%).
3. Gini is a parameter.
4. Use RF classifiers to build a decision tree and fore-

cast the outcome. 
5. Voting done from every sample.
6. The results of the most popular predictions were 

selected as the final results.
The proposed work has been tested on Google Co-

lab. The Hardware and Software required for working 
experience contains CPU i7, 1TB HDD, 8GB RAM, 
Windows OS, Python: Colab / Jupyter. First, the da-
ta-set is split into two parts, a Training dat-set and a 
test dat-set. Algorithm is then tested on the training 
set and test set. Training and test data-set are updated 
10 times depending on the size of test dataset.

Statistical Analysis:
In addition to experimental analysis, the Social 

Science Statistics Package was used to estimate study 
work statistically (SPSS). Mean, SD, and mean of the 
SD error calculated using the analysis. To compare pa-
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rameters of groups, we used a variable known as t-test. 
Age, Gender, Chest discomfort, Blood Pressure, Pulse 
rate, Cholesterol, Blood glucose, ECG results, Heart 
rate, old peaks, gradients, segment, and goals are the 
independent factors in the analysis (Mohan, Thirum-
alai, and Srivastava). 2019). Precision and precision 
are dependent variables that have an impact on the 
outcome. 80 % G power The sample size is computed 
using the Clincalc analysis, with Alpha and Beta val-
ues of 0.05 and 0.5, a Confidence level of 95%, a pretest 
performance of 80%, and a registration rate of 80 %, 
respectively.

RESULTS
Table 1 inferred the results of comparing the accu-

racy and accuracy of LR and RF over 10 iterations with 
an accuracy of LR 89.0% and RF 95.46%.

Table 1
Correlations for Study. Data collection from N=10 sample data-
sets for Novel Random Forest Algorithm(95.46%) Compared 
with Logistic Regression(89.0%) using target variable as Inde-
pendent variable.

Sample No. Test Size RF LR
1 784 95.46 89.0
2 774 95.12 88.88
3 764 95.09 88.78
4 660 94.3 88.68
5 640  94.12 88.32
6 620 94.05 87.85
7 610 93.29 87.53
8 600 93.23 87.31
9 540 93.17 87.19
10 510 93.12 87.11

Table 2 inferred the statistical analysis of LR and 
RF with different test datasets. The LR and RF mod-

el Accuracy of mean value has 94.09% and 88.06 as 
well as precision has 59.0600 and 81.4900.The Stan-
dard deviation RF and LF accuracy and precision( 
0.24507,1.31540,6.46275,4.59938)has a significantly 
greater precision than LR. The RF and LF standard er-
ror Mean of accuracy and Precision (0.17283,0.82738,
2.04370,1.45445) algorithm outperforms the LR tech-
nique in terms of performance.

Table 3 Both groups’ statistical analysis of a sta-
tistically significant difference between the groups 
(P=0.03; P<0.05) with confidence interval 95% with 
two groups, there is no discernible difference, hence 
RF is better than LR.

Table 2
Statistical Analysis of Mean, SD and Standard Error of Accu-
racy of LR and RF algorithms. There is a statistically significant 
difference in accuracy values between the algorithms. RF has 
better accuracy(88.06%) when compared to accuracy (94.09%) 
than LR.

GROUP N Mean Std.Devia-
tion(SD)

Std.Error 
Mean

ACCURACY 
LR 
RF 

10
10

94.09
88.06

0.24507
1.31540

0.17283
0.82738

PRECISION 
LR
RF

10
10

59.0600
81.4900

6.46275
4.59938

2.04370
1.45445

From Fig. 1 and Fig.2, it is inferred that the ROC 
graph inferes performance of LR at various classifica-
tion thresholds.

DISCUSSION 
RF is superior to the LR in predicting heart dis-

ease by considering the accuracy. However, the aver-
age error of RF seems to be better than the average 
error of LR. Prediction of heart disease is a major is-
sue in Healthcare industries. Experimental work was 

Table 3
Comparison of the Significance level for LR and RF algorithms with value p < 0.05. Both LR and RF is a statistically significant dif-
ference between the two groups (p=0.03; p<0.05) with confidence interval 95%.

Levene’s Test for 
Equality of Vari-

ance

T-test for Equality of Means

F Sig t df Sig(2-
tailed)

Mean 
Difference

Std.Error 
Difference 

95% Confidence Interval  
of the Difference

Lower Upper
Accuracy 9.2 0.03 16.5

71
18 .000 12.983 0.8876 11.9284 13.7834

Precision 3.992 .061 -8.942
-8.942

18
16.255

.000

.000
-22.43
-22.43

2.50841
2.50841

-27.6999
-27.7408

-17.1600
-17.1191
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done among two groups Logistic Regression and RF 
by varying test size. From Experimental results (Fig. 
3 and Fig. 4) done in Google colab, the accuracy and 
precision of RF is 95.46% and 89.0%. This depicts that 
RF is better than Logistic Regression.The various pa-
rameters like Accuracy F-measures are also compared 
From the SPSS graph conveys Random forest Classi-
fier performs better in terms of accuracy (84.7%) and 
precision (81.4%) compared with the Logistic Regres-
sion algorithm. Fig. 3 depicts the mean error of RF is 
found to little higher than Logistic Regression,which 
has to be minimized.

Our university is committed to conducting re-
search that is both high-quality and evidence-based 

significant success in this regard.. ((Vijayashree Pri-
yadharsini 2019; Ezhilarasan, Apoorva, and Ashok 
Vardhan 2019; Ramesh et al. 2018; Mathew et al. 2020; 
Sridharan et al. 2019; Pc, Marimuthu, and Devadoss 
2018; Ramadurai et al. 2019). We desire that this study 
provides to the wealthy records of the area.

Despite the fact that the results of the study are 
statistically and experimentally superior, Data sets, 
Accuracy evaluation cannot yield a good result. In 
addition, mean error in RF looks to be larger than in 
LR. It would be preferable if the mean error could be 
lowered somewhat. However, optimization algorithm 
techniques can be used to increase accuracy while 
lowering costs of the standard deviation of the task. 
Feature choice procedures may be used earlier than 
category to grow the accuracy of classifier category. As 
a result, we can leverage FS techniques to minimize 
calculation time and enhance classification accuracy 
of classifiers.

CONCLUSION
RF Classifier is a Technique used for averaging 

Accuracy and Precision. This work conveys Accuracy 
and Precision for Heart Disease Prediction Using RF is 
better than the LR. The results show that RF performs 
much better than LR in properly predicting heart dis-
ease, however the mean error is a bit greater than with 
Logistic Regression. As a result, it is concluded that the 
RF classifier produces appropriate accuracy and preci-
sion when compared to the LR classifier.
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Fig. 1. Receiving Operating characteristic (ROC) Curve for Lo-
gistic Regression

 

Fig. 2. Receiving Operating characteristic (ROC) Curve for RF

 

Fig. 3. Bar graph analysis of RF and LR algorithm. Graphical rep-
resentation shows the mean efficiency of 94.09% and 88.06% 
for the proposed LR algorithm and RF algorithm respectively. 
X-axis: LR and RF algorithm Y-axis: Mean precision ± 1 SD.
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ABSTRACT
Aim: The aim of this work is to evaluate the accuracy and pre-
cision in predicting heart disease using Decision Tree (DT) and 
Novel Random forest (RF) Classification algorithms. Materials 
and Methods: Novel Random forest is appealed on a heart 
dataset which consists of 150 records. A framework for predict-
ing heart disease in the medical field comparing the proposed 
and developed RF and DT classifiers. Sample Size Calculated as 
55 in every group by using 80% G power. Sample Size Calcu-
lated using clinical analysis, with Alpha and Beta values of 0.05 
and 0.5, the confidence level. confidence is 95%, nicest strength 
is 80% and registration rate is 1.
Results: The Decision Tree classifier produces 96.42% accuracy 
in predicting the heart disease on the data set, whereas the 
Random forest classifier predicts the same at the rate of 78.45% 
of the time with a statistically significant difference between 
the two groups (p=0.004;p<0.05)with confidence interval 95%. 
Hence Novel Random forest is better than the Decision Tree. 
Conclusion: The results show that the performance of Ran-
dom forest is better compared with Decision Tree in terms of 
both precision and accuracy. 
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ing, Pulse rate, Heart Rate 
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INTRODUCTION
Heart is a significant piece of our human body. Blood 

pressure, Cholesterol, Pulse rate, blood vessels, chest 
pain are the major reasons for heart disease. The capac-
ity of the heart isn’t done as expected, it will influence 
other human body parts moreover. Some dangerous 
components of coronary illness are Family history, High 
blood pressure,Pulse Rate,Heart Rate Cholesterol, Age, 
poor diet, smoking. At the point when blood vessels are 
overstretched, the danger level of the blood vessels are 
expanded. This boosts the blood pressure and Pulse rate. 
(Sowmiya and Sumitra 2017; Sharma and Agarwal 2019; 
Micheletti 2019).Therefore, it is important to make an 
early and timely diagnosis, This is a difficult task for the 
medical community. They focus on developing cost-cut-
ting strategies using data mining technology (Repaka, 
Ravikanti, and Franklin 2019).The proposed study helps 
the medical practitioners in diagnosing heart disease in 
an accurate way, which assists in identifying high risk of 
heart attacks (Saw et al. 2020).

DT algorithm used to improve the predictability of 
Heart Disease in a variety of Health care in Medical In-
dustries. ((Kasabe and Trinity college of engineering and 
research 2020; 2020 International Conference on Comput-
er Communication and Informatics: January 22-24, 2020, 
Coimbatore, India 2020) proposed a novel approach for 
defining significant features using machine learning 
methods to increase the accuracy (80%) of heart disease 
prediction. (Li et al. 2020) proposed a feature selection 
algorithm with a classifier Decision tree for designing 
a high level intelligent system to predict heart disease.
(Mohan, Thirumalai, and Srivastava 2019) proposed an 
algorithm for heart disease prediction accuracy level of 
83% through the Novel Random forest. (Fitriyani et al. 
2020) proposed a density based spatial grouping of ap-
plications with noise and XG boost performed by other 
models by achieving 89 percent to predict Heart Disease. 
Previously, we have extensive experience on various 
research projects in multiple disciplines. (Vijayashree 
Priyadharsini 2019; Ezhilarasan, Apoorva, and Ashok 
Vardhan 2019; Ramesh et al. 2018; Mathew et al. 2020; 
Sridharan et al. 2019; Pc, Marimuthu, and Devadoss 
2018; Ramadurai et al. 2019). Now the growing trend in 
this area motivated us to pursue this project. Our team 
has extensive knowledge and research experience that 
has translate into high quality publications(Chellapa et 
al. 2020; Lavanya, Kannan, and Arivalagan 2021; Raj R, 
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D, and S 2020; Shilpa-Jain et al. 2021; S, R, and P 2021; 
Ramadoss, Padmanaban, and Subramanian 2022; Wu et 
al. 2020; Kalidoss, Umapathy, and Rani Thirunavukkara-
su 2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020)

In this paper referred to 56 IEEE research papers, In 
the past, we have had a great deal of experience working 
on countless research projects across many fields. (S. 
Vigneshwaran et al. 2020; Kumaran et al. 2020; Man-
ickam et al. 2019; Shanmugam et al. 2021; Kaliaperum-
al Rukmani et al. 2020; Lakshmi and Hemamalini 2019; 
Anitha Kumari and Srinivasan 2019; Saravanan et al. 
2021; Rajkumar and Ganapathy 2020; Shanmugam 
Vigneshwaran et al. 2021; Sivakumar, Anbalagan, and 
Jayavel 2020; Stephen Leon J, Bharathiraja G, and Jaya-
kumar 2020; Balasaraswathi et al. 2020; Anitha, Naresh, 
and Devi 2020; Sivasamy et al. 2021). Now the growing 
trend in this area motivated us to pursue this project.

Several works have demonstrated that limitation of 
the performance of DT is poor and provides less accu-
racy in prediction of heart disease. A study by (Abdar 
et al. 2015) compares the accuracy of various mining 
classification algorithms in predicting heart disease. 
It is important to analyze and compare the various 
classification algorithms that provide better accuracy.
Hence,the work aims at comparing the accuracy of RF 
and DT algorithms in predicting heart disease.

MATERIALS AND METHODS
The research work was performed in the Machine 

Learning Laboratory, Department of Computer Sci-
ence and Engineering, Saveetha School of Engineer-
ing, Saveetha Institute of Medical and Technical Sci-
ences,chennai. Work was performed on 150 recordings 
from a cardiac dataset. Accuracy in Predicting heart 
Disease was obtained by testing two groups. Ten iter-
ations are performed on each group to get good accu-
racy. The dataset taken from the Kaggle Website. The 
dataset contains 150 rows and 14 columns. Attributes 
taken for experimental setup are blood pressure, pulse 
rate, chest pain, serum cholesterol, fasting blood sug-
ar, heart rate,etc. (“Website” n.d.). 

The sample size was calculated as 55 in each group 
using G power 80%. In (Haq et al. 2018), the Clevelan 
heart disease dataset has been used with a sample size 
of 303 patients, 76 features and some missing values. 
Sample Size calculated using Clincalc Analysis, with 
Alpha and Beta values 0.05 and 0.5, 95% Confidence, 
Pretest power 80% and enrolment ratio 1. 

Decision tree Algorithm
DT is a Machine Learning Algorithm used for both 

classification and regression challenges. In this study, 
to train the DT the svc class of scikit learn library was 
used. Import the heart.csv dataset and load the dataset. 
The dataset is split randomly into training (80%) and 
testing (20%) sets. The target variable is selected. Then, 
the DT classifier based on the training set is generated. 
Rbf was used as the value of the kernel parameter. The 
testing set is predicted based on the training set. The 
DT classifier is evaluated and the accuracy is calculated.

Pseudocode for Decision tree Algorithm 
Input: Heart disease dataset
Output: Accuracy

1. Import data-set
2. Select the features in data-set
3. DT classifier is a parameter.
4. Gini is a parameter value.
5. Construct a Novel Random forest using DT to get 

the result for every sample.
6. Voting is taken for every sample.
7. Most predicted results are finalized for output.

Novel Random forest Algorithm 
In this study, the Random forest Classifier class of 

the sklearn library is used.It takes citerian as a param-
eter. “Gini” is a parameter value. The dataset is splitted 
into Training (80%) and Testing (20%). It selects sam-
ples randomly and the decision trees were collected 
for every sample to predict the result. Voting was per-
formed for every predicted result and the most voted 
result was selected as the final result. The work imple-
ments an innovative voting method that uses a criteria 
based Random forest classifier.

Pseudocode for Novel Random forest 
Algorithm

Input: Heart disease dataset Output: Accuracy
Import data-set

1. Select the features from dataset
2. RF classifier criterion is a parameter.
3. Gini is a parameter value.
4. Use RF classifiers to build a decision tree and fore-

cast the outcome for each sample.. 
5. Voting is taken for every sample.
6. Most predicted results are finalized for output.

The proposed work was experimented in Google 
Colab, The Hardware and Software requirements for 



Issue 25. December 2022 | Cardiometry | 1485

experimenting the work includes i7 processor, 1TB, 
HDD, 8GB RAM,Windows OS, Python: Colab/Ju-
pyter.Initially, the dataset was divided into two parts: 
training and testing sets. The algorithm is then put 
to the test on both the Training and Testing sets. The 
Training and Testing sets are modified depending on 
the size of the test set.

Statistical Analysis:
In addition to experimental analysis, the work was 

statistically evaluated using the Statistical Package for 
Social Sciences (SPSS). Analysis was performed to 
obtain the mean, standard deviation, and standard 
error. An independent variable t test was performed 
to compare the parameters of the two groups. In the 
analysis, the independent variables were age, sex, chest 
pain, blood pressure, pulse rate, cholesterol, blood 
glucose, electrocardiogram results, exercise heart rate, 
age. peak, slope, colored by segment, target (Abdar et 
al. 2015), dependent variables affecting the output are 
accuracy and 80% G-power accuracy. Sample size was 
calculated using clincalc analysis, with alpha and beta 
values of 0.05 and 0.5, 95% confidence, 80% nicest 
power, and scale registration of 1.

RESULTS 
Table 1 displays the results of the DT and RF for 

10 iterations with accuracy of DT 78.45% and RF of 
96.42%.

Table 2 inferes the statistical analysis of DT and RF 
with different test datasets. The DT model has mean, 
Standard Deviation, Standard Error (53.0100, 3.05994, 
0.96764) and appears to have a greater mean accura-
cy of RF (78.2800,7.017,2.26788) than the DT model. 
Furthermore, RF has a significantly greater precision 
than DT. The RF algorithm outperforms the DT tech-
nique in terms of performance.

Table 1
Correlations for Study, Data collection from N=10 sample data-
sets for Novel Random Forest Algorithm(96.42) Compared with 
Decision Tree Algorithm(78.45) using target variable as Inde-
pendent variable.

SAMPLE SIZE Row Set RF DT

1 768 96.42 78.45

2 745 96.23 78.23

3 715 96.00 78.00

4 690 95.54 77.43

5 677 95.23 76.74

6 656 95.00 77.56

7 639 95.68 76.85

8 624 95.89 75.43

9 615 94.26 76.74

10 600 94.23 77.89

Table 2
Statistical Analysis of Mean, Standard Deviation and Standard 
Error of Precision and Accuracy of DT and RF algorithms. There 
is a statistically significant difference in precision and accu-
racy values between the algorithms. RF has higher precision 
(78.2800%) and accuracy (77.7700%) than DT.

GROUP N Mean Std.Devia-
tion

Std.Error 
Mean

ACCURACY DT 
RF 

10
10

53.0100
78.2800

3.05994
7.017167

.96764
2.26788

PRECISION DT
RF

10
10

53.0100
77.7700

3.05994
7.01222

.96784
2.21746

Table 3 Both groups statistical analysis of a sta-
tistically significant difference between the two 
groups (p=0.004;p<0.05)with confidence interval 
95%, there is no discernible difference, hence RF is 
better than LR.

Fig. 1, inferred that the ROC graph shows the per-
formance of DT classification models at various classi-
fication thresholds. 

Table 3
Comparison of the Significance level for RF and DT algorithms with value p < 0.05. Both RF and DT have a statistically significant 
difference between the two groups (p=0.004;p<0.05)with confidence interval 95%.

Levene’s Test for Equali-
ty of Variance

T-test for Equality of Means

F Sig t df Sig(2-
tailed)

Mean Dif-
ference

Std.Error 
Difference 

95% Confidence Interval  
of the Difference

Lower Upper
Accuracy 11.19 .004 -10.249

-10.249
18

12.172
.000
.000

-25.27
-25.27

2.46569
2.46569

-30.4502
-30.6338

-20.089
-19.906

Precision 13.49 .002 -10.234
-10.234

18
12.308

.000

.000
-25.76
-25.76

2.41939
2.41939

-29.8429
-30.0168

-19.667
-19.503
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Fig. 1. Receiving Operating characteristic (ROC) Curve for DT

Fig.2, inferred that the ROC graph shows the per-
formance of RF classification models at various classi-
fication thresholds.

 

Fig. 2. Receiving Operating characteristic (ROC) Curve for RF

Figure 3 inferred the mean accuracy and mean pre-
cision of DT and RF. The statistical analysis of two in-
dependent groups shows that RF has higher accuracy 
mean (78.2800%) compared to DT (53.0100%). 

DISCUSSION 
The work proves that Novel Random forest is better 

than DT in predicting heart disease in terms of accura-
cy and precision. However, the mean error of DT seems 

to be higher than RF. Prediction of heart disease is a ma-
jor issue in Healthcare industries. Experimental work 
was done among two groups RF and DT by varying the 
test size. From the experimental results (Fig. 3) done 
in Google colab, the Accuracy and Precision of DT is 
81.9% and 79.5%, whereas DT provides the accuracy 
and precision to be 67.2%. This depicts that DT is better 
than RF.The various parameters like TP rate, FP rate, 
Precision,Recall, F-measures are also compared From 
the SPSS graph proposed Random forest Classifier per-
forms better in terms of accuracy (78.2%) and precision 
(77.7%) compared with the DT algorithm. Fig. 3 and 
Fig. 4 depicts that the mean error of DT is found to be 
little higher than DT, which has to be minimized.

The most important aspects in predicting heart 
disease are Accuracy and Precision.. A study by (Haq 
et al. 2018) proposed a machine learning-based diag-
nostic system for predicting heart disease using heart 
disease datasets. This study uses seven performance 
evaluation metrics, including common machine learn-
ing algorithms, three feature selection algorithms, 
cross-validation, and classifiers such as classification 
accuracy, specificity, sensitivity, Matthews correlation 
coefficient, and execution time. did. A study by (Sab-
oji 2017) proposed a scalable solution for predicting 
heart disease. The Random Forest algorithm was used 
by the Spark framework for the prediction of heart 
disease, and even with a dataset of 600 documents, 
this study showed that higher accuracy was achieved. 
There is a statistically significant difference between 
the two groups (p = 0.004; p <0.05), with a 95% confi-
dence interval.

 

Fig. 3. Bar Chart representing the comparison of mean accura-
cy of Heart disease prediction using DT and RF algorithms. RF 
produces better accuracy and more consistent results X-axis: 
DT vs RF. Y-axis: Mean Accuracy ± 1 SD. 
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In the study by (Nayak et al. 2019), attribute filter-
ing, frequent item mining and a variety of data min-
ing techniques such as Decision tree, Naive Bayes, 
Decision tree and KNN classifications are used for 
predicting heart disease at early stages. When it 
comes to predicting heart disease, the accuracy of 
Naive Bayse was superior to that of other algorithms.
The Accuracy of DT depends on the Training and 
Testing data-set Size. In this study, the Accuracy and 
Precision appears to be better than the DT. However, 
the mean error seems to be higher in our proposed 
work which has to be minimized.Our institution is 
passionate about high-quality evidence-based re-
search and has excelled in various fields (Vijayashree 
Priyadharsini 2019; Ezhilarasan, Apoorva, and 
Ashok Vardhan 2019; Ramesh et al. 2018; Mathew et 
al. 2020; Sridharan et al. 2019; Pc, Marimuthu, and 
Devadoss 2018; Ramadurai et al. 2019). We hope this 
study adds to this rich legacy. 

The results of the study are excellent in both 
experimental and statistical analysis, but there are 
certain restrictions on the work. Accuracy assess-
ment cannot provide better results for larger data-
sets. Moreover in DT, the mean error appears to 
be higher than DT. It would be better if the mean 
error can be reduced to a considerable extent. 
However,the work can be enhanced by applying 
optimization algorithm techniques, to achieve a 
better accuracy and less mean error.Feature selec-
tion algorithms can be used before classification to 
improve the classification accuracy of classifiers. 
Hence, through FS algorithms, we can reduce the 
computation time and improve the classification 
accuracy of classifiers.

CONCLUSION
Novel Random forest Classifier is a classification 

technique that uses averaging to improve the accu-
racy and precision. The work shows that the Accu-
racy and Precision for heart disease prediction us-
ing Random forest (RF) is better than the Decision 
tree(DT). It is found that DT performs significant-
ly better than DT in predicting heart disease accu-
rately, but the mean error is found to be little higher 
than DT. Hence the research outputs that the pre-
diction of health disease was more accurate with the 
Novel Random Forest classifier giving precision of 
78.2800% whereas SVM had accuracy percentage of 
53.0100%. 
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ABSTRACT
Aim: The aim of the work is to evaluate the accuracy and pre-
cision in predicting heart disease using Support Vector Machine 
(SVM), Random forest (RF), Logistic Regression (LR), Decision 
Tree (DT) Classification algorithms. Materials and Methods: 
Classification algorithm is appealed on a heart dataset which 
consists of 180 records. A framework for heart disease predic-
tion in the medical sector comparing Random forest, Logistic 
Regression, Decision Tree and SVM classifiers has been pro-
posed and developed. The sample size was calculated as 55 
in each group using G power 80%. Sample size was calculated 
using clincalc analysis, with alpha and beta values 0.05 and 0.5, 
95% confidence, pretest power 80% and enrolment ratio 1. Re-
sults: The Novel Random Forest Algorithm (92.13%), Support 
Vector Machine (62.51%), Logistic Regression (84.89%), Deci-
sion Tree (86.25%) classifiers produce respectively. SVM, RF ex-
ists a statistically significant difference between the two groups 
(p=0.001,p=.004;p<0.05).LR, RF exists a statistically insignificant 
difference between the two groups (p=.103, P=.080;p>0.05) 
both with confidence interval 95%. Hence Random forest is 
better than SVM, RF, DT classifiers. Conclusion: The results 
show that the performance of RF is better when compared with 
SVM, LR and DT in terms of both precision and accuracy. 

Keywords
Logistic Regression,Decision Tree, Random Forest, Support 
Vector Machine, Heart Disease Prediction, Data Mining.
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INTRODUCTION
Heart is a significant piece of our human body. 

Blood pressure, Cholesterol, Pulse rate, blood ves-
sels, chest pain are the major reasons for heart dis-
ease. The capacity of the heart isn’t done as expected, 
it will influence other human body parts moreover. 
Some dangerous components of coronary illness are 
Family history, High blood pressure, Cholesterol, Age, 
poor diet, smoking. At the point when blood vessels 
are overstretched, the danger level of the blood vessels 
are expanded. This boosts the blood pressure. (Sow-
miya and Sumitra 2017; Sharma and Agarwal 2019; 
Micheletti 2019). As a result, it is important to per-
form a prompt and early diagnosis, which is a diffi-
cult task for the medical community. They are focused 
on developing cost cutting strategies by data mining 
techniques (Repaka, Ravikanti, and Franklin 2019). 
The proposed study helps the medical practitioners 
in diagnosing heart disease in an accurate way, which 
assists in identifying high risk of heart attacks (Saw et 
al. 2020).

Around 42 related articles published in IEEE 
Xplore and 25 related articles were published related 
to this work in google scholar. Classification algorithm 
is used widely to improve the predictability of heart 
disease in a variety of healthcare and medical indus-
tries. In (Purushottam et al. 2015), the system’s perfor-
mance is measured in terms of classification accuracy, 
and the results reveal that it has a lot of potential for 
forecasting the risk of heart disease more accurately. 
(Li et al. 2020) proposed a feature selection algorithm 
with a classifier Support Vector Machine for designing 
a high level intelligent system to predict heart disease. 
(Mohan, Thirumalai, and Srivastava 2019) proposed 
an algorithm for heart disease prediction accuracy 
level of 83% through the random forest. (Fitriyani et 
al. 2020) proposed a density based spatial grouping of 
applications with noise and XG boost performed by 
other models by achieving 89 percent to predict heart 
disease(Abdar et al. 2015). Our team has extensive 
knowledge and research experience that has translate 
into high quality publications(Chellapa et al. 2020; La-
vanya, Kannan, and Arivalagan 2021; Raj R, D, and S 
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2020; Shilpa-Jain et al. 2021; S, R, and P 2021; Rama-
doss, Padmanaban, and Subramanian 2022; Wu et al. 
2020; Kalidoss, Umapathy, and Rani Thirunavukkara-
su 2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020)

Several works have demonstrated that limitation 
of the performance of SVM is poor and provides less 
accuracy in prediction of heart disease. A study by 
(Abdar et al. 2015) compares the accuracy of various 
mining classification algorithms in predicting heart 
disease. Our lab has had rich experience collaborating 
with various researchers across multiple disciplines 
(Govindaraju, Neelakantan, and Gutmann 2017; Dan-
da et al. 2010; Kumar et al. 2006; Neelakantan et al. 
2011; Mathew et al. 2020; Wahab et al. 2018; Samu-
el, Acharya, and Rao 2020; Paramasivam, Vijayashree 
Priyadharsini, and Raghunandhakumar 2020; Vairav-
el, Devaraj, and Shanmugam 2020; Ezhilarasan, Sokal, 
and Najimi 2018).It is important to analyze and com-
pare the various classification algorithms that provide 
better accuracy. Hence, the work aims at comparing 
the accuracy of SVM and RF, LR, DT algorithms in 
predicting heart disease.

MATERIALS AND METHODS
The research work was performed in the Depart-

ment of Computer Science and Engineering, Saveetha 
School of Engineering, Saveetha Institute of Medical 
and Technical Sciences,chennai. The work was carried 
out on 304 records taken from a heart dataset. The 
accuracy in predicting heart disease was performed 
by evaluating four groups. A total of 10 iterations was 
performed on each group to achieve better accuracy. 
The dataset was downloaded from Kaggle website. The 
dataset contains 304 rows and 14 columns. Some of the 
important attributes taken for experimental setup are 
resting blood pressure, chest pain, serum cholesterol, 
fasting blood sugar, heart rate, etc.. (“Website” n.d.). 

The sample size was calculated as 55 in each group 
using G power with 80%. In (Haq et al. 2018), the 
Clevelan heart disease dataset has been used with a 
sample size of 304 patients, 76 features and some miss-
ing values. Sample size was calculated using clincalc 
analysis, with alpha and beta values 0.05 and 0.5, 95% 
confidence, pretest power 80% and enrolment ratio 1. 

Support Vector Machine Algorithm
It’s a machine that does a lot of things and uses 

support vectors to solve problems. The support vector 

machine is a supervised machine learning tool for clas-
sifying and categorizing data.predict data (SVM). The 
SVM was trained using the svc class from the scikit 
learning package.this investigation. Load the heart.
csv dataset after it has been imported. The set of data 
is randomly separated into groups for training (80%) 
and put to the test ( 20%) sets. The variable that will be 
targeted has already been determined. The SVM clas-
sifier is then created using the training data. Rbf has 
been set as the kernel parameter value. The training 
set is projected onto the test set. The accuracy of the 
SVM classifier is calculated once it has been evaluated.

Pseudocode for Support Vector Machine 
Algorithm

Input: Heart disease data set 
Output: Selected features and Accuracy.

1. Load the dataset
2. At random, the dataset was partitioned into train-

ing (80%) and testing (20%) datasets.
3. Set the target variable
4. Create an SVM classifier using the training data.
5. Train the classifier using rbf kernel parameter
6. Predict the testing set based on training dataset
7. Evaluate the classifier.
8. Return Accuracy.

Novel Random Forest Classifier Algorithm
In this study,the Random Classifier class of the 

sklearn ensemble library is used. It takes citerian as a 
parameter. “Gini” is used as the parameter value. The 
dataset is split into two parts: training (80%) and testing 
(20%). (the remaining 20 percent). It selects samples 
randomly and the decision trees were collected for ev-
ery sample to predict the result. Voting was performed 
for every predicted result and the ultimate outcome was 
chosen based on the number of votes received.. The al-
gorithm uses a Novel Random Forest(RF).

Pseudocode for Novel Random Forest 
Classifier Algorithm

Input: Heart disease dataset
Output: Accuracy

1. Import and read the dataset
2. Select the features randomly from the dataset
3. Generate the RF classifier criterion as a parameter.
4. Gini was used as a parameter value.
5. Use RF classifiers to build a decision tree and fore-

cast the outcome for each sample.. 
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6. Voting was performed for every predicted result
7. The most popular forecast outcomes were chosen 

as the final result.

Logistic Regression Algorithm
Logistic Regression(LR) is a regulated machine 

learning algorithm which can be utilized for both 
classification and regression challenges. In this study, 
to train the Logistic Regression the svc class of scikit 
learn library was used. Import the heart.csv dataset 
and load the dataset. The dataset is split randomly 
into training (80%) and testing (20%) sets.The target 
variable is selected. Then, the Logistic Regression clas-
sifier based on the training set is generated. Rbf was 
used as the value of the kernel parameter. The testing 
set is predicted based on the training set. The Logistic 
Regression classifier is evaluated and the accuracy is 
calculated.

Pseudocode for Logistic Regression 
Algorithm

Input: Heart disease dataset
Output: Accuracy

1. Import and read the dataset
2. Select the features randomly from the dataset
3. Generate the RF classifier penalty as a parameter.
4. Analyze the dataset by varying dependent and in-

dependent variables
5. RF predicts the outcome in a categorical variable.
6. Finally predicts the possibility of an event using the 

log function.

Decision tree Algorithm
Decision tree is a regulated machine learning algo-

rithm which can be utilized for both classification and 
regression challenges. In this study, to train the DT the 
svc class of scikit learn library was used. Import the 
heart.csv dataset and load the dataset. The dataset is 
split randomly into training (80%) and testing (20%) 
sets.The target variable is selected. Then, the DT clas-
sifier based on the training set is generated. Rbf was 
used as the value of the kernel parameter. The testing 
set is predicted based on the training set. The DT clas-
sifier is evaluated and the accuracy is calculated.

Pseudocode for Decision tree Algorithm 
Input: Heart disease dataset
Output: Accuracy

1. Import and read the dataset

2. Select the features randomly from the dataset
3. Generate the DT classifier criteria as a parameter.
4. Gini was used as a parameter value.
5. Construct a Novel Random forest using DT classi-

fier and predict the result for every sample.
6. Voting was performed for every predicted result.
7. Most predicted results were selected as final output.

Statistical Analysis
Besides experimental analysis, the work was eval-

uated statistically using Statistical Package for Social 
Sciences (SPSS). The analysis was done to obtain 
Mean, Standard Deviation and Standard Error Mean. 
An independent variable T Test was carried out to 
compare the parameters on both the groups. In the 
analysis, the independent variables are Age, Sex, Chest 
pain, Blood Pressure, Cholestrol, Blood Sugar, Electro-
cardiographic Results, Heart Rate exercise, Old peak, 
Slope, Colored by Segment, target (Mohan, Thirum-
alai, and Srivastava 2019). The dependent variables 
that affect the output are Accuracy and Precision.G 
power 80%. Sample size was calculated using clincalc 
analysis, with alpha and beta values 0.05 and 0.5, 95% 
confidence, pretest power 80% and enrolment ratio 1.

RESULTS
Table 1 depicts the CCorrelations for Study, Data 

collection from N=10 sample datasets for Novel 
Random Forest Algorithm(92.13%), Support Vector 
Machine(62.51%), Logistic Regression (84.89%), De-
cision Tree(86.25%) using target variable as Indepen-
dent variable..

Table 1
Correlations for Study, Data collection from N=10 sample data-
sets for Novel Random Forest Algorithm(92.13%), Support Vec-
tor Machine(62.51%), Logistic Regression (84.89%), Decision 
Tree(86.25%) using target variable as Independent variable.

Sample 
No.

Row 
Size

RF SVM LR DT

1 2540 92.13 62.51 84.89 86.25
2 2158 91.25 61.98 84.12 85.45
3 1945 90.24 60.71 83.14 84.69
4 1865 89.58 59.87 82.54 83.98
5 1765 88.47 58.46 81.69 82.45
6 1658 87.95 57.14 80.45 81.54
7 1576 87.01 56.98 80.12 80.47
8 1456 86.15 55.45 79.46 80.12
9 1328 85.18 54.57 79.21 79.65
10 1246 84.78 53.10 79.19 78.84
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Table 2 depicts the Group Statistics results (Mean 
of Random Forest 84.15 is greater than Support vec-
tor Machine 53.10, Logistic Regression 79.19 and 
Decision Tree 78.84 Standard Error Mean for Ran-
dom Forest is 0.658,support vector machine is 1.957, 
Logistic Regression is 0.857 and Decision Tree is 
0.958)

Table 2
Group Statistics results (Mean of Random Forest 84.15 is greater 
than Support vector Machine 53.10, Logistic Regression 79.19 
and Decision Tree 78.84 Standard Error Mean for Random For-
est is 0.658,support vector machine is 1.957, Logistic Regression 
is 0.857 and Decision Tree is 0.958)

Group  Algo-
rithm

N Mean Std.De-
viation

Std. Error 
Mean

Accuracy RF 10 84.15 1.564 0.658
SVM 10 53.10 5.027 1.957
LR 10 79.19 4.257 0.857
DT 10 78.84 4.257 0.958

Table 2 depicts the Group Statistics results (Mean 
of Random Forest 84.15 is greater than Support vec-
tor Machine 53.10, Logistic Regression 79.19 and 
Decision Tree 78.84 Standard Error Mean for Ran-
dom Forest is 0.658,support vector machine is 1.957, 
Logistic Regression is 0.857 and Decision Tree is 
0.958)

Table 3 depicts the Statistical Analysis of Mean, 
Standard Deviation and Standard Error of Precision 
and Accuracy of LR and DT, RF, SVM algorithms. 
SVM,RF exists a statistically significant difference 
between the two groups (p=0.001,p=.004;p<0.05).

LR,RF exists a statistically insignificant difference 
between the two groups (p=.103, p=.080;p>0.05) 
both with confidence interval 95%. RF had the high-
er precision (80.200%) and accuracy (84.150%), LR 
precision (79.190%), and accuracy (82.920%), DT 
precision(77.770%) and accuracy (78.840%) and 
SVM had the lowest precision (52.950%) and accura-
cy(53.010%). 

From Fig.1 displays the Receiving Operating char-
acteristic (ROC) Curve for SVM. From Fig.2 displays 
the Receiving Operating characteristic (ROC) Curve 
for LR. From Fig. 3 displays the Receiving Operating 
characteristic (ROC) Curve for RF. From Fig. 4 dis-
plays the Receiving Operating characteristic (ROC) 
Curve for DT.

 

Fig 1. Receiving Operating characteristic (ROC) Curve for SVM

Table 3
Statistical Analysis of Mean, Standard Deviation and Standard Error of Precision and Accuracy of LR and DT, RF, SVM algorithms. 
SVM,RF exists a statistically significant difference between the two groups (p=0.001,p=.004;p<0.05).LR,RF exists a statistically in-
significant difference between the two groups (p=.103, p=.080;p>0.05) both with confidence interval 95%. RF had the higher 
precision (80.200%) and accuracy (84.150%), LR precision (79.190%), and accuracy (82.920%), DT precision(77.770%) and accuracy 
(78.840%) and SVM had the lowest precision (52.950%) and accuracy(53.010%). 

 Algorithm N Mean sig Std.
Deviation

Std.Error 
Mean

95% Confidence Interval 
for Mean 

Minimum Maximum

Lower Upper
Accuracy SVM

LR
RF
DT
Total

10
10
10
10
40

53.010
82.920
84.150
78.840
74.730

.001

.103
.080
.004

3.0599
6.0471
11.954
5.6220
14.701

.9676
1.912
3.780
1.777
2.324

50.821
78.594
75.598
74.818
70.028

55.19
87.24
92.70
82.86
79.43

47.00
74.50
51.60
68.00
47.00

58.10
93.50
93.50
86.30
93.50

 Precision SVM
LR
RF
DT
Total

10
10
10
10
40

52.950
79.190
80.200
77.770
72.527

.001

.013

.061
.002

2.9811
6.4164
10.453
7.0122
13.413

.9427
2.029
3.305
2.217
2.120

50.817
75.609
71.712
72.753
68.237

55.08
84.79
86.66
82.78
76.81

47.00
70.50
51.60
68.00
47.00

58.00
88.80
88.80
88.00
88.80
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Fig 2. Receiving Operating characteristic (ROC) Curve for LR

 
Fig. 3. Receiving Operating characteristic (ROC) Curve for RF

 

Fig. 4. Receiving Operating characteristic (ROC) Curve for DT

Fig 5 inferes the Comparison of mean accu-
racy and mean precision RF had the higher preci-
sion (80.200%) and accuracy (84.150%), LR pre-
cision (79.190%), and accuracy (82.920%), DT 
precision(77.770%) and accuracy (78.840%) and 
SVM had the lowest precision (52.950%) and accura-
cy(53.010%) X-axis: SVM vs LR vs RF vs DT. Y-axis: 
Mean Accuracy and Precision ± 1 SD. 

 
Fig. 5. Comparison of mean accuracy and mean precision RF 
had the higher precision (80.200%) and accuracy (84.150%), 
LR precision (79.190%), and accuracy (79.190%), DT preci-
sion(77.770%) and accuracy (78.840%) and SVM had the lowest 
precision (52.950%) and accuracy(53.010%). X-axis: SVM vs LR 
vs RF vs DT. Y-axis: Mean Accuracy and Precision ± 1 SD.

DISCUSSION 
The work proves that RF is better than SVM, LR, 

DT in predicting heart disease in terms of accuracy 
and precision. However, the mean error of RF seems 
to be higher than SVM. Prediction of heart disease is 
a major issue in Healthcare industries. Experimental 
work was done among four groups SVM, LR, DT and 
RF by varying the test size. From the experimental 
results (Fig. 3 and Fig. 4) done in Google colab, the 
accuracy and precision of LR is 82.920% and 79.190%, 
whereas SVM provides the accuracy and precision to 
be 53.010% and 52.950%. This depicts that RF is better 
than SVM, LR and DT. The various parameters like 
TP rate, FP rate, Precision, Recall, F-measures are also 
compared. From the SPSS graph, the proposed Nov-
el Random forest Classifier performs better in terms 
of accuracy (84.150%) and precision (80.200%) com-
pared with the SVM, LR and DT algorithm. Fig. 5 de-
picts that the mean error of RF is found to be little high-
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er than SVM, LR and DT which has to be minimized.
SVM,RF exists a statistically significant difference be-
tween the two groups (p=0.001,P=.004;p<0.05).LR,RF 
exists a statistically insignificant difference between 
the two groups (p=.103, P=.080;p>0.05) both with 
confidence interval 95%.

The most important aspect in predicting heart dis-
ease is accuracy and precision. In the study by (Haq 
et al. 2018), a machine-learning-based diagnosis sys-
tem for heart disease prediction by using a heart dis-
ease dataset was proposed. Popular machine learning 
algorithms, three feature selection algorithms, the 
cross-validation method, and seven classifiers perfor-
mance evaluation metrics such as classification accu-
racy, specificity, sensitivity, Matthews’ correlation co-
efficient and execution time were used by the study. 
In the study by (Saboji 2017), a scalable solution was 
proposed for predicting heart disease. Novel Random 
forest algorithm was used on the Spark framework for 
predicting heart disease and demonstrated that even 
with a dataset of 600 documents, achieving a higher 
accuracy rate by the study. 

In the study by (Nayak et al. 2019), attribute filter-
ing, frequent item mining and a variety of data mining 
techniques such as Decision tree, Novel Random For-
est, Support Vector Machine and Logistic Regression 
classifications are used for predicting heart disease at 
early stages. When it comes to predicting heart dis-
ease, the accuracy of Naive Bayse was superior to that 
of other algorithms.The accuracy of the RF classifi-
cation algorithm depends on the training and testing 
dataset size. In our study, the accuracy and precision 
appears to be better than the SVM. However, the mean 
error seems to be higher in our proposed work which 
has to be minimized.

Although the results of the study are better in both 
experimental and statistical analysis, there are certain 
limitations in the work. The evaluation of accuracy 
cannot provide a better outcome on larger data sets. 
Moreover in RF, the mean error appears to be higher 
than SVM. It would be better if the mean error can be 
reduced to a considerable extent. However,the work 
can be enhanced by applying optimization algorithm 
techniques, to achieve better accuracy and less mean 
error. Feature selection algorithms can be used before 
classification to improve the classification accuracy of 
classifiers. Hence, through FS algorithms, we can re-
duce the computation time and improve the classifica-
tion accuracy of classifiers.

CONCLUSION
Novel Random forest Classifier is a classification 

technique that uses averaging to improve the accura-
cy and precision. The work shows that the Accuracy 
and Precision for heart disease prediction using Ran-
dom forest (RF) is better than the Support Vector Ma-
chine (SVM), Logistic Regression (LR) and Decision 
Tree (DT). It is found that RF performs significant-
ly better than SVM, LR and DT in predicting heart 
disease accurately, but the mean error is found to be 
little higher than SVM, LR and DT. Hence, it is con-
cluded that RF had the higher precision (80.200%) 
and accuracy (84.150%), LR precision (79.190%), and 
accuracy (79.190%), DT precision(77.770%) and ac-
curacy (78.840%) and SVM had the lowest precision 
(52.950%) and accuracy(53.010%). 
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ABSTRACT
Aim: To perform Predicting heart disease using the Forest al-
gorithm and comparing its feature extraction precision with the 
K-nearest neighbors algorithm for working on the precision of 
the forecast. Materials and Methods: In the proposed work, 
Predicting heart disease was carried out using machine learn-
ing algorithms such as K-nearest neighbors algorithm (n=10) 
and Forest Algorithm (n=10). Here the pretest power examina-
tion was done with gpower 80% and the sample size for the 
two gatherings was 20. Results: From The implemented exper-
iment, the Forest algorithm accuracy is significantly better and it 
is 90.0% than the K-nearest neighbors algorithm 83.00%. There 
is a measurable 2-tailed significant distinction in exactness for 
two calculations is 0.001 (p<0.05) by performing Independent 
samples T-tests. Conclusion: The Forest algorithm got bet-
ter Accuracy and classification of digits better than K-nearest 
neighbors algorithm for Predicting heart disease.
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INTRODUCTION
In the present climate Heart infection is a signif-

icant perilous illness that can cause either passing or 
a genuine long haul handicap. Since its examination, 
generally speaking, depends on a puzzling mix of 
clinical and fanatical data (Tang et al., n.d.). Since the 
clinical examination is an obfuscated endeavor and 
expects a basic part in saving living spirits in the med-
ical services industry, it ought to be executed unequiv-
ocally and gainfully in emergency clinics; in any case, 
there is the nonappearance of practical mechanical 
assemblies to track down put away associations and 
examples in e-wellbeing information. The main part 
examination is the component extraction technique 
which takes out the new arrangement of character-
istics from the informational index ascribes through 
the course of a linear transformation (Rajesh and Mal-
athi 2021). Dataset is performed to apply for Novel 
Dimensionality Reduction with principal component 
analysis Predicting heart disease is the most difficult 
exploration region in machine learning (Rani and Ti-
wari 2020). Machine learning (ML) has been shown 
to be compelling in helping with simply deciding and 
expectations from the enormous amount of informa-
tion delivered by the medical care industry (Kim and 
Geem 2015). The principal component examination 
is the component extraction technique which takes 
out the new arrangement of traits from the informa-
tional collection ascribed through the course of linear 
transformation (Kavitha et al. 2019). For comparison 
between the classifiers, the algorithms are used on the 
same data (Swain, Pattnaik, and Gupta 2020).

In this research of heart disease prediction using 
supervised classification, number of papers published 
in the research gate are 1140 and the number of papers 
published in google scholar are 1201 (Ali et al. 2021; 
Goel, n.d.). Machine learning is creating advance-
ments attributable to its algorithms used for creating 
predictions with Supervised Classification. This anal-
ysis paper makes use of machine learning to predict 
the hassle of knowing all the certain parameters (Goel, 
n.d.). Here the framework involves 14 boundaries for 
foreseeing coronary illness that incorporates circulato-
ry strain, cholesterol, chest torment, and pulse. These 
boundaries are utilized to further develop an exactness 
level for anticipating coronary illness (Yang 2009). To 
foresee regardless of whether an individual is impact-
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ed with Heart infection. This proposed method has 
an accuracy of 90.00% by using Forest algorithm with 
the mentioned approach (Dinesh Peter, Fernandes, 
and Thomaz 2019). The algorithm achieved a maxi-
mum accuracy of 90.00 %with the mentioned above 
approach. The informational collection is pre-handled 
with Feature Scaling and Missing Values (Bansal et 
al. 2018). The crude informational index is fitted to 
classifiers like Forest algorithm, k-nearest neighbors 
algorithm. Using the proposed system, the accuracy of 
the algorithm is 90.00% and 83.00% (Awale and Rey-
mond, n.d.). Our team has extensive knowledge and 
research experience that has translate into high quali-
ty publications(Chellapa et al. 2020; Lavanya, Kannan, 
and Arivalagan 2021; Raj R, D, and S 2020; Shilpa-Jain 
et al. 2021; S, R, and P 2021; Ramadoss, Padmanaban, 
and Subramanian 2022; Wu et al. 2020; Kalidoss, 
Umapathy, and Rani Thirunavukkarasu 2021; Kaja et 
al. 2020; Antink et al. 2020; Paul et al. 2020; Malaikol-
undhan et al. 2020)

Since there was a gap in the already existing systems 
which deal with the Forest Algorithm and K-nearest 
neighbors algorithm. may be difficult to predict heart 
disease accurately and precisely. So It is important to 
add more values to the data set and trained data set to 
predict accurately. As an author, the machine learning 
based heart disease prediction solution has been car-
ried out (Dinesh Peter, Fernandes, and Thomaz 2019). 
Point of this examination is to foresee coronary illness 
using Forest Algorithm and K-nearest neighbors algo-
rithm with the help of Supervised Classification.

MATERIALS AND METHODS
This review was led in the Artificial Intelligence 

Laboratory in Saveetha School of Engineering. Two 
groups were taken in our study: one group is Forest 
Algorithm and other group is the K-nearest neighbors 
algorithm. Sample size is 40 sample sites rated for each 
algorithm and the pretestpower (GPower) obtained is 
80% and alphavalue is 1.490 (He and Ma 2013).

Dataset has been taken from Kaggle. It contains 
304 patient data. Data set is divided into two sets: Test 
and Train (Baig 2020). Train set contains 243 patients 
data and Test set contains 60 patients data. Spyder 
Anaconda with Windows 10.1 framework has been 
utilized to foster this coronary illness forecast (Baig 
2020; Rajesh and Malathi 2021). Proposed system 
uses a two groups Forest Algorithm over a K-nearest 
neighbors algorithm (Jmaiel et al. 2020). Where these 

algorithms are fitted into a dataset which is then tested 
and trained for the process of prediction with princi-
pal component analysis using Supervised Classifica-
tion. Cost estimation and time estimation is known, 
Sample size of the dataset is 304 ((Baig 2020; Rajesh 
and Malathi 2021).

Forest Algorithm
Forest algorithm is a notable machine learning es-

timation that has a spot with controlled techniques of 
learning. It will in general be used for both Regression 
issues and Classification in Machine learning. Used 
supervised classification in this research. In “forest 
algorithm” it mostly constructs an ensemble of deci-
sion trees, typically prepared with a “bagging” strat-
egy. Generally speaking, thought about the bagging 
technique is that a mix of learning models grows the 
general outcome. One major benefit of random forest 
is that it tends to be utilised for both classification and 
regression problems (Bansal et al. 2018).

Pseudocode:
Step1: For each tree in forest, Select a bootstrap test 

from S
where S (I) indicates bootstrap.
Step2: Then gain proficiency with a decision-tree 

utilising a changed decision-tree learning calculation.
Step3: Calculation is altered as follows: at every 

node of the tree, rather than looking at all conceivable 
component parts.

Step4: Haphazardly select some subset highlights 
f ⊆ F.

Step5: where F is a bunch of elements. Node then, 
at that point, parts on the best element in f instead of F.

Step6: Practically speaking f is a whole lot more 
modest than F. Settling on which component to part 
is customarily the most computationally costly part of 
decision tree learning. By limiting the arrangement of 
highlights, Definitely accelerate learning of the tree.

K-Nearest Neighbour
K-Nearest Neighbour is one of the easiest Machine 

Learning calculations in light of the Supervised Learn-
ing method. The K-Nearest Neighbour calculation ac-
cepts the closeness between the new case/information 
and accessible cases and places the new case into the 
classification that is generally like the accessible clas-
sifications. K-Nearest Neighbour calculation stores 
every one of the accessible information and arranges 
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another information point in light of the comparabili-
ty. This implies when new information shows up then 
it tends to be handily arranged into an appropriate 
class by utilising K-Nearest Neighbour calculation (R. 
2020). The K-Nearest Neighbour calculation can be 
utilised for Regression as well with respect to Classifi-
cation however generally it is utilised for the Classifica-
tion issues. K-Nearest Neighbour is a non-parametric 
calculation, and that implies it makes no supposition 
on fundamental information

Pseudocode for K-Nearest Neighbour
Stage 1: Import bundles and import dataset util-

ising Keras into the program. from keras.datasets im-
port cifar10

Stage 2: Split dataset into test(x_test, y_test) and 
(train_X,train_Y) and train(x_train, y_train) and 
(test_X,test_Y)=cifar10.load_data()

Stage 3: Transform the dataset into (n,depth,width).
Stage 4: Convert information type into float32 and 

standardise the information values to the scope of 0-1. 
from sklearn.neighbors import KNeighborsClassifier

Stage 5: Increase test size and irregular state, num-
ber of emphasess to increment precision and diminish 
misfortune.

Stage 6: Plot diagram on preparing precision and 
preparing misfortune. Plot disarray lattice to picture 
anticipated values and real qualities. acc=model.eval-
uate(test_X,test_Y)

Stage 7: Plot numbers and ascertain exactness and 
accuracy.

Stage 8: End.
Programming instrument used to assessForest Al-

gorithm and K-nearest neighbors algorithm is Spyder 
Anaconda. Hardware configuration was an i5 proces-
sor with 8GB RAM and operating Windows 10.

Data for predicting heart disease was collected 
from Kaggle website that contains over 304 partici-
pants in testing this system. Investigation was finished 
utilizing IBM SPSS variant 21. It is a measurable pro-
gramming apparatus utilized for data examination. 
Independent variable is BMI, smoking status, HbA1C, 
systolic BP, age, sex, nationality and dependent vari-
able is accuracy. 

Statistical Analysis
Independent sample T-test analysis is carried out 

in this research work. For both Proposed and existing 
structures, 15 cycles were done with a constraint of 304 

Samples and for each accentuation, the expected preci-
sion was noted for taking apart accuracy with the qual-
ities acquired from the emphases Independent Sample 
T-Test was performed and diagrams were additionally 
plotted (Guo et al. 2021). For the K-nearest neighbors 
algorithm, it was observed that if number of iterations 
increased, then error rate decreased and accuracy in-
creased using novel dimensionality reduction technique.

RESULTS
In Table 1, it was seen that forest algorithm is ba-

sically better contrasted with the K-nearest neighbors 
algorithm. It is seen that accuracy and execution of-
forest algorithms are basically better compared to 
K-nearest neighbors algorithm.

Table 1
Comparison of prediction accuracy between Forest algorithm 
and K-Nearest Neighbour. Forest algorithm is 90.00% com-
pared to K-Nearest Neighbour 83.00%.

Execution Forest algorithm K-Nearest Neighbour
1 90.00 83.00
2 89.10 82.01
3 89.10 82.10
4 89.01 82.30
5 90.10 82.50
6 90.20 83.20
7 89.10 82.01
8 89.01 82.80
9 89.50 82.40
10 90.10 82.02

In Table 2 Forest algorithm achieved the mean of 
89.5220, standard deviation of 0.51805 and standard 
error mean of 0.16382. K-nearest neighbors algorithm 
mean is 82.4340, standard deviation is 0.43551 and 
standard error mean is 0.13772. In Table 3, 2-tailed 
significance values smaller than 0.239 (p<0.05).

Table 2
Mean of Forest algorithm is 89.8600 and K-Nearest Neighbour 
mean value is 82.4340. Below table will show Forest algorithm 
obtained standard deviation (0.51805) and standard error 
means (0.16382). 
Accuracy Groups  N  Means Std devi-

ation
Std error 
means

Forest Algo-
rithm

10 89.86 0.51805 0.16382

 K-Nearest 
Neighbour

10 82.4340 0.43551 0.13772
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Figure 1 represents mean accuracy of software 
effort estimation for Forest algorithm and K-near-
est neighbors algorithm. Forest algorithm obtained 
90.00% accuracy and K-nearest neighbors algorithm 
obtained 83.00% accuracy. Forest algorithm achieved 
better performance than K-nearest neighbors algo-
rithm with novel dimensionality reduction technique.

 

Fig. 1. Simple Bar Mean of accuracy By Groups. Prediction ac-
curacy for the two algorithms. Accuracy of Forest Algorithm is 
better than the accuracy of K-Nearest Neighbour. X Axis: Forest 
Algorithm vs K-Nearest Neighbour algorithm Y Axis: Mean ac-
curacy of detection ± 2 SD.

DISCUSSION
In this study we observed that predicting heart dis-

ease is better using Forest Algorithm than K-nearest 
neighbors algorithm with novel dimensionality reduc-
tion technique. In this correction survey, respondents 
(Rajesh and Malathi 2021) reported greater preferenc-
es in accuracy than respondents (Kavitha et al. 2019). 
In this adjustment study, researchers (Yang 2009) 
detailed more prominent inclinations in precision 
than respondents of parameters (Goel, n.d.). In this 
adjustment study, respondents (Esme et al. 2018) de-
tailed more noteworthy inclinations in precision than 
respondents (Thippanna and Vutkur, n.d.). Hence al-
gorithms produce effective output with novel Dimen-
sionality Reduction techniques. 

Existing system accuracy for Forest Algorithm 
and K-neighbors are 83.00% and 78.20% respective-
ly. An endeavour is made to carry out dimensionality 
decrease through principal component analysis for 
the coronary illness dataset. This analysis makes use 
of machine learning to predict the hassle if knowing 
all certain parameters like age, sex, nationality, BMI, 
smoking status, HbA1C, systolic BP (Bansal et al. 
2018). Zhao used a Forest Algorithm method to get 
a better accuracy of 83% in predicting heart disease 
with supervised learning ((Guo et al. 2021; Zhao et al. 
2020). The Forest Algorithm has higher time intrica-
cy thanK-neighbors calculation (Jmaiel et al. 2020). 
Distinguishing proof and choice of critical traits for 
better conclusion of coronary illness are exceptional-
ly difficult errands for future examination (Ko et al. 
2021). Estimation of software development in heart 
disease prediction is also a challenging factor. Factors 
affecting the algorithms are sample size of dataset and 
test size of dataset (Guo et al. 2021). In light of above 
discovery, proposed calculation was picked to work 
on the precision (Guo et al. 2021; Zhao et al. 2020). 
It is important to add more values to the data set and 
trained data set to predict accurately. 

Limitations of Heart disease prediction and factors 
influencing illness have included some parameters like 
smoking status, HbA1C, systolic BP, treatment with 
BP, CRP, absolute cholesterol to HDL proportion in 
the dataset. In order to improve results further it can 
utilise Deep Learning approach, for that this work re-
quires part of learning information, so this turns into 
fate cope. In this technique to notice the strength of 
the calculations by expanding the clump size and fluc-
tuating the number of hidden layers. By extracting and 
implementing them, it is to enhance the performance 
of the versions. Moreover, it would be good to do some 
modifications to both the reference set and rules in or-
der to make our program more general.

Table 3
Independent Samples Test. Accuracy increases and the error rate decreases. 2-tailed significance is less than 0.001. 

 Levene’s Test 
for Equality of 

Variances

t-test for Equality of Means

 f sig t df Sig. 
(2-tailed)

Mean 
Diff.

Std. Error 
Differ-
ence

95% Confidence Interval 
of the year Difference
Lower Upper

Equal variances assumed 1.490 0.239 31.901 17 .001 7.04089 0.22071 6.57523 7.50654
Equal variances not assumed   32.214 16.929 .001 7.04089 0.21857 6.57960 7.50217
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CONCLUSION
The outcome of the Forest Algorithm 90.00% has 

better accuracy than K-nearest neighbors Algorithm 
83.00% in predicting heart disease. It would be feasible 
to work on Forest Algorithm than K-nearest neighbors 
algorithm for Predicting heart disease using machine 
learning.
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Abstract
Aim: To perform Predicting heart disease using the Forest al-
gorithm and comparing its feature extraction precision with 
the Linear Regression Algorithm for improving the accuracy 
of the prediction. Methods and Materials: In the proposed 
work, Predicting heart disease was carried out using machine 
learning algorithms such as Linear Regression (n=10)and Forest 
algorithm(n=10). Here the pretest power analysis was carried 
out with 80% and the sample size for the two groups are 20. 
Results: From The implemented experiment, the Forest algo-
rithm accuracy is 90.32% and the Linear Regression Algorithm 
77.21%. There is a statistical 2-tailed significant difference in ac-
curacy for two algorithms is 0.001 (p<0.05) Conclusion: This 
study concludes that the Forest algorithm on patients health-
care analysis is significantly better than the Linear Regression 
Algorithm.

Keywords:
Forest Algorithm, Linear Regression Algorithm, Predicting Heart 
Disease, Machine Learning, Supervised Classification, Novel Di-
mensionality Reduction.

Imprint
K N S Shanmukha Raj, K Thinakaran. Prediction of Heart Dis-
ease using Forest Algorithm over Linear Regression Algo-
rithm using Machine Learning With Improved Accuracy. 
Cardiometry; Special issue No. 25; December 2022; p. 1507-
1513; DOI: 10.18137/cardiometry.2022.25.15071513; Avail-
able from: http://www.cardiometry.net/issues/no25-de-
cember-2022/forest-algorithm-linear-regression

INTRODUCTION
Prediction of heart disease is a challenging task in 

medical field so as to treat the patients in advance this 
research is useful. According to a medical survey, the 
population of elderly people is increasing rapidly and 
they need continuous care for their treatments (Ali et 
al. 2021). Prediction of heart disease helps chronically 
ill patients to progress their medical treatment and to 
save their life in advance (Jmaiel et al. 2020). Here the 
system uses 14 parameters for predicting heart disease 
that includes blood pressure, cholesterol, chest pain 
and heart rate. These parameters are used to improve 
an accuracy level for predicting heart disease and to 
predict if a person is affected with Heart disease or 
not by utilizing novel principal component analysis 
(Swain, Pattnaik, and Gupta 2020). Novel Principal 
component analysis decreases the data set by investi-
gating the presentation measurements like accuracy, 
Precision and F-score (Kim and Geem 2015)). The 
enormous arrangement of factors into a more modest 
one that actually contains the greater part of the data 
in the huge set (Swain, Pattnaik, and Gupta 2020). This 
project application is to demonstrate better outcomes 
and help the area specialists and surprisingly the in-
dividual connected with the clinical field to get ready 
for a superior and early determination for the patient. 
This framework performs practically well even with-
out retraining. Moreover, the test results show that the 
framework predicts coronary illness with ∼100% ex-
actness by utilising neural organizations.

In this research of heart disease prediction using 
supervised classification, number of papers published 
in the research gate are 1140 and the number of pa-
pers published in google scholar are 1201 (Shahid and 
Rahman 2014). Machine learning is creating advance-
ments attributable to its algorithms used for creating 
predictions using supervised classification with Prin-
cipal Component Analysis using Supervised Classifi-
cation. In calculating effort by any of the higher than 
mentioned techniques, requirement of massive data-
sets with most info concerning a research. This analy-
sis makes use of machine learning to predict the hassle 
of knowing all the certain parameters. Structural fea-
tures were a new approach used on 14 parameters for 
predicting heart disease that includes blood pressure, 
cholesterol, chest pain and heart rate. These parame-
ters are used to improve an accuracy level for predict-
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ing heart disease to predict if a person is affected with 
Heart disease or not (Borra et al. 2019). This proposed 
method has an accuracy of 85.00% by using Decision 
tree with the mentioned approach (Bansal et al. 2018). 
The data set is pre-processed with Feature Scaling and 
Missing Values. The classifiers like Forest Algorithm, 
linear Regression are fitted to the raw data set. Us-
ing the proposed system the accuracy is 85.00% and 
80.00% (Giudici 2005). The best article since it com-
pares various techniques to compute the heart disease 
prediction with Supervised Classification(Shahid and 
Rahman 2014; IEEE Staff 2019)).Our team has exten-
sive knowledge and research experience that has trans-
late into high quality publications(Chellapa et al. 2020; 
Lavanya, Kannan, and Arivalagan 2021; Raj R, D, and 
S 2020; Shilpa-Jain et al. 2021; S, R, and P 2021; Ra-
madoss, Padmanaban, and Subramanian 2022; Wu et 
al. 2020; Kalidoss, Umapathy, and Rani Thirunavuk-
karasu 2021; Kaja et al. 2020; Antink et al. 2020; Paul 
et al. 2020; Malaikolundhan et al. 2020)(Chellapa et al. 
2020; Lavanya, Kannan, and Arivalagan 2021; Raj R, 
D, and S 2020; Shilpa-Jain et al. 2021; S, R, and P 2021; 
Ramadoss, Padmanaban, and Subramanian 2022; Wu 
et al. 2020; Kalidoss, Umapathy, and Rani Thirunavuk-
karasu 2021; Kaja et al. 2020; Antink et al. 2020; Paul 
et al. 2020; Malaikolundhan et al. 2020)(Chellapa et 
al. 2020; Lavanya, Kannan, and Arivalagan 2021; Raj 
R, D, and S 2020; Shilpa-Jain et al. 2021; S, R, and P 
2021; Ramadoss, Padmanaban, and Subramanian 
2022; Wu et al. 2020; Kalidoss, Umapathy, and Rani 
Thirunavukkarasu 2021; Kaja et al. 2020; Antink et al. 
2020; Paul et al. 2020; Malaikolundhan et al. 2020)

Therefore in the existing system the accuracy per-
centage is very low in predicting heart disease with 
health care analysis((Dinesh Peter, Fernandes, and 
Thomaz 2019)). It may be difficult to predict heart 
disease accurately and precisely. So It is important to 
add more values to the data set and trained data set to 
predict accurately. As an author, the machine learning 
based heart disease prediction solution has been car-
ried out. This research is to predict heart disease using 
Forest algorithm and Linear Regression algorithms as 
Supervised Classification..

MATERIALS AND METHODS
Experiment was conducted in Artificial Intelli-

gence Laboratory, Saveetha School of Engineering, 
Saveetha Institute of Medical And Technical Scienc-
es. In this research two groups were taken, one group 

refers to Forest Algorithm and other group refers to 
Linear Regression Algorithm. Proposed system has 
a total of 20 samples iterated for two algorithms. The 
application of algorithms for Forest Algorithm and 
Linear Regression Algorithm with the Sample size is 
304 sample data for each algorithm and pretest pow-
er (GPower) obtained is 80% and alpha value is 0.143 
(Bansal et al. 2018).

Dataset was collected from Kaggle((Baig 2020). 
Total 304 patient’s data was collected. Whole the Data 
set is divided into two sets: Testing Set and Training 
Set(Kim and Geem 2015)). Training set contains 243 
patients data and Test set contains 60 patients data. Re-
search on prediction of heart disease is conducted in 
Spyder Anaconda with Windows 10.1 system(Swain, 
Pattnaik, and Gupta 2020). Proposed system uses a 
two groups forest algorithm over a Linear Regression 
((Baig 2020). Where these algorithms are fitted into a 
dataset which is then tested and trained for the pro-
cess of prediction of heart disease with novel principal 
component analysis using Supervised Classification.

Forest Algorithm
Forest algorithm is a notable AI estimation that 

has a spot with controlled learning technique. It tends 
to be utilised for both Classification and Regression 
issues in Machine learning. Overall thought of the 
bagging method is that a blend of learning models ex-
pands the overall result. One major benefit of random 
forest is that it tends to be utilised for both classifica-
tion and regression problems (Bansal et al. 2018).

Pseudocode:
Step1: For each tree in forest, Select a bootstrap 

sample from S
where S (i) denotes bootstrap.
Step2: Then learn a decision-tree using a modified 

decision-tree learning algorithm. 
Step3: Algorithm is modified as follows: at each 

node of tree, instead of examining all possible fea-
ture-splits.

Step4: Randomly select some subset features f ⊆ F.
Step5: where F is a set of features. Node then splits 

on best feature in f rather than F.
Step6: In practice f is much, much smaller than F. 

Deciding on which feature to split is oftentimes the 
most computationally expensive aspect of decision 
tree learning. By narrowing the set of features, Drasti-
cally speed up learning of the tree.
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Precondition: A preparation set S:= (x1, y1),...,(xn, 
yn), highlights F, and number of trees in forest B.
1. function RandomForest (S, F)
2. H ← ∅ 
3. for i ∈ 1,..., B do
4. S (i) ← A bootstrap sample from S
5. hi ← Randomised Tree Learn (S (i), F) 
6. H ← H ∪ {hi}
7. end for
8. return H 
9. end function
10. function Randomised Tree Learn (S, F) 
11. At each node: 
12. f ← tiny subset of F 
13. Split on best element in f
14. return learned tree 
15. end function

Linear Regression
Linear Regression is a machine Learning in AI algo-

rithm dependent on administered learning. Regression 
models target prediction. Relapse models an objective ex-
pectation esteem dependent on autonomous factors. It is 
for the most part utilized for discovering the connection 
among factors and anticipating. Different regression mod-
els contrast depending on the sort of connection among 
reliant and autonomous factors(variables) they are think-
ing about and the quantity of free factors being used. 

Pseudocode:
Step 1: Start
Step 2: Read the number of data(n)
Step 3: For i=1 to n:
      Read Xi and Yi
Step 4: Initialize:
      sumX=0
      sumX2=0
      sumY=0
      sumXY=0
Step 5: Calculate required sum
      For i=1 to n:
      sumX=sumX+Xi
      sumX2=sumX2+XI*Xi
      sumY=sumY+Yi
      sumXY=sumXY+Xi*Yi
Step 6: Calculate Required Constant a and b of 

y=a+bx:
      b=(n*sumXY-sumX*sumY)/ 

      (n*sumX2-sumX*sumX)

      a=(sumY-b*sumX)/n
Step 7: Display value of a and b
Step 8:Stop
Software tool used to evaluate Forest algorithm 

and Linear Regression is Spyder Anaconda. Hardware 
configuration was an i5 processor with 8GB RAM and 
operating Windows 10.

Statistical Analysis
Analysis was done using IBM SPSS version 21. It 

is a statistical software tool used for information anal-
ysis. Independent variable is BMI, smoking status, 
HbA1C, systolic BP, age, sex, nationality and depen-
dent variable is accuracy. Independent sample T-test 
analysis is carried out in this research work. For both 
Proposed and existing frameworks 15 cycles were fin-
ished with a limit of 304 Samples and for every empha-
sis the anticipated exactness was noted for dissecting 
precision with the values obtained from the iterations 
Independent SampleT-Test was performed and graphs 
were also plotted(Guo et al. 2021). For the Forest Al-
gorithm algorithm, it was observed that if number 
of iterations increased, then error rate decreased and 
accuracy increased using novel dimensionality reduc-
tion technique

RESULTS
In Table 1, it was observed that Forest Algorithm is 

significantly better than Linear Regression. In kaggle 
dataset, it is observed that accuracy and performance 
of Forest Algorithm are significantly better than Lin-
ear Regression.

Table 1
Comparison of prediction accuracy between Forest algorithm 
and Decision Tree. Forest algorithm is 90.32% compared to Lin-
ear Regression Algorithm 85.00%.

Execution Forest algorithm Linear Regression

1 90.32 77.21

2 91.02 78.01

3 89.02 76.03

4 91.03 78.02

5 89.04 76.23

6 91.33 76.54

7 89.43 78.21

8 91.32 76.84

9 89.62 78.35

10 89.62 76.72
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In Table 2, Forest Algorithm achieved a mean of 
90.1340, standard deviation of 0.97244 and standard 
error mean of 0.30751. Linear Regression mean is 
77.2160, standard deviation is 0.86757 and standard 
error mean is 0.27435. In Table 3, 2-tailed significance 
values smaller than 0.001 (p<0.05) showed that our 
hypothesis holds good. 

Table 2
Mean of Forest algorithm is 90.1340 and Linear Regression 
mean value is 77.2160 Below table will show Forest algorithm 
obtained standard deviation (0.97244) and standard error 
means (0.30751). 
Accuracy Groups  N  Means Std devi-

ation
Std error 
means

Random 
Forest 

10 90.1340 0.97244 0.30751

 Linear 
Regression

10 77.2160 0.86757 0.27435

Figure 1 represents mean accuracy of the software 
effort estimation for Forest Algorithm and Linear Re-

gression. Forest Algorithm obtained 90.32% accura-
cy and Linear regression obtained 77.21% accuracy. 
Forest Algorithm achieved better performance than 
Linear regression with novel dimensionality reduction 
technique.

DISCUSSION
In this study we observed that predicting heart 

disease is better using Forest Algorithm than Linear 
Regression algorithm using Supervised Classification. 
The accuracy value of Forest Algorithm obtained is 
90.32% and Linear regression obtained is 77.21%.

In this correction survey, respondents (Rajesh and 
Malathi 2021) reported greater preferences in accura-
cy than respondents (Kavitha et al. 2019). In this ad-
justment study, researchers (Yang 2009) detailed more 
prominent inclinations in precision than respondents 
of parameters (Goel, n.d.). In this adjustment study, 
respondents (Esme et al. 2018) detailed more note-
worthy inclinations in precision than respondents 

Table 3
Independent Samples Test. Accuracy increases and the error rate decreases. 2-tailed significance is less than 0.001. 

 Levene’s Test for 
Equality of Vari-

ances

t-test for Equality of Means

f sig t df Sig. 
(2-tailed)

Mean Diff. Std. Error 
Difference

95% Confidence Inter-
val of the Difference

Lower Upper

Equal variances 
assumed

0.648 0.431 31.346 18 .001 12.9180 0.41211 12.05220 13.78380

Equal variances 
not assumed

  31.346 17.771 .001 12.9180 0.41211 12.05139 13.78461

 
Fig. 1. Simple Bar Mean Of Accuracy By Groups. Prediction accuracy for the two algorithms. Accuracy of Forest Algorithm is better 
than the accuracy of Linear Regression Algorithm. X Axis: Forest Algorithm vs Y Axis: Linear Regression Algorithm Mean accuracy 
of detection ± 1SD.
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(Thippanna and Vutkur, n.d.). Hence algorithms pro-
duce effective output with novel Dimensionality Re-
duction techniques.

Existing system accuracy for Forest Algorithm and 
Linear regression are 90.32% and 77.00% respective-
ly. An endeavour is made to carry out dimensionality 
decrease through principal component analysis for the 
coronary illness dataset. This analysis makes use of ma-
chine learning to predict the hassle if knowing all cer-
tain parameters like age, sex, nationality, BMI, smoking 
status, HbA1C, systolic BP (Bansal et al. 2018). Zhao 
used a Forest Algorithm tree method to get a better ac-
curacy of 90.32% in predicting heart disease with su-
pervised learning ( (Guo et al. 2021; Zhao et al. 2020)). 
The Forest Algorithm has higher time intricacy than 
Linear regression calculation (Jmaiel et al. 2020). Iden-
tification and selection of significant attributes for bet-
ter diagnosis of heart disease are very challenging tasks 
for future research (Ko et al. 2021). Estimation of soft-
ware development in heart disease prediction is also a 
challenging factor. Factors affecting the algorithms are 
sample size of dataset and test size of dataset (Guo et al. 
2021). In light of above discovery, proposed calculation 
was picked to work on the precision (Guo et al. 2021; 
Zhao et al. 2020). It is important to add more values to 
the data set and trained data set to predict accurately.

Limitation is that Forest Algorithm uses a higher 
time complexity than the Linear Regression, to im-
prove the results further it can use a Machine Learn-
ing approach, for that this work requires a lot of learn-
ing data, so this becomes the further scope (Yan et al. 
2021). The factor that affects this system is incomplete 
data and lack of technical support in hospitals and in 
the medical industry (Jmaiel et al. 2020).

In order to improve results further it can utilise 
Deep Learning approach, for that this work requires 
part of learning information, so this turns into the fu-
ture scope. In this technique to notice the strength of 
the calculations by expanding the clump size and fluc-
tuating the number of hidden layers. By extracting and 
implementing them, it is to enhance the performance 
of the versions. Moreover, it would be good to do some 
modifications to both the reference set and the rules in 
order to make our program more general. 

CONCLUSION
The accuracy outcome of the Forest Algorithm 

90.32% is better than Linear Regression Algorithm 
77.21% in predicting heart disease.
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ABSTRACT
Aim: Predicting heart disease using the Decision Tree and 
comparing its feature extraction precision with the Logistic 
Regression algorithm for improving the accuracy of the pre-
diction. Methods and Materials: In the proposed work, pre-
dicting heart disease was carried out using machine learning 
algorithms such as Logistic Regression (n=10) and Decision tree 
(n=10). Here the pretest power analysis was carried out with 
80% and the sample size for the two groups are 20. Results: 
From the implemented experiment, the Decision Tree accuracy 
significantly better than the Logistic Regression 80.10%. There 
is a measurable 2-tailed huge distinction in accuracy for two 
algorithms is 0.001 (p<0.05) Conclusion: The Decision Tree 
algorithm got better accuracy than Logistic Regression for Pre-
dicting heart disease.
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INTRODUCTION
Prediction of infection helps sick patients to ad-

vance their clinical therapy and to save their life ahead 
of time (Fong, Akashe, and Mahalle 2018). In mod-

ern life, the people lack nutritious food which leads to 
poor health (Baig 2020). The raw data set is exposed 
to dimensionality decrease utilising Principal Com-
ponent Analysis to project the dataset with significant 
parts. Principal Component Analysis decreases the 
data set by investigating the presentation measure-
ments like accuracy, Precision and F-score. Dataset 
is performed to apply for Novel Dimensionality Re-
duction with principal component analysis. Predicting 
heart disease is the most difficult exploration region 
in machine learning (Rani and Tiwari 2020). Artificial 
Intelligence (ML) has been demonstrated to be con-
vincing in assisting with choosing from the gigantic 
measure of data conveyed by the clinical consideration 
industry(Kim and Geem 2015). Principal component 
examination is the component extraction technique 
which takes out new arrangement of traits from the 
informational collection through the course of lin-
ear transformation (Shahid and Rahman 2014). For 
comparison between the classifiers, the algorithms are 
used on prediction of disease (Swain, Pattnaik, and 
Gupta 2020).

In this research of heart disease prediction using 
supervised classification, number of papers published 
in the research gate are 1140 and the number of pa-
pers published in google scholar are 1201 (Shahid and 
Rahman 2014). Machine learning is creating advance-
ments attributable to its algorithms used for creating 
predictions using supervised classification with Prin-
cipal Component Analysis. In calculating effort by any 
of the higher than mentioned techniques, requirement 
of massive datasets with most info concerning a re-
search. This examination utilises machine learning to 
anticipate the problem of knowing every one of the 
specific parameters. Underlying elements were anoth-
er methodology that involved 14 boundaries for fore-
seeing coronary illness that incorporates pulse, cho-
lesterol, chest torment, and pulse. These boundaries 
are utilised to further develop an exactness level for 
foreseeing coronary illness to anticipate in the event 
that an individual is impacted with Heart infection or 
not (Borra et al. 2019). This proposed method has an 
accuracy of 85.00% by using Decision tree with the 
mentioned approach(Bansal et al. 2018). The data set 
is pre-processed with Feature Scaling and Missing Val-
ues. The classifiers like Decision tree, logistic Regres-
sion are fitted to the raw data set. Using the proposed 
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system the accuracy is 85.00% and 80.00% (Giudici 
2005). The best article since it compares various tech-
niques to compute the heart disease prediction(Sha-
hid and Rahman 2014; IEEE Staff 2019)).Our team 
has extensive knowledge and research experience that 
has translate into high quality publications(Chellapa 
et al. 2020; Lavanya, Kannan, and Arivalagan 2021; 
Raj R, D, and S 2020; Shilpa-Jain et al. 2021; S, R, and 
P 2021; Ramadoss, Padmanaban, and Subramanian 
2022; Wu et al. 2020; Kalidoss, Umapathy, and Rani 
Thirunavukkarasu 2021; Kaja et al. 2020; Antink et al. 
2020; Paul et al. 2020; Malaikolundhan et al. 2020)

Research gap identified is that classical ways of 
heart disease prediction have limitations in existing 
systems which deal with Logistic Regression algo-
rithms(Dinesh Peter, Fernandes, and Thomaz 2019). 
Since it may be difficult to predict heart disease ac-
curately and precisely. The point of this exploration is 
to foresee heart disease utilizing a Decision tree and 
Logistic Regression calculation utilizing Supervised 
Classification.

MATERIALS AND METHODS
This study was led in the Artificial Intelligence 

Laboratory, Saveetha School of Engineering, Saveetha 
Institute of Medical and Technical Sciences. Two 
groups were taken in our study: one group is the Deci-
sion Tree and other group is Logistic Regression. Sam-
ple size is 40 sample sites rated for each algorithm and 
pretest power (GPower) obtained is 80% and alpha 
value is 0.088 (Bansal et al. 2018).

Dataset has been taken from Kaggle (Swain, Pat-
tnaik, and Gupta 2020). It contains 304 patient data. 
Data set is divided into two sets: Test and Train. Train 
set contains 243 patients data and Test set contains 60 
patients data (Kim and Geem 2015)). Spyder Anacon-
da with windows 10.1 system has been used to devel-
op this heart disease prediction. Proposed system uses 
a two groups Decision tree over a Logistic regression 
((Jmaiel et al. 2020). Where these algorithms are fitted 
into a dataset which is then tested and trained for the 
process of prediction with principal component anal-
ysis using Supervised Classification. Cost estimation 
and time estimation is known, Sample size of the data-
set is 304 ((Baig 2020).

Decision Tree
Decision tree is an administered apathetic machine 

calculation utilised for regression and classification, 

Which goes under the Supervised Learning procedure. 
It is utilised for foreseeing the straight out subordinate 
variable utilising a given arrangement of independent 
variables (Berry and Browne 2006)). 

Pseudocode
Step1: Begin tree with the root node, says S, which 

contains the all out dataset.
Step2: Find the best characteristic in the dataset 

using Attribute Selection Measure (ASM).
Step3: Gap the S into subsets that contain possible 

values for the best ascribes.
Step4: Produce decision tree nodes, which contain 

the best characteristic.
Step5: Recursively make new decision trees using 

the subsets of the dataset made in a state of harmony 
3. Go on with this cycle until a phase appears where 
you can’t further assemble the focuses and call the last 
node as a leaf centre point.

Information Gain= Entropy(S)- [(Weighted Avg) 
*Entropy(each feature) 

Entropy(s)= -P(yes)log2 P(yes)- P(no) log2 P(no)

Logistic Regression
Logistic Regression is utilised for foreseeing the 

straight out subordinate variable utilising a given ar-
rangement of independent variables. Logistic regres-
sion uses the possibility of prescient displaying as re-
lapse; hence, it is called Logistic regression, but is used 
to characterise tests; Accordingly, it falls under the 
characterise tests. Logistic regression uses a condition 
as the portrayal, particularly like linear regression. In-
put values (x) are joined linearly utilising loads or co-
efficients (alluded to as the Greek capital letter Beta) 
to foresee an output value (y) (Shahid and Rahman 
2014; IEEE Staff 2019).

Pseudocode
Step 1: Import the packages and import the dataset 

into the program using pandas.
from sklearn.linear_model import Logisti-
cRegression

Step 2: Displaying the data frame
vehicle_df.info()

Step 3: Assign the data to X_train, X_Test, y_
train,y_test.

Step 4: Using the train_test_split() function, pass 
the training and testing variable and give test_size of 
parameters.
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Step 5: By using the sigmoid function for the itera-
tion of training variables,

i predict=a= sigmoid(z)
Step 6: Calculate the accuracy and scatter plot for 

visualising the number of times the algorithm predicts 
heart disease.

Step 7: print the accuracy 
accuracy_score(rawdata_y_test,raw-
data_y_predict).

Step 8: The final prediction of heart disease in the 
dataset with efficient accuracy.

Programming apparatus used to assess Decision 
tree and Logistic Regression algorithms is Spyder An-
aconda. Hardware configuration was an i5 processor 
with 8GB RAM and operating Windows 10. 

Statistical Analysis
An investigation was finished utilising IBM SPSS 

version 21. It is a statistical software instrument utilized 
for data investigation. For both proposed and existing 
structures 15 cycles were finished with a limit of 304 
Samples and for every emphasis anticipated exact-
ness was noted for dissecting precision. Independent 
variable is age, sex, nationality, BMI, smoking status, 
HbA1C, systolic BP and dependent variable is accuracy. 
Values acquired from emphases Independent Sample 
T-Test were performed and diagrams were addition-
ally plotted (Guo et al. 2021). Decision tree algorithm, 
it was observed that if number of iterations increased, 
then error rate decreased and accuracy increased using 
novel dimensionality reduction technique. 

RESULTS
In Table 1, it was observed that Decision tree is 

significantly better than Logistic regression. In kaggle 
dataset, it is observed that accuracy and performance 
of Decision tree are significantly better than Logistic 
regression.

In Table 2, Decision tree achieved a mean of 
84.3980, standard deviation of 0.35399 and standard 
error mean of 0.11194. Logistic regression mean is 
79.6680, standard deviation is 0.50349 and standard 
error mean is 0.15922. In Table 3, 2-tailed significance 
values smaller than 0.001 (p<0.05) showed that our 
hypothesis holds good. 

Figure 1 represents mean accuracy of the software 
effort estimation for Decision tree and Logistic regres-
sion. Decision tree obtained 85.00% accuracy and Lo-
gistic regression obtained 80.00% accuracy. Decision 

tree achieved better performance than Logistic regres-
sion with novel dimensionality reduction technique.

DISCUSSION
This research observed that accuracy for predicting 

heart disease is better using Decision tree than Logistic 
regression algorithm using supervised classification 
procedure with novel dimensionality reduction. Deci-
sion tree consume less storage than Logistic regression 
algorithms. Prediction rate of Decision Tree (85.00%) 
is higher than predicted rate of Logistic regression 
(80.00%). Confusion matrix was plotted to analyse 
the number of times the algorithm predicted the digit 
accurately with respect to real number. 2-tailed signif-
icance values smaller than 0.001(p<0.05), hence algo-
rithms produce effective output with novel Dimen-
sionality Reduction technique. 

Existing system accuracy for Decision tree and 
Logistic regression are 83.00% and 78.20% respec-
tively. An endeavour is made to carry out dimen-
sionality decrease through principal component 

Table 1
Comparison of prediction accuracy between Decision Tree and 
Logistic Regression. Decision Tree of 85.00% compared to Lo-
gistic Regression having 80.00%.

Execution Decision Tree Logistic Regression
1 85.00 80.00
2 84.00 79.20
3 84.10 79.22
4 84.20 79.52
5 84.30 79.22
6 84.50 79.52
7 84.40 79.15
8 84.11 80.20
9 85.01 80.11
10 84.36 80.54

Table 2
Mean of Decision Tree is 84.3980 and Logistic Regression 
mean value is 79.6680. Below table will show Decision Tree 
obtained standard deviation(0.353993) and standard error 
means(0.11194). 
Accuracy Groups  N  Means Std de-

viation
Std 

error 
means

Decision 
tree

10 84.3980 0.35399 0.11194

 Logistic 
Regression

10 79.6680 0.50349 0.15922
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analysis for the coronary illness dataset. This analy-
sis makes use of machine learning to predict the has-
sle if knowing all certain parameters like age, sex, na-
tionality, BMI, smoking status, HbA1C, systolic BP 
(Bansal et al. 2018). Zhao used a decision tree meth-
od to get a better accuracy of 83% in predicting heart 
disease with supervised learning (Guo et al. 2021; 
Zhao et al. 2020). The Decision tree has higher time 
intricacy than Logistic regression calculation (Jmaiel 
et al. 2020). Recognizable proof and determination 
of significant attributes for better analysis of coro-
nary illness are extremely difficult assignments for 
future examination (Ko et al. 2021). Estimation of 
software development in heart disease prediction is 
also challenging. Factors affecting the algorithms are 
sample size of dataset and test size of dataset (Guo et 
al. 2021). In light of above discovery, proposed cal-
culation was picked to work on the precision (Guo 
et al. 2021; Zhao et al. 2020). It is important to add 
more values to the data set and trained data set to 
predict accurately. 

Limitations of Heart disease prediction and fac-
tors influencing illness have included smoking status, 
HbA1C, systolic BP, treatment with BP, CRP, absolute 
cholesterol to HDL proportion in the dataset. In order 
to improve results further it can utilise Deep Learning 
approach, for that this work requires part of learning 
information, so this turns into fate cope. In this tech-
nique to notice the strength of the calculations by ex-
panding the clump size and fluctuating the number of 
hidden layers. By extracting and implementing them, 
it is to enhance the performance of the versions. More-
over, it would be good to do some modifications to 
both the reference set and rules in order to make our 
program more general.

CONCLUSION
Outcome of Decision tree 85.00% has better ac-

curacy than Logistic Regression algorithm 80.00% in 
predicting heart disease. It would be feasible to work 
on a Decision tree rather than a Logistic Regression 
for Predicting heart disease using machine learning.

Table 3
Independent Samples Test. Accuracy increases and the error rate decreases. The 2-tailed significance is less than 0.002. 

 Levene’s Test for 
Equality of Variances

t-test for Equality of Means

f sig t df Sig. 
(2-tailed)

Mean Diff. Std. Error 
Difference

95% Confidence Interval 
of the Difference

Lower Upper
Equal variances 
assumed

3.259 0.088 24.302 18 .001 4.73000 0.19463 4.32109 5.13891

Equal variances 
not assumed

  24.302 16.150 .001 4.73000 0.19463 4.31771 5.14229

 
Fig. 1. Prediction accuracy for the two algorithms. The accuracy of the decision tree algorithm is better than the accuracy of Logistic 
Regression. X Axis: decision vs Logistic Regression technique Y Axis: Mean accuracy of detection ± 2SD.
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ABSTRACT
Aim: To predict the heart disease using Forest Algorithm and 
comparing it with Decision Tree algorithm for improving the 
accuracy in predicting heart disease. Methods and Materi-
als: Anticipating coronary illness expectation was completed 
utilising machine learning calculations, for example, Forest Al-
gorithm and Decision tree. Here the pretest power analysis was 
carried out with 80% and the sample size for the two groups are 
20. Results: Forest Algorithm accuracy is 90.00% while the De-
cision Tree algorithm has shown an accuracy of 85.00%. There 
is a measurable 2-tailed significant distinction in exactness for 
two calculations is 0.001 (p<0.05) by performing independent 
samples T-tests. Conclusion: The Forest Algorithm accuracy is 
more significant and more accurate than the Decision Tree for 
predicting heart disease. 

Keywords
Machine Learning, Forest Algorithm, Prediction of Heart Dis-
ease, Supervised Classification, Novel Principal Component 
Analysis, Decision Tree,

Imprint
K N S Shanmukha Raj, K Thinakaran. Prediction of Heart 
Disease using Forest Algorithm over Decision Tree using 
Machine Learning with Improved Accuracy. Cardiometry; 
Special issue No. 25; December 2022; p. 1520-1525; DOI: 
10.18137/cardiometry.2022.25.15201525; Available from: 
http://www.cardiometry.net/issues/no25-december-2022/
forest-algorithm-decision-tree

INTRODUCTION
Expectation of coronary illness is a difficult un-

dertaking in clinical field in order to treat the patients 
ahead of time. This exploration is helpful. As per a 

clinical study, the number of inhabitants in older in-
dividuals is expanding quickly and they need nonstop 
consideration for their medicines (Ali et al. 2021). 
Forecast of coronary illness assists persistently sick 
patients with advancing their clinical therapy and to 
save their life ahead of time (Jmaiel et al. 2020). Here 
the framework involves 14 boundaries for foreseeing 
coronary illness that incorporates circulatory strain, 
cholesterol, chest torment and pulse. These boundar-
ies are utilised to further develop a precision level for 
foreseeing coronary illness and to predict if a person 
is affected with Heart disease or not by utilizing nov-
el principal component analysis (Swain, Pattnaik, and 
Gupta 2020). Novel Principal component analysis de-
creases the data set by investigating the presentation 
measurements like accuracy, Precision and F-score 
(Kim and Geem 2015). Novel Principal Component 
Analysis, or PCA, is a dimensionality-decline frame-
work that is from time to time used to lessen the di-
mensionality of epic instructive records, by changing a 
colossal blueprint of components into a more modest 
one that truly contains the greater part of the data in 
the gigantic set (Swain, Pattnaik, and Gupta 2020)..

In this research of prediction of heart disease us-
ing supervised classification, number of papers pub-
lished in research gate are 1140 and number of papers 
published in google scholar are 1201 (Kim and Geem 
2015). Machine learning is creating advancements at-
tributable to the algorithms used for creating predic-
tions (Rameshan, Arora, and Roy 2018). If the chance 
that these models execute intelligently like a robot or 
framework, then Decision Tree and Forest Algorithm 
give a framework efficiently, quicker reaction, less 
memory stockpiling and handling time for its work 
on engineering and without having any secret layer 
(Rameshan, Arora, and Roy 2018)). Few parameters 
are utilised to increase an accuracy level for predict-
ing heart disease to predict if a person is affected with 
Heart disease or not (Zhao et al. 2020). This method 
has an accuracy of 90.00% by using Forest algorithm 
with Machine learning algorithms (Dinesh Peter, Fer-
nandes, and Thomaz 2019)). To remove the Missing 
Values the data set is pre-processed using Feature Scal-
ing. Classifiers like Forest algorithm, Decision tree are 
fitted to the raw data set. Using the system the accura-
cy is 90.00% and 85.00% (IEEE Staff 2019).Our team 
has extensive knowledge and research experience that 
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has translate into high quality publications(Chellapa 
et al. 2020; Lavanya, Kannan, and Arivalagan 2021; 
Raj R, D, and S 2020; Shilpa-Jain et al. 2021; S, R, and 
P 2021; Ramadoss, Padmanaban, and Subramanian 
2022; Wu et al. 2020; Kalidoss, Umapathy, and Rani 
Thirunavukkarasu 2021; Kaja et al. 2020; Antink et al. 
2020; Paul et al. 2020; Malaikolundhan et al. 2020)

The above literature survey concluded that the al-
gorithm did not have huge accuracy prediction. Here 
the accuracy finding shows many issues in the algo-
rithms (Dinesh Peter, Fernandes, and Thomaz 2019). 
Finally, the accuracy values will change. When com-
paring both Decision Tree and Forest algorithm to 
perform comparative studies to know the methodol-
ogies (Dinesh Peter, Fernandes, and Thomaz 2019)). 
The aim of this research is to predict heart disease 
using Forest algorithm and Decision tree algorithm 
using novel Principal component analysis

MATERIALS AND METHODS
This study was led in the Artificial Intelligence 

Laboratory, Saveetha Institute of Medical And Tech-
nical Sciences, Saveetha School of Engineering. In this 
research two groups were taken, one group refers to 
Decision Tree and other group refers to Forest Algo-
rithm. Proposed system has a total of 20 samples iter-
ated for two algorithms. The application of algorithms 
for Decision Tree and Forest algorithms with the Sam-
ple size is 304 sample data for each algorithm and pre-
test power (GPower) obtained is 80% and alpha value 
is 1.523 (Bansal et al. 2018).

Dataset was collected from Kaggle (Kim and Geem 
2015). Total 304 patient’s data was collected (Swain, 
Pattnaik, and Gupta 2020). Whole the Data set is di-
vided into two sets: Testing Set and Training Set. 
Training set contains 243 patients data and Test set 
contains 60 patients data. Research on prediction of 
heart disease is conducted in Spyder Anaconda with 
Windows 10.1 system (Jmaiel et al. 2020). Proposed 
system uses a two groups forest algorithm over a deci-
sion tree Algorithm. Where these algorithms are fitted 
into a dataset which is then tested and trained for the 
process of prediction of heart disease with novel prin-
cipal component analysis using Supervised Classifica-
tion ((Baig 2020).

Forest Algorithm
Forest algorithm is a notable machine learning es-

timation that has a spot with controlled techniques of 

learning. It will in general be used for both Regression 
issues and Classification in Machine learning. Used 
supervised classification in this research. In “forest 
algorithm” it mostly constructs an ensemble of deci-
sion trees, typically prepared with a “bagging” strat-
egy. Generally speaking, thought about the bagging 
technique is that a mix of learning models grows the 
general outcome. One major benefit of random forest 
is that it tends to be utilised for both classification and 
regression problems (Bansal et al. 2018).

Pseudocode:
Step1: For each tree in forest, Select a bootstrap test 

from S
where S (I) indicates bootstrap.

Step2: Then gain proficiency with a decision-tree 
utilising a changed decision-tree learning calculation.

Step3: Calculation is altered as follows: at every 
node of the tree, rather than looking at all conceivable 
component parts.

Step4: Haphazardly select some subset highlights 
f ⊆ F.

Step5: where F is a bunch of elements. Node then, 
at that point, parts on the best element in f instead of F.

Step6: Practically speaking f is a whole lot more 
modest than F. Settling on which component to part 
is customarily the most computationally costly part of 
decision tree learning. By limiting the arrangement of 
highlights, Definitely accelerate learning of the tree.

Decision Tree
Decision Tree (Du and Xiaoqing 2008) is one type 

of analysis used to recognize the images and predict 
their accuracy. In Decision tree is made for perceiving 
a bunch of preparing objects utilizing a consequently 
chosen subset of extractable components. Permit us 
to investigate completely the potential outcomes of a 
choice. Give a system to measure the upsides of results 
and the probabilities of accomplishing them. This al-
gorithm makes a tree consisting of traits as portrayed 
above and images of that structure. The tree is worked 
by computing the property with the most elevated en-
tropy which relies upon the number of events of vari-
ous characteristic qualities.

Pseudocode
Step 1: Import the packages and import the dataset 

using Keras into the program.
from keras.datasets import cifar10
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Step 2: Split dataset into test(x_test, y_test) and 
train(x_train, y_train).

Step 3: from sklearn.model_selection import 
train_test_split

Step 4: Convert data type into float32 and nor-
malise the data values to the range of 0-1.

from sklearn.tree import DecisionTreeClas-
sifier

Step 5: Increase the sample size and number of it-
erations to increase the accuracy and reduce the loss.

Step 6: Print training accuracy and testing accu-
racy, 

Step 7: Plot the numbers and calculate the accura-
cy and precision.

Step 8: The final prediction of heart disease in the 
dataset with efficient accuracy.

Software tool used is Spyder Anaconda. Hardware 
configuration was an i5 processor with 8GB RAM and 
operating Windows 10.

Statistical Analysis
Data for predicting heart disease was collected from 

Kaggle website that contains over 304 participants in 
testing this system. The   statistical   software   used   for   im-
plementation  in  IBM   SPSS   version   21(Guo et al. 2021).   
 Independent variable is BMI, smoking status, HbA1C, 
systolic BP, age, sex, nationality and dependent vari-
able is accuracy (Zhao et al. 2020). Independent sample 
T-test analysis is carried out in this research work.

RESULTS
In Table 1, it was seen that forest algorithm is es-

sentially better compared to the decision tree. It is ob-
served that accuracy and performance of forest algo-
rithms are essentially better than decision trees.

In Table 2, Forest algorithm achieved the mean of 
89.86, standard deviation of 0.548 and standard error 
mean of 0.173. Decision tree mean is 84.90, standard de-
viation is 0.734 and standard error mean is 0.23. In Table 
3, 2-tailed significance values smaller than 0.233 (p<0.05).

Figure 1 represents mean accuracy of software ef-
fort estimation for Forest algorithm and decision tree. 
Forest algorithm obtained 90.00% accuracy and deci-
sion tree obtained 85.00% accuracy. Forest algorithm 
achieved better performance than decision tree.

DISCUSSION
In view of the above concentrate on it is seen 

that the Forest Algorithm has preferred precision of 

90.00% over the Decision Tree Which has 85.00% in 
prediction of Heart disease using supervised classifi-
cation procedure with novel dimensionality reduction 
method. Forest algorithms consume less storage than 
Decision tree. Confusion matrix was plotted to ana-
lyze the number of times the algorithm predicted the 
digit accurately with respect to real number. 2-tailed 
significance values smaller than 0.001(p<0.05). Algo-
rithms produce effective output with novel Dimen-
sionality Reduction techniques.

Similar findings related to Forest Algorithm are 
significantly efficient in predicting the accuracy of 
the Heart Disease compared to the existing algorithm 
(Bansal et al. 2018). The dataset containing a large 
number of patients data is given as input into both 
the algorithms and the accuracy rate of prediction 
is obtained for the existing and the proposed algo-
rithms(R. 2020; Sanchez-Moreno et al. 2021). These 
values obtained are used for analysis and comparison 
for efficiency. This analysis makes use for machine 
learning to predict and identity and select significant 
attributes like like age, sex, nationality, BMI, smok-

Table 1
Comparison of prediction accuracy between Forest algorithm 
and Decision Tree. Forest algorithm is 90.00% compared to De-
cision Tree algorithm 85.00%.

Execution Forest algorithm Decision Tree
1 90.00 85.00
2 89.20 84.90
3 89.30 84.20
4 89.50 84.30
5 91.10 84.60
6 89.70 84.20
7 89.60 85.60
8 90.10 84.20
9 90.20 86.10
10 89.90 85.90

Table 2
Mean of Forest algorithm is 89.8600 and Decision Tree mean 
value is 84.9000. Below table will show Forest algorithm ob-
tained standard deviation (0.54813) and standard error means 
(0.17333). 
Accuracy Groups  N  Means Std de-

viation
Std error 
means

Forest 
Algorithm

10 89.86 0.54813 0.17333

 Decision 
Tree

10 84.90 0.73485 0.23238
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ing status, HbA1C, systolic BP for better diagnosis of 
heart disease (Ko et al. 2021). Zhao used a decision 
tree method to get a better accuracy of 83% in predict-
ing heart disease with supervised learning (Guo et al. 
2021; Zhao et al. 2020). Assessment of programming 
advancement in prediction of heart disease is likewise 
a difficult variable. Factors affecting the algorithms are 
sample size of dataset and test size of dataset (Guo et 
al. 2021). In light of above discovery, the proposed cal-
culation was picked to work on the precision (Guo et 
al. 2021; Zhao et al. 2020).

Limitation is that Decision Tree uses a higher time 
complexity than the Forest algorithm, to improve the 
results further it can use a Machine Learning approach, 
for that this work requires a lot of learning data, so this 
becomes the further scope (Yan et al. 2021). The fac-
tor that affects this system is incomplete data and lack 
of technical support in hospitals and in the medical 
industry (Jmaiel et al. 2020). In order to improve re-
sults further it can utilize Deep Learning approach, for 
that this work requires part of learning information, 

so this turns into the future scope. In this technique 
to notice the strength of the calculations by expanding 
the clump size and fluctuating the number of hidden 
layers. By extracting and implementing them, it is to 
enhance the performance of the versions. Moreover, it 
would be good to do some modifications to both the 
reference set and the rules in order to make our pro-
gram more general.

CONCLUSION
Outcome of Forest algorithm 90.00% has bet-

ter accuracy than Decision tree algorithm 85.00% in 
predicting heart disease with Novel Dimensionality 
Reduction technique. It would be feasible to work on 
Forest algorithm rather than Decision tree for Predict-
ing heart disease using machine learning.
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Table 3. Independent Samples Test. Accuracy increases and the error rate decreases. 2-tailed significance is less than 0.001. 
 Levene’s Test for 

Equality of Variances
t-test for Equality of Means

f sig t df Sig. 
(2-tailed)

Mean 
Diff.

Std. Error 
Differ-
ence

95% Confidence Inter-
val of the Difference
Lower Upper

Equal variances assumed 1.523 0.233 17.109 18 .001 4.96000 0.28990 4.35093 5.56907
Equal variances not assumed   17.109 16.647 .001 4.96000 0.28990 4.34737 5.57263

 

Fig. 1. Simple Bar Mean Of Accuracy By Groups. Prediction accuracy for the two algorithms. Accuracy of Forest Algorithm is better 
than the accuracy of Decision Tree algorithm. X Axis: Forest Algorithm vs Decision Tree algorithm Y Axis: Mean accuracy of detec-
tion ± 2SD.
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ABSTRACT:
Aim: Comparison of accuracy rate in prediction of cardiovascu-
lar disease using Novel Random Forest with Logistic Regression. 
Materials and Methods: The Novel Random forest (N=20) 
and Novel Logistic Regression Algorithm (N=20) these two al-
gorithms are calculated by using 2 Groups and taken 20 sam-
ples for both algorithm and accuracy in this work.The sample 
size is determined using the G power Calculator and it’s found 
to be 10. Results: The Random Forest exhibited 89.06% accu-
racy whilst a Logistic Regression has shown 92.18%. accuracy. 
Statistical significance difference between Random forest algo-
rithm and Novel Logistic Regression Algorithm was found to be 
p=0.001 (2 tailed) (p<0.5). Conclusion: Prediction of cardio-
vascular disease using Logistic Regression is significantly better 
than the Random Forest.
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mia. 
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INTRODUCTION
Cardiovascular diseases (CVD), also stroke are the 

two fundamental reasons for death all over the plan-
et. Consistently, coronary illness causes over 17 mil-
lion passes, and by 2030 it is normal to increase to 23 
million (Gargiulo and Arroyo 2018). Among all pass-
es in the US in 2011, each third individual was a pa-

tient with a cardiovascular infection. CVDs are heart 
and vein-related illnesses. The significant reason for 
CVD is atherosclerosis. The veins are obstructed as 
plaque aggregates along with the vessel dividers which 
is known as atherosclerosis in the form of Smoking 
Endocytosis for the Hyperglycemia Supervised algo-
rithm (Yang, Bukkapatnam, and Komanduri 2007). 
The plaque arrangement comprises the affidavit of 
cholesterol, cell byproducts, greasy mixtures, fibrin, 
and calcium. Factors that add to atherosclerosis in-
corporate smoking, hypertension, high levels of blood 
cholesterol, and diabetes in Healthcare (Geltser et al. 
2020). Cardiovascular infection likewise causes rest 
apnea and stress Supervised algorithm. Coronary 
course infection Angiopathy (CAD), myocardial lo-
calized necrosis (MI), and arrhythmias are the most 
well-known cardiovascular infections. The plaque is 
gathered in CAD alongside the lungs Angiopathy, in 
differentiation to the oxygen-rich bloodstream. This 
plaque can at times cause apoplexy which prompts 
myocardial localized necrosis. Many tests, for exam-
ple, an activity stress test are performed to evaluate 
CAD, and patients ‘ clinical history is likewise consid-
ered Endocytosis Hyperglycemia. It isn’t suggested to 
depend simply on one single test as it may not be an 
exact Angiopathy Supervised algorithm. The applica-
tions of logistic regression are credit scoring, Medi-
cine, Text editing, etc. For an exercise pressor test, the 
patient should likewise build a heartbeat to a specific 
level, which can introduce a risk of heart failure Smok-
ing based on Endocytosis Hyperglycemia (Moked-
dem, Atmani, and Mokaddem 2013).

In the Last 5 years, 2017-2021 google scholar has 
published more than 196 papers and the IEEE published 
more than 200 papers about the Prediction of cardio-
vascular disease in Angiopathy (Owusu et al. 2021). 
The analysis of random forest algorithm and novel lo-
gistic regression algorithm in high-performance effi-
ciency has been made using an experimental approach 
Angiopathy (Abdar et al. 2019)). My study opinion is 
the efficient prediction of cardiovascular disease using 
a compressive of the prediction of cardiovascular dis-
ease prediction to novel (Sarraju et al. 2021) logistic 
regression Smoking will reduce Healthcare (Owusu et 
al. 2021).The accuracy of existing research is not prop-
erly existing in a system (Zahn 2019). The existence of 
the experiment is the total improvement of accuracy 
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of a proposed algorithm system compared Hypergly-
cemia to the existing model by improving Endocytosis 
(Al’Aref et al. 2020). To overcome these issues a novel 
Random forest algorithm is implemented to improve 
the prediction of cardiovascular disease by comparing 
the proposed one with a novel logistic regression al-
gorithm Endocytosis (Ahn et al. 2021).Our team has 
extensive knowledge and research experience that has 
translate into high quality publications(Chellapa et al. 
2020; Lavanya, Kannan, and Arivalagan 2021; Raj R, 
D, and S 2020; Shilpa-Jain et al. 2021; S, R, and P 2021; 
Ramadoss, Padmanaban, and Subramanian 2022; Wu 
et al. 2020; Kalidoss, Umapathy, and Rani Thirunavuk-
karasu 2021; Kaja et al. 2020; Antink et al. 2020; Paul et 
al. 2020; Malaikolundhan et al. 2020)

Now the above two machine algorithms have taken 
their own advantages and disadvantages in the Current 
survey on Smoking.On applying novel random forest 
algorithm memory to dataset followed by performing 
observations using novel logistic regression and results 
were plotted on a graph then there two techniques are 
compared based on the result Supervised algorithm. 
Finally getting the best algorithm for predicting Angi-
opathy. The proposed method using various machine 
learning calculations would differentiate the coronary 
illness more precisely from other body illness which 
is considered to be a major advantage of this method. 
The disadvantage of this misunderstanding and wrong 
diagnosis made by the hospital leads to a bad reputa-
tion and can put the patient’s life in danger.

MATERIALS AND METHODS
The research work was carried out in the machine 

learning laboratory lab at Saveetha School of Engineer-
ing, Saveetha Institute of Medical and Technical Scienc-
es, Chennai. The sample size has been calculated using 
the GPower software by comparing both controllers in 
Supervised learning. Two numbers of groups are select-
ed for comparing the process and their result (Sarraju 
et al. 2021). In each group, 10 sets of samples and 20 
samples in total are selected for this work. The pre-test 
power value is calculated using GPower 3.1 software 
(g power setting parameters: statistical test difference 
between two independent means, α=0.05, power=0.80, 
Two algorithms (E-RNN and Novel Logistic Regres-
sion Algorithm) are implemented using technical anal-
ysis software. The data set was from Kaggle (Senan et 
al. 2021). In this work, no human and animal samples 
were used so no ethical approval is required.

Random forest Algorithm:
Random forests or random decision forests are an 

ensemble learning method for classification, regres-
sion, and other tasks that operate by constructing a 
multitude of decision trees at training time and out-
putting the class that is the mode of the classes (clas-
sification) or mean prediction (regression) of the in-
dividual trees. Random decision forests correct for 
decision trees’ habit of overfitting to their training 
set. A decision tree is a Machine Learning algorithm 
capable of fitting complex datasets and performing 
both classification and regression tasks in Smoking. 
The idea behind a tree is to search for a pair of vari-
able-value within the training set and split it in such 
a way that will generate the «best» two-child subsets. 
The goal is to create branches and leaves based on an 
optimal splitting criterion, a process called tree grow-
ing. Specifically, at every branch or node, a condition-
al statement classifies the data point based on a fixed 
threshold in a specific variable, therefore splitting the 
data. To make predictions, every new instance starts 
in the root node (top of the tree) and moves along the 
branches until it reaches a leaf node where no further 
branching is possible.

Pseudocode Random forest:
1.Randomly select “k” features from total “m” fea-

tures.
Where k << m
2.Among the “k” features, calculate the node “d” 

using the best split point.
3.Split the node into daughter nodes using the best 

split.
4.Repeat 1 to 3 steps until “l” number of nodes has 

been reached.
5.Build forest by repeating steps 1 to 4 for “n” num-

ber times to create “n” number of trees.

Logistic Regression Algorithm:
Logistic regression is a course of demonstrating 

likelihood of a discrete result given an info variable. 
Calculated relapse is a valuable examination technique 
for arrangement issues, where you are attempting to 
decide whether another example squeezes best into a 
class.

Pseudocode Logistic Regression:
1. For i←1 to k
2. For each training data instance di:
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3. Set the target value for the regression to
       Yj-P(1|dj)

Zi←  – -----------------------
       [P(1|dj).(1-P(1|dj))]

4. initialize the weight of instance dj to P (1| dj). 
(1-P(1| dj)

5. finalize a f(j) to the data with class value (zj) & 
weights (wj)

Classification Label Decision
6. Assign (class label:1) if P (1|dj) > 0.5, otherwise 

(class label: 2).

Statistical analysis
SPSS software is used for statistical analysis of nov-

el approaches to efficient prediction of cardiovascular 
disease using Random forest compared to Logistic 
Regression with improved accuracy. The independent 
variable is novel Random forest accuracy and the de-
pendent variable is efficiency. The independent T-test 
analyses are carried out to calculate accuracy of the 
Random forest for both methods.

RESULTS 
The experimental results are carried out on the 

Random Forest and Logistic Regression where the 
performance is measured based on accuracy. Table 1 
shows the simulation result of the proposed Random 
forest algorithm and the existing system logistic re-
gression was run at different times in the google colab 
with a sample size of 10. From the table, it was ob-
served that the mean accuracy of the machine learning 
algorithms like the novel Random forest was 89.06% 
and the logistic regression algorithm was 92.18%. The 
mean, standard deviation, and standard error mean 
were calculated by taking an independent variable 
T-test among the study groups. The novel Random 
forest algorithm produces a mean difference from the 
Logistic Regression algorithm with a value of 3.46203.

Table 2 represents the Mean of novel Random 
forest algorithm which is better compared with the 
Logistic Regression algorithm with a standard devia-
tion of 3.11600 respectively. From Random forest al-
gorithm and Logistic Regression algorithm in terms 
of mean and accuracy. The mean results, the Random 
forest (2.1290) gives better accuracy than the Logistic 
Regression algorithm.

Fig. 1 shows the simple bar graph means the graph 
of accuracy by a group of the novel Random Forest 
and Logistic Regression algorithms. It is observed that 
a novel Random Forest algorithm has a higher signif-
icance when compared to the Logistic Regression al-
gorithm. It is therefore, conclusive that Random forest 
performs better than Logistic Regression. The resul-
tant plots are given in fig 1. 

DISCUSSION:
In this survey, we detect that Logistic Regression 

has superior performance than Random Forest by 
T-test with independent samples. The average preci-
sion of prediction of cardiovascular disease is 92.18% 
and that of using Random Forest is 89.06%.

In this paper, we look to help society by moving 
along general medical Healthcare, effectively keep-
ing a solid local area and supporting patients and cli-
nicians by utilizing AI calculations to make models 
that lead to a computerized determination of CAD 
Endocytosis (Dhalla et al. 2012). The dataset utilized 

Table 1
The LR method and grouped statistics were compared using 
group statistics for recorded data from simulation for 10 itera-
tions. In comparison, the LR algorithm has a high level of ac-
curacy.

Algo-
rithm

Algo-
rithm

N Mean Std. De-
viation

Std. Error 
Mean

Accuracy LR 20 92.1820 3.46203 1.54826
RF 20 89.0660 3.26830 1.46163

Tabel 2
Independent sample T-test is applied for the dataset fixing confidence as 95% and level of significance value p=0.001 (P< 0.05)

Accuracy Levene’s Test 
for Equality of 

Variance

T-test for Equality of Means

f Sig t df Sig.
(2-tailed)

Mean 
Differ-
ence

Std.Error 
Differ-
ence

95% Confidence of 
the Differences

Lower Upper
ACCURACY Equal variances assumed .015 .095 1.463 8 <.001 3.11600 2.12920 -1.79394 8.02594

Equal variances not assumed 1.463 7.974 <.006 3.11600 2.12920 -1.79677 8.02877
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in our review is a CAD dataset named Alizadeh Sani 
Dataset distributed which contains 55 highlights used 
to prepare AI models for foreseeing CAD. The rest 
of the work is organized as follows. Segment 2 gives 
an outline of connected writing Angiopathy Health-
care (Willis, Homeister, and Stone 2013). Segment 3 
incorporates the proposed AI methods RF and NB 
classifiers. Area 4 incorporates observational exam-
inations that incorporate a portrayal of the dataset, 
test arrangement, and the improvement methodol-
ogy of Smoking (Devaux and Robinson 2021). Area 
5 gives results and conversation while area 6 incor-
porates the ends and suggestions from this review. 
The general perception from the writing survey was 
focused on the usage of the models in light of the sort 
of issue Healthcare; they utilized a few preprocessing 
strategies Hyperglycemia, including choice strate-
gies, computational knowledge methods to build the 
model, and approval for Smoking (Zahn 2019). The 
review utilized two prescient AI strategies example, 
RF, and NB to fabricate a model with productive ex-
ecution in acquiring the ideal results for CAD deter-
mination (Ahn et al. 2021).

From the above discussion, only a few articles en-
sure that they provide better performance than the 
proposed Random forest and Logistic Regression al-
gorithm for improving accuracy of Prediction of car-
diovascular disease prediction. So, we can infer that 

the proposed Random forest and Logistic Regression 
algorithm can be used to improve the accuracy (Wat-
son and Preedy 2012).

CONCLUSION
From the above results and comparison, we can 

observe that Logistic Regression is a significantly bet-
ter model identified with improved accuracy than 
Random Forest.
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ABSTRACT:
Aim: Comparison of accuracy rate in prediction of cardiovas-
cular disease using Naive Bayes with Logistic Regression. Ma-
terials and Methods: The Naive Bayes (N=10) and Logistic 
Regression Algorithm (N=10) these two algorithms are calcu-
lated by using 2 Groups and taken 20 samples for both algo-
rithm and accuracy in this work. The sample size is determined 
using the G power Calculator and it’s found to be 10. Results: 
Based on the Results Accuracy obtained in terms of accuracy is 
identified by Naive Bayes (87.02%) over the Logistic Regression 
algorithm (92.18%). Statistical significance difference between 
novel Naive Bayes algorithm and Logistic Regression Algorithm 
was found to be p=0.001 (2 tailed) (p<0.05). Conclusion: Pre-
diction of cardiovascular disease using Logistic Regression is 
significantly better than the Naive Bayes.
Keywords
Novel naive bayes, Novel logistic regression, Machine learning, 
Healthcare, Blood Coronary, Vasculitis
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INTRODUCTION:
A critical, concealed, and significant data from 

enormous information bases. Typically the healthcare 
area includes plenty of information connected with 
patients, different analyses of the infections, and so 
forth. These days the clinics are embracing the way of 
life of clinic IMS data the board frameworks to han-

dle their or patients’ information methodically and 
really. A huge amount of information is delivered by 
such frameworks that are addressed utilizing graphs, 
numbers, text, and pictures. Such kind of information 
is not really utilized for making any clinical decisions 
in Blood Coronary (Purushottam et al. 2016). Dif-
ferent procedures of information mining have been 
joined for diagnosing the Blood Coronary infection in 
this manner acquiring a few probabilities. Concern-
ing the coronary illness forecast, various frameworks 
are being suggested which are being conveyed by the 
method for different strategies and calculations of 
Vasculitis. Acquiring quality assistance at reasonable 
value remains the prime testing worry for the medical 
services foundations for Vasculitis. For offering qual-
ity administrations at standard, there must be precise 
analysis of the patients alongside viable measurement 
of drugs Blood Coronary of Hypertension. Bad qual-
ity clinical analysis and treatment can yield undesired 
and insufficient outcomes of Syncope. One answer 
for cost-cutting by Healthcare foundations can be the 
use of PC-created information or the utilization of 
DSS choice help frameworks for Vasculitis. General-
ly, the Healthcare area includes plenty of information 
connected with patients, a different analysis of the in-
fections, assets of the executives, and in the Machine 
Learning platform. This data or information obtained 
from Machine Learning should be further separated 
by the Human administration in Vasculitis (Fowler 
2012). Utilizing an automated (Machine Learning) 
framework, patients’ medicines records can be put 
away also utilizing mining strategies one can get crit-
ical data and questions concerning the medical clinic 
Hypertension of Healthcare. Directed What’s more 
solo realizing is the 2 information mining techniques 
for Syncope. Grouping and expectation are the funda-
mental methodologies of information mining Blood 
Coronary (Jiang et al. 2021). Possible results of ex-
pecting the danger levels of patients for a gigantic ed-
ucational assortment and sending the application on 
cloud stage where trained professionals and patients 
can sign in with a unique ID made by them. Specialists 
can move the patient reports and patients, on the oth-
er hand, can see the reports on their compact work-
stations or PCs. Applications of logistic regression are 
Madicine, Hotel booking, Gaming etc. A get-together 
of patient reports will be kept up online in the cloud 
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in Blood Coronary Syncope of Vasculitis (Verma and 
Gupta 2021).

In the Last 5 years 2017-2021 Google Scholar has 
published more than 196 papers and the IEEE pub-
lished more than 200 papers about a prediction of car-
diovascular disease under Healthcare theme (Cerci et 
al. 2022). The analysis of novel naive bayes algorithm 
(Dhalla et al. 2012) and logistic regression algorithm 
(Willis, Homeister, and Stone 2013) in high-perfor-
mance efficiency has been made using an experimental 
approach (Budoff and Shinbane 2010). My study opin-
ion is the efficient prediction of cardiovascular disease 
using a compressive of the Prediction of cardiovascu-
lar disease prediction to Logistic Regression (Wank-
hede, Kumar, and Sambandam 2020). In the current 
world, there are various legitimate advancements that 
help experts in making clinical decisions any way they 
will not be exact (Bharti and Singh 2015). Coronary 
sickness assumption structure can help remedial spe-
cialists in expecting the state of the heart, taking into 
account the clinical data of patients supported in the 
structure (Verma and Gupta 2021). Experts may a 
portion of the time disregard to take exact decisions 
while diagnosing the coronary ailment of a patient, 
thus coronary sickness estimates structures which use 
AI computations help such cases to obtain precise re-
sults (Jiang et al. 2021). There are many instruments 
open that use assumption estimations yet they have a 
couple of imperfections Hypertension (von der Lohe 
2011). A huge part of the instruments can’t manage 
colossal data and most are not united, not conveyed 
on the cloud, and thus not open on the web. There are 
various specialist offices and social protection orga-
nizations which assemble gigantic proportions of pa-
tient data which winds up clearly difficult to manage 
at this point in existing structures (Purushottam et al. 
2016).Our team has extensive knowledge and research 
experience that has translate into high quality publi-
cations(Chellapa et al. 2020; Lavanya, Kannan, and 
Arivalagan 2021; Raj R, D, and S 2020; Shilpa-Jain et 
al. 2021; S, R, and P 2021; Ramadoss, Padmanaban, 
and Subramanian 2022; Wu et al. 2020; Kalidoss, 
Umapathy, and Rani Thirunavukkarasu 2021; Kaja et 
al. 2020; Antink et al. 2020; Paul et al. 2020; Malaikol-
undhan et al. 2020)

The accuracy of existing research is not properly 
existing in the system. The existence of the experi-
ment is totally and the improvement of accuracy of a 
proposed algorithm system compared to the existing 

model by improving (Wankhede, Kumar, and Sam-
bandam 2020). To overcome these issues a novel Naive 
Bayes algorithm is implemented to improve the Pre-
diction of cardiovascular disease using by comparing 
the proposed one with a Logistic Regression Algo-
rithm Hypertension in Healthcare (Cerci et al. 2022). 
Now by the above two Machine Algorithms, we have 
taken their own advantages and disadvantages in the 
Current survey (Bharti and Singh 2015). On applying 
novel Naive Bayes Algorithm Memory to the Data-
set followed by performing observations using novel 
Logistic Regression and the results were plotted on a 
graph then there two techniques are compared based 
on the result to Syncope. To present an accurate model 
of predicting Cardiovascular disease by novel logistic 
regression. To verify the lab test reports. Finally getting 
the best algorithm for predicting (Mann et al. 2014).

MATERIALS AND METHODS
The research work is carried out in the Machine 

Learning laboratory lab at Saveetha School of Engi-
neering, Saveetha Institute of Medical and Technical 
Sciences, Chennai. The sample size has been calculat-
ed using the GPower software by comparing both of 
the controllers in Supervised learning (El Boussadani 
et al. 2020). Two numbers of groups are selected for 
comparing the process and their result. In each group, 
10 sets of samples and 20 samples in total are selected 
for this work (Dhalla et al. 2012). The pre-test pow-
er value is calculated using GPower 3.1 software (g 
power setting parameters: statistical test difference be-
tween two independent means, α=0.05, power=0.80, 
two algorithms (E-RNN and novel Logistic Regression 
Algorithm) are implemented using technical analysis 
software. In this work, no human and animal samples 
were used so no ethical approval is required.

Naive Bayes Algorithm
In insight, naive Bayes classifiers are a group of 

straightforward «probabilistic classifiers» in view of 
applying Bayes’ hypothesis with solid freedom sus-
picions between the elements. They are among the 
least complex Bayesian organization models, however, 
combined with bit thickness assessment, they can ac-
complish higher exactness levels.

Pseudo Code Naive Bayes
Input:
Training dataset T.
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F= (fi, f2, f3,.., fn) in testing dataset.
Output:
A class of testing dataset.
Step:
1.Read the training dataset T;
2.Calculate the mean and standard deviation of the 

predictor variables in each class;
3.Repeat
Calculate the probability of fi using the gauss den-

sity equation in each class;
Until the probability of all predictor variables (f1, 

f2, f3,.., fn) has been calculated.
4. Calculate the likelihood for each class;
5.Get the greatest likelihood;

Logistic Regression Algorithm:
Logistic Regression is a course of demonstrating 

the likelihood of a discrete result given an info vari-
able. Calculated relapse is a valuable examination 
technique for arrangement issues, where you are at-
tempting to decide whether another example squeezes 
best into a class.

Pseudocode Logistic Regression:
1. For i←1 to k
2. For each training data instance di:
3. Set the target value for the regression to

          Yj-P(1|dj)
Zi←  – ----------------------
            [P(1|dj).(1-P(1|dj))]

4. initialize the weight of instance dj to P (1| dj). 
(1-P(1| dj)

5. finalize a f(j) to the data with class value (zj) & 
weights (wj)

Classification Label Decision
6. Assign (class label:1) if P (1|dj) > 0.5, otherwise 

(class label: 2).

Statistical analysis
SPSS software is used for statistical analysis of nov-

el approaches on efficient prediction of cardiovascu-
lar disease using novel Naive Bayes compared to novel 
Logistic Regression with improved accuracy (Lu et al. 
2022). The independent variable is novel Naive Bayes 
accuracy and the dependent variable is efficiency. The 
independent T-test analyses are carried out to calcu-
late the accuracy of the novel Naive Bayes for both 
methods.

RESULTS 
Below Table shows the simulation result of the pro-

posed Naive Bayes algorithm and the existing system 
novel Logistic Regression was run at different times 
in the google colab with a sample size of 10. From the 
table, it was observed that the mean accuracy of the 
Machine learning Algorithms like Naive Bayes was 
87.02% and the novel Logistic Regression algorithm 
was 92.18% (Table 1).

Table 1
The LR (92.1820) method and grouped statistics were com-
pared using group statistics for recorded data from simulation 
for 10 iterations (87.0200). In comparison, the LR algorithm has 
a high level of accuracy.

 Algo-
rithm

Algo-
rithm

N Mean Std. Devi-
ation

Std. error 
Mean

Accuracy LR 10 92.1820 3.46203 1.54826
NB 10 87.0200 3.19406 1.42843

The Mean, Standard Deviation, and Standard Er-
ror Mean were calculated by taking an independent 
variable T-test among the study groups. The Naive 
Bayes algorithm produces a mean difference from the 
Logistic Regression algorithm with a value of 2.10654.

Table 2 represents the Mean of novel Naive Bayes 
algorithm which is better than the Logistic Regression 
algorithm with a standard deviation of 5.16200 and 
2.10654 respectively. From Naive Bayes algorithm and 
Logistic Regression algorithm in terms of mean and 
accuracy. The mean results, the Naive Bayes gives bet-
ter accuracy than the Logistic Regression algorithm. 
Fig. 1 gives the comparison chart of Naive Bayes ac-
curacy of the Logistic Regression algorithm is better 
than Logistic Regression. It is therefore conclusive that 
Naive Bayes performs better than Logistic Regression. 
The resultant plots are shown below in fig 1. The fig-
ure has been placed at the end of the paper.

DISCUSSION
Novel Naive Bayes and Novel Logistic Regression 

algorithms are implemented and compared for the Pre-
diction of cardiovascular disease Prediction to improve 
the accuracy by reviewing prediction Syncope (Dhalla 
et al. 2012). From obtained results, it is concluded that 
the Naive Bayes algorithm provides better accuracy re-
sults compared to the Logistic Regression algorithm.

In this paper, the segment set forth a standard 
model for performing characterization and fore-
cast of composite web administrations. The infor-
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mation mining process includes mining/extricating 
exceptionally huge, concealed, and significant data 
from huge data sets of well-being areas Vasculitis in 
the Healthcare (Alpert and Ewy 2002). It’s outlined 
in the work that higher outcomes are accomplished 
when a crossbreed of information mining strategies 
is conveyed rather than carrying out one single min-
ing method on an information set. The dividing of 
information tests is finished utilizing ten times, each 
overlay has been guzzled in testing, and any folds left 
were used for preparing at the season of cross approval 
Blood Coronary Hypertension (von der Lohe 2011). 
Utilizing a mechanized framework, patient medicines 
records can be put away furthermore utilizing mining 
techniques one can procure critical data and questions 
concerning the clinic. Directed also solo learning are 
the 2 information mining techniques Vasculitis. Man-
aged learning includes the use of preparing for learn-
ing model boundaries in what other places no prepa-

ration set is expected in unaided learning Syncope 
(Paneni and Cosentino 2015). Grouping and forecasts 
are the fundamental methodologies of information 
mining. The Classification models make a difference 
in ordering particular, scattered information values on 
the other hand forecast model expected qualities that 
are ceaseless. From there on utilizing the investigation 
result for offering web/portable applications to the cli-
ents for Blood Coronary (Nambi 2018). Following are 
the stages in the proposed approach: client enlistment 
and login in light of Application, dataset assortment, 
characterization by means of Navies Bayesian, forecast 
and secure information move by the method for AES 
(Advanced Encryption Standard) and ultimately yield 
in PDF design. AES helps in communicating client in-
formation to the data set in a gotten way (Budoff and 
Shinbane 2010).

From the above discussion, only a few articles en-
sure that they provide better performance than the 

Tabel 2
Independent sample T-test is applied for the dataset fixing confidence as 95% and level of significance value p=0.001(P< 0.05)

Accuracy Levene’s Test for 
Equality of Variance

T-test for Equality of Means

f Sig t df Sig.
(2-tailed)

Mean 
Difference

Std.Error 
Difference

95% Confidence  
of the Differences
Lower Upper

ACCURACY Equal variances 
assumed

.030 .867 2.450 8 <.001 5.16200 2.10654 .304304  10.01970 

Equal variances 
not assumed

2.450 7.949 <.006 5.16200 2.10654 .29883  10.01970 

 
Fig. 1. Comparison of Logistic Regression and Naive Bayes analysis concerning mean exactness. The mean exactness of Logistic Re-
gression is better compared to Naive Bayes. X-Axis: Logistic Regression and Naive Bayes, Y-Axis: Mean exactness of location ± 2 SD.
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proposed Naive Bayes and Logistic Regression algo-
rithm for improving the accuracy of Prediction of car-
diovascular disease prediction. So, we can infer that 
the proposed Naive Bayes and Logistic Regression al-
gorithm can be used to improve the accuracy in the 
form of Blood Coronary Vasculitis and Hypertension 
(Willis, Homeister, and Stone 2013). Although the dis-
play of machine learning-based calculations appears 
to be impressive, it is far from optimal. A few systemic 
roadblocks can stifle progress and increase heteroge-
neity in Healthcare. To begin with, specialized bound-
aries, such as hyperparameter tuning in calculations, 
are frequently hidden from the broader public, re-
sulting in substantial measurable heterogeneity. To be 
clear, heterogeneity calculates the difference between 
research as a result of size. This program can be used 
to verify lab test reports and this can act as a verifica-
tion program for any input instance data of a patient 

CONCLUSION
From the above results and comparison, we can 

observe that Logistic Regression is a significantly bet-
ter model identified with improved accuracy than Na-
ive Bayes.
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ABSTRACT
Aim: Heart attacks are usually caused due to blockages, par-
tially or completely, of the heart’s veins or arteries that constrict 
the flow of blood from or to the heart. The primary objective of 
this review aims to be seen as the most appropriate algorithm 
to give us the ideal prediction. We will be comparing the nov-
el Random forest with Logistic regression to find out which of 
these can give us the best accuracy. Material and Methods: 
The study used 143 samples with novel Random Forest and Lo-
gistic Regression is executed with varying training and testing 
splits for foreseeing the accuracy of coronary disease predic-
tion with the 80% of G-power value and heart disease data 
were gathered from multiple web sources, including latest The 
study’s findings and criterion were 0.05%, with a 95% probabil-
ity value, average, and confidence interval. The performance 
accuracy rate of the classifiers is used to evaluate the coronary 
disease dataset. There was a statistically significant value test 
between the novel Random Forest and Logistic Regression is 
0.046 (p<0.05). Results and Discussion: The accuracy of pre-
dicting coronary disease in the novel Random Forest 90.16 % 
and Logistic Regression 85.25 % is obtained. Conclusion: This 
study concludes that the Prediction of Coronary disease using 
the novel Random Forest (RF) algorithm looks to be funda-
mentally superior to the Logistic Regression (LR) with increased 
precision.

Keywords
Coronary Disease, Novel Random Forest Algorithm, Logistic 
Regression, Machine Learning, Classification, Prediction.
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INTRODUCTION:
The prediction of Coronary Disease and to increase 

the precision of predicting the disease using novel Ran-
dom Forest and comparing it with Logistic Regression. 
In the course of the last 10 years, coronary disease or 
cardiovascular sickness remains the essential premise 
of death around the world (Steiner et al. 2021). An es-
timation by means of the World wellbeing association, 
that over 17.9 million passouts happen each overall 
year due to cardiovascular disorders, mainly 80% of 
the passouts are only in view of coronary vein infection 
also, cerebral stroke (Woodruff et al. 2021). Estimating 
an individual’s chances of adequate blood flow to the 
heart is one of the significant issues of cardiovascular 
disease. The prediction technique might be built by 
applying a number of longitudinal review study auton-
omous-regression analyses (Sharma 2021). The main 
motivation of this paper is to focus on diagnostic tests 
and see some of the daily health habits that contribute 
to cardiovascular disease(CVD). Most importantly, 
the different machine learning algorithms are com-
pared using intelligent optimization algorithms. Man-
ual classification data is used for healthy or unhealthy 
(Tithi et al. 2019). Data science plays a fundamental 
role in handling a gigantic information measurement 
in the sphere of medical services Because cardiovascu-
lar disease is a perplexing task, there is a need to auto-
mate the schedule phase in minimizing any problems 
and to advise the patient far ahead of time (Rajdhan 
et al. 2020a). Finding and predicting Cardiovascular 
infection (CVD) requires more accuracy, flawlessness, 
and rightness on the grounds that a little mix-up can 
cause weariness issues or the death of the individual. 
The significance of this exploratory study is to bring 
coronary illness forecasts utilizing AI that can assist 
with recognizing the clinical information, for example, 
hypertension, diabetes, cigarettes smoked each day, 
etc is taken as information and afterward, these ele-
ments are modeled for prediction(Maranhao Neto et 
al. 2021). At the same time, we can apply this research 
in clinical field correctness and in some complicated 
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tasks like fatigue problems.Our team has extensive 
knowledge and research experience that has translate 
into high quality publications(Chellapa et al. 2020; La-
vanya, Kannan, and Arivalagan 2021; Raj R, D, and S 
2020; Shilpa-Jain et al. 2021; Sudha S, R, and P 2021; 
Ramadoss, Padmanaban, and Subramanian 2022; Wu 
et al. 2020; Kalidoss, Umapathy, and Rani Thirunavuk-
karasu 2021; Kaja et al. 2020; Antink et al. 2020; Paul et 
al. 2020; Malaikolundhan et al. 2020)

A ton of examinations has been finished based on 
the classification of Hearts utilizing Machine Learning 
Algorithms. More than 120 articles were published in 
Science Direct and nearly 140 articles were found in 
google scholar. Related to work on coronary disease 
prediction using machine learning the authors ob-
tained better and more accurate results with the ap-
plication of KNN accuracy of 97.3% (Nambi 2018). 
Coronary illness prediction and classification utilizing 
AI calculations enhanced by molecule swarm stream-
lining and subterranean insect province improvement, 
the authors achieved better and more accurate results 
having 99.65% (J. Singh 2017). Comparing differ-
ent algorithms of novel Random Forest arrangement 
looking for better execution in coronary illness deter-
mination, WEKA (R. Singh and Rajesh 2019), classifi-
cation system using Logistic model tree algorithm and 
Novel Random Forest Algorithm, the authors gained 
accurate results using different techniques (Wang et 
al. 2021). A half and half savvy framework system 
for the forecast of coronary illness utilizing AI calcu-
lations (Westerlund et al. 2021), the intrusive based 
methods to the diagnosing of the coronary illness de-
pend on concerning symptoms to address these intri-
cacies painless clinical choice emotionally supportive 
network comprises of the fake neural organization 
(ANN), Logistic relapse (LR), AdaBoost (AB), support 
vector machine (SVM), Fuzzy Logic (FL), Naive Bayes 
(NB), and unpleasant set [9,10] has been created has 
been created by the different researches and broadly 
utilized for coronary illness conclusion (Baig 2020). 
The experimental results indicate that the novel Ran-
dom Forest yields 89.14% in terms of the accuracy for 
Resting ECG and CP (chest pain) of the datasets. This 
scientific study has been presented and published in 
over 55 indexed journals. (Rajdhan et al. 2020b).

The existing research study predicts the classifica-
tion using probability but it does not group the attri-
butes (Qi and Zhang, n.d.). Another research paper has 
developed the performance of the order and its dataset 

will yield a limit of 54.30% of precision utilizing AI 
calculations and this will make an exploration hole 
to foresee the reliable and sensible ways of managing 
making an early finding to achieve brief organization 
of the infection (Chatterjee and Chandran 2019). The 
aim of this research is to utilize the original Random 
Forest (RF) algorithm to group the best arrangement 
of value administrations and compelling determina-
tion of anticipating coronary illness at an early stage 
by achieving better accuracy. 

MATERIALS AND METHODS:
This exploration study was done in the Artificial In-

telligence Research center at the Department of Com-
puter Science and Engineering, Saveetha School of En-
gineering, Saveetha Institute of Medical and Technical 
Sciences, Chennai. The innovative Random Forest (RF) 
method and the Logistic Regression (LR) technique are 
used in this research project. The G-power programme 
version 3.1.10 was used to forecast each scale factor, 
yielding 286 total number of observations and 143 
number of respondents per group with 80% G pow-
er values, a minimum significant value of 0.05, and a 
probability value of 95%. (Rajdhan et al. 2020b).

This research makes use of a dataset obtained from 
the kaggle open-access dataset. One of the most pop-
ular online networks for information researchers and 
artificial intelligence professionals. It allows clients to 
search for and discover the datasets they need, as well 
as give a customisable Jupyter notebook environment 
with free GPU and 6 hours of runtime. The dataset 
consists of 76 attributes (Westerlund et al. 2021). The 
attributes are age, sex, chest torment type (4 sorts), rest-
ing circulatory strain, serum cholesterol in mg/dl, fast-
ing glucose > 120 mg/dl, most extreme pulses accom-
plished, and 6 others. The dataset has 14 columns and 
304 rows containing data on symptoms associated with 
coronary disease, including duplicate, null, and missing 
values. Pre-processing of the datasets is done to remove 
the duplicate and null values with the help of functions 
that are provided by Microsoft excel. The dataset that 
is collected consists of all numerical forms; there is no 
need to convert the data. The unwanted attribute such 
as age, exacting attributes that are not necessary for the 
prediction is removed (Saranya S et al. 2020).

RF falls within the umbrella of adaptive boosting. 
RFs may be utilized for effectiveness as well as fore-
sight. For implementing an RF, the random state func-
tion is used to create forest-like structures and com-
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bine them. The overfitting of data is done with help of 
calculating lowered,this is accomplished by dividing 
the dataset and assessing all splits by creating the rf. 
Predict. 

The RF method uses the following pseudocode to ap-
ply a coronary disease dataset. The datasets will be fed 
into the pseudocode, and the final result will be passed 
through the accuracy and classification parameters.

Pseudocode of the Novel Random Forest 
Algorithm

 

Innovative Random Forest Algorithm is extensive-
ly used for both recurrence and identification issues 
that must be addressed. This algorithm can be used 
in various places such as banking, prediction works, 
health, stock markets, artificial intelligence, etc. To get 
more accurate and stable estimates the novel random 
forest will create a forest-like structure and combine 
them. Subsets from both datasets and attributes are 
selected arbitrarily and get trained. using this meth-
od overfitting of data can be lowered. This algorithm 
takes lower training time than many other algorithms 
on large datasets with maintaining the precision of the 
accuracy when a huge part of data is not present. 

Pseudocode of the Logistic Regression 
algorithm

 
Logistic regression is essentially an administered 

grouping computation.In a representation problem, 
the objective variable (or yield), y, might have essen-

tially distinct features for a particular situation ap-
proach of features(or inputs), X. Contrary to standard 
reasoning, vital backslide is a backslide model. The 
model constructs a backslide technique to forecast the 
possibility that a given data segment will have a place 
in the class labelled «1.» When a decision edge is in-
troduced, it converts into a request methodology. The 
edge’s positioning regard is an indispensable piece of 
Logistic backslide and is dependent upon the course 
of action issue itself. The decision for the value of the 
edge regard is fundamentally affected by the potential 
gains of precision and survey.

Statistical Analysis
The statistical analysis is applied using For each 

group, descriptive statistical analysis such as mean, 
standard deviation, and standard error were per-
formed using the Statistical Package for Social Scienc-
es (SPSS).The test was performed to analyze factors 
across the review gatherings. Hence the independent 
variable in this study is mean, entropy, variance, and 
contrast (Woodruff et al. 2021). The dependent vari-
ables are fever, heart rate, bp, cholesterol. The inde-
pendent sample t-test is performed to compare the 
accuracy performance of both Group-1 and Group-2 
using the RF and the LR algorithms.

RESULTS
The RF and LR learning algorithms are compared 

with 10 examples using various 70% training and 30% 
evaluation samples with varied amounts of entries in 
the dataset, and the conclusions are displayed in Table 
1. The dataset contains 304 rows, and the accuracy of 
the RF and LR algorithms is determined for 10 sam-
ples (iterations). It is observed that the RF algorithm 
is significantly better than the LR algorithm. The pre-
processing is used to clean the data to apply for the 
machine learning algorithm, due to the original data-
set containing more errors and null values, it has been 
preprocessed. The dataset has been resized and made 
ready for the next stage, as the network allows. The 
algorithm for preprocessing the dataset can be imple-
mented using Spyder functions.

From Table 1, the statistical analysis of the Novel 
RF algorithm and LR algorithm. For 10 iterations, the 
mean accuracy value, standard deviation, and accura-
cy for Novel RF and LR algorithms are obtained. The 
RF algorithm performed 90.16% better than the LR 
method (85.25%).
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In Table 2 we observed after performing statistical 
analysis of the Novel RF algorithm and the LR algo-
rithm. Mean accuracy value, the standard deviation is 
observed that the RF algorithm performed better than 
the LR algorithm. The Novel RF algorithm obtained 
2.9654 standard deviations with 0.93775 standard er-
ror while the LR algorithm obtained 3.7039 standard 
deviations with 0.17128 standard error. After compar-
ing the 10 accuracies of both the algorithms, a ran-
dom forest algorithm was obtained with the mean of 
89.14% and logistic regression obtained with the mean 

of 84.12. Also, the independent sample t-test was uti-
lized to look at the exactness of two calculations and 
a genuinely tremendous distinction was seen with the 
RF model having 90.16% precision and LR has 85.25% 
of exactness. When contrasted with the other calcula-
tion’s exhibition, the proposed RF classifier is funda-
mentally better compared to the SVM algorithm.

Table 3 shows the separate sample t-test with rel-
evance values and standard error. The «p» value was 
less than 0.05, which is deemed clinically meaningful, 
and 95% confidence intervals were produced. The in-
dependent sample t-test was utilized to think about 
the precision of two calculations and a genuinely mas-
sive distinction was taken, note is 0.046 (p<0.05) The 
Novel RF model obtained 90.16% accuracy. When 
compared to the performance of the other strategies, 
the suggested Novel RF outperforms LR substantially.

The symptom shown here is the remainder of the 
ECG comparison as seen in Fig. The red individuals 
are at danger because of this one attribute, whereas the 
blue people are not at risk because of this one attribute; 
the values range from 0 to 300. 

 
Fig. 1. Based on input values ranging from 0 to 300, the red 
individuals are at risk of cardiovascular breakdown, while the 
blue people are not at risk.

From Figure 2 Comparison of the chest pain be-
tween people of different age groups having the pain 

Table 1
Correlation of the RF and LR techniques with N=10 examples 
of the dataset and the greatest performance of 90.16% and 
85.25% in the samples (when N=1) using dataset size=304 and 
70% training and 30% testing data.

Sample
(N)

Dataset size /
rows

RF 
Accuracy in %

LR
Accuracy in % 

1 304 90.16 85.25
2 285 89.79 84.10
3 260 89.50 83.85
4 235 89.15 83.35
5 206 88.68 82.90
6 189 88.50 82.12
7 150 87.60 81.79
8 115 86.45 81.55
9 100 85.25 81.12
10 86 84.10 78.36

Table 2
Statistical outcomes of the RF and LR techniques. For RF and 
LR algorithms, the mean accuracy value, standard deviation, 
and standard error mean are calculated after 10 iterations. 
The mean of the RF 89.14% algorithm fared better than the LR 
84.12% method..

Algorithms (Accu-
racy)

Sample
(N)

Mean Std 
Deviation

Std error
mean

Random Forest 10 89.14 2.9654 0.93775
Logistic Regression 10 84.12 3.7039 0.17128

Table 3
The significance level Novel RF and LR algorithms are significant in the Independent sample t-test (p=0.046). As a result, with a 95% 
confidence interval, both the Novel RF and the LR algorithms have a significance level smaller than 0.05.

Accuracy Levene’s test 
for equality of 

variances

T-test for Equality of means 95% Confidence
Interval of the Difference

F Sig t df Sig 
(2-tailed)

Mean dif-
ference

Std
Error dif-
ference

Lower Upper

 Equal Variances Assumed .748 .046 3.348 18 0.004 5.0230 1.5004 1.8707 8.1752
Equal Variances Not assumed - - 3.348 17.178 0.004 5.0230 1.5004 1.8598 8.1861
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in the heart using target attribute, the values range 
from 0.0 to 0.8.

From Figure 3 Comparison of attributes between 
thal and density to determine the chest pain intensity 
the values range between 0.00 to 2.00.

From Figure 4 the mean accuracy of the two algo-
rithms has been shown and compared the mean error 
and the graph shows that Novel RF is better than the 
LR algorithm.

The Novel RF model obtained 90.16% and the LR 
algorithm already predicted 85.25%. performance val-
ue. Finally, as shown in Fig. 4, we compared the mean 
error of the Novel RF and LR algorithms. As a result, 
the Novel RF method outperforms the LR algorithm 
substantially. 

DISCUSSION 
Novel random forest as convincingly appears bet-

ter than Logistic Regression with improved accura-
cy. The novel Random Forest classifier shows some 
When compared to Logistic Regression, There is a 
distinction in terms of effectiveness, scoring rate, and 
overall efficiency. Data mining is crucial in the health-
care business for new illness identification. A variety 
of tests must be performed on the patient in order to 
diagnose an ailment. On the other hand, using data 
mining techniques can minimize the number of tests 
necessary. 

To Support this work, a Comparison between each 
algorithm’s performance in terms of accuracy, and loss 
proved that Random Forest is the best overall. The 

 
Fig. 4. Comparison of RF and LR algorithms with regards to precision. The mean precision of the RF algorithm is better than LR and the 
standard deviation of RF is slightly better than the LR algorithm. X-Axis: RF vs LR algorithm Y-Axis: Mean accuracy of detection ± 1 SD. 

 
Fig. 2. Comparison of the chest pain between people of dif-
ferent age groups having the pain in the heart using target 
attribute, the value ranges from 0.0 to 0.8.

 
Fig.3. Comparison of attributes between thal and density to de-
termine the chest pain intensity the values range between 0.00 
to 2.00.
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outcome of this paper is similar to (Shah, Patel, and 
Bharti 2020) where they found that the Novel Random 
Forest Algorithm shows better performance with 89% 
accuracy than Logistic Regression. Hence the novel 
Random Forest can be used to predict heart disease 
efficiently (Zhang et al. 2021). The Positive other 
finding backup, the experiment was carried out us-
ing regressive testing of all possible variations that are 
there for the given models (Risk Prediction in Cardio-
vascular Disease-Current Status and Future Challenges 
2009; Kaur, Sharma, and Sharma 2019). Other study 
findings, in contrast to this study, the novel Random 
Forest method involved the use of various tree depth 
levels along with the use of confidence vote and Gini 
index criteria. It resulted in an accuracy of 89.14% 
(Risk Prediction in Cardiovascular Disease-Current 
Status and Future Challenges 2009; Kaur, Sharma, and 
Sharma 2019)

Some other research findings employed a low sam-
ple size to counteract this study number of algorithms 
for classification but we are using as many as possi-
ble machine learning algorithms for analysis. In other 
existing studies, they only applied for specific calcula-
tions advanced by molecule multitude and subterra-
nean insect state improvement (Saranya S et al. 2020). 
But In this proposed research work, it can be found 
that the staging framework has an enormous number 
of hyperparameters that are to be calibrated. The clas-
sification models can be enhanced in order to improve 
the features of classification (Tithi et al. 2019).

Most of the previous work done is based on the 
data from the specific dataset. The limitation of this 
research study having a lack of accuracy in predicting 
heart disease is improved by machine learning algo-
rithms. In the future, more attributes in the dataset can 
be included and can also be used as datasets for better 
accuracy. Artificial intelligence can also be utilized in 
the future to anticipate the seriousness of coronary ill-
ness.

CONCLUSION
The main aim of the study is to quantify the preci-

sion in the classification of heart disease using med-
ical data. This research study applied RF algorithm 
for the detection of heart disease from a dataset with 
parameters achieved has been compared with the LR 
algorithm. The results obtained show that the RF al-
gorithm has found 90.16% of accuracy on predicting 
heart disease than the 85.25% of the LR algorithm.
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ABSTRACT
Aim: The primary aim of this paper is to improve the exact-
ness of the classification of coronary illness predictions using 
the help of machine learning algorithms. We will be comparing 
the novel Random Forest with the Support Vector Machine to 
find out which of these can give us the best accuracy. Mate-
rial and Methods: The study used 184 samples with Novel 
Random Forest and Support vector machine is executed with 
varying training and testing splits for anticipating the accuracy 
for coronary illness prediction with the 80% of G-power value 
and the Coronary disease data were gathered from several web 
sources and included current research findings, a threshold of 
0.05%, a confidence range of 95%, a mean, and a standard 
deviation. The accuracy rate of the classifiers is used to evalu-
ate their performance using the Coronary disease dataset. The 
difference between the two groups is statistically negligible. (p 
= 0.225; p > 0.05). Results and Discussion: The accuracy of 
predicting heart disease in Novel Random Forest is 90.16% and 
support vector machine is 81.97%. Conclusion: Expectation of 
heart infection using the Novel Random Forest (RF) algorithm 
appears to be significantly better than the Support Vector Ma-
chine (SVM) with improved accuracy.
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Machine, Coronary Disease, Prediction, Classification.
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INTRODUCTION:
Heart Failures have been there for as long as we can 

count. They have been claiming lives for millennia. As 
of now, around 26 million individuals overall are liv-
ing with cardiovascular breakdown (Wang et al. 2021). 
They have outlined with regards to how the datasets 
accessible for coronary illness are by and large crude in 
nature which is profoundly excessive and conflicting. 
There is a need for the pre-handling of these informa-
tional collections; in this stage, the layered informa-
tional collection is decreased to the low dataset (Siba-
rani et al. 2021). An optimization of features has been 
done to accomplish higher classification efficiency in 
the Decision Tree. It is an approach for the early iden-
tification of coronary illness by using an assortment of 
elements. This sort of approach can likewise be used 
for other circles of research. While in earlier and sim-
pler times we had to look no further than people who 
are affected by age or other body weakening causes be-
cause Coronary failures were dominantly a symptom 
of natural wearing out of Coronary muscles(Chatter-
jee and Chandran 2019).The importance of this liter-
ature review is that it aims to target numerous heart 
problems and include them into the process by utiliz-
ing an excellent classification method enriched with 
Pattern Recognition. This research study has a few ap-
plications that are all concerning heart-related disor-
ders with distinct age considerations(Zhu et al. 2021). 
The proposed framework can determine exact secret 
information, ie, patterns and connections related to 
coronary illness from a historical coronary illness data 
set. It can similarly answer the intricate inquiries for 
diagnosing coronary infection; therefore, it very well 
may be useful to medical care professionals to make 
smart clinical choices. Results showed that the pro-
posed framework has its special intensity in under-
standing the objects of the characterized artificial in-
telligence goals (Singh, Singh, and Pandi-Jain 2018).

This scientific work has been presented and pub-
lished in over 144 indexed journals in IEEE xplore. 
This research study utilized the multilayer perceptron 
neural network with backpropagation as the training 
algorithm. The acquired results have demonstrated 
the way that the planned symptomatic system can ef-
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fectively anticipate the perilous level of Coronary dis-
eases (Singh, Singh, and Pandi-Jain 2018). In this pa-
per, particular AI calculations and profound learning 
are applied to look at the outcomes and examination 
of the UCI Machine Learning Heart Disease dataset. 
Different promising outcomes are accomplished and 
are approved utilizing precision and confusion matrix 
(Singh, Singh, and Pandi-Jain 2018; Bharti et al. 2021). 
In this review ensemble, learning strategies are utilized 
to improve the performance of predicting coronary 
illness using artificial intelligence. Two features of ex-
traction methods: Linear discriminant examination 
(LDA) and head part investigation (PCA), are utilized 
to choose essential features from the dataset (Gao et al. 
2021). In this research, analysts have applied different 
information mining methods, for example, affiliation 
rules, arrangement, and bunching to create a mod-
el for the characterization of coronary illness. They 
proposed a calculation called Skating to overhaul the 
accuracy of the framework. Skating is a group strate-
gy like Boosting and Bagging (Ali et al. 2021). Com-
puter-based intelligence and information perception 
Diabetes-related coronary illness is a sort of coronary 
illness that impacts diabetics. No matter what the way 
that various information-digging arrangement cal-
culations exist for foreseeing coronary illness, there 
is inadequate data for anticipating coronary illness 
in a diabetic individual (Albahr et al. 2021). The ex-
perimental results indicate that Novel Random For-
est yields 88.08% in terms of the accuracy for Resting 
ECG and CP (chest pain) of the datasets. This scientif-
ic study has been presented and published in over 40 
indexed journals (Rajdhan et al. 2020a).Our team has 
extensive knowledge and research experience that has 
translate into high quality publications(Chellapa et al. 
2020; Lavanya, Kannan, and Arivalagan 2021; Raj R, 
D, and S 2020; Shilpa-Jain et al. 2021; Sudha S, R, and 
P 2021; Ramadoss, Padmanaban, and Subramanian 
2022; Wu et al. 2020; Kalidoss, Umapathy, and Rani 
Thirunavukkarasu 2021; Kaja et al. 2020; Antink et al. 
2020; Paul et al. 2020; Malaikolundhan et al. 2020)

The existing research study predicts perceptions 
uncover that brain networks with the 15 ascribes have 
outflanked over any remaining information mining 
procedures and furthermore have another end that the 
fundamental calculation can be displayed with great 
precision just with the assistance of the hereditary 
calculations and element subset choice as it creates a 
research gap that the main algorithms cannot predict 

the accuracy independently(Pati, Parhi, and Pattanay-
ak 2022), but using the few deep learning techniques 
such as Novel random forest, support vector machine 
the accurate value of the accuracy can be predicted. 
As a result, the objective of this investigation is to use 
the Innovative Random Forest method to identify and 
forecast coronary disease from the dataset with in-
creased precision.

MATERIALS AND METHODS:
This exploration study was done in the Machine 

Learning research center at the Department of Com-
puter Science and Engineering, Saveetha School of 
Engineering, Saveetha Institute of Medical and Tech-
nical Sciences, Chennai. The Novel Random Forest 
(RF) method and the Support Vector Machine (SVM) 
algorithm are used in this work.Each test sample was 
forecasted using the G-power apparatus variant 3.1.10, 
yielding 184 total number of respondents and 92 sam-
ple sizes per group with 80% G power values, a two-
tailed considerable value of 0.05, and a reliability level 
of 95% (Rajdhan et al. 2020b).

This trial’s dataset was obtained from the kaggle 
open-access dataset. One of, if not the, most popular 
online networks for information researchers and ar-
tificial intelligence professionals. It allows clients to 
search for and identify the datasets they need, as well 
as providing a personalized Jupyter notebook environ-
ment with a free GPU and 6 hours of runtime. There 
are 76 characteristics in the dataset. Sex, race, kind of 
chest discomfort (4 types), relaxing pulse rate, serum 
lipids in mg/dl, morning glucose levels > 120 mg/dl, 
the highest heart rate attained, and 6 other parameters 
are all taken into account. The dataset features 14 col-
umns and 304 rows of data regarding symptoms relat-
ed to coronary disease, as well as duplicate, null, and 
missing values. Preprocessing of the datasets is done 
to remove the duplicate and null values with the assis-
tance of capacities that are given by Microsoft Excel. 
The dataset that is collected consists of all numerical 
forms; there is no need to convert the data. The un-
wanted attributes, such as age, exang attributes that are 
not necessary for the prediction, are removed. The test-
ing setup uses Core i5 with 2.25 GHz and 8 gigabytes 
of random access memory. To use a machine-learning 
algorithm, one of the Integrated Development Envi-
ronments called Spyder, with pre-installed libraries or 
Google collab, can be used for replacement. The pro-
posed system for the classification of coronary disease 
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prediction involves the following steps: correlation 
between columns, exploratory data analysis (EDA), 
feature extraction, and classification.

Pseudocode of the Novel Random Forest 
algorithm

The Novel Random Forest Algorithm is extensively 
used for both relapse and grouping issues. This algorithm 
can be used in various places, such as banking, predic-
tion work, health, stock markets, artificial intelligence, 
etc. To get more accurate and stable estimates, the Nov-
el random forest will create a forest-like structure and 
combine them. Subsets from both datasets and attributes 
are selected arbitrarily and get trained. using this method 
overfitting of data can be lowered. This algorithm takes 
lower training time than many other algorithms on large 
datasets with maintaining the precision of the accuracy 
when a huge part of data is not present. 

 

Pseudocode of the Support Vector Machine 
algorithm

 

The Support Vector Machine (SVM) is a form of 
artificial intelligence system that has the ability to 
classify or reoccurring issues. It is, nonetheless, very 
frequently encountered in combining situations. Each 
item of data is represented as a point in n-layered 
dimension (where n represents the number of spot-
lights), with the value of each element indicating the 
value of a particular orientation. The classes are then 
classified by examining the hyper-plane that selects the 
2 groups generally. Support Vectors are mostly used to 

express individual perception. The SVM classifier is 
the best at isolating the two classes (hyper-plane/line).

Statistical Analysis
Finally, the outputs of the algorithms in groups one 

and two will be analyzed using the Statistical Package 
for Social Sciences (SPSS) version 26. To compare the 
performance of the RF and SVM algorithms, the in-
dependent sample t-test was used. In our study for 
heart failure prediction, the independent variable is 
the Contrast, Mean, and Entropy attribute in the data-
set, while the dependent variables are the other twenty 
characteristics such as fever, weariness, trouble breath-
ing, and so on. The independent sample t-test is used 
to examine the precision execution of Groups 1 and 
2 utilizing the RF and SVM algorithms (Jiang 2020).

RESULTS
The Novel RF AI calculation and SVM deep learn-

ing calculation are contrasted with 10 samples by using 
different 70% training and 30% testing datasets with 
varied dataset size. The findings are shown in Table 1, 
and the dataset contains 304 rows with the precision of 
both the Innovative RF and SVM algorithms obtained 
for 10 cases (emphases). It is clear that the Innovative 
RF method outperforms the SVM algorithm.

From Table 1, the statistical analysis of the Novel 
RF algorithm and SVM algorithm. For each iteration 
of the Novel RF and SVM algorithms, the mean accu-
racy value, standard deviation, and accuracy are calcu-
lated. The Novel RF method performed 90.16% better 
than the SVM technique (81.97%). 

Table 1
Comparison of Novel RF and SVM algorithms using N=10 sam-
ples of the dataset, with the maximum performance of 90.16% 
and 81.97% in the sample (when N=1) using dataset size=304 
and 70% training and 30% testing data.

Sample
(N)

Dataset size /
rows

RF
Accuracy in %

SVM
Accuracy in % 

1 304 90.16 81.97
2 285 89.79 79.10
3 260 89.50 83.85
4 235 89.15 83.35
5 206 88.68 81.90
6 189 88.50 78.12
7 150 87.60 82.79
8 115 86.45 81.55
9 100 85.25 80.12
10 86 84.10 78.36
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Table 2 shows the results of statistical analysis of 
the Novel RF method and the SVM algorithm. The 
Novel RF method outperformed the SVM algorithm 
in terms of mean accuracy and standard deviation. 
The Novel RF technique obtained 5.1756 standard de-
viations with a standard error of 0.6366, whereas the 
SVM approach obtained 7.0842 standard deviations 
with a standard error of 0.24204. After comparing the 
10 accuracies of both the algorithms, a Random Forest 
algorithm was obtained with the mean of 88.08 and 
Support Vector Machine obtained with the mean of 
79.47. Also, the independent sample t-test was utilized 
to think about the exactness of the two calculations 
and a genuinely massive distinction was seen with the 
Novel RF model acquiring 88.08% precision and SVM 
having 79.47% of exactness. When contrasted with the 
other calculation’s exhibition, the proposed Novel RF 
classifier is altogether better compared to the SVM al-
gorithm.

Table 2
Novel RF and SVM algorithm statistical findings For each iter-
ation of the Novel RF and SVM algorithms, the mean accuracy 
value, standard deviation, and standard error mean are calcu-
lated. It was discovered that the Novel RF (88.08%) method 
outperformed the SVM (79.47%) algorithm.

Algorithms 
(Accuracy)

Sample
(N)

Mean Std 
Deviation

Std error
mean

Random Forest 10 88.08 5.1756 0.63667
Support Vector 
Machine

10 79.47 7.0842 0.24024

Table 3, the independent sample t-test, which re-
vealed a statistically irrelevant variation among the 
two groups p=0.225; p>0.05. The «p» esteem is under 
0.05 viewed as measurably huge and 95% certainty 
spans were determined. There exists a statistically in-
significant variation among the two groups p=0.225; 
p>0.05. The Novel RF model got 88.08% precision. 
When contrasted with the other calculation’s presen-

tation, the proposed novel RF is fundamentally better 
compared to SVM.

The symptom depicted here is the remainder of the 
ECG comparison depicted in Fig. 1. The red individ-
uals are at danger because of this one character, while 
the blue people are not at risk based on this one attri-
bute; the values range from zero to 300.

 
Fig. 1. Based on input values ranging from 0 to 300, the red 
individuals are at risk of cardiovascular breakdown, while the 
blue people are not at risk.

Figure 2 shows the correlation of the chest pain be-
tween people of different age groups having the pain 
in the heart using target attribute, the values range 
from 0.0 to 0.8.

 
Fig. 2. Comparison of the chest pain between people of dif-
ferent age groups having the pain in the heart using target 
attribute, the value ranges from 0.0 to 0.8.

Table 3
The significance level RF and SVM algorithms were tested using an independent sample t-test. As a result, with a 95% confidence 
interval, both the RF and SVM algorithms have an insignificant level of less than 0.05 (p=0.225; p>0.05)

Accuracy Levene’s test 
for equality 
of variances

T-test for Equality of means 95% Confidence Inter-
val of the Difference

F Sig t df Sig (2-tai
led)

Mean 
differe

nce

Std
Error dif-
ference

Lower Upper

 Equal Variances Assumed .582 .225 3.102 18 0.000 8.6070 2.7744 2.7781 14.4358
Equal Variances Not assumed - - 3.102 16.477 0.000 8.6070 2.7744 2.7393 14.4746
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Figure 3 represents the correlation of attributes 
between thal and density to determine the chest pain 
intensity the values range between 0.00 to 2.00.

 
Fig.3. Comparison of attributes between thal and density to de-
termine the chest pain intensity the values range between 0.00 
to 2.00.

Figure 3 represents the correlation of attributes 
between thal and density to determine the chest pain 
intensity the values range between 0.00 to 2.00.

The Novel RF model obtained 90.16% and the 
SVM algorithm already predicted 81.97%. perfor-
mance value. Finally, as shown in Fig. 4, we compared 
the mean error of the RF and SVM methods. As a re-
sult, the Novel RF method outperforms the SVM algo-
rithm substantially. 

DISCUSSION 
Novel random forest as convincingly appears bet-

ter than Support vector machine with improved accu-

racy. The Novel Random Forest classifier exceeds the 
Support Vector Machine in regards to accuracy, grad-
ing speed, and profitability. Data mining is crucial in 
the healthcare business for new illness identification. 
A variety of tests must be performed on the patient 
in order to diagnose an ailment. Artificial intelligence 
approaches, on the other hand, have the potential to 
minimize the number of tests necessary. 

To back this up, a Comparison between each al-
gorithm’s performance in terms of accuracy, and loss 
proved that Novel Random Forest is the best overall. 
The outcome of this paper is similar to (Shah, Patel, 
and Bharti 2020) where it was discovered that the In-
novative Random Forest Technique shows better per-
formance with 88% accuracy than the Support vector 
machine. Hence Novel Random Forest can be used to 
predict heart disease efficiently (Zhang et al. 2021). In 
this work, the experiment was carried out using re-
gressive testing of all possible variations that are there 
for the given artificial intelligence models(Risk Pre-
diction in Cardiovascular Disease-Current Status and 
Future Challenges 2009; Kaur, Sharma, and Sharma 
2019). The Novel Random Forest method involved the 
use of various tree depth levels along with the use of 
confidence vote and Gini index criteria. It resulted in 
an accuracy of 88.08.

In contrast to this study, previous research findings 
employed a restricted number of algorithms for classi-
fication but we are using as many as possible machine 
learning algorithms for analysis. In other existing stud-

 
Fig. 4. Comparison of RF and SVM algorithms with regards to precision. The mean precision of the RF algorithm is better than SVM 
and the standard deviation of RF is slightly better than the SVM algorithm. X-Axis: RF vs SVM algorithm Y-Axis: Mean accuracy of 
detection ± 1 SD. 
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ies, they only applied for specific calculations improved 
by molecule multitude and insect settlement advance-
ment (Saranya S et al. 2020). But In this proposed re-
search work, it can be found that the staging framework 
has an enormous number of hyperparameters that are 
to be calibrated. The classification models can be en-
hanced to work on the elements of characterization.

Most of the previous work done is based on the 
data from the specific dataset. In the proposed work 
the lack of deep learning algorithms improve the pre-
cision in forecasting cardiac disease. In the future, 
more attributes in the dataset can be included and im-
ages can also be used as datasets for better accuracy. 
Artificial intelligence can also be utilized in the future 
to foresee the seriousness of coronary illness.

CONCLUSION
The primary point of the review is to assess preci-

sion in the classification of heart disease using medi-
cal data. This research study applied an RF algorithm 
for the detection of heart disease from a dataset with 
parameters achieved and has been compared with the 
SVM algorithm. The findings demonstrate that the 
RF algorithm works has found 90.16% of accuracy on 
predicting heart disease than the 81.97% of the SVM 
algorithm.
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ABSTRACT
Aim: Coronary illness is one of the main sources of mortality in 
this current world. A basic test in the field of clinical information 
assessment is the expectation of cardiovascular infection. The 
fundamental target of this paper is to work on the exactness of 
the Data mining algorithms being used to improve heart dis-
ease prediction. We will be comparing the novel Random forest 
with K Nearest Neighbor to find out which of these can give us 
the best accuracy. Material and Methods: The study used 
98 samples with Novel Random Forest and K Nearest Neigh-
bor is executed with varying training and testing splits for pre-
dicting the accuracy for heart disease prediction with the 80% 
of G-power value and data about cardiovascular disease was 
gathered from numerous web sources, including latest research 
findings and threshold 0.05%, confidence interval 95% mean 
and standard deviation. The performance of the accuracy rate 
of the classifiers is examined using the heart disease dataset.. 
There was a statistical insignificant difference among Innovative 
Random Forest and K Nearest Neighbor p = 0.484 (p>0.05). 
Results and Discussion: The accuracy of predicting heart dis-
ease in Novel Random Forest 90.16% and K Nearest Neighbor 
67.21% is obtained. Conclusion: Prediction of Heart disease 
using the innovative Random Forest (RF) technique appears 
to be a significant improvement over the K Nearest Neighbor 
(KNN) algorithm in terms of accuracy.
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Coronary Disease, Prediction, Classification.
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INTRODUCTION:
The heart is a vital organ in the human body. It si-

phons blood to all parts of our life frameworks. In case 
it fails to work precisely, the psyche and various organs 
will stop working, and within two or three minutes, 
the singular will pass on. Dataset azures of patients’ 
data from which to separate valuable information, 
specialists have been using information mining meth-
odologies to assist health care with caring experts in 
the determination of coronary disease (Md Idris et al. 
2020). This research arranged a coronary disease ex-
pectation framework to anticipate whether the patient 
is most likely going not set in stone to have a coro-
nary illness or not utilizing the clinical history of the 
patient. This research used various estimations of AI, 
for instance, calculated relapse and KNN to anticipate 
and arrange the patient with coronary illness (Kon-
stantonis et al. 2022). High-level information mining 
techniques can assist with restoring what is happen-
ing. This exploration has fostered a prototype Innova-
tive coronary Disease Prediction System (IHDPS) that 
employs information mining techniques such as De-
cision Trees, Bayesian Network, and Neural Networks 
(Qu et al. 2021).Clinical data from 787 individuals was 
broken down and correlated with risk variables such 
as hypotension, insulin, dyslipidemia (abnormal cho-
lesterol), smoke, family medical history, obesity, ten-
sion, and pre existing clinical trials. secondary effect 
might recommend fundamental non detected IHD 
(Nadakinamani et al. 2022). One of the bases on which 
the papers fluctuate is the selection of boundaries on 
which the strategies have been used. Many creators 
have decided on different boundaries and data sets 
for testing the exactness. In particular, specialists have 
been investigating the use of the Decision Tree strate-
gy in the analysis of coronary disease with an amazing 
accomplishment (Banjoko and Abdulazeez 2021).

A great deal of examination has been done in light 
of the characterization of the Heart utilizing Machine 
Learning Algorithms. More than 240 articles were pub-
lished in Science Direct and nearly 34,000 articles were 
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found in IEEE xplore. An Accurate Classifier Approach 
for Predicting Heart Disease This research examines 
how tree approaches are shown in data mining. The 
gathering tree computations used and attempted in this 
paper are Decision Stump, Novel Random Forest, and 
LMT Tree estimation (Md Idris et al. 2020). This sur-
vey intended to recognize AI classifiers with the most 
noteworthy accuracy for such symptomatic purposes. 
A couple of regulated AI calculations were applied and 
investigated for execution and exactness in coronary 
illness expectation (“Analysis and Prediction of Heart 
Disease Using Machine Learning and Data Mining 
Techniques” 2021). The clinical business is showing 
gigantic improvement in using AI techniques. In the 
proposed work, an original AI approach is proposed to 
foresee coronary disease. The proposed audit used the 
Cleveland coronary ailment dataset, and information 
mining methodology, for instance, relapse and group-
ing are utilized (Rani and Tiwari 2020). Henceforth in 
this study, we have discussed coronary illness and its 
risk factors and explained machine learning. Using ma-
chine learning techniques, we have predicted coronary 
disease and given a relative analysis of the algorithms 
for machine learning utilized for the trial of the predic-
tion (Pati, Parhi, and Pattanayak 2022). As a result, the 
goal of this article is to provide an ML model for coro-
nary ailment forecast taking into account the connect-
ed boundaries. We have involved a benchmark dataset 
of UCI Heart sickness assumptions for this exploration 
work, which comprises 14 unique boundaries related to 
Heart Disease. AI calculations like Innovative Random 
Forest, Support Vector Machine (SVM), Naive Bayes, 
and Decision tree have been used for the improvement 
of models (D. Chatterjee and Chandran 2019). The ex-
perimental results indicate that Novel Random Forest 
yields 87.39% in terms of the accuracy for Resting ECG 
and CP (chest pain) of the datasets. This scientific study 
has been presented and published in over 40 indexed 
journals (Rajdhan et al. 2020).Our team has extensive 
knowledge and research experience that has translate 
into high quality publications(Chellapa et al. 2020; La-
vanya, Kannan, and Arivalagan 2021; Raj R, D, and S 
2020; Shilpa-Jain et al. 2021; S, R, and P 2021; Rama-
doss, Padmanaban, and Subramanian 2022; Wu et al. 
2020; Kalidoss, Umapathy, and Rani Thirunavukkara-
su 2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020)

The existing research study expects to give a de-
tailed depiction of Naïve Bayes and choice tree clas-

sifiers that are applied in our exploration, especially 
in the expectation of Heart Disease (Gudmundsson et 
al. 2022). The proposed hybrid system framework was 
tested in the recreation environment created utilizing 
Python. It was tested on the Cleveland coronary illness 
dataset accessible at the UCI (University of California, 
Irvine) AI archive. It has accomplished a precision of 
86.6%, which is better than a portion of the current 
coronary disease forecast frameworks found in the 
literature. Therefore the aim of this research is to use 
the Novel Random Forest (RF) algorithm in order to 
classify the best arrangement of value administrations 
and powerful determination of anticipating coronary 
illness at the beginning phase by accomplishing better 
precision.

MATERIALS AND METHODS:
This research was conducted in the Department of 

Computer Science and Engineering, Saveetha School of 
Engineering, Saveetha Institute of Medical and Technical 
Sciences, Chennai, in the Artificial Intelligence research 
center. The Novel Random Forest (RF) technique and 
the K Nearest Neighbor (KNN) algorithm are used in 
this work. Each example size was predicted using the 
g-power tool with form 3.1.10, resulting in 98 total sam-
ple sizes and 49 sample sizes per group with 80% G pow-
er values, a two-tailed significant value of 0.05, and a 95% 
confidence interval (Rajdhan et al. 2020).

The data for this investigation was obtained from 
the kaggle open-access dataset. One of, if not the, most 
popular online networks for information researchers 
and artificial intelligence professionals. It allows us-
ers to search for and locate required datasets, as well 
as give a customisable jupyter notebook environment 
with free GPU and 6 hours of runtime. There are 76 
characteristics in the dataset. The qualities include 
age, gender, chronic pain type (4 sorts), resting pulse 
rate, blood cholesterol in mg/dl, fasting glucose levels 
> 120 mg/dl, maximum heart rate reached, and 6 oth-
ers. The dataset features 14 columns and 304 rows of 
data regarding heart disease symptoms, including du-
plication, blank, and incompleteness. Pre-processing 
of the datasets is done to remove the duplicate and null 
values with the help of functions that are provided by 
Microsoft excel. The dataset that is collected consists 
of all numerical forms; there is no need to convert the 
data. The unwanted attribute such as age, exang attri-
butes that are not necessary for the prediction is re-
moved. The testing setup uses Core i5 with 2.25 GHz 
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with 8 gigabytes of random access memory. To use a 
machine-learning algorithm one of the Integrated De-
velopment Environment called Spyder software with 
pre-installed libraries or Google collab can be used for 
replacement. The proposed system for the classifica-
tion of heart disease prediction involves the following 
steps: correlation between columns, Exploratory data 
analysis (EDA), feature extraction, and classification.

The RF method use the following pseudocode to 
apply a heart disease dataset. The datasets will be fed 
into the pseudocode, and the final result will be passed 
through the accuracy and classification parameters.

Pseudocode of the Novel Random Forest 
algorithm

 
Innovative Random Forest Algorithm is extensive-

ly used for both categorization and prediction problems. 
This algorithm can be used in various places such as bank-
ing, prediction works, health, stock markets, artificial in-
telligence, etc. To get more exact and stable estimates the 
Novel random forest will create a forest-like structure and 
combine them. Subsets from both datasets and attributes 
are selected arbitrarily and get trained. using this method 
overfitting of data can be lowered. This algorithm takes 
lower training time than many other algorithms on large 
datasets with maintaining the precision of the accuracy 
when a huge part of data is not present. 

Pseudocode of the K Nearest Neighbor 
algorithm

 

KNN is a lethargic learning, non-parametric cal-
culation. It utilizes information from a few classes to 
foresee the order of the new point of reference. KNN is 
non-parametric because it makes no suspicions about 
the information being examined, the model is circu-
lated from the information.

Statistical Analysis
For each group, statistical analysis was performed 

using the Statistical Package for Social Sciences (SPSS) 
to elucidate quantifiable measures such as mean, stan-
dard deviation, and standard error. The test was car-
ried out to include aspects throughout review meet-
ings. As a result, mean, entropy, variance, and contrast 
are the independent variables in this study. The de-
pendent variables include temperature, heart rate, 
blood pressure, and cholesterol. To assess the accuracy 
performance of both, the independent sample t-test is 
used in Group-1 and Group-2 using the RF and the 
KNN algorithms (D. Chatterjee and Chandran 2019).

RESULTS
The RF machine learning method and the KNN 

machine learning algorithm are analyzed with sam-
ples obtained by using different 70% training and 30% 
testing datasets and by varying the amount of entries 
in the dataset Table 1 and the dataset consists of 304 
rows where the accuracy of both the RF and KNN 
algorithm are gotten for 10 samples (iterations). It is 
seen that the Novel RF algorithm 90.16% is altogether 
better compared to the KNN algorithm 67.21%.

The preprocessing is used to clean the data to apply 
for the machine learning algorithm, due to the origi-
nal dataset containing more errors and null values, it 
has been preprocessed. The dataset has been resized 
and made ready for the next stage, as the network al-
lows. The algorithm for preprocessing the dataset can 
be implemented using Spyder functions.

From Table 1, the statistical analysis of the RF al-
gorithm and KNN algorithm. For RF and KNN algo-
rithms, the average accuracy value, sample variance, 
and accuracy are calculated after 10 iterations. It can 
be shown that the Innovative RF method (90.16%) 
outperforms the KNN algorithm (67.21%).

Table 2 shows the results of a statistical study of 
the RF and KNN algorithms. The RF method outper-
formed the KNN algorithm in terms of mean accura-
cy and standard deviation. The RF method obtained 
8.3710 standard deviations with a standard error of 
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0.64717, whereas the KNN approach obtained 7.0149 
standard deviations with a standard error of 0.21831.
After comparing the ten accuracies of both methods, 
a random forest algorithm with an average of 87.39% 
and K Nearest Neighbor with an average of 66.31% 
was found. Furthermore, the independent sample 
t-test was used to compare the precision of two com-
putations, and a significant difference was seen, with 
the RF model achieving 90.16% exactness and the 
KNN achieving 67.21% precision. When compared to 

the other calculations’ presentations, the suggested RF 
classifier outperforms the KNN technique.

Table 3, the independent sample t-test with signifi-
cance and standard error is obtained. The «p» esteem is 
under 0.05 viewed as statistically significant and 95% cer-
tainty intervals were determined. The independent sample 
t-test was utilized to analyze the exactness of two calcula-
tions and a measurably statistically insignificant was seen 
at 0.484 (p>0.05) The RF model got 87.39% precision. 
When contrasted with the other algorithm’s presentation, 
the proposed RF is significantly better than KNN.

The symptom depicted here is the remainder of the 
ECG comparison depicted in Fig. 1. The red individu-
als are at danger because of this one attribute, whereas 
the blue people are not at risk because of this one attri-
bute; the values range from 0 to 300.

 
Fig. 1. Based on input values ranging from 0 to 300, the red 
individuals are at risk of cardiovascular breakdown, while the 
blue people are not at risk.

From Figure 2 Comparison of the chest pain be-
tween people of different age groups having the pain 
in the heart using target The values for feature vary 
from 0.0 to 0.8.

From Figure 3 Comparison of attributes between 
thal and density to determine the chest pain intensity 
the values range between 0.00 to 2.00.

Table 1
Comparison of Novel RF and KNN algorithms with N=10 sam-
ples of the dataset with the maximum performance of 90.16% 
and 67.21% in the sample (when N=1) using dataset size=304 
and 70% training and 30% testing data.

Sample
(N)

Dataset size /
rows

RF Accuracy 
in %

KNN Accura-
cy in % 

1 304 90.16 67.21
2 285 88.23 64.45
3 260 92.34 70.23
4 235 83.19 62.56
5 206 94.20 72.43
6 189 80.13 60.43
7 150 96.43 74.54
8 115 76.32 58.23
9 100 98.22 76.65
10 86 74.76 56.45

Table 2
Novel RF and KNN algorithm statistical findings For each iter-
ation of the Novel RF and KNN algorithms, the mean accuracy 
value, standard deviation, and standard error mean are calcu-
lated. It was discovered that the Novel RF (87.39%) method 
outperformed the KNN (66.31%) approach.

Algorithms (Accu-
racy)

Sample
(N)

Mean Std 
Deviation

Std error
mean

Random Forest 10 87.39 8.3710 0.64717
K Nearest Neighbor 10 66.31 7.0149 0.21831

Table 3
The independent sample t-test for the significance level of the RF and KNN algorithms yields negligible findings (p=0.484; p>0.05). 
As a result, with a 95% confidence interval, both the RF and KNN algorithms have an insignificance threshold smaller than 0.05.

Accuracy Levene’s test 
for equality of 

variances

T-test for Equality of means 95% Confidence Inter-
val of the Difference

F Sig t df Sig (2-tai
led)

Mean dif-
ference

Std
Error dif-
ference

Lower Upper

 Equal Variances Assumed 0.511 0.484 6.101 18 0.000 21.0800 3.4537 13.8239 28.3360
Equal Variances Not assumed

- -
6.104 17.466 0.000 21.0800 3.4537 13.8079 28.3520



1558 | Cardiometry | Issue 25. December 2022

From Figure. 4 the mean accuracy of the two algo-
rithms has been shown and compared the mean error 
and the graph shows that Novel RF is better than the 
KNN algorithm.

The RF model obtained 90.16% and the KNN al-
gorithm already predicted 67.21%. performance value. 
Finally, as shown in Fig. 4, we compared the mean er-
ror of the RF and KNN techniques. As a result, the RF 
method outperforms the KNN algorithm.

DISCUSSION 
Novel random forest as convincingly appears bet-

ter than K Nearest Neighbor with improved accuracy. 
In terms of accuracy, scoring speed, and performance, 
the Novel Random Forest classifier outperforms K 

Nearest Neighbor. Data mining is crucial in the health-
care business for new illness identification. A variety 
of tests must be performed on the patient in order to 
diagnose an ailment. On the other hand, using data 
mining techniques can minimise the number of tests 
necessary. 

The characterisation model is developed using 
grouping calculations for the prediction of coronary 
disease. In this study, a discussion of calculations used 
for coronary sickness forecasting, as well as a cor-
relation among the present frameworks, caused the 
Novel random forest method to perform better (S. 
Chatterjee, Jaggi, and Sowmiya 2019). We obtained 
an accuracy of 86.9% for the prediction of coronary 
sickness using the Novel random forest method, with 

 
Fig. 2. Comparison of the chest pain between people of dif-
ferent age groups having the pain in the heart using target 
attribute, the value ranges from 0.0 to 0.8.

 
Fig.3. Comparison of attributes between thal and density to de-
termine the chest pain intensity the values range between 0.00 
to 2.00.

 
Fig. 4. Comparison of Novel RF and Novel KNN algorithms in terms of accuracy. The mean accuracy of the RF algorithm is better 
than KNN and standard deviation of RF is slightly better than KNN algorithm. X Axis: RF vs KNN algorithm Y Axis: Mean accuracy 
of detection ± 1 SD.
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a responsiveness value of 87.39% and an explicitness 
value of 82.7% (Jamadar et al. 2021). The analysis rate 
for the prediction of cardiovascular sickness utilizing 
Novel random forest is 93.3% based on the beneficia-
ry operating characteristics. The novel random forest 
computation has been demonstrated to be the most 
successful method for the categorization of cardiac 
sickness, and it is thus used in the suggested system 
(Yekkala and Dixit 2019). The Novel Random Forest 
approach employed several tree depth levels, as well as 
confidence vote and Gini index criteria. It yielded an 
accuracy of 87.39.

In contrast to this study, previous research find-
ings employed a restricted number of techniques for 
classification but we are using as many as possible 
machine learning algorithms for analysis. In other 
existing studies, they only applied for specificParticle 
swarm and ant colony optimization techniques (Ali et 
al. 2021). But In this proposed research work, it can 
be found that the staging framework has an enormous 
number of hyperparameters that are to be calibrated. 
The classification models can be enhanced in order to 
improve the features of classification.

Most of the previous work done is based on the 
data from the specific dataset. In the proposed work 
the lack of accuracy in predicting heart disease is im-
proved by machine learning algorithms. In the future, 
more attributes in the dataset can be included and can 
also be used as datasets for better accuracy. Artificial 
intelligence can also beutilised to forecast the severity 
of heart disease in the future.

CONCLUSION
The primary goal of the study is to assess the accu-

racy of heart disease categorization using medical data. 
This research study used the RF algorithm to diagnose 
cardiac disease from a dataset, and the parameters ob-
tained were compared to the KNN method. The results 
reveal that the RF algorithm is 90.16% more accurate 
than the KNN algorithm for predicting heart disease.
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ABSTRACT
Aim: The cardiac is a vital organ in the human body. Life is 
entirely dependent on the functional workings of the heart. 
Cardiovascular disease refers to diseases of the cardiac and the 
blood vessels that supply it. The primary goal of this article is 
to perform on the exactness of the arrangement of coronary 
disease expectation utilizing the assistance of AI calculations. 
We will be comparing the novel Random forest with Naive 
Bayes to find out which of these can give us the best accuracy. 
Material and Methods: The study used 1402 samples with 
Novel Random Forest and Naive Bayes is executed with varying 
training and testing splits for foreseeing the exactness for coro-
nary illness forecast with the 80% of G-power value and cardio-
vascular disease information were collected from various web-
site domains using the most recent research and a threshold 
of 0.05%, a 95% uncertainty range, a mean, and a confidence 
interval. The accuracy rate of the classifiers is used to evaluate 
their performance using the heart disease dataset. A statistically 
insignificant difference exists among the two groups p=0.199; 
p>0.05. Results and Discussion: The accuracy of predicting 
heart disease in Novel Random Forest 90.16% and Naive Bayes 
85.25% is obtained. Conclusion: Prediction of Heart disease 
using With enhanced accuracy, the novel Random Forest(RF) 
the technique appears to be far better to the Naive Bayes(NB).

Keywords
Prediction, Novel Random Forest, Naive Bayes, Machine Learn-
ing, Coronary Disease, Classification.
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INTRODUCTION:
One of the noticeable diseases that influence many 

individuals during middle or old age is a coronary 
illness, and as a rule, it, at last, prompts fatal compli-
cations. Heart diseases are more predominant in men 
than in ladies (Cadrin-Tourigny and Tadros 2022). In 
this paper, the creators have proposed a hybrid deci-
sion support network that can aid the early recognition 
of coronary disease in view of the clinical boundaries 
of the patient. Authors have used multivariate ascrip-
tion by anchored conditions calculation to deal with 
the missing qualities (Nistal-Nuño 2021). The Naive 
Bayes classifier has a place with a group of probabilis-
tic classifiers in light of the Naive Bayes hypothesis. It 
accepts tough freedom between the features, and this 
is the fundamental piece of how this classifier makes 
expectations. It is easy to build, and it as a rule per-
forms well which makes it appropriate for the clinical 
science field and diagnosing diseases (Rani and Tiwari 
2020). In this strategy, a dataset exists with models and 
their reactions (the result). The calculation can gain 
from the dataset through a preparation cycle; then, at 
that point, it can react to any new information in view 
of what it has realized. An illustration of the regulated 
learning method is grouping and relapse (Baig 2020). 
This inquiry intends to provide a point-by-point de-
piction of Naive Bayes and decision tree classifiers that 
are used in our investigation, notably in the prediction 
of Heart Disease. Some studies have been carried out 
to assess the effectiveness of speculative ML algorithms 
on identical information, and the findings suggest that 
Decision Tree beats Bayesian grouping (Singh 2017). 
This paper analyzes coronary illness forecasts utilizing 
grouping calculations. These undetectable examples 
can be utilized for prosperity and clinical benefits in-
formation. Information mining innovation bears the 
cost of a capable method for managing the latest and 
endless examples in the information (Mazumder et 
al. 2022). The importance of this exploration study is 
to bring coronary disease expectation using machine 
learning that can help to detect the medical data such 
as high blood pressure, diabetes, cigarette smoked per 
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day, and so forth is taken as input and then these fea-
tures are modeled for prediction (Fordyce et al. 2022).

A great deal of exploration has been done in view 
of the order of Heart utilizing Machine Learning Al-
gorithms. More than 365 articles were published in 
Science Direct and nearly 27,845 articles were found in 
Google Scholar. Related to work on heart disease pre-
diction using machine learning the authors obtained 
better and more accurate results with the application 
of KNN accuracy of 97.3% (Rellum et al. 2021). The 
medical industry is showing enormous improvement 
in utilizing machine learning methods. In the proposed 
work, a novel AI approach is proposed to predict coro-
nary illness. The proposed review utilized the Cleveland 
coronary illness dataset, and data mining procedures, 
for example, regression and classification are used (Ha 
et al. 2022). Artificial intelligence and information 
perception Diabetes-related coronary illness is a sort 
of coronary disease that impacts diabetics. No matter 
what the way that various information-digging order 
calculations exist for foreseeing coronary illness, there 
is inadequate data for anticipating coronary illness in a 
diabetic individual (Lee et al. 2022). An Efficient Clas-
sification Tree Technique for Heart Sickness Predic-
tion. This paper inspects the portrayal tree procedures 
in information mining. The gathering tree estimations 
used and attempted in this paper are Decision Stump, 
Novel Random Forest, and LMT Tree computation (Xu 
et al. 2022). The experimental results indicate that Nov-
el Random Forest yields 89.12% in terms of the accura-
cy for Resting ECG and CP (chest pain) of the datasets.
This scientific study has been presented and published 
in over 40 indexed journals (Rajdhan et al. 2020a). Our 
team has extensive knowledge and research experience 
that has translate into high quality publications(Chella-
pa et al. 2020; Lavanya, Kannan, and Arivalagan 2021; 
Raj R, D, and S 2020; Shilpa-Jain et al. 2021; Sudha S, R, 
and P 2021; Ramadoss, Padmanaban, and Subramani-
an 2022; Wu et al. 2020; Kalidoss, Umapathy, and Rani 
Thirunavukkarasu 2021; Kaja et al. 2020; Antink et al. 
2020; Paul et al. 2020; Malaikolundhan et al. 2020)

The existing research study predicts the classifica-
tion using probability but it does not group the attri-
butes (Qi and Zhang, n.d.). Another research paper has 
developed the performance of the classification and its 
dataset will yield a maximum of 54.30% of accuracy 
using machine learning algorithms. This will create 
a research gap to predict the dependable and reason-
able ways to deal with making an early determination 

to accomplish brief administration of the illness (D. 
Chatterjee and Chandran 2019). As a result, the goal 
of this research is to apply the Novel Random Forest 
(RF) algorithm to categorize the best supply of quality 
services and effective diagnosis of processing cardiac 
disease at a preliminary stage with more accuracy. 

MATERIALS AND METHODS:
This exploratory study was conducted in the Depart-

ment of Computer Science and Engineering, Saveetha 
School of Engineering, Saveetha Institute of Medical and 
Technical Sciences, Chennai, in the Artificial Intelligence 
research center. The Novel Random Forest (RF) and Na-
ive Bayes (NB) algorithms are used in this investigation. 
Each test size was predicted using the g-power appara-
tus with version 3.1.10, resulting in 1402 total sample 
sizes and 701 sample sizes per group with 80% G power 
values, a threshold significant value of 0.05, and a confi-
dence interval of 95% (Rajdhan et al. 2020b).

The data set used in this analysis was collected 
from the kaggle open-access dataset.

(https://www.kaggle.com/ronitf/heart-disease-
uci), one of, if not the, largest successful web net-
works for part of an effort and artificial intelligence 
professionals It allows users to search for and locate 
relevant datasets, as well as give a configurable Jupyter 
notebook environment with a free GPU and 6 hours 
of runtime. There are 76 characteristics in the dataset. 
Sex, race, kind of chest discomfort (4 types), relaxing 
pulse rate, blood lipids in mg/dl, morning glucose lev-
els > 120 mg/dl, the highest heart rate attained, and 6 
other parameters are all taken into account.. The data-
set features 14 columns and 304 rows of data regarding 
symptoms of cardiovascular problems, as well as iden-
tical, empty, and missing data.

Pre-processing of the datasets is done to remove 
the duplicate and null values with the help of func-
tions that are provided by Microsoft excel. The dataset 
that is collected consists of all numerical forms; there 
is no need to convert the data. The unwanted attribute 
such as age, exang attributes that are not necessary for 
the prediction is removed. The testing setup uses Core 
i5 with 2.25 Ghz with 8 giga-byte of random access 
memory. To use a machine-learning algorithm the one 
of the Integrated Development Environment called 
Spyder software with pre-installed libraries or Google 
colab can be used for replacement. The proposed sys-
tem for the classification of heart disease prediction 
involves the following steps: correlation between col-
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umns, Exploratory data analysis (EDA), feature ex-
traction, and classification.

RF is classified as a supervised algorithm. RFs 
may be used for classification as well as regression. 
The random state function is used to construct and 
merge forest-like structures while implementing an 
RF. Overfitting of data is accomplished by computing 
lower, Dividing the information and examining vari-
ous divides is performed through the development of 
the rf.predict.

The RF method uses the following pseudocode to 
apply a cardiovascular disease dataset. The datasets 
will be fed into the pseudocode, and the end outcome 
will be passed through the accuracy and category pa-
rameters.

Pseudocode of the Novel Random Forest 
algorithm

 

Novel Random Forest Algorithm is extensively 
used for both regression and classification problems. 
This algorithm can be used in various places such 
as banking, prediction works, health, stock markets, 
artificial intelligence, etc. To get more accurate and 
stable estimates the Novel random forest will create a 
forest-like structure and combine them. Subsets from 
both datasets and attributes are selected arbitrarily 
and get trained. using this method overfitting of data 
can be lowered. This algorithm takes lower training 
time than many other algorithms on large datasets 
with maintaining the precision of the accuracy when a 
huge part of data is not present. 

Pseudocode of the Naive Bayesian

 
The Naive Bayes Classifier is a basic and effective 

Linear classifier that facilitates the building of fast AI 
models capable of generating accurate predictions. It 

is a probabilistic classifier, which implies that it antic-
ipates using the likelihood of an object. When com-
pared to mathematical factors, Innocent Bayes per-
forms well in cases with straightforward input factors. 
It is helpful for making expectations and determining 
information in light of verifiable outcomes.

Statistical Analysis
The statistical analysis is applied using For each 

group, descriptive statistical analysis such as mean, 
standard deviation, and standard error were per-
formed using the Statistical Package for Social Scienc-
es (SPSS). The test was performed to analyze factors 
across the review gatherings. Hence the independent 
variable in this study is mean, entropy, variance, and 
contrast. The dependent variables are fever, heart rate, 
bp, cholesterol. The Independent sample t-test is per-
formed to look at the exactness of execution of both 
Group-1 and Group-2 using the RF and the NB algo-
rithms (Yekkala and Dixit 2019).

RESULTS
The RF classification algorithm and NB learning 

algorithm are tested with 10 samples by using different 
70% training and 30% testing datasets and modifying 
the number of records in the dataset. The results are 
shown in Table 1 and the dataset consists of 304 rows 
where the accuracy of both the RF and NB algorithm 
are obtained for 10 examples (emphases). It is seen 
that the RF calculation is essentially better compared 
to the NB calculation.

Table 1
Comparison of Novel RF and NB techniques with N=10 samples 
of the dataset with the greatest performance of 90.16% and 
85.25% in the sample (when N=1) considering dataset size=304 
and 70% training and 30% testing data.

Sample
(N)

Dataset size /
rows

RF
Accuracy in 

%

NB
Accuracy in

% 
1 304 90.16 85.25
2 285 96.21 89.79
3 260 94.34 88.90
4 235 92.12 86.85
5 206 90.16 85.25
6 189 88.54 83.10
7 150 86.34 80.35
8 115 84.10 78.12
9 100 82.12 76.55
10 86 80.00 74.36
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The preprocessing is used to clean the data to 
apply for the machine learning algorithm, due to 
the original dataset containing more errors and null 
values, it has been preprocessed. The dataset has 
been resized and made ready for the next stage, as 
the network allows. The algorithm for preprocess-
ing the dataset can be implemented using Spyder 
functions.

From Table 1, the statistical analysis of the RF algo-
rithm and NB algorithm. For each emphasis, the mean 
accuracy value, standard deviation, and exactness for 
RF and NB calculations are obtained. It can be ob-
served that the RF 97.00% computation outperformed 
the NB 90.12% calculation.

Table 2 shows the results of our statistical study of 
the RF algorithm and the NB algorithm. Mean accu-
racy value, the standard deviationIt was discovered 
that the RF analysis significantly improved than the 
NB method. The RF method obtained 5.9684 standard 
deviations with a standard error of 0.88740, whereas 
the NB approach obtained 8.4809 standard deviations 
with a standard error of 0.68190. After comparing the 
10 accuracies of both the algorithms, a random forest 
algorithm was obtained with the mean of 89.12 and 
Naive Bayes obtained with the mean of 75.19. Also, 
The independent sample t-test was used to compare 
the accuracy of 2 computations, and a significant dif-
ference was found with the RF model getting 97.00% 
exactness and NB having 90.12% of exactness. When 
contrasted with the other calculation’s presentation, 
the proposed RF classifier is essentially better com-
pared to the NB algorithm.

From Table 3, the independent sample t-test with 
sign importance and standard not set in stone. The 
«p» esteem is under 0.05 viewed as genuinely huge 
and 95% certainty stretches were determined. The free 
example t-test was utilized to analyze the precision of 
two calculations and a genuinely massive contrast was 

seen at p >0.05. The RF model got 97.00% exactness. 
When contrasted with the other calculation’s presen-
tation, the proposed RF is essentially better compared 
to NB.

Table 2
Novel RF and NB algorithm statistical findings For each iteration 
of the Novel RF and NB algorithms, the mean accuracy value, 
standard deviation, and standard error mean are calculated. It 
was discovered that the RF (89.12%) method outperformed the 
NB (75.19%) algorithm.

Algorithms 
(Accuracy)

Sample
(N)

Mean Std 
Deviation

Std error
mean

Random Forest 10 89.12 5.9684 0.88740
Naive Bayes 10 75.19 8.4809 0.68190

The symptom shown here is the remainder of the 
ECG comparison as seen in Fig. The red individuals 
are at danger because of this one attribute, whereas the 
blue people are not at risk because of this one charac-
teristic; the values range from 0 to 300.

 
Fig. 1. Based on input values ranging from 0 to 300, the red 
individuals are at risk of cardiovascular breakdown, while the 
blue people are not at risk.

From Figure 2 Comparison of the chest pain be-
tween people of different age groups having the pain 
in the heart using target attribute, the values range 
from 0.0 to 0.8.

Table 3
The Independent sample t-test of the RF and NB algorithms yields two-tailed significant values (p=0.199; p>0.05). As a result, with 
a 95% confidence interval, both the RF and NB algorithms have a significance level smaller than 0.05.

Accuracy Levene’s test for 
equality of vari-

ances

T-test for Equality of means 95% Confidence 
Interval of the Dif-

ference
А Sig t df Sig 

(2-tailed)
Mean 
differe

nce

Std
Error dif-
ference

Lower Upper

 Equal Variances Assumed 0.775 0.199 4.247 18 0.002 13.9290 3.2794 .03911 20.8188
Equal Variances Not assumed - - 4.247 16.159 0.002 13.9290 3.2794 .98240 20.8756
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Fig. 2. Comparison of the chest pain between people of dif-
ferent age groups having the pain in the heart using target 
attribute, the value range from 0.0 to 0.8.

From Figure 3 Comparison of attributes between 
thal and density to determine the chest pain intensity 
the values range between 0.00 to 2.00.

From Figure 4 mean accuracy of the two algo-
rithms has been shown and compared the mean error 
and the graph shows that Novel RF is better than the 
NB algorithm.

The RF model achieved 97.00%, whereas the NB 
algorithm projected a classification performance of 
90.12%. Finally, examine the mean error of the RF and 
NB methods, as shown in Fig 4. As a consequence, the 
RF algorithm significantly outperforms the NB tech-
nique.

DISCUSSION 
Novel Random forest as convincingly appears bet-

ter than Naive Bayes with improved accuracy. The 
Novel Random Forest classifier shows someIn com-
pared to Naive Bayes, there is a difference in accuracy, 
score speed, and performance. Data mining is crucial 
in the healthcare business for new illness identifica-
tion. A variety of tests must be performed on the pa-
tient in order to diagnose an ailment. On the other 
hand, using machine learning techniques can mini-
mize the number of tests necessary.

The arrangement model is created involving char-
acterization calculations for the forecast of coronary 
illness. In this examination, a conversation of calcu-

 
Fig. 4. Comparison of RF and NB algorithms in terms of accuracy. The mean accuracy of the RF algorithm is better than NB and 
standard deviation of RF is slightly better than NB algorithm. X Axis: RF vs NB algorithm Y Axis: Mean accuracy of detection ± 1 SD.

 
Fig.3. Comparison of attributes between thal and density to de-
termine the chest pain intensity the values range between 0.00 
to 2.00.
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lations utilized for coronary illness expectation, a 
correlation among the current frameworks that made 
the Better accuracy is demonstrated using a novel ran-
dom forest method (S. Chatterjee, Jaggi, and Sowmiya 
2019). Using the Novel random forest algorithm, we 
got an accuracy of 86.9% for the prediction of coro-
nary disease with a responsiveness value 89.12% and 
explicitness value 75.19% (Jamadar et al. 2021). The 
analysis rate for the prediction of cardiovascular sick-
ness utilising Novel random forest is 93.3% based on 
the beneficiary operating characteristics. The novel 
random forest calculation has been demonstrated to 
be the best calculation for the order of coronary dis-
ease, and it is thus employed in the suggested frame-
work (Yekkala and Dixit 2019). The Novel Random 
Forest method involved the use of various tree depth 
levels along with the use of confidence vote and Gini 
index criteria. It resulted in an accuracy of 89.12.

Some other research findings employed a low sam-
ple size to counteract this study number of algorithms 
for classification but we are using as many as possi-
ble machine learning algorithms for analysis. In other 
existing studies, they only applied for specific calcu-
lations improved by molecule multitude and subter-
ranean insect settlement enhancement (Saranya S et 
al. 2020). But In this proposed research work, it can 
be found that the staging framework has an enormous 
number of hyperparameters that are to be calibrated. 
The classification models can be enhanced in order to 
improve the features of classification.

Most of the previous work done is based on the 
data from the specific dataset. In the proposed work 
the lack of accuracy in predicting heart disease is 
improved by machine learning algorithms (Krishna-
moorthi et al. 2022). In the future, more attributes in 
the dataset can be included and images can also be 
used as datasets for better accuracy. Artificial intelli-
gence can also be used in the future to accuracy the 
severity of cardiovascular disease.

CONCLUSION
The fundamental point of the review is to measure 

the accuracy in the classification of heart disease us-
ing medical data. This research study applied RF al-
gorithm for detection of heart disease from a dataset 
with parameters achieved has been compared with the 
NB algorithm. The results obtained show that the RF 
algorithm has found 97.00% of accuracy on predicting 
heart disease than the 85.25% of the NB algorithm.
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ABSTRACT
Aim: The goal is to compare the anti-fungal characteristics of 
carbohydrates derivatives to commercial antibiotics, and dock-
ing will be used to see how the ligand, protein, and anti-fun-
gal interact molecularly. Materials and methods: The pro-
tein structure was obtained from the PDB (protein data bank) 
website, while the ligand structure was obtained from the NC-
BI-PubChem website. The fungus from aspergillus parasiticus 
(3HQR) as a protein, gluconolactone as a ligand, and benzimid-
azoles as an antifungal are the three different types of chemicals 
employed for docking. The genuine nature of protein chemical 
structure may be found on the PubChem website, while the 
remaining two chemical structures of ligand and antifungal can 
be found on the PDB website. Result: To determine whether or 
not the interaction between the protein molecule of the fungus 
from aspergillus parasiticus (3HQR) and the antifungal benzim-
idazoles is correct. The independent sample t-test was used to 
compare binding affinity using SPSS software. Significant differ-
ence, one-sided p values are.18-.001, and the two-sided p-val-
ue is.689 -.001, according to statistics. Conclusion: The anti-
fungal benzimidazoles appear to be more specific and selective 
in their antifungal activity against the target protein.
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INTRODUCTION
Carbohydrates are the most common type of bio-

molecule, accounting for 75 percent of all biomass on 
the planet.(Burke et al. 2011) Carbohydrates are uti-
lized to store energy, but they also serve a variety of 
other purposes in the body. Carbohydrates and their 
derivatives have recently emerged as a useful tool for 
stereoselective synthesis and as a chiral pool for chi-
ral ligand creation.(Wurtman and Wurtman 1989) 
They’re used as chiral building blocks, drug synthesis 
precursors, and asymmetric catalysis chiral catalysts. 
Despite the critical role of carbs in biological process-
es, the development of carbohydrate-based therapies 
has been gradual.(Sharon and Lis 1993)

Invasive and systemic fungal infections have ex-
panded rapidly over the last two decades, owing pri-
marily to Candida species.(White, Archer, and Barnes 
2005) The rising number of immunocompromised pa-
tients as a result of cancer chemotherapy, organ trans-
plantation, and HIV infection are the leading causes 
of this occurrence.(Hierholzer 1992) Antifungal med-
ication research has recently expanded due to the ur-
gent need for novel antifungal drugs to address these 
life-threatening invasive fungal infections. (Hierhol-
zer 1992; Kreijkamp-Kaspers et al. 2017) Antifungal 
medicines for treating individuals with deep mycosis 
should have a broad antifungal range that includes at 
least Candida albicans and Aspergillus fumigatus, as 
these are the principal pathogenic fungi of systemic 
mycosis.Fungal infections are a severe and currently 
unsolved public health issue, particularly in developed 
countries.(Terčelj et al. 2011) In Europe, fungal infec-
tions constitute about 17% of ICU infections, and sim-
ilar figures have been recorded in the United States. 
Furthermore, there has been a report of growing re-
sistance to widely available antifungals. Treatment, 
particularly for systemic infections, is not only asso-
ciated with low success rates but also with significant 
expenditures.(Ostrosky-Zeichner 2021)Our team has 
extensive knowledge and research experience that has 
translate into high quality publications(Chellapa et al. 
2020; Lavanya, Kannan, and Arivalagan 2021; Raj R, 
D, and S 2020; Shilpa-Jain et al. 2021; S, R, and P 2021; 
Ramadoss, Padmanaban, and Subramanian 2022; Wu 
et al. 2020; Kalidoss, Umapathy, and Rani Thirunavuk-
karasu 2021; Kaja et al. 2020; Antink et al. 2020; Paul et 
al. 2020; Malaikolundhan et al. 2020)
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We used transcriptional profiling in the pres-
ence and absence of the benzimidazole nocodazole, 
the ozole fluconazole, and the benzimidazole EM-
C120B12 to further investigate EMC120B12’s mode 
of action and identify its target.(Friedman and Platzer 
1978) In addition, after incubation with the medi-
cines, we looked at the contents of individual sterols in 
Candida albicans and Candida krusei strains to deter-
mine the precise target.(Keller et al. 2015) Changes in 
sterol patterns, such as the buildup of precursors and/
or aberrant sterols, have been demonstrated to help 
identify the ergosterol biosynthesis inhibitors’ target 
enzyme(s).For the past two decades, medicinal chem-
ists have concentrated their efforts in the field of an-
tifungal chemotherapy on a class of heterocyclic com-
pounds known as azoles. Chlormidazole, miconazole, 
clotrimazole, and ketoconazole were highly substi-
tuted imidazoles, as were other conventional azoles. 
(Schwinn 1984) However, structural activity investi-
gations have revealed that the 1,2,4-triazole ring (flu-
conazole, voriconazole, and albaconazole) improves 
selectivity for interacting with lanosterol 14-demeth-
ylase without compromising the molecule’s antifungal 
characteristics.(Küçükgüzel and Çıkla-Süzgün 2015)

Antifungal drug resistance has emerged as a result 
of increased use of these medications. According to 
a study by Pfaller et al., genetic alterations are likely 
to be the cause of medication resistance, particular-
ly to fluconazole.(Loeffler and Stevens 2003) Oth-
er investigations have also found resistance to novel 
structurally related azoles including voriconazole and 
ravuconazole. (Cavaillon and Adrie 2008) According 
to research, the tertiary amine moiety, as well as the 
benzimidazole and triazole rings, are important struc-
tural moieties for antifungal action.

To test the effect of substituted N1 and C2 ben-
zene fused imidazole ring on antifungal activity, the 
benzimidazole (imidazole ring fused to the benzene 
ring with a large conjugated system and superior elec-
tro rich properties in comparison to triazole and im-
idazole) moiety, a bioisosteres, was chosen to replace 
triazole of fluconazole. (Matiadis and Halevas 2021) 
The benzimidazole ring could easily engage with the 
active target in a biological system via non-covalent 
interactions like hydrogen bonds, stacking, hydropho-
bic effect, and Vander Waals force. (Marinescu 2019) 
The addition of functional groups to the benzimidaz-
ole ring resulted in a binding site contact with an addi-
tional binding region.

MATERIALS AND METHODS
In the PDB database, the therapeutic target pro-

tein Aspergillus parasiticus with ID 3HQR and 
its X-RAY diffraction structure with 2.00 resolu-
tion was discovered. By employing the PYMOL for 
non-bonded interactions, the water and ligand that 
bound to the protein Aspergillus parasiticus were 
eliminated, and the appropriate drug target protein 
was saved in the present mode of the protein data 
bank. Gluconolactone is a natural chemical with a 
molecular formula of C6H10O6 and a molecular 
weight of 178.14g/mol. It is a ligand with ID 7027 
and its molecular formula is C6H10O6 with a mo-
lecular weight of 178.14g/mol. It’s made by heating 
phthalic anhydride and resorcinol over a zinc cat-
alyst until they form a rich crimson powder.In the 
presence of alkaline solution, this chemical produces 
a severe toxic gluconolactone, which is utilized as a 
label when conjugated to antibodies or as an evalua-
tion agent for ophthalmic angiography. The two an-
tifungals employed for docking are benzimidazole of 
ID 5798, which have a chemical formula of C7H6N2 
and a molecular weight of 118.14g/mol and thiram 
of ID 5455, chemical formula of C6H12N2S4 and a 
molecular weight of 240.4g/mol.

STATISTICAL ANALYSIS
The Statistical examination was performed using 

the IBM SPSS tool. In the docking method the pro-
tein, ligand, and the two antibiotics were used for data 
analysis. For both proposed and prevailing algorithms, 
10 samples were performed and for each sample, the 
predicted accuracy was noted for calculation in the 
MS Excel sheet of the SPSS tool.

RESULTS
Molecular docking was performed between the 

protein aspergillus parasiticus (3HQR) and ligands 
gluconolactone, benzimidazole, thiram in order to 
study their binding affinity towards the receptor pro-
tein using an autodock tool. 

Table 1 depicts the docking values of protein asper-
gillus parasiticus (3HQR) and the ligand gluconolac-
tone with higher binding affinity of -5.6 Kcal/mol and 
with mean affinity of -5.28 Kcal/mol. In Fig.1 interac-
tions between the ligand and protein at active pockets 
of H1S374, H1S313, ARG252 are seen.

Table 2 shows the docking values of antifungal 
benzimidazole towards the protein aspergillus parasit-
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icus (3HQR) with higher binding affinity of -8.9 Kcal/
mol and with mean affinity value of -7.78 Kcal/mol. 
Figure 2 shows the interactions of antifungal benzim-
idazole with the protein at the active sites of ARG383, 
TYR329, and ASP315 residues.

Table 3 shows the docking values of antifungal 
Thiram and protein aspergillus parasiticus (3HQR). 
Where thiram depicts the highest binding affinity to-
wards the protein with -3.9 Kcal/mol and mean affin-
ity with -3.74 Kcal/mol. Figure 3 displays the docking 

Table 1
The binding affinity value of gluconolactone towards the target 
protein Aspergillus (3HRQ) by using auto dock vina tool.

Mode Affinity(Kcal/
mol)

Dist from 
rmsd l. b

best mode 
rmsd u. b.

1 -5.6 0.000 0.000
2 -5.5 1.273 3.799
3 -5.3 0.971 2.870
4 -5.3 16.759 18.520
5 -5.3 16.612 18.177
6 -5.2 17.049 18.921
7 -5.2 1.526 2.055
8 -5.2 10.669 11.289
9 -5.1 10.879 17.459
10 -5.1 15.604 17.672

Table 2
The binding affinity value of benzimidazole towards the target 
protein Aspergillus (3HRQ) by using auto dock vina tool.

Mode Affinity(Kcal/
mol)

Dist from 
rmsd l. b

best mode 
rmsd u. b.

1 -8.7 0.000 0.000
2 -8.0 3.147 5.898
3 -8.9 2.904 8.068
4 -7.9 11.171 15.014
5 -7.8 1.802 4.295
6 -7.7 11.154 14.419
7 -7.6 2.740 6.917
8 -7.1 4.076 7.571
9 -7.1 3.040 6.365
10 -7.0 3.543 6.629

     

     (A) Surface interaction                  (B) Cartoon interaction                   (C) Molecular interaction 

 Fig 1: The docking done between protein and ligand which are aspergillus parasiticus(3HQR) and gluconolactone where the active 
sites of the protein pockets are H1S374, H1S313, ARG252, which will interact with the gluconolactone

            

            (A) Surface interaction         (B) Cartoon interaction                     (C) Molecular interaction 

 
Fig 2: The docking done between protein and ligand which are aspergillus parasiticus(3HQR) and benzimidazoles where the active 
sites of the protein pockets are ARG383,TYR329,ASP315 which will interact with the benzimidazole.
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interactions between antifungal thiram and protein at 
active pockets of TRG383, 7HR387, TYR329 residues.

Tabel 4 depicts group statistics which tells about 
the benzimidazole having the highest binding affin-
ity when compared with the gluconolactone, where 
analysis was performed in the IBM SPSS tool. Tabel 
5 represents the group statistics which tells about the 
gluconolactone having the highest binding affinity 
when compared with the antifungal of thiram, where 
analysis was performed in the IBM SPSS tool. Table 6 
and Table 7 shows the independent sample t-test anal-
ysis between binding affinity of gluconolactone, ben-
zimidazole and thiram respectively

DISCUSSION
This research is about comparing the antifungal 

properties of gluconolactone to those of commercial 
antifungal, using docking to see how the ligand, pro-

tein, and antifungal interact molecularly. The protein 
Aspergillus is a type of fungal disease which mainly 
causes lung infection, allergic reaction and other in-
fectious diseases. Lot of research has been carried out 
in order to identify the better drug molecules that can 
effectively inhibit the growth of Aspergillus. But the 
Aspergillus is not able to develop the property of resis-
tance towards novel fluorescein. 

From tabel 1, 2 and 3 we can easily observe that 
gluconolactone showed less binding affinity towards 
the protein Aspergillus (3HRQ) than the other two 
groups. Molecular interaction of ligand gluconolac-

Table 3
The binding affinity value of thiram towards the target protein 
Aspergillus (3HRQ) by using auto dock vina tool.

Mode Affinity 
(Kcal/mol)

Dist from 
rmsd l. b

best mode 
rmsd u. b.

1 -3.9 0.000 0.000
2 -3.9 15.691 16.783
3 -3.9 15.690 16.831
4 -3.9 0.054 2.089
5 -3.8 15.754 16.894
6 -3.8 15.759 16.878
7 -3.6 1.444 3.060
8 -3.6 15.719 16.791
9 -3.5 15.185 16.213
10 -3.5 2.385 4.046

Tabel 4
The group statistics of binding affinity of gluconolactone and 
benzimidazoles are performed through independent sample 
t-test using IBM SPSS Software.

 Group Statistics
Affinity Group N Mean Std. De-

viation
Std. Error 

mean
GLUCONO-
LACTONE

10 -5.28 0.1619 0.05120

BENZIMID-
AZOLES

10 -7.78 0.64429 0.2037

Tabel 5
The group statistics of binding affinity of gluconolactone and 
thiram are performed through independent sample t-test using 
IBM SPSS Software. 

 Group Statistics
Affinity Group N Mean Std. De-

viation
Std. Error 

mean
GLUCONO-
LACTONE

10 -5.28 0.1619 0.05120

THIRAM 10 -3.74 0.17126 0.05416

       

   (A) Surface interaction        (B) Cartoon interaction           (C) Molecular interaction 

 Fig 3: The docking done between protein and ligand which are aspergillus parasiticus(3HQR) and thiram where the active sites of 
the protein pockets are TRG383,7HR387,TYR329 which will interact with the thiram.
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Tabel 6
The independent sample t-test of two groups gluconolactone and benzimidazole

 INDEPENDENT SAMPLES TEST

levene’s test 
for equality of 

variances 

 t-test for equality of means 

f sig t off  significance Mean 
differ-
ence

std error 
differ-
ence

95% confidence interval 
of the difference

One 
sided p

Two 
sided p

lower upper

Affinity Equal variances 
assumed

.022 .883 -.407 18 <.001 <.001 .689 -1.43816 3.53293 -8.86057

Equal variances 
not assumed

-.407 17.978 <.001 <.001 .689 -1.43816 3.53293 -8.86120

Tabel 7
The independent sample t-test of two groups gluconolactone and thiram

 INDEPENDENT SAMPLES TEST

levene’s test 
for equality 
of variances 

 t-test for equality of means 

f sig t off  significance Mean 
differ-
ence

std error 
differ-
ence

95% confidence interval 
of the difference

One 
sided p

Two 
sided p

lower upper

Affinity Equal variances 
assumed

.343 .656 -60.862 18 <.001 <.001 -4.95854 .08199 -5.16225 -8.98425

Equal variances 
not assumed

-60.862 17.846 <.001 <.001 -4.95854 .08199 -5.16245 -8.98488

 
Fig 4: The binding affinity of gluconolactone, benzimidazole, and Thiram towards the active sites of protein Aspergillus. Results 
were represented as Mean ± 2 SD and the error bar with 95% CI.
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tone shows binding affinity of -7.6 Kcal/mol towards 
the target protein at active pockets of H1S374, H1S313, 
ARG252 residues, where other antifungal of Thiram 
showing -7.2 Kcal/mol, the binding affinity at active 
sites of TRG383, 7HR387, TYR329 and the antifun-
gal of benzimidazole shows the -3.6 Kcal/mol binding 
affinity towards the protein at active sites of ARG383, 
TYR329, ASP315 respectively. The significant differ-
ence observed between gluconolactone and benzim-
idazole is p < 0.001 where the significant difference 
observed between gluconolactone and Thiram is p < 
0.001. Bar graph from figure 4 also reveals that Thiram 
shows more binding affinity towards the target protein 
compared to other groups.

CONCLUSION
Antifungal Thiram appears to be more specific 

and selectively work against the target protein when 
compared to the benzimidazole and gluconolactone 
ligands. It reveals that gluconolactone doesn’t have 
better antifungal performance than the commercial 
antifungals. 
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ABSTRACT
Aim: The study is about to compare the antiviral properties 
of gluconolactone derivatives to those of commercial antiviral 
drugs, using docking to see how the ligand, protein, and anti-
viral drugs interact molecularly. Materials And Methods: The 
3 Dimensional structures of protein and ligands were procured 
from the PubChem, Drug bank, and PDB databases. The sam-
ple size was calculated using G power with pretest power at 
80% and alpha value of 0.05. The sample size per group is 
10 and total sample size is 30. Docking studies of protein and 
ligands were performed using Auto dock software. Statistics of 
the interactions were analyzed using IBM SPSS software. Re-
sult: Molecular interactions revealed that Ribavirin shows more 
affinity towards the protein compared to gluconolactone and 
Phosphonoformate. The binding affinity values were compared 
using SPSS software, it reveals that the statistical insignificance 
observed between the gluconolactone and Phosphonoformate 
is 0.263 and for gluconolactone and Ribavirin is 0.565 Conclu-
sion: The antiviral Ribavirin appears to be more specific and 
selectively works against the target protein when compared to 
the antivirus Phosphonoformate.
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INTRODUCTION
Fungi are all over in terribly massive numbers in 

the soil and also the air, in lakes, rivers, and seas, on 
and among plants and animals, in food and clothing, 
and within the human body (Bisby 1943). Together 
with bacteria, fungi are to blame for breaking down 
organic matter and cathartic carbon, oxygen, nitrogen, 
and phosphorus into the soil and therefore the atmo-
sphere (Webster and Weber 2007). Fungi are essential 
to several social unit and industrial processes, nota-
bly the creation of bread, wine, beer, and sure cheeses 
(Goettel and Inglis 1997). But Some species of fungi 
turn out harmful toxins that cause sickness or death 
once eaten. Fungi are answerable for skin infections 
similar to viral infection and athlete’s foot. alternative 
fungi have motile spores that cause illness and critical 
infections, in keeping with the zymosis Trust. (Talbot 
and Talbot 2001)

kinds of living fungi, known as yeast, have the pow-
er to become pathogenic. The virus Albicans, a yeast 
that’s unremarkably gifted within the mouth, esopha-
gus, gut, and vagina, causes oral thrush and canal or 
bowel yeast infection if it overgrows (Hinnen, Hicks, 
and Fink 1978). Another yeast called Cryptococcus 
neoformans causes a dangerous and doubtless fatal in-
fection of the brain membrane known as cryptococcal 
meningitis.(Sherman 2002)

Molds, which are cellular fungi, cause decay on 
food and vegetables and secrete mycotoxins that cause 
miscarriage, birth defects, and liver cancer, as declared 
by Health Hype (Tournas 2005). As of 2012, plant ill-
ness and infection destroy or so one hundred twen-
ty-five a lot of the highest five food crops every year, 
which are rice, wheat, maize, potatoes, and soybeans 
(Tripathi and Dubey 2004). The injury to those crops 
prices world’s agriculture approximately sixty billion 
greenbacks per year. Broken crops disproportionately 
affect developing nations that believe heavily in these 
crops(Hua et al. 2018). New viral diseases threaten the 
existence of vulnerable amphibians, endangered bees, 
ocean turtles, cracked and corals, reports Science Dai-
ly.(Hua et al. 2018)

Antiviral medicine treats viral infections by killing 
or stopping the expansion of dangerous fungi within 
the body. Fungi, like bacteria, will develop antibiotic 
resistance, once germs like bacteria and fungi devel-
op the flexibility to defeat the drugs designed to kill 
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them(Szewczyk et al. 2020). Antiviral resistance hap-
pens when fungi now do not answer antiviral drugs.
(Szewczyk et al. 2020; Al-Kalifawi, Al-Azzawi, and 
Feaza 2021)Our team has extensive knowledge and re-
search experience that has translate into high quality 
publications(Chellapa et al. 2020; Lavanya, Kannan, 
and Arivalagan 2021; Raj R, D, and S 2020; Shilpa-Jain 
et al. 2021; S, R, and P 2021; Ramadoss, Padmanaban, 
and Subramanian 2022; Wu et al. 2020; Kalidoss, 
Umapathy, and Rani Thirunavukkarasu 2021; Kaja et 
al. 2020; Antink et al. 2020; Paul et al. 2020; Malaikol-
undhan et al. 2020)

The 3 kinds of antiviral drugs presently exist, thus 
antiviral resistance can severely limit treatment op-
tions. Some types of fungi, like virus Auris, can be-
come immune to all three drug type1 of resistance 
is particularly as regard patients with invasive viral 
disease severe infections that affect the blood, heart, 
brain, eyes, or alternative elements of the body(Soares 
et al. 2011) because these are serious infections that 
will be tougher to treat if they’re resistant and if antivi-
ral treatment is limited. For example, blood infections 
with the plant life virus (a yeast) that are immune to 
treatment will cause serious health problems, as well 
as incapacity and death.(Soares et al. 2011; Dobloug 
1992)

MATERIALS AND METHODS
The target protein Hemagglutinin of PDB ID 

1RUZ and its X-ray crystallographic structure, the 
protein structure is extracted from PDB database.
(Colman 2005) A ligand gluconolactone of ID 7027 
and its molecular formula C6H10O6 with 178.14g/mol 
molecular weight, Phosphonaoformate of ID 3414 and 
its molecular formula CO5P-3 with 122.98g/mol as the 
molecular weight and Ribavirin of ID 37542 and its 
molecular formula C8H12N4O5 with 475.5g/mol as the 
molecular weight were procured from Pubchem and 
drugbank databases. The ligand and antibiotic struc-
tures were downloaded in SDF format.

The tools which were used in these studies for the 
docking are Autodock vina, Autodock MGL tool and 
PYMOL. (Madhavi Sastry et al. 2013) The PYMOL 
is basically used for visualization. (Rauf, Zubair, and 
Azhar 2015) The steps which are involved in Autodo-
ck vina are, the first step is to select the protein and the 
ligand molecules from the databases, Protein struc-
ture is downloaded in PDB file format whereas ligand 
molecules are downloaded in SDF format. The second 

step is to carry out protein and ligand preparation, in 
these steps water and hydrogen molecules will be re-
moved in the protein and ligand molecules. The third 
step is to select the docking site of the protein, where 
the ligand will bind in that protein pocket. Fourth step 
is to carry out protein-ligand docking using a docking 
tool (Autodock vina), and the final step is to gener-
ate different ligand poses. Using the PYMOL tool the 
docking was done between the protein and ligands. 
Initially the docking was done between the protein 
Hemagglutinin and with the ligand gluconolactone, 
later it was performed between the protein and anti-
virals Phosphonatoformate and Ribavirin separately.

STATISTICAL ANALYSIS
The Statistical examination was performed using 

the IBM SPSS tool. In the docking method the pro-
tein, ligand, and the two antivirals were for data anal-
ysis. For both proposed and prevailing algorithms, 
10 samples were performed and for each sample, the 
predicted accuracy was noted for calculation in the 
MS Excel sheet of the SPSS tool.(Babbie, Wagner, and 
Zaino 2022)

RESULTS AND DISCUSSION
Table 1: shows the docking value of protein and 

ligand are The Product Template Domain from 1r4z 
bound and gluconolactone by using auto dock vina 
tool. Where gluconolactone is showing the highest af-
finity of Kcal/mol. Table 2:shows the docking value of 
protein and ligand are The Product Template Domain 
from 1r4z bound and phosphonoformate by using the 
auto dock vina tool. Where gluconolactone is showing 
the highest affinity of Kcal/mol when compared with 
the phosphonoformate. Table 3: shows the docking 
value of protein and ligand are The Product Template 
Domain from 1r4z bound and ribavirin by using the 
auto dock vina tool. Where gluconolactone is show-
ing the highest affinity of Kcal/mol when compared 
with ribavirin. Tabel 4:in group statistics which tells 
about the gluconolactone having the highest binding 
affinity when compared with the phosphonoformate, 
where analysis was performed in the IBMSPSS tool. 
Tabel 5: in group statistics which tells about the glu-
conolactone having the highest binding affinity when 
compared with the ribavirin, where analysis was per-
formed in the IBM SPSS tool. Tabel 6: The indepen-
dent sample t-test will show the two groups’ binding 
affinity of gluconolactone and phosphonoformate. In 
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these independent sample t-tests having two groups of 
sig one-sided p and sig two-sided p, both show equal 
values of <.001. Tabel 7: The independent sample 
t-test will show the two groups’ binding affinity of glu-
conolactone and ribavirin. In these independent sam-
ple t-tests having two groups of sig one-sided p and sig 
two-sided p, both show equal values of <.001. Figure 
1:The docking done between protein and ligand which 
are The Product Template Domain from 1r4z bound 
and gluconolactone where the active sites of the pro-
tein pockets are LEU1511B, LEU1508B, GLN1547B, 
VAL1567B, ASN1568B, TYR1492B, which will inter-
act with the gluconolactone (ligand). Figure 2: The 
docking done between protein and ligand which are 
The Product Template Domain from 1r4z bound and 
phosphonoformate where the active sites of the pro-
tein pockets are LEU1511B, LEU1508B, GLN1547B, 
VAL1567B, ASN1568B, TYR1492B, which will in-
teract with the phosphonoformate (antiviral). Fig-
ure 3: The docking done between protein and ligand 
which are The Product Template Domain from 1r4z 
bound and ribavirin where the active sites of the pro-
tein pockets are LEU1511B, LEU1508B, GLN1547B, 
VAL1567B, ASN1568B, TYR1492B, which will inter-
act with the ribavirin(antiviral). Figure 4: the graph 

Table 1
The binding affinity value of gluconolactone towards the target 
protein (1RUZ) by using auto dock vina tool.

Mode Affinity(Kcal/
mol)

Dist from 
rmsd l. b

best mode 
rmsd u. b.

1 -8.1 0.000 0.000

2 -8.0 1.556 5.012

3 -7.9 1.573 4.897

4 -7.8 1.809 5.237

5 -7.6 2.093 5.180

6 -7.6 18.248 21.814

7 -7.6 2.865 4.396

8 -7.5 2.253 5.848

9 -7.5 12.684 15.991

10 -7.4 3.694 4.279

Table 2
The binding affinity values of Phosphonatoformate towards the 
target protein (1RUZ) by using the auto dock vina tool.

Mode Affinity(Kcal/
mol)

Dist from 
rmsd l. b

best mode 
rmsd u. b.

1 -7.7 0.000 0.000

2 -7.5 1.788 2.542

3 -7.3 1.404 2.118

4 -7.3 1.433 7.201

5 -7.2 1.449 7.530

6 -7.1 2.230 3.499

7 -7.0 20.189 23.172

8 -6.8 3.913 8.009

9 -6.7 20.701 23.904

10 -6.7 3.863 7.736

Table 3
The binding affinity values of ribavirin towards the target pro-
tein (1RUZ) by using the auto dock vina tool

Mode Affinity(Kcal/
mol)

Dist from 
rmsd l. b

best mode 
rmsd u. b.

1 -3.7 0.000 0.000
2 -3.6 13.794 14.817
3 -3.6 15.172 15.792
4 -3.6 1.680 2.471
5 -3.6 10.101 11.037
6 -3.6 1.439 1.972
7 -3.6 2.343 3.065
8 -3.6 1.753 5.642
9 -3.5 2.628 5.506
10 -3.5 1.958 5.301

Tabel 4
The group statistics of binding affinity of gluconolactone and 
phosphonoformate are performed through independent sam-
ple t-test using IBM SPSS Software 

 Group Statistics
Affinity Group N Mean Std. De-

viation
Std. Error 

mean
Glucono-
lactone

10 -7.7000 .23570 .07454

Phospho-
noformate

10 -7.1200 .35214 .11136

Tabel 5
The group statistics of binding affinity of gluconolactone and 
ribavirin are performed through independent sample t-test us-
ing IBM SPSS Software 

 Group Statistics

Affinity Group N Mean Std. De-
viation

Std. Error 
mean

Gluconolac-
tone

10 -7.7000 .23570 .07454

Ribavirin 10 -3.5900 .05676 .01795
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Tabel 6
The independent sample t-test of two groups gluconolactone and Phosphonoformate

 INDEPENDENT SAMPLES TEST

levene’s test 
for equality of 

variances 

 t-test for equality of means 

f sig t off  significance Mean 
differ-
ence

std error 
differ-
ence

95% confidence inter-
val of the difference

One 
sided p

Two 
sided p

lower upper

Affinity Equal variances 
assumed

1.333 .263 -4.328 18 <.001 <.001 -58000 .13400 -86152 -29848

Equal variances not 
assumed

-4.328 15.716 <.001 <.001 -58000 .13400 -86448 -29552

Tabel 7
The independent sample t-test of two groups gluconolactone and ribavirin

 INDEPENDENT SAMPLES TEST

levene’s test 
for equality of 

variances 

 t-test for equality of means 

f sig t off  significance Mean 
differ-
ence

std error 
differ-
ence

95% confidence inter-
val of the difference

One 
sided p

Two 
sided p

lower upper

Affinity Equal variances 
assumed

20.860 <.001 -53.609 18 <.001 <.001 -4.11000 .07667 -4.27107 -3.94893

Equal variances 
not assumed

-53.609 10.040 <.001 <.001 -4.11000 .07667 -4.28073 -3.93927

           

           (A) Surface interaction                 (B) Cartoon interaction               (C) Molecular interaction 

 Fig 1: The docking done between protein and ligand which are The Product Template Domain from 1r4z bound and gluconolac-
tone where the active sites of the protein pockets are LEU1511B, LEU1508B, GLN1547B, VAL1567B, ASN1568B, TYR1492B, which will 
interact with the gluconolactone (ligand).
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          (A) Surface interaction                   (B) Cartoon interaction                (C) Molecular interaction 

 Fig 2: The docking done between protein and ligand which are The Product Template Domain from 1r4z bound and phosphono-
formate where the active sites of the protein pockets are LEU1511B, LEU1508B, GLN1547B, VAL1567B, ASN1568B, TYR1492B, which 
will interact with the phosphonoformate.

        

          (A) Surface interaction                 (B) Cartoon interaction                 (C) Molecular interaction 

 Fig 3: The docking done between protein and ligand which are The Product Template Domain from 1r4z bound and ribavirin where 
the active sites of the protein pockets are LEU1511B, LEU1508B, GLN1547B, VAL1567B, ASN1568B, TYR1492B, which will interact with 
the ribavirin.

 

 
Fig 4: The binding affinity of gluconolactone, phosphonoformate, and ribavirin towards the active sites of protein 1RUZ. Results 
were represented as Mean ± 2 SD and the error bar with 95% CI.
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is showing totally three different types of bars, named 
as gluconolactone which is represented as the orange 
color, and the second one is named as the phosphono-
formate which is in the color green and the final bar is 
ribavirin in red color, where the highest binding affin-
ity is showing in this graph is gluconolactone and the 
second-highest binding affinity is phosphonoformate. 
95% is the confidence limit and, +\-2 is the range and 
standard deviation. The y axis represents binding af-
finity, and the x-axis will be told about the screening 
of inhibitors.

CONCLUSION
From the docking results it was concluded that 

ribavirin antivirals show high binding affinity when 
compared with the other ligands phosphonoformate 
and gluconolactone. 
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ABSTRACT
Aim: The main aim of this research is to detect heart plaque 
using the Decision Tree algorithm with improved accuracy and 
comparing it with Least Squares Support Vector Machine. Ma-
terials and Methods: Decision tree and Least squares Sup-
port Vector Machine algorithms are two groups compared in 
this study. Each group has 20 samples and calculations utilized 
pretest power of 0.08 with 95% confidence interval. The G 
power is estimated for samples using clincalc, which has two 
groups: alpha, power, and enrollment ratio. These samples are 
split into two groups: training dataset (n = 489 [70%]) and test 
dataset (n = 277 [30%]). Results: The accuracy obtained for 
Decision Tree was 68.13 % and 67.3 % for the Least Squares 
Support Vector Machine technique. Since p (2-tailed) < 0.05, in 
SPSS statistical analysis, a significant difference exists between 
the two groups. Conclusion: It is found that the Decision Tree 
algorithm is significantly better than the Least Squares Support 
Vector Machine algorithm in Heart plaque disease detection for 
the dataset considered.
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Heart Plaque, Novel statistical feature, Decision Tree, Least 
Squares Support Vector Machine, Prediction, Machine learning. 
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INTRODUCTION
Heart plaque is entirely created by cholesterol 

deposition, and if it begins to build up, it will result in 
coronary artery disease. The approaches for detecting, 
diagnosing, and self-managing Heart Plaque Disease 
are investigated in this study. Automatic heart plaque 
detection and diagnosis techniques were thoroughly 
examined, as well as detection and self-management 
options for Coronary Disease [1]; [2]. A machine learn-
ing-based prediction system finds the optimal classi-
fier to get the best results when compared to clinical 
outcomes. The suggested technique, which is based on 
predictive analysis, focuses on selecting variables that 
aid in the early detection of Heart Plaque deposition 
[3]. These techniques yielded a wide variety of accura-
cy rates. This has motivated academics to experiment 
with new classifiers or combining many classifiers to 
increase the quality of their models [4]. Because of its 
greater accuracy and precision, the suggested pipeline 
may be utilized to construct mobile applications that 
can assist medical practitioners in early heart diseas-
es [5]. As a result of its superior performance even in 
non-linear classification problems, it has been imple-
mented in a diverse spectrum of research fields, rang-
ing from text classification, face recognition, financial 
application, brain-computer interface, bio-medicine, 
human action recognition, horse race odds prediction 
and multiple instance learning [6].

Using machine learning techniques, a lot of re-
search has recently been done on a variety of Heart 
Plaque disease diagnosis. In a five-year period, 7000 
research articles were published in scientific publica-
tions and 547 articles were identified in Google schol-
ar for the diagnosis of heart plaque disease. In a re-
cent study, they predicted an accuracy of 57.7 % using 
the Support Vector Machine algorithm [7] in a paper 
called Analysis of Heart Plaque for Early Prediction 
Using K-Means Clustering. The attributes used [8] for 
heart Plaque disease patients results with an accuracy 
of 57.7%. For the detection of heart plaque disease, the 
researchers [9] and [10] employed several algorithms 
such as Support Vector Machine and k-nearest neigh-
bor achieved a 60 percent accuracy. Principal com-
ponent analysis (PCA), minimum redundancy and 
maximum relevance, and five cross validation [11] for 
deducting dimensionalities achieved an accuracy of 
54 percent. Researchers [12], [13][14] used ResNet al-
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gorithms to diagnose heart plaque disease with a 75.7 
percent accuracy.Our team has extensive knowledge 
and research experience that has translate into high 
quality publications[15]–[26]

The presence of outliers from the dataset is the 
main reason for the existing model’s poor results. The 
aim of this work is to detect plaque in the heart using 
the Decision Tree algorithm with improved accuracy 
and comparing it with Least Squares Support Vector 
Machine. 

MATERIALS AND METHODS 
This study was conducted in the Image Processing 

Lab, Department of Electronics and Communication 
Engineering at Saveetha School of Engineering, SI-
MATS, Chennai. The number of groups taken to col-
lect the samples for analysis is 2. Group 1 contains De-
cision Tree and group 2 was the Least Squares Support 
Vector Machine. The total sample size obtained is 20 
(i.e for each group 10). The specified sample analysis 
is completed using the G power statistical tool with a 
probability of 80 % [27]. A display with a resolution of 
1920x1080 pixels (2nd gen, Ryzen 5 series, 8 GB RAM, 
512 GB SSD) and a Matlab program with suitable li-
brary and tool capabilities are required to train these 
datasets. The simulation is done using MATLAB [28] 
software. 

In Group 1, sample preparation is completed by 
downloading a kaggle dataset. Import the data into 
Google Colab and calculate the precision using var-
ious iterations. For each group, 20 samples are tak-
en into account to calculate the accuracy score. The 
Sample preparation of group 1 is for classification and 
regression analysis, the decision tree and supervised 
learning technique are utilized. It’s a non-parametric 
test and worked well with [29] category and contin-
uous output variables. A decision tree is a two-stage 
classification process with a learning phase and a pre-
diction step [30]. In the learning stage, the model is 
trained using the provided training data, and in the 
prediction stage, it is used to anticipate the response 
for the given testing data.

In group 2, sample preparation is completed by 
downloading a kaggle dataset. Import the data into 
Google Colab. Calculate the precision using various 
iterations. For each group, 20 samples are taken into 
account to calculate the accuracy score. The sample 
preparation of Group 2 is Least-squares versions of 
support-vector machines, which are a set of related 

supervised learning methods that examine data and 
recognise patterns and are used for classification and 
regression analysis, and are used in statistics and sta-
tistical modeling. Instead of addressing a convex qua-
dratic programming problem, this version finds the 
solution by solving a set of linear equations. Suykens 
and Vandewalle proposed Least-squares versions of 
support-vector machines classifiers. Kernel-based 
learning methods such as Least-squares versions of 
support-vector machines are a subset of kernel-based 
learning methods.

The data set for Heart Plaque Disease was obtained 
via kaggle. After being processed, the dataset is now 
ready for training and testing. In data processing, miss-
ing data should be removed, null values should be re-
placed with mean or median values, and data should 
be standardized. The preprocessed dataset containing 
photos as input is provided with the Decision Tree and 
Least Squares Support Vector Machine algorithms. 70% 
of the data from the entire sample size is utilized for 
training, while the remaining 30% is used for testing in 
order to obtain the most accurate result and detection.

A total of 659 patient records were retrieved from 
kaggle for this Heart Plaque disease data collection. 
There are 427 samples of healthy people and 232 sam-
ples of patients with cardiac plaque disease. There are 
12 columns and 659 rows in the database. They con-
tain information on 659 people, including pregnan-
cies, family history, blood pressure, cholesterol, age, 
smoking, ECG, and blood sugar levels, as well as their 
outcomes.

Statistical Analysis
The analysis was done using IBM SPSS version 21. 

It is a statistical software tool used for data analysis. 
For both proposed and existing algorithms 10 itera-
tions were done with a maximum of 20 samples and 
for each iteration the predicted accuracy was noted for 
analyzing accuracy [31]. Independent sample t-tests’ 
significant values are determined. Pregnancy, fami-
ly history, blood pressure, cholesterol, age, smoking, 
ECG, Blood Sugar, and outcome are all independent 
variables, whereas accuracy is the dependent variable. 
A detailed analysis has been done on these values for 
predicting heart diseases.

RESULTS
Figure 1 shows the input image that has been used 

for analyzing the detection of heart plaque disease and 
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preprocessed using filters. Fig. 2 compares Decision 
Tree algorithm and Least Squares Support Vector Ma-
chine algorithm in terms of mean accuracy. The two 
methods are compared using an independent t-test, 
and the mean accuracy value shows a statistically sig-
nificant difference. The Decision Tree technique out-
performs the Least Squares Support Vector Machine 
algorithm. 

Input image Preprocessed image 

  

 Fig. 1. Input image and Preprocessed image. Preprocessing the 
input image to remove noise. 

 

Fig. 2. Comparison of Decision Tree algorithm and Least Squares 
Support Vector Machine algorithm in terms of mean accuracy. 
The mean accuracy of Decision Tree is better than Least Squares 
Support Vector Machine algorithm classifier. X-axis: (Groups) De-
cision Tree Vs Least Squares Support Vector Machine Classifier 
and Y-axis: Mean accuracy of Prediction ±1 SD. 

For the comparison of two algorithms, an indepen-
dent t-test was utilized, and a statistically significant 
difference (p < 0.05) was found. The accuracy of the 
Novel statistical feature based Decision Tree is 68.13 
%. As shown in Fig. 2 the Decision Tree algorithm out-
performs the Least Squares Support Vector Machine 
algorithm in terms of accuracy, and the standard devi-
ation of Decision Tree is better than the Least Squares 
Support Vector Machine algorithm.

The findings of the Decision Tree and the Least 
Squares Support Vector Machine for heart plaque dis-

ease are shown in Table 1. The detection accuracy for 
the Decision Tree algorithm is 68.13 %, whereas the 
detection accuracy for the Least Squares Support Vec-
tor Machine approach is 57.3 %. The accuracy statis-
tics for the Decision Tree and the Least Squares Sup-
port Vector Machine approaches are shown in Table 2. 
The Least Squares Support Vector Machine algorithm 
has a mean of 57.3 %, whereas the Decision Tree algo-
rithm has a mean of 68.13 %. The Decision Tree has 
a standard deviation of 0.18, while the Least Squares 
Support Vector Machine approach has a standard de-
viation of 0.16. The Novel statistical feature based De-
cision Tree has a standard error mean of 0.04, while the 
Least Squares Support Vector Machine approach has a 
standard error mean of 0.03. The Decision Tree has 
a greater mean accuracy when compared to the Least 
Squares Support Vector Machine (Table 3). According 
on the findings, the Novel statistical feature based De-
cision Tree approach outperformed the Least Squares 
Support Vector Machine. Table 4 displays the results of 
an independent t-test, with a significance level of 0.05. 
The values of accuracy are shown in this table using 

Table 1
Samples, features and classes from the dataset. In the given 
data set 659 samples are taken. The data set contains 2 classes 
(with Heart Plaque disease and without Heart Plaque disease). 

Data set No of patients Features Classes
Heart Plaque 659 20 2

Table 2
Comparison of accuracy between Decision Tree and Least 
Squares Support Vector Machine algorithm. The accuracy val-
ue obtained for the Decision Tree and Least Squares Support 
Vector Machine algorithm is 68.13 % and 67.3 % respectively.

Dataset Decision Tree Least Squares Support 
Vector Machine algorithm

Heart 
Plaque

Accuracy 68.13 % Accuracy 67.3%

Table 3
Statistical analysis of Decision Tree and Least Squares Support 
Vector Machine algorithm. Mean accuracy value, Standard de-
viation and Standard Error Mean for Decision Tree and Least 
Squares Support Vector Machine algorithm are obtained with 
10 iterations.

 Group N Mean Std De-
viation

Std Error 
Mean

Accuracy Decision Tree 20 0.6813 0.0245 0.00549
Least Squares 
Support Vector 
Machine

20 0.6732 0.2750 0.00615
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Levene’s test, and they are divided into two categories: 
when equality of variance is assumed and when equal-
ity of variance is not assumed. The hypothesis holds 
true because the significance value is less than 0.05. 
Output values (dependent variables) alter in response 
to changes in input values (independent variables).

DISCUSSION
The Decision Tree achieved a higher accuracy in 

detecting Heart Plaque disease than the Least Squares 
Support Vector Machine method (p(2-tailed) = 0.000, 
Independent sample Test). The Decision Tree has a 
higher accuracy (mean accuracy= 68.13) than the 
Least Squares Support Vector Machine technique 
(mean accuracy = 67.3). The collection contains sev-
eral attributes that define the disease condition, as 
well as normal and abnormal human circumstances. 
The Novel statistical feature based Decision Tree algo-
rithm outperforms the Least Squares Support Vector 
Machine approach.

The researchers [32] discovered that the accuracy 
of algorithms may be improved by selection of fea-
tures. To compare classification algorithms, the re-
searcher [33] used a variety of performance indicators, 
including accuracy, sensitivity, recall, and specificity. 
The researchers [34] discovered that feature selection 
can improve the accuracy of the Decision Tree is 70% 
[2], which clearly show that the Novel statistical fea-
ture based Decision Tree technique is more efficient 
and performs better than the Least Squares Support 
Vector Machine approach. The author [35] evaluated 
the classifying algorithms with the Rsnet101 and mul-
tiple machine learning methods, finding that multiple 
machine learning algorithms outperformed the algo-
rithms by 86 percent [36]. With varying weights and 
individual impacts that we can’t perform in less cali-
brations to the model, the resulting model is difficult 
to grasp and analyze, making it challenging to include 

our business logic. This can be improved in the future 
by collecting more data.

When the target classes are overlapping, the trans-
form fails. When the dataset size is large, it takes a long 
time to train and the approach is not computationally 
efficient. The accuracy of the Decision Tree can be en-
hanced in the future by including additional data in 
the training sets, employing multiclass novel statistical 
features, and integrating it with other techniques. To 
improve accuracy, multidimensional data can also be 
transformed to binary data.

CONCLUSION
The Decision Tree Algorithm and Least Squares 

Support Vector Machine algorithm are two machine 
learning methods utilized in this work to detect heart 
plaque disease. In terms of accuracy, the Decision Tree 
(68.13 %) is significantly better than the Least Squares 
Support Vector Machine algorithm (67.3%).
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ABSTRACT
Aim: The objective of the work is to evaluate the performance 
of the k-Nearest Neighbor classifier in detecting heart plaque 
with high accuracy and comparing it with the Least Squares 
Support Vector Machine. Materials and Methods: The 
Kaggle dataset on Heart Plaque Disease yielded a total of 20 
samples. Clincalc, which has two groups: alpha, power, and en-
rollment ratio, is used to assess G power of 0.08 with 95% con-
fidence interval for samples. The training dataset (n = 489 [70 
percent]) and the test dataset (n = 277 [30 percent]) are divided 
into two groups. Accuracy is used to assess the performance 
of the k-Nearest Neighbor algorithm and the Least Squares 
Support Vector Machine. Results: The accuracy of the k-Near-
est Neighbor algorithm was 86 % and 67.3 % for the Least 
Squares Support Vector Machine technique. Since p (2-tailed) 
< 0.05, in SPSS statistical analysis, a significant difference 
exists between the two groups. Conclusion: In this work, the 
k-Nearest Neighbor algorithm outperformed the Least Squares 
Support Vector Machine algorithm in detecting heart plaque 
disease in the dataset under consideration.
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INTRODUCTION
Cholesterol deposition is the sole cause of heart 

plaque, and if it starts to build up, it can lead to cor-
onary artery disease. The purpose of this study is to 
investigate which algorithm, based on the diagnostic 
data of the patient, provides the greatest results in 
terms of recognising a present disease and predicting 
the likelihood of developing one in the future. Due 
to their exceptional findings in disease diagnosis and 
prediction, machine learning techniques are increas-
ingly becoming prominent in medical research. This 
study looks at the methods for detecting, diagnosing, 
and self-managing Heart Plaque Disease. Automat-
ic cardiac plaque detection and diagnosis approach-
es, as well as detection and self-management choices 
for Coronary Disease, were thoroughly investigated 
[1]. The study’s purpose is to build a machine learn-
ing-based prediction system and determine the op-
timum classifier to achieve the greatest results when 
compared to clinical outcomes. The proposed method, 
which is based on predictive analysis, focuses on iden-
tifying characteristics that aid in the early diagnosis of 
Heart Plaque deposition [2]. These methods produced 
a wide range of accuracy rates. This has prompted ac-
ademics to try out novel classifiers or combine many 
classifiers in order to improve the quality of the clas-
sification models which finds applications in various 
fields [3]. 

A lot of study has lately been done on a number of 
Heart Plaque disease diagnostics using machine learn-
ing techniques. For the diagnosis of heart plaque dis-
ease, 7 research articles were published in scientific 
journals over a five-year period, while 547 articles were 
found in Google scholar. Using the Support Vector Ma-
chine technique, they predicted an accuracy of 65.7 % 
in a recent study [4] in a paper called Analysis of Heart 
Plaque for Early Prediction Using SVM algorithm. The 
author [5] used the best attributes from the Heart Plaque 
disease patient to detect the disease with an accuracy of 
65.7%. For the detection of Heart Plaque disease, the 
researchers [6]employed several algorithms such as 
Support Vector Machine and K-Nearest Neighbor and 



Issue 25. December 2022 | Cardiometry | 1591

achieved a 60 percent accuracy. Principal component 
analysis (PCA), minimum redundancy and maximum 
relevance (mRMR), and five cross validation were pro-
posed by the author [7] for analyzing the models for 
deducting dimensionalities accuracy was reached by 
54 percent. Researchers [8], [9] used K-Nearest Neigh-
bor algorithms to diagnose Heart Plaque disease with a 
75.7% accuracy[10]–[19]

The existence of outliers in the dataset is the pri-
mary cause of the current model’s low performance. 
The goal is to use a K-Nearest Neighbors algorithm 
method rather than a Least Squares Support Vector 
Machine strategy to improve the accuracy of Heart 
Plaque disease identification.

MATERIALS AND METHODS 
This study was conducted in the Image Processing 

Lab, Department of Electronics and Communication 
Engineering at Saveetha School of Engineering, SI-
MATS, Chennai. The number of groups taken to collect 
the samples for statistical analysis is 2. The sample prepa-
ration of group 1 in K-Nearest Neighbor is one of the 
well-known methods that are used to predict the tumor 
cell from pneumonia images. The proposed technique 
exhibits improved accuracy outcomes, according to the 
simulation findings. The specified sample analysis is 
completed using the G power statistical tool with a prob-
ability of 80 %. A display with a resolution of 1920x1080 
pixels (2nd gen, Ryzen 5 series, 8GB RAM, 512 GB SSD) 
and Matlab software is used for simulation [20]. 

In group 1, sample preparation is completed by 
downloading a kaggle dataset. Import the data into 
Google Colab. Calculate the precision using various 
iterations. For each group, 20 samples are taken into 
account to calculate the accuracy score. The Sample 
preparation of group 1 is for classification and regres-
sion analysis,[21]The K-Nearest Neighbor (KNN) is 
one of the most basic and nonparametric methods 
because it makes no assumptions about the underly-
ing data distribution. The approach is based on the 
Euclidean distance principle, which states that exam-
ples in a dataset are often close to other instances with 
similar features. The value of an unclassified instance’s 
label can be determined by looking at the class of its 
closest neighbors if each instance has a classification 
label. The method utilizes Novel grayscale texture fea-
tures to enhance the detection. The entire procedure 
is repeated three times with a K value of 10 in each 
iteration, with the average of the three iterations.

In group 2, sample preparation is completed by 
downloading a kaggle dataset. Import the data into 
Google Colab. Calculate the precision using various 
iterations. For each group, 20 samples are taken into 
account to calculate the accuracy score. The Sample 
preparation of group 2 is Least-squares versions of 
support-vector machines, which are a set of related 
supervised learning methods that examine data and 
recognise patterns and are used for classification and 
regression analysis, and are used in statistics and statis-
tical modeling. Rather than addressing a convex qua-
dratic programming (QP) problem, this variant solves 
a sequence of linear equations to obtain the solution. 
Least Squares Support Vector Machine classifiers were 
proposed by Suykens and Vandewalle. A subset of 
kernel-based learning methods, such as Least Squares 
Support Vector Machine algorithm, are kernel-based 
learning methods.

Kaggle was used to obtain the data set for Heart 
Plaque Disease. The dataset is now ready for training 
and testing after it has been processed. Missing data 
should be deleted, null values should be replaced with 
mean or median values, and data should be standard-
ized during the data processing process. The K-Near-
est Neighbor and Least Squares Support Vector Ma-
chine techniques are used to process a preprocessed 
dataset including photographs as input. To acquire the 
most accurate result and detection, 70% of the data 
from the full sample size is used for training, while the 
remaining 30% is used for testing.

659 patient records gathered from kaggle were col-
lected for this Heart Plaque detection. There are 427 
healthy people and 232 patients with cardiac plaque 
disease in the study. The database has 12 columns and 
659 rows. They comprise data on 659 individuals, in-
cluding pregnancies, family history, blood pressure, 
cholesterol, age, smoking, ECG, and blood sugar lev-
els, as well as their outcomes..

Statistical Analysis
IBM SPSS version 21 is used in the analysis. It’s a 

type of statistical software that’s used to analyze the 
results. For both proposed and current algorithms, 10 
iterations with maximum samples were conducted, 
with the expected accuracy documented for each iter-
ation[22]. Independent sample t-tests’ significant val-
ues are determined. Pregnancy, family history, blood 
pressure, cholesterol, age, smoking, ECG, Blood Sug-
ar, and outcome are all independent variables, whereas 
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accuracy is the dependent variable. These values have 
been subjected to a thorough examination in order to 
predict cardiac disease. 

RESULTS
Figure 1 compares the k-Nearest Neighbors algorithm 

and the Least Squares Support Vector Machine technique. 
The two methods are compared using an independent 
t-test, and the mean accuracy value shows a statistically 
significant difference. The Novel grayscale texture feature 
based k-Nearest Neighbors algorithm technique with 86 
% accuracy outperforms the Least Squares Support Vec-
tor Machine algorithm with accuracy of 67.3%. For the 
comparison of two algorithms, an independent t-test was 
utilized, and a statistically significant difference (p<0.05) 
was found. K-Nearest Neighbors algorithm is compara-
tively better than Least Squares Support Vector Machine 
algorithm in terms of accuracy.

 

Fig. 1. Comparison of k-Nearest Neighbors algorithm algorithm 
and Least Squares Support Vector Machine algorithm in terms 
of mean accuracy. The mean accuracy of k-Nearest Neighbors 
algorithm is better than Least Squares Support Vector Machine 
algorithm and the standard deviation of k-Nearest Neighbors 
algorithm is slightly better than Least Squares Support Vector 
Machine algorithm. X-axis: (GROUPS) K-Nearest Neighbors 
algorithm Vs Least Squares Support Vector Machine Classifier 
and Y-axis: Mean accuracy of Prediction ±1 SD.

Table 1 shows the results of the k-Nearest Neigh-
bors algorithm and the Least Squares Support Vector 
Machine for the data set on Heart Plaque disease. The 
k-Nearest Neighbors algorithm has a detection accu-
racy of 97 %, while the Least Squares Support Vector 
Machine approach has a detection accuracy of 66 
percent. Table 2 shows the accuracy statistics for the 
k-Nearest Neighbors algorithm and the Least Squares 
Support Vector Machine methods. Results of Group 
Statistics The k-Nearest Neighbors algorithm has a 
mean of 97 percent, while the Least Squares Support 
Vector Machine technique has a mean of 66 percent. 
The standard deviation of the k-Nearest Neighbors 

technique is 0.26, while the standard deviation of the 
Least Squares Support Vector Machine approach is 
0.16. The standard error mean of the Novel grayscale 
texture feature based k-Nearest Neighbors technique 
is 0.058, while the standard error mean of the Least 
Squares Support Vector Machine approach is 0.03. 
When compared to the Least Squares Support Vec-
tor Machine, the k-Nearest Neighbors algorithm has 
a higher mean accuracy. The Novel grayscale texture 
feature based k-Nearest Neighbors algorithm outper-
formed the Least Squares Support Vector Machine, 
according to the data. The results of an independent 
t-test with a significance threshold of 0.05 are shown 
in Table 3. The values of Accuracy are separated into 
two categories in this table using Levene’s test: when 
equality of variance is assumed and when equality of 
variance is not assumed. Table 4 proves that the hy-
pothesis holds true because the significance value is 
less than 0.05. 

Table 1
Samples, features and classes from the dataset. In the given 
data set 659 samples are taken. The data set contains 2 classes 
(with Heart Plaque disease and without Heart Plaque disease). 

Data set No of patients Features Classes
Heart Plaque 659 20 2

Table 2
Comparison of accuracy between k-Nearest Neighbors algo-
rithm and Least Squares Support Vector Machine algorithm. 
The accuracy value obtained for the k-Nearest Neighbors algo-
rithm and Least Squares Support Vector Machine algorithm is 
86 % and 67.3 % respectively

Dataset k-Nearest Neigh-
bors algorithm

Least Squares Support 
Vector Machine algo-

rithm
Heart Plaque Accuracy 86 % Accuracy 67.3 %

Table 3
Statistical analysis of K-Nearest Neighbors algorithm and Least 
Squares Support Vector Machine algorithm. Mean accuracy 
value, Standard deviation and Standard Error Mean for K-Near-
est Neighbors algorithm and Least Squares Support Vector Ma-
chine algorithm are obtained for 10 iterations.

 Group N Mean Std De-
viation

Std Error 
Mean

Accuracy k-Nearest 
Neighbors 
algorithm

20 0.8617 0.2627 0.0587

Least Squares 
Support Vector 
Machine

20 0.6732 0.1618 0.3618
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DISCUSSION
In this study, the k-Nearest Neighbors algorithm ap-

pears to be more accurate than the Least Squares Support 
Vector Machine approach in diagnosing Heart Plaque 
disease (p=0.01, Independent sample Test). The accura-
cy of the k-Nearest Neighbors algorithm (mean accura-
cy= 97) is higher than that of the Least Squares Support 
Vector Machine technique (mean accuracy= 66). Several 
attributes that identify the disease condition, as well as 
normal and abnormal human conditions, are included 
in the collection. The Novel grayscale texture feature 
based k-Nearest Neighbors algorithm is outperformed 
by the Least Squares Support Vector Machine algorithm.

The accuracy of the k-Nearest Neighbors approach 
and the Least Squares Support Vector Machine algo-
rithm can be enhanced by boosting, according to the 
researchers [23]. The accuracy of these two methods, 
as well as the accuracy of other algorithms, can be 
improved. The k-Nearest Neighbors method and the 
Least Squares Support Vector Machine algorithm, both 
of which included and did not include bagging, yielded 
identical results with a 67 percent accuracy rate. It is 
apparent that algorithms perform better when updated 
bagging methods are used. The researcher [24] used a 
range of performance measures to compare classifica-
tion algorithms, including accuracy, sensitivity, recall, 
and specificity. Boosting can enhance the accuracy of 
the k-Nearest Neighbors algorithm by 75%, according 
to the researchers [25]. The Novel grayscale texture 
feature based K-Nearest Neighbors algorithm is more 
efficient and performs 65 percent better than the Least 
Squares Support Vector Machine approach [26]. The 
author [27] tested the classifying algorithms using the 
Rsnet18 and multiple machine learning methods, and 
discovered that the multiple machine learning algo-
rithms outperformed the algorithms by 96 %.

K-Nearest Neighbor algorithm fails when the tar-
get classes overlap. It takes a long time to train when 

the dataset is vast. By including more data in the train-
ing sets, using a multiclass Novel grayscale texture fea-
ture method the accuracy of the k-Nearest Neighbors 
algorithm can be improved in the future.

CONCLUSION
Two machine learning algorithms were used in 

this study to diagnose Heart Plaque disease namely, 
the K-Nearest Neighbors algorithm and Least Squares 
Support Vector Machine algorithm. The K-Nearest 
Neighbors (86 %) method is significantly better than 
Least Squares Support Vector Machine technique 
(67.3 %) in terms of accuracy.
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ABSTRACT
Aim: The main aim of this research is to detect heart plaque 
using the Naive Bayes algorithm with improved accuracy and 
comparing it with Least Squares Support Vector Machine. 
Materials and Methods: Naive Bayes algorithm and Least 
squares Support Vector Machine algorithms are two groups 
compared in this study. In the Kaggle dataset on Heart Plaque 
Disease, there were a total of 20 samples. Clincalc is used to 
calculate sample G power of 0.08 with 95% confidence interval. 
The training dataset (n = 489 (70 %)) and the test dataset (n = 
277 (30 %)) are divided into two groups. Result: The accuracy 
of the Naive Bayes algorithm and the Least Squares Support 
Vector Machine algorithm is assessed. The Naive Bayes meth-
od was 78% accurate, whereas the Least Squares Support Vec-
tor Machine method was only 67.3% correct.Conclusion: In 
this work, the Naive Bayes algorithm outperformed the Least 
Squares Support Vector Machine algorithm in detecting heart 
plaque disease in the dataset under consideration.
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INTRODUCTION
The approaches for detecting, diagnosing, and 

self-managing Heart Plaque Disease are examined in 
this study. The detection and identification of cardiac 
plaques, as well as the detection and self-management 
options for Coronary Disease, were all comprehen-
sively explored [1]. The goal of the study is to devel-
op a machine learning-based prediction system and 
identify the best classifier for achieving the best results 
when compared to clinical outcomes. The proposed 
strategy, which is based on predictive analysis, aims to 
discover traits that can help in the early detection of 
heart plaque formation [2]. These techniques yielded 
a wide variety of accuracy results. As a result, scien-
tists have been experimenting with new classifiers or 
combining many classifiers to increase the quality of 
their models. The goal of this research is to see which 
algorithm, depending on the patient’s diagnostic data, 
gives the best outcomes in terms of detecting a current 
disease and forecasting the chance of developing one 
in the future.

Using machine learning approaches, a lot of re-
search has recently been done on a number of Heart 
Plaque disease diagnoses. Over a five-year period, 7 
research articles were published in scientific journals 
for the diagnosis of heart plaque disease, while 547 
publications were located in Google scholar. In a recent 
study, they projected an accuracy of 72 percent using 
the Wavelet Transform approach [3] in a paper called 
Analysis of Heart Plaque for Early Prediction Using 
Wavelet Transform algorithm. The author [4] used the 
best attributes from the Heart Plaque disease patient 
to detect the disease with an accuracy of 73%. For the 
detection of Heart Plaque disease, the researchers [5] 
and [6] employed several algorithms such as CWT 
and huygens and achieved a 80 percent accuracy. 
Principal component analysis (PCA), minimum re-
dundancy and maximum relevance (mRMR), and five 
cross validation were proposed by the author [7] for 
analyzing the models for deducting dimensionalities 
accuracy was reached by 67 percent. Researchers [8] 
used wavelet transform algorithms to diagnose Heart 
Plaque disease with a 75.7 percent accuracy.Our team 
has extensive knowledge and research experience that 
has translate into high quality publications[9]–[20]

Since the existing technique is sensitive to outliers, 
it leads to incorrect results. The goal is to increase the 
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accuracy of Heart Plaque disease detection by using a 
Naive Bayes algorithm approach rather than a Least 
Squares Support Vector Machine.

MATERIALS AND METHODS 
This study was conducted in the Image Process-

ing Lab, Department of Electronics and Communi-
cation Engineering at Saveetha School of Engineer-
ing, SIMATS, Chennai. The number of groups taken 
to collect the samples for statistical analysis is 2.The 
Sample preparation of group 1 in Naive Bayes is one 
of the well-known methods that are used to predict 
the tumor cell from pneumonia images. The proposed 
technique exhibits improved accuracy outcomes, ac-
cording to the simulation findings. The specified sam-
ple analysis is completed using the G power statistical 
tool with a probability of 80 %. A display with a resolu-
tion of 1920x1080 pixels (2nd gen, Ryzen 5 series, 8GB 
RAM, 512 GB SSD) and a Matlab program with suit-
able library and tool capabilities are required to train 
these datasets. The output is obtained using MATLAB 
software [21]. 

In group 1, sample preparation is completed by 
downloading a kaggle dataset. Import the data into 
Google Colab. Calculate the precision using various 
iterations. For each group, 20 samples are taken into 
account to calculate the accuracy score. The Sample 
preparation of group 1 is for classification and re-
gression analysis, the Naive Bayes and supervised 
learning technique are utilized. It’s a non-parametric 
test. It worked well with [7] both category and con-
tinuous output variables. The Novel intensity feature 
based Naive Bayes is a two-stage classification process 
with a learning phase and a prediction step [4]. In the 
learning stage, the model is trained using the provided 
training data, and in the prediction stage, it is used to 
anticipate the response for the given testing data.

In group 2, sample preparation is completed by 
downloading a kaggle dataset. Import the data into 
Google Colab. Calculate the precision using various 
iterations. For each group, 20 samples are taken into 
account to calculate the accuracy score. The Sample 
preparation of group 2 is Least-squares versions of 
support-vector machines, which are a set of relat-
ed supervised learning methods that examine data 
and recognise patterns and are used for classification 
and regression analysis, and are used in statistics and 
statistical modeling. Instead of addressing a convex 
quadratic programming (QP) problem, this version 

finds the solution by solving a set of linear equations. 
Suykens and Vandewalle proposed least-squares SVM 
classifiers. Kernel-based learning methods such as LS-
SVMs are a subset of kernel-based learning methods.

The Heart Plaque disease data collection was ob-
tained via kaggle. The dataset is now ready for training 
and testing after being processed. Missing data should 
be deleted, null values should be replaced with mean 
or median values, and data should be standardised 
throughout data processing. The K-Nearest Neighbor 
and Least Squares Support Vector Machine methods 
are used to process a preprocessed dataset using pic-
tures as input. To achieve the most accurate result and 
detection, 70% of the data from the full sample size is 
used for training, while the remaining 30% is used for 
testing.

For this Heart Plaque disease data collection, a 
total of 659 patient records were gathered using kag-
gle. There are 427 healthy persons samples and 232 
patients with cardiac plaque disease samples in this 
study. The database is divided into 12 columns and 
659 rows. They include details on 659 people, such as 
pregnancies, family history, blood pressure, cholester-
ol, age, smoking, ECG, and blood sugar levels, as well 
as their outcomes.

Statistical Analysis
IBM SPSS version 21 was used for the analysis. It’s 

a type of statistical software that’s used to analyze data. 
For both proposed and current algorithms, 10 itera-
tions with a maximum of 20 samples were performed, 
with the expected accuracy documented for each it-
eration. Independent sample t-tests’ significant val-
ues are determined. Pregnancy, family history, blood 
pressure, cholesterol, age, smoking, ECG, Blood Sug-
ar, and outcome are all independent variables, whereas 
accuracy is the dependent variable. These values have 
been subjected to a thorough examination in order to 
predict cardiac disease [22]. 

RESULTS
Figure 1 compares Naive Bayes algorithm and the 

Least Squares Support Vector Machine in terms of ac-
curacy. The two methods are compared using an inde-
pendent t-test, and the mean accuracy value shows a 
statistically significant difference. The Novel intensity 
feature based Naive Bayes algorithm technique out-
performs the Least Squares Support Vector Machine 
algorithm by 78 %. 
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Fig. 1. Comparison of Naive Bayes algorithm algorithm and 
Least Squares Support Vector Machine algorithm in terms of 
mean accuracy. The mean accuracy of the Naive Bayes algo-
rithm is better than the Least Squares Support Vector Machine 
algorithm and the standard deviation of the Naive Bayes algo-
rithm is slightly better than the Least Squares Support Vector 
Machine algorithm. X-axis: (GROUPS) Naive Bayes algorithm 
Vs Least Squares Support Vector Machine Classifier and Y-axis: 
Mean accuracy of Prediction ±1 SD. 

For the comparison of two algorithms, an indepen-
dent t-test was utilized, and a statistically significant 
difference (p<0.05) was found. The Novel intensity 
feature based Naive Bayes algorithm has a 78 percent 
accuracy. In terms of accuracy, the Naive Bayes meth-
od surpasses the Least Squares Support Vector Ma-
chine technique, and the standard deviation of FWT 
is somewhat better than the Least Squares Support 
Vector Machine algorithm.

Table 1 summarizes the results of the Naive Bayes 
algorithm and the Least Squares Support Vector Ma-
chine for the Heart Plaque disease data set. The Na-
ive Bayes algorithm has a detection accuracy of 78 %, 
whereas the Least Squares Support Vector Machine ap-
proach has a detection accuracy of 67 %. Table 2 shows 
the accuracy statistics for the Naive Bayes algorithm 
and the Least Squares Support Vector Machine meth-
ods. The average for the Least Squares Support Vector 
Machine algorithm is 67 %, whereas the average for 
the Naive Bayes algorithm is 78 %. The standard devi-
ation of the Novel intensity feature based Naive Bayes 
algorithm is 0.194, while the standard deviation of the 
Least Squares Support Vector Machine algorithm is 
0.152. The standard error mean for the Naive Bayes 
algorithm is 0.043, while the standard error mean for 
the Least Squares Support Vector Machine algorithm 
is 0.034. When compared to the Least Squares Support 
Vector Machine algorithm, the Naive Bayes algorithm 
has a higher mean accuracy. The Novel intensity fea-
ture based Naive Bayes algorithm outperformed the 
Least Squares Support Vector Machine algorithm, ac-

cording to the data. Independent t-tests with a signifi-
cance threshold of 0.05 are shown in Table 3. 

Table 1
Samples,features and classes from dataset. In the given data 
set 659 samples are taken. The data set contains 2 classes (with 
Heart Plaque disease and without Heart Plaque disease). 

Data set No of patients Features Classes
Heart Plaque 659 20 2

Table 2
Comparison of accuracy between Naive Bayes algorithm and 
Least Squares Support Vector Machine algorithm. 

Dataset Naive Bayes algo-
rithm

Least Squares Support 
Vector Machine algo-

rithm
Heart Plaque Accuracy 78 % Accuracy 67.3 %

Table 3
Statistical analysis of Naive Bayes algorithm and Least Squares 
Support Vector Machine algorithm. Mean accuracy value, Stan-
dard deviation and Standard Error Mean for Naive Bayes algo-
rithm and Least Squares Support Vector Machine algorithm are 
obtained for 10 iterations.

 Group N Mean Std De-
viation

Std Error 
Mean

Accuracy  Naive Bayes 
algorithm

20 0.7843 0.1941 0.043

Least Squares 
Support Vector 
Machine

20 0.6732 0.1529 0.3419

Table 4 shows The values of accuracy are classified 
into two categories using Levene’s test: when equality 
of variance is assumed and when equality of variance 
is not assumed. Because the significance value is less 
than 0.05, the hypothesis holds true. 

DISCUSSION
In this study, the Novel intensity feature based 

Naive Bayes algorithm appears to be more accurate 
in identifying Heart Plaque disease than the Least 
Squares Support Vector Machine approach (p=0.01, 
Independent sample Test). The Naive Bayes algo-
rithm has a greater accuracy (mean accuracy= 78) 
than the Least Squares Support Vector Machine 
technique (mean accuracy= 67). The collection 
includes several qualities that indicate the disease 
condition, as well as normal and abnormal human 
circumstances. The Naive Bayes Transform algo-
rithm outperforms the Least Squares Support Vec-
tor Machine.
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Boosting was discovered by researchers [23] to in-
crease the accuracy of the Naive Bayes method and the 
Least Squares Support Vector Machine algorithm. The 
accuracy of these two methods, as well as the accuracy of 
other algorithms, can be improved. The Naive Bayes al-
gorithm and the Least Squares Support Vector Machine 
algorithm, both of which included and did not include 
bagging, yielded identical results with a 67 % accuracy 
rate. It is apparent that algorithms perform better when 
updated bagging methods are used. To compare classi-
fication algorithms, the researcher [24] used a variety of 
performance indicators, including accuracy, sensitivity, 
recall, and specificity. The researchers discovered that 
boosting can improve the accuracy of the Novel inten-
sity feature based Naive Bayes algorithm by 75%. [25].
They took the best sample and compared the findings, 
which clearly show that the Naive Bayes algorithm 
technique is more efficient and performs better than 
the Least Squares Support Vector Machine approach 
by 69 percent. The author [26] evaluated the classifying 
algorithms with the DenseNET and multiple machine 
learning methods, finding that multiple machine learn-
ing algorithms outperformed the algorithms by 87 %.

The resulting model is difficult to comprehend and an-
alyze, making integration of our business logic unfeasible. 
The model is challenging to comprehend and analyze be-
cause of the various weights and individual effects that we 
can’t accomplish in fewer calibrations to the model. In the 
future, more data can be collected to improve this.

The biggest disadvantage is the long training time 
necessary for large datasets. The accuracy of the Naive 
Bayes methodology can be enhanced in the future by 
including additional data in the training sets, employ-
ing a multiclass Naive Bayes approach. 

CONCLUSION
Naive Bayes algorithm and the Naive Bayes al-

gorithm were utilized in this study to detect Heart 

Plaque disease. In terms of accuracy, the Naive Bayes 
methodology (78 % is significantly better than Least 
Squares Support Vector Machine technique (67.3 %).
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ABSTRACT
Aim: The major goal of this study is to compare the effec-
tiveness of the Logistic Regression classifier with the Least 
Squares Support Vector Machine classifier in detecting plaque 
in the heart with high accuracy. Materials and Methods: In 
this work, the Logistic Regression and least squares Support 
Vector Machine methods are compared. There were a total 
of 20 samples in the Kaggle dataset on Heart Plaque disease. 
To calculate sample G power of 0.08 with 95% confidence in-
terval, Clincalc is utilized. There are two groups in the train-
ing dataset (n = 489 (70 percent)) and the test dataset (n = 
277 (30 percent)). Results: The accuracy of both the Logistic 
Regression and Least Squares Support Vector Machine algo-
rithms is evaluated. The Least Squares Support Vector Ma-
chine approach was only 67.3 % accurate, while the Logistic 
Regression method was 96 % accurate. Since p(2-tailed) < 
0.05, in SPSS statistical analysis, a significant difference ex-
ists between the two groups. Conclusion: The Logistic Re-
gression algorithm is significantly better than Least Squares 
Support Vector Machine algorithm in this study in detecting 
cardiac plaque disease in the dataset.
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Heart Plaque, Novel texture feature, Logistic Regression algo-
rithm, Least Squares Support Vector Machine, Prediction, Ma-
chine learning.
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INTRODUCTION
Cholesterol deposition is the sole cause of heart 

plaque, which, if left untreated, can lead to coronary 
artery disease. Early-stage heart plaque disease diag-
nosis and risk prediction are currently a substantial re-
al-world challenge. This study looks at the methods for 
detecting, diagnosing, and self-managing Heart Plaque 
Disease. The detection and identification of cardiac 
plaques, as well as the diagnosis and self-management 
alternatives for Coronary Disease, were all thoroughly 
investigated [1]. The study’s purpose is to create a ma-
chine learning-based prediction system and determine 
which classifier produces the best results when com-
pared to clinical outcomes. The proposed technique, 
which is based on predictive analysis, intends to find 
qualities that can aid in the early diagnosis of the for-
mation of cardiac plaque [2]. These methods produced 
a wide range of accuracy outcomes. As a result, scien-
tists are experimenting with novel classifiers or com-
bining many classifiers in order to improve the quality 
of the models. As a result of their remarkable outcomes 
in disease diagnosis and prediction, machine learning 
technologies are becoming more prominent in medical 
research applications [3].

A lot of study has been done on a number of Heart 
Plaque disease diagnostics using machine learning 
methodologies. Over a five-year period, 7 research 
articles for the diagnosis of heart plaque disease were 
published in scientific journals, whereas 547 publica-
tions were found in Google scholar. In a recent study, 
they projected an accuracy of 96 percent using the 
Logistic Regression [4] in a paper called Analysis of 
Heart Plaque for Early Prediction Using Logistic Re-
gression algorithm. The author [5] used the best attri-
butes from the Heart Plaque disease patient to detect 
the disease with an accuracy of 67 %. For the detec-
tion of Heart Plaque disease, the researchers [6] and 
[7] employed several algorithms such as CWT and 
huygens and achieved a 80 percent accuracy. Principal 
component analysis (PCA), minimum redundancy 
and maximum relevance (mRMR), and five cross val-
idation were proposed by the author [8] for analyzing 
the models for deducting dimensionalities accuracy 
was reached by 67 percent. Researchers [9] used logis-
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tic regression to diagnose Heart Plaque disease with 
a 96 percent accuracy.Our team has extensive knowl-
edge and research experience that has translate into 
high quality publications[10]–[21]

According to current studies, recognising Heart 
Plaque disease is difficult due to a lack of accuracy, 
sensitivity, and specificity. The purpose is to use a 
Logistic Regression algorithm method rather than 
the Least Squares Support Vector Machine algorithm 
strategy to improve the accuracy of Heart Plaque dis-
ease identification.

MATERIALS AND METHODS 
This study was conducted in the Image Process-

ing Lab, Department of Electronics and Communica-
tion Engineering at Saveetha School of Engineering,  
SIMATS, Chennai. The number of groups taken to col-
lect the samples for statistical analysis is 2. The Sample 
preparation of group 1 in Logistic Regression is one 
of the well-known methods that are used to predict 
the tumor cell from pneumonia images. The proposed 
technique exhibits improved accuracy outcomes, ac-
cording to the simulation findings. The specified sam-
ple analysis is completed using the G power statistical 
tool with a probability of 80 %. A display with a reso-
lution of 1920x1080 pixels (2nd gen, Ryzen 5 series, 
8GB RAM, 512 GB SSD) and a Matlab software with 
suitable library and tool capabilities are required [22]. 

In Group 1, sample preparation is completed by 
downloading a kaggle dataset. Import the data into 
Google Colab. Calculate the precision using various 
iterations. For each group, 20 samples are taken into 
account to calculate the accuracy score. The Sample 
preparation of group 1 is for classification and regres-
sion analysis, [23] the Logistic Regression and super-
vised learning technique are utilized. A Novel texture 
feature based Logistic Regression is a two-stage clas-
sification process with a learning phase and a predic-
tion step. The model is trained using the training data, 
and in the prediction stage, it is used to predict the 
response for the given testing data.

In Group 2, sample preparation is completed by 
downloading a kaggle dataset. Import the data into 
Google Colab. Calculate the precision using various 
iterations. For each group, 20 samples are taken into 
account to calculate the accuracy score. The sample 
preparation of Group 2 is Least-squares versions of 
support-vector machines (SVM) [24], which are a 
set of related supervised learning methods that ex-

amine data and recognise patterns and are used for 
classification and regression analysis, and are used 
in statistics and statistical modeling. Instead of ad-
dressing a convex quadratic programming problem, 
this version finds the solution by solving a set of lin-
ear equations.

Using kaggle, a data set for Heart Plaque disease is 
collected. The dataset is now ready to be trained and 
tested after it has been processed. Data should be nor-
malized and missing data should be deleted. Null val-
ues should be replaced with mean or median values. 
The K-Nearest Neighbor and Least Squares Support 
Vector Machine methods are used to the preprocessed 
dataset including images as input. To acquire the most 
accurate result and detection, 70% of the data from the 
full sample size is used for training, while 30% is used 
for testing.

For this Heart Plaque disease data collection, a to-
tal of 659 patient records were gathered from kaggle. 
There are 427 healthy persons samples and 232 pa-
tients with cardiac plaque disease samples. The data-
base contains 12 columns and 659 rows. They include 
pregnancies, family history, blood pressure, cholester-
ol, age, smoking, ECG, and blood sugar levels, as well 
as outcomes for 659 people.

Statistical Analysis
IBM SPSS version 21 was used for the analysis. It’s 

a type of statistical software that’s used to analyze data. 
For both proposed and current algorithms, 10 itera-
tions with a maximum of 20 samples were performed, 
with the expected accuracy documented for each it-
eration (O’connor 2000). Independent sample t-tests’ 
significant values are determined. Pregnancy, fami-
ly history, blood pressure, cholesterol, age, smoking, 
ECG, Blood Sugar, and outcome are all independent 
variables, whereas accuracy is the dependent variable. 
These values have been subjected to a thorough exam-
ination in order to predict cardiac disease.

RESULTS
Figure 1 compares Logistic Regression algorithm 

and the Least Squares Support Vector Machine tech-
nique in detecting Heart plaque. The two methods are 
compared using an independent t-test, and the mean 
accuracy value shows a statistically significant differ-
ence. The Novel texture feature based Logistic Re-
gression algorithm technique outperforms the Least 
Squares Support Vector Machine algorithm. 
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Fig. 2. Comparison of Logistic Regression algorithm algorithm 
and Least Squares Support Vector Machine algorithm in terms 
of mean accuracy. The mean accuracy of the Logistic Regres-
sion is better than the Least Squares Support Vector Machine 
algorithm and the standard deviation of the Logistic Regression 
algorithm is slightly better than the Least Squares Support Vec-
tor Machine. X-axis: (GROUPS) Logistic Regression algorithm 
Vs Least Squares Support Vector Machine Classifier and Y-axis: 
Mean accuracy of Prediction ±1 SD. 

For the comparison of two algorithms, an indepen-
dent t-test was utilized, and a statistically significant 
difference (p<0.05) was found. The Logistic Regres-
sion algorithm has a 96 % accuracy. As shown in Fig 
2 the Logistic Regression method surpasses the Least 
Squares Support Vector Machine technique, and the 
Logistic Regression is comparatively better than the 
Least Squares Support Vector Machine algorithm due 
to the Novel texture feature extraction.

Table 1 summarizes the results of the Logistic Re-
gression algorithm and the Least Squares Support Vec-
tor Machine for the Heart Plaque disease data set. The 
Logistic Regression algorithm has a detection accuracy 
of 96 percent, whereas the Least Squares Support Vec-
tor Machine approach has a detection accuracy of 67.3 
percent. Table 2. shows the accuracy statistics for the 
Logistic Regression algorithm and the Least Squares 
Support Vector Machine methods. Results of Group 
Statistics The average for the Least Squares Support 
Vector Machine algorithm is 67 percent, whereas the 
average for the Logistic Regression algorithm is 96 per-
cent. The standard deviation of the Logistic Regression 
algorithm is 0.1589, while the standard deviation of 
the Least Squares Support Vector Machine algorithm 
is 0.1529. The standard error mean for the Logistic Re-
gression algorithm is 0.035, while the standard error 
mean for the Least Squares Support Vector Machine is 
0.034. The Logistic Regression algorithm has a higher 
mean accuracy as Novel texture features are extracted 
and utilized. The Logistic Regression algorithm outper-
formed the LSSVM, according to the data. The results 

of an independent t-test with a significance threshold 
of 0.05 are shown in Table 3. The Values of Accura-
cy are classified into two categories in this table using 
Levene’s test: when equality of variance is assumed and 
when equality of variance is not assumed. Because the 
significance value is less than 0.05, our hypothesis holds 
true. Independent Sample t-Test for significance and 
standard error determination is shown in Table 4 and 
as p value is less than 0.05, there is significant difference 
between two groups.

Table 1
Samples, features and classes from the dataset. In the given 
data set 659 samples are taken. The data set contains 2 classes 
(with Heart Plaque disease and without Heart Plaque disease). 

Data set No of patients Features Classes
Heart Plaque 659 20 2

Table 2
Comparison of accuracy between Logistic Regression algorithm 
and Least Squares Support Vector Machine. The accuracy val-
ue obtained for Logistic Regression and Least Squares Support 
Vector Machine algorithm is 96 % and 67.3 % respectively.

Dataset Logistic Regression 
algorithm 

Least Squares Support 
Vector Machine algo-

rithm
Heart Plaque Accuracy 96 % Accuracy 67.3 %

Table 3
Statistical analysis of Logistic Regression algorithm and Least 
Squares Support Vector Machine algorithm. Mean accuracy 
value, Standard deviation and Standard Error Mean for Logistic 
Regression algorithm and Least Squares Support Vector Ma-
chine algorithm are obtained for 10 iterations.

 Group N Mean Std De-
viation

Std Error 
Mean

Accuracy Logistic Regres-
sion algorithm

20 0.9602 0.1589 0.355

Discrete Wave-
let Transform

20 0.6732 0.1529 0.3419

DISCUSSION
The Logistic Regression technique utilizing Novel 

texture feature appears to be more accurate than the 
Least Squares Support Vector Machine strategy in de-
tecting Heart Plaque disease. The accuracy of the Lo-
gistic Regression algorithm (96 %) is higher than that 
of the Least Squares Support Vector Machine tech-
nique (67.3 %). In the collection are several attributes 
that define the disease condition, as well as normal and 
abnormal human circumstances. The Least Squares 
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Support Vector Machine approach is outperformed by 
the Logistic Regression algorithm.

The accuracy of the Least Squares Support Vector 
Machine algorithm and the Logistic Regression meth-
od [25]. It is possible to increase the accuracy of these 
two approaches, as well as the accuracy of other al-
gorithms. Logistic Regression algorithm and the Least 
Squares Support Vector Machine algorithm, both of 
which contained and did not include bagging, pro-
duced identical results. When new bagging approaches 
are utilized, it is clear that algorithms perform better. 
To compare algorithms for classification, the research-
er [26] used a variety of performance indicators, in-
cluding accuracy, sensitivity, recall, and specificity. 
The accuracy of the Logistic Regression algorithm is 
75% [27] [28]. The classifying algorithms [29] with the 
DenseNET and multiple machine learning methods, 
proved that multiple machine learning algorithms 
outperformed the algorithms by 92 percent.

As logistic regression has a linear decision surface, 
it cannot tackle nonlinear issues. As a result, non lin-
ear features must be transformed, which can be done 
by increasing the number of features such that the data 
can be separated linearly in higher dimensions. In fu-
ture the features of a dataset are linearly separated, to 
enhance the effectiveness of Logistic Regression.

CONCLUSION
The methods utilized in this work are Logistic Re-

gression and Least Squares Support Vector Machine 
technique. It is observed that Logistic Regression is 
significantly better than Least Squares Support Vector 
Machine technique with accuracy values of 96 % and 
67.3 % respectively.
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ABSTRACT
Aim: The goal is to compare the antibiofilm characteristics of 
carbohydrate derivatives to commercial antibiotics, and docking 
will be used to see how the ligand, protein, and antibiotic interact 
molecularly. Materials and methods: The protein structure was 
obtained from the PDB (protein data bank) website, while the 
ligand structure was obtained from the NCBI-PubChem website. 
The biofilm from Staphylococcus aureus (bap-c1) as a protein, 
gluconolactone as a ligand, and nafcillin as an antibiotic are the 
three different types of chemicals employed for docking. The 
sample size was calculated using G power with pretest power at 
80% and alpha value of 0.05. The sample size per group is 10 and 
total sample size is 30. Docking studies of protein and ligands 
were performed using Auto dock software. Statistics of the inter-
actions were analyzed using IBM SPSS software. Result: Molecu-
lar interactions revealed that nafcillin shows more affinity towards 
the protein compared to gluconolactone and clindamycin. The 
binding affinity values were compared using SPSS software, it re-
veals that the statistical insignificance observed between the glu-
conolactone and nafcillin is 0.73 and for gluconolactone and clin-
damycin is 0.565 Conclusion: The antibiotic nafcillin appears to 
be more specific and selective in its antibacterial activity against 
the target protein.

Keywords
PubChem, PDB, Gluconolactone, bap-c1, Staphylococcus au-
reus, Biofilm
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INTRODUCTION
Microbial biofilms are prevalent in nature, par-

ticularly in medical, industrial, and environmental 
settings, where their pathogenicity and resistance to 
medications or biofouling technologies cause unde-
sirable outcomes.(“Biofilms before Biofilms” 2009) 
Pseudomonas aeruginosa, Staphylococcus aureus, and 
Serratia marcescens, for example, employ biofilms to 
boost their pathogenicity. They can be found in pa-
tients’ tissues or on the surfaces of medical devices 
that come into touch with the body, such as catheters, 
nasopharyngeal tubes, and stents (Choudhary, Singh, 
and Agarwal 2020). Various methods for effective bio-
film control have been devised and used, but new, nat-
ural, and effective anti-biofilm agents continue to be 
in great demand (Normark 2015).The use of microbial 
biosurfactants in antibiofilm and antibiofouling activ-
ities has become a popular and viable method in re-
cent years (Dhanasekaran and Thajuddin 2016).

Biofilm generation is a serious problem in both 
the food and healthcare industries. As biofilms, stale 
food and hazardous bacteria colonize the insides of 
mixing tanks, vats, and tubes, jeopardizing food safe-
ty and quality(Kregiel and Antolak 2016). In patients 
with persistent infections caused by Staphylococcus 
epidermidis and Pseudomonas aeruginosa in hospital 
settings, biofilm-forming bacteria persist in catheters, 
implants, and live tissues (Vickery 2020). Despite the 
fact that biofilms are formed by the vast majority of in-
fectious and persistent bacteria (80%) and that micro-
organisms produce biofilms in nature, the majority of 
study so far has concentrated on planktonic bacteria’s 
characteristics and management. 

Surfactants, as their name suggests, are chemical 
compounds with surface activity. They are soluble in 
both organic (non-polar) and aqueous (polar) solu-
tions and favor dissimilar polarity contacts. (Möbius, 
Miller, and Fainerman 2001). This property is due to 
their amphiphilic (or amphipathic) structures, which 
have both hydrophilic (head) and hydrophobic (tail) 
groups. Surfactants generated from biological sources 
are known as biosurfactants. Microorganisms such as 
bacteria, yeasts, and fungi are known to produce bio-
surfactants (Sen 2010). Their hydrophilic component 
is made up of sugars, amino acids, or polar functional 
groups like carboxylic acid groups. The hydrophobic 
section is commonly an aliphatic hydrocarbon chain 
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of hydroxy fatty acids. The charge carried by the polar 
groups of surfactants is used to classify them.Our team 
has extensive knowledge and research experience that 
has translate into high quality publications(Chellapa 
et al. 2020; Lavanya, Kannan, and Arivalagan 2021; 
Raj R, D, and S 2020; Shilpa-Jain et al. 2021; S, R, and 
P 2021; Ramadoss, Padmanaban, and Subramanian 
2022; Wu et al. 2020; Kalidoss, Umapathy, and Rani 
Thirunavukkarasu 2021; Kaja et al. 2020; Antink et al. 
2020; Paul et al. 2020; Malaikolundhan et al. 2020)

About 135 research articles were published in Goo-
gle scholar, Science direct, and Research gate. Car-
bohydrate derived surfactants recently play a major 
role in disassembling the biofilms. Gluconolactone 
is carbohydrate derived biomaterial which is sustain-
able and biocompatible, their use in various sectors 
has been largely explored, such as environmentally 
friendly scale inhibitors, cosmetics, food, medicine 
and pharmaceutical industries (Reis et al. 2011). It is 
worth mentioning that the use of gluconolactone as 
a monomer in polymer synthesis renders a broad va-
riety of functional materials(Nagata et al. 1998).The 
authors have reported the use of gluconolactone as a 
precursor for the synthesis of environmentally benign 
tensioactive agents(Garésio et al. 2000). 

In this study we are focusing on the analysis of anti 
biofilm properties of gluconolactone and to compare 
with the commercially available antibiotics.

MATERIALS AND METHODS
The target protein Bap-C1 from Staphylococcus 

aureus of PDB ID 7C7U and its X-ray crystallographic 
structure, the protein structure is extracted from PDB 
database.(Chasman 2003) A ligand gluconolactone 
of ID 7027 and its molecular formula C6H10O6 with 
178.14 g/mol molecular weight, nafcillin (ID 8982) 
and its molecular formula C21H22N2O5S with 414.5 g/
mol as the molecular weight and Cephalexin of ID 
27447 and its molecular formula C16H17N3O4S with 
347.4 g/mol as the molecular weight were procured 
from Pubchem and drugbank databases (Khanal et 
al. 2021). The ligand and antibiotic structures were 
downloaded in SDF format.

The tools which were used in these studies for the 
docking are Autodock vina, Autodock MGL tool and 
PYMOL. The PYMOL is basically used for visualiza-
tion. The steps which are involved in Autodock vina 
are, the first step is to select the protein and the ligand 
molecules from the databases, Protein structure is 

downloaded in PDB file format whereas ligand mole-
cules are downloaded in SDF format. The second step 
is to carry out protein and ligand preparation, in these 
steps water and hydrogen molecules will be removed 
in the protein and ligand molecules. The third step is 
to select the docking site of the protein, where the li-
gand will bind in that protein pocket. Fourth step is 
to carry out protein-ligand docking using a docking 
tool (Autodock vina), and the final step is to generate 
different ligand poses (Morris, Huey, and Olson 2008). 
Using the PYMOL tool the docking was done between 
the protein and ligands. Initially the docking was done 
between the protein Bap-C1 and with the ligand nov-
el gluconolactone, later it was performed between the 
protein and antibiotics nafcillin and Cephalexin sepa-
rately. Group 1 indicates the binding affinity interac-
tions with novel gluconolactone (N = 10), Group 2 in-
dicates the binding affinity interactions with nafcillin 
(N = 10) and Group 3 indicates binding affinity inter-
actions with Cephalexin (N = 10)(K, Ragi et al. 2021).

STATISTICAL ANALYSIS
The Statistical examination was performed using 

the IBM SPSS tool. In the docking method the protein, 
ligand, and the two antibiotics were for data analysis. 
For both proposed and prevailing algorithms, 10 sam-
ples were performed and for each sample, the predict-
ed accuracy was noted for calculation in the MS Ex-
cel sheet of the SPSS tool (Stehlik-Barry and Babinec 
2017).

RESULTS 
Table 1 shows docking values of protein and ligand 

i,e staphylococcus aureus (bap-c1) and gluconolactone 
by using the auto dock vina tool,where gluconolactone 
is showing the highest affinity of Kcal/mol. 

Table 2 shows the docking value of protein and 
antibiotic staphylococcus aureus (bap c1) and naf-
cillin by using the auto dock vina tool, where nafcil-
lin is showing the highest affinity of Kcal/mol. Table 
3 shows the docking value of protein and antibiotic 
staphylococcus aureus (bap-c1) and clindamycin by 
using the auto dock vina tool, where clindamycin is 
showing the highest affinity of Kcal/mol. 

Tabel 4 shows in group statistics which tells about 
the gluconolactone having the highest binding affin-
ity when compared with the antibiotic of nafcillin, 
where analysis was performed in the IBM SPSS tool. 
Tabel 5 in group statistics which tells about the glu-
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conolactone having the highest binding affinity when 
compared with the antibiotic of clindamycin, where 
analysis was performed in the IBM SPSS tool. 

Tabel 6 shows the independent sample t-test tells 
about the better binding affinity of gluconolactone 
and nafcillin. In these independent sample t-tests hav-
ing two groups of sig one-sided p and sig two-sided 
p, both are showing different values. Sig one-sided 
p-value is 0.018 and the sig two-sided p-value is 0.16. 
Tabel 7 shows the independent sample t-test will show 
the two groups binding affinity of gluconolactone and 
clindamycin. 

Figure 1 shows the docking done between protein 
and ligand which are staphylococcus aureus (BAP 
C1) and gluconolactone where active sites of the pro-
tein pockets are PHE347A,LEU417A, and PHE380A 
which will interact with the gluconolactone (ligand). 
In Fig. 2 the docking is done between protein and an-
tibiotic which are staphylococcus aureus (bap c1) and 
nafcillin, where active sites of the protein pockets are 
PHE186A, LEU417A, and ARG255A which will in-
teract with the nafcillin (antibiotic). Figure 3 shows 
the docking is done between protein and antibiotic 
are staphylococcus aureus (bap c1) and clindamycin, 
where active sites of the protein pockets are ASP110A, 

Table 1 
The binding affinity Values of gluconolactone towards the tar-
get protein staphylococcus aureus (bap c1) by using the auto 
dock vina tool

Mode Affinity(Kcal/
mol)

Dist from 
rmsd l. b

best mode 
rmsd u. b.

1 -9.1 0.000 0.000
2 -8.8 2.687 8.664
3 -8.7 4.611 9.999
4 -8.7 2.777 8.457
5 -8.7 4.518 10.265
6 -8.6 3.297 8.409
7 -8.6 4.417 9.738
8 -8.6 3.675 8.808
9 -8.5 4.601 10.630
10 -8.5 5.416 8.786

Table 2
The binding affinity Values of nafcillin towards the target protein 
staphylococcus aureus (bap c1) by using the auto dock vina tool

Mode Affinity(Kcal/
mol)

Dist from 
rmsd l. b

best mode 
rmsd u. b 

1 -5.2 0.000 0.000
2 –5.1 31.098 31.896
3 -5.1 11.606 12.556
4 -5.0 1.182 3.739
5 -4.9 29.918 31.185
6 -4.9 11.992 12.681
7 -4.9 11.772 12.680
8 -4.6 23.959 25.671
9 -4.6 9.934 11.366
10 -4.6 11.897 3.457

Table 3
The binding affinity Values of cephalexin towards the target 
protein staphylococcus aureus(bap c1) by using the auto dock 
vina tool

Mode Affinity(Kcal/
mol)

Dist from 
rmsd l. b

best mode 
rmsd u. b.

1 -7.7 0.000 0.000

2 -7.3 3.689 6.938

3 -7.2 4.692 7.234

4 -7.1 2.044 3.551

5 -7.0 1.704 4.409

6 -6.9 3.963 7.596

7 -6.9 6.752 10.042

8 -6.9 3.448 5.858

9 -6.8 2.837 6.986

10 -6.8 1.896 7.785

Table 4
The Group statistics of binding affinities of gluconolactone and 
dicloxacillin performed through Independent sample t-test us-
ing IBM SPSS Software.

 Group Statistics
Affinity Group N Mean Std. De-

viation
Std. 
Error 
mean

GLUCONO-
LACTONE

10 -8.5900 1.40932 .44396

DICLOXA-
CILLIN

10 -4.8352 3.06370 .96883

Table 5
The Group statistics of binding affinities of gluconolactone and 
Clindamycin performed through Independent sample t-test us-
ing IBM SPSS Software.

 Group Statistics
Affinity Group N Mean Std. De-

viation
Std. Error 

mean
GLUCONO-
LACTONE

10 -8.5900 .48865 .15452

CLINDAMY-
CIN

10 -7.0100 .62796 .19858
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Table 6
The independent sample t-test of two groups gluconolactone and dicloxacillin.

 INDEPENDENT SAMPLES TEST

levene’s test 
for equality 
of variances 

 t-test for equality of means 

f sig t off  significance Mean 
differ-
ence

std error 
differ-
ence

95% confidence 
interval of the 

difference

One 
sided p

Two 
sided p

lower upper

Affinity Equal variances as-
sumed

0.730 404 -4.721 0.18 .000 -5.03130 1.06570 -7.27026 -5.56738

Equal variances not 
assumed

-4.721 12.620 .000 -5.03130 -1.06570 –7.34068 -7.26754 -5.56738

Table 7
The independent sample t-test of two groups gluconolactone and Clindamycin.

 INDEPENDENT SAMPLES TEST

levene’s test 
for equality 
of variances 

 t-test for equality of means 

f sig t off  significance Mean 
differ-
ence

std error 
differ-
ence

95% confidence 
interval of the 

difference

One 
sided p

Two 
sided p

lower upper

Affinity Equal variances as-
sumed

.549 .468 -6.279 18 <.001 <.001 -1.58000 .25162 -2.10863 -1.05137

Equal variances not 
assumed

-6.279 16.975 <.001 <.001 -1.58000 .25162 -2.11092 -1.04908

     

  (A) Surface interaction        (B) Cartoon interaction              (C)Molecular interaction 

 
Fig. 1. (A & B) Docking analysis of gluconolactone with target protein BAPC1; (C) Image showing interaction between the ligand 
and protein at active sites PHE347, LEU417 and PHE380 amino acid residues
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      (A) Surface interaction      (B) Cartoon interaction        (C) Molecular interaction  

 
Fig. 2. (A & B) Docking analysis of nafcillin with target protein BAPC1; (C) Image showing interaction between the ligand and protein 
at active sites PHE186, ASP110, and SER150 amino acid residues. 

             

         (A) Surface interaction             (B) Cartoon interaction             (C) Molecular interaction                

 
Fig 3: (A & B) Docking analysis of clindamycin with target protein BAP C1; (C) Image showing interaction between the ligand and 
protein at active sites SER190, ASP110, and PHE156 amino acid residues. 

 
Fig. 4. The binding affinity energies of gluconolactone, nafcillin and Cephalexin towards the active sites of BAP C1 protein. Results 
were represented as Mean ± 2 SD and the error bars with 95% CI.
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SER190A, and ARG255A which will interact with the 
clindamycin (antibiotic). 

DISCUSSION
This research is about comparing the antibiofilm 

properties of novel gluconolactone derivatives to those 
of commercial antibiotics, using docking to see how 
the ligand, protein, and antibiotic interact molecularly. 
Lot of research has been carried out in order to identi-
fy the better drug molecules that can effectively inhib-
it the growth of Staphylococcus aureus. But unfortu-
nately staphylococcus aureus develops the property of 
resistance towards antibiotics (Massine 2013). So it is 
an emergency need inorder to develop potential mol-
ecules that can effectively inhibit the staphylococcus 
aureus and control bacterial infections. 

From the results we can easily observe that nafcillin 
showed more binding affinity towards the protein bap 
c1 than the other two groups. Molecular interaction of 
nafcillin shows binding affinity of -6.01 Kcal/mol to-
wards the target protein at active pockets of PHE186, 
ASP110, and SER150 residues whereas other antibiot-
ic clindamycin shows -8.1 Kcal/mol binding affinity 
at active sites of SER190, ASP110, and PHE156 resi-
dues and ligand molecule gluconolactone shows -8.5 
Kcal/mol binding affinity towards the protein at ac-
tive pockets of PHE347, LEU417 and PHE380. The 
significance difference observed between gluconolac-
tone and clindamycin is 0.363 whereas the significant 
difference observed between gluconolactone and di-
cloxacillin is 0.468. Bar graph from Fig. 4 also reveals 
that drug clindamycin shows more binding affinity 
towards the target protein compared to other groups.

CONCLUSION
Antibiotic clindamycin appears to be more specif-

ic and selectively work against the target protein when 
compared to the nafcillin and gluconolactone ligands. 
It reveals that novel gluconolactone doesn’t have better 
antibiotic performance then the commercial antibiotics.
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ABSTRACT
Aim: The goal is to compare the antibacterial properties of car-
bohydrates derivates to those of commercial antibiotics, using 
docking to see how the ligand, protein, and antibiotic interact 
molecularly. Materials and procedures: The PDB (protein data 
bank) website was used to obtain the protein structure, whereas 
the NCBI-PubChem website was used to gain the ligand struc-
ture. The three different types of chemicals used for docking 
include antibacterial from Staphylococcus aureus(1N67), glu-
conolactone as a ligand, and dicloxacillin as an antibiotic. The 
PubChem website contains the true nature of protein chemical 
structure, while the PDB website has the chemical structures 
of ligand and antibiotic. The goal was to see if the interaction 
between the antibacterial staphylococcus aureus (1N67) pro-
tein molecule and the antibiotic dicloxacillin was right. Using 
SPSS software, the independent sample t-test was employed 
to compare binding affinity. According to statistics, one-sided p 
values range from.18 to.001, whereas two-sided p values range 
from.345 to.001. Conclusion: When it comes to antibacterial 
activity against the target protein, the antibiotic dicloxacillin ap-
pears to be more specific and selective.
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Affinity, SPSS software, gluconolactone, dicloxacillin, PubChem, 
PDB..
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INTRODUCTION
Multidrug-resistant microorganisms are becoming 

more common in hospitals and the general public. As 
a result, an emergent problem has emerged in which a 
growing number of antibiotics are no longer clinically 
helpful. 1 As a result, innovative classes of antibacte-
rial drugs with new or combination modes of action 
and a lower risk of resistance development are urgent-
ly needed.

Oligo Cationic amphiphilic antibacterials (OAAs) 
are a structurally varied class of antibacterials with 
broad-spectrum activity and various modes of action. 
They contain several positively charged amino or oth-
er cationic groups. The naturally occurring cationic 
antimicrobial peptides, synthetic mimics of antimi-
crobial peptides (SMAMPs),synthetic oligo cationic 
lipopeptides, oligo cationic lipids, and polymers make 
up this family of antibacterial agents. Dicloxacillin is 
an oral, second generation penicillin antibiotic that is 
used to treat bacterial infections caused by penicilli-
nase-resistant staphylococci. Dicloxacillin has been 
connected to a small number of cases of idiosyncratic 
liver damage.

The OAAs’ cationic charges ensure that they ac-
cumulate at polyanionic microbial cell surfaces con-
taining acidic polymers like lipopolysaccharides and 
wall-associated teichoic acids in Gram-negative and 
Gram-positive bacteria, respectively. Antimicrobial 
peptides (polymyxin B, defensins, gramicidin S vari-
ations, and others) interact at places where divalent 
cations crossbridge neighboring polyanionic poly-
mers to cross the outer membrane.This generates an 
outer membrane instability, which is thought to lead 
to self-promoted absorption of OAAs and/or other ex-
tracellular molecules. 5a,10 OAAs come into contact 
with the anionic surface of the cytoplasmic membrane 
after passing through the outer membrane. Our team 
has extensive knowledge and research experience that 
has translate into high quality publications(Chellapa 
et al. 2020; Lavanya, Kannan, and Arivalagan 2021; 
Raj R, D, and S 2020; Shilpa-Jain et al. 2021; S, R, and 
P 2021; Ramadoss, Padmanaban, and Subramanian 
2022; Wu et al. 2020; Kalidoss, Umapathy, and Rani 
Thirunavukkarasu 2021; Kaja et al. 2020; Antink et al. 
2020; Paul et al. 2020; Malaikolundhan et al. 2020)

They can either implant themselves into the cyto-
plasmic membrane and disturb the physical integrity 
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of the bilayer through membrane thinning, temporary 
poration, and/or disruption of the barrier function, or 
they can translocate across the membrane and oper-
ate on internal targets. 5a It has been demonstrated 
that this mechanism of action reduces the possibili-
ty of cross resistance.Another class of OAAs are cat-
ionic lipids, which have been developed as antibac-
terial agents, antiseptics, and disinfectants but also 
as drug delivery systems against diseases and gene 
transfection. For instance, cationic lipids including 
dodine, benzalkonium chlorides, sphingosine and 
fatty amines, chlorhexidine, cationic polymers exhibit 
broad spectrum antibacterial activities. Many of these 
are in clinical use as antiseptics, disinfectants for sev-
eral decades with little or no occurrence of resistance. 
It has been suggested that the antibacterial mode of 
action of cationic lipids is similar to antibacterial pep-
tides and involves disruption of the bacterial envelope 
induced by the removal (substitution) of divalent pos-
itively charged counter ions by ammonium ions.

MATERIALS AND METHODS
The drug target protein bacterial associated pro-

tein clumping factor A of ID 1N67 and its X-ray dif-
fraction structure with 1.90 Å resolution was found in 
the PDB database. The water and ligand that bound 
to the protein Clumping Factor A were removed, by 
using the PYMOL for non-bonded interactions fol-
lowed by the respective drug target protein was saved 
in the current mode of protein data bank. A ligand 
gluconolactone of ID 7027 and its molecular formu-
la is C6h10o6 with 178.14g/mol molecular weight,a 
gluconolactone, it’s an important skincare ingredient 
worth knowing about. It’s a poly-hydroxy acid, or 
PHA, a group of acids often overshadowed by their 
much more talked about cousins, alpha-hydroxy and 
beta-hydroxy acids. But while AHAs and BHAs often 
steal the skincare spotlight, PHAs, gluconolactone in 
particular, most definitely deserve a place at the table. 
Like the others, it’s choice for improving skin tone and 
texture, dissolving the dead cells that leave your com-
plexion rough and lackluster.gluconolactone, it’s an 
important skincare ingredient worth knowing about. 
It’s a poly-hydroxy acid, or PHA, a group of acids often 
overshadowed by their much more talked about cous-
ins, alpha-hydroxy and beta-hydroxy acids. But while 
AHAs and BHAs often steal the skincare spotlight, 
PHAs, gluconolactone in particular, most definitely 
deserve a place at the table. Like the others, it’s choice 

for improving skin tone and texture, dissolving the 
dead cells that leave your complexion rough and lack-
luster. This agent emits a severe inexperienced gluco-
nolactone withinside the presence of alkaline solution 
and consequently is used as a label while conjugated 
to antibodies or as an assessment agent for ophthalmic 
angiography. The two antibiotics which are used for 
the docking are dicloxillin of ID 18381 and its molec-
ular formula is C19H17CL2N3O5S with 470.3g/mol.
Dicloxacillin is a narrow-spectrum β-lactam antibiot-
ic of the penicillin class. It is used to treat infections 
caused by susceptible Gram-positive bacteria. It is ac-
tive against beta-lactamase-producing organisms such 
as Staphylococcus aureus, which would otherwise be 
resistant to most penicillins.The two different types of 
antibiotic data files are found on the PubChem web-
site, using the PYMOL to remove unwanted molecules 
from the antibiotic for docking purposes. The docking 
takes place between the Bacterial clumping factor A 
from Staphylococcus aureus, gluconolactone, and an-
tibiotics are dicloxacillin to find the resistance against 
the protein molecule.

STATISTICAL ANALYSIS
The Statistical examination was performed using 

the IBM SPSS tool. In the docking method the protein, 
ligand, and the two antibiotics were for data analysis. 
For both proposed and prevailing algorithms, 10 sam-
ples were performed and for each sample, the predict-
ed accuracy was noted for calculation in the MS Excel 
sheet of the SPSS tool.

RESULTS AND DISCUSSION
Table 1: Shows the docking value of protein and 

ligand are Bacterial associated protein Clumping 
Factor A from Staphylococcus aureus and glucono-
lactone by using auto dock vina tool. Where gluco-
nolactone is showing the lowest affinity of Kcal/mol. 
Table 2: shows the docking value of protein and ligand 
are Bacterial associated protein -Clumping Factor A 
from Staphylococcus aureus and dicloxacillin by us-
ing auto dock vina tool. Where dicloxillin is show-
ing the highest affinity of Kcal/mol. Table 3: shows 
the docking value of protein and ligand are Bacterial 
associated protein Clumping Factor A from Staph-
ylococcus aureus and cephalaxin by using auto dock 
vina tool. Where cephalexin is showing the lowest af-
finity of Kcal/mol. Tabel 4: in group statistics which 
tells about the dicloxacillin having the highest binding 
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affinity when compared with the ligand gluconolac-
tone, where analysis was performed in the IBM SPSS 
tool. Tabel 5: in group statistics which tells about the 
cephalexin having the highest binding affinity when 

compared with the ligand gluconolactone, where anal-
ysis was performed in the IBM SPSS tool. Tabel 6: The 
independent sample t-test will show the two groups’ 
binding affinity of gluconolactone and dicloxacillin. 
In these independent sample t-tests having two groups 
of sig one-sided p and sig two-sided p, both are show-
ing equal values of <.001. Tabel 7: The independent 
sample t-test will show groups’ binding affinity of glu-
conolactone and the cephalexin In these independent 
sample t-tests having two groups of sig one-sided p 
and sig two-sided p, both are showing equal values of 
<.00. Figure 1: The docking done between protein and 
ligand which are Bacterial associated clumping factor 
A from staphylococcus aureus and gluconolactone 
where the ASP340A, LYS281A, LEU444A,ALA441A 
protein pockets interact. Figure 2: The docking done 
between protein and antibiotic which are Biofilm as-
sociated protein-clumping factor A from staphylococ-
cus aureus and dicloxacillin. Where the active sites of 
protein pockets are ALA441A, ASN267A,VAL323A, 

Table 1
its shows the docking value of protein and ligand are Bacterial 
associated clumping factor A from staphylococcus aureus and 
gluconolactone by using auto dock vina tool. Where glucono-
lactone is showing the lowest affinity of Kcal/mol. 

Mode Affinity(Kcal/
mol)

Dist from 
rmsd l. b

best mode 
rmsd u. b.

1 -5.8 0.000 0.000
2 -5.8 1.089 3.613
3 -5.6 2.625 5.010
4 -5.5 1.637 4.066
5 -5.3 1.598 3.878
6 -5.3 3.250 5.173
7 -5.3 1.794 2.415
8 -5.2 2.173 4.550
9 -5.2 2.678 4.967
10 -5.1 13.905 15.559

Table 2
its shows the docking value of protein and ligand are Bacteri-
al associated protein clumping factor A from staphylococcus 
aureus and dicloxacillin by using auto dock vina tool. Where 
dicloxacillin is showing the highest affinity of Kcal/mol. 

Mode Affinity(Kcal/
mol)

Dist from 
rmsd l. b

best mode 
rmsd u. b.

1 -7.4 0.000 0.000
2 -6.8 1.815 2.244
3 -6.8 2.777 7.049
4 -6.8 3.102 4.957
5 -6.7 3.057 5.792
6 -6.6 2.833 7.249
7 -6.6 2.313 2.809
8 -6.4 3.386 5.103
9 -6.4 3.789 5.654
10 -6.2 2.020 2.686

Table 3
its shows the docking value of protein and ligand are Bacteri-
al associated protein clumping factor A staphylococcus aureus 
and cephalexin using auto dock vina tool. Where cephalexin is 
showing the lowest affinity of Kcal/mol. 

Mode Affinity(Kcal/
mol)

Dist from 
rmsd l. b

best mode 
rmsd u. b.

1 -9.9 0.000 0.000
2 -9.9 2.306 6.724
3 -9.7 4.335 6.467
4 -9.7 4.815 9.760
5 -9.5 3.149 9.159
6 -9.5 4.914 9.781
7 -9.4 4.144 9.672
8 -9.4 4.312 9.396
9 -9.4 3.856 9.678
10 -9.4 3.349 9.283

Tabel 4
in group statistics which tells about the dicloxacillin having 
highest binding affinity when compared with the ligand gluco-
nolactone, where analysis was performed in the IBM SPSS tool.

 Group Statistics
Affinity Group N Mean Std. De-

viation
Std. 
Error 
mean

GLUCONO-
LACTONE

10 3.0638 3.91411 1.23775

DICLOXACILLIN 10 4.7942 4.06593 1.28576

Tabel 5
in group statistics which tells about the cephalexin having high-
est binding affinity when compared with the ligand gluconolac-
tone, where analysis was performed in the IBM SPSS tool. 

 Group Statistics
Affinity Group N Mean Std. De-

viation
Std. 
Error 
mean

GLUCOLAC-
TONE

10 6.1457 .30785 .89568

CEPHALEXIN 10 7.2245 .47400 .16562
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Tabel 6
The independent sample t-test which will show the two groups binding affinity of gluconolactone and dicloxacillin. In these inde-
pendent sample t-tests having two groups of sig one-sided p and sig two-sided p, both are showing the equal values of <.001

 INDEPENDENT SAMPLES TEST

levene’s test 
for equality of 

variances 

 t-test for equality of means 

f sig t off  significance Mean 
differ-
ence

std error 
differ-
ence

95% confidence 
interval of the 

difference

One 
sided p

Two 
sided p

lower upper

Affinity Equal variances 
assumed

.345 .345 23.678 18 <.001 <.001 3.20000 .16745 2.98765 3.76549

Equal variances 
not assumed

27.395 16.115 <.001 <.001 3.20000 .16745 2.98764 3.67589

Tabel 7
The independent sample t-test which will show the two groups binding affinity of gluconolactone and cephalexin. In these inde-
pendent sample t-test having two groups of sig one-sided p and sig two-sided p, both are showing the equal values of <.00

 INDEPENDENT SAMPLES TEST

levene’s test 
for equality of 

variances 

 t-test for equality of means 

f sig t off  significance Mean 
differ-
ence

std error 
differ-
ence

95% confidence 
interval of the 

difference

One 
sided p

Two 
sided p

lower upper

Affinity Equal variances 
assumed

.345 .734 7.347 18 <.001 <.001 1.08000 .15678 .78058 1.46763

Equal variances 
not assumed

7.347 17.768 <.001 <.001 1.08000 .15678 .78037 1.46763

               

           (A) Surface interaction         (B) Cartoon interaction              (C) Molecular interaction 

 Fig 1: The docking done between protein and ligand which are Bacterial associated clumping factor A from staphylococcus aureus 
and gluconolactone where the ASP340A, LYS281A, LEU444A,ALA441A protein pockets interact.
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      (A) Surface interaction                 (B) Cartoon interaction                     (C) Molecular interaction 

 Fig 2: The docking done between protein and antibiotic which are Biofilm associated protein-clumping factor A from staphylo-
coccus aureus and dicloxacillin. Where the active sites of protein pockets are ALA441A, ASN267A,VAL323A, ALA269A which will 
interact with dicloxacillin (antibiotic)

         

       (A) Surface interaction              (B) Cartoon interaction             (C) Molecular interaction 

 Fig 3: The docking done between protein and antibiotic which are Bacterial associated protein-clumping factor A from staphylo-
coccus aureus and cephalexin. Where the active sites of protein pockets are LYS281A, LEU444A, ALA441A, ASN267A,VAL323A, 
ALA269A which will interact with cephalexin (antibiotic).

 
Fig 4: the graph is showing totally two different types of bars, named as gluconolactone which is represented as the blue color, 
and the second one is named as the dicloxacillin which is in the color blue and the second bar is dicloxacillin in blue color, where 
the highest binding affinity is showing in this graph is dicloxacillin and the least binding affinity is gluconolactone. The 95% is the 
confidence limit and, +\-2 is the range and standard deviation. The y axis represents binding affinity, and the x-axis will be told 
about the screening of inhibitors.
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ALA269A which will interact with dicloxacillin (an-
tibiotic).

Figure 3:The docking done between protein 
and antibiotic which are Bacterial associated pro-
tein-clumping factor A from staphylococcus aureus 
and cephalexin. Where the active sites of protein pock-
ets are LYS281A, LEU444A, ALA441A, ASN267A,VA-
L323A, ALA269A which will interact with cephalex-
in (antibiotic). Graph: the graph is showing totally 
two different types of bars, named as gluconolactone 
which is represented as the blue color, and the second 
one is named as the dicloxacillin which is in the color 
blue and the second bar is dicloxacillin in blue color, 
where the highest binding affinity is showing in this 
graph is dicloxacillin and the least binding affinity is 
gluconolactone. The 95% is the confidence limit and, 
+\-2 is the range and standard deviation. The y axis 
represents binding affinity, and the x-axis will be told 
about the screening of inhibitors.

CONCLUSION
Although exopolysaccharides are important but 

not always essential components of the biofilm ma-
trix, new data suggests that a group of surface proteins 
is the most important factor in the development of 
microbial communities. The structure of the protein 
Bacterial associated protein Clumping Factor A from 
Staphylococcus aureus was retrieved from PDB data-
bases, and docking was performed between the pro-
tein Bacterial associated protein Clumping Factor A 
from Staphylococcus aureus and two different types 
of antibiotics, dicloxacillin and cephalexin. Based on 
the docking results, it was concluded that dicloxacillin 
antibiotic has a higher dock score (or highest resist).
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ABSTRACT
Aim: The aim of this research work is to determine and com-
pare the electrical resistivity of silver and copper nanowire by 
using the Novel Composite Filament Simulation Tool. Materi-
als and Methods: This study was carried out at the Simula-
tion laboratory, Saveetha School of Engineering, Chennai. The 
sample size calculation was done using clinical.com by keeping 
alpha error-threshold by 0.05, enrollment ratio as 0:1, 95% con-
fidence interval, power at 80%. Group 1 was silver nanowire 
(N=20) and group 2 was copper nanowire (N=20). The total 
sample size was 40. Results: Comparison of electrical resistivity 
is done by independent sample test using SPSS software. There 
is a statistical indifference between silver and copper nanowire. 
Copper nanowire (55%) showed higher resistivity in compari-
son to silver nanowire (45%). There appears to be a statistically 
insignificant difference (p=0.269, p>0.05) by using an indepen-
dent sample T test. Conclusion: Silver nanowire appears to 
give better electrical conductivity than in copper nanowire.

Keywords
Nanowire, Silver nanowire, Copper nanowire, Electrical resistiv-
ity, Electrical properties, Novel Composite Filament Simulation 
Tool, Nanotechnology
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INTRODUCTION
In nanotechnology, nanowires are thin wires com-

posed of 10-9 nm. Nanowires are promising materials 
for many novel applications (Gomes 2020). It is used 
for nano/biochemical sensors, data storage/transfer, 
batteries, generators, transistors, LEDs, optoelectron-
ic devices. It has unique properties including physi-
cal (Vázquez 2015), electrical (Nam et al. 2013), me-
chanical and optical (Madkour 2019). Nanowires have 
potential impact on electronics, computers, memory, 
data storage, communications, manufacturing, health 
and medicine (Raj and Balwinder 2020). 

About 10 google scholar and 7 science direct ar-
ticles were found related to this work in the past few 
years. A research work propose that the silver nanow-
ire gives a resistivity of 1 × 106 Ω cm for the volume 
range from 0.75 to 4 vol% and copper nanowire gives 
a resistivity of 1 × 108 Ω cm for the volume range from 
1 to 4 vol% (Gelves et al. 2006). Electrical resistivity 
was found to increase as the wire width decreased 
and was found to be a result of surface and size effects 
(Huang et al. 2008). Electrical resistivity experiments 
done on nanowires having different volume fractions 
from 0.25 and 0.75 vol% shows the low percolation 
threshold (Nam et al. 2013). The resistivity increases 
once the wire width decreases below about 45–50 nm 
(Durkan and Welland 2000). Our team has extensive 
knowledge and research experience that has translate 
into high quality publications(Chellapa et al. 2020; La-
vanya, Kannan, and Arivalagan 2021; Raj R, D, and S 
2020; Shilpa-Jain et al. 2021; S, R, and P 2021; Rama-
doss, Padmanaban, and Subramanian 2022; Wu et al. 
2020; Kalidoss, Umapathy, and Rani Thirunavukkara-
su 2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020)

There are numerous reports on the determination 
of resistivity of nanowires such as silver, copper, gold 
etc. There are less reports on the determination of re-
sistivity of the same while used as a matrix element in 
a nanocomposite. This work is to determine the elec-
trical resistivity of silver nanowire and copper nanow-
ire by its volume, alignment range and the resistivity 
is compared.

MATERIALS AND METHODS
This study of electrical properties was carried out 

using the Novel Composite Filament Simulation Tool 
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at the Simulation laboratory, Saveetha School of En-
gineering, Chennai. The sample size calculation was 
done using past study results (Gelves et al. 2006) us-
ing clinical.com by keeping alpha error-threshold by 
0.05, enrollment ratio as 0:1, 95% confidence interval, 
power at 80%. Group 1 was silver nanowire (N=20) 
and group 2 was copper nanowire (N=20). The total 
sample size was 40. 

The dataset for calculating the electrical properties 
is obtained from (nanohub.org) by using the Novel 
Composite Filament Simulation Tool. The simulation 
of electrical resistivity was processed for silver and 
copper nanowire. And the comparison of resistivity 
was done between silver and copper nanowire. The re-
sistivity was obtained by its alignment range. The size 
of Ag and Cu nanowire having diameter of 25 nm and 
a length of 10 to 20 μm, respectively was taken. In this 
tool the input parameters are given and the variable 
output is obtained. Where the tool has the nanowire 
diameter (nm) range from 25 to 250 nm, length rang-
es from 1 to 10 micrometre and the volume ranges 
from 1 to 10%. The Alignment limit is 90. It is done 
by the Monte Carlo method of simulation. This tool 
is used to process by entering the size and volume of 
the nanowire with respect to alignment range. First It 
will take a few mins of time and an output resistivity of 
nanowire in graphical representation is obtained.

Statistical Analysis
The accuracy learning is done by IBM SPSS soft-

ware for the sample size of the nanowires Group 1 and 
Group 2 using an independent sample T test. Here, the 
independent variable is size and length and the depen-
dent variable is alignment range.

RESULTS
In this study the sample size is simulated in accor-

dance to their specific parameter, By using the Novel 
Composite Filament Simulation Tool. The simulation 
gives the electrical resistivity of the nanowires and 
the resistivity between silver and copper nanowire is 
compared. Table 1 represents the electrical resistivity 
of silver nanowire based on its alignment range and 
Table 2 represents the electrical resistivity of copper 
nanowire based on its alignment range. The copper 
nanowire had the highest accuracy, 65% in compari-
son to silver nanowire, 45%. These results showed that 
silver nanowire can be used for better conductivity in 
comparison with copper nanowire. The descriptive 

statistics in table 3 demonstrates the silver nanowire 
had less error rate than the copper nanowire. Table 4 
demonstrates the independent sample T test in pre-
dicting using silver nanowire and copper nanowire. 
There appears to be a statistically insignificant differ-
ence (p=0.269,p>0.05) using an independent sample T 
test. This result shows that copper nanowires are sig-
nificantly better than silver nanowires. 

Table 1
Calculation of electrical resistivity of silver nanowire based on 
various alignment range

S.No Alignment range
(degrees θ)

Electrical resistivity 
Ωm

1 5 4x10-6

2 10 6x10-6

3 15 8x10-6

4 20 1x10-5

5 25 4x10-5

6 30 6x10-5

7 35 8x10-5

8 40 1x10-4

9 45 0.00014
10 50 0.00016
11 55 0.0002
12 60 0.0006
13 65  0.001
14 70 0.0014
15 75 0.0016
16 80 0.002
17 85 0.0024
18 90 0.0026
19 95 0.0028
20 100 0.003

Table 2
Calculation of electrical resistivity of copper nanowire based on 
various alignment range

S.No Alignment range 
(degrees θ)

 Electrical Resistiv-
ity Ωm

1 5 2x10-6

2 10 4x10-6

3 15 5x10-6

4 20 9x10-6

5 25 2x10-4

6 30 4x10-4

7 35 5x10-4

8 40 7x10-4

9 45 8x10-4
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S.No Alignment range 
(degrees θ)

 Electrical Resistiv-
ity Ωm

10 50 10x10-4

11 55 11x10-3

12 60 13x10-3

13 65 14x10-3

14 70 15x10-3

15 75 18x10-3

16 80 0.00225
17 85 0.00275
18 90 0.00325
19 95 0.00375
20 100 0.00425

 

Table 3
Comparison of mean and accuracy using Silver Nanowire and 
Copper Nanowire.

Param-
eter

Group N Mean Std. De-
viation

Std. Error 
Mean

Resistivity

Silver 
Nanowire

20 0.00153 0.00760 0.000170

Copper 
Nanowire

20 0.00187 0.00104 0.000234

Figure 1 shows that electrical resistivity of copper 
nanowire is more compared to silver nanowire. Figure. 
2 represents the resistivity of silver nanowire ranging 
from (5-30) degrees. Figure 3 and Fig. 4 represent the 
resistivity of silver nanowire ranging from (35-90) de-
grees. Whereas Fig. 5 represents the resistivity of copper 
nanowire ranging from (5-30) degrees. Figure 6 and Fig. 
7 represent the resistivity ranging from (30-90) degrees.

DISCUSSION
To simulate the electrical resistivity of the nanow-

ire by their alignment range and comparing the out-
come of each other. The analysis of silver and copper 
nanowire the P value is obtained as 0.269 which is 
greater than 0.05 and it is insignificant.

A calculation indicates that the resistivity of 
nanowire increases significantly once the wire width 
decreases below 25 nm, at odds with our experi-
mental observation (Durkan and Welland 2000). In 
nanotechnology, silver nanowire has gotten a lot of 
attention as a result of its great potential for appli-
cations and excellent electrical properties (Cheng et 

Table 4
Independent sample T-test in predicting the accuracy of Resistivity using Silver nanowire and Copper nanowire. There appears to 
be a statistically insignificant difference (P=0.269>0.05).

Leven’s test for 
equality of variance T-test for equality of variance 95% of confidence 

interval of differ-
ence

f sig t df Signifi-
cance

Mean dif-
ference

Std.error 
diff lower upper

Resistivity
Equal variances 
assumed 0.273 0.269 -1.175 38 0.247 -.00034 .00034 -.00092 .00024

Equal variances 
not assumed -1.175 34.689 0.248 -.00034 .00028 -.00092 .00024 

Fig. 1 Comparison of electrical resistivity of silver nanowire and copper nanowire. Both the nanowires appear to have different 
results ranging from 45% to 55%. The X axis represents the comparison of Silver nanowire and Copper nanowire and the Y axis 
represents Electrical resistivity. Mean +/- 1SD.
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al. 2015). The resistivity decreases when the volume 
is greater than 0.25% and 0.50% for the composites 
using the small-scale and the large-scale nanowires, 
respectively in CuNW (Lin et al. 2007). Low perco-
lation threshold was measured in variation of size of 

the nanowire in 10-8 Ωm resistivity (Al-Saleh, Gelves, 
and Sundararaj 2011). The electrical resistivity of 
nanowire is independent of its size and area (Gu, 
Choi, and Kim 2006). The silver nanowire has a good 
transparent conducting network of resistance of 

 Fig. 2 Electrical resistivity (Ωm) of silver nanowire by its align-
ment range between (5 to 30) degrees. From which it shows 
that the resistivity of silver nanowire decreases with increase in 
its alignment range.

 

Fig. 3 Electricity resistivity of silver nanowire ranging from (35 
to 55) degrees. It shows the linear decrease in resistivity with 
increase in alignment range. 

 

Fig. 4 This shows the electrical resistivity of silver nanowire rang-
ing from (60 to 90) degrees. The resistivity of silver nanowire 
decreases slowly by the alignment range.

 
Fig. 5 It shows the electrical resistivity (Ωm) of copper nanowire 
based on its alignment range from (5 to 30) degrees.The resis-
tivity of copper nanowire decreases with increase in its align-
ment range.

 

Fig. 6 This figure indicates the electrical resistivity of copper 
nanowire ranging from (35 to 55) degrees. The resistivity de-
creases gradually with respect to the alignment range. 

Fig. 7 Electrical resistivity of copper nanowire ranging from (60 
to 90) degrees. The resistivity decreases randomly with increase 
in alignment range.
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6.5Ω/sq (Groep et al. 2012). CuNW composites are 
having highly electrical insulating properties (Yuan 
et al. 2018). Basically Nanowires have good electric-
ity conducting properties where the silver nanowire 
has better conductance than copper nanowire (Lang-
ley et al. 2013). Therefore in comparison of electri-
cal resistivity copper nanowire has higher resistivity 
than silver nanowire. From this silver nanowire ap-
pears to have high conductivity. Silver nanowire has 
high electrical conductance and flexibility in many 
applications (Ji et al. 2019).

Limitations of this work include decrease in the 
conductivity of the silver nanowires while used in 
nanocomposite. This could be due to the short circuit 
in the wires due to agglomeration. In the future, dis-
persion of nanowires could be enhanced to increase 
the conductivity of silver and can be implemented 
in the nanodevices as such memory devices for huge 
memory storage.

CONCLUSION
In this study of the nanotechnology field, simula-

tion on resistivity the copper nanowire obtained had 
better resistivity than silver nanowire. It performs 
significantly better than silver nanowire. The simu-
lation tool appeared to give better resistivity to cop-
per nanowire (55%) than silver nanowire (45%). This 
shows that silver nanowire has better conductivity. 
The electrical resistivity also increases with decrease 
in size of nanowire.
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ABSTRACT 
Aim: Acral melanoma detection using a fuzzy method vs. con-
volutional neural network CNN utilizing dermoscopic pictures. 
Materials and Methods: To assess and compare the acral 
melanoma detection, the researchers used the fuzzy algorithm 
and the Convolutional neural network algorithm. The overall 
sample size is 40 due to the utilization of 20 samples acral mel-
anoma is identified by evaluating the effectiveness with pre-
test power of 80% (G-power) α=0.05, confidence level 95%. 
Result: The proposed fuzzy algorithm helps in increasing the 
higher accuracy compared to Convolutional Neural Network 
CNN with improved accuracy of the fuzzy algorithm algorithm 
is 80% and the CNN algorithm is 75 %. The accurate rate is 
80with data features found in fuzzy algorithms and each algo-
rithm has different precision. Conclusion: This study shows a 
higher accuracy for the fuzzy algorithm higher significant value 
than the convolutional neural network.
Keywords
Acral Melanoma, Convolutional Neural Network, Innovative 
detection Technique, Machine Learning, Fuzzy Algorithm.
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INTRODUCTION
Skin cancer that begins in cells known as mela-

nocytes which is affected beyond the range of sight is 

called the rapid spreading malignant melanoma. They 
mold the new process to figure and diagnose by taking 
a piece of tissue and identifying this type of cancer has 
less chance in discerning the early stage. They utilized 
multiple amounts of dermoscopic images to analyze the 
cancer detection and their clinical output will be more 
precise (Banerjee et al. 2020). Chance of surviving malig-
nant melanoma is less after detecting the mechanization 
of this type of cancer, accuracy grows and computerized 
diagnosis is important for melanoma.image processing is 
done in the diagnosis and their accuracy will be high in 
fuzzy logic algorithm.having more accurate images the 
accuracy will be accurate. (Salah et al. 2011).Dermatol-
ogist will be able to diagnose the acral melanoma skin 
cancer using fuzzy logic algorithm to prevent the dead 
full cancer in the early stage.This algorithm includes al-
pha set and quantifying a fuzzy skin lesion to the clinical 
importance of color in the lesion should be cleared and 
optimized using alphabet.this technique includes auto-
matic detection for the blotches it is one of the difficult 
technique to proceed with.it shows more importance for 
color of the lesion which is processed by positive and 
negative rates using computers with the set of images 
(Khan et al. 2009) (Almubarak et al. 2017)

Total number of articles published over past five 
years are 24.Cutaneous melanoma is done by the new 
method of process which includes the innovative tech-
nique for the machine learning and new image de-
scription for better accuracy (Pathan, Gopalakrishna 
Prabhu, and Siddalingaswamy 2018).Dermascopy im-
age analysis tend to have a track on new innovation on 
finding the melanoma skin cancer and they find the 
feature extraction of the pigmented area (Barata, Cele-
bi, and Marques 2019).Acral melanoma is identified 
by the visual analysis by the dermatologist through na-
ked eye by the visible mole and it it dangerous if found 
in the later period audits done by lesion segmentation 
feature and clinical segmentation (Okur and Tur-
kan 2018).Dermatologist involvement is important 
in finding the melanoma models for tissue classifier 
and collection of data set data technology technique 
(Zakhem et al. 2020).Our team has extensive knowl-
edge and research experience that has translate into 
high quality publications(Chellapa et al. 2020; La-
vanya, Kannan, and Arivalagan 2021; Raj R, D, and S 
2020; Shilpa-Jain et al. 2021; S, R, and P 2021; Rama-
doss, Padmanaban, and Subramanian 2022; Wu et al. 
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2020; Kalidoss, Umapathy, and Rani Thirunavukkara-
su 2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020)

The accuracy is predicting the complication type 
skin cancer acral melanoma is very low so we propose 
a new algorithm that made to study further on the re-
search work within different type of algorithm with al-
pha cut lesion colour technique.The main aim of the 
research is to develop an innovative machine learning 
technique of fuzzy logic algorithm to predict acral mel-
anoma accurately than the existing algorithm CNN

METHODS & MATERIALS 
This study was conducted in the machine learn-

ing laboratory in the Department of Biomedical en-
gineering, Saveetha School of Engineering, SIMATS, 
Chennai. In this research, the number of groups used 
for comparison is two (Jagtap and Karande 2022). The 
pre-test analysis was done by keeping g-power at 80%, 
confidence interval at 95% and threshold at 0.05%. 

The fuzzy algorithm has the best comparison with 
dermoscopic images by means of innovative detection 
techniques to achieve better results. Fuzzy algorithm 
has achieved higher accuracy when compared with 
CNN. It is done using matlab and simulation with var-
ious data sets on acral melanoma.

The statistical software used in the research work 
is SPSS used to calculate the mean, standard deviation 
and significance difference of the results obtained (Ji-
ang and Sun 2014). In this research the received signal 
strength values are independent variables since they are 
inputs and remain constant, whereas accuracy values 
are dependent variables because they depend on the 
inputs. The analysis of the research work is done using 
independent T-Test, which is used to compare accuracy 
of tag position produced by fuzzy logic algorithms and 
convolutional neural network(CNN) algorithms.

Statistical analysis
To verify the outcome, IBM-SPSS was used to con-

duct the statistical algorithm analysis.(Yao, Wang, and 
Cai 2016). The independent sample t-test is used to 
assess precise accuracy. The data was tested at various 
percentages, and the results were recorded.

RESULT
Using the suggested approach, Matlab was used to 

make dermoscopic images of acral melanoma. Despite 
the fact that the data sets were trained to look for ways 

to decrease flaws in acral melanomic cancer and in-
crease the accuracy of proposed algorithms, fuzzy al-
gorithms are typically employed to address difficulties 
until an acceptable degree of accuracy is achieved.

Table 1. shows the accuracy of 20 samples in com-
parison of customized fuzzy algorithms and convolu-
tional neural network algorithms. Each sample gives 
different accuracies where fuzzy algorithms have bet-
ter accuracy 80% which is greater than CNN.

Table 1
The accuracy of a sample of fuzzy algorithm and convolutional 
neural network. The maximum accuracy using fuzzy algorithms 
is found to be 80% and 75% by CNN.

FUZZY ALGORITHM ACCU-
RACY(%)

CONVOLUTIONAL NEURAL 
NETWORK (%)

100 48.15
87.97 45.51
82.83 33.47
84.56 23.15
87.45 46.25
97.83 55.71
95.64 43.25
100 43.47

99.32 36.71
95.23 57.26
90.6 39.26
97.55 35.23
96.34 38.71
9158 43.28
100 59.13

92.53 52.65
83.64 40.76
92.77 34.98
93.31 41.33

Table 2
Statistical results of Fuzzy and CNN algorithm. Mean accuracy 
value, Standard deviation and standard Error Mean for Fuzzy 
and CNN algorithm are obtained for 22 images. It is observed 
that Fuzzy algorithm performed better than CNN algorithm 

ACCU-
RACY

 GROUP STATISTICS
 GROUP  N  MEAN Std.De-

viation
Std.Error 

Mean
Fuzzy Algo-
rithm(FA)

20 93.9729 6.02221 1.31415

(CNN) 20 41.7411 9.45619 3.15206

Table 2. statistical analysis of group 1 fuzzy algo-
rithm accuracy is 80% standard deviation 6.02221 and 
standard error 1.31415 whereas group 2 CNN mean 
standard deviation 9.45619 and standard error 3.15206.
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Table 3. Shows independent samples tested by equal 
variants on the bases of assumed and not assumed. On 
the basis of significance p=0.01 i.ep<0.05

In Fig.1 the graph shows performance analysis of 
fuzzy algorithm which is obtained by using

Microsoft Excel. Performance analysis compares 
the accuracy values of fuzzy algorithm and CNN al-
gorithm

In Fig.2 It is the output shown in dermoscopic 
images by means of comparing fuzzy algorithm with 
CNN.

In Fig.3 melanomic disease prediction using a 
fuzzy algorithm is shown in a bar graph. Predicted 
accuracy values can be done by using SPSS software. 
Performance analysis compares the mean accuracy 
values of fuzzy algorithms and CNN algorithms.

Table. 3
It shows the independent t-test is performed. The significance should be less than 0.05. Therefore it shows that our algorithms 
performed well and we got better outputs.

 INDEPENDENT SAMPLE TEST
LEVENE’S TEST FOR EQUALITY OF 

VARIANCES 
T-TEST FOR EQUALITY OF MEANS

SIGNIFICANCE STD.
ERROR 
DIFFER-
ENCE

95% CONFIDENCE INTER-
VAL OF THE DIFFERENCE

f Sig T DF ONE-SID-
ED P

TWO-SID-
ED P

LOWER UPPER

Accuracy Equal Variance 
Assumed

1.513 .229 18.277 28 <.001 <.001 2.85783 46.37774 58.08

Equal Variance 
is not Assumed

15.295 10.891 <.001 <.001 3.41504 44.70612 59.75

Precision Equal Variance 
Assumed

.05 .823 -15.13 38 <.001 <.001 .00886 -.15198 -.1161

Equal Variance 
is not Assumed

-15.13 37.58 <.001 <.001 .00886 -.15198 -.1161

                       

    a)   Input image          b)Enhanced image             c)Output image                                             

 

 

Fig. 2, The simple bar graph compares the mean accuracy values of the Fuzzy algorithm and CNN algorithm. Based on the mean 
accuracy, it is said that the Fuzzy algorithm is more efficient when compared to CNN algorithm. The mean accuracy of the Fuzzy 
algorthm is denoted as 93.97,and the mean accuracy of CNN is denoted as 41.7.
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DISCUSSION
It is found that the proposed algorithm fuzzy al-

gorithm is significantly better than the existing algo-
rithm convolutional neural network. The melanoma 
gives the accurate results and specificity than what the 
dermatologist could recognise and machine learning 
technique is being helpful in finding the future diag-
nosis (Efimenko, Ignatev, and Koshechkin 2020). Mel-
anoma discussion have been a challenging task for the 
clinal workers to identify and analyze the deep learning 
technique and taxonomy technique is used to improve 
the handcrafted technique for melanoma skin cancer 
(Naeem et al. 2020).Robust computer aided diagno-
sis is being practiced for transferring the multiplay-
er feature for performing the morphological feature 
done by high dermoscopic images and achieved high 
precise technique (Bakkouri and Afde 2020). Vari-
ous deep learning technique is used in this research 
(ANN) (CNN) (YOLO) (FCN) for differentiating the 
skin segments and lesion feature (Duggani and Nath 
2021).Meta analysis is done for melanoma detection 
and it has high sensitivity for the image processing and 
methodology diagnosis for deep learning analysis(Liu 
et al. 2019). Nature inspired metaheuristic algorithm 
finds the optimum solution and most efficient results 
for multilayer precptron For the malignant melano-
ma lethal skin cancer (Mukherjee, Adhikari, and Roy 
2019).

CONCLUSION 
Hence it is found that our proposed fuzzy algo-

rithm is significant and provides better accuracy when 
it is compared with CNN 
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ABSTRACT
Aim: In this research work the simulation of electrical resistiv-
ity of copper nanowire by using a Novel Composite Filament 
Simulation Tool, and comparing the resistivity by its Volume 
and Alignment range. Materials and Methods: This review 
was done at the Simulation research lab, Saveetha School of 
Engineering, Chennai. The sample size computation was fin-
ished by past outcomes using clinical.com by keeping alpha 
error-threshold by 0.05, enrollment ratio as 0:1, 95% confidence 
interval, power at 80%. Group 1 and 2 are volume (N=20) and 
alignment range (N=20) of copper nanowire. The complete 
sample size was 50. Results: Comparison between these two 
parameters are done by independent sample test using SPSS 
software. There is a statistical indifference between volume and 
in alignment range. Copper nanowire based on its volume 
(55%) showed higher resistivity in comparison to its alignment 
range (50%). There appears to be a statistically significant dif-
ference (p=0.047, p<0.05) by using an independent sample 
T test. Copper nanowire having volume a high showed bet-
ter results in comparison to its alignment range. Conclusion: 
Copper nanowire by volume appears to give better electrical 
resistivity than its alignment range.
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INTRODUCTION
Copper nanowires are having promising applica-

tions in electronics and optoelectronics due to their 
high electrical conductivity (Zeng et al. 2017). Copper 
nanowires have a potential application in stretchable 
conductors due to ultrahigh aspect ratio (Nam and 
Lee 2016), great flexibility (Ye et al. 2016) and low cost. 
The recent progress of Cu NWs have shown a new vi-
sion in the field of wearable electronics (Huang et al. 
2017). Copper nanowire has a great impact on envi-
ronmental stability and superior electrical transport 
properties (Xu et al. 2015).

Around 10 google scholar and 7 science direct arti-
cles were found on this work. The low vol 0.1% has re-
sistivity of 10-8 Ωm and 0.2% has resistivity of 10-9 Ωm, 
the resistivity varies in accordance to their volume 
range (Jason, Shen, and Cheng 2015). The experimen-
tal resistivity of copper nanowire of length l= 4.5m 
and diameter d = 62 nm shows the resistance gradu-
ally increasing (Zhao et al. 2012). The CuNW having 
high volume at 2 to 7 vol% gives the resistance about 
10-9 to 10-10 Ωm (Lotey, Kumar, and Verma 2012). Cu 
NWs with average diameter 75 nm and small aspect 
ratio in control with their dimensions exhibited good 
optical and electrical performance (Wang and Ruan 
2016). Our team has extensive knowledge and research 
experience that has translate into high quality publi-
cations(Chellapa et al. 2020; Lavanya, Kannan, and 
Arivalagan 2021; Raj R, D, and S 2020; Shilpa-Jain et 
al. 2021; S, R, and P 2021; Ramadoss, Padmanaban, 
and Subramanian 2022; Wu et al. 2020; Kalidoss, 
Umapathy, and Rani Thirunavukkarasu 2021; Kaja et 
al. 2020; Antink et al. 2020; Paul et al. 2020; Malaikol-
undhan et al. 2020)

There are numerous reports on the determination 
of resistivity of nanowires such as silver, copper, gold 
etc. There are few reports on the determination of re-
sistivity of the same while used as a matrix element in 
a nanocomposite..The focus of this work is to observe 
the electrical resistivity of copper nanowire by its vol-
ume and alignment and the resistivity is compared.
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MATERIALS AND METHODS
This review was done at the Simulation research lab, 

Saveetha School of Engineering, Chennai. The sample 
size computation was finished by past outcomes (Wang 
and Ruan 2016) using clinical.com by keeping alpha er-
ror-threshold by 0.05, enrollment ratio as 0:1, 95% confi-
dence interval, power at 50%. Group 1 and 2 are volume 
(N=20) and alignment range (N=20) of copper nanowire. 
The complete sample size was 40. The data-collection was 
done from (nanohub.org) by the use of a Novel Composite 
Filament Simulation Tool. The Simulation of electrical re-
sistivity was done with respect to its volume and alignment 
range and compared with each other. Copper nanowire 
with volume 0.2 to 1.5 vol% and alignment range 5 to 100 
degree θ. This tool works depending on the parameters 
which are given and the variable output is obtained. In 
this the tool has the nanowire diameter (nm) range from 
25 to 250nm, length ranges from 1 to 10 micrometre and 
the volume ranges from 1 to 10%. The Alignment limit is 
90 degrees. The simulation is done using the Monte Carlo 
method. It is processed by entering the size and volume 
of the nanowire with respect to alignment range. The di-
ameter and length of nanowire is kept constant for differ-
ent volumes of copper nanowire. Similarly, the alignment 
range is selected with respect to diameter, length and vol-
ume. And select the type of material (CuNW) and start to 
process the simulation. It will take some time to simulate 
and then an output resistivity of CuNW in accordance 
with its volume and alignment range in graphical repre-
sentation is obtained.

Statistical Analysis
The accuracy measurement is done by IBM SPSS 

software for the sample size of the nanowires Group 
1 and Group 2 using an independent sample T test. 
Where the independent variable is size and length and 
the dependent variable is alignment range.

RESULTS
This research to predict the electrical properties is 

performed based on the resistivity of copper nanowire 
in accordance to its volume and alignment range. The 
electrical resistivity of copper nanowire is obtained by 
using the Novel Composite Filament Simulation Tool 
and the resistivity is compared based on their volume 
and alignment range. Table 1 represents the electrical 
resistivity of copper nanowire based on its volume.

Table 2 represents the electrical resistivity of cop-
per nanowire based on its alignment range. The cop-

Table 1
Calculation of electrical resistivity of copper nanowire based on 
various volume

S.No Volume %  Electrical Resistivity Ωm
 1  0.25 0.0035
 2  0.3 0.0018
 3  0.35 0.0015
 4  0.4 0.0010
 5  0.45 0.0008
 6  0.5 0.0006
7 0.55 0.0003
8  0.6 2x10-5

 9  0.65 1.5x10-5

 10  0.7 1x10-5

 11  0.75 8x10-6

 12  0.8 5x10-6

 13  0.85 3.5x10-6

 14  0.9 1x10-7

 15 0.95 5.5x10-8

 16  1 3x10-8

17  1.05 1.5x10-8

 18  1.1 5x10-9

 19  1.15 3x10-9

 20  1.2 1x10-9

Table 2
Calculation of electrical resistivity of copper nanowire based on 
various alignment range

S.No Alignment range θ Electrical Resistivity Ωm
1 5 8x10-5

2 10 8.5x10-5

3 15 9x10-5

4 20 9.5x10-5

5 25 0.0001
6 30 0.00015
7 35 0.0002
8 40 0.00025
9 45 0.0003
10 50 0.00045
11 55 0.0005
12 60 0.00055
13 65 0.0006
14 70 0.0007
15 75 0.0008
16 80 0.0009
17 85 0.0010
18 90 0.0012
19  95 0.0014
20 100 0.0016
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per nanowire based on its volume had the highest ac-
curacy, 55% in comparison to alignment range, 50%. 
These results showed that copper nanowire having 
high volume can be used for better resistivity in com-
parison with alignment range. The descriptive statis-
tics of copper nanowire based on alignment had less 
error rate than its volume. Table 3 illustrates the com-
parison of mean and accuracy using Copper nanow-
ire. There appears to be a statistically significant dif-
ference (p=0.047, p<0.05) by using an independent 
sample T test. Table 4 demonstrates the independent 
sample T test in predicting using copper nanowire by 
its volume and alignment range.

Table 3
Comparison of mean and accuracy using volume and align-
ment range of copper nanowire.

Param-
eter

Group N Mean Std. De-
viation

Std. 
Error 
Mean

Resistivity
Volume 20 .00124 .00084 .000189
Alignment 
range

20 .00111 .00047 .000106

It is observed in Fig 1 the electrical resistivity of 
copper nanowire by its alignment range is high com-
pared to its volume. Figure 2 (a) and Fig 2 (b) represent 
the outcome of copper nanowire based on its align-
ment range and volume ranging from (0.25-0.3%). 

Figure 2 (c) to Fig 2 (f) represent the electrical re-
sistivity of copper nanowire by its alignment range 
and volume ranging from (0.45-0.7%). Figure 2 (g) 
to Fig (j) represent the electrical resistivity of copper 
nanowire by its alignment range and volume ranging 
from (0.75-1.2%). Figure 2 (k) and Fig 2 (l) represent 
the electrical resistivity of copper nanowire based on 
its alignment range.

DISCUSSION 
To simulate the electrical resistivity of the cop-

per nanowire by their volume and alignment range 
and comparing the outcome of each other is done 
by Novel Composite Filament Simulation Tool. The 
analysis of volume and alignment range the P value 
is obtained as 0.047 which is greater than 0.05 and it 
is insignificant.

Table 4
Independent sample T-test in predicting the accuracy of Resistivity using Copper nanowire by volume and alignment range. There 
appears to be a statistically significant difference(p=0.047; p <0.05).

Leven’s test for 
equality of variance T-test for equality of variance 95% of confidence 

interval of difference

f sig t df Sig(2-
tailed)

Mean dif-
ference

Std.error 
diff lower upper

Resistivity

Equal variances 
assumed 4.228 0.047 .599 38 0.553 -.00013 .00021 -.00030 .00056

Equal variances 
not assumed .599 29.9 0.554 -.00013 .00021 -.00031 .00057 

Fig. 1. Comparison of electrical resistivity of copper nanowire by its volume and alignment range. Both the parameters appear to 
have different results ranging from 50% to 55%. X-axis represents the comparison of Volume and Alignment range, Y-axis rep-
resents the electrical resistivity. Mean +/-1SD.
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The copper nanowire with volume 0.24 vol.% and 
0.5 vol.% has high resistivity. The percolation shows a 
significant decrease in the composite electrical resistiv-
ity with an increase in nanowire concentration from the 

percolation threshold concentration of 0.24 vol.% to 1.3 
vol.% CuNW, based on the Novel Composite Filament 
Simulation Tool. It shows a remarkable decrease in the 
composite’s electrical resistivity.(Al-Saleh, Gelves, and 

   
Fig. 2 (a)                                                                                               Fig. 2 (b) 

Fig. 2 (a-b). Represents the electrical resistivity of copper nanowire based on its alignment range and volume (0.25-0.3%) 

    
Fig. 2 (c)                                                                                               Fig. 2 (d)

   
Fig. 2 (e)                                                                                               Fig. 2 (f ) 

Fig. 2 (c-f ). Represents the electrical resistivity of copper nanowire based on its alignment range and volume ranging from (0.45-
0.7%)
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Sundararaj 2011). Cu NWs has a fixed structure of di-
ameter 50 nm and the length of 25-40 μm and has a 
steady sheet resistance of 98.7Ω/sq (Al-Saleh, Gelves, 
and Sundararaj 2011; Wang and Ruan 2016). The align-
ment of the copper nanowires varies from 10 to 120 de-
grees and exhibits a resistivity of 10-8 to 10-4 Ωm (Jia 

et al. 2008). Cu nanowires because of morphological 
changes leads to the formation of films consisting of 
micron-sized particles. The morphological changes of 
Cu nanowires results in high resistivity (Qin, Staedler, 
and Jiang 2007). The electrical properties of a compos-
ite material are influenced by many factors such as con-

 Fig. 2 (g) Fig. 2 (h) 

 
Fig. 2 (i) Fig. 2 ( j)
Fig. 2 (g-j). Represents the electrical resistivity of copper nanowire based on its alignment range and volume ranging from (0.75-
1.2%) 

 
Fig. 2 (k) Fig. 2 (l)
Fig. 2 (k-l). Represents the electrical resistivity of copper nanowire based on its alignment range 
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centration, alignment and composite properties. Com-
posite morphology has a great impact in determining 
electrical conductivity (Ravindren et al. 2019). The Cu 
nanowires were well supported with alignment range 
with 40 to 90 degree (Kim et al. 2015). A low electrical 
percolation threshold is measured for Cu nanowires 
with volume 0.5 to 5 vol% (Li 2014). 

Limitations of this work include decrease in the 
conductivity of the copper nanowires based on vol-
ume, while used in nanocomposite. This could be due 
to the short circuit in the wires due to agglomeration. 
In the future, dispersion of nanowires could be en-
hanced to increase the conductivity of copper and can 
be implemented in the nanodevices as such memory 
devices for huge memory storage.

CONCLUSION
In this research of simulation the electrical resistivity 

of copper nanowire based on its volume obtained better 
resistivity than its alignment range was analysed with the 
Novel Composite Filament Simulation Tool. The align-
ment range of copper nanowire shows significantly bet-
ter than its volume. The simulation tool appeared to give 
better resistivity for volume (55%) than the alignment 
range (50%). This shows that resistivity based on has vol-
ume better resistivity than the alignment range. 
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ABSTRACT 
Aim: Identification of acral melanoma using genetic algorithm 
compared with convolutional neural network CNN using der-
moscopic images. Materials and Methods: The study was 
conducted using the genetic algorithm and convolutional neu-
ral network algorithm to analyze and compare the acral mela-
noma detection. The number of samples used is 20, total sam-
ple size is 40. Acral melanoma is identified by evaluating the 
effectiveness with pre-test power of 80% (G-power), α=0.05, 
confidence interval 95%. Result: The proposed genetic algo-
rithm helps in increasing the higher accuracy compared to con-
volutional neural networks with improved accuracy of the ge-
netic algorithm algorithm is 96 % and the convolutional neural 
network algorithm is 95%. The accurate rate is 80 with the data 
features found in the genetic algorithm algorithm. Precision is 
different in each algorithm. Conclusion: This study shows a 
higher accuracy for the genetic algorithm when compared with 
convolutional neural networks. 
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Algorithm, Innovative Technique, Machine Learning, Skin Can-
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INTRODUCTION
A new method for melanoma detection to detect the 

deadliest form of skin cancer can be non life threaten-
ing. A hybrid method is used to look into sceptile le-
sions by automated diagnosis (Daghrir et al. 2020) fore-
casting of acral melanoma is poor because of lagging of 
detection in the advanced stages. Features are extremely 
helpful in the disparity allying the two biotic percepti-
ble entities. The odds of curing melanoma is complete-
ly high so early detection and treatment prevents this 
cancer from spreading throughout the body and saves 
lives (Saida, Koga, and Uhara 2011). Dermatologist will 
be able to diagnose the melanoma skin cancer using 
genetic algorithm over convolutional neural network 
with dermoscopic images of acral melanoma affected 
area as they compare the CNN validation stopped to 
be sensitive of the melanoma which can be acceptable 
specificity done through instruments expiration anal-
ysis.grouping may assist doctors in significant if a skin 
lesion should be necropsied and can easily be assimilat-
ed into a transferable tool that could aid dermatologist 
in intraspinal lesions. Test based system for exploiting 
collected cases to support patients through the early 
detection of melanoma. Word consociation outline ob-
tained and to develop the DePicT Melanoma class by 
deep learning approach and CNN (Schumacher et al. 
2016) (Nasiri et al. 2020).

Total number of articles published related to this 
topic is 20. Deep learning convolutional neural net-
works show great potential for melanoma diagnosis. 
Prospects for melanoma diagnosis are thickness that 
depends on the lesion of localized and subtypes. CNN 
helps in neutralizing and scales down human accuracy. 
It is a limited diagnostic subtypes (Winkler et al. 2020). 
CNN differentiates by altering the dermoscopic images 
under less condition in diagnosis. It is being performed 
at the same level by the clinical workers. Dermatolo-
gists are trained by comparing the range of the exist-
ing images from the one particular case (Haenssle et al. 
2020). Skin cancer uses deep learning classification for 
diagnosis which is done using automated detecting ma-
chines. It also uses graphic processing unit pre-process-
ing and data augmentation can help in finding proper 
accuracy (Hosseinzadeh Kassani and Hosseinzadeh 
Kassani 2019). Hybrid technique helps in finding the 
suspicious lesion in the body, it uses semi-supervised 
learning to find out the accurate results. It gives a high 
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accuracy value.(Daghrir et al. 2020).Our team has ex-
tensive knowledge and research experience that has 
translate into high quality publications(Chellapa et al. 
2020; Lavanya, Kannan, and Arivalagan 2021; Raj R, D, 
and S 2020; Shilpa-Jain et al. 2021; S, R, and P 2021; 
Ramadoss, Padmanaban, and Subramanian 2022; Wu 
et al. 2020; Kalidoss, Umapathy, and Rani Thirunavuk-
karasu 2021; Kaja et al. 2020; Antink et al. 2020; Paul et 
al. 2020; Malaikolundhan et al. 2020)

The accuracy in predicting the deadliest type of skin 
cancer acral melanoma is very low so we propose a new 
algorithm that made me study further on this research 
work. The main aim of this research is to develop an 
innovative machine learning technique of genetic algo-
rithm to predict acral melanoma more accurately than 
the existing algorithm convolutional neural network.

MATERIALS AND METHODS
This study was conducted in the machine learn-

ing laboratory in the Department of Biomedical En-
gineering, Saveetha School of Engineering, SIMATS, 
Chennai. In this research, the number of groups used 
for comparison is two (Hao et al. 2019). Pre-test anal-
ysis was also performed while g-power 80%, threshold 
at 0.05% & confidence level at 95%.

The proposed algorithm for acral melanoma pre-
diction is an improvised algorithm. It is based on the 
premise that combining the next best available model 
with previous models reduces total prediction error. 
It is done through innovative techniques for better re-
sults in research.

The cubicle for achieving the higher accuracy in 
genetic algorithm treating acral melanoma is primarily 
a personal computer running Matlab software with all 
necessary add-ons installed. Using the software Mat-
lab, both techniques have been simulated. In machine 
learning, the method performed well in skin cancer 
prediction for acral melanoma. Matlab 2021b was used 
to put up the entire testing setup. The information for 
the datasets was gathered from a variety of sources.

The statistical software used in the research work 
is SPSS used to calculate the mean, standard deviation 
and significance difference of the results obtained(Bau-
er 2013). In this research the received signal strength 
values are independent variables since they are inputs 
and remain constant, whereas accuracy values are de-
pendent variables because they depend on the inputs. 
The analysis of the research work is done using inde-
pendent T-Test, which is used to compare accuracy of 

tag position produced by genetic algorithm and con-
volutional neural network CNN algorithms.

Statistical analysis
To verify the outcome, IBM-SPSS was used to con-

duct the statistical algorithm analysis(Lee et al. 2021). 
To determine precise accuracy, the independent sam-
ple t-test is utilized. The data was put to test at various 
percentages, and the outcomes are kept track of. 

RESULTS
Matlab was used to create dermoscopic pictures 

of acral melanoma using the described approach. 
Although the data sets have been trained to look for 
ways to reduce faults in acral melanomic cancer and 
improve the accuracy of proposed algorithms, genetic 
algorithms are commonly used to address issues until 
an acceptable level of accuracy is obtained.

Table 1. shows the accuracy of 20 samples in com-
parison of customized genetic algorithms and convo-
lutional neural network algorithms. Each sample gives 
different accuracies where genetic algorithms have 
better accuracy 96% which is greater than CNN.

Table 1
The accuracy of a sample of genetic algorithm and convolu-
tional neural network. The maximum accuracy using genetic 
algorithms is found to be 96% and 95% by CNN.

GENETIC ALGORITHM AC-
CURACY(%)

CONVOLUTIONAL NEURAL 
NETWORK ACCURACY (%)

 95.76 48.15
96.79 45.51
96.87 33.74
95.87 23.14
99.75 46.25
99.54 55.71
98.54 44.25
97.65 43.47
99.32 36.71
98.54 57.26
95.54 39.26
97.65 35.23
96.45 38.71
99.32 43.28
96.35 59.13
92.52 46.21
96.39 49.58
94.23 45.42
91.89 38.46
98.41 54.12
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Table 2. statistical analysis of group 1 genetic al-
gorithm accuracy is 96% standard deviation 6.02221 
and standard error 1.31415 whereas group 2 CNN 
mean standard deviation 9.45619 and standard error 
3.15206.

Table. 2
Statistical results of GA and CNN algorithm. Mean accuracy val-
ue, Standard deviation and Standard error Mean for GA and 
CNN algorithm are obtained for 22 images. It is observed that 
the GA algorithm performed better than CNN algorithm,
ACCU-
RACY

 GROUP STATISTICS 
 GROUP  N  MEAN Std.Devi-

ation
Std.Error 

Mean
 (GA) 20 93.9729 6.02221 1.31415
 (CNN) 20 41.7411 9.45619 3.15206

Table 3. Shows independent samples tested by equal 
variants on the bases of assumed and not assumed. On 
the basis of significance p=0.01 i.e p<0.05

In Fig.1 the graph shows performance analysis of 
Genetic algorithm which is obtained by using Micro-
soft Excel. Performance analysis compares the accu-
racy values of genetic algorithm and CNN algorithm.

In Fig.2 It is the output shown in dermoscopic im-
ages by means of comparing genetic algorithm with 
CNN.

In Fig.3 melanomic disease prediction using Ge-
netic algorithm is shown in a bar graph. Predicted 
accuracy values can be done by using SPSS software. 
Performance analysis compares the mean accuracy 
values of genetic algorithm and CNN algorithms.

DISCUSSION 
It is found that proposed algorithm GA is significant-

ly better than the existing algorithm CNN deep learning 
methods are used for the diagnosis of the skin lesion pat-
tern recognition for more accurate classifying diagnoses 
and the segmentation for convolutional neural network 

Table 3
It shows that an independent t-test is performed. The significance should be less than 0.05.Therefore it shows that our algorithms 
performed well and got better outputs.

 INDEPENDENT SAMPLE TEST
LEVENE’S TEST FOR EQUALITY OF 

VARIANCES 
T-TEST FOR EQUALITY OF MEANS

SIGNIFICANCE STD.
ERROR 
DIFFER-
ENCE

95% CONFIDENCE 
INTERVAL OF THE 

DIFFERENCE
f Sig T DF ONE-SID-

ED P
TWO-SID-

ED P
LOWER UPPER

Accuracy Equal Variance 
Assumed

1.513 .229 18.277 28 <.001 <.001 2.85783 46.37774 58.08575

Equal Variance 
is not Assumed

15.295 10.891 <.001 <.001 3.41504 44.70612 59.75737

Precision Equal Variance 
Assumed

.05 .823 -15.13 38 <.001 <.001 .00886 -.15198 -.11612

Equal Variance 
is not Assumed

-15.13 37.58 <.001 <.001 .00886 -.15198 -.11612

           

         a) Input image                  b) Enhanced image                 c) Output image  
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it has the other possible ways to make the diagnosis more 
accurate(Jaworek-Korjakowska and Kleczek, n.d.)). In 
this the acral melanoma skin cancer is detected using 
image acquisition for the clear view and description of 
the melanoma like noise and feature by machine learn-
ing which automatically represents the stage of skin can-
cer(Gaana, Gupta, and Ramaiah, n.d.). Methods tested in 
the rural area are Genetic algorithms used for enhancing 
the image enhancement from the worse to a better level 
of results. It is done based on the CNN based skin can-
cer(Chaahat, Kumar Gondhi, and Kumar Lehana 2021). 
A new type of classification is used for diagnosing the 
pigmented skin area through deep learning techniques 
by multiple visual features for extracting a perfect colour 
space for the skin cancer (Abbas and Emre Celebi 2019). 
The early detection of melanoma is done by intensity of 
the skin depth by capturing the colour with the k-means 
clustering algorithm done for classifying the type of mel-
anoma image (Santosh et al. 2019). Identification of the 
early stage is important to avoid spreading the whole 
body and finding the type of skin cancer for further di-
agnosis and treatment (Argenziano et al. 2017). The pro-
posed GA data is compatible for larger datasets.

CONCLUSION 
Hence it is found that the proposed algorithm GA 

is significant and provides better accuracy than con-

volutional neural networks when it is processed using 
matlab.
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ABSTRACT
Aim: To study the comparative molecular interactions of Thy-
mol and Imatinib with the active sites of Breakpoint Cluster Re-
gion (BCR)-Abelson (ABL) fusion protein using molecular dock-
ing analysis for the selective anti-Chronic myeloid leukemia 
(CML) activity. Materials and Methods: In this study, Group 1 
is binding affinity of Imatinib with BCR-ABL Fusion Protein and 
Group 2 is binding affinity of Thymol with BCR-ABL Fusion Pro-
tein. The sample size was calculated with pretest power 80%. 
The sample size per group is 10 and total sample size is 20. 
The protein structure of BCR-ABL fusion protein was collect-
ed from the protein data bank (PDB) website and the ligand 
structures were collected from the NCBI-PUBCHEM website. 
The binding energy (kcal/mol) was calculated using Autodock 
Vina Software. Results: The mean binding affinity of Imatinib 
(-10.4 kcal/mol) was significantly (p=<0.001, p<0.001, 2-tailed 
t-test) higher than Thymol (-6.89 kcal/mol) towards the active 
sites of BCR-ABL fusion protein. Conclusion: In Spite of lesser 
binding affinity of Thymol compared to Imatinib, Thymol can 
make strong hydrogen bond and hydrophobic interactions with 
the aminoacid residues at the active sites of BCR-ABL fusion 
protein. It suggests that, thymol may bind selectively to the cells 
of CML and inhibit their proliferation and can act as novel An-
ti-CML agent. 

KEYWORDS
BCR-ABL protein, Thymol, Imatinib, Novel Anti-CML agent, 
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INTRODUCTION 
Cancer is a major cause of death and disease all 

over the world. Tens of millions of people are diag-
nosed with cancer each year around the world, with 
more than half of those diagnosed dying from it. 
Chronic myeloid leukemia (CML) is a hematolog-
ical condition that is characterized by the malignant 
growth of bone marrow stem cells caused by a recip-
rocal translocation between chromosomes 9 and 22, 
resulting in the BCR-ABL fusion gene, which produc-
es a 210-kd protein with tyrosine kinase activity (Melo 
1996). A tyrosine kinase is an enzyme that can trans-
fer a phosphate group from Adenosine triphosphate 
(ATP) to the tyrosine residues of specific proteins in-
side a cell. Tyrosine kinases belong to a larger class of 
enzymes known as protein kinases which also attach 
phosphates to other amino acids such as serine and 
threonine. Phosphorylation of proteins by kinases is 
an important mechanism for communicating signals 
within a cell and regulating cellular activity, such as cell 
division. Protein kinases can become mutated, stuck 
in the «on» position, and cause unregulated growth of 
the cell, which is a necessary step for the development 
of cancer (Arora and Scholar 2005). Researchers dis-
covered that aberrant activation of a variety of recep-
tor tyrosine kinases (RTKs) and their ligands can lead 
to uncontrolled tumor cell growth, which is relevant 
to the study. Hence, this BCR-ABL fusion protein be-
comes a molecular target site for the selective inhibi-
tion of CML progression. The compounds that can 
interact with BCR-ABL fusion protein and suppress 
it’s tyrosine kinase activity serve as novel anti-CML 
agents. In silico studies are used to examine and mod-
el molecular interactions between target macromole-
cules and ligands (Meacham and Morrison 2013). The 
molecular docking analysis describes the atomic level 
interaction between a small molecule and a protein, 
allowing us to characterize small molecule behavior 
in target protein binding sites and highlight important 
biochemical processes (Meng 2011). Molecular dock-
ing studies have profound importance in the discov-
ery of novel anti-cancer drugs with greater selectivity. 
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The higher binding affinity of drugs towards the target 
molecules indicates the more selectivity of the drugs 
(Cui et al. 2020). In the current study, the binding af-
finity of Thymol towards the promising target site of 
CML i.e BCR-ABL fusion protein was studied, which 
helps in the In silico validation of Thymol as a novel 
anti-CML agent. 

The total number of articles published related to 
this topic are 22 in Pubmed, 9,140 in google scholar, 
and 975 in science direct. Imatinib mesylate is a newly 
developed anticancer drug that is rationally designed 
to inhibit certain protein tyrosine kinases implicated 
in oncogenesis (Guilhot 2004). Imatinib is a novel, 
molecularly targeted anticancer medication that has 
shown promising therapeutic results in CML patients. 
Imatinib has been used as a standard inhibitor to de-
velop novel tyrosine kinase inhibitors for targeted 
anti-CML therapy (Waller 2018). Thymol, a natural 
monoterpene phenol derivative of cymene (C10H14O), 
is chemically known as 2-isopropyl-5-methylphenol. 
The common botanical sources of thymol are Euphra-
sia rostkoviana, Monarda didyma, M. fistulosa, Nigella 
sativa, Trachyspermum ammi, Origanum compactum, 
O. dictamnus, O. onites, O. vulgare, Thymus glandulo-
sus, T. hyemalis, T. vulgaris, and T. zygis (Marchese et 
al. 2016). Thymol has diverse biological activities in-
cluding anticancer (Güvenç et al. 2019), antioxidant, 
anti-inflammatory (Botelho et al. 2016), antimicrobial, 
antidiabetic, antiobesity, neuropharmacological, anti-
hyperglycemic, and hypolipidemic effects (Sobczak et 
al. 2014). Thymol’s anti-inflammatory properties are 
mostly responsible for its notable effects (via inhib-
iting the recruitment of cytokines and chemokines). 
Apoptosis is an important mechanism of chemothera-
peutic agents. Thymol is evident to cause caspase-de-
pendent apoptosis at 5–100 μM in HL60. Conversely, 
thymol at 7.5 mg/kg in a 7-day treatment exhibited 
an antiapoptotic effect, possibly via a Bcl-2/Bax path-
way in rats (Scorilas 2014). Our team has extensive 
knowledge and research experience that has translate 
into high quality publications(Chellapa et al. 2020; La-
vanya, Kannan, and Arivalagan 2021; Raj R, D, and S 
2020; Shilpa-Jain et al. 2021; S, R, and P 2021; Rama-
doss, Padmanaban, and Subramanian 2022; Wu et al. 
2020; Kalidoss, Umapathy, and Rani Thirunavukkara-
su 2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020)

From the early reports, thymol and its derivatives 
are evident for its anticancer activities. But, the selec-

tive inhibition of CML by Thymol has not been re-
ported. The authors are expertise in the field of mo-
lecular docking using Autodock Vina Software. In the 
current study, The in-silico molecular interaction be-
tween Thymol and BCR-ABL fusion protein was stud-
ied in comparison with a standard BCR-ABL inhibitor 
Imatinib for the selective anti-CML activity of thymol. 

MATERIALS AND METHODS 
This study was conducted in a Simulation lab, at 

Saveetha School of Engineering. There is no Ethical 
concern for this study. There are two groups involved, 
Group 1 is the binding affinity of Imatinib (N=10 Pos-
itive control group) with BCR-ABL Fusion Protein and 
Group 2 (N=10 Study group) is the binding affinity of 
Thymol with BCR-ABL Fusion Protein. The sample 
size calculation was done using previous study results 
by keeping the alpha error threshold by 0.05, pretest 
power 80%, and 95% Confidence Interval (CI) (Rajen-
dran et al. 2016). Therefore the total sample size was 20.

Preparation of protein: The structure of the BCR-
ABL (PDB ID 5MO4) protein has been obtained from 
the PDB (Protein Data Bank) database at the reso-
lution 2.17Å. The structure of the protein is in PDB 
format. Using autodock tools (1.5.6), the PDB format 
of the protein structure is converted into PDBQT for-
mat. During conversion, the water molecules in the 
protein structure get removed and added to the polar 
hydrogen atoms. Finally, Kollman charges are includ-
ed in the protein structure and the resultant PDBQT 
structure is stored (Rajendran et al. 2016; Makala et 
al. 2021).

Preparation of ligands: Ligand structures like 
Imatinib and Thymol (Pubchem CID 5291 and 6989 
respectively) have been obtained from the PubChem 
database. The structures of the ligand are in SDF for-
mat. Using PYMOL software, the SDF format can be 
converted into PDB format. The PDB format of the 
ligand structures is converted into PDBQT format by 
using Autodock tools (1.5.6) (Rajendran et al. 2016; 
Makala et al. 2021).

Molecular docking using autodock vina soft-
ware: AutoDock Vina is an open-source program for 
doing molecular docking in silico. It was designed 
and implemented by Dr. Oleg Trott in the Molecular 
Graphics Lab at The Scripps Research Institute. This 
was done to predict the scores of the binding energy 
for the interactions of the targeted protein-ligand. The 
sites of binding of the residues of amino acids of the 
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defined protein have been determined and applied for 
the autodock vina software. However, the docked con-
formations that had the higher score of fitness have 
been taken for analyzing the binding mode. Eventu-
ally, the program of autodock vina has been run, and 
then binding energies have been observed, saved, and 
visualized (Rajendran et al. 2016; Makala et al. 2021). 

Statistical Analysis 
The comparison of binding affinities for the BCR-

ABL fusion protein with Imatinib and BCR-ABL fu-
sion protein with Thymol was done in IBM-SPSS 
(28.0.0). Since the variables were independent of each 
other, an independent t-test was used to compare the 
binding affinities of different inhibitors.

RESULTS
In the current study, The binding energy of the pro-

tein-ligand complex was estimated by the molecular 
docking analysis using autodock vina software. Table 
1 shows the binding affinities of Imatinib inhibitor to-
wards the active sites of the BCR-ABL fusion protein. 
The compound Imatinib binds with BCR-ABL protein 
with a higher affinity of -10.5 kcal/mol (Mean of -10.4 
kcal/mol). Table 3 and Fig. 1 show the interaction of 
Imatinib with amino acid residues and the nature of 
interaction at the active site of the BCR-ABL fusion 
protein. The active binding site residues of Imatinib 
namely ASN240, THR243, PRO315, LEU395, and 
LEU159 form hydrophobic interactions. The residues 
namely ASN240, LYS241, GLN319, GLU335, and 
TYR361 form hydrogen interaction. Binding energy 
and nonbonding interactions of Imatinib with the tar-
get were demonstrated in Fig. 3.

Table 1
The binding affinities of Imatinib with the active sites of BCR-
ABL protein analyzed through Autodock Vina Software. 

S. No. Binding affinity (kcal/mol)
1 -10.2
2 -10.2
3 -10.5
4 -10.5
5 -10.4
6 -10.5
7 -10.5
8 -10.5
9 -10.2
10 -10.5

Table 2 shows the binding affinities of Thymol 
towards the active sites of BCR-ABL fusion protein 
measured using autodock vina software. Thymol has 
a mean binding affinity of -6.9 kcal/mol towards the 
active site amino acid residues of the BCR-ABL fusion 
protein. Table 2, Fig. 2, and Fig. 4 show the different 
types of interactions of thymol with the amino acid 
residues at the active sites of the BCR-ABL fusion pro-
tein. Thymol interacts with the aminoacid residues 
LEU267, TYR272, ALA288, ILE334, and LEU389 via 
hydrophobic interactions, and TYR272 through hy-
drogen bonding.

Table 2
The binding affinities of Thymol with the active sites of BCR-ABL 
protein analyzed through Autodock Vina Software. 

S. No. Binding Affinity (kcal/mol)
1 -6.9
2 -6.9
3 -6.9
4 -6.8
5 -6.9
6 -6.9
7 -6.9
8 -6.9
9 -6.9
10 -6.9

Table 3
Interaction of Imatinib with BCR-ABL fusion protein. The ac-
tive binding site residues of Imatinib namely ASN240, THR243, 
PRO315, LEU395, LEU159 forms hydrophobic interactions. The 
residues namely ASN240, LYS241, GLN319, GLU335, TYR361 
forms hydrogen interaction.

S 
NO

COM-
POUND 
NAME

RESI-
DUE

AA DIS-
TANCE

NATURE OF 
INTERACTIONS

1 IMATINIB 159 LEU 3.71 Hydrophobic
240 ASN 3.41 Hydrophobic
243 THR 3.91 Hydrophobic
315 PRO 3.52 Hydrophobic
395 LEU 3.60 Hydrophobic
240 ASN 2.63 Hydrogen
241 LYS 2.41 Hydrogen
319 GLN 3.47 Hydrogen
361 TYR 3.88 Hydrogen
335 GLU 4.34 Hydrogen

The statistical significance of the results was an-
alyzed by performing an independent sample t-test 
using IBM SPSS software. Table 4 and Table 5 demon-
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strate the grouping of samples for the analysis of inde-
pendent sample t-tests using IBM SPSS software. Fig. 
5 and Table 5 show that there was a statistically sig-
nificant difference (p=<0.001, p<0.001, 2-tailed t-test) 
between the binding affinities of Imatinib and Thymol 

towards BCR-ABL fusion protein. Table 6 shows the 
mean difference, significance, and std. error difference 
of the binding energies of the BCR-ABL fusion protein 
with Imatinib and Thymol. 

DISCUSSION 
In the present study, the probability of selective an-

ti-CML activity of Thymol was tested in comparison 
with a standard BCR-ABL inhibitor Imatinib in silico 
using AutoDock Vina software by molecular docking 
analysis. The results show that Imatinib and Thymol 
can interact with BCR-ABL fusion protein with a mean 

Table 4
Interaction of Thymol with the amino acids at the active sites 
of BCR-ABL fusion protein. The active binding site residues of 
Thymol namely LEU267, TYR272, ALA288, ILE334,LEU389 form 
hydrophobic interactions. The residue namely TYR272 forms 
hydrogen interaction.
S. No. Com-

pound 
Name

Residue Aa Dis-
tance

Nature Of 
Interactions

1 Thymol 267 LEU 3.79 Hydrophobic
272 TYR 3.67 Hydrophobic
288 ALA 3.56 Hydrophobic
334 ILE 3.80 Hydrophobic
389 LEU 3.77 Hydrophobic
389 LEU 3.60 Hydrophobic
272 TYR 4.88 Hydrogen

Table 6
Independent sample t-test in predicting the significance, mean difference, std error difference of BCR-ABL fusion protein with 
different inhibitors. 

 Independent Samples Test
 Levene’s Test for 

equality of variances
 t-test for Equality of means

Energy F Sig. t df Signifi-
cance

( 2-tailed)

Mean
difference

Std.Error
Difference

95% Confidence Interval 
of the Difference

Lower Upper
Equal variances 
assumed

22.422 <.001 -76.594 18 <.001 -3.510 .046 -3.606 -3.414

Equal variances 
not assumed

  -76.594 9.898 <.001 -3.510 .046 -3.612 -3.408

 

Fig. 1. Interaction analysis of Imatinib in the active pocket site of BCR-ABL fusion protein. The structure of BCR ABL and Imatinib are 
represented in green and red sticks. Amino acid residues of BCR ABL protein namely GLN319, GLU335, THR243, PRO315, LEU395, 
TYR361, LEU159 interact with Imatinib.

Table 5
The group statistics data of binding affinities of Imatinib and 
Thymol performed through Independent sample t-test using 
IBM SPSS Software.

Group N Mean Std. Devi-
ation

Std. Error 
Mean

Imatinib 10 -10.4 .141 .045
Thymol 10 -6.89 .032 .010
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Fig. 2. Interaction analysis of Thymol in the active site pocket of BCR-ABL fusion protein.The structure of BCR ABL and Thymol are 
represented in pink and green sticks. Amino acid residues of BCR ABL fusion protein namely ILE334, ALA288, LEU267, TYR272, 
LEU289 interact with Thymol.

 
Fig. 3. Interaction chains of Imatinib with BCR-ABL fusion pro-
tein with residues in which blue color represents the protein, 
orange represents the ligand, sky blue represents water, yellow 
represents charge center, white represents aromatic ring center, 
pink represents metal ion, … represents hydrophobic interac-
tion, --hydrogen bond,...represents salt bridge.

 Fig. 4. Interaction chains of Thymol with BCR-ABL fusion pro-
tein with residues in which blue color represents the protein, 
orange represents the ligand, sky blue represents water, yellow 
represents charge center, white represents aromatic ring center, 
pink represents metal ion, … represents hydrophobic interac-
tion,--- represents π-Stacking.

 
Fig. 5. The binding energies of Imatinib and Thymol towards the active sites of BCR-ABL fusion protein. The X axis represents the 
screening of inhibitors and the Y axis represents binding energy of the targeted molecules. Results were represented as Mean ± 
1SD and the error bars with 95% CI. 
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binding affinity of -10.4 kcal/mol and -6.9 kcal/mol, 
respectively. The active binding site residues of Thy-
mol namely LEU267, TYR272, ALA288, ILE334, and 
LEU389 via hydrophobic interactions, and TYR272 
through hydrogen bonding.

Many of the current challenges in the field of cyto-
toxic chemotherapy, such as the creation of substantial 
host cell toxicity could be reduced or eliminated with 
targeted therapy (Danchev, Nikolova, and Momekov 
2008). Imatinib is a well-known BCR-ABL inhibitor 
and molecularly targeted anticancer medicine that has 
shown promising results in patients with CML and 
other malignancies (Guilhot 2004). The binding af-
finity of thymol was significantly (p=<0.001, p<0.001, 
2-tailed t-test) less when compared to Imatinib. But, 
still, it can make effective interaction with the active 
sites of the BCR-ABL fusion protein via both hydro-
gen bonds and hydrophobic interactions. The binding 
affinity of the molecule is based on the effective hydro-
phobic and hydrogen interactions present between the 
protein and ligand (Danchev, Nikolova, and Momekov 
2008). As It has already been reported that thymol has 
anti-cancer properties (Güvenç et al. 2019) and it can 
interact with amino acid residues at the active sites of 
the BCR-ABL fusion protein, it may selectively bind to 
the CML cells and inhibit their proliferation. 

The limitation of the present study is that it is en-
tirely In-silico simulation work which will provide 
only the details of possible interactions between the 
target molecule and the test compounds. To validate 
these In-silico interactions further experimentation is 
required through in vitro and in vivo methods. 

CONCLUSION 
The in silico probability of selective anti-CML ac-

tivity of Thymol was tested in the current study. The 
results suggest that Thymol can make both hydrogen 
and hydrophobic interactions with the amino acid res-
idues present at the active sites of the BCR-ABL fusion 
protein. This indicates Thymol may bind selectively 
at the active sites of BCR-ABL protein and inhibit the 
proliferation of CML cells. But, further validation is 
required through in vitro and in vivo studies to con-
firm the thymol as a novel anti-CML agent.
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ABSTRACT
Aim: To study the comparative molecular interactions of Thy-
mol and 3’-fluoro-4’-(trifluoromethyl)biphenyl-4-sulfonamide 
(B4S) with the active sites of Kinesin-5 protein using molecular 
docking analysis for the selective anti-cancer activity. Materials 
and Methods: In this study, Group 1 is the binding affinity of 
B4S with Kinesin-5 protein and Group 2 is the binding affinity of 
Thymol with Kinesin-5 protein. The sample size was calculated 
with a pretest power of 80%. The sample size per group is 10 
and the total sample size is 20. The protein structure of Kine-
sin-5 protein was collected from the protein data bank (PDB) 
website and the ligand structures were collected from the NC-
BI-PubChem website. The binding energy (kcal/mol) was calcu-
lated using Autodock Vina Software.The structure of the protein 
was obtained from the PDB (protein data bank) database and 
the structures of ligand were obtained from the NCBI-PubChem 
database. The binding energy (kcal/mol) was calculated using 
Novel Autodock Vina Software. Results: The mean binding 
affinity of Thymol (-7.89 kcal/mol) was significantly (p=0.007, 
p<0.05, 2-tailed t-test) higher than the standard inhibitor B4S 
(-7.19 kcal/mol) towards the active sites of Kinesin-5 protein. 
Conclusion: The results suggest that thymol may bind selec-
tively to the cancerous cells and inhibit their proliferation and 
can act as a novel anti-cancer agent. 

KEYWORDS
Thymol, B4S, Kinesin-5, Molecular docking, Novel Anti-cancer 
agent, Autodock Vina Software.
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INTRODUCTION 
Cancer is a major cause of death and disease all 

over the world. Tens of millions of people are diag-
nosed with cancer each year around the world, with 
more than half of those diagnosed dying from it. Ki-
nesins are ATP-dependent molecular motors that bind 
to microtubules and convert ATP hydrolysis chemical 
energy into kinetic energy for movement along micro-
tubules (Heuston et al. 2010). Kinesins are vital com-
ponents of the mitotic spindle, and their actions are 
meticulously regulated to ensure that copied DNA is 
distributed accurately to daughter cells. Kinesin-5 is 
required for spindle bipolarity assembly and main-
tenance. They are tetramers that look like dumbbells 
and have two motor domains on each end (Goulet 
and Moores 2013). RNA interference (RNAi)-medi-
ated gene silencing of kinesin-5 causes apoptosis in 
multiple tumor cell types (Makala and Ulaganathan 
2018). Kinesin-5 expression has been found in a wide 
range of malignancies, including pancreatic cancer, 
lung cancer, and RCC. In addition, kinesin-5 is a pre-
dictor of a poor prognosis in bladder urothelial carci-
noma and is closely linked to treatment response in 
non-small-cell lung cancer. As a result, kinesin 5 has 
been identified as a possible cancer therapeutic tar-
get. A vast number of kinesin-5 inhibitors have been 
shown to have anti-cancer efficacy and can stop tumor 
proliferation by slowing mitosis without altering inter-
phase microtubules.The molecular docking approach 
may be used to represent the atomic level interaction 
between a small molecule and a protein, allowing us 
to define small molecule behavior in target protein 
binding sites as well as elucidate essential biochemi-
cal processes (Meng et al. 2011). Computer-assisted 
docking is a key tool for studying the binding inter-
actions between a ligand and its target receptor and 
it has emerged as a dependable, cost-effective, and 
time-saving strategy for lead compound discovery 
(Rizvi, Shakil, and Haneef 2013) (Meng et al. 2011). In 
the current study, the binding affinity of Thymol to-
wards the active sites of kinensin-5 protein was stud-
ied, which helps in the In silico validation of Thymol 
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as a novel anti-cancer agent. Our team has extensive 
knowledge and research experience that has translate 
into high quality publications(Chellapa et al. 2020; La-
vanya, Kannan, and Arivalagan 2021; Raj R, D, and S 
2020; Shilpa-Jain et al. 2021; S, R, and P 2021; Rama-
doss, Padmanaban, and Subramanian 2022; Wu et al. 
2020; Kalidoss, Umapathy, and Rani Thirunavukkara-
su 2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020)

The total number of articles published related to 
this topic is 6 in Pubmed, 18,400 in google schol-
ar, and 2 in science direct. Kinesin-5, a tetrameric 
plus-end-directed motor, is required for bipolar spin-
dle assembly. The mitotic kinesin protein 5 is involved 
in the creation and maintenance of the bipolar spin-
dle during the mitotic phase. Kinesin-5 is a promis-
ing target for developing anticancer drugs. 3’-fluo-
ro-4’-(trifluoromethyl)biphenyl-4-sulfonamide (B4S) 
type inhibitors are known to interact with Kinesin-5’s 
allosteric region and inhibit cancerous cell prolifer-
ation (Gao, Lowndes, and Eriksson 2017); (Yokoya-
ma et al. 2015). 2-isopropyl-5-methyl phenol is the 
chemical name for thymol, a natural monoterpene 
phenol derivative of cymene (C10H14O) (Yokoyama 
et al. 2015; Islam et al. 2019). On cancer cells, thy-
mol can cause oxidative stress-related mitochondrial 
malfunction as well as other intrinsic and extrinsic 
apoptotic cell death. It also appears to have antipro-
liferative properties in cancer cells (Islam et al. 2019). 
Through many signaling pathways, Thymol showed 
anticancer and antiproliferative effects (Sampaio et 
al. 2021). Small-molecule kinesin 5 inhibitors have 
proved useful for studying the protein’s function, and 
several are currently being tested as anti-cancer thera-
pies. The majority of inhibitors discovered thus far are 
non-competitive and bind to a specific location on the 
motor head, trapping it in an ADP-bound form with 
a weak but non-zero affinity for microtubules (Groen 
et al. 2008). 

From the early reports, thymol and its derivatives 
are evident for its anticancer activities. But, the selec-
tive inhibition of cancer by Thymol by targeting Ki-
nensin-5 protein has not been reported. The authors 
are expertise in the field of molecular docking using 
Autodock Vina Software. In the current study, The 
in-silico molecular interaction between Thymol and 
Kinensin-5 protein was studied in comparison with 
a standard Kinensin-5 inhibitor B4S for the selective 
anti-cancer activity of thymol. 

MATERIALS AND METHODS 
This study was conducted in a Simulation lab, at 

Saveetha School of Engineering. There is no Ethical 
concern for this study. There are two groups involved, 
Group 1 is the binding affinity of B4S (N=10 Positive 
control group) with Kinensin-5 Protein and Group 2 
(N=10 Study group) is the binding affinity of Thymol 
with Kinensin-5 Protein. The sample size calculation 
was done using previous study results by keeping the 
alpha error threshold by 0.05, pretest power 80%, and 
95% Confidence Interval (CI) (Makala and Ulagana-
than 2018). Therefore the total sample size was 20.

Preparation of protein: The structure of the Kine-
sin-5 (PDB ID 3WPN) protein has been acquired at 
a resolution of 2.80 Å from the PDB online domain. 
The protein’s structure is saved in PDB format. The 
PDB format of the protein structure is transformed to 
PDBQT format using autodock tools (1.5.6). The wa-
ter molecules in the protein structure are eliminated 
during conversion and replaced with polar hydrogen 
atoms. Finally, the protein structure is modified to 
contain Kollman charges, and the resulting PDBQT 
structure is saved (Makala and Ulaganathan 2018).

Preparation of ligands: B4S and Thymol (Pub-
Chem CID 44590437 and 6989, respectively) ligand 
structures were found from the PubChem online plat-
form. The ligand’s structures are in SDF format. The 
SDF format can be translated to PDB format using the 
PYMOL software. Using Autodock tools(1.5.6), the 
PDB format of the ligand structures is translated to 
PDBQT format (Makala and Ulaganathan 2018).

Molecular docking using autodock vina software: 
AutoDock Vina is a free, open-source tool for in-sili-
co molecular docking. Dr. Oleg Trott of The Scripps 
Research Institute’s Molecular Graphics Lab conceived 
and implemented it. This was done to forecast the 
binding energy scores of the specific protein-ligand 
interactions. The binding sites of amino acid residues 
in the defined protein have been identified and used in 
the autodock vina software. However, the docked con-
formations with the highest fitness score were used 
to investigate the binding mode. The Novel autodock 
vina software was eventually run, and binding ener-
gies were recorded, saved, and displayed (Makala and 
Ulaganathan 2018).

STATISTICAL ANALYSIS 
The comparison of binding affinities for Kinesin-5 

with B4S and Kinesin-5 with Thymol was done in 
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IBM-SPSS (28.0.0). Since the variables were indepen-
dent of each other, an independent t-test was used to 
compare the binding affinities of different inhibitors.

RESULTS
In the current study, The binding energy of the 

protein-ligand complex was estimated by the molec-
ular docking analysis using autodock vina software. 
Table 1 shows the binding affinities of the B4S inhibi-
tor towards the active sites of Kinensin-5 protein. The 
compound B4S binds with Kinensin-5 protein with a 
higher affinity of -7.7 kcal/mol (Mean of -7.19 kcal/
mol). Table 3 and Fig. 1 show the interaction of B4S 
with amino acid residues and the nature of interac-
tion at the active site of Kinensin-5 protein. The active 
binding site residues of B4S namely LEU292, TYR352 
form hydrophobic interactions, and TYR104, SER269, 
SER348, SER348, and TYR352 forms hydrogen bonds.
Among the residues, Tyr352 is found to make more 
contact with the ligand. Binding energy and nonbond-
ing interactions of B4S with the target were demon-
strated in Fig. 3.

Table 1
The binding affinities of B4S with the active sites of Kinensin-5 
protein analyzed through Autodock Vina Software.

S. No. Binding affinity (kcal/mol)
1 -7.7
2 -7.6
3 -7.7
4 -7.7
5 -6.6
6 -7.7
7 -6.4
8 -6.4
9 -7.7
10 -6.4

Table 2 shows the binding affinities of Thymol to-
wards the active sites of Kinensin-5 protein measured 
using autodock vina software. Thymol has a mean 
binding affinity of -7.89 kcal/mol towards the active 
site amino acid residues of Kinensin-5. Table 2, Fig. 2, 
and Fig. 4 show the different types of interactions of 
thymol with the amino acid residues at the active sites 
of Kinensin-5 protein. Thymol interacts with the ami-
noacid residues TYR104, LEU266, LEU292, LEU295, 
ILE332, ALA334, and TYR352 via hydrophobic inter-
actions.

Table 2
The binding affinities of Thymol with the active sites of Kinen-
sin-5 protein analyzed through Autodock Vina Software.

S. No. Binding affinity (kcal/mol)
1 -7.9
2 -7.9
3 -7.9
4 -7.9
5 -7.9
6 -7.9
7 -7.9
8 -7.9
9 -7.8
10 -7.9

Table 3
Interaction of B4S with Kinesin-5. The active binding site resi-
dues of B4S namely LEU292, TYR352 forms hydrophobic inter-
actions. The residues namely TYR104, SER269, SER348, SER348, 
TYR352 forms hydrogen interaction. 

S. 
No.

Com-
pound 
Name

Residue Aa Distance Nature Of 
Interactions

1 B4S 292 LEU 3.83 Hydrophobic
352 TYR 3.83 Hydrophobic
104 TYR 2.28 Hydrogen
269 SER 2.46 Hydrogen
348 SER 2.43 Hydrogen
348 SER 2.70 Hydrogen
352 TYR 3.57 Hydrogen
352 TYR 3.76 π-Stacking

Table 4
Interaction of THYMOL with Kinesin-5. The active binding site 
residues of Thymol, namely TYR104, LEU266, LEU292, LEU295, 
ILE332, ALA334, and TYR352 form hydrophobic interactions.

S. 
No.

Com-
pound 
Name

Residue AA Distance Nature Of 
Interactions

1 Thymol 104 TYR 3.84 Hydrophobic
104 TYR 3.92 Hydrophobic
266 LEU 3.59 Hydrophobic
292 LEU 3.84 Hydrophobic
292 LEU 3.67 Hydrophobic
295 LEU 3.92 Hydrophobic
332 ILE 3.81 Hydrophobic
334 ALA 4.00 Hydrophobic
352 TYR 3.67 Hydrophobic
352 TYR 3.72 Hydrophobic
352 TYR 3.83 Hydrophobic
352 TYR 3.72 Hydrophobic
352 TYR 3.93 Hydrophobic
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Table 5
The group statistics data of binding affinities of B4S and Thymol 
performed through Independent sample t-test using IBM SPSS 
Software.

GROUP N MEAN Std. Devi-
ation

Std. Error 
Mean

B4S 10 -7.19 .640 .202
Thymol 10 -7.89 .032 .010

The statistical significance of the results was an-
alyzed by performing an independent sample t-test 
using IBM SPSS software. Table 4 and Table 5 demon-
strate the grouping of samples for the analysis of in-
dependent sample t-tests using IBM SPSS software. 
Fig. 5 and Table 5 show that there was a statistically 
significant difference (p=0.007, p<0.05, 2-tailed t-test) 
between the binding affinities of B4S and Thymol to-
wards Kinensin-5 protein. Table 6 shows the mean 
difference, significance, and std. error difference of 
the binding energies of the Kinensin-5 with different 
inhibitors. 

DISCUSSION 
In the present study, the probability of selective 

anti-cancer activity of Thymol was tested in compari-
son with a standard Kinensin-5 inhibitor B4S in silico 
using AutoDock Vina software by molecular docking 
analysis. The results show that Thymol can interact 
with Kinensin-5 protein with a higher affinity of -7.9 
kcal/mol (Mean -7.89 kcal/mol). The active binding 
site residues of Thymol namely TYR104, LEU266, 
LEU292, LEU295, ILE332, ALA334, and TYR352 via 
hydrophobic interactions. 

Many of the current challenges in the field of cyto-
toxic chemotherapy, such as the creation of substantial 
host cell toxicity could be reduced or eliminated with 
targeted therapy (Danchev, Nikolova, and Momekov 
2008). B4S-type inhibitors are known to interact with 
Kinesin-5’s allosteric region and inhibit cancerous 
cell proliferation (Gao, Lowndes, and Eriksson 2017); 
(Yokoyama et al. 2015). The binding affinity of thy-
mol was significantly (p=0.007, p<0.05, 2-tailed t-test) 

Table 6
Independent sample t-test in predicting the significance, mean difference, std error difference of Kinesin-5 protein with different 
inhibitors. 

 Independent Samples Test
 Levene’s Test for 

equality of variances
 t-test for Equality of means

ENERGY F Sig. t df Signifi-
cance

(2-tailed)

Mean
difference

Std.Error
Difference

95% Confidence Inter-
val of the Difference
Lower Upper

Equal variances 
assumed

155.969 <.001 3.453 18 .003 .700 .203 .274 1.126

Equal variances 
not assumed

  3.453 9.044 .007 .700 .203 .242 1.158

 Fig. 1. Interaction analysis of B4S in the active pocket site of  Kinesin-5 protein .The structure of Kinesin-5 and  B4S  are represented 
in green and red sticks . Amino acid residues of Kinesin-5 protein, namely LEU292, TYR352, SER348, SER269, TYR104  interact with 
B4S.
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 Fig. 2. Interaction analysis of Thymol in the active pocket site of Kinesin-5 protein. The structure of Kinesin-5 and Thymol are 
represented in pink and green sticks. Amino acid residues of Kinesin-5 protein namely LEU295, LEU292, LEU266, ILE332, TYR104, 
ALA334, and TYR352 interact with Thymol.

 Fig. 3. Interaction chains of B4S with Kinesin-5 protein with res-
idues in which blue colour represents the protein, orange rep-
resents the ligand, sky blue represents water, yellow represents 
charge center, white represents aromatic ring center, pink rep-
resents metal ion, … represents hydrophobic interaction, --hy-
drogen bond.

 
Fig. 4. Interaction chains of Thymol with Kinesin-5 protein with 
residues in which blue colour represents the protein, orange 
represents the ligand, sky blue represents water, yellow rep-
resents charge center, white represents aromatic ring center, 
pink represents metal ion, … represents hydrophobic interac-
tion.

 
Fig. 5. The binding energies of B4S and Thymol towards the active sites of Kinensin-5 protein. The X axis represents the screening 
of inhibitors and the Y axis represents binding energy of the targeted molecules. Results were represented as Mean ± 1SD and the 
error bars with 95% CI. 
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higher when compared to B4S. Hence, it can make ef-
fective interactions with the active sites of Kinensin-5 
via hydrophobic interactions. The binding affinity of 
the molecule is based on the effective hydrophobic 
and hydrogen interactions present between the pro-
tein and ligand (Danchev, Nikolova, and Momekov 
2008). As It has already been reported that thymol has 
anti-cancer properties (Güvenç et al. 2019) and it can 
interact with amino acid residues at the active sites of 
Kinensin-5 protein, it may selectively bind to the can-
cerous cells and inhibit their proliferation. 

The limitation of the present study is that it is en-
tirely In-silico simulation work which will provide 
only the details of possible interactions between the 
target molecule and the test compounds. To validate 
these, in-silico interactions further experimentation is 
required through in vitro and in vivo methods.

CONCLUSION 
The in silico probability of selective anti-cancer ac-

tivity of Thymol was tested in the current study. The 
results suggest that Thymol can make strong hydro-
phobic interactions with the amino acid residues pres-
ent at the acive sites of Kinensin-5 protein. This indi-
cates Thymol may bind selectively at the active sites of 
Kinensin-5 and inhibit the proliferation of cancerous 
cells. But, further validation is required through in vi-
tro and in vivo studies to confirm the thymol as a nov-
el anti-cancer agent with selective inhibition of cancer 
cell proliferation.
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ABSTRACT 
Aim: To study the comparative molecular interactions of Quer-
cetin and Imatinib with the active sites of Breakpoint Cluster Re-
gion (BCR)-Abelson (ABL) fusion protein using molecular dock-
ing analysis for the selective anti-Chronic myeloid leukemia 
(CML) activity. Materials and Methods: In this study, Group 1 
is binding affinity of Imatinib with BCR-ABL Fusion Protein and 
Group 2 is binding affinity of Quercetin with BCR-ABL Fusion 
Protein. The sample size was calculated with pretest power 
80%. The sample size per group is 10 and total sample size is 
20. The protein structure of BCR-ABL fusion protein was col-
lected from the protein data bank (PDB) website and the ligand 
structures were collected from the NCBI-PUBCHEM website. 
The binding energy (kcal/mol) was calculated using Autodo-
ck Vina Software. The non-covalent protein ligand interactions 
were detected using protein–ligand interaction profiler (PLIP) 
webserver. Results: The mean binding affinity of Imatinib 
(-10.34 kcal/mol) was significantly (p=<0.001, p<0.001, 2-tailed 
t-test) higher than Quercetin (-8.8 kcal/mol) towards the active 
sites of BCR-ABL fusion protein. Conclusion: In Spite of lesser 
binding affinity of Quercetin compared to Imatinib, Quercetin 
can make strong hydrogen bond and hydrophobic interactions 
with the aminoacid residues at the active sites of BCR-ABL fu-
sion protein. It suggests that, Quercetin may bind selectively to 
the cells of CML and inhibit their proliferation and can act as 
novel Anti-CML agent. 

Keywords
Quercetin, Imatinib, BCR-ABL fusion protein, Novel Anti-CML 
agent, Molecular docking, Autodock Vina Software.
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INTRODUCTION
Chronic Myeloid Leukemia (CML) is a type of can-

cer associated with the abnormal production of white 
blood cells and hence it is also called as chronic gran-
ulocytic leukemia (Jabbour and Kantarjian 2020a). 
CML usually results from the reciprocal translocation 
between the chromosomes 9 and 22 to produce Break-
point Cluster Region (BCR)-Abelson (ABL) oncogene 
that produce BCR-ABL fusion protein upon transla-
tion (Arora and Scholar 2005) (Huang et al. 2021). 
The BCR-ABL is a 210 kd protein with tyrosine kinase 
activity and serves as potential target in the discovery 
of novel anti-CML agents (Jabbour and Kantarjian 
2020b). Molecular Docking studies have greater im-
portance in the novel anti-CML agent discovery (Cui 
et al. 2020). It computationally predict the structure 
of protein ligand complexes from their conformations 
and orientations. Autodock is docking tool which is 
designed to predict the behavior of small molecules. 
Auto vina docking soft ware is the best tool to analyze 
the binding modes and affinities between protein-li-
gand molecules (Trott and Olson 2010). In the cur-
rent study, the binding affinity of Quercetin towards 
the target site aminoacid residues of BCR-ABL fusion 
protein, was studied in comparison with a standard 
inhibitor Imatinib to validate the Quercetin as a novel 
anti-CML agent.

Total number of articles published related to this 
topic in recent times are 175 in Pubmed, 13,500 in 
google scholar and 1700 in science direct. Imatinib 
mesylate is a anticancer drug that is rationally designed 
to inhibit certain protein tyrosine kinases implicated 
in oncogenesis (Guilhot 2004a). Imatinib is a novel, 
molecularly targeted anticancer medication that has 
shown promising therapeutic results in CML patients. 
Imatinib has been used as a standard inhibitor to de-
velop novel tyrosine kinase inhibitors for the targeted 
anti-CML therapy (Waller 2018). According to nu-
merous studies, phytochemicals such as polyphenols, 
flavones, and flavonoids have significant anti-cancer 
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properties that can be used to combat various types of 
cancer (Thomasset et al. 2007)). In this regard, quer-
cetin is a common phytochemical that may be found 
in a variety of foods such as nuts, teas, vegetables, and 
various plants, as well as in people’s daily dietary pro-
grammes (Metodiewa et al. 1999). Furthermore, this 
supplemental drug is commercially available, and its 
oral administration at a dose of 1 g per day is both 
safe and effective, with up to 60% absorption(Har-
wood et al. 2007). Quercetin has been linked to a 
wide range of pharmacologic effects, including an-
ti-oxidant,anti-inflammation, anti-proliferation and 
anti-diabetesproperties. Quercetin, 2-(3,4-dihydroxy-
phenyl)-3,5,7-trihydroxy4H-chromen-4-one, is made 
up of two benzene rings, A and B, that are connected 
by a three-carbon heterocyclic pyrone one (Vargas and 
Burd 2010). Quercetin may extensively eliminate free 
radicals and attach to transitional metal ions since it 
contains two antioxidant pharmacophores in its struc-
ture(Boots, Haenen, and Bast 2008). According to 
some research, quercetin can exist in two states: free 
or aglycone, and coupled with other compounds. It 
can interact with carbohydrates, lipids, alcohols, and 
sulfate groups to produce quercetin glycoside, pre-
nylated quercetin, quercetin ethers, and quercetin sul-
fate derivatives.(Panche, Diwan, and Chandra 2016). 
A large number of research have also focused on this 
bioactive compound’s anticancer potential. In differ-
ent malignancies, quercetin has been found to influ-
ence several pathways.Quercetin has been shown to 
suppress a wide spectrum of malignancies, including 
breast, lung, and ovarian. Consumption of querce-
tin-rich foods has been linked to a decreased risk of 
ovarian cancer in earlier research. Consuming fruits 
high in quercetin, such as apples and citrus fruits or 
their juice, can also help to reduce the risk of ovari-
an cancer (Rauf et al. 2018).Our team has extensive 
knowledge and research experience that has translate 
into high quality publications(Chellapa et al. 2020; La-
vanya, Kannan, and Arivalagan 2021; Raj R, D, and S 
2020; Shilpa-Jain et al. 2021; S, R, and P 2021; Rama-
doss, Padmanaban, and Subramanian 2022; Wu et al. 
2020; Kalidoss, Umapathy, and Rani Thirunavukkara-
su 2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020)

From the early reports, Quercetin and its deriva-
tives are evident for its anticancer activities. But, the 
selective inhibition of CML by Quercetin has not been 
reported. The authors are expertised in the field of 

molecular docking using Autodock Vina Software. In 
the current study, The in-silico molecular interaction 
between Quercetin and BCR-ABL fusion protein was 
studied in comparison with a standard BCR-ABL in-
hibitor Imatinib for the selective anti-CML activity of 
Quercetin. 

MATERIALS AND METHODS
This study was conducted in a Simulation lab, 

Saveetha School of Engineering. There is no Ethical 
concern for this study. There are two groups involved, 
Group 1 is binding affinity of Imatinib (N=10 Pos-
itive control group) with BCR-ABL Fusion Protein 
and Group 2 (N=10 Study group) is binding affinity of 
Quercetin with BCR-ABL Fusion Protein. The sample 
size calculation was done using previous study results 
by keeping alpha error-threshold by 0.05, pretest G 
power 80% and 95% Confidence Interval (CI)(Rajen-
dran et al. 2016). Therefore the total sample size was 20.

Preparation of protein: The structure of the BCR-
ABL (PDB ID 5MO4) protein has been obtained from 
PDB (protein data bank) online website at the reso-
lution 2.17Å. The structure of the protein is in PDB 
format using autodock tools (1 5.6) the PDB format of 
the protein structure is converted in to PDBQT format 
during conversion,the water molecules in the protein 
structure get removed and added with the polar hy-
drogen atoms.finally kollman charges are included in 
the protein structure and the resultant PDBQT struc-
ture is stored (Wylie et al. 2017) (Rajendran et al. 2016; 
Makala et al. 2021).

Preparation of ligands: Ligand structures like 
Quercetin and Imatinib (pubchem CID 5280343 and 
5291, respectively) have been obtained from PUB-
CHEM online website (Kim et al. 2021).The struc-
tures of the ligand are in SDF format using PYMOL 
software, the SDF format can be converted into PDB 
format (Goodsell et al. 2021). The PDB format of the 
ligand structures are converted in to PDB format.The 
PDB format of the ligand structures are converted in 
to PDBQT format by using autodock tools(1 5.6) (For-
li et al. 2016; Trott and Olson 2010).

Molecular docking using autodock vina soft-
ware: Autodock vina software is an open source pro-
gram for doing molecular docking In-silico. It was 
designed and implemented by Dr.oleg Trott in the mo-
lecular graphics lab at The Scripps Research Institute 
(Ravindranath et al. 2015). This was done to predict 
the scores of the binding energy for the interactions 
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of the targeted protein ligand.The sites of binding of 
the residues of amino acids of the defined protein 
have been determined and applied for the autodock 
vina software.However, the docked confirmations that 
had the higher score of fitness have been taken for an-
alyzing the binding mode.Eventually, the program of 
autodock vina has been run, and the then binding en-
ergies have been observed, saved and visualized ((Forli 
et al. 2016; Trott and Olson 2010)).

Protein–ligand interaction profiler (PLIP) anal-
ysis: The identification and visualization of non-cova-
lent protein ligand interactions was performed using 
PLIP web server (Salentin et al. 2015). 

STATISTICAL ANALYSIS 
The comparison of binding affinities for the BCR-

ABL fusion protein with Quercetin and BCR-ABL 
fusion protein with Imatinib was done in IBM-SPSS 
27.0.1. Since the variables were independent of each 
other, an independent samples t-test was used to com-
pare the binding affinities.

RESULTS
In the present study, the estimation of binding en-

ergy of protein-ligand complex and analysis of results 
was performed by examining the molecular docking 
using autodock vina software. Table 1 and Table 5 
shows that Imatinib BCR-ABL complex exhibited the 
best ligand-receptor structure with lowest energy of 
−10.6 kcal/mol (Mean of −10.34 kcal/mol). The PLIP 
analysis results mentioned in Table 3 and Fig. 1 shows 
that, in the best binding mode Imatinib interacts with 
the active site aminoacid residues of BCR-ABL fusion 
protein namely ASN240, TYR283, PRO315, LEU321, 
and LEU39 through hydrophobic interactions, 
LYS241, PRO242, VAL244, and GLN319 via hydrogen 
bonding and PHE91 via π-Stacking.

Table 2 and Table 5 shows that Quercetin BCR-ABL 
complex exhibited the best ligand-receptor structure 
with lowest energy of −8.8 kcal/mol (Mean of −8.8 
kcal/mol). The PLIP analysis results mentioned in Ta-
ble 4 and Fig. 2 shows that, in the best binding mode 
Quercetin interacts with the active site aminoacid resi-
dues of BCR-ABL fusion protein namely THR243 and 
LEU285 through hydrophobic interactions, THR243, 
VAL247, GLU335, and LYS397 via hydrogen bonding. 

The obtained binding affinities were analyzed us-
ing IBM SPSS software for the statistical significance 
using independent samples t-test. The results men-

Table 1
The binding affinities of Imatinib with the active sites of BCR-
ABL protein analyzed through Autodock Vina Software. 

S. No. Binding affinity (kcal/mol)
1 -10.2
2 -10.5
3 -10.6
4 -10.1
5 -10.2
6 -10.2
7 -10.5
8 -10.4
9 -10.5
10 -10.2

Table 2
The binding affinities of Quercetin with the active sites of BCR-
ABL protein analyzed through Autodock Vina Software. 

S. No. Binding affinity (kcal/mol)
1 -8.8
2 -8.8
3 -8.8
4 -8.8
5 -8.8
6 -8.8
7 -8.8
8 -8.8
9 -8.8
10 -8.8

Table 3
Interaction of Imatinib with BCR-ABL fusion protein. Imatinib 
interacts with the active binding site residues of BCR-ABL fusion 
protein namely ASN240, TYR283, PRO315, LEU321, and LEU395 
via hydrophobic interactions. The residues namely LYS241, 
PRO242, VAL244, and GLN319 interacts via hydrogen bonding 
and PHE91 interacts via π-Stacking.

S 
NO

COM-
POUND 
NAME 

RESIDUE AA DIS-
TANCE

NATURE OF 
INTERACTIONS

1 Imatinib 240 ASN 3.29 HYDROPHOBIC
283 TYR 3.53 HYDROPHOBIC
315 PRO 3.31 HYDROPHOBIC
321 LEU 3.53 HYDROPHOBIC
395 LEU 3.52 HYDROPHOBIC
395 LEU 3.41 HYDROPHOBIC
241 LYS 3.66 HYDROGEN
242 PRO 3.42 HYDROGEN
244 VAL 3.62 HYDROGEN
319 GLN 3.32 HYDROGEN
91 PHE 4.93 π-Stacking
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tioned in the Table 5, Table 6, and Fig. 5 show that the 
mean binding affinity of Imatinib was significantly 
(p= <0.001, p<0.001, 2-tailed t-test) higher than the 

Quercetin towards the active site amino acid residues 
of BCR-ABL fusion protein. 

DISCUSSION
The host cell toxicity is one of the important draw-

backs of the anti-cancer drugs (Basak et al. 2021). The 
targeted therapy can be more efficient way of treating the 
cancers (Danchev, Nikolova, and Momekov 2008; Gu and 
Liang 2022). Imatinib is one such molecule that selectively 
targets CML cells with stronger affinity towards the ac-
tive site amino acid residues of BCR-ABL fusion protein 
((Melge et al. 2019); (Danchev, Nikolova, and Momekov 

Table 4
Interaction of Quercetin with the amino acids at the active sites 
of BCR-ABL fusion protein. Quercetin interacts with the active 
binding site residues of BCR-ABL fusion protein namely THR243 
and LEU285 via hydrophobic interactions. The residue namely 
THR243, VAL247, GLU335, and LYS397 interacts via hydrogen 
bonding. 

S 
NO

COM-
POUND 
NAME 

RESIDUE AA DIS-
TANCE

NATURE OF 
INTERACTIONS

1 Quercetin 243 THR 3.83 HYDROPHOBIC
285 LEU 3.37 HYDROPHOBIC
243 THR 3.87 HYDROGEN 
243 THR 4.00 HYDROGEN 
247 VAL 3.24 HYDROGEN 
335 GLU 3.25 HYDROGEN 
397 LYS 3.66 HYDROGEN 

Table 6
Independent sample t-test in predicting the significance, mean difference, std error difference of BCR-ABL fusion protein with 
different inhibitors. 

Independent Samples Test
 Levene’s Test for 

equality of variances
 t-test for Equality of means

ENERGY F Sig. t df signifi-
cance

(2-tailed)

Mean
difference

Std.Error
Difference

95% Confidence Interval 
of the Difference

Lower Upper
Equal variances 
assumed

82.286 <.001 -27.415 18 <.001 -1.540 .056 -1.658 -1.422

Equal variances 
not assumed

  -27.415 9.000 <.001 -1.540 .056 -1.667 -1.413

 
Fig. 1. Interaction analysis of Imatinib in the active site pocket of BCR-ABL fusion protein.The structure of BCR ABL and imatinib are 
represented in Cyan and red color, respectively. The active site amino acid residues of BCR-ABL protein namely PHE91, ASN240, 
LYS241, PRO242, VAL244, TYR283, PRO315, GLN319, LEU321, and LEU395 interact with Imatinib, which are represented in green 
color.

Table 5
The group statistics data of binding affinities of Imatinib and 
Quercetin performed through Independent sample t-test using 
IBM SPSS Software.

S. 
No.

GROUP N Mean Std.Devia-
tion

Std.Error 
Mean

1 Imatinib 10 -10.34 .178 .056
2 Quercetin 10 -8.80 .000 .000
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Fig. 2. Interaction analysis of quercetin in the active pocket site of BCR-ABL fusion protein. The structure of BCR-ABL and querce-
tin are represented in Cyan and red color, respectively. The active site amino acid residues of BCR-ABL protein namely THR243, 
VAL247, LEU285, GLU335, and LYS397 interact with quercetin, which are represented in green color.

 
Fig. 3. Interaction chains of Quercetin with BCR-ABL fusion pro-
tein with residues in which blue color represents the protein, 
orange represents the ligand, sky blue represents water, yellow 
represents charge center, white represents aromatic ring center, 
pink represents metal ion, … represents hydrophobic interac-
tion, --hydrogen bond,...represents salt bridge.

 

Fig. 4. Interaction chains of imatinib with BCR-ABL fusion pro-
tein with residues in which blue color represents the protein, 
orange represents the ligand, sky blue represents water, yellow 
represents charge center, white represents aromatic ring center, 
pink represents metal ion, … represents hydrophobic interac-
tion,--- represents π-Stacking.

 
Fig. 5. The binding affinity of Quercetin and Imatinib towards the active sites of BCR-ABL fusion protein. The X axis represents the 
screening of inhibitors and the Y axis represents binding energy of the targeted molecules. Results were represented as Mean ± 
1SD and the error bars with 95% CI.
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2008; Gu and Liang 2022); (Guilhot 2004b)). In the dis-
covery of novel anti-CML agents, molecular docking plays 
a crucial role in identifying the compounds with greater 
selectivity (Cui et al. 2020). Hence, in the current study the 
selectivity of Quercetin towards the CML cells was tested 
in comparison to the standard CML inhibitor Imatinib 
using Autodock Vina Software, in-silico. The results show 
that Quercetin can interact with BCR-ABL protein with 
lowest energy of -8.8 kcal/mol. The Quercetin can interact 
with active binding site residues of BCR-ABL fusion pro-
tein namely THR243 and LEU285 through hydrophobic 
interactions, THR243, VAL247, GLU335, and LYS397 via 
hydrogen bonding.

Inspite of significantly (p= <0.001, p<0.001, 
2-tailed t-test) lesser binding affinity towards BCR-
ABL protein compared to Imatinib, Quercetin can 
make effective interaction with active site amino acid 
residues via both hydrophobic and hydrogen bond-
ings. The anticancer activity of Quercetin was previ-
ously reported (Rauf et al. 2018) and from the current 
molecular docking analysis it was found that Querce-
tin may selectively bind at the active sites of BCR-ABL 
fusion protein. Hence, Quercetin may selectively bind 
to the CML cells and inhibit their proliferation.

The limitations of the current study are, it was mere-
ly based on the in-silico analysis. The results must be 
further validated through in vitro and in vivo analysis. 

CONCLUSION 
In the present study, in-silico molecular interac-

tions were studied between the Quercetin and BCR-
ABL fusion protein in comparison with Imatinib. The 
results suggest that Quercetin can interact with active 
site amino acid residues of BCR-ABL fusion protein 
via both hydrophobic and hydrogen bond. Hence, it 
may selectively bind to the CML cells and inhibit their 
proliferation. Further validation of Quercetin through 
in-vitro and in-vivo studies is required to confirm 
Quercetin as novel anti-CML agent that acts through 
the inhibition of BCR-ABL protein.
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ABSTRACT 
Aim: To study the comparative molecular interactions of Quer-
cetin and 3’-fluoro-4’-(trifluoromethyl)biphenyl-4-sulfonamide 
(B4S) with the active sites of Kinesin-5 protein using molecular 
docking analysis for the selective anticancer activity. Materi-
als and Methods: The protein structures are collected from 
the protein data bank (PDB) website and the ligand structures 
were collected from the PUBCHEM website.The samples were 
regarded as (N=10) for Kinensin-5 protein with quercetin and 
(N=10) for Kinensin-5 protein with B4S according to the sam-
ple size calculations performed from clinicalc.com with pretest 
G power 80%. The total sample size was 20. The binding en-
ergy (kcal/mol) was calculated using Autodock vina software. 
The non-covalent protein ligand interactions were detected 
using protein–ligand interaction profiler (PLIP) webserver. Re-
sults: The mean binding affinity of Quercetin (-9.5 kcal/mol) 
was significantly (p=<0.001, p<0.05, 2-tailed t-test) higher than 
B4S (-7.21 kcal/mol) towards the active site aminoacid resiues 
of Kinensin-5 protein. Conclusion: The results indicate that 
Quercetine has better binding affinity compared the standard 
Kinensin-5 inhibitor B4S. Hence it may more selectively bind to 
the cancerous cells to inhibit their proliferation and can acts as 
a novel anti-cancer agent. 
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Quercetin, Kinensin-5, B4S, Molecular Docking, Novel An-
ti-cancer agent, Autodock Vina Software.
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INTRODUCTION
In the present world, among fatalistic disorders 

cancer occupies the second place after the heart relat-
ed diseses. In the year 2020, it was reported that 19.3 
million new cases of different types of cancers were re-
ported and 10 million deaths were observed (Johnston 
et al. 2021; Sung et al. 2021). There are several drug 
targets for the cancer. Kinensin-5 is one such target 
that majorly tested in the dicsovery of novel anti-can-
cer agents. Kinensin-5 is an important protein that 
plays a major role in the mitosis of cancerous cells but 
inactive in normal cells (Mann and Wadsworth 2019). 
The inhibition of kinensin-5 results in the apoptosis 
of of cancerous cells (Makala and Ulaganathan 2018). 
Hence, it was regarded as a potential drug target for 
the discovery of novel anti-cancer agents (Chen and 
Hancock 2015). Molecular Docking studies have 
greater importance in the novel anti-cancer agent di-
covery (Cui et al. 2020). It computationally predict 
the structure of protein ligand complexes from their 
conformations and orientations. Autodock is docking 
tool which is designed to predict the behavior of small 
molecules. Auto vina docking soft ware is the best tool 
to analyze the binding modes and affinities between 
protein-ligand molecules (Trott and Olson 2010). In 
the current study, the binding affinity of Quercetin 
towards the target site aminoacid residues of Kinen-
sin-5 protein, was studied in comparison with a stan-
dard inhibitor 3’-fluoro-4’-(trifluoromethyl)biphe-
nyl-4-sulfonamide (B4S) to validate the Quercetin as 
a novel anti-cancer agent.

Total number of articles published related to this 
topic in recent times are 175 in Pubmed, 13,500 in 
google scholar and 1700 in science direct. Kinensin-5 
is a tetrameric motor protein with 4 subunits. It plays 
an important role in the assembly of spindle appara-
tus at the two poles during mitotic cell division. Since 
kinensin-5 is highly expressed in dividing cells rather 
than non-dividing cells. B4S is an inhibitor of Kinen-
sin-5 that targets the allosteric region of the Kinen-
sin-5 protein and restrict the cancer cell proliferation. 
According to numerous studies, phytochemicals such 
as polyphenols, flavones, and flavonoids have signifi-
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cant anti-cancer properties that can be used to combat 
various types of cancer (Thomasset et al. 2007)). In 
this regard, quercetin is a common phytochemical that 
may be found in a variety of foods such as nuts, teas, 
vegetables, and various plants, as well as in people’s 
daily dietary programmes (Metodiewa et al. 1999). 
Furthermore, this supplemental drug is commercially 
available, and its oral administration at a dose of 1 g per 
day is both safe and effective, with up to 60% absorp-
tion(Harwood et al. 2007). Quercetin has been linked 
to a wide range of pharmacologic effects, including an-
ti-oxidant,anti-inflammation, anti-proliferation and 
anti-diabetesproperties. Quercetin, 2-(3,4-dihydroxy-
phenyl)-3,5,7-trihydroxy4H-chromen-4-one, is made 
up of two benzene rings, A and B, that are connected 
by a three-carbon heterocyclic pyrone one (Vargas and 
Burd 2010). Quercetin may extensively eliminate free 
radicals and attach to transitional metal ions since it 
contains two antioxidant pharmacophores in its struc-
ture(Boots, Haenen, and Bast 2008). According to 
some research, quercetin can exist in two states: free 
or aglycone, and coupled with other compounds. It 
can interact with carbohydrates, lipids, alcohols, and 
sulfate groups to produce quercetin glycoside, pre-
nylated quercetin, quercetin ethers, and quercetin sul-
fate derivatives.(Panche, Diwan, and Chandra 2016). 
A large number of research have also focused on this 
bioactive compound’s anticancer potential. In differ-
ent malignancies, quercetin has been found to influ-
ence several pathways.Quercetin has been shown to 
suppress a wide spectrum of malignancies, including 
breast, lung, and ovarian. Consumption of querce-
tin-rich foods has been linked to a decreased risk of 
ovarian cancer in earlier research. Consuming fruits 
high in quercetin, such as apples and citrus fruits or 
their juice, can also help to reduce the risk of ovari-
an cancer (Rauf et al. 2018).Our team has extensive 
knowledge and research experience that has translate 
into high quality publications(Chellapa et al. 2020; La-
vanya, Kannan, and Arivalagan 2021; Raj R, D, and S 
2020; Shilpa-Jain et al. 2021; S, R, and P 2021; Rama-
doss, Padmanaban, and Subramanian 2022; Wu et al. 
2020; Kalidoss, Umapathy, and Rani Thirunavukkara-
su 2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020)

From the early reports, Quercetin and its deriva-
tives are evident for its anticancer activities. But, the 
selective inhibition of kinensin-5 by Quercetin has not 
been reported. The authors are expertised in the field 

of molecular docking using Autodock Vina Software. 
In the current study, The in-silico molecular interac-
tion between Quercetin and Kinensin-5 protein was 
studied in comparison with a standard Kinensin-5 
protein inhibitor B4S for the selective anti-cancer ac-
tivity of Quercetin. 

MATERIALS AND METHODS
Preparation of protein: The structure of the kin-

ensin-5 (PDB ID 3WPN) protein has been obtained 
from PDB (protein data bank) online website at the 
resolution 2.80 Å. The structure of the protein is in 
PDB format using autodock tools(1 5.6) the PDB for-
mat of the protein structure is converted in to PDBQT 
format during conversion,the water molecules in the 
protein structure get removed and added with the 
polar hydrogen atoms.finally kollman charges are in-
cluded in the protein structure and the resultant PD-
BQT structure is stored (wwPDB consortium 2019).

Preparation of ligands: Ligand structures like 
quercetin and B4S (PubChem CID 5280343 and 
44590437, respectively) have been obtained from 
PUBCHEM online website (Kim et al. 2021).The 
structures of the ligand are in SDF format using PY-
MOL software,the SDF format can be converted into 
PDB format (Goodsell et al. 2021). The SDF format of 
the ligand structures are converted in to PDB format. 
The PDB format of the ligand structures are convert-
ed into PDBQT format by using autodock tools(1 5.6)
(Forli et al. 2016).

Molecular docking using autodock vina software: 
Autodock vina software is an open source program for 
doing molecular docking in silico.It was designed and 
implemented by Dr.oleg Trott in the molecular graphics 
lab at The Scripps Research Institute(Ravindranath et al. 
2015). This was done to predict the scores of the binding 
energy for the interactions of the targeted protein ligand.
The sites of binding of the residues of amino acids of the 
defined protein have been determined and applied for 
the autodock vina software.However, the docked confir-
mations that had the higher score of fitness have been 
taken for analyzing the binding mode. Eventually, the 
program of autodock vina has been run, and the then 
binding energies have been observed, saved, and visual-
ized (Forli et al. 2016; Trott and Olson 2010).

Protein–ligand interaction profiler (PLIP) anal-
ysis: The identification and visualization of non-cova-
lent protein ligand interactions was performed using 
PLIP web server (Salentin et al. 2015). 
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STATISTICAL ANALYSIS 
The comparison of binding affinities for the Kin-

ensin-5 protein with Quercetin and Kinensin-5 pro-
tein with B4S was done in IBM-SPSS 27.0.1. Since the 
variables were independent, an independent samples 
t-test was used to compare the binding affinities.

RESULTS 
In the present study, the estimation of binding en-

ergy of protein-ligand complex and analysis of results 
was performed by examining the molecular dock-
ing using autodock vina software. Table 1 and Table 
5 shows that B4S and Kinensin-5 complex exhibited 
the best ligand-receptor structure with lowest energy 
of −8.4 kcal/mol (Mean of −7.21 kcal/mol). The PLIP 
analysis results mentioned in Table 3 and Fig. 1 shows 
that, in the best binding mode B4S interacts with the 
active site aminoacid residues of Kinensin-5 protein 
namely SER233 through hydrophobic interactions, 
SER235 and SER237 via hydrogen bonding. 

Table 1
The screening of binding affinity of B4S towards Kinensin-5 us-
ing autodock vina software. 

S. No. Binding affinity (kcal/mol)
1 -7.6
2 -7.7
3 -7.4
4 -6.4
5 -7.3
6 -7.7
7 -6.8
8 -8.4
9 -6.4

10. -6.4

Table 2 and Table 5 shows that Quercetin Kinen-
sin-5 complex exhibited the best ligand-receptor struc-
ture with lowest energy of −9.5 kcal/mol (Mean of −9.5 
kcal/mol). The PLIP analysis results mentioned in Ta-
ble 4 and Fig. 2 shows that, in the best binding mode 
Quercetin interacts with the active site aminoacid res-
idues of Kinensin-5 protein namely TYR104, LEU266, 
LEU292, LEU295, TYR352, and TYR352 through hy-
drophobic interactions, SER269, LEU292, GLY296, 
SER348, SER348, and TYR352 via hydrogen bonding. 

The obtained binding affinities were analyzed us-
ing IBM SPSS software for the statistical significance 
using independent samples t-test. The results men-

Table 2
The screening of binding affinity of Quercetin towards Kinen-
sin-5 using autodock vina software.

S. No. Binding affinity (kcal/mol)

1 -9.5

2 -9.5

3 -9.5

4 -9.5

5 -9.5

6 -9.5

7 -9.5

8 -9.5

9 -9.5

10 -9.5

Table 3
Interaction of B4S with the amino acids at the active sites of 
kinesin-5 fusion protein. The residues namely SER235 and 
SER237 forms hydrogen interaction, and SER233 forms hydro-
phobic interactions.

S 
NO

COM-
POUND 
NAME 

RESIDUE AA DIS-
TANCE

NATURE OF 
INTERACTIONS

1 B4S 235 SER 2.62 HYDROGEN
237 SER 2.43 HYDROGEN
237 SER 2.85 HYDROGEN 
233 SER 3.08 HYDROPHOBIC

Table 4
Interaction of quercetin with kinesin-5. The active binding site 
residues of B4S namely TYR104, LEU266, LEU292, LEU295, 
TYR352, TYR352 forms hydrophobic interactions. The residues 
namely SER269, LEU292, GLY296, SER348, SER348, TYR352 
forms hydrogen interaction.

S 
NO

COM-
POUND 
NAME 

RESIDUE AA DIS-
TANCE

NATURE OF 
INTERACTIONS

1 QUER-
CETIN

104 TYR 4.00 HYDROPHOBIC

266 LEU 3.55 HYDROPHOBIC

292 LEU 3.65 HYDROPHOBIC

295 LEU 3.73 HYDROPHOBIC

352 TYR 3.41 HYDROPHOBIC

352 TYR 3.99 HYDROPHOBIC

269 SER 3.04 HYDROGEN 

292 LEU 3.17 HYDROGEN

296 GLY 3.82 HYDROGEN

348 SER 3.60 HYDROGEN

348 SER 3.60 HYDROGEN

352 TYR 3.85 HYDROGEN
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tioned in the Table 5, Table 6, and Fig. 5 show that 
the mean binding affinity of B4S was significantly 
(p=<0.001, p<0.05, 2-tailed t-test) lesser than the 
Quercetin towards the active site amino acid residues 
of Kinensin-5 protein. 
Table 5. The group statistics data of binding affinities of B4S and 
Quercetin performed through Independent sample t-test using 
IBM SPSS Software. 

S. 
No.

GROUP N Mean Std.De-
viation

Std.Error 
Mean

1 B4S 10 -7.21 .685 .217
2 Quercetin 10 -9.50 .000 .000

DISCUSSION
The host cell toxicity is one of the important draw-

backs of the anti-cancer drugs (Basak et al. 2021). The 
targeted therapy can be more efficient way of treating 
the cancers (Danchev, Nikolova, and Momekov 2008; 
Gu and Liang 2022). B4S is an inhibitor of Kinensin-5 
that targets the allosteric region of the Kinensin-5 pro-
tein and restrict the cancer cell proliferation (Makala 
and Ulaganathan 2018). In the discovery of novel an-
ti-cancer agents, molecular docking plays a crucial role 
in identifying the compounds with greater selectivity 
(Cui et al. 2020). Hence, in the curret study the selec-

Table 6
Independent sample t-test in predicting the significant, mean difference, std error difference kinesin-5 fusion protein with different 
inhibitors.

 INDEPENDENT SAMPLE TEST OF BCR ABL fusion protein
 Levene’s Test for 

equality of variances
 t-test for Equality of means

ENERGY F Sig. t df signifi-
cance

(2-tailed)

Mean
difference

Std.Error
Difference

95% Confidence Inter-
val of the Difference
Lower Upper

Equal variances 
assumed

28.956 <.001 10.564 18 <.001 2.290 .217 1.835 2.745

Equal variances 
not assumed

  10.564 9.000 <.001 2.290 .217 1.800 2.780

   

 

 

 

 

 

 

 

 

 

Fig. 1. Interaction analysis of quercetin in the active pocket site of Kinesin-5 fusion protein. The structure of Kinesin-5 and quercetin 
are represented in skyblue and green sticks. Amino Acid residues of Kinesin-5 protein namely GLY296, LEU292, LEU66, SER269, 
TYR104, TYR352 interact with quercetin.

     
 

Fig. 2. Interaction analysis of B4S in the active site pocket of Kinesin-5 fusion protein.The structure of kinesin and B4S are repre-
sented in red and green sticks. Amino acid residues of kinesin-5 fusion protein namely SER235, SER237, SER233 interact with B4S.
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tivity of Quercetin towards the cancer cells was tested 
in comparison to the standard Kinensin-5 inhibitor 
B4S using Autodock Vina Software, in-silico. The re-
sults show that Quercetin can interact with Kinensin-5 
protein with lowest energy of -9.5 kcal/mol. The Quer-
cetin can interact with active binding site residues of 
Kinensin-5 protein namely TYR104, LEU266, LEU292, 
LEU295, TYR352, and TYR352 through hydropho-
bic interactions, SER269, LEU292, GLY296, SER348, 
SER348, and TYR352 via hydrogen bonding. 

Because of significantly (p=<0.001, p<0.05, 2-tailed 
t-test) higher binding affinity towards Konenisn-5 

protein compared to B4S, Quercetin can make effec-
tive interaction with active site amino acid residues via 
both hydrophobic and hudrogen bondings. The anti-
cancer activity of Quercetin was previously reported 
(Rauf et al. 2018) and from the current molecular 
docking analysis it was found that Quercetin may se-
lectively bind at the active sites of Kinensin-5 protein. 
Hence, Quercetin may selectively bind to the cancer 
cells and inhibit their proliferation.

The limitations of the current study are, it was mere-
ly based on the in-silico analysis. The results must be 
further validated through in vitro and in vivo analysis. 

 Fig. 3. Interaction chains of quercetin with KINESIN-5 fusion 
protein with residues in which blue color represents the protein, 
orange represents the ligand, sky blue represents water, yellow 
represents charge center, white represents aromatic ring center, 
pink represents metal ion, … represents hydrophobic interac-
tion, --hydrogen bond,...represents salt bridge.

 Fig. 4. Interaction chains of B4S with kinesin-5 fusion protein 
with residues in which blue color represents the protein, or-
ange represents the ligand, sky blue represents water, yellow 
represents charge center, white represents aromatic ring center, 
pink represents metal ion, … represents hydrophobic interac-
tion,--- represents π-Stacking.

 
Fig. 5. The binding affinity of quercetin and B4S towards the active sites of kinesin-5 fusion protein. The X axis represents the 
screening of inhibitors and the Y axis represents binding energy of the targeted molecules. Results were represented as Mean ± 
1SD and the error bars with 95% CI.
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CONCLUSION 
In the present study, in-silico molecular interactions 

were studied between the Quercetin and Kinensin-5 
protein in comparison with B4S. The results suggest 
that Quercetin can interact with active site amino acid 
residues of Kinensin-5 protein via both hydrophobic 
and hydrogen bond. Hence, it may selectively bind to 
the cancer cells and inhibit their proliferation. Further 
validation of Quercetin through in-vitro and in-vivo 
studies is required to confirm Quercetin as novel an-
ti-cancer agent that acts through the inhibition of Ki-
nensin-5 protein.
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ABSTRACT
Aim: The study is about to compare the antibacterial prop-
erties of Novel Fluorescein derivatives to those of commercial 
antibiotics, using docking to see how the ligand, protein, and 
antibiotic interact molecularly. Materials and Methods: The 
3 Dimensional structures of protein and ligands were procured 
from the PubChem, Drug bank, and PDB databases. The sam-
ple size was calculated using G power with pretest power at 
80% and alpha value of 0.05. The sample size per group is 
10 and total sample size is 30. Docking studies of protein and 
ligands were performed using Auto dock software. Statistics of 
the interactions were analyzed using IBM SPSS software. Re-
sult: Molecular interactions revealed that Clindamycin shows 
more affinity towards the protein compared to fluorescein and 
dicloxacillin. The binding affinity values were compared using 
SPSS software, it reveals that the statistical insignificance ob-
served between the fluorescein and clindamycin is 0.363 and 
for fluorescein and dicloxacillin is 0.468 Conclusion: Antibiotic 
clindamycin appears to be more specific and selectively work 
against the target protein when compared to the dicloxacillin 
and fluorescein ligands.
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INTRODUCTION
Bacteria are single-celled microbes. The molecu-

lar form is less complicated than that of possible or-
ganisms where there aren’t any nucleus or membrane 
certain organelles. Instead, their management center 
contains factor data contained in an exceedingly single 
loop of DNA (Galinski 1995). Some microorganisms 
have a further circle of genetic fabric called cell inclu-
sion (World Health Organization 2007). Plasmid usu-
ally contains genes that provide the bacterium some 
advantage over other bacteria. To Illustrate it’s going 
to contain a gene that creates bacterium proof against 
a definite antibiotic (Vieira and Messing 1989). micro-
organisms are found in each home ground on Earth: 
soil, rock, oceans, and even arctic snow. Some board or 
on alternative organisms together with plants and an-
imals including humans (Mancinelli and Shulls 1978). 
There are around ten times as many microorganism 
cells compared to human cells within the human body. 
plenty of those microorganism cells are found living 
in an organic process system. Some bacteria board the 
soil or on dead plant matter wherever they play a very 
important role in the athletics of nutrients. Some sorts 
cause food spoilage, crop injury however others are 
unbelievably helpful in the production of hard foods 
like yogurt and soy sauce. Comparatively few bacteria 
are parasites or pathogens that cause unwellness in an-
imals and plants(Khezerlou et al. 2018).

Bacteria reproduce through prokaryotic fission. 
During this method, the bacteria, which could be a 
single cell, divides into 2 identical cells (Jiong, Guo-
qiang, and Xinhe 2004). Binary fission begins once the 
DNA of the bacterium divides into two (replicates). 
The microorganism cells then stretch and divide into 
2 girl offspring cells each with the same gears to deter-
mine mobileular(Krappe and Pomorski 2012)

Bacterial disease is any of a range of illnesses 
caused by bacteria. Until the mid-20th century, mi-
croorganism respiratory disorder was most likely the 
leading reason for death among the elderly (Institute 
of Medicine, Board on Global Health, and Forum on 
Emerging Infections 2003). Improved antibiotics have 
all shriveled the mortality rates from bacterial infec-
tions, although antibiotic-resistant strains have caused 
a revitalization in a few sicknesses (Wong 1999). In the 
twenty-first century, tuberculosis, which was caused 
by true bacterial tuberculosis several strains of which 
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had developed resistance to at least one or a lot of med-
ication widely accustomed to treat the infection, was 
among the deadliest infectious diseases worldwide. 
bacteria cause disease by secreting or excreting toxins, 
by manufacturing toxins internally. Different serious 
microorganism diseases embody cholera, diphtheria, 
bacterial meningitis, tetanus, Lyme Disease, gonor-
rhea, and syphilis (Yoshikawa 2001).

Staphylococcus aureus may be a human microor-
ganism known for its ability to cause community and 
nosocomial-acquired diseases starting from gentle 
skin infections, resembling skin problems severe dis-
eases, like endocarditis, pneumonia, infection, and 
syndrome(D’Costa et al. 2006; Misra et al. 1987). Treat-
ment of Staphylococcus aureus infections with antibi-
otics is usually ineffective due to the development of 
antibiotic-resistance strains, such as methicillin-resis-
tant Staphylococcus aureus (MRSA) (Bergdoll 1991). 
Therefore, various treatment choices and vaccination 
are currently being explored. The successful outcome 
of S. aureus as a pathogen depends on the assembly of 
many virulence factors. S.aureus will specific as many 
molecular wall-anchored proteins (Sykes and Matza 
1957; Tiwari and Sen 2006) that cell adhesion to an-
imate thing matrices, invasion non-phagocytic cells, 
biofilm formation, and interference with neutralization 
of the innate system(Sykes and Matza 1957).Our team 
has extensive knowledge and research experience that 
has translate into high quality publications(Chellapa 
et al. 2020; Lavanya, Kannan, and Arivalagan 2021; 
Raj R, D, and S 2020; Shilpa-Jain et al. 2021; S, R, and 
P 2021; Ramadoss, Padmanaban, and Subramanian 
2022; S. Wu et al. 2020; Kalidoss, Umapathy, and Rani 
Thirunavukkarasu 2021; Kaja et al. 2020; Antink et al. 
2020; Paul et al. 2020; Malaikolundhan et al. 2020)

Antibiotic drug treatments are familiar with pre-
venting and treating microorganisms infections. Bac-
teria, now no longer human beings or animals, end up 
antibiotic-resistant (DeBoer et al. 1970). These bac-
teria could infect humans and animals, and also the 
infections they cause are more durable to treat than 
those caused by reformist bacteria. Antibiotic resis-
tance ends up in higher medical costs, prolonged hos-
pital stays, and accrued mortality. (D’Costa et al. 2006)

MATERIALS AND METHODS
The target protein Clumping Factor A from Staph-

ylococcus aureus of PDB ID 1N67 and its X-ray crys-
tallographic structure, the protein structure is ex-

tracted from PDB database.(Chasman 2003) A ligand 
Fluorescein of ID 16850 and its molecular formula 
C20H12O5 with 332.3g/mol molecular weight, Dicloxa-
cillin of ID 16850 and its molecular formula C19H17Cl-
2N3O5S with 470.3g/mol as the molecular weight and 
Clindamycin of ID 83858 and its molecular formula 
C19H36Cl2N2O5S with 475.5g/mol as the molecular 
weight were procured from Pubchem and drugbank 
databases.(Khanal et al. 2021) The ligand and antibi-
otic structures were downloaded in SDF format.

The tools which were used in these studies for the 
docking are Autodock vina, Autodock MGL tool and 
PYMOL. The PYMOL is basically used for visualization. 
The steps which are involved in Autodock vina are, the 
first step is to select the protein and the ligand molecules 
from the databases, Protein structure is downloaded in 
PDB file format whereas ligand molecules are down-
loaded in SDF format. The second step is to carry out 
protein and ligand preparation, in these steps water and 
hydrogen molecules will be removed in the protein and 
ligand molecules. The third step is to select the docking 
site of the protein, where the ligand will bind in that pro-
tein pocket. Fourth step is to carry out protein-ligand 
docking using a docking tool (Autodock vina), and the 
final step is to generate different ligand poses (Morris, 
Huey, and Olson 2008) Using the PYMOL tool the dock-
ing was done between the protein and ligands. Initially 
the docking was done between the protein clumping fac-
tor A and with the ligand novel fluorescein, later it was 
performed between the protein and antibiotics Dicloxa-
cillin and Clindamycin separately. Group 1 indicates the 
binding affinity interactions with novel fluorescein (N = 
10), Group 2 indicates the binding affinity interactions 
with Dicloxacillin (N = 10) and Group 3 indicates bind-
ing affinity interactions with Clindamycin (N = 10). (K, 
Ragi et al. 2021)

STATISTICAL ANALYSIS
The Statistical examination was performed using 

the IBM SPSS tool. In the docking method the protein, 
ligand, and the two antibiotics were for data analysis. 
For both proposed and prevailing algorithms, 10 sam-
ples were performed and for each sample, the predict-
ed accuracy was noted for calculation in the MS Excel 
sheet of the SPSS tool (Stehlik-Barry and Babinec 2017)

RESULTS 
Molecular docking was performed between the 

protein Clumping Factor A (1N67) and ligands Nov-
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el Fluorescein, Clindamycin, Dicloxacillin in order to 
study their binding affinity towards the receptor pro-
tein using an autodock tool. 

Table 1 depicts the docking values of protein 
Clumping Factor A (1N67) and the ligand fluorescein 
with higher binding affinity of -8.0 Kcal/mol and with 
mean affinity of -8.5 Kcal/mol. In Fig.1 interactions 
between the ligand and protein at active pockets of 
LYS281 and ASP340 are seen.

Table 1
The binding affinity Values of fluorescein towards the target 
protein clumping factor A (1N67) by using the auto dock vina 
tool. 

Mode Affinity 
(Kcal/mol)

Dist from 
rmsd l. b

best mode 
rmsd u. b.

1 -9.5 0.000 0.000
2 -9.1 1.613 5.006
3 -9.0 2.426 5.617
4 -8.7 3.082 5.489
5 -8.5 2.923 4.325
6 -8.5 1.780 5.561
7 -8.3 3.032 5.550
8 -8.3 2.196 5.075
9 -8.0 2.861 4.635
10 -8.0 2.913 5.812

Table 2 shows the docking values of antibiotic di-
cloxacillin towards the protein clumping factor A 
with higher binding affinity of -7.6 Kcal/mol and with 
mean affinity of -8.1 Kcal/mol. Figure 2 shows the in-
teractions of antibiotic dicloxacillin with the protein 
at the active sites of ASN267, VAL323, and ALA 269 
residues.

Table 2
The binding affinity values of dicloxacillin towards the target 
protein clumping factor A (1N67).

Mode Affinity(Kcal/
mol)

Dist from 
rmsd l. b

best mode 
rmsd u. b 

1 -9.1 0.000 0.000
2 -8.3 3.108 6.089
3 -8.2 3.156 5.426
4 -8.2 1.752 4.224
5 -8.1 2.927 6.546
6 -8.0 2.709 4.499
7 -8.0 2.822 6.455
8 -7.8 2.869 6.613
9 -7.7 3.576 5.429
10 -7.6 3.684 5.382

Table 3 shows the docking values of antibiotic clin-
damycin and clumping factor A. Where clindamycin 
depicts the highest binding affinity towards the pro-
tein with -6.4 Kcal/mol and mean affinity with -7.01 
Kcal/mol. Figure 3 displays the docking interactions 
between antibiotic clindamycin and protein at active 
pockets of LEU444 and ALA 441A residues.

Table 3
The binding affinity values of clindamycin towards the target 
protein clumping factor A (1N67).

Mode Affinity(Kcal/
mol)

Dist from 
rmsd l. b

best mode 
rmsd u. b.

1 -8.1 0.000 0.000

2 -8.0 2.361 2.816

3 -7.3 1.610 2.324

4 -7.1 2.054 2.558

5 -6.9 13.085 15.617

6 -6.9 1.306 1.731

7 -6.5 3.636 7.745

8 -6.5 5.345 8.149

9 -6.5 24.434 26.214

10 -6.4 2.365 1.621

Tabel 4 depicts group statistics which tells about 
the novel fluorescein having the highest binding af-
finity when compared with the antibiotic of dicloxa-
cillin, where analysis was performed in the IBM SPSS 
tool. Tabel 5 represents the group statistics which tells 
about the fluorescein having the highest binding affin-
ity when compared with the antibiotic of clindamycin, 
where analysis was performed in the IBM SPSS tool. 
Table 6 and Table 7 shows the independent sample 
t-test analysis between binding affinity of fluorescein, 
dicloxacillin and fluorescein and clindamycin respec-
tively.

Table 4
The Group statistics of binding affinities of fluorescein and di-
cloxacillin performed through Independent sample t-test using 
IBM SPSS Software.

 Group Statistics

Affinity Group N Mean Std. De-
viation

Std. 
Error 
mean

FLUORESCEIN 10 -8.5900 .48865 .15452

DICLOXACILLIN 10 -8.1100 .40675 .12863
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Table 5
The Group statistics of binding affinities of fluorescein and clin-
damycin performed through Independent sample t-test using 
IBM SPSS Software.

 Group Statistics
Affinity Group N Mean Std. De-

viation
Std. 
Error 
mean

FLUORESCEIN 10 -8.5900 .48865 .15452
CLINDAMYCIN 10 -7.0100 .62796 .19858

DISCUSSION
This research is about comparing the antibacteri-

al properties of novel fluorescein derivatives to those 
of commercial antibiotics, using docking to see how 

the ligand, protein, and antibiotic interact molecular-
ly. The Clumping factor A is a type of surface protein 
present in Staphylococcus aureus which plays a major 
role in bacterial pathogenesis and also acts as a vital 
role in spreading diseases.(Liu, Shih, and Tsai 2005). 
Lot of research has been carried out in order to identi-
fy the better drug molecules that can effectively inhib-
it the growth of Staphylococcus aureus. But unfortu-
nately staphylococcus aureus develops the property of 
resistance towards antibiotics (Massine 2013). So it is 
an emergency need inorder to develop potential mol-
ecules that can effectively inhibit the staphylococcus 
aureus and control bacterial infections. 

From table 1, 2 and 3 we can easily observe that 
clindamycin showed more binding affinity towards the 

Tabel 6
The independent sample t-test of two groups fluorescein and dicloxacillin. 

 INDEPENDENT SAMPLES TEST
leven’s test for 

equality of variances 
 t-test for equality of means 

f sig t off Signif-
icance 

(2-tailed)

Mean dif-
ference

std error 
difference

95% confidence interval 
of the difference

lower upper
Affinity Equal variances 

assumed
.870 .363 -2.38 18 .014 -0.48000 .20105 -90240 -05760

Equal variances 
not assumed

-2.38 17.42 .014 -0.48000 .20105 -90339 -05661

Tabel 7
The independent sample t-test of two groups fluorescein and clindamycin.

 INDEPENDENT SAMPLES TEST
leven’s test for 

equality of variances 
 t-test for equality of means 

f sig t off Signifi-
cance

(2-tailed)

Mean 
differ-
ence

std error 
difference

95% confidence inter-
val of the difference
lower upper

Affinity Equal variances 
assumed

.549 .468 -6.279 18 <.001 -1.58000 .25162 -2.10863 -1.05137

Equal variances 
not assumed

-6.279 16.97 <.001 -1.58000 .25162 -2.11092 -1.04908

       

(A)  surface interaction                     (B) Cartoon interaction                (C) Molecular interaction  

 
Fig. 1. (A & B) Docking analysis of fluorescein with target protein clumping factor A; (C) Image showing interaction between the 
ligand and protein at active sites LYS281 and ASP340A amino acid residues. 
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          (A) Surface interaction                     (B) Cartoon interaction               (C) Molecular interaction  
 

Fig. 2. (A & B) Docking analysis of dicloxacillin with target protein clumping factor A; (C) Image showing interaction between the 
ligand and protein at active sites ASN267, VAL323, and ALA 269 amino acid residues

     

           (A) Surface interaction                       (B) Cartoon interaction                (C) Molecular interaction                

 (A) Surface interaction (B) Cartoon interaction (C) Molecular interaction 
Fig. 3. (A & B) Docking analysis of clindamycin with target protein clumping factor A; (C) Image showing interaction between the 
ligand and protein at active sites LEU444 and ALA 441 amino acid residues 

 
Fig. 4. The binding affinity energies of fluorescein, dicloxacillin and clindamycin towards the active sites of clumping factor A pro-
tein. Results were represented as Mean ± 2 SD and the error bars with 95% CI. 
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protein clumping factor A (1N67) than the other two 
groups. Molecular interaction of clindamycin shows 
binding affinity of -7.01 Kcal/mol towards the target pro-
tein at active pockets of LEU444 and ALA 441A residues 
whereas other antibiotic dicloxacillin shows -8.1 Kcal/
mol binding affinity at active sites of ASN267, VAL323, 
and ALA 269 residues and ligand molecule fluorescein 
shows -8.5 Kcal/mol binding affinity towards the protein 
at active pockets of LYS281 and ASP340 respectively. The 
significance difference observed between fluorescein and 
clindamycin is 0.363 whereas the significant difference 
observed between fluorescein and dicloxacillin is 0.468. 
Bar graph from Fig. 4 also reveals that drug clindamycin 
shows more binding affinity towards the target protein 
compared to other groups. 

CONCLUSION
Antibiotic clindamycin appears to be more specific 

and selectively work against the target protein when 
compared to the dicloxacillin and fluorescein ligands. 
It reveals that novel fluorescein doesn’t have better an-
tibiotic performance then the commercial antibiotics. 
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ABSTRACT
Aim: The study is about to compare the antibiofilm proper-
ties of Novel Fluorescein derivatives to those of commercial 
antibiotics, using docking to see how the ligand, protein, and 
antibiotic interact molecularly. Materials and methods: The 
3D structures of protein and ligands were procured from the 
PubChem, Drug bank, and PDB databases. The sample size was 
calculated using G power with pretest power at 80% and alpha 
value of 0.05. The sample size per group is 10 and total sample 
size is 30. Docking studies of protein and ligands were per-
formed using Auto dock software. Statistics of the interactions 
were analyzed using IBM SPSS software. Result: Protein ligand 
interactions revealed that fluorescein shows more binding af-
finity towards the protein compared to commercial antibiotics 
cephalexin and cephalexin monohydrate. The binding affinity 
values were compared using SPSS software, which reveals that 
the statistical insignificance observed between the fluorescein 
and antibiotics cephalexin and cephalexin monohydrate is 0.519 
and 0.400 respectively. Conclusion: The fluorescein ligand ap-
pears to be more specific and selectively works against the tar-
get protein when compared to the antibiotics.
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INTRODUCTION
Biofilms are a collective of 1 or greater forms of 

microorganisms that can develop on many one-of-a-
kind surfaces. Microorganisms that shape biofilms en-
compass micro-organisms, fungi, and protists (López, 
Vlamakis, and Kolter 2010). One not unusual place is 
an instance of a biofilm dental plaque, a slimy build-
up of micro-organisms that bureaucracy at the sur-
faces of teeth (Jass, Surman, and Walker 2003). Pond 
scum is another instance (Peers and Niyogi 2008). The 
micro-organism that motives Lyme ailment also are 
enveloped in biofilms (Miklossy 2017). The cause that 
biofilm formation is a first-rate purpose of the situa-
tion is that, inside a biofilm, micro-organism is extra 
proof against antibiotics and different principal disin-
fectants that you may use to govern them (O’Toole, 
Kaplan, and Kolter 2000). In fact, whilst as compared 
to the free-floating micro-organism, the ones devel-
oping as a biofilm may be as much as 1,500 instances 
extra proof against antibiotics and different organic 
and chemical agents. A biofilm resistance blended 
with the overall boom in antibiotic resistance amongst 
micro-organisms as “double whammy” and the main 
task to treating infections (Donlan 2001). 

Staphylococcus epidermidis and S.aureus are the 
maximum common reasons for nosocomial infec-
tions and infections on indwelling clinical devices, 
which in general contain biofilms(Vuong and Otto 
2002). Recent advances in staphylococcal molecular 
biology have supplied greater precise perception into 
the idea of biofilm formation in those opportunistic 
pathogens(Freitas et al. 2018). A collection of floor 
proteins mediates preliminary attachment to host 
matrix proteins, accompanied with the aid of using 
the expression of a cationic glucosamine-primarily 
based exopolysaccharide that aggregates the bacteri-
al cells(O’Gara and Humphreys 2001). In a few cases, 
proteins might also additionally feature as opportu-
nity aggregating substances. Furthermore, surfactant 
peptides have now been diagnosed as key elements 
concerned in producing the third-dimensional shape 
of a staphylococcal biofilm with the aid of using mo-
lecular-molecular disruptive forces, which sooner or 
later might also additionally result in the detachment 
of complete molecular clusters(Otto 2012). Transcrip-
tional profiling experiments have described the par-
ticular body structure of staphylococcal biofilms and 
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tested that biofilm resistance to antimicrobials is be-
cause of gene-regulated processes(Raad, Alrahwan, 
and Rolston 1998).

About 153 research articles were published in Goo-
gle scholar, Science direct, and Research gate. This 
study is based on docking, by selecting the fluorescein 
compound and dock with the Staphylococcus aureus 
and to know whether the fluorescein is beneficial or 
not, to the bacterial property of Staphylococcus au-
reus. Fluorescein is a non-harmful, stable, low atomic 
weight that diffuses effectively into tissues(Yannuzzi et 
al. 1986). It is promptly supported to physiologic pH, 
fluoresces strongly, and is promptly estimated in bi-
ologic substrates by spectrofluorometry. Intravenous 
fluorescein is the most broadly utilized as a differen-
tiation specialist(Martin and Lindqvist 1975). Intra-
venous fluorescein angiography is performed for the 
administration of vitreoretinal sicknesses by infusing 
fluorescein sodium color as a bolus into a peripheral 
vein. Fluorescein is a non-harmful specialist and it is 
quickly ingested from the peritoneal cavity(Sjöback, 
Nygren, and Kubista 1995).Our team has extensive 
knowledge and research experience that has translate 
into high quality publications(Chellapa et al. 2020; La-
vanya, Kannan, and Arivalagan 2021; Raj R, D, and S 
2020; Shilpa-Jain et al. 2021; S, R, and P 2021; Rama-
doss, Padmanaban, and Subramanian 2022; Wu et al. 
2020; Kalidoss, Umapathy, and Rani Thirunavukkara-
su 2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020)

Anti-biofilm interest can modulate biofilm bacteri-
al variety through interferences among species or mi-
cro-organisms and the host surface. Different mech-
anisms of movement can explain the chain response 
mainly to the anti-biofilm process, the primary of 
that’s the change of molecular-to-molecular commu-
nication(Hetrick et al. 2009).

MATERIALS AND METHODS
The drug targets the biofilm-associated protein -B 

domain of PDB ID 7C7R and its X-ray crystallograph-
ic structure, the protein structure is extracted from the 
PDB database. (Noguchi 2001).A ligand Novel fluores-
cein of ID 16850 and its molecular formula C20H12O5 
with 332.3g/mol molecular weight, Cephalexin of ID 
27447 and its molecular formula C16H17N3O4S with 
347.4g/mol as the molecular weight and Cephalexin 
monohydrate of ID 62921 and its molecular formula 
C16H19N3O5S with 365.4g/mol as the molecular weight 

were procured from Pubchem and drug bank databas-
es. The ligand and antibiotic structures were down-
loaded in SDF format.

The tools which were used in these studies for the 
docking are Autodock vina, Autodock MGL tool, and 
PYMOL. The PYMOL is basically used for visualiza-
tion (Schiffrin et al. 2020) The steps which are involved 
in Autodock vina are, the first step is to select the 
protein and the ligand molecules from the databases, 
Protein structure was downloaded in PDB file format 
whereas ligand molecules are downloaded in SDF for-
mat. The second step is to carry out protein and ligand 
preparation, in these steps water and hydrogen mol-
ecules will be removed from the protein and ligand 
molecules. (El-Hachem et al. 2017) The third step is 
to select the docking site of the protein, where the li-
gand will bind in that protein pocket. The fourth step 
is to carry out protein-ligand docking using a docking 
tool (Autodock vina), and the final step is to generate 
different ligand poses. Using the PYMOL tool docking 
was done between the protein and ligands. Initially, 
the docking was done between the protein clumping 
factor A and with the ligand novel fluorescein, later 
it was performed between the protein and antibiotics 
Dicloxacillin and Clindamycin separately. Group 1 in-
dicates the binding affinity interactions with Fluores-
cein (N = 10), Group 2 indicates the binding affinity 
interactions with cephalexin (N = 10), and Group 3 
indicates binding affinity interactions with cephalexin 
monohydrate (N = 10). 

STATISTICAL ANALYSIS
The Statistical examination was performed using 

the IBM SPSS tool. In the docking method the protein, 
ligand, and the two antibiotics were for data analysis. 
For both proposed and prevailing algorithms, 10 sam-
ples were performed and for each sample, the predict-
ed accuracy was noted for calculation in the MS Excel 
sheet of the SPSS tool(McCormick and Salcedo 2017)

RESULTS 
Molecular docking was performed between the 

Biofilm associated protein-B domain (7C7R) and 
ligand Noval Fluorescein, cephalexin, cephalexin 
monohydrate in order to study their binding affinity 
towards the receptor protein using an autodock tool. 

Table 1 depicts the docking values of protein Bio-
film associated protein – B domain (7C7R) and the 
ligand fluorescein with higher binding affinity of -5.9 
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Kcal/mol and with mean affinity of -6.1 Kcal/mol. In 
Fig.1 we can see the interactions between the ligand 
and protein at active pockets of ASP614, TRY615, 
GLU661. 

Table 2 shows the docking values of antibiotic 
cephalexin towards the protein Biofilm associated 
protein – B domain with higher binding affinity of -9.1 
Kcal/mol and with mean affinity of -9.5 Kcal/mol. Fig-
ure 2 shows the interactions of antibiotic cephalexin 
with the protein at the active sites of ASP614, TRY615, 
GLU661, LEU735, ASP733.

Table 3 shows the docking values of antibiotic ceph-
alexin monohydrate and Biofilm associated protein – 
B domain. Where cephalexin monohydrate depicts the 

highest binding affinity towards the protein with -6.8 
Kcal/mol and mean affinity with -7.2 Kcal/mol. Figure 
3 displays the docking interactions between antibiotic 
clindamycin and protein at active pockets of ASP614, 
TRY615, GLU661, LEU735, ASP733 residues.

Tabel 4 depicts group statistics which tells about 
the novel fluorescein having the highest binding af-
finity when compared with the antibiotic of cepha-
lexin, where analysis was performed in the IBM SPSS 
tool. Tabel 5 represents the group statistics which tells 
about the fluorescein having the highest binding af-
finity when compared with the antibiotic of cepha-
lexin monohydrate, where analysis was performed 
in the IBM SPSS tool. Table 6 and Table 7 shows the 
independent sample t-test analysis between binding 
affinity of fluorescein, cephalexin and fluorescein and 
cephalexin monohydrate respectively.

DISCUSSION
This research is about comparing the antibacteri-

al properties of novel fluorescein derivatives to those 
of commercial antibiotics, using docking to see how 

Table 1
The binding affinity value of fluorescein towards the target pro-
tein Biofilm associated protein – B domain (7C7R) by using auto 
dock vina tool.

Mode Affinity(Kcal/
mol)

Dist from 
rmsd l. b

best mode 
rmsd u. b.

1 -6.8 0.000 0.000
2 -6.6 3.374 4.504
3 -6.2 3.951 4.824
4 -6.1 1.678 2.433
5 -6.1 23.540 25.486
6 -6.0 24.576 27.461
7 -6.0 21.591 25.004
8 -6.0 22.905 24.842
9 -5.9 19.527 21.795
10 -5.9 17.684 20.432

Table 2
The binding affinity value of cephalexin towards the target pro-
tein Biofilm associated protein – B domain (7C7R) by using auto 
dock vina tool.

Mode Affinity(Kcal/
mol)

Dist from 
rmsd l. b

best mode 
rmsd u. b.

1 -9.7 0.000 0.000
2 -9.6 2.303 6.724
3 -9.5 4.335 9.467
4 -9.5 4.815 9.760
5 -9.4 3.149 9.159
6 -9.3 4.914 9.781
7 -9.2 4.144 9.672
8 -9.2 4.312 9.396
9 -9.1 3.349 9.283
10 -9.1 3.132 9.139

Table 3
The binding affinity value of cephalexin monohydrate towards 
the target protein Biofilm associated protein – B domain (7C7R) 
by using auto dock vina tool.

Mode Affinity(Kcal/
mol)

Dist from 
rmsd l. b

best mode 
rmsd u. b.

1 -7.7 0.000 0.000
2 -7.6 23.936 26.881
3 -7.6 18.604 23.170
4 -7.5 1.704 5.227
5 -7.2 19.253 23.698
6 -7.1 14.831 17.507
7 -7.1 2.653 5.161
8 -6.9 24.008 26.640
9 -6.9 2.136 5.881
10 -6.8 1.658 5.678

Table 4
The group statistics of binding affinity of fluorescein and ceph-
alexin are performed through independent sample t-test using 
IBM SPSS Software.

 Group Statistics
Affinity Group N Mean Std. De-

viation
Std. 
Error 
mean

FLUORESCEIN 10 -6.1600 .30258 .09568
CEPHALEXIN 10 -9.3600 .06700 .06700
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the ligand, protein, and antibiotic interact molecular-
ly. The Biofilm associated protein-B domain is a type 
of surface protein present in Staphylococcus aureus 
which plays a major role in bacterial pathogenesis and 
also acts as a vital role in spreading diseases. Lot of 
research has been carried out in order to identify the 
better drug molecules that can effectively inhibit the 
growth of Staphylococcus aureus. But the staphylo-

coccus aureus is not able to develop the property of 
resistance towards novel fluorescein. 

From Table 1, 2 and 3 we can easily observe that 
fluorescein showed more binding affinity towards the 
Biofilm associated protein-B domain (7C7R) than the 
other two groups. Molecular interaction of ligand flu-
orescein shows binding affinity of -6.1 Kcal/mol to-
wards the target protein at active pockets of ASP614, 
TRY615, GLU661 residues, where other antibiotics of 
cephalexin showing -9.5 Kcal/mol binding affinity at 
active sites of ASP614, TRY615, GLU661, LEU735, 
ASP733 and the antibiotic of cephalexin monohydrate 
shows the -7.2 Kcal/mol binding affinity towards the 
protein at active sites of ASP614, TRY615, GLU661, 
LEU735, ASP733 respectively. The significant dif-
ference observed between fluorescein and cephalex-
in is 0.519 where the significant difference observed 
between fluorescein and cephalexin monohydrate is 
0.400. Bar graph from Fig.4. also reveals that fluores-

Table 5
The group statistics of binding affinity of fluorescein and cepha-
lexin monohydrate perform through independent sample t-test 
using IBM SPSS Software

 Group Statistics
Affinity Group N Mean Std. 

Devia-
tion

Std. 
Error 
mean

FLUORESCEIN 10 -6.1600 .30258 .09568
CEPHALEXIN 
MONOHYDRATE

10 -7.2400 .33400 .10562

Table 6
The independent sample t-test of two groups fluorescein and cephalexin.

 INDEPENDENT SAMPLES TEST
leven’s test 
for equality 
of variances 

 t-test for equality of means 

f sig t off  significance Mean 
differ-
ence

std error 
differ-
ence

95% confidence 
interval of the differ-

ence
One 

sided p
Two 

sided p
lower upper

Affinity Equal variances 
assumed

.433 .519 27.395 18 <.001 <.001 3.20000 .11681 2.95459 3.44541

Equal variances 
not assumed

27.395 16.115 <.001 <.001 3.20000 .11681 2.95252 3.44748

Table 7
The independent sample t-test of two groups fluorescein and cephalexin monohydrate

 INDEPENDENT SAMPLES TEST
leven’s test 

for equality of 
variances 

 t-test for equality of means 

f sig t off  significance Mean 
differ-
ence

std error 
differ-
ence

95% confidence inter-
val of the difference

One 
sided p

Two 
sided p

lower upper

Affinity Equal variances 
assumed

.742 .400 7.578 18 <.001 <.001 1.08000 .14252 .78058 1.37942

Equal variances 
not assumed

7.578 17.827 <.001 <.001 1.08000 .14252 .78037 1.37963
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                   (A) Surface interaction                 (B) Cartoon interaction               (C) Molecular interaction 

 Fig. 1. (A & B) Docking analyses of fluorescein with targeted Biofilm associated protein – B domain; (C) image showing interaction 
between the ligand and protein at active site ASP614A, TRY615A and GLU661A amino acid residues.

      

           (A) Surface interaction                   (B) Cartoon interaction             (C) Molecular interaction 

 Fig. 2. (A & B) Docking analyses of cephalexin with targeted Biofilm associated protein – B domain; (C) image showing interaction 
between the antibiotic and protein at active site ASP614A, TRY615A, GLU661A, LEU735A and ASP733A amino acid residues.

       

  (A) Surface interaction           (B) Cartoon interaction                      (C) Molecular interaction 

 Fig. 3. (A & B) Docking analyses of cephalexin monohydrate with targeted Biofilm associated protein – B domain; (C) image show-
ing interaction between the antibiotic and protein at active site ASP614A, TRY615A, GLU661A, LEU735A and ASP733A amino acid 
residues.
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cein shows more binding affinity towards the target 
protein compared to other groups. 

CONCLUSION
The Novel Fluorescein appears to be more specific 

and selectivity work against the target protein when 
compared to the commercial antibiotics cephalexin 
and cephalexin monohydrate.
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ABSTRACT:
Aim: To determine the binding affinity (kcal/mol) for various 
antiviral peptides to target Influenza A virus PB2 protein using 
Hpepdock software and comparison with the Macrocyclic iHA-
100 peptide (Reference peptide). Materials and methods: 
The three-dimensional (3D) coordinates for PB2 protein were 
retrieved from Protein Data Bank (PDB ID 4P1U). The structures 
of 16 antiviral peptides were modeled using HPEPDOCK. The 
Molecular docking analysis of PB2 protein with derived anti-
viral peptides was performed using Hpepdock software. This 
software employs an algorithm that generates the output 
complexes based on the peptide conformations and orienta-
tions. Results: Molecular docking analysis revealed that anti-
viral peptides, P9R Peptide 2, P9R Peptide 3 and P9R Peptide 
1, could bind PB2 protein with higher affinity in comparison 
with the reference Macrocyclic iHA-100 peptide. The antiviral 
peptides of P9R Peptide 2, P9R Peptide 3 and P9R Peptide 1 
with p=0.786, p>0.05 insignificant (-202.728Kcal/mol), p=0.001, 
p<0.05 significant (-198.255 Kcal/mol), p=0.259, p>0.05 insig-
nificant (-195,788 Kcal/mol) showed better results in compari-
son to reference Macrocyclic iHA-100 peptide (-154.392 Kcal/
mol). Conclusion: The identified antiviral peptides could more 
effectively inhibit PB2 protein than the other available peptides 
on the market to treat Influenza A viral disease.

Keywords
Antiviral peptides, Influenza A virus, Novel Peptide, Molecular 
docking, PB2 protein, Hpepdock, PEPstrMOD.
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INTRODUCTION: 
This study investigates the peptide-based inhib-

itors for polymerase basic protein 2(PB2) of the In-
fluenza A virus (Berg and Temesgen 2019). Antiviral 
peptides can recognize and attack the Influenza A vi-
ral cells (Jacobs 2014). Influenza A is a viral infection 
that attacks our respiratory system (Gopinath et al. 
2016). There are four types of Influenza viruses: A, B, 
C and D (Ge et al. 2018). Seasonal epidemics caused 
by Influenza A (FluA) anseveral B (FluB) viruses cause 
severe illness, with the possibility of future conse-
quences in people with weak immune systems (Gefe-
naite et al. 2018). The mode of Influenza transmission 
was caused by direct contact with the infected person 
and inhalation of the virus (Mches, Mph, and Wolfe 
2015). The symptoms of the Influenza A virus include 
fatigue, muscle pain, cough, fever and sore throat. The 
therapy of Influenza targeting PB2 protein is essential 
for regulating the viral transcription and protein func-
tions. PB2 protein uses a cap-stealing process in which 
capped pre-mRNAs are exploited to generate prim-
ers for viral transcription and are required for sever-
al transcription initiations (Romanowski 2013). Due 
to the development of highly pathogenic Influenza 
strains over the last decade, the chance of a worldwide 
Influenza pandemic has grown significantly.

The development of drug-resistant Influenza virus-
es that are resistant to currently available antiviral med-
ication demands the development of new antiviral ther-
apeutic techniques (Homeland Security Council (U.S.) 
2006). There are three main mechanisms of antiviral 
peptides: peptides that inhibit attachment of viruses, 
peptides that disrupt the viral envelope and peptides 
that inhibit replication of Influenza virus by interacting 
with viral polymerase (Epand 2016). This study aims to 
develop safe and effective drugs to treat and eventually 
cure the Influenza A virus (Berg and Temesgen 2019). 
The goal is to develop better affinity inhibitors focusing 
on current and future consumption of targeted therapy 
in the Influenza A virus (To and Cho 2020).Our team 
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has extensive knowledge and research experience that 
has translate into high quality publications(Chellapa et 
al. 2020; Lavanya, Kannan, and Arivalagan 2021; Raj R, 
D, and S 2020; Shilpa-Jain et al. 2021; S, R, and P 2021; 
Ramadoss, Padmanaban, and Subramanian 2022; Wu 
et al. 2020; Kalidoss, Umapathy, and Rani Thirunavuk-
karasu 2021; Kaja et al. 2020; Antink et al. 2020; Paul et 
al. 2020; Malaikolundhan et al. 2020)

Hpepdock is used for protein docking based on pep-
tide conformations and orientations (Zhou et al. 2018). 
The modeled novel antiviral peptides were docked with 
PB2 proteins based on the flexibility of the peptide. 
Based on the literature survey, “Influenza A virus of 
PB2 protein” is one of the best articles on PB2 protein 
(Wallace 2016). Currently, the drugs that treat Influen-
za infection target neuraminidase are zanamivir, osel-
tamivir and peramivir (Johnson and Li, n.d.).

Neuraminidase inhibitors are not suggested be-
cause of side effects such as vomiting, nausea and ab-
dominal pain. Previously our team had great expertise 
working on several research projects in various as-
pects. We started exploring the project because of the 
lack of particular novel antiviral peptide-based inhibi-
tors to target the Influenza A virus.

MATERIALS AND METHODS:
The research work was performed using online 

software namely; Hpepdock, pyMOL, and PEPstr-
MOD that resulted in the identification of stable an-
tiviral peptides to target PB2 protein and IBM-SPSS 
for statistical analysis. Saveetha School of Engineering 
facilitated the internet-based work. Clinicalc.com did 
the power calculation. The comparison of binding 
affinity (kcal/mol) for Influenza A virus PB2 protein 
for Alpha Error-threshold 0.05 power is 80%, and the 
enrollment ratio is 1. This study did not require any 
human samples. Hence ethical approval is not appli-
cable. Two groups of peptides were considered for this 
research work, i.e., 16 Antiviral peptides and a Macro-
cyclic iHA-100 as a reference peptide (McCann 2012). 

We modeled the structures of 16 antiviral peptides 
as inhibitors for targeting PB2. The peptides were 
docked with PB2 using Hpepdock software to identi-
fy peptides with a higher binding affinity (Meyer and 
McCreight 1971)). The Hpepdock is a hierarchical 
technique for blind and flexible peptide docking that 
involves quick modeling of peptide conformations 
and subsequent global sampling of binding orienta-
tions (Zhou et al. 2018). 

The structure of PB2 protein (4P1U) was derived 
from the RCBS database. The PB2 structure was ion-
ized using EPIK at pH 7±2 and energy minimized us-
ing OPLS 2005 force field. 

The three dimensional structure of 16 antiviral 
peptides were modeled using PEPstrMOD (Singh et 
al. 2015). The novel peptide molecule was prepared 
using the Schrodinger suite. The 16 antiviral peptides 
(Saito et al. 2021) were ionized using EPIK at pH±2 
and energy minimized using OPLS 2005 force field.

The three dimensional structure of reference pep-
tide Macrocyclic iHA-100 (M-i100) were modeled 
using PEPstrMOD (Singh et al. 2015). The reference 
peptide molecule was prepared using the Schrodinger 
suite. The reference peptide was ionized using EPIK 
at PH 7±2 and energy minimized using OPLS 2005 
force field. Docking analysis was performed to iden-
tify the conformations and orientations of the peptide 
at PB2 binding site. The best conformation of the pep-
tide was selected based on two criteria: binding affin-
ity and interaction with the active site residues of the 
PB2 protein. Top complexes were generated using the 
docking score of Hpepdock (Zhou et al. 2018). Using 
PyMOL the structure of protein-peptide complexes 
were visualized. PyMOL is a molecular detection tool 
that allows the visualization of relevant noncovalent 
protein-peptide contacts in 3D structures.

The interaction between amino acid residues of 
PB2 and peptides was evaluated using Protein Inter-
action Calculator (PIC) (Tina, Bhadra, and Srinivasan 
2007). PIC is a web service for the complete identi-
fication and analysis of associated non-covalent pro-
tein-linking contacts in the docked complexes (Sri-
vastava 2017). Statistical software used is IBM SPSS 
version 28, Independent variable is not-applicable. 
There are 16 dependent variables and the analysis was 
done on an Independent sample test. 

RESULTS: 
The structure of PB2 protein was docked with 16 

antiviral peptides (Table 1). It was observed that three 
hit compounds namely, P9R peptide 2, P9R peptide 
3 and P9R peptide 1 have higher binding affinity of 
-202.72, -198.25 and -195.78 Kcal/mol respectively. 
Interestingly, these peptides show higher binding en-
ergy when compared with the reference compound 
Macrocyclic iHA-100 with binding affinity of -154.392 
Kcal/mol. Also, among these three hit molecules P9R 
peptide 2 shows the highest affinity of -202.728 Kcal/
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mol. Therefore, these 3 peptides can be used for inhib-
iting PB2 protein and can be used for the therapy of 
Influenza A viral infection. 

From Table 2 & Fig. 1, it was analyzed that P9R pep-
tide 2 interacts with PHE104, Phe104, Glu61, PHE23, 
PHE25, SER37, HIS57 and MET131 as active binding 
residues of PB2 protein. The P9R peptide 2 binds PB2 
with a higher docking score of -202.72 Kcal/mol.

From Table 3 & Fig. 2, it was observed that P9R 
peptide 3 interacts with PHE104, MET131, HIS57, 
PHE25, HIS132, SER24 and PHE23 as active binding 
residues of PB2 protein. P9R peptide 3 binds PB2 with 
a higher docking score of -198.25 Kcal/mol.

From Table 4 & Fig. 3, it was analyzed that P9R 
peptide 1 interacts with MET131, PHE104, HIS132, 
PHE25, PHE23, PHE63 and GLU61 as active binding 

Table 1
Screening of PB2 inhibitors derived from antiviral peptides using HPEPDOCK software

Peptide name Sequence Source Binding/Docking score
P9R peptide 1 NGAICWGPC Mus musculus -195.78
P9R peptide 2 PTAFRQIGNC Mus musculus -202.72
P9R peptide 3 GRFRVRCCRIR Mus musculus -198.25
P9 peptide 1 NGAICWGPCP Mus musculus -115.98
P9 peptide 3 HFKVRCCKIR Mus musculus -108.69
Retrocyclin 2 peptide 1 GICRCICGR Synthetic construct -101.08
MP7-NH2 peptide 1 INLKALAALAKAL Vespula lewisii -158.60
HE peptide 1 EEESEVAHL Haemaphysalis longicornis -120.54
HE peptide 5 TCTCYRN Haemaphysalis longicornis -104.94
M1 peptide 1 LFRLIKSLIKRLVSAFK Lychas mucronatus -144.87
EV37 peptide 2 LDEKLPNGV Euscorpiops validus -88.18
EV37 peptide 5 VDTVGMCDA Euscorpiops validus -71.21
EV37 peptide 6 DCKRQGKAK Euscorpiops validus -86.17
EV37 peptide 7 GVCHGTKCK Euscorpiops validus -86.44
EV37 peptide 8 CDVELSYKK Euscorpiops validus -70.66
BanLec peptide 1 NGAIKVGAW Musa acuminata -96.88
Macrocyclic iHA-100 WTGDFFSSHYTVRRC -154.39

Table 2
Interaction of P9R peptide 2 with PHE104, MET131, MET131, PHE23, HIS57, ALA3, SER37, GLU61, HIS132 and HIS132 as active bind-
ing residues that showed highest in bond length.

PEPTIDE COMPLEX RESIDUE PB2 RESIDUE PEPTIDE BOND LENGTH NATURE OF INTERAC-
TION

P9R PEPTIDE 2 PHE104 PRO1 3.98 Hydrophobic interac-
tions

MET131 PRO1 4.12 Hydrophobic interac-
tions

MET131 PHE4 4.18 Hydrophobic interac-
tions

PHE23 PHE4 3.88 Hydrophobic interac-
tions

HIS57 THR2 2.79 Hydrogen bonds 
ALA3 HIS57 2.48 Hydrogen bonds
SER37 THR2 2.35 Hydrogen bonds
GLU61 THR2 2.75 Hydrogen bonds
HIS132 GLN6 3.04 Hydrogen bonds
GLN6 HIS132 3.04 Hydrogen bonds
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residues of PB2 protein. P9R peptide 1 binds PB2 with 
a higher docking score of -195.78 Kcal/mol. Further 
in Fig 4 evaluation of these 3 peptides will yield and 
develop into better novel antiviral drugs.

From Table 5, it was analyzed that Macrocyclic 
iHA-100 (M-i100) as a potential PB2 protein inhibi-
tor in Influenza A virus. Independent sample t-test 
have shown that P9R peptide 2, P9R peptide 3 and 
P9R peptide 1 demonstrated higher binding affinity 
compared to Macrocyclic iHA-100 (M-i100) that were 
analyzed using IBM SPSS software.

From Table 6, the Independent sample t-test was 
used to predict the significant mean difference, std er-
ror difference of M-i100 with different antiviral pep-
tides. There appears to be a statistically insignificant 
difference (p<0.05).

From Table 7, it was analyzed that the independent 
sample t-test in predicting the significant mean dif-

ference, std error difference of M-i100 with different 
antiviral peptides. This appears to be a statistically In-
significant difference (p<0.05).

From Table 8, it was analyzed that the Indepen-
dent sample t-test in predicting the significant mean 
difference, std error difference of M-i100 with differ-
ent antiviral peptides. This appears to be a statistically 
Insignificant difference (p<0.05). Also from Fig 4, it 
was analyzed by comparing the top three hit mole-
cules. The highest binding affinity among the three hit 
molecules of Macrocyclic iHA-100 (M-i100) results in 
PEPstrMOD is -154.392 Kcal/mol with violet color. 
P9R peptide2, P9R peptide3 and P9R peptide1 bind 
with higher affinity of -202.728, -198.25 and -195.78 
Kcal/mol,respectively. X axis represents the screening 
of Antiviral peptides and Y axis is the binding energy 
of targeted molecules. Energy differences between the 
molecules were represented by ±SD.

Table 3
Interaction of P9R peptide 2 with PHE104, MET131, MET131, PHE23, PHE25, LEO128, SER24, GLU61, HIS132 and ARG4 as active 
binding residues that showed highest in bond length.
PEPTIDE COMPLEX RESIDUE PB2 RESIDUE PEPTIDE BOND LENGTH NATURE OF INTERACTION

P9R PEPTIDE 3 PHE104 PHE3 3.97 Hydrophobic interactions
MET131 PHE3 3.93 Hydrophobic interactions
PHE23 PHE3 3.86 Hydrophobic interactions
PHE25 PHE3 3.84 Hydrophobic interactions
PHE25 VAL5 4.10 Hydrophobic interactions
LEO128 ILE10 4.12 Hydrophobic interactions
SER24 ARG4 3.38 Hydrogen bonds
SER24 VAL5 2.76 Hydrogen bonds
HIS132 VAL5 3.29 Hydrogen bonds
HIS132 ARG6 3.35 Hydrogen bonds
ARG4 HIS131 3.05 Hydrogen bonds
ARG4 HIS131 1.99 Hydrogen bonds

Table 4
Interaction of P9R peptide 1 with MET131, PHE104, HIS132, PHE25, PHE23, PHE63 and GLU61 residues as active binding residues 
that showed highest in bond length.
PEPTIDE COMPLEX RESIDUE PB2 RESIDUE PEPTIDE BOND LENGTH NATURE OF INTERACTION

P9 PEPTIDE 3 PHE104 ILE5 3.88 Hydrophobic interactions
MET131 ILE5 4.17 Hydrophobic interactions
PHE25 ILE5 3.64 Hydrophobic interactions
PHE104 TRP6 3.86 Hydrophobic interactions
PHE23 TRP6 4.12 Hydrophobic interactions
HIS132 ASN1 2.44 Hydrogen bonds
HIS132 ASN1 2.44 Hydrogen bonds
GLU61 TRP6 2.57 Hydrogen bonds
ASN1 HIS132 2.44 Hydrogen bonds
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Table 5
Studies have reported that Macrocyclic iHA-100 (M-i100) as a potential PB2 protein inhibitor in Influenza A virus. The Independent 
sample t-test have shown the results that P9R peptide 2, P9R peptide 3 and P9R peptide 1 demonstrated higher binding affinity in 
comparison with Macrocyclic iHA-100 (M-i100) were analyzed using IBM SPSS software.

Group N Mean Std.deviation Std error mean
Energy Reference 3 -72.7704 1.59352 .71264

P9R peptide 2 3 -204.6616 1.42860 .63889
P9R peptide 3 3 -39.3650 218.35013 97.64914
P9R peptide 1 3 -197.0016 .97241 .43488

Table 6
Independent sample t-test in predicting the significant, mean difference, std error difference of M-i100 with different antiviral pep-
tides. This appears to be a statistically Insignificant difference (p<0.05).

 INDEPENDENT SAMPLE TEST OF RALTEGRAVIR
Levene’s Test 
for equality 
of variances

 t-test for Equality of means

ENERGY F Sig. t df Significance Mean
differ-
ence

Std.Error
Differ-
ence

95% Confidence Interval 
of the Difference1sided p 2-sided p

Lower Upper
Equal variances 
assumed

0.112 0.786 137.80 8 <0.01 <0.01 240.62 131.89 0.95 134.09

Equal variances 
not assumed

137.80 7.91 <0.01 <0.01 240.62 131.89 0.96 134.09

Table 7
Independent sample t-test in predicting the significant, mean difference, std error difference of M-i100 with different antiviral pep-
tides. This appears to be a statistically significant difference (p<0.05). 

 INDEPENDENT SAMPLE TEST OF RALTEGRAVIR
 Levene’s Test 

for equality 
of variances

 t-test for Equality of means

ENERGY F Sig. t df Significance Mean
difference

Std.Error
Difference

95% Confidence Inter-
val of the Difference1sided p 2-sided p
Lower Upper

Equal variances 
assumed

94.71 <.001 -0.342 8 0.371 .74 -33.40 97.65 -258.59 191.77

Equal variances 
not assumed

-.342 4.00 0.375 .75 -33.40 97.65 -304.51 237.70

Table 8
Independent sample t-test in predicting the significant, mean difference, std error difference of M-i100 with different antiviral pep-
tides. This appears to be a statistically Insignificant difference (p<0.05).

 INDEPENDENT SAMPLE TEST OF RALTEGRAVIR
Levene’s Test 
for equality of 

variances

 t-test for Equality of means

ENERGY F Sig. t df Significance Mean
differ-
ence

Std.Error
Differ-
ence

95% Confidence Interval 
of the Difference1sided p 2-sided 

p Lower Upper
Equal variances 
assumed

1.478 0.259 148.81 8 <.001 <.001 124.23 0.83 122.31 126.15

Equal variances 
not assumed

148.81 6.616 <.001 <.001 124.23 0.83 122.23 126.22
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Fig. 1: Interaction analysis of PB2 with antiviral peptides using Pymol. Interaction of PB2 protein with P9R peptide 2. The structure 
of inhibitors and peptide residues of PB2 are represented in blue and red sticks respectively. Molecular docking analysis of P9R 
peptide 2 with PHE104, PHE104, GLU61, PHE23, PHE25, SER37, HIS57 and MET131 residues.

 

Fig. 2: Interaction analysis of PB2 with antiviral peptides using Pymol. Interaction of PB2 protein with P9R peptide 3.The structure 
of inhibitors and peptide residues of PB2 are represented in blue and red sticks respectively. Molecular docking analysis of P9R 
peptide 3 with PB2.Protein interacts with PHE104,MET131,HIS57,PHE25,HIS132,SER24 and PHE23 residues.

 

Fig. 3: Interaction analysis of PB2 with antiviral peptides using Pymol. Interaction of PB2 protein with P9R peptide 1.The structure 
of inhibitors and peptide residues of PB2 are represented in blue and red sticks respectively. Molecular docking analysis of P9R 
peptide 1 with PB2. Protein interacts with MET131, PHE104, HIS132, PHE25, PHE23, PHE63 and GLU61 residues.

 Fig. 4: The above graph represents the comparison of top three hit molecules. The highest binding affinity among the three hit 
molecules of Macrocyclic iHA-100 (M-i100) results in PEPstrMOD is -154.392 Kcal/mol with violet color. P9R peptide2, P9R peptide3 
and P9R peptide1 bind with higher affinity of -202.728, -198.255 and -195,788 Kcal/mol,respectively. X axis represents the screen-
ing of Antiviral peptides and Y axis is the binding energy of targeted molecules. Energy differences between the molecules were 
represented by ±1SD.
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DISCUSSION:
The antiviral peptides of P9R Peptide 2, P9R 

Peptide 3 and P9R Peptide 1 with p=0.786, p>0.05 
insignificant (-202.728Kcal/mol), p=0.001, p<0.05 
significant (-198.255 Kcal/mol), p=0.259, p>0.05 in-
significant (-195,788 Kcal/mol) showed better results 
in comparison to reference Macrocyclic iHA-100 pep-
tide (-154.392 Kcal/mol).

The research was done to identify the antiviral 
peptides that bind PB2 with higher affinity. The PB2 
enzyme was docked to 16 peptides (Tonk, Růžek, and 
Vilcinskas 2021). Among them, three peptides P9R 
peptide 2, P9R peptide 3 and P9R peptide 1 bind with 
higher affinity in comparison with the screened 16 
peptides. Interestingly, it was found that P9R peptide 
2, P9R peptide 3 and P9R peptide 1 have higher bind-
ing energy when compared to the reference molecule 
Macrocyclic iHA-100. It was found that Macrocyclic 
iHA-100 binds with PB2 with the binding affinity of 
-154.392 Kcal/mol, whereas the antiviral peptide in-
hibitors,namely P9R peptide 2, P9R peptide 3 and 
P9R peptide 1 binds with higher affinity of -202.728, 
-198.255 and -195,788 Kcal/mol, respectively. 

PB2 subunit of Influenza A is integrated to inhib-
it viral transcription. Similar findings show that PB2 
truncations were also used to identify a PB2 protein 
that was representative of the viral heterotrimeric 
protein structure. The affinity and binding kinetics of 
VX-707 with PB2 was evaluated for its transcriptional 
activity (Ma et al. 2017).

The limitations of this study is that the above iden-
tified top complexes will have to undergo clinical trials 
to determine its efficiency towards PB2 protein for the 
treatment of Influenza A virus. Other limitations include 
lack of awareness of underlying illness mechanisms, pa-
tient heterogeneity, a shortage of targets and diagnostics, 
a high proportion of failed clinical trials and regulatory 
challenges. The future context of the study is to consider 
the components P9R peptide 2, P9R peptide 3 and P9R 
peptide 1 for in-vitro and in-vivo analysis to yield them to 
model and develop better novel antiviral drugs. 

CONCLUSION:
The three identified antiviral peptides could effec-

tively inhibit PB2 protein in comparison with available 
drugs in the market target Influenza A viral disease. 
Among the three hit molecules P9R peptide 2 from 
Mus musculus has the higher affinity which is suitable 
to treat the viral infection.
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ABSTRACT:
Aim: To determine the binding affinity (Kcal/mol) for various 
antiviral peptides to target AIDS (Acquired Immunodeficien-
cy Syndrome) gp41 protein. Materials and methods: The 
three-dimensional coordinates of gp41 protein were retrieved 
from Protein data bank(PDB ID 3VIE). The structures of 16 an-
tiviral peptides were modeled using Hpepdock software. The 
Hpepdock software was used to perform a molecular docking 
investigation of gp41 with antiviral peptides. This software uses 
an algorithm to produce output complexes based on peptide 
conformations and orientations.The power calculation was 
done by clinical.cal.com, comparing binding affinity (kal/mol) 
for HIV virus gp41 protein Alpha error-threshold 0.05 power 
is 80% and for enrollment ratio-1. Results: Molecular docking 
analysis revealed that antiviral peptides namely, P9R peptide 3, 
M1 peptide 1 and P9 peptide 3 could bind gp41 protein with 
higher affinity in comparison with the reference Macrocyclic 
iHA-100 peptide. The antiviral peptides of P9R Peptide 3, M1 
peptide 1 and P9 Peptide 3 with p=0.029, p<0.05 significant ( 
-192.321Kcal/mol), p=0.918, p>0.05 insignificant (-179.685Kcal/
mol), p=0.029 p<0.05 significant (-172.523Kcal/mol) showed 
better results in comparison to reference Macrocyclic iHA-100 
peptide ( -207.052 Kcal/mol). Conclusion: The identified nov-
el antiviral peptides could effectively inhibit gp41 protein than 
other drugs in the market to treat AIDS(acquired immunodefi-
ciency syndrome) disease.

Keywords
Novel Antiviral peptides, AIDS (Acquired ImmunoDeficiency 
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INTRODUCTION:
The study investigates the peptide based inhibi-

tors for Glycoprotein (gp41) in AIDS (acquired im-
munodeficiency syndrome) (Sanders 2003). Antiviral 
peptides can recognize and attack the HIV viral cells 
(Fauci and Pantaleo 2012). Gp41 is commonly known 
as Glycoprotein 4, is a component of the retrovirus 
envelope protein complex which includes the Hu-
man immunodeficiency virus (HIV) (Sanders 2003). 
Glycoprotein(gp41) is a transmembrane protein hav-
ing multiple locations in its ectodomain that are im-
portant for host cell infection. It has also received a 
lot of attention as a possible target for HIV vaccines 
because of its functions in host cell infection (He et al. 
2008). The modeling and identification of peptide in-
hibitors for gp41 protein using Hpepdock software for 
AIDS(acquired immunodeficiency syndrome) (Zhou 
et al. 2018b). The human immunodeficiency virus 
(HIV) envelope glycoprotein is made up of a combi-
nation of gp120 and gp41. By binding to target-cell 
receptors, gp120 regulates antiviral specific receptors, 
whereas gp41 drives highly infectious nuclear trans-
location. HIV virus is transmitted primarily through 
sexual contact, parental exposure to blood or blood 
products and perinatally from infected mother to their 
infants (Zhang et al. 2006). Infection with the human 
immunodeficiency virus(HIV)and acquired immu-
nodeficiency syndrome(HIV/AIDS) is a group of dis-
eases caused by retrovirus human immunodeficien-
cy virus(HIV) (Fauci and Pantaleo 2012). A person 
may not show any symptoms after being infected, or 
they may have a brief period of Influenza-like illness. 
Symptoms of AIDS are acute infection,fever,muscle 
pain, inflammation of the throat,and swollen lymph 
nodes. Glycoprotein (gp41) has emerged as an attrac-
tive target drug against AIDS. Glycoprotein (gp41) is a 
transmembrane protein having numerous locations in 
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its ectodomain that are essential for host cell infection. 
It has also received a lot of attention as a possible target 
for HIV vaccines because of its relevance in host cell 
infection.

Hpepdock algorithm for protein peptide docking 
analysis based on peptide. Modeled antiviral peptides 
and gp41 proteins are used as input and protein pep-
tide complexes based on peptide flexibility confor-
mation as output (Zhou et al. 2018a). The purpose of 
this study is to develop safe and effective medications 
to treat and eventually cure AIDS. The application is 
to develop better affinity inhibitors that are currently 
in use, with a focus on current and future consump-
tion of targeted therapy in AIDS (Koelsch and Cooper 
2009). Hpepedock is used for protein docking based 
on peptide conformations and orientations (Zhou et 
al. 2018b). The inputs are modeled antiviral peptides 
and gp41 proteins, and the outputs are protein pep-
tide complements based on peptide flexibility interac-
tions.Our team has extensive knowledge and research 
experience that has translate into high quality publi-
cations(Chellapa et al. 2020; Lavanya, Kannan, and 
Arivalagan 2021; Raj R, D, and S 2020; Shilpa-Jain et 
al. 2021; S, R, and P 2021; Ramadoss, Padmanaban, 
and Subramanian 2022; Wu et al. 2020; Kalidoss, 
Umapathy, and Rani Thirunavukkarasu 2021; Kaja et 
al. 2020; Antink et al. 2020; Paul et al. 2020; Malaikol-
undhan et al. 2020)

Based on the literature survey, “AIDS(acquired im-
munodeficiency syndrome) of Glycoprotein(gp41)”. 
One of the best reviews of gp41 protein information 
was acknowledged (LeGrice and Gotte 2013). The 
medications known as nucleotide reverse transcrip-
tase inhibitors: Abacavir, didanosine, emtricitabine, 
lamivudine, stavudine, zalcitabine (Wissen et al. 
2005). The HIV virus appears to be no longer pos-
sible as a result of these treatments, which is also re-
sponsible for better treatment (Eramova, Matic, and 
Munz 2007). Disadvantages or side effects of nucleo-
tide reverse transcriptase inhibitors are trouble sleep-
ing, headache, depression, feeling tired, fever and may 
include allergic reactions and enlargement of liver. 
Previously our team had great expertise working on a 
number of research projects in a range of aspects. We 
started exploring the project because of rapid growth 
in this field.

MATERIALS AND METHODS:

The research work was performed using online 
softwares namely Hpepdock, pyMOL, IBM SPSS and 
PEPstrMOD that resulted in the identification of sta-
ble antiviral peptides. The internet based work was 
facilitated by Saveetha School of Engineering. The 
power calculation was done by clinical.cal.com, com-
paring binding affinity (kal/mol) for HIV virus gp41 
protein Alpha error-threshold 0.05 power is 80% and 
for enrollment ratio-1. This study did not require any 
human samples, hence ethical approval is not appli-
cable. Two groups were considered for this research 
work i.e Antiviral peptides and Macrocyclic iHA-100 
as a reference molecule (McCann 2012). 

By retrieving the list of 16 antiviral peptides acts 
as inhibitors for HIV therapy. The compounds were 
listed out and were carried out in Hpepdock software 
that are extracted as an individual ligand compound 
in PDB format along with the results by finding their 
higher binding affinity in Table 1. N=16 samples were 
considered for identifying a stable drug inhibitor 
(Meyer and McCreight 1971).

The Hpepdock is a hierarchical technique for blind 
and flexible peptide docking that involves quick mod-
eling of peptide conformations and subsequent global 
sampling of binding orientations (Zhou et al. 2018b). 

The structure of gp41 protein (3VIE) was derived 
from the RCBS database. The gp41 structure was ion-
ized using EPIK at PH 7+-2 and energy minimized 
using OPLS 2005 force field. The 16 antiviral peptides 
and Macrocyclic iHA-100 (M-i100) (Saito et al. 2021) 
were ionized using EPIK at PH 7+-2 and energy min-
imized using OPLS 2005 force field.

The two-dimensional structure of 16 novel antivi-
ral peptides were modeled using PEPstrMOD (Saito 
et al. 2021). The peptide molecule was prepared using 
the Schrodinger suite. The peptide was ionized using 
EPIK at PH 7+-2 and energy minimized using OPLS 
2005 force field.

The two-dimensional structure of Macrocyclic 
iHA-100 was modeled using PEPEstrMOD (Saito et 
al. 2021). The peptide molecule was prepared using 
the Schrodinger suite. The reference peptide molecule 
was prepared using EPIK at PH 7+-2 and energy min-
imized using OPLS 2005 force field.

Docking analysis was performed to identify the 
confirmations and orientations of the peptide at gp41 
binding site. The best conformation of the peptide was 
selected based on two criteria:binding affinity and in-
teraction with the active site residues of the gp41 pro-
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tein. Top complexes were generated using the docking 
score of Hpepdock (Zhou et al. 2018b). The data visu-
alized corresponds to the ligand complexes with car-
toon structure of gp41 protein, residue patterns and 
surface docked structure of the protein using pyMOL. 

The interaction between amino acid residues of 
gp41 and peptides was evaluated using the testing 
setup of Protein Interaction Calculator (PIC) (Tina, 
Bhadra, and Srinivasan 2007). Binding affinity with 
association of active site residue in gp41 protein are 
the best confirmatory conditions for peptides. PyMOL 
is a molecular detection tool that allows the visualiza-
tion of relevant noncovalent protein-peptide contacts 
in 3D structures. PIC is a web service for the complete 
identification and analysis of associated non-covalent 
protein-linking contacts in 3D structures (Srivastava 
2017). Statistical software used is IBM SPSS version 
28, Independent variable is not-applicable. There are 
16 dependent variables and the analysis was done on 
an Independent sample test. 

RESULTS:
The structure of gp41 protein was docked with 

16 antiviral peptides (Table 1). It was observed that 
three hit components namely P9R peptide 3, M1 pep-
tide 1 and P9 peptide 3 have higher binding affinity 
of -192.321, -179.685 and-172.523 Kcal/mol. It is ob-

served that three hit compounds P9R peptide 3, M1 
peptide 1 and P9 peptide 3. Also these peptides show 
16 antiviral peptides based on its atomic contact en-
ergy that describes the affinity complex of the pep-
tide inhibitor, and are higher binding energy when 
compared with the reference compound Macrocyclic 
iHA-100 -207.052 Kcal/mol respectively. Interestingly 
among these three hit molecules P9R peptide 3 shows 
the highest affinity of -192.321 Kcal/mol. 

From Table 2 & Fig. 1, it was analyzed that P9R pep-
tide 3 interacts with TYR57, GLN35, ASN56, ASP59, 
GLN43 and GLU49 as active binding residues of gp41 
protein. P9R peptide 3 binds with gp41 with a higher 
docking score of -192.321 Kcal/mol.

From Table 3 & Fig. 2, it was analyzed that M1 pep-
tide 1 interacts with LEU33, TRP50, ASP59, SER55, 
GLU51 and THR58 as active binding residues of gp41 
protein. M1 peptide 1 binds with gp41 with a higher 
docking score of -179.685 Kcal/mol.

From Table 4 & Fig. 3, it was analyzed that P9 pep-
tide 3 with LEU34, LEU33, ILE54, GLU51, THP58, 
GLN31, and ASP59 as active binding residues of gp41 
protein. P9 peptide 3 binds with gp41 with a higher 
docking score of -172.523Kcal/mol.

From Table 5, it was analyzed that studies have re-
ported Macrocyclic iHA-100 (M-i100) as a potential 
gp41 protein inhibitor in Influenza A virus. Indepen-

Table 1
Screening of gp41 inhibitors derived from antiviral peptides using HPEPDOCK software

Peptide name Sequence Source Binding/Docking score
P9R peptide 1 NGAICWGPC Mus musculus -162.43
P9R peptide 2 PTAFRQIGNC Mus musculus -172.25
P9R peptide 3 GRFRVRCCRIR Mus musculus -192.32
P9 peptide 1 NGAICWGPCP Mus musculus -169.91
P9 peptide 3 HFKVRCCKIR Mus musculus -172.52
Retrocyclin 2 peptide 1 GICRCICGR Synthetic construct -142.57
MP7-NH2 peptide 1 INLKALAALAKAL Vespula lewisii -156.35
HE peptide 1 EEESEVAHL Haemaphysalis longicornis -134.76
HE peptide 5 TCTCYRN Haemaphysalis longicornis -156.66
M1 peptide 1 LFRLIKSLIKRLVSAFK Lychas mucronatus -179.68
EV37 peptide 2 LDEKLPNGV Euscorpiops validus -128.63
EV37 peptide 5 VDTVGMCDA Euscorpiops validus -134.81
EV37 peptide 6 DCKRQGKAK Euscorpiops validus -136.13
EV37 peptide 7 GVCHGTKCK Euscorpiops validus -148.13
EV37 peptide 8 CDVELSYKK Euscorpiops validus -143.03
BanLec peptide 1 NGAIKVGAW Musa acuminata -150.83
M i100 WTGDFFSSHYTVRRC  -207.05
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Table 2
Interaction of P9R peptide 3 with TYR57, GLN35, ASN56, ASP59, GLN43 and GLU49 as active binding residues that showed highest 
in bond length.
PEPTIDE COMPLEX RESIDUE gp41 RESIDUE PEPTIDE BOND LENGTH NATURE OF INTERACTION

P9R PEPTIDE 3 TYR57 VAL5 4 Hydrophobic interactions

GLN35 ARG2 3.07 Hydrogen bonds

ASN56 CYS8 3.25 Hydrogen bonds

ASP59 ARG9 3.07 Hydrogen bonds

GLN43 ARG2 3.41 Hydrogen bonds 

GLU49 ARG4 - Hydrogen bonds

Table 3
Interaction of M1 peptide 1 with LEU33, TRP50, ASP59, SER55, GLU51 and THR58 as active binding residues that showed highest 
in bond length.

PEPTIDE COMPLEX RESIDUE gp41 RESIDUE PEPTIDE BOND LENGTH NATURE OF INTERACTION

M1 PEPTIDE 1 LEU33 ILE9 4 Hydrophobic interactions

TRP50 ILE9 3.8 Hydrophobic interactions

ILE54 PHE16 3.6 Hydrophobic interactions

ASP59 LEU1 2.9 Hydrophobic interactions

SER55 LEU4 2.9 Hydrogen bonds 

GLU51 LYS6 2.55 Hydrogen bonds

GLU51 LYS6 3.15 Hydrogen bonds

GLN30 ARG11 2.90 Hydrogen bonds

THR58 LEU8 3.00 Hydrogen bonds

ASP59 ARG3 2.91 Hydrogen bonds

Table 4
Interaction of P9 peptide 3 with LEU34, LEU33, ILE54, GLU51, THP58, GLN31, and ASP59 as active binding residues that showed 
highest in bond length.
PEPTIDE COMPLEX RESIDUE gp41 RESIDUE PEPTIDE BOND LENGTH NATURE OF INTERACTION

P9 PEPTIDE 3 LEU34 PHE2 4 Hydrophobic interactions

LEU33 VAL4 3.8 Hydrophobic interactions

ILE54 VAL4 3.6 Hydrophobic interactions

GLU51 VAL4 2.97 Hydrogen bonds

THR 58 LYS8 2.54 Hydrogen bonds 

ASP59 ARG5 2.54 Hydrogen bonds

GLU31 LYS8 2.97 Hydrogen bonds

Table 5
Studies have reported that Macrocyclic iHA-100 (M-i100) as a potential gp41 protein inhibitor in Influenza A virus. The Independent 
sample t-test has shown the results that P9R peptide 3, M1 peptide 1 and P9 peptide 3 demonstrated higher binding affinity in 
comparison with Macrocyclic iHA-100 (M-i100) were analyzed using IBM SPSS software.

Group N Mean Std.deviation Std error mean

Energy Reference 3 -129.38 0.60 0.27

P9R peptide 3 3 -115.38 173.32 77.51

M1 peptide 1 3 -180.72 0.671 0.30

P9 peptide 3 3 -103.92 156.91 70.17
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dent sample t-test has shown the results that P9R pep-
tide 3, M1 peptide 1 and P9 peptide 3 demonstrated 
higher binding affinity in comparison with Macrocy-
clic iHA-100 (M-i100) were analyzed using IBM SPSS 
software.

From Table 6, it was analyzed that the Independent 
sample t-test in predicting the significant, mean dif-

ference, std error difference of M-i100 with different 
antiviral peptides. This appears to be a statistically sig-
nificant difference (p<0.05).

From Table 7, it was analyzed that the Independent 
sample t-test in predicting the significant, mean dif-
ference, std error difference of M-i100 with different 

Table 6
Independent sample t-test in predicting the significant, mean difference, std error difference of M-i100 with different antiviral pep-
tides. This appears to be a statistically significant difference (p<0.05).

 INDEPENDENT SAMPLE TEST OF RALTEGRAVIR

 Levene’s Test for 
equality of variances

 t-test for Equality of means

ENERGY F Sig. t df Significance Mean
differ-
ence

Std.Error
Differ-
ence

95% Confidence Interval 
of the Difference

1sided p 2-sided 
p Lower Upper

Equal variances 
assumed

7.053 0.03 -0.181 8 0.431 0.861 -14.00 77.51 192.74 164.74

Equal variances 
not assumed

-0.181 4.00 0.433 0.865 -17.61 77.51 -229.20 201.20

Table 7
Independent sample t-test in predicting the significant, mean difference, std error difference of M-i100 with different antiviral pep-
tides. This appears to be a statistically Insignificant difference (p>0.05).

 INDEPENDENT SAMPLE TEST OF RALTEGRAVIR

 Levene’s Test for 
equality of variances

 t-test for Equality of means

ENERGY F Sig. t df Significance Mean
difference

Std.Error
Difference

95% Confidence Inter-
val of the Difference

1sided p 2-sided 
p Lower Upper

Equal variances 
assumed

0.011 0.918 127.40 8 <.001 <.001 51.34 0.403 50.41 52.27

Equal variances not 
assumed

127.40 7.903 <.001 <.001 51.34 0.403 50.41 52.27

Table 8
Independent sample t-test in predicting the significant, mean difference, std error difference of M-i100 with different antiviral pep-
tides. This appears to be a statistically significant difference (p<0.05).

 INDEPENDENT SAMPLE TEST OF RALTEGRAVIR

 Levene’s Test for 
equality of variances

 t-test for Equality of means

ENERGY F Sig. t df Significance Mean
differ-
ence

Std.Error
Differ-
ence

95% Confidence Inter-
val of the Difference

1sided p 2-sided 
p Lower Upper

Equal variances 
assumed

7.05 0.029 -0.363 8 0.363 0.726 -25.46 70.17 -187.28 136.36

Equal variances 
not assumed

-0.363 4.00 0.368 0.735 -25.46 70.17 -220.29 169.37
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Fig. 1: Interaction analysis of gp41 with antiviral peptides using Pymol. Interaction of gp41 protein with P9R peptide 3.The structure 
of inhibitors and peptide residues of P9R Peptide 3 are represented in orange and pink sticks respectively. Molecular docking anal-
ysis of P9R peptide 3 with TYR57, GLN35, ASN56, ASP59, GLN43 and GLU49 residues.

 
Fig. 2: Interaction analysis of gp41 with antiviral peptides using Pymol. Interaction of gp41 protein with M1 peptide 1.The structure of 
inhibitors and peptide residues of M1 Peptide 1 are represented in pink and orange sticks respectively. Molecular docking analysis 
of M1 peptide 1 with LEU33, TRP50, ASP59, SER55, GLU51 and THR58 residues.

 
Fig. 3: Interaction analysis of gp41 with antiviral peptides using Pymol. Interaction of gp41 protein with P9 peptide 3.The structure of 
inhibitors and peptide residues of P9 peptide 3 are represented in pink and orange sticks respectively. Molecular docking analysis 
of P9 peptide 3 with LEU34, LEU33, ILE54, GLU51, THP58, GLN31, and ASP59 residues. 

 Fig. 4: The above graph represents the comparison of top three hit molecules. The highest binding affinity among the three hit 
molecules of Macrocyclic iHA-100 (M-i100) results in PEPstrMOD is -207.052 Kcal/mol with brown color. P9R peptide 3, M1 peptide 
1 and P9 peptide 3 bind with higher affinity of -192.321, -179.685 and -172.523 Kcal/mol,respectively. X axis represents the screen-
ing of Antiviral peptides and Y axis is the binding energy of targeted molecules. Energy differences between the molecules were 
represented by ±1SD.
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antiviral peptides. This appears to be a statistically In-
significant difference (p<0.05).

From Table 8, it was analyzed that the Independent 
sample t-test in predicting the significant, mean dif-
ference, std error difference of M-i100 with different 
antiviral peptides. This appears to be a statistically 
Insignificant difference (p<0.05). Also from Fig. 4, it 
was analyzed by the comparison of top three hit mole-
cules. The highest binding affinity among the three hit 
molecules of Macrocyclic iHA-100 (M-i100) results in 
PEPstrMOD is -207.052 Kcal/mol with brown color. 
P9R peptide 3, M1 peptide 1 and P9 peptide 3 bind 
with higher affinity of -192.321, -179.685 and -172.523 
Kcal/mol,respectively. X axis represents the screening 
of Antiviral peptides and Y axis is the binding energy 
of targeted molecules. Energy differences between the 
molecules were represented by ±SD.

DISCUSSION:
The antiviral peptides of P9R Peptide 3, M1 pep-

tide 1 and P9 Peptide 3 with p=0.029, p<0.05 signif-
icant (-192.32 Kcal/mol), p=0.918, p>0.05 insignifi-
cant (-179.68 Kcal/mol), p=0.029 p<0.05 significant 
(-172.52 Kcal/mol) showed better results in com-
parison to reference Macrocyclic iHA-100 peptide ( 
-207.05 Kcal/mol).

The research was developed to identify the opti-
mal lead and antiviral peptides that bind gp41 protein 
with high affinity. The gp41 enzyme was docked to 16 
peptides (Tonk, Růžek, and Vilcinskas 2021). Among 
them, three peptides P9R peptide 3, M1 peptide 1 
and P9 peptide 3 bind to have higher affinity than 
the screened 16 peptides. Also it was found that P9R 
peptide 3, M1 peptide 1 and P9 peptide 3 have high-
er affinity when compared to the reference molecule 
Macrocyclic iHA-100.

It was found that Macrocyclic iHA-100 binds with 
gp41 with the binding affinity of -207.05 Kcal/mol, 
whereas the antiviral peptide inhibitors,namely P9R 
peptide 3, M1 peptide 1 and P9 peptide 3 binds with 
higher affinity of -192.32, -179.68 and -172.52 Kcal/
mol, respectively. Inhibition of HIV entry by target-
ing the envelope transmembrane subunit gp41 (Yi et 
al. 2016). Similar findings show that The gp120 and 
gp41 subunits form a trimer of heterodimers associ-
ated with the virus or an infected cell. Enfuvirtide is 
an approved HIV entry inhibitor, However, its clinical 
application is limited by the lack of oral availability (Lu 
et al. 2015).

The limitations state that the above listed top com-
plexes will have to undergo clinical trials to determine 
its efficiency towards gp41 protein for the treatment 
of AIDS. The lengthy process of development to cope 
with increased costs and other limitations such as lack 
of validity for existing models, a lack of awareness of 
underlying illness mechanisms, patient heterogeneity, 
a shortage of targets and diagnostics, a high propor-
tion of failed clinical trials and regulatory challenges. 
The future context of the study is to consider the com-
ponents P9R peptide 3, M1 peptide 1 and P9 peptide 3 
for in-vitro and in-vivo analysis to yield them to model 
and develop better antiviral drugs.

CONCLUSION:
The identified antiviral peptides could effective-

ly inhibit gp41 protein than other available drugs in 
the market to treat AIDS (acquired immunodeficien-
cy syndrome). Among the three hit molecules P9R 
peptide 3 from Mus musculus has the higher affinity 
which is suitable to treat AIDS (acquired immunode-
ficiency syndrome).
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ABSTRACT
Aim: To improve the accuracy in Heart Disease Prediction using 
Novel Logistic Regression and Support Vector Machine. Ma-
terials and Methods: This study contains 2 groups i.e Novel 
Logistic Regression and Support Vector Machine. Each group 
consists of a sample size of 10 and the study parameters in-
clude alpha value 0.01, beta value 0.2, and the Gpower value 
of 0.8. Results: The Novel Logistic Regression (91.60) achieved 
improved accuracy than the Support Vector Machine (91.83) in 
Heart Disease Prediction. The statistical significance difference 
(two-tailed) is 0.01 (p<0.05). Conclusion: The Novel Logistic 
Regression model is significantly better than the Support Vector 
Machine in Heart Disease Prediction. It can be also considered 
a better option for Heart Disease Prediction.
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INTRODUCTION
Heart Complaint describes a range of conditions 

that affect your heart. Heart conditions include Blood 
vessel complaints, similar to coronary roadway com-
plaints (Staartjes et al. 2022). Heart meter problems 
(arrhythmias) Heart blights you are born with (natu-
ral heart blights) About half of all Americans have at 

least 1 of 3 crucial threat factors for heart complaint: 
high blood pressure, high cholesterol, and smoking 
(Tiwari and Agarwal 2021). Some threat factors for 
heart complaints can not be controlled, similar to 
your age or family history. But you can take away to 
lower your threat by changing the factors you can 
control. Currently, Heart complaint is considered 
one of the major causes in the world (Sheeba et al. 
2022). It can not be fluently prognosticated by medi-
cal croakers as it’s a delicate task that demands moxie 
and advanced knowledge for vaccination (Tjong et 
al. 2022). There’s a lot of data available within the 
healthcare systems on the internet. This design is an 
attempt at data assaying Heart Disease Prediction 
with the help of data wisdom and data analytics in 
python law. Heart complaint is one of the biggest 
causes of morbidity and mortality among the pop-
ulation of the world. Numerous symptoms of heart 
conditions are included in this paper that could come 
to the features that could be used to find an accurate 
opinion of the case (West et al. 2022). 

In Heart Disease Prediction using Novel Logistic 
Regression related articles around 88 in IEEE Digital 
Xplore and 95 of this research is to improve the perfor-
mance accuracy of heart disease prediction (Quan et al. 
2022). Many studies have been conducted that result in 
restrictions of feature selection for science Direct There’s 
been a lot of research that contains Machine data learn-
ing approaches authors like (Rani and Tiwari 2020). In 
this paper, a heart disease prediction system was devel-
oped that can assist medical professionals in predicting 
heart disease status. There’s been a lot of research into 
heart disease prediction that contains data learning ap-
proaches (Zhang et al. 2022). The paper focuses on the 
accuracy of evaluating Heart Disease Prediction in each 
of the 50 states using Classification Function Algorithms 
(CFA) and Long Short-Term Memory (LSTM), two 
different forecasting techniques developed and used to 
predict the accurate prediction of heart diseases (Barreto 
et al. 2022). The accurate prediction of the algorithm is 
used to get better accuracy (Juarez-Orozco et al. 2022). 
the given accuracy is predicted inaccuracy Our team has 
extensive knowledge and research experience that has 
translate into high quality publications(Chellapa et al. 
2020; Lavanya, Kannan, and Arivalagan 2021; Raj R, D, 
and S 2020; Shilpa-Jain et al. 2021; S, R, and P 2021; Ra-
madoss, Padmanaban, and Subramanian 2022; Wu et al. 
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2020; Kalidoss, Umapathy, and Rani Thirunavukkarasu 
2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 2020; 
Malaikolundhan et al. 2020)

The research gap in heart disease prediction Is the 
availability of real-time data sets is limited and the ac-
curacy is to be improved. The selection of the algo-
rithm also plays a vital role in Heart Disease Predic-
tion, so, this research focuses on improved accuracy in 
Heart Disease Prediction Using Novel Logistic Regres-
sion over a Support Vector Machine.

MATERIALS AND METHODS
This work is carried out in the Data Analytics Lab, 

Department of Information Technology at Saveetha 
School of Engineering, Saveetha Institute of Medical and 
Technical Sciences, Chennai. The study consists of two 
sample groups i.e Novel Logistic Regression and Support 
Vector Machine. Each group consists of 10 samples with 
a pre-test power of 0.18. The sample size kept the thresh-
old at 0.05, G power of 80%, confidence interval at 95%, 
and enrolment ratio is shown in Table 1.

Table 1
Pseudocode for Novel Logistic Regression

Input: Heart Symptoms dataset records
1. Import the required packages.
2. Convert the Data Sets into numerical values after the 
extraction feature.
3. Assign the data to X_train, y_train, X_test, and y_test vari-
ables.
4. Using the train_test_split() function, pass the training and 
testing variables.
5. Give test_size and the random_state as parameters for 
splitting the data using the Logistic training model.
6. Compiling the model using metrics as accuracy
7. Calculate the accuracy of the model.

OUTPUT: Accuracy

To perform Heart Disease Prediction the real-time 
data sets used are Heart disease people. The input data 
sets used as heart.csv collected from The data sets con-
sist of six attributes and 500 instances. The attributes are 
age, chest pain type, resting blood pressure, fasting blood 
sugar, resting electrocardiographic results and maximum 
heart rate achieved are independent attributes. Accuracy, 
Precision, and Recall are dependent attributes.

Novel Logistic Regression
Medical profiles of the deceased such as age, hyper-

tension, blood sugar and other symptoms are used for 

prediction. The model is designed to predict the pos-
sibility of patients getting heart disease. Novel Logis-
tic Regression analysis is used to predict the value of 
a variable based on the value of another variable. The 
variable you want to predict is called the dependent 
variable. The variable you are using to predict the oth-
er variable’s value is called the independent variable. 
Novel Logistic Regression analysis is used to predict 
the value of a variable based on the value of another 
variable. The Novel Logistic Regression algorithm is 
represented in the graphs showing the difference be-
tween the attributes. From the training data, we have 
to estimate the best and approximate coefficient and 
represent it.

 P/(1-P) = eY – eq.  (1)

From equation 1, P-value is found out. This gives 
the probability or chance for the individual to have cor-
onary heart disease. Novel Logistic Regression is used 
to predict the class (or category) of individuals based 
on one or multiple predictor variables (x). It is used 
to model a binary outcome, that is a variable, which 
can have only two possible values: 0 or 1, yes or no, 
diseased or non-diseased. The regression coefficients 
are usually estimated using maximum likelihood esti-
mation. The maximum likelihood ratio helps to deter-
mine the statistical significance of independent vari-
ables on the dependent variables. The likelihood-ratio 
test assesses the contribution of individual predictors 
(independent variables). Then the probability (p) of 
each case is calculated using the odds ratio. Pseudo-
code and Accuracy Values for the regression model 
are mentioned in Table 1 and Table 3.

Support Vector Machine
Further formally, a support vector machine con-

structs a hyperplane or set of hyperplanes in a high-or 
horizonless-dimensional space, which can be used for 
the bracket, retrogression, or other tasks like outlier 
discovery. Intimately, a good separation is achieved 
by the hyperplane that has the largest distance to the 
nearest training-data point of any class so-called func-
tional periphery, since in general the larger the periph-
ery, the lower the conception error of the classifier.

 w. x+b>0  (2) 

all know the equation of a hyperplane is where w is a 
vector normal to the hyperplane and b is an offset. If 
the value of w. x+b>0 then can say it is a positive point 
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otherwise it is a negative point. Pseudocode and Accu-
racy Values for the regression model are mentioned in 
Table 2 and Table 4.

Table 2
Pseudocode for Support Vector Machine

Input: Heart Symptoms dataset records
1. Import the required packages.
2. Convert the Data Sets into numerical values after the 
extraction feature.
3. Assign the data to X_train, y_train, X_test, and y_test vari-
ables.
4. Using the train_test_split() function, pass the training and 
testing variables.
5. Give test_size and the random_state as parameters for 
splitting the data using the Support Vector Machine
6. Compiling the model using metrics as accuracy.
7. Evaluate the output using X_test and y_test function
8. Get the accuracy of the model.

OUTPUT: Accuracy

Table 3
Accuracy of Heart Disease Prediction Using Novel Logistic Re-
gression

Model Sample Size Accuracy
Training Split- 71%, Test Split -29% 98.45
Training Split- 72%, Test Split -28% 98.12
Training Split- 73%, Test Split -27% 97.81
Training Split- 74%, Test Split -26% 97.34
Training Split- 75%, Test Split -25% 97.15
Training Split- 76%, Test Split -24% 96.74
Training Split- 77%, Test Split -23% 96.45
Training Split- 78%, Test Split -22% 95.65
Training Split- 79%, Test Split -21% 94.67
Training Split- 80%, Test Split -20% 94.33

Table 4
Accuracy of Heart Disease Prediction using Novel Decision Tree

Model Sample Size Accuracy
Training Split- 71%, Test Split -29% 89.42
Training Split- 72%, Test Split -28% 87.28
Training Split- 73%, Test Split -27% 86.37
Training Split- 74%, Test Split -26% 85.71
Training Split- 75%, Test Split -25% 84.37
Training Split- 76%, Test Split -24% 83.91
Training Split- 77%, Test Split -23% 82.62
Training Split- 78%, Test Split -22% 81.52
Training Split- 79%, Test Split -21% 80.64
 Training Split- 80%, Test Split -20% 79.48

STATISTICAL ANALYSIS
The minimum requirement to run the software 

used here is Intel Core i3 Dual-Core CPU clocked 
@3.2 GHz,4GB or above memory of RAM, more than 
512MB space is required and Software specification 
includes Windows 7/8/10/11 Professional 64-bit OS, 
Jupyter Notebook Version 6.30 with Python3 and 
MS-Office. Statistical Package for the Social Sciences 
Version 26 software tool was used for statistical anal-
ysis. An independent sample T-test was conducted for 
accuracy. Standard deviation, standard mean errors 
were also calculated using the SPSS Software tool. 
The significance values of proposed and existing al-
gorithms contain group statistical values of proposed 
and existing algorithms.

RESULTS
The group statistical analysis of the two groups 

shows Novel Logistic Regression (group 1) has more 
mean accuracy than Support Vector Machine (group 
2) and the standard error mean is slightly less than 
Novel Logistic Regression. The Novel Logistic Regres-
sion scored an accuracy of 91.60% and the Support 
Vector Machine scored 91.83%. The accuracies are 
recorded by testing the algorithms with 10 different 
sample sizes and the average accuracy is calculated for 
each algorithm. 

In SPSS, the datasets are prepared using 10 as a 
sample size for Novel Logistic Regression and Support 
Vector Machine. Group is given as a grouping vari-
able and Heart Disease is given as the testing variable. 
Group is given as 1 for Novel Logistic Regression and 
2 for Support Vector Machine. Descriptive Statistics is 
applied for the dataset in SPSS and shown in Table 5, 
Group statistics are shown in Table 6, and Two Inde-
pendent Sample T-Tests in Table 7. 

DISCUSSION
From the results of this study, Novel Logistic Re-

gression is proved to be having better accuracy than 
the Support Vector Machine model. Novel Logistic 
Regression has an accuracy of 91.60% whereas Sup-
port Vector Machine has an accuracy of 91.83%. The 
group statistical analysis of the two groups shows that 
Novel Logistic Regression (group 1) has more mean 
accuracy than Support Vector Machine (group 2) and 
the standard error mean including the standard devi-
ation mean is slightly less than Novel Logistic Regres-
sion.
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Table 5
Descriptive Statistic analysis, representing Novel Logistic Regression and Support Vector Machine

Algorithm N Minimum Maximum Mean Std. Deviation 
Group1  20  2.00 3.00  1.6000 .5088
Accuracy  20  91.33  91.60 91.6430 .09105 
Error  20 9.31 9.67 9.3770 .09105 

Table 6
Group Statistic analysis, representing Novel Logistic Regression (mean accuracy 91.65%, standard deviation 0.08600, 0.09333) and 
Support Vector Machine mean accuracy 91.59%, standard deviation 0.08600, 0.09333) 

Algorithm N Mean Std. Deviation Std.Error Mean
Accuracy 2 2 2 2
Logistic Regression 10  90.4730 .27150  .08586
Support VectorMachine 10  86.3780 3.13442  1.05346

Algorithm N Mean Std. Deviation Std.Error Mean
Error 2 2 2 2
Logistic Regression 10  9.5270 .27150 .08586
Support VectorMachine 10 13.6220  3.33135. 1.05346

Table 7
Independent Sample Tests results with a confidence interval of 95% and a level of significance of 0.01 (Novel Logistic Regression 
appears to perform significantly better than Support Vector Machine with the value of p=0.18).

 Accuracy Levene’s Test 
for Equality of 

Variances

T-test for Equality of Means 

F Sig. t df Sig Mean Dif-
ference 

Std. Error 
Difference 

95% Conf. 
Interval Lower 

95% Conf. 
Interval Upper 

Accuracy Equal vari-
ances assumed Equal 
variances not assumed

.3482 0.01 3.874

3.874

18

9.120

.001

.004

4.09500

4.09500

1.05696

1.05696

1.087441

1.070876

6.31559

6.48124
Error Equal variances 
assumed Equal Vari-
ances not assumed

.3482 0.01 3.874

3.874

18

9.120

.001

.004

-4.09500

-.4.09500

1.05696

1.05696

6.31559

6.48124

1.087441

1.070876

 
Fig. 1. Comparison of Novel Logistic Regression and Support Vector Machine in terms of accuracy. The mean accuracy of novel 
Novel Logistic Regression is greater than Support Vector Machine and the standard deviation is also slightly higher than Support 
Vector Machine. X-axis: Novel Logistic Regression vs Support Vector Machine. Y-axis: Mean accuracy of detection + 1 SD.
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Heart Disease Prediction using Machine learn-
ing is now becoming widely used as a methodology 
(Erez et al. 2022). Citizens who have employed ma-
chine learning algorithms to address problems based 
on their industry data. Industry professionals have 
used machine learning to perform classification jobs 
and diagnose malfunctions (Baig 2020). People in the 
field of business frequently used machine learning al-
gorithms in financial research (V Boonjing – 2010). 
The paper focuses on the accuracy of evaluating 
Heart Disease Prediction in each of the 50 states using 
Classification Function Algorithms (CFA) and Long 
Short-Term Memory (LSTM), two different forecast-
ing techniques developed and motivated by (Wang et 
al. 2022) The strategies take into account all of the K = 
2m distinct model combinations in each period when 
there are m predictors available The limitation of the 
proposed work is due to inconsistent data and difficul-
ty in getting the right datasets for analysis. Future-fo-
cused support work can be concentrated on effective 
data preprocessing techniques and usage of Ensemble 
Machine Learning Algorithms can be focussed. 

CONCLUSION
Based on the experimental results, Novel Logistic 

Regression has been proved to predict Heart Disease 
more significantly than Support Vector Machines. The 
quality of datasets formed with Heart disease value 
and accuracy is improved.
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ABSTRACT
Aim: To improve the accuracy in Heart Disease Prediction us-
ing Novel Logistic Regression and Decision tree Materials and 
Methods: This study contains 2 groups i.e Novel Logistic Re-
gression and Decision tree Each group consists of a sample size 
of 10 and the study parameters include alpha value 0.01, beta 
value 0.2, and the Gpower value 0.8. Results: The Novel Lo-
gistic Regression (91.60) achieved improved accuracy than the 
Decision Tree (89.42) in Heart Disease Prediction. The statistical 
significance difference is 0.01 (p<0.05). Conclusion: The Novel 
Logistic Regression model is significantly better than the Deci-
sion Tree in Heart Disease Prediction. It can be also considered 
as a better option for Heart Disease Prediction.
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INTRODUCTION
Heart Complaint describes a range of condi-

tions that affect your heart. Heart conditions include 
Blood vessel complaints, similar to coronary roadway 
complaints (Lee et al. 2020)). Heart-meter problems 
(arrhythmias) Heart blights you are born with (nat-
ural heart blights) Coronary roadway complaints, 
arrhythmia, heart stopcock complaints, and heart 

failure are the four most common types of heart com-
plaints (Gondkar 2015). The major challenge that the 
Healthcare assiduity faces currently is the superiori-
ty of installations (Shah et al. 2021). Diagnosing the 
complaint rightly & furnishing effective treatment to 
cases will define the quality of service. Poor opinion 
causes disastrous consequences that aren’t accepted 
(Mohamadlou et al. 2018). A heart complaint is a kind 
of complaint that affects the functioning of the heart. 
In a moment, heart complaints are the primary rea-
son for death. WHO-World Health. The association 
has anticipated that 12 million people die every time 
because of heart conditions Habitual Disease Predic-
tion plays a vital part in healthcare informatics (Sung, 
Hung, and Hu 2021). It’s pivotal to diagnose the com-
plaint at an early stage. This paper presents a check 
on the application of point selection and bracket ways 
for the opinion and vaccination of habitual conditions 
(Baig 2020). The system uses 15 medical parameters 
similar to age, coitus, blood pressure, cholesterol and 
rotundity for the vaccination.

In Heart Disease Prediction using Novel Logistic 
Regression related articles around 86 in IEEE Digital 
Xplore and 92 of this research is to improve the per-
formance accuracy of heart disease prediction. Many 
studies have been conducted that result in restrictions 
on feature selection for science Direct There’s been a 
lot of research that contains Machine data learning ap-
proaches by authors like(Fong, Akashe, and Mahalle 
2018). In this paper, we develop a heart disease pre-
diction system that can assist medical professionals 
in predicting heart disease status(Jmaiel et al. 2020). 
There’s been a lot of research similar to heart disease 
prediction with different data learning approaches are 
specified (Senouci et al. 2021). The paper focuses on 
the accuracy of evaluating Heart Disease Prediction 
in each of the 50 states using Classification Function 
Algorithms (CFA) and Long Short-Term Memory 
(LSTM), two different forecasting techniques devel-
oped and used to predict the accurate prediction of 
heart diseases (Luo et al. 2020). The accurate predic-
tion of the algorithm is used to get better accuracy. 
The given accuracy is predicted inaccuracy.Our team 
has extensive knowledge and research experience that 
has translate into high quality publications(Chellapa 
et al. 2020; Lavanya, Kannan, and Arivalagan 2021; 
Raj R, D, and S 2020; Shilpa-Jain et al. 2021; S, R, and 
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P 2021; Ramadoss, Padmanaban, and Subramanian 
2022; Wu et al. 2020; Kalidoss, Umapathy, and Rani 
Thirunavukkarasu 2021; Kaja et al. 2020; Antink et al. 
2020; Paul et al. 2020; Malaikolundhan et al. 2020)

The research gap in Heart Disease Prediction Is 
the availability of real-time data sets is limited and the 
accuracy is to be improved (Lee et al. 2020). The se-
lection of the algorithm also plays a vital role in Heart 
Disease Prediction.The studied plant that was largely 
sensitive to troponin tests was especially good at prog-
nosticating cardiovascular events when added to the 
results of a special equation generally used to calculate 
a person’s 10- time threat of having a heart attack or 
stroke. So this research focuses on improved accuracy 
in Heart Disease Prediction Using Novel Logistic Re-
gression over a Decision tree.

MATERIALS AND METHODS
This work is carried out at Saveetha School of En-

gineering, Department of Information Technology 
in the Data Analytics Lab. The study consists of two 
sample groups Logistic Regression and Decision Tree. 
Each group consists of 10 samples with a pre-test pow-
er of 0.18. The sample size kept the threshold at 0.05, 
G power of 80%, confidence interval at 95%, and en-
rolment ratio at 1.

Data Preparation
To perform Heart Disease Prediction, the real-time 

data sets are used which are collected from the heart 
disease patients. The input data sets used as heart.csv 
collected from The data sets consist of six attributes- 
and 500 instances.

To perform Heart Disease Prediction the real-time 
data sets used are heart data. The input data sets for 
the proposed work in heart data.csv collected from 
GitHub.com (“Git Hub: Your Machine Learning and 
Data Science Community”). The data sets consist 
of the attributes are age, chest pain type, and resting 
blood pressure are dependent attributes, and fasting 
blood sugar, resting electrocardiographic results, and 
maximum heart rate achieved are independent attri-
butes that do not affect the results removed from the.
csv file.

NOVEL LOGISTIC REGRESSION
Novel Logistic Regression analysis is used to pre-

dict the value of a variable predicated on the value of 
another variable. The value of the variable you want to 

predict is known as the dependent variable. The nov-
el Novel Logistic Regression algorithm is represented 
in the graphs showing the difference in the value be-
tween the attributes. From the training data, we have 
to estimate the swish and approximate measure and 
represent it.

Medical lives of conditions analogous as com-
merce, age, hypertension, blood sugar, and other 
symptoms are used for vaccination. The model is de-
signed to predict the possibility of cases of heart com-
plaints. Novel Logistic Regression analysis is used to 
predict the value of a variable predicated on the val-
ue of another variable. The variable you are using to 
predict the value of another variable’s value is called 
the independent variable. Novel Logistic Regression is 
used to predict the class (or order) of individualities 
predicated on one or multiple predictor variables (x). 
It’s used to model a double outgrowth, a variable that 
can have only two possible values 0 or 1, yes or no, 
diseased or non-diseased.

The regression portions are generally estimated 
using maximum liability estimation. The maximum 
liability rate helps to determine the statistical signif-
icance of independent variables on the dependent 
variables. The liability-rate test assesses the donation 
of individual predictors (independent variables). Also, 
the probability (p) of each case is calculated using the 
odds rate. Is Calculated using equation 1.

 P/(1-P) = eY – eq.  (1)

From this p-value is found. This gives the prob-
ability or chance for the individual to have coronary 
heart disease. Pseudocode and Accuracy Values for 
the regression model has been mentioned in Table 1 
and Table 3.
 
Table 1
Pseudocode for Novel Logistic Regression

Input: Heart Symptoms dataset records
1. Import the required packages.
2. Convert the Data Sets into numerical values after the 
extraction feature.
3. Assign the data to X_train, y_train, X_test, and y_test variables.
4. Using the train_test_split() function, pass the training and 
testing variables.
5. Give test_size and the random_state as parameters for 
splitting the data using the Logistic training model.
6. Compiling the model using metrics as accuracy
7. Calculate the accuracy of the model.

OUTPUT: Accuracy
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DECISION TREE
A decision tree is a flowchart-suchlike structure in 

which each internal knot represents a» test» on a trait 
(e.g. whether a coin flip comes up heads or tails), each 
branch represents the outgrowth of the test, and each 
splint knot represents a class marker ( decision taken 
after calculating all attributes) as given in equation 2.

Entropy(s)= P(yes)log2 P(yes)- P(no) log2 P(no) (2)

Where,
• S= Total number of samples
• P(yes)= probability of yes
• P(no)= probability of n

The stoner precedes the processes by checking the 
specific detail and symptoms of the heart complaint. 
The decision tree (ID3) and naive Bayes ways in data 
mining are used to recoup the details associated with 
each case. Grounded on the accurate result vaticina-
tion, the performance of the system is anatomized. 
The Decision Tree algorithm belongs to the family of 
supervised literacy algorithms. The thing of using a 
Decision Tree is to produce a training model that can 
be used to prognosticate the class or value of the tar-
get variable by learning simple decision rules inferred 
from previous data ( training data). Pseudocode and 
Accuracy Values for the regression model have men-
tioned in Table 2 and Table 4.

STATISTICAL ANALYSIS
The minimum requirement to run the software 

used here is Intel Core i3 Dual-Core CPU clocked 
@3.2 GHz,4GB or above memory of RAM, more than 
512MB space is required and Software specification 

includes Windows 7/8/10/11 Professional 64-bit OS, 
Jupyter Notebook Version 6.30 with Python3, and 
MS-Office. Statistical Package for the Social Sciences 
Version 26 software tool was used for statistical anal-
ysis. An independent sample T-test was conducted for 
accuracy. Standard deviation, and standard mean er-
rors were also calculated using the SPSS Software tool. 
The significance values of proposed and existing al-
gorithms contain group statistical values of proposed 
and existing algorithms. 

RESULTS
The group’s statistical analysis of the two groups 

shows novel Novel Logistic Regression (group1) has 
more mean accuracy than novel Decision tree (group 
2) and the standard error mean is slightly less than 
novel Novel Logistic Regression. The Novel Logistic 
Regression scored an accuracy of 91.79% and the nov-
el Decision tree has scored 89.42%. The accuracies are 

Table 2
Pseudocode for Decision Tree

Input: Heart Symptoms dataset records
1. Import the required packages.
2. Convert the Data Sets into numerical values after the 
extraction feature.
3. Assign the data to X_train, y_train, X_test and y_test vari-
ables.
4. Using the train_test_split() function, pass the training and 
testing variables.
5. Give test_size and the random_state as parameters for 
splitting the data using Decision Tree model
6. Compiling the model using metrics as accuracy.
7. Evaluate the output using X_test and y_test function
8. Get the accuracy of the model.

OUTPUT: Accuracy

Table 3
Accuracy of Heart Disease Prediction Using Novel Logistic Re-
gression

Model Sample Size Accuracy
Training Split- 71%, Test Split -29% 98.45
Training Split- 72%, Test Split -28% 98.12
Training Split- 73%, Test Split -27% 97.81
Training Split- 74%, Test Split -26% 97.34
Training Split- 75%, Test Split -25% 97.15
Training Split- 76%, Test Split -24% 96.74
Training Split- 77%, Test Split -23% 96.45
Training Split- 78%, Test Split -22% 95.65
Training Split- 79%, Test Split -21% 94.67
Training Split- 80%, Test Split -20% 94.33

Table 4
Accuracy of Heart Disease Prediction using Decision Tree

Model Sample Size Accuracy
Training Split- 71%, Test Split -29% 89.42
Training Split- 72%, Test Split -28% 87.28
Training Split- 73%, Test Split -27% 86.37
Training Split- 74%, Test Split -26% 85.71
Training Split- 75%, Test Split -25% 84.37
Training Split- 76%, Test Split -24% 83.91
Training Split- 77%, Test Split -23% 82.62
Training Split- 78%, Test Split -22% 81.52
Training Split- 79%, Test Split -21% 80.64
Training Split- 80%, Test Split -20% 79.48
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recorded by testing the algorithms with 10 different 
sample sizes and the average accuracy is calculated for 
each algorithm. 

In SPSS, the datasets are prepared using 10 as the 
sample size fornovelNovel Logistic Regression and 
novel Decision tree. Group is given as a grouping vari-
able and Heart Disease is given as the testing variable. 
Group is given as 1 for Novel Logistic Regression and 
2 for Decision tree. Descriptive Statistics is applied 
for the dataset in SPSS and shown in Table 5, Group 
statistics are shown in Table 6, and Two Independent 
Sample T-Tests in Table 7. 

DISCUSSION
From the results of this study, novel Novel Logistic 

Regression is proved to be having better accuracy than 
the Decision tree model. Novel Logistic Regression 
has an accuracy of 91.60% whereas the novel Decision 
tree has an accuracy of 89.42%. The group statistical 
analysis on the two groups shows that Novel Logistic 

Table 5
Descriptive Statistic analysis, representing Novel Logistic Re-
gression and Decision tree

Algo-
rithm 

N Mini-
mum 

Maxi-
mum

Mean Std. De-
viation 

Group1  20 1.00 2.00 1.5000 .51299
Accuracy  20 79.48 91.89 87.9025 4.43044
Error  20 8.11 20.52 12.0975 4.43044

Table 7
Independent Sample Tests results with a confidence interval of 95% and a level of significance as 0.01 (Novel Logistic Regression 
appears to perform significantly better than Decision tree with the value of p=0.18).

Accuracy Levene’s Test 
for Equality of 

Variances

T-test for Equality of Means 

F Sig. t df Sig Mean Dif-
ference 

Std. Error 
Difference 

95% Conf. 
Interval 
Lower 

95% Conf. 
Interval 
Upper 

Accuracy 
Equal variances assumed
Equal variances not assumed

19.449 0.01 7.600
7.600

18
9.039

.107

.108
7.54100
7.54100

.99227

.99227
5.45632
5.29781

9.62568
9.78419

Error
Equal variances assumed
Equal variances not assumed

19.449 0.01 -7.600
-7.600

18
9.039

.107

.108
-7.54100
-7.54100

.99227

.99227
-9.62568
-9.78419

-5.45632
-5.29781

 
Fig. 1. Comparison of Novel Logistic Regression and Decision tree in terms of accuracy. The mean accuracy of Novel Logistic Re-
gression is greater than a novel Decision tree and the standard deviation is also slightly higher than a novel Decision tree. X-axis: 
Novel Logistic Regression vs Decision tree. Y-axis: Mean accuracy of detection + 1 SD.

Table 6
Group Statistic analysis, representing Novel Logistic Regression 
(mean accuracy 91.65%, standard deviation 0.08600,0.09333) 
and Decision Tree(mean accuracy 91.59%, standard deviation 
0.08600,0.09333 

Algorithm N Mean Std. De-
viation 

Std.Error 
Mean

Accu-
racy

Logistic 
Regression

10 91.6730 .14622 .04624

Decision 
Tree

10 84.1320 3.13442 .99119

Error Logistic 
Regression

10 8.3270 .14622 .04624

Decision 
Tree 

10 15.8680 .13442 .99119
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Regression (group 1) has more mean accuracy than 
Decision tree (group 2) and the standard error mean 
including standard deviation mean is slightly less than 
Novel Logistic Regression.

Heart Disease Prediction using Machine learning is 
now becoming widely used as a methodology(Wang et 
al. 2021). Citizens who have employed machine learn-
ing algorithms to address problems based on their own 
industry data. Industry professionals have used ma-
chine learning to perform classification jobs and diag-
nose malfunctions(Narayan and Gobal 2018). People 
in the field of business frequently used machine learn-
ing algorithms in financial research. The paper focuses 
on the accuracy of A Khemphila, V Boonjing – 2010. 
evaluating housing prices in each of the 50 states us-
ing Classification Function Algorithms(CFA) and Long 
Short-Term Memory (LSTM), two different forecasting 
techniques developed and motivated by(Bavani et al. 
2019). The strategies take into account all of the K = 
2m distinct model combinations in each time period 
t when there are m predictors available The limitation 
of the proposed work is due to inconsistent data and 
difficulty in getting the right datasets for analysis(Siv-
aranjani, Naresh, and Murthy 2019; Purushottam et al. 
2015). Future work can be concentrated on effective 
data preprocessing techniques and the usage of ensem-
ble machine learning algorithms can be focused. 

CONCLUSION
Based on the experimental results, Novel Logistic Re-

gression (91.60%) has been proved to predict Heart Disease 
more significantly than a Novel Decision tree (89.42%) 
model mentioned in Fig.1. The quality of datasets formed 
with prediction value and accuracy is improved. 
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ABSTRACT
Aim: To improve the accuracy in Heart Disease Prediction us-
ing Novel Logistic Regression and K-NN Algorithm. Materials 
and Methods: This study contains 2 groups i.e Novel Logistic 
Regression and. Each group consists of a sample size of 10 and 
the study parameters include alpha value 0.01, beta value 0.2, 
and the Gpower value of 0.8. Results: The Novel Logistic Re-
gression (98.45) achieved improved accuracy than the K-NN 
Algorithm (79.82) in Heart Disease Prediction. The statistical 
significance difference is 0.01 (p<0.05). Conclusion: The Novel 
Logistic Regression model is significantly better than the K-NN 
Algorithm in Heart Disease Prediction. It can be also considered 
a better option for Heart Disease Prediction.
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INTRODUCTION
Heart grievance portrays a scope of conditions that 

influence your heart. Heart conditions incorporate 
Blood vessel grievances, comparable to coronary thor-
oughfare objections. Heart-rhythm issues (arrhythmias) 
Heart curses you’re brought into the world with (normal 
heart scars) Coronary avenue grumblings, arrhythmia, 
heart grievances, and cardiovascular breakdown are the 

four most normal kinds of heart protests(Thakare et 
al. 2021). The significant test that Healthcare attention 
faces and by is the predominance of establishments. Di-
agnosing the grievance accurately and outfitting pow-
erful treatment to cases will characterize the nature of 
administration(Ali et al. 2021). Unfortunate assessment 
causes appalling results that are not acknowledged. A 
heart protest is a sort of objection that influences the 
working of the heart(Maini et al. 2021). Second, heart 
objections are the essential justification behind passing. 
WHO-World Health The affiliation has guessed that 
12 million individuals kick the bucket each time due to 
heart conditions Habitual Disease Prediction has an es-
sential impact on medical services informatics (Du et al. 
2020). It’s indispensable to analyze the grumbling at a 
beginning phase. This paper presents on similar appli-
cation to heart disease prediction. The EHDPS predicts 
the probability of patients getting the coronary illness. It 
empowers critical information, eg, connections between 
clinical elements connected with coronary illness and 
examples, to be laid out.

In Heart Disease Prediction using Logistic Regres-
sion related articles around 82 in IEEE Digital Xplore 
and 90% of this research is to improve the perfor-
mance accuracy of heart disease prediction. Many ex-
aminations have led to the outcome in limitations of 
component choice for Science Direct. There has been 
a ton of exploration that contains machine informa-
tion learning approaches creators (Jerline Amutha, 
Padmajavalli, and Prabhakar 2018). In this paper, we 
foster a coronary illness forecast framework that can 
help clinical experts in foreseeing coronary illness sta-
tus (Ko et al. 2022). There’s been a ton of examinations 
into coronary illness forecasts that contain informa-
tion learning draws near. The paper centers around 
the exactness of assessing Heart Disease Prediction 
in every one of the 50 states utilizing Classification 
Function Algorithms (CFA) and Long Short-Term 
Memory (LSTM), two different anticipating strate-
gies created and used to foresee the precise forecast of 
heart diseases (“Review of Luo et Al” 2020). The exact 
expectation of the calculation is utilized to get better 
precision (Lee et al. 2021) the given precision is pre-
dicted inaccuracy.Our team has extensive knowledge 
and research experience that has translate into high 
quality publications(Chellapa et al. 2020; Lavanya, 
Kannan, and Arivalagan 2021; Raj R, D, and S 2020; 
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Shilpa-Jain et al. 2021; S, R, and P 2021; Ramadoss, 
Padmanaban, and Subramanian 2022; Wu et al. 2020; 
Kalidoss, Umapathy, and Rani Thirunavukkarasu 
2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020)

The exploration gap in Heart Disease Prediction Is 
the vacuity of real-time data sets is limited and the del-
icacy to be better (Nawaz, Shoaib, and Ashraf 2021). 
The choice of the calculation likewise has an essential 
influence in Heart Disease Prediction, so, this investi-
gation centers around better delicacy in Heart Disease 
Prediction Using Linear Retrogression over K-NN.

MATERIALS AND METHODS
This work is carried out at Saveetha School of En-

gineering, Department of Information Technology in 
Data Analytics Lab. The study consists of two sample 
groups i.e Logistic Regression and K-NN. Each group 
consists of 10 samples with a pre-test power of 0.18. The 
sample size kept the threshold at 0.05, G power of 80%, 
confidence interval at 95%, and enrolment ratio as 1.

To perform Heart Disease Prediction, the real-time 
data sets collected from various heart disease people. 
The input data sets used as heart.csv collected from 
the data sets consist of six attributes and 5000 instanc-
es. The attributes average area heart disease and avg. 
area people attributes which are independent attri-
butes that do not affect the results are removed from 
the CSV file. Heart Disease Diagnosis is done through 
Artificial Intelligence techniques and the images are 
visualized using computer vision methods.

Logistic Regression
Logistic Regression is utilized to guess the class (or 

request) of singularities grounded on one or various 
indicator factors (x). It’s utilized to demonstrate a two-
fold outgrowth, that is a variable, which can have just 
two potential qualities 0 or 1, yes or no, infected or 
non-unhealthy

Clinical life stories of infections like sex, age, hy-
pertension, glucose, and different side effects are 
utilized for inoculation. The model is designed to 
prognosticate the possibility of cases of heart disease. 
Pseudocode for Logistic regression is shown in Table 
1. Logistic regression analysis is used to prognosticate 
the value of a variable grounded on the value of anoth-
er variable. The variable you want to prognosticate is 
called the dependent variable. The variable you’re us-
ing to prognosticate the other variable’s value is called 

the independent variable. Linear Regression analysis 
is used to prognosticate the value of a variable ground-
ed on the value of another variable. The variable you 
want to prognosticate is called the dependent variable. 
The variable you’re using to prognosticate the other 
variable’s value is called the independent variable. The 
Logistic Regression algorithm is represented in the 
graphs showing the difference between the attributes. 
From the training data, we’ve to estimate the stylish 
and approximate measure and represent it.

The Regression portions are generally estimated 
using maximum liability estimation. The maximum 
liability rate helps to determine the statistical signif-
icance of independent variables on the dependent 
variables. The liability-rate test assesses the donation 
of individual predictors (independent variables). Also, 
the probability (p) of each case is calculated using the 
odds rate is calculated using equation 1.

 P/ (1-P) = eY – eq  (1)

The Regression portions are generally estimated 
using maximum liability estimation. The maximum 
liability rate helps to determine the statistical signif-
icance of independent variables on the dependent 
variables. The liability-rate test assesses the donation 
of individual predictors (independent variables). Also, 
the probability (p) of each case is calculated using the 
odds rate. Accuracy values for the regression model 
are mentioned in Table 3.

K-Nearest Neighbors Algorithm
The k-Nearest Neighbors (KNN) algorithm is a 

simple, supervised machine learning algorithm that 

Table 1
Pseudocode for Logistic Regression

Input: Heart Symptoms dataset records
1. Import the required packages.
2. Convert the Data Sets into numerical values after the 
extraction feature.
3. Assign the data to X_train, y_train, X_test, and y_test vari-
ables.
4. Using the train_test_split() function, pass the training and 
testing variables.
5. Give test_size and the random_state as parameters for 
splitting the data using a Logistic training model.
6. Compiling the model using metrics as accuracy
7. Calculate the accuracy of the model.

OUTPUT: Accuracy
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can be used to break both bracket and Regression 
problems. It’s easy to apply and understand but has a 
major debit of getting significantly slower as the size 
of that data in use grows. Pseudocode for K-Nearest 
Neighbors (KNN) is shown in Table 2. KNN is one of 
numerous supervised literacy algorithms used in data 
mining and machine literacy, In the bracket phase, k is 
a stoner-defined constant, and an unlabeled vector (a 
query or test point) which is the most frequent among 
the k training samples nearest to that query point. A 
generally used distance metric for nonstop variables is 
Euclidean distance as given in equation 2.

 k = sqrt(N)/2  (2)

It’s a classifier algorithm where the literacy is 
grounded on “ how analogous” a data (a vector) from 
other novel KNN algorithms calculates the distance of 
all data points from the query points using ways like 
Euclidean distance. Also, it’ll elect the k nearest neigh-

bors. Also grounded on the maturity voting medium, 
the known algorithm will prognosticate the class of 
the query point. Accuracy values for the regression 
model are mentioned in Table 4.

Statistical Analysis
The minimum requirement to run the software 

used here is Intel Core i3 Dual-Core CPU clocked 
@3.2 GHz,4GB or above memory of RAM, more than 
512MB space is required and Software specification 
includes Windows 7/8/10/11 Professional 64-bit OS, 
Jupyter Notebook Version 6.30 with Python3, and 
MS-Office. Statistical Package for the Social Sciences 
Version 26 software tool was used for statistical anal-
ysis. An independent sample T-test was conducted for 
accuracy. Standard deviation, standard mean errors 
were also calculated using the SPSS Software tool. 
The significance values of proposed and existing al-
gorithms contain group statistical values of proposed 
and existing algorithms. The independent variables 
are sex, age, hypertension, glucose, cholestral, pulse 
rate and sugar level. The dependent variables are ac-
curacy and loss.

RESULTS
The group statistical analysis on the two groups 

shows Logistic Regression (group 1) has more mean 
accuracy than K-NN (group 2) and the standard error 
mean is slightly less than novel Logistic Regression. 
The novel Logistic Regression scored an accuracy of 
91.79% and the novel K-NN has scored 79.82%. The 
accuracies are recorded by testing the algorithms with 
10 different sample sizes and the average accuracy is 
calculated for each algorithm. The comparison of Lo-

Table 2 
Pseudocode for K-Nearest Neighbor

Input: Heart Symptoms dataset records
1. Import the required packages.
2. Convert the Data Sets into numerical values after the 
extraction feature.
3. Assign the data to X_train, y_train, X_test, and y_test vari-
ables.
4. Using the train_test_split() function, pass the training and 
testing variables.
5. Give test_size and the random_state as parameters for 
splitting the data using K-model
6. Compiling the model using metrics as accuracy.
7. Evaluate the output using X_test and y_test function
8. Get the accuracy of the model.

OUTPUT: Accuracy

Table 3
Accuracy of Heart Disease Prediction Using Logistic Regression

Model Sample Size Accuracy
Training Split- 71%, Test Split -29% 98.45
Training Split- 72%, Test Split -28% 98.12
Training Split- 73%, Test Split -27% 97.81
Training Split- 74%, Test Split -26% 97.34
Training Split- 75%, Test Split -25% 97.15
Training Split- 76%, Test Split -24% 96.74
Training Split- 77%, Test Split -23% 96.45
Training Split- 78%, Test Split -22% 95.65
Training Split- 79%, Test Split -21% 94.67
Training Split- 80%, Test Split -20% 94.33

Table 4
Accuracy of Heart Disease Prediction using Novel K-NN

Model Sample Size Accuracy
Training Split- 71%, Test Split -29% 79.82
Training Split- 72%, Test Split -28% 78.24
Training Split- 73%, Test Split -27% 77.64
Training Split- 74%, Test Split -26% 76.81
Training Split- 75%, Test Split -25% 75.24
Training Split- 76%, Test Split -24% 74.64
Training Split- 77%, Test Split -23% 73.82
Training Split- 78%, Test Split -22% 72.44
Training Split- 79%, Test Split -21% 71.55
Training Split- 80%, Test Split -20% 70.36
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gistic Regression and K-NN in terms of mean accura-
cy and loss is shown in Fig. 1.The group statistics such 
as mean, standard deviation and standard error mean 
are calculated for Logistic Regression and K-Nearest 
Neighbors.

In SPSS, the datasets are prepared using 10 as a 
sample size for Logistic Regression and K-NN. Group 
is given as a grouping variable and Heart Disease is 
given as the testing variable. Group is given as 1 for 
Logistic Regression and 2 for K-NN. Descriptive Sta-
tistic analysis representing Logistic Regression and 
Novel K-NN is shown in Table 5. Descriptive Statistics 

is applied for the dataset in SPSS and shown in Table 
6, Group statistics are shown in Table 7 with Two In-
dependent Sample T-Tests. 

DISCUSSION
From the results of this study, Logistic Regres-

sion is proved to be having better accuracy than the 
K-NN model. novel Logistic Regression has an accu-
racy of 91.60% whereas novel K-NN has an accura-

Table 5
Descriptive Statistic analysis representing Logistic Regression 
and Novel K-NN

Algorithm N Mini-
mum 

Maxi-
mum

Mean Std. De-
viation 

Group1  20 1.00 2.00 1.5000 .51299

Accuracy  20 60.28 91.89 78.3395 13.84822
Error  20 8.11 39.72 21.6605 13.84822 
Valid N (listwise)  20

Table 7
Independent Sample Tests results with confidence interval as 95% and level of significance as 0.05 (Logistic Regression appears to 
perform significantly better than K-NN with the value of p=0.18).

Accuracy Levene’s Test for 
Equality of Vari-

ances

T-test for Equality of Means 

F Sig. t df Sig Mean 
Differ-
ence 

Std. Error 
Differ-
ence 

95% Conf. 
Interval 
Lower 

95% Conf. 
Interval 
Upper 

Accuracy Equal variances assumed 
Equal variances not assumed

21.550 0.05 17.033
17.033

18
9.042

.107

.108
16.62200
16.62200

.97587

.97587
14.57177
14.41599

18.67223
18.82801

Error Equal variances assumed 
Equal variances not assumed

21.550 0.05 -17.033
-17.033

18
9.042

.107

.108
-16.62200
-16.62200

.97587

.97587
-18.67223
-18.8201

-14.57177
-14.41599

 Fig. 1. Comparison of Logistic Regression and KNN in terms of accuracy. The mean accuracy of novel Logistic Regression is greater 
than novel KNN and the standard deviation is also slightly higher than KNN. X-axis: Logistic Regression vs KNN. Y-axis: Mean 
accuracy of detection + 1 SD.

Table 6
Group Statistic analysis, representing Logistic Regression (mean 
accuracy 91.65%, standard deviation 0.08600,0.09333) and 
K-NN (mean accuracy 91.59%, standard deviation 0.08600, 
0.09333)

Algorithm N Mean Std. De-
viation 

Std.Error 
Mean

Accuracy Logistic 
Regression

10 8.3220 .14883 .04706

K-NN 10 24.9440 3.08238 .97473
Error Logistic 

Regression
10 8.3220 .14883 .04706

K-NN 10 24.9440 3.08238 .97473
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cy of 79.82%. The group statistical analysis of the two 
groups shows that Logistic Regression (group 1) has 
more mean accuracy than K-NN (group 2) and the 
standard error mean including the standard deviation 
mean is slightly less than Logistic Regression.

Heart Disease Prediction using Machine learn-
ing is now becoming widely used as a methodolo-
gy. Citizens have employed machine learning algo-
rithms to address problems based on their industry 
data(Wankhede, Kumar, and Sambandam 2020). 
Industry professionals have used machine learning 
to perform classification jobs and diagnose malfunc-
tions(Velusamy and Ramasamy 2021). People in the 
field of business frequently used machine learning 
algorithms in financial research A Khemphila, V 
Boonjing – 2010. (Bai et al. 2021)The paper focus-
es on the accuracy of evaluating housing prices in 
each of the 50 states using Classification Function 
Algorithms(CFA) and Long Short-Term Memory 
(LSTM), two different forecasting techniques de-
veloped and motivated by Raftery, Karny, and Ettler 
(2010) and Koop and Korobilis, correspondingly 
(2012). The strategies take into account all of the K 
= 2m distinct model combinations in each period 
when there are m predictors available 

The limitation of the proposed work is due to in-
consistent data and difficulty in getting the right data-
sets for analysis(Chu et al. 2020). Future work can be 
concentrated on effective data preprocessing tech-
niques and the usage of ensemble machine learning 
algorithms can be focused. 

CONCLUSION
Based on the experimental results, Logistic Regres-

sion (91.60%) has been proved to predict heart disease 
more significantly than K-NN (79.82%). The quality 
of datasets formed with prediction value and accuracy 
is improved.
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ABSTRACT
Aim: To improve the accuracy in Heart Disease Prediction using 
Logistic Regression and Random Forest. Materials and Meth-
ods: This study contains 2 groups i.e Logistic Regression and 
Random Forest. Each group consists of a sample size of 10 and 
the study parameters include alpha value 0.01, beta value 0.2, 
and the Gpower value of 0.8. Results: The Logistic Regression 
achieved improved accuracy of 91.60 then the Random For-
est in Heart Disease Prediction. The statistical significance dif-
ference is 0.01 (p<0.05). Conclusion: The Logistic Regression 
model is significantly better than the Random Forest in Heart 
Disease Prediction. It can be also considered a better option for 
Heart Disease Prediction. deviation (0.08600,0.09333) 
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INTRODUCTION
Heart Complaint depicts a scope of conditions 

that influence your heart. Heart conditions incorpo-
rate Blood vessel grievances, like coronary interstate 
complaints(Che et al. 2021). Heart-meter issues (ar-
rhythmias) Heart curses you are brought into the 
world with ( normal heart scars) Coronary interstate 
objections, arrhythmia, heart slant grievances, and 
cardiovascular breakdown are the four most normal 

sorts of heart protests. The significant test that the 
Healthcare assiduity faces by and by is the prevalence 
of establishments. Diagnosing the grumbling prop-
erly and outfitting powerful treatment to cases will 
characterize the nature of administration. Unfortu-
nate assessment causes appalling results that aren’t ac-
knowledged(El-Hasnony et al. 2022). The significant 
test that the Healthcare assiduity faces by and by is the 
prevalence of establishments. Diagnosing the grum-
bling properly and outfitting compelling treatment to 
cases will characterize the nature of administration. 
Unfortunate assessment causes awful outcomes that 
aren’t acknowledged(Quan et al. 2022). It’s vital to di-
agnose the complaint at an early stage(Sharma et al. 
2022). The application of this paper presents a compa-
rable utilization of coronary illness expectations. The 
EHDPS predicts the likelihood of patients getting cor-
onary sickness. It engages basic data, eg, associations 
between clinical components associated with coronary 
ailment and models, to be spread out ns, to be laid out

In Heart Disease Prediction using Logistic Regres-
sion related articles around 80 in IEEE Digital Xplore 
and 88 of this research is to improve the performance 
accuracy of heart disease prediction. Many studies 
have been conducted that result in restrictions on 
feature selection for science Direct There’s been a lot 
of research that contains Machine data learning ap-
proaches authors like(Krishnamoorthi et al. 2022). In 
this paper, we develop a heart disease prediction sys-
tem that can assist medical professionals in predicting 
heart disease status(Huang et al. 2022). There’s been a 
lot of research into heart disease prediction that con-
tains data learning approaches(Wan et al. 2021). The 
paper focuses on the accuracy of evaluating Heart Dis-
ease Prediction in each of the 50 states using Classifica-
tion Function Algorithms(CFA) and Long Short-Term 
Memory (LSTM), two different forecasting techniques 
developed and used to predict the accurate prediction 
of heart diseases(Forrest et al. 2022). The accurate pre-
diction of the algorithm is used to get better accuracy. 
the given accuracy is predicted inaccuracyOur team 
has extensive knowledge and research experience that 
has translate into high quality publications(Chellapa 
et al. 2020; Lavanya, Kannan, and Arivalagan 2021; 
Raj R, D, and S 2020; Shilpa-Jain et al. 2021; S, R, and 
P 2021; Ramadoss, Padmanaban, and Subramanian 
2022; Wu et al. 2020; Kalidoss, Umapathy, and Rani 
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Thirunavukkarasu 2021; Kaja et al. 2020; Antink et al. 
2020; Paul et al. 2020; Malaikolundhan et al. 2020)

The exploration gap in Heart Disease Prediction 
is the vacuity of real-time data sets is limited and the 
delicacy to be better(Pičulin et al. 2022). The selection 
of the algorithm also plays a vital part in Heart Disease 
Prediction, Day by day the cases of heart diseases are 
increasing at a rapid rate and it’s very important and 
concerning to predict any such diseases. This diagno-
sis is a difficult task i.e. it should be performed precise-
ly and efficiently. The research paper mainly focuses 
on which patient is more likely to have heart disease 
based on various medical attributes. We prepared a 
heart disease prediction system to predict whether the 
patient is likely to be diagnosed with heart disease or 
not using the medical history of the patient. This ex-
ploration focuses on better accuracy in Heart Disease 
Prediction Using Logistic Regression over Random 
Forest. 

MATERIALS AND METHODS
This work is carried out at Saveetha School of En-

gineering, Department of Information Technology in 
the Data Analytics Lab. The study consists of two sam-
ple groups i.eLogistic Regression and Random Forest. 
Each group consists of 10 samples with a pre-test pow-
er of 0.18. The sample size kept the threshold at 0.05, 
G power of 80%, confidence interval at 95%, and en-
rolment ratio at 1.

Data Preparation
To perform Heart Disease Prediction the real-time 

data sets used are heart data. The input data sets for 
the proposed work in heart data.csv were collected 
from GitHub.com (“Git Hub: Your Machine Learning 
and Data Science Community”). The data sets consist 
of the attributes are age, chest pain type, and resting 
blood pressure are dependent attributes, and fasting 
blood sugar, resting electrocardiographic results, and 
maximum heart rate achieved are independent attri-
butes that do not affect the results removed from the.
csv file.

Logistic Regression
Logistic Regression analysis is used to prognosti-

cate the value of a variable grounded on the value of 
another variable. The variable you want to prognosti-
cate is called the dependent variable. Medical biogra-
phies of diseases similar to coitus, age, hypertension, 

blood sugar, and other symptoms are used for vaccina-
tion. The model is designed to prognosticate the pos-
sibility of cases of heart disease. The variable you’re us-
ing to prognosticate the other variable’s value is called 
the independent variable. Logistic Regression analysis 
is used to prognosticate the value of a variable ground-
ed on the value of another variable. The variable you 
want to prognosticate is called the dependent variable. 
The variable you’re using to prognosticate the other 
variable’s value is called the independent variable. The 
logistic retrogression algorithm is represented in the 
graphs showing the difference between the attributes. 
From the training data, we’ve to estimate the stylish 
and approximate measure and represent it

Logistic retrogression is used to prognosticate the 
class (or order) of individualities grounded on one 
or multiple predictor variables (x). It’s used to model 
a double outgrowth, that’s available, which can have 
only two possible values 0 or 1, yes or no, diseased or 
non-diseased is Calculated using equation 1.

 P/ (1-P) = eY – eq  ( 1)

From this p-value is planted out. This gives the 
probability or chance for the individual to have a cor-
onary heart complaint

The exploration gap in Heart Disease Prediction Is 
the vacuity of real-time data sets is limited and the del-
icacy to be better. The selection of the algorithm also 
plays a vital part in Heart Disease Prediction, So, this 
exploration focuses on better delicacy in Heart Disease 
Prediction UsingLogistic Regression over Random For-
est. Pseudocode and Accuracy Values for the regression 
model has mentioned in Table 1 and Table 3

Random Forests Regression
The Random timber classifier creates a set of Ran-

dom Forests from an aimlessly named subset of the 
training set. It’s principally a set of Random Forests 
(DT) from an aimlessly named subset of the training 
set and also collects the votes from different novel ran-
dom Forests to decide the final vaticination

For illustration, the vaccination for trees 1 and 2 
is apple. Another Random Forest (n) has predicted 
banana as the outgrowth. The arbitrary timber clas-
sifier collects the maturity voting to give the final 
vaccination. Medical lives of diseased analogs such as 
commerce, age, hypertension, blood sugar, and other 
symptoms are used for prophecy. The model is de-
signed to predict the possibility of cases getting heart 
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complaints. Logistic Regression analysis is used to 
predict the value of a variable predicated on the value 
of another variable. The variable you want to predict 
is called the dependent variable. The variable you are 
using to predict the other variable’s value is called the 
independent variable x1. 

 x2 = nm. mesh grid  
 (nm.arrange ( launch = xset (, 0).  
 min ()-1, stop = y set (, 0).  (2)

Random Forest Regression is a supervised literacy 
algorithm that uses the ensemble literacy system for 
Regression The ensemble literacy system is a fashion 
that combines prognostications from multiple ma-
chine learning algorithms to make a more accurate 
vaccination than a single model is Direct Regres-
sion model is known as Random Forest Regression 
Pseudocode and Accuracy Values for the regression 
model are mentioned in Table 2 and Table 4.

Statistical Analysis
The minimum requirement to run the software 

used here is Intel Core i3 Dual-Core CPU clocked 
@3.2 GHz,4GB or above memory of RAM, more than 
512MB space is required and Software specification 
includes Windows 7/8/10/11 Professional 64-bit OS, 
Jupyter Notebook Version 6.30 with Python3, and 
MS-Office. Statistical Package for the Social Sciences 
Version 26 software tool was used for statistical anal-
ysis. An independent sample T-test was conducted 
for accuracy. Standard deviation and standard mean 
errors were also calculated using the SPSS Software 
tool. The significance values of proposed and ex-
isting algorithms contain group statistical values of 
proposed and existing algorithms.Descriptive Statis-
tic analysis mentioned in Table 5

RESULTS
The group statistical analysis of the two groups 

shows logistic Regression (group 1) has more mean 
accuracy than Random Forest (group 2) and the stan-
dard error mean is slightly less than Logistic Regres-

Table 1
Pseudocode for Logistic Regression

Input: Heart Symptoms dataset records
1. Import the required packages.
2. Convert the Data Sets into numerical values after the 
extraction feature.
3. Assign the data to X_train, y_train, X_test, and y_test variables.
4. Using the train_test_split() function, pass the training and 
testing variables.
5. Give test_size and the random_state as parameters for 
splitting the data using the Logistic training model.
6. Compiling the model using metrics as accuracy
7. Calculate the accuracy of the model.

OUTPUT: Accuracy
 

Table 2
Pseudocode for Random Forest

Input: Heart Symptoms dataset records
1. Import the required packages.
2. Convert the Data Sets into numerical values after the 
extraction feature.
3. Assign the data to X_train, y_train, X_test, and y_test vari-
ables.
4. Using the train_test_split() function, pass the training and 
testing variables.
5. Give test_size and the random_state as parameters for 
splitting the data using Random Forest Model
6. Compiling the model using metrics as accuracy.
7. Evaluate the output using X_test and y_test function
8. Get the accuracy of the model.

OUTPUT: Accuracy

Table 3
Accuracy of Heart Disease Prediction Using Logistic Regression

Model Sample Size Accuracy
Training Split- 71%, Test Split -29% 98.45
Training Split- 72%, Test Split -28% 98.12
Training Split- 73%, Test Split -27% 97.81
Training Split- 74%, Test Split -26% 97.34
Training Split- 75%, Test Split -25% 97.15
Training Split- 76%, Test Split -24% 96.74
Training Split- 77%, Test Split -23% 96.45
Training Split- 78%, Test Split -22% 95.65
Training Split- 79%, Test Split -21% 94.67
Training Split- 80%, Test Split -20% 94.33

 

Table 4
Accuracy of Heart Disease Prediction using Novel Random Forest

Model Sample Size Accuracy
Training Split- 71%, Test Split -29% 69.72
Training Split- 72%, Test Split -28% 68.45
Training Split- 73%, Test Split -27% 67.38
Training Split- 74%, Test Split -26% 66.58
Training Split- 75%, Test Split -25% 65.81
Training Split- 76%, Test Split -24% 64.18
Training Split- 77%, Test Split -23% 63.28
Training Split- 78%, Test Split -22% 62.48
Training Split- 79%, Test Split -21% 61.85
Training Split- 80%, Test Split -20% 60.28
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sion. The logistic Regression scored an accuracy of 
91.60% and Random Forest scored 69.72%. The ac-
curacies are recorded by testing the algorithms with 
10 different sample sizes and the average accuracy is 
calculated for each algorithm. 

In SPSS, the datasets are prepared using 10 as a 
sample size for logistic Regression and Random For-
est. Group is given as a grouping variable and Heart 
Disease is given as the testing variable. Group is giv-
en as 1 for Logistic Regression and 2 for Random 

Forest. Descriptive Statistics is applied for the data-
set in SPSS and shown in Table 6, Group statistics 
is shown in Table 7, and Two Independent Sample 
T-Tests in Table 8. 

Table 5. Descriptive Statistic analysis, representing Logistic Re-
gression and Novel Random Forest

Algorithm N Mini-
mum 

Maxi-
mum

Mean Std. De-
viation 

Group1  20 1.00 2.00 1.5000 .51299
Accuracy  20 79.48 91.89 83.3670 8.78744
Error  20 8.11 29.64 16.6330 8.78744
Valid N (listwise)  20

Table 6
Group Statistic analysis, representing Logistic Regression (mean 
accuracy 91.65%, standard deviation 0.08600,0.09333) and 
Random Forest(mean accuracy 91.59%, standard deviation 
0.08600,0.09333) 

Algorithm N Mean Std. De-
viation 

Std.Error 
Mean

Accuracy Logistic 
Regression

10 91.6730 .14622 .04624

Random 
Forest

10  65.0010 3.07643 3.07643

Error Logistic 
Regression
Error

10 8.3270 .14622 .04624

Random 
Forest

10 15.8680 .13442 .99119

 
Table 7
 Independent Sample Tests results with a confidence interval of 95% and a level of significance of 0.05 (Logistic Regression appears 
to perform significantly better than novel Random Forest with the value of p=0.18).

Accuracy Levene’s Test 
for Equality of 

Variances

T-test for Equality of Means 

F Sig. t df Sig Mean Dif-
ference 

Std. Error 
Difference

e 

95% Conf. 
Interval 
Lower 

95% Conf. 
Interval 
Upper 

Accuracy 
Equal variances assumed 
Equal variances not assumed

29.74 .001 -1.694
-1.694

18
17.881

.107

.108
.06800
.06800

.04013

.04013
-.01632
-.01636

.15232

.15236
Error 
Equal variances assumed
Equal variances not assumed

29.74 .001 -1.694
-1.694

18
17.881

.107

.108
-.06800
-.06800

.04013

.04013
-.15232
-.15236

.01632

.01636

 
Fig. 1. Comparison of Logistic Regression and Random Forest in terms of accuracy. The mean accuracy of Logistic Regression is 
greater than Novel Random Forest and the standard deviation is also slightly higher than Random Forest. X-axis: Logistic Regres-
sion vs Random Forest. Y-axis: Mean accuracy of detection + 1 SD.
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DISCUSSION
From the results of this study, Logistic Regression 

is proved to be having better accuracy than the Ran-
dom Forest model. Logistic Regression has an accura-
cy of 91.60% whereas Random Forest has an accuracy 
of 69.72%. The group statistical analysis on the two 
groups shows that logistic Regression (group 1) has 
more mean accuracy than Random Forest (group 2) 
and the standard error mean including the standard 
deviation mean is slightly less than Logistic Regres-
sion. The application of this paper presents a compa-
rable utilization of coronary illness expectations. The 
EHDPS predicts the likelihood of patients getting cor-
onary sickness. It engages basic data, eg, associations 
between clinical components associated with coronary 
ailment and models, to be spread out ns, to be laid out

Heart Disease Prediction using Machine learning 
is now becoming widely used as a methodology(Park 
et al. 2021). Citizens have employed machine learn-
ing algorithms to address problems based on their 
own industry data(Ren, Wang, and Luo 2021). In-
dustry professionals have used machine learning to 
perform classification jobs and diagnose malfunc-
tions(Asiimwe et al. 2022). People in the field of busi-
ness frequently used machine learning algorithms in 
financial research A Khemphila, V Boonjing – 2010. 
The paper focuses on the accuracy of evaluating hous-
ing prices in each of the 50 states using Classification 
Function Algorithms(CFA) and Long Short-Term 
Memory (LSTM), two different forecasting techniques 
developed and motivated by Raftery, Karny, and Et-
tler (2010) and Koop and Korobilis, correspondingly 
(2012). The strategies take into account all of the K = 
2m distinct model combinations in each time period t 
when there are m predictors available.

The limitation of the proposed work is due to in-
consistent data and difficulty in getting the right data-
sets for analysis(Wang et al. 2021). Future work can 
be concentrated on effective data preprocessing tech-
niques and the usage of ensemble machine learning 
algorithms can be focused. 

CONCLUSION
Based on the experimental results Logistic Regres-

sion has been proved to predict Heart Disease more 
significantly than novel random Forest. The quality of 
datasets formed with value and accuracy is improved 
in detecting heart diseases. It can be used in predicting 
heart diseases in the future. 
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ABSTRACT
Aim: The current study’s goal is to determine the impact of 
triclosan (TCS) concentrations in the environment and from hu-
man exposure on zebrafish larvae heart rate. Materials and 
Methods: Chemicals: TCS [CAS:3380-34-5, Purity-99%] was 
purchased from Loba Chemie, Mumbai, India. Stock solution 
of 1000 ppm was prepared using ethanol and autoclave water 
as solvents and stored at -20˚C in an amber coloured bottle. 
Maintenance of zebrafish and egg collection: Wild type, adult 
zebrafish were purchased from a local cultivator and are main-
tained in a light and dark cycle of 14:10h at 26±1 °C under static 
conditions. In order to obtain embryos, breeding groups were 
housed in a specific spawning tank in a male to female ratio of 
1:1. Embryo toxicity assay: This work includes 2 groups and a 
total sample size of 106. Group 1 analyzed the environmental 
exposure relevant dose of TCS on larval zebrafish hatching rate 
whereas group 2 analyzed the human exposure relevant dose 
analysis of TCS on larval zebrafish hatching rate. Embryos were 
sorted out for each exposure group in petri plates, with n=53 
embryos per plate and were exposed to TCS from 4 hpf – 96 
hpf. Other conditions required for the validation of this study 
were maintained as stated by the OECD in the fish embryo 
toxicity assay guidelines. All the experiments were carried out 
in triplicate. Heart rate: Heart rate was recorded for 60 seconds 
and was observed in 96 hpf larvae using microscopy. The pa-
rameters were maintained as confidential ratio of 95%, thresh-
old 0.01, G power 80% and enrolment ratio as 1. Result: It was 
observed that embryos exposed to an environment-relevant 
exposure dose showed reduced heart rate (41.05±1.30) com-
pared to human exposure relevant dose (56.15± 1.47). There 
exists a statistically insignificant difference between the two 
groups (p=0.25). Conclusion: The current study results pro-

vide preliminary theoretical data revealing the impact of TCS on 
developing heart which has implications for pollutant-induced 
cardiac diseases in humans.

Keywords
Triclosan, Zebrafish, Innovative Heart Rate Analysis, Exposure 
Relevant Dose, Larvae, Embryo.
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INTRODUCTION
Antibacterial and antifungal compounds have been 

widely incorporated into consumer items to extend 
their shelf life. Triclosan (TCS) is a broad spectrum 
antimicrobial compound. (Bonmatin et al. 2015). 
Many personal care products, such as toothpaste, 
soaps, and surgical cleaning solutions, contain TCS. 
TCS is also known by the names Irgsa DP-300, Lex-
ol -300 and Ster-Zac. TCS has a molecular weight of 
289.54 g/mol. The goal of this research was to see how 
early developmental exposure to TCS impacts zebraf-
ish hearts and these findings can be further translat-
ed to humans, since zebrafish and humans share 70% 
similar genetic makeup (Ho et al. 2016). Besides this 
the heart of the zebrafish resembles the human heart 
in their functional physiology. The cardiac toxicity of 
TCS was assessed by measuring the innovative heart 
rate analysis of the zebrafish larvae at 96 hours of post 
fertilization (hpf). Epidemiological studies report the 
presence of TCS and its metabolites in human fetal 
and maternal pregnancy associated matrices (Shekhar 
et al. 2017). There is also a report in humans which 
relates the concentration of TCS in blood with blood 
pressure (Oliveira et al. 2009). Hence the following 
study has been designed to investigate the impact of 
early life TCS exposure on cardiac functioning in ze-
brafish in terms of heart rate.Our team has extensive 
knowledge and research experience that has translate 
into high quality publications(Chellapa et al. 2020; 
Lavanya et al. 2021; Raj R et al. 2020; Shilpa-Jain et 
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al. 2021; S et al. 2021; Ramadoss et al. 2022; Wu et al. 
2020; Kalidoss et al. 2021; Kaja et al. 2020; Antink et 
al. 2020; Paul et al. 2020; Malaikolundhan et al. 2020)

From the literature survey the relevant articles re-
lated to the current study was collected from the data-
bases such as science direct and pubmed. The science 
direct search found around 88 articles which are re-
lated to this study, whereas pubmed, around 65 arti-
cles were identified related to the current study topic. 
Based on the literature search, the top most cited arti-
cle related to the current study was (Nassef et al. 2010) 
with 83 citations. In this study in vivo nanoinjection 
of triclosan, diclofenac and carbamazepine was stud-
ied to affect the embryonic development in medaka 
fish. A study by (Macedo et al. 2017) with 35 citations 
which reported the impact of Methyl-triclosan and tri-
closan on embryonic development of zebrafish. (Saley 
et al. 2016) with 23 citations, reported cardiac toxicity 
of triclosan in developing zebrafish. (Wang et al. 2020) 
with 8 citations, reported the cardiotoxicity in zebraf-
ish after being exposed to triclosan and its derivatives. 
According to my view, the best study related to my 
topic was by (Nassef et al. 2010) with 83 citations, this 
study reported the in vivo nanoinjection of TCS, di-
clofenac and carbamazepine to affect the embryonic 
development and resulted cardiotoxicity.

Novelty of the current study is that it helps to inves-
tigate the toxicity of TCS in zebrafish, there has been 
no research to date that compares the effect of TCS in 
concentrations relevant to be present in the environ-
ment and levels in which humans are exposed. Com-
pleting the current work helped me to better under-
stand the impact of early life exposure to TCS on heart 
function and physiology. The current study’s goal is 
to determine the impact of TCS concentrations in the 
environment and from human exposure on zebrafish 
larvae innovative heart rate analysis.

MATERIALS AND METHODS
TCS [CAS:3380-34-5, Purity-99%] was purchased 

from Loba Chemie, Mumbai, India. Stock solution of 
1000 ppm was prepared using ethanol and autoclave 
water as solvents and stored at -20˚C in an amber 
coloured bottle. Test solutions for the two exposure 
groups – 10 ppb and 100 ppb were prepared by dilut-
ing the stock solution in egg water. Egg (containing 
294.0 mg/L CaCl2·2H2O, 123.3 mg/L MgSO4·7H2O, 
64.7 mg/L NaHCO3 and 965.7 mg/L KCl) water used 
as the solvent for dissolving TCS. The toxicity assay 

was conducted in the Biochemistry laboratory of 
Saveetha School of Engineering, Saveetha Institute of 
Medical and Technical Sciences, Saveetha University, 
Chennai. Two groups were taken for the analysis and 
the total sample size is 106 (Ho et al., 2016). Embry-
os were sorted out for each exposure group in petri 
plates, with n=53 embryos per plate and were exposed 
to TCS from 4 hpf – 96 hpf. Other conditions required 
for the validation of this study were maintained as 
stated by the OECD in the fish embryo toxicity assay 
guidelines. All experiments were carried out in tripli-
cate and the exposure was static and non-renewable 
throughout the exposure period.

Maintenance of zebrafish and egg collection
Wild type, adult zebrafish were purchased from a 

local cultivator and are maintained in a light and dark 
cycle of 14:10h at 26±1 °C under static conditions. 
In order to obtain embryos, breeding groups were 
housed in a specific spawning tank in a male to female 
ratio of 1:1. The breeding setup was maintained at the 
Biochemistry laboratory, Institute of Biotechnology, 
Saveetha School of Engineering. The spawning tank is 
equipped with a box and mesh at the bottom to collect 
the embryos and prevent consumption by adult fish. 
Spawning was induced at the beginning of the light 
cycle and after 30 minutes; eggs were collected and 
rinsed in dilution water, following which they were 
segregated in 4 petri plates in matching for exposure 
to the various doses of TCS.

Heart rate
Innovative heart rate analysis was recorded for 60 

seconds and was observed in 96 hpf larvae using mi-
croscopy.

Statistical Analysis
Data was presented as mean±standard deviation 

(SD).The graphs and the statistical analyses were per-
formed in the SPSS statistical software package for 
Windows 20.0 (SPSS Inc., Chicago, IL, USA). Student 
t-test was used to evaluate the comparison between 
the groups. In all cases, values were considered statis-
tically significant at p<0.05.

RESULTS
In Figure 1 the heart rate was calculated in zebrafish 

larvae (96 hpf) exposed to TCS in environment-rel-
evant exposure dose (100 ppb) and human exposure 
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relevant dose (10 ppb). It was observed that embryos 
exposed to an environment-relevant exposure dose 
were observed to insignificantly (p=0.25) reduce heart 
rate (41.05±1.30) compared to human exposure rele-
vant dose (56.15± 1.47).

Table 1. data represents the Innovative heart rate 
analysis values of environmental dose and human 
exposure relevant dose and samples and its different 
values were summarized. Table 2 Group statistics rep-
resents mean, standard deviation and standard error 
mean. The heart rate of human exposure relevant dose 
shows higher mean (56.15) compared to the environ-
mental exposure relevant dose (41.05). Table 3 Inde-
pendent t-test showing the statistical analysis. There 
exists a statistically insignificant between the two 
groups (p>0.05; p=0.25) 

 
Fig. 1. Bar chart representing the comparison of mean values 
of hatching rate in TCS exposure groups, data presented as the 
mean of at least three independent experiments (n=53/group).* 
indicates (p=0.25) insignificant decrease in heart rate in the en-
vironmental relevant exposure group (41.05±1.30) when com-
pared to the human exposure relevant group (56.15± 1.47). X 
axis: Environmental and human exposure relevant group and Y 
axis mean heart rate of zebrafish embryo. ± 1 SD.

Table 1
Data represents the heart rate values of environmental dose 
and human exposure relevant dose and samples and its differ-
ent values were summarized

Observa-
tion

Environmental exposure 
relevant dose

Human exposure 
relevant dose

1 42 59
2 43 56
3 42 54
4 40 56
5 40 54
6 42 56

Observa-
tion

Environmental exposure 
relevant dose

Human exposure 
relevant dose

7 40 54
8 39 57
9 40 58
10 40 56
11 43 59
12 42 56
13 42 54
14 40 56
15 42 57
16 39 56
17 40 58
18 42 56
19 40 57
20 40 56
21 42 54
22 43 56
23 42 54
24 42 56
25 40 56
26 42 59
27  40 58
28 42 56
29 39 56
30 40 56
31 42 54
32 43 56
33 42 54
34 40 56
35 42 56
36 40 57
37 42 58
38 40 59
39 40 59
40 39 56
41 42 54
42 43 56
43 40 54
44  42 56
45 42 57
46 42 56
47 40 58
48 39 56
49 40 54
50 40 57
51 39 58
52 43 59
53 42 59
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DISCUSSION
The effect of TCS on the heart rate of 96 hpf zebraf-

ish larvae has been examined in the early stages of de-
velopment. When compared to the human exposure 
relevant exposure group larvae, larvae from the envi-
ronmental relevant concentration (100 ppb) groups 
had a considerably lower heart rate.

Similar to our study, (Wang et al. 2020), reported 
the cardiotoxicity in zebrafish after being exposed 
to triclosan and its derivative (Danumah et al. 2016) 
studied the impact of TCS on heart function to better 
understand potential risks that TCS may pose to ze-
brafish during early development. A study by (Alazab 
et al. 2019), evaluated the molecular mechanism for 
the cardiotoxicity induced by TCS in zebrafish larvae, 
which is comparable to our findings. In a study by (Sa-
leys et al. 2016), in larval zebrafish fishes, exposure to 
TCS disrupted developmental processes, impairing 
hatching and heart rate,similar to the current study re-
sults. It is a well known fact that, higher the dose con-
centration, more profound the effect will be for a toxic 
compound. In our study, since the environmental dose 
(100 ppb) is typically 10 fold higher than that of the 
human exposure relevant dosage (10 ppb), it caused 
more severity in the observed effect, in this case the 
heart rate.

The limitation of the study reported here only 
represents the toxicological endpoints and TCS neu-

ral development using zebrafish models by analys-
ing the morphological changes.Cardiac effects, for 
example pericardial edemas and reduced heart rate, 
were the most noticeable sublethal effects for acid-
ic and alkaline pH, however, they were observed at 
concentrations close to mortality and may be asso-
ciated with overall toxicity rather than representing 
specific effects. Future scope of this study can be ad-
dressed by investigating the role of enzymes found 
in the chorionic membrane, which plays a key role 
in heart rate.

CONCLUSION 
The current study results provide preliminary the-

oretical data revealing the impact of TCS on devel-
oping heart which has implications for pollutant-in-
duced cardiac diseases in humans.
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Table 2
Group statistics represents mean, standard deviation and standard error mean. The heart rate of human exposure relevant dose 
shows higher mean (56.10) compared to the environmental exposure relevant dose (41.05).

Group N Mean Standard Deviation Standard Error 
Mean

Heart rate Environmental exposure 
relevant dose

53 41.05 1.30 0.17

Human exposure relevant 
dose

53 56.15 1.47 0.20

Table 3
Independent t-test showing the statistical analysis. There exists a statistically insignificant between the two groups (p<0.05; p=0.25) 

Levene’s Test 
for Equality 
of Variances

t-test for Equality of Means

F Sig. t df One 
sided 

Two 
sided 

Mean 
Diff-er-
ence

Std. 
Error Dif-
fer-ence

95% Confidence Interval 
of the Difference

Lower Upper
Heart Rate Equal variances 

assumed
1.33 .25 -55.86 104 <.001 <.001 -15.0 9 .27 -15.63 -14.55

Equal variances 
not assumed

-55.80 102.55 <.001 <.001 -15.09 .27 -15.63 -14.55
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ABSTRACT
Aim: The aim of this study is to propose smart edge detection 
techniques in x-ray images for improving PSNR using canny 
edge detection algorithm and compared with laplacian algo-
rithm. Materials and Methods: Using the design of edge de-
tection technique and to improve PSNR, canny edge detection 
algorithm is used along with gaussian filter and it is compared 
with laplacian algorithm. Canny edge detection algorithm 
and laplacian algorithm are the two groups considered in this 
study. For each group the sample size is 20 and the total sam-
ple size is 40. Sample size calculation was done using clinicalc.
com by keeping g-power at 80%, confidence interval at 95% 
and threshold at 0.05%. Result: When comparing the two al-
gorithms, it is clear that the canny edge detection algorithm 
has a higher mean PSNR value of 28.98db than the laplacian 
algorithm 27.08 db. It is observed that the canny edge detec-
tion algorithm performed better than the laplacian algorithm 
(p>0.05) by performing an independent sample t-test. Con-
clusion: Canny edge detection has insignificantly greater PSNR 
when compared to laplacian algorithm 
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INTRODUCTION
This research is done to propose a smart edge de-

tection technique in x-ray images for improving PSNR 
using canny edge detection with gaussian filter algo-
rithm in comparison with laplacian algorithm. An im-
portant feature of an image is the edge. The amount 
of data in an image can be reduced by using an edge 
detection technique. Removing unwanted data in an 
image can be done by using edge detection techniques. 
By removing the data which is not necessary the work 
of a physician can be reduced while examining the 
x-ray. One of the most significant tasks in digital im-
age processing is image edge detection. The major goal 
of this work is to provide a brief overview of the can-
ny, prewitt, Robert, and Sobel operators. This operator 
uses appropriate and quick solutions to process photos 
with high luminous density. Picture quality evaluation 
research is used to develop measurement methods for 
assessing image quality. The boundary regions of the 
photos may be obscure due to low image quality and 
other causes. The edge detection process generates 
erroneous edge detection points, resulting in incor-
rect image determination values. In this work, various 
edge detection methods are analysed for identifying a 
better way for digital image edge identification(Selva-
kumar and Hariganesh 2016). It is applied to reduce 
the noise in x-ray. The noise in the x-ray makes the 
physician’s work more complicated by making it hard 
to find the minor cracks. By applying this technique 
physicians work can be reduced and the accuracy can 
be improved. Medical image segmentation has been 
studied for a long time as a way to differentiate object 
regions for subsequent image analysis. One of the most 
widely used methods is the segmentation of the lung 
region in a chest X-ray (CXR) using object edge de-
tection. Although early edge detection methods such 
as Sobel, Prewitt, and Laplacian have been employed 
to segment the lung, none of them have been able to 
produce truly satisfactory segmentation results. This 
is due to the fact that they are high pass filters, which 
are susceptible to image noise. As a result, the need for 
a superior edge recognition technique that can handle 
suitable lower and upper threshold values for picture 
noise, such as canny edge, should be emphasised (Saad 
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et al. 2014). The classic canny operator lacks adaptive 
capabilities when it comes to gaussian filtering variance 
selection. Filtering necessitates human interaction, 
and the variance of gaussian filtering has an impact on 
edge preservation and denoising. This article proposes 
an enhanced edge detection technique. The morpho-
logical filtering replaces the gaussian filtering. Experi-
ments demonstrate that the enhanced canny operator 
can successfully filter salt and pepper noise, improve 
edge detection, accuracy, and reach an optimum edge 
detection effect. The findings of the experiment reveal 
that the objective evaluation and visual effect are both 
satisfactory(Deng, Wang, and Yang 2013)Our team 
has extensive knowledge and research experience that 
has translate into high quality publications(Chellapa 
et al. 2020; Lavanya, Kannan, and Arivalagan 2021; 
Raj R, D, and S 2020; Shilpa-Jain et al. 2021; S, R, and 
P 2021; Ramadoss, Padmanaban, and Subramanian 
2022; Wu et al. 2020; Kalidoss, Umapathy, and Rani 
Thirunavukkarasu 2021; Kaja et al. 2020; Antink et al. 
2020; Paul et al. 2020; Malaikolundhan et al. 2020)

Many research articles were published in canny 
edge detection in the last five years. In IEEE database 
12 articles were published and in pubmed database 78 
articles were published. The most cited article propos-
es a method to identify the edges which finds it useful 
when an remote based hospital has fewer equipment to 
diagnose (Basha et al. 2020). The Best article was(Jo-
hari and Singh 2018). Most important stage in medical 
image processing and digital image processing is edge 
detection. Locating sharp intensity changes and find-
ing object boundaries in medical imaging and com-
puter vision is done by canny edge detection. Because 
of the advantages canny edge detection is widely used. 
The Canny edge detector identifies a pixel as an edge if 
the gradient magnitude of the pixel is larger than those 
of pixels at both its sides in the direction of maximum 
intensity change (Ding and Goshtasby 2001) to obtain 
a clear and good edge from the image. For detecting the 
edges properly the edge detection methods have been 
modified. Medical images carry a huge amount of in-
formation which is used for analysis of various diseas-
es(D.c et al. 2012). Nowadays usage of computer based 
techniques for diagnosis is tremendously growing. To 
speed up the process and increase the accuracy a sys-
tem with high efficiency which incorporates modern 
techniques and fewer resources is needed (Johari and 
Singh 2018). The discontinuity in intensity from one 
pixel to another pixel can be identified as edge. To im-

prove the quality of image, edge detection is one of the 
most useful image enhancement techniques. Identify-
ing and classifying the discontinuities in an image is 
the principle objective of edge detection. Edge detec-
tion reduces the data required to represent the image 
by filtering the futile information while keeping the 
essential structural assets of an image. Since edges and 
noise have high frequency components it is difficult to 
perform edge detection in noisy images. Number of 
methods have been proposed in the past few decades 
for edge detection in colour and high intensity images 
(Ganesan and Sajiv 2017).

The accuracy in predicting the edges in x-ray is less 
in existing methods which made to study further on 
this research work. The main aim of this work is to 
improve the edge detection by increasing the PSNR. 

MATERIALS AND METHODS 
The study which was carried out at Saveetha School 

of Engineering college in a simulation lab uses image 
enhancement technique for improving PSNR of x-ray 
images using MATLAB simulation software. As the 
study was fully based on software it did not need any 
ethical permission. The sample size calculation was 
done using clinical.com by keeping alpha error thresh-
old 0.05and power as 80% and value for enrollment ra-
tio as 0.1 and 95% confidence interval. The sample size 
is 40. In sample preparation for group 1 the image sam-
ples were collected from kaggle.com. In group 2 sam-
ple preparation 20 samples were collected from kaggle.
com. Working station in designing the image process-
ing filter is mostly in a personal computer in software 
named MATLAB R2014a with all the required add-ons 
installed. Both the algorithms have been simulated us-
ing the software MATLAB for optimization. The resul-
tant graph shows that canny edge detection technique 
along with gaussian filter produces better PSNR values.

Statistical Analysis
By using the software IBM SPSS statistics 26 the 

statistical analysis is done. It helps to find the signif-
icant variance between two. In our study the depen-
dent variable is PSNR and there are input image sam-
ples identified as dependent variables (McCormick 
and Salcedo 2017).

RESULT
The proposed algorithm shows better results when 

compared to the laplacian algorithm. The proposed 
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algorithm shows better PSNR values when compared 
to PSNR values produced by the laplacian algorithm. 

Table 1 shows PSNR values in decibels for the pro-
posed algorithm and laplacian algorithm. From the ta-
ble we can find that the proposed algorithm produces 
better PSNR values than the laplacian algorithm.

Table 1
PSNR values for canny edge detection algorithm and laplacian 
algorithm for different iterations. The improved canny edge de-
tection algorithm produces higher PSNR values than laplacian 
algorithm
Iterations Canny Edge Detection 

Algorithm PSNR(db)
Laplacian Algorithm 

PSNR(db)
1 27.9 25.4
2 27.9 25.6
3 28 25.8
4 28 26
5 28.1 26.2
6 28.2 26.3
7 28.3 26.4
8 28.5 26.5
9 28.6 26.6
10 28.7 26.7
11 28.8 26.7
12 28.9 27
13 29 27.2
14 29.2 27.8
15 29.5 28.2
16 30 28.4
17 30.2 28.5
18 30.4 28.6
19 30.6 28.8
20 30.8 28.9

In Table 2 Group statistics providing mean, stan-
dard deviation and standard error mean for a total of 
40 samples is determined and shown. The mean PSNR 
value is 28.98 for canny algorithm and 27.08 for la-

placian algorithm. Canny algorithm provides better 
PSNR than laplacian algorithm.

Table 3 shows the independent sample test ob-
tained from statistical analysis using algorithms like 
canny edge detector and laplacian with the IBM spss 
tool. 

In Fig.1. The various images are depicted. Fig.1(a) 
shows the input original sample image.This image is 
given as input image to canny edge and laplacian algo-
rithm. In Fig. 1(b) the original image is converted into 
a binary image. By changing the pixel values the bina-
ry image is converted into a segmented image which 
is depicted in Fig. 1(c). The output image using cus-
tomised Canny edge detection algorithm is depicted 
in Fig. 1(d) and in Fig. 1(e) the output image without 
filter is shown.

Figure 2 shows the graphical representation of 
PSNR values for both algorithms simulated for dif-
ferent iterations. From the graph it is evident that for 
most of the iterations the canny algorithm provides a 
better PSNR.

Figure 3 gives the comparison of both algorithms. 
Independent t-test is used for comparing both the al-
gorithms and a statistically insignificant difference is 
noted for the mean accuracy value. 

Table 3
Independent Sample Test: The Mean Standard deviation and significance difference of canny edge detection algorithm has better 
PSNR consistent with laplacian algorithm. There is a significance difference between two groups using independent T test.

Parameters Leven’s test 
for Equality 
of Variances

T-Test for Equality of 
Means

95% Confidence 
interval of the dif-

ference

F Sig t df sig(2-
tailed)

Mean 
Difference

Std. Error 
Difference

Lower Upper

PSNR Equal Variances assumed 1.226 .275 5.702 38 <.001 1.89500 .33237 1.22216 2.56784

Equal variances not assumed 5.702 36.916 <.001 1.89500 .33237 1.22151 2.56849

Table 2
SPSS analysis of two groups – Group statistics providing mean, 
standard deviation and standard error mean of the PSNR for 
the total samples of 40. The canny edge detection algorithm 
has better PSNR than laplacian algorithm

Group Statistics
Group N Mean Std. de-

viation
Std. 
error 
mean

PSNR Canny Edge De-
tection Algorithm

20 28.9800  .95675  .21394

Laplacian Algo-
rithm

20 27.0850  1.13753 .25436
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DISCUSSION
The standard Canny edge detection algorithm is 

susceptible to noise and it is easy to miss weak edge 
information when filtering out the noise and its fixed 
parameters make it difficult to change. This work 
presented an improved approach based on the Can-
ny algorithm to address these issues. This technique 
created the gravitational field intensity operator by 
replacing picture gradient with the concept of grav-
itational field intensity. For two types of typical im-
ages (one with less edge information and the other 
with rich edge information), two adaptive threshold 
selection methods based on the mean of image gradi-
ent magnitude and standard deviation were proposed. 
The revised Canny algorithm is straightforward to im-
plement. The method can maintain more useful edge 
information, according to experimental data. The 
article using the improved algorithm shows a better 
PSNR values between 4.4 to 9.7 (Rong et al. 2014). 
Segmentation methods are often used for cancer or 
object detection on image computed tomography. The 
Segmentation method which is most commonly used 
is based on edge detection. A quantum based canny 
operator is the edge detection method proposed in 
this study. Gradient magnitude value is generated by 
observing the strength of neighbouring pixels which 
results in the quality improvement of edge detection. 
The pixel change value and the distance of the neigh-
bour pixel to the centre pixel is used to calculate the 
strength of the pixel. The proposed method outputs a 
PSNR value of 64.23 for CT scan lung image which is 
higher when compared to other methods(Widiyanto 
et al. 2019). Very important component of the diag-

     

                  a                                            b 

     

                   c                                            d 

                       

                                        e 

 Fig. 1. Simulation result using Canny edge detection algorithm.
(a).Input image (b)binary image.(c) segmented image.(d)sim-
ulated image with gaussian filter (e)Simulated image without 
filter.

 

Fig. 2. The difference in PSNR values produced by canny edge 
detection algorithm and laplacian algorithm. 20 iterations are 
performed and canny edge detection algorithm produces 
more PSNR values than laplacian algorithm

 

Fig. 3. Comparison of canny edge detection algorithm and la-
placian algorithm using standard deviation values. The mean 
PSNR of the canny edge detection algorithm is better than the 
laplacian algorithm. X-axis: canny edge detection algorithm vs 
laplacian algorithm Y-axis: Mean PSNR with +/- 2 SD
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nostic process is ultrasound medical images. Since it 
is a non-invasive and non ionising diagnostic method 
it is widely used. For further segmentation or more 
precise measurements of elements in the picture, edge 
detection is used as a part of image analysis. High fre-
quency components of an image are represented as 
edges. Speckle noise which is a high frequency com-
ponent ultrasound images are subjected to degrada-
tion by speckle noise. In this article the authors used 
dynamic smoothing median filter instead of gaussian 
filter and canny edge operator with different threshold 
values ranging from 0.9 to 2.4 for ultrasound images 
for internal organs (Nikolic, Tuba, and Tuba 2016).In 
the article proposed by (Deng, Wang, and Yang 2013) 
the proposed algorithm have shown tremendous im-
provement in the average gradient, PSNR, entropy and 
distortion degree. The PSNR value for a image shows 
13.74 and ha for tree image shows 13.18. There are op-
posite findings for the edge detection methods which 
uses mathematical morphological techniques(Huang 
and Wang 2006).The morphological techniques are 
also suited for sequential and parallel computing. Im-
age arithmetic techniques are also proposed for the 
edge detection methods. The method proposed find 
useful in letter extraction process. And it works ac-
cording to the users desiring(Swathika, Sree Sharmila, 
and Bhattacharya 2018)

CONCLUSION
The canny edge detection algorithm has signifi-

cantly greater PSNR than the laplacian algorithm. 
Canny edge detection gives better PSNR of about 
28.98 when compared to laplacian algorithm which 
gives 27.08
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ABSTRACT
Aim: The aim of this study is to propose smart edge detection 
techniques in x-ray images for improving PSNR using the sobel 
edge detection algorithm and comparing it with the laplacian 
algorithm. Materials and methods: For the design of edge 
detection technique to improve PSNR Sobel edge detection al-
gorithm is used along with the gaussian filter and it is compared 
with the laplacian algorithm. Sobel edge detection algorithm 
and laplacian algorithm are the two groups considered in this 
study. For each group, the sample size is 20 and the total sam-
ple size is 40. Sample size calculation was done using clinicalc.
com by keeping g-power at 80%, confidence interval at 95%, 
and the threshold at 0.05%. Result: When comparing the two 
algorithms, it is clear that the Sobel edge detection algorithm 
has a higher mean PSNR value of 39.15db than the laplacian 
algorithm 36.79db. It is observed that the Sobel edge detection 
algorithm performed better than the laplacian algorithm by 
performing an independent sample t-test. The p value is 0.09 
which is greater than the normal value(p>0.05). Conclusion: 
Sobel edge detection has insignificantly greater PSNR when 
compared to the Laplacian algorithm 
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INTRODUCTION
This work provides a method for edge identification 

on images with White Gaussian noises that combines 
the Sobel edge detection operator with soft-threshold 
wavelet de-noising. Many edge detection approach-
es have been proposed in recent years. The generally 
used approaches of combining mean de-noising with 
the Sobel operator, or median filtering and the Sobel 
operator, are ineffective at removing salt and pep-
per noise. In this study, we first reduce noise with a 
soft-threshold wavelet, then perform edge detection 
on the picture with the Sobel edge detection operator. 
This approach is most commonly used on photos with 
White Gaussian noises. We can observe from the re-
sults of the experiment that, when compared to typical 
edge detection approaches, the method suggested in 
this study has a more visible influence on edge detec-
tion. (Gao et al., 2010)

Since 2015 there are 30 papers in IEEE and 47 
papers in science direct have been published on the 
proposed edge detection algorithms. Image edge de-
tection is a technique for locating an image’s edge, 
which is useful for determining the approximate ab-
solute gradient magnitude at each point I in an input 
grayscale image. The method used is the source of the 
challenge in obtaining an adequate absolute gradient 
magnitude for edges.In pictures, the Sobel operator 
measures the 2-D spatial gradient. The removal of re-
dundant data is aided by converting a 2-D pixel array 
into a statistically uncorrelated data set, resulting in a 
reduction in the quantity of data necessary to depict 
a digital image. The Sobel edge detector employs a 
pair of 3 x 3 convolution masks, one of which esti-
mates gradient in the x-direction and the other in the 
y-direction. Because the Sobel detector is so sensitive 
to image noise, it effectively highlights it as edges. As 
a result, the Sobel operator is recommended in data 
transfer for enormous data communication.(Vincent 
and Folorunso, 2009) Based on a k-means clustering 
approach, an enhanced edge detection algorithm has 
been developed. Edge detection, which is a key tool 
in image processing, tries to find the points in an 
image where the picture brightness varies sharply or 
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frequently. Edge detection is particularly valuable in 
medical science, such as in the segmentation of MRI 
images. By utilizing the natural magnetic properties of 
the bodily tissues, magnetic resonance imaging (MRI) 
creates a detailed image of any human body part. Be-
cause bodily tissues contain hydrogen atoms, they 
emit radio waves. A scanner then picks up on these 
radio frequencies. Magnetic resonance imaging (MRI) 
is a medical diagnostic that produces high-quality im-
ages that can be used to diagnose brain cancers. The 
location of a tumor is determined using paper edge 
detection in this experiment. The initial groups for 
the edge detection technique provided in this paper 
are generated using a k-means clustering strategy. The 
Mamdani fuzzy inference system is then used to con-
struct alternative threshold parameters based on these 
categories. When these characteristics are fed into the 
traditional Sobel edge detector, the images acquired 
are enhanced and reveal the precise location of a brain 
tumor. (‘A Novel Approach to Improve Sobel Edge De-
tector’, 2016). Our team has extensive knowledge and 
research experience that has translate into high quality 
publications(Antink et al., 2020; Chellapa et al., 2020; 
Kaja et al., 2020; Malaikolundhan et al., 2020; Paul et 
al., 2020; Raj R, D and S, 2020; Wu et al., 2020; Ka-
lidoss, Umapathy and Rani Thirunavukkarasu, 2021; 
Lavanya, Kannan and Arivalagan, 2021; Shilpa-Jain et 
al., 2021; S, R and P, 2021; Ramadoss, Padmanaban and 
Subramanian, 2022)Our team has extensive knowl-
edge and research experience that has translate into 
high quality publications(Antink et al., 2020; Chellapa 
et al., 2020; Kaja et al., 2020; Malaikolundhan et al., 
2020; Paul et al., 2020; Raj R, D and S, 2020; Wu et 
al., 2020; Kalidoss, Umapathy and Rani Thirunavuk-
karasu, 2021; Lavanya, Kannan and Arivalagan, 2021; 
Shilpa-Jain et al., 2021; S, R and P, 2021; Ramadoss, 
Padmanaban and Subramanian, 2022)

The initial stage in covering information in an 
image is edge detection. Edges define the borders of 
objects, making them important for image segmen-
tation and identification. The goal of edge detection 
is to make the object’s borderline appear more prom-
inent in the image. The Sobel method uses two 3x3 
pixel kernels for gradient calculations, resulting in 
an estimated gradient that is exactly in the middle of 
the window. The goal of digital image processing is to 
use a computer to alter picture data and interpret an 
image. Because each input image has a varied pixel 
value, the experimental results from the input image 

research, namely the floral image, have different MSE 
values. (Asmaidi et al., 2019). This work focuses on 
digital image processing, salt, and pepper noise system 
research, digital morphological preprocessing, image 
filtering noise reduction using MM-Sobel edge detec-
tion, and region growth for edge detection. The four 
finished pairs of grey image edge detection is a rea-
sonably comprehensive method, as shown by the sim-
ulation experiment, the algorithm for edge detection 
effect is outstanding, in the case that it can maintain 
more edge features. (Yao, 2016). Partially segment-
ed images, which are sections of the same image, are 
one of the most recent directions in digital imaging 
research. The algorithms now in use are uncommon 
and far from perfect. Algorithms behave differently 
depending on the situation, making it nearly impos-
sible to come to a single conclusion. This work pro-
poses new digital picture segmentation approaches 
using an auxiliary Sobel edge detection algorithm 
and, in particular, a set detection threshold. Matlab 
software is used to create a specific conceptual design 
for a partial visual display and to correlate appropriate 
numerical methods of digital processing. The study’s 
findings validate the suggested algorithm’s quality and 
position it for practical application, as well as provide 
recommendations for further enhancements (Ivković 
et al., 2018). In image processing and computer vi-
sion, image edge detection is crucial. The edges are 
the most essential parameter in an image, and they are 
employed extensively in image analysis and process-
ing. The hardware version of the Sobel edge detection 
technique was chosen since it can work with less noise 
decline at high levels. The Sobel operator is a deriv-
ative mask that is used to detect edges. Two types of 
image edges can be recognized here. Thick limits and 
fractured edges characterise the edge detected image. 
The edge detected image cannot be obtained com-
pletely, and the time and space complexity are both 
high.. To address these flaws, the suggested approach 
includes the addition of additional masks as well as ad-
justments to the coefficients of each mask in the pic-
ture filter. For the best results, the proposed system is 
implemented using both MATLAB and SIMULINK. 
(Ravivarma et al., 2021)

MATERIALS AND METHODS 
In the study which was carried out at Saveetha 

School of Engineering college in the simulation lab, 
we are using an image enhancement technique for im-
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proving PSNR of x-ray images using MATLAB simu-
lation software. The sample size calculation was done 
using clinical.com by keeping alpha error threshold 
0.05and power at 80% and the value for enrollment 
ratio is 0.1.95% confidence interval. The sample size is 
40. In sample preparation for group 1 the image sam-
ples were collected from kaggle.com.In group 2 sam-
ple preparation 20 samples were collected from kaggle.
com.Working station in designing the image process-
ing filter is mostly in a personal computer in software 
named MATLAB R2014a with all the required add-
ons installed. Both the algorithms have been simulat-
ed using the software MATLAB for optimization. The 
resultant graph shows that the Sobel edge detection 
technique along with the Gaussian filter produces bet-
ter PSNR values

Statistical Analysis
By using the software IBM SPSS statistics 26 the 

statistical analysis is done. It helps to find the signifi-
cant variance between the two. In our study an inde-
pendent variable is PSNR and there are no dependent 
variables used in the study(McCormick et al., 2017)

RESULT
The proposed algorithm shows better results when 

compared to the Laplacian algorithm. The proposed 
algorithm shows better PSNR values when compared 
to PSNR values produced by the laplacian algorithm. 
Table 1 shows PSNR for both algorithms.

Group statistics providing mean, standard devia-
tion and standard error mean for a total of 40 samples 
is determined and shown in Table 2. The mean PSNR 
value is 39.15 for the sobel algorithm and 36.79 for the 
laplacian algorithm. Sobel algorithm provides a better 
PSNR than the laplacian algorithm.

Table 3 shows the independent sample test ob-
tained from statistical analysis using algorithms like 
the sobel edge detector and laplacian with the IBM 
spss tool.

In Fig.1. The various images are depicted. Figure 
1(a) shows the input original sample image.This im-
age is given as input image to the sobel and laplacian 
algorithm. In Fig. 1(b) the original image is convert-
ed into a binary image. By changing the pixel values 
the binary image is converted into a segmented image 
which is depicted in Fig. 1(c). The output image using 
the innovative edge detection algorithm which is the 
sobel edge method is depicted in Fig. 1(d).

The graphical representation of PSNR values for 
both algorithms simulated for different iterations is 
shown in Figure 2. From the graph, it is evident that 
for most of the iterations the Sobel algorithm provides 
better PSNR.

Figure 3 gives the comparison of both algorithms. 
An Independent t-test is used for comparing both the 
algorithms and a statistically significant difference is 

Table 1
PSNR values for Sobel edge detection algorithm and laplacian 
algorithm for different iterations. the improved Sobel edge de-
tection algorithm produces higher PSNR values than the lapla-
cian algorithm
Iterations Sobel Edge Detection  

Algorithm PSNR(db)
Laplacian Algo-
rithm PSNR(db)

1 38.5 36
2 38.6 36.2
3 38.7 36.3
4 38.7 36.4
5 38.8 36.5
6 38.8 36.6
7 38.8 36.7
8 38.8 36.7
9 38.9 36.7
10 39 36.9
11 39.2 36.9
12 39.3 37
13 39.4 37
14 39.5 37
15 39.5 37
16 39.6 37.1
17 39.6 37.1
18 39.7 37.1
19 39.8 37.2
20 39.8 37.2

Table 2
SPSS analysis of two groups – Group statistics providing means, 
standard deviation, and standard deviation, and standard er-
ror mean of the PSNR for the total samples of 40. The Sobel 
edge detection algorithm has better PSNR than the laplacian 
algorithm

Group Statistics
Group N Mean Std. 

devia-
tion

Std. 
error 
mean

PSNR Sobel Edge De-
tection Algorithm

20 39.1535  
.43960

 
.09830

Laplacian Algo-
rithm

20  36.7950  .35314 .07897
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noted in the mean PSNR value. The Sobel algorithm 
produces a insignificant difference from the laplacian 
algorithm with a value of 0.09 (p > 0.05) 

DISCUSSION
The challenge of image edge detection is a well-

known one in computer vision and image processing. 
The choice of threshold is crucial in edge detection; 
the outcomes of edge detection are directly determined 
by the threshold. One of the most difficult aspects of 
edge detection is determining an optimal threshold 
automatically. In this study, we first look at the Sobel 
edge detection operator and its enhanced algorithm in 
terms of optimal thresholding. After that, a new auto-
matic threshold approach for image processing is pro-
posed, which is based on evolutionary algorithms and 

an enhanced Sobel operator. Finally, two algorithms are 
used to perform edge detection experiments on two 
real photos. (Jin-Yu, Yan and Xian-Xiang, 2009). The 
Sobel edge detector’s magnitude and angle accuracy are 
investigated. It is demonstrated that the iterative Sobel 
edge detector’s error-free angle output can only be ob-
tained at the expense of edge magnitude accuracy. The 
equations for adjusting edge angle and edge magnitude 

Table 3
Independent Sample Test: The Mean Standard deviation and significant difference of the sobel edge detection algorithm have 
better PSNR consistent with the Laplacian algorithm. There is a Significance difference between the two groups since (independent 
T test)

Parameters Leven’s Test for 
Equality of Variances

T-Test for Equality of 
Means

95% Confidence inter-
val of the difference

F Sig t df sig(2-
tailed)

Mean 
Difference

Std. Error 
Difference

Lower Upper

PSNR Equal Variances 
assumed

3.031 .090 18.705 38 .000 2.35850 .12609 2.10325 2.61375

Equal variances not 
assumed

36.313 .000 2.35850 .12609 2.10286 2.61414

 

                                              a                                                               b 

                                            c                                                             d 

 Fig.1. Simulation result using Sobel edge detection algorithm.
(a).Input image (b)binary image.(c) segmented image.(d)simu-
lated image with filter

 

Fig. 2. The difference in PSNR values produced by the sobel 
edge detection algorithm and the laplacian algorithm.20 iter-
ations are performed and the sobel edge detection algorithm 
produces more PSNR values than the laplacian algorithm

 

Fig. 3. Comparison of Sobel edge detection algorithm and la-
placian algorithm using standard deviation values. The mean 
PSNR of the sobel edge detection algorithm is better than the 
laplacian algorithm. X-axis: Sobel edge detection algorithm vs 
laplacian algorithm Y-axis: Mean PSNR with +/_ 1 SD
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are derived. (Kittler, 1983). Edge detection is one of 
the most widely utilized processes in computer vision. 
The key to edge detection is the threshold selection; the 
threshold selection directly influences the edge detec-
tion results. One of the most difficult aspects of edge 
detection is determining an optimal threshold auto-
matically. In this study, we first look at the Sobel edge 
detection operator and its enhanced algorithm in terms 
of optimal thresholding. We include color information 
into a principal component analysis-based color edge 
detection method (PCA). Finally, two methods are 
used to undertake edge detection studies on synthetic 
and real color images. The findings of the comparative 
experiment reveal that the new algorithm is extremely 
successful. The results are also superior to those ob-
tained using traditional approaches. (Rami, Hamri and 
Masmoudi, 2013). The SIFT algorithm (Scale Invariant 
Feature Transform) is a method for extracting invariant 
characteristics from photographs. Because the SIFT de-
tector searches the entire scale space for extreme points, 
it frequently finds key points that have no value, reduc-
ing the algorithm’s efficiency. The Sobel edge detector is 
used in this research to develop a fast SIFT technique. 
The Sobel edge detector is used to construct an edge 
group scale space, and the SIFT detector is used to iden-
tify the extreme point inside the edge group scale-space 
restriction. The experimental findings show that the 
suggested technique reduces keypoint redundancy and 
speeds up implementation while maintaining a high 
matching rate between diverse images. The number 
of key points decreases as the Sobel detector’s thresh-
old rises. (Li et al., 2012). The Quality of Edge Detect-
ed at Different Threshold Values will be discussed in 
this study. We shall compare Bacterial Foraging Algo-
rithm, Canny Edge Detector, and Sobel Edge Detector 
for this purpose. The Methodology Bacterial Foraging 
likewise employs a thickness limitation and follows the 
Swarm intelligence characteristic, and operates similar-
ly to how bacteria look for food. Canny reduces noise 
before applying a Gaussian Filter, whereas Sobel uses 
the notion of Image Gradient for Edge detection. We 
will look at a common image with multiple thresholds 
and different methodologies in this study. Finally, we’ll 
determine the best threshold values for each technique. 
(Goel, Sehrawat and Agarwal, 2017). Edge detection 
is frequently utilized in image processing and analysis 
applications. It’s an old idea that uses numerical deriv-
atives to detect image edges, usually of the first (gra-
dient) or second (Laplacian) order. Edge detection is 

addressed with non-integer order derivatives with the 
advent of fractional calculus. The design of a fraction-
al-order Sobel edge detector is proposed in this study. 
For the first-order derivative, Sobel gradient operators 
are used, and fractional calculus is used for non-inte-
ger orders beyond unity. In the context of road obstacle 
identification, the proposed method is developed and 
evaluated, and it is compared to the traditional Sobel 
edge detector. (Yaacoub and Daou, 2019).

CONCLUSION
The Sobel edge detection algorithm has signifi-

cantly greater PSNR than the laplacian algorithm. So-
bel edge detection gives a better PSNR of about 28.98 
when compared to the Laplacian algorithm which 
gives 27.08
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ABSTRACT
Aim: This study aims to propose smart edge detection tech-
niques in x-ray images for improving PSNR using the Prewitt 
edge detection algorithm and comparing it with the laplacian 
algorithm. Materials and methods: For the design of edge 
detection technique to improve PSNR Prewitt edge detection 
algorithm is used along with a gaussian filter and it is compared 
with the laplacian algorithm. Prewitt edge detection algorithm 
and laplacian algorithm are the two groups considered in this 
study. For each group, the sample size is 20 and the total sam-
ple size is 40. Sample size calculation was done using clinicalc.
com by keeping g-power at 80%, confidence interval at 95%, 
and the threshold at 0.05%. Result: When comparing the two 
algorithms, it is clear that the Prewitt edge detection algorithm 
has a higher mean PSNR value of 39.19 db than the laplacian 
algorithm of 37.56 db. It is observed that the Prewitt edge de-
tection algorithm is statistically significant p<0.05 than the la-
placian algorithm by performing an independent sample t-test. 
Conclusion: Prewitt edge detection has insignificantly greater 
PSNR when compared to the Laplacian algorithm.
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Edge Detection, Prewitt, Gaussian, Laplacian, PSNR, Image Pro-
cessing, Innovative Edge Detection method.
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INTRODUCTION
The reason for the proposal of an innovative edge 

detection using Prewitt edge detection algorithm is 
that the traditional Prewitt edge detection algorithm is 
sensitive to noise. Only two templates with horizontal 
and vertical components are present in the tradition-
al Prewitt edge detection operator. More edges can be 
detected because an operator with eight templates of 
different directions is put forward. The edges of the 
random noise image are detected effectively and the 
innovative edge detection algorithm improves the an-
ti-noise performance greatly (Yang et al. 2011)

Many kinds of research have been published in Pre-
witt edge detection in the last five years. In the IEEE 
database there are a total of 8 articles and there are 250 
articles in the google scholar database. The most cit-
ed articles are (Hoang and Nguyen 2018)(Yang et al. 
2011). Method for edge segmenting satellite images 
is presented in this article. Sobel operator technique, 
Prewitt technique, kiresh technique, laplacian tech-
nique, canny technique,roberts technique, and edge 
maximization technique are the seven techniques 
used. To select the best technique they are compared 
with one another (Singleton, Ross Singleton, and Po-
host 1997). The edge is one of the most basic features 
of the image obtaining accurate edge positioning is 
the purpose of edge detection. In image analysis and 
computer vision, it plays a vital role. The generation of 
noise can be suppressed effectively by great detection 
of images. In digital image processing there are many 
methods for edge detection. Finally the classification 
of digital image edge detection and algorithm for dig-
ital image edge detection are described in detail. Par-
titioning an image into meaningful regions for a par-
ticular application is called image segmentation. The 
task of finding an object in an image or video sequence 
is called object recognition. Interactions between 
object recognition and image segmentation are dis-
cussed in this paper. For segmenting the image edge 
detection methods such as sobel, prewitt, canny, and 
roberts are used(Ramadevi et al. 2010)Our team has 
extensive knowledge and research experience that has 
translate into high quality publications(Chellapa et al. 
2020; Lavanya et al. 2021; Raj R et al. 2020; Shilpa-Jain 



Issue 25. December 2022 | Cardiometry | 1759

et al. 2021; S et al. 2021; Ramadoss et al. 2022; Wu et 
al. 2020; Kalidoss et al. 2021; Kaja et al. 2020; Antink et 
al. 2020; Paul et al. 2020; Malaikolundhan et al. 2020)

Existing approaches had lower accuracy in predict-
ing x-ray edges, which encouraged further research 
into this topic. The primary goal of this research is to 
improve edge detection by improving PSNR.

MATERIALS AND METHODS
The study was carried out at Saveetha School of 

Engineering college in a simulation lab. Image en-
hancement technique is used for improving PSNR 
of x-ray images using MATLAB simulation software. 
The sample size calculation was done using clinical.
com by keeping the alpha error threshold 0.05and 
power at 80% and the value for enrollment ratio is 0.1 
with 95% confidence interval. The sample size is 40. 
In sample preparation for group 1, the image samples 
were collected from kaggle.com. In group 2 sample 
preparation 20 samples were collected from kaggle.
com. The working station in designing the image pro-
cessing filter is mostly in a personal computer in soft-
ware named MATLAB R2014a with all the required 
add-ons installed. Both the algorithms have been sim-
ulated using the software MATLAB for optimization. 
The resultant graph shows that the prewitt edge detec-
tion technique along with the gaussian filter produces 
better PSNR values

Statistical Analysis
By using the software IBM SPSS statistics 26 the 

statistical analysis is done. It helps to find the signifi-
cant variance between the two. In our study an inde-
pendent variable is input images and there are depen-
dent variables is PSNR in the study. (McCormick et 
al. 2017)

RESULT
The proposed Prewitt algorithm shows better re-

sults when compared to the Laplacian algorithm. 
The proposed Prewitt algorithm shows better PSNR 
values when compared to PSNR values produced by 
the laplacian algorithm. An innovative edge detection 
model using the Prewitt algorithm performs better in 
reducing noise.

Table1 shows the PSNR values obtained for the pro-
posed algorithm and laplacian algorithm. From the ta-
ble, we can find that the proposed algorithm produces 
better PSNR values than the laplacian algorithm

Table 1
PSNR values for Prewitt edge detection algorithm and laplacian 
algorithm for different iterations. The improved Prewitt edge 
detection algorithm produces higher PSNR values than the la-
placian algorithm

Iterations Prewitt Edge Detection 
Algorithm PSNR(db)

Laplacian Algorithm 
PSNR(db)

1 38.5 37

2 38.5 37.1

3 38.6 37.1

4 38.7 37.2

5 38.8 37.3

6 38.8 37.3

7 38.9 37.4

8 38.9 37.5

9 39 37.6

10 39.2 37.6

11 39.3 37.7

12 39.4 37.7

13 39.5 37.7

14 39.6 37.7

15 39.6 37.8

16 39.6 37.8

17 39.7 37.9

18 39.7 37.9

19 39.8 37.9

20 39.8 38

In Table 2 group statistics providing mean, stan-
dard deviation and standard error mean for a total of 
40 samples is determined and shown. The mean PSNR 
value is 39.19 db for the Prewitt algorithm and 37.56 
db for the laplacian algorithm. The Improved Prewitt 
algorithm provides better PSNR than the laplacian al-
gorithm.

Table 2
SPSS analysis of two groups – Group statistics providing mean, 
standard deviation and standard error mean of the PSNR for 
the total samples of 40. The Prewitt edge detection algorithm 
has better PSNR than the laplacian algorithm

Group Statistics

Group N Mean Std. 
devia-
tion

Std. 
error 
mean

PSNR Prewitt Edge De-
tection Algorithm

20 39.19  .45708 .10221

Laplacian Algo-
rithm

20  37.56 .30505 .06821
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Table 3 shows the independent sample test ob-
tained from statistical analysis using algorithms like 
the prewitt algorithm and laplacian algorithm.

In Fig.1. The various images are depicted. Figure 
1(a) shows the input original sample image.This im-
age is given as input image to the prewitt and laplacian 
algorithm. In Fig. 1(b) the original image is convert-
ed into a binary image. By changing the pixel values 
the binary image is converted into a segmented image 
which is depicted in Fig. 1(c). The output image using 
the innovative edge detection algorithm which is the 
prewitt edge method is depicted in Fig. 1(d).

The graphical representation of PSNR values for 
both algorithms simulated for different iterations is 
shown in Fig. 2. From the graph, it is evident that for 
most of the iterations Prewitt algorithm provides bet-
ter PSNR.

Figure 3 gives the comparison of both algorithms. 
An Independent t-test is used for comparing both the 
algorithms and a statistically significant difference is 
noted in the mean PSNR value. 

Table 3
Independent Sample test: The Mean Standard deviation and significance difference of the prewitt edge detection algorithm have 
better PSNR consistent with the laplacian algorithm. There is a Significance difference between the two groups since (independent 
T-test)

Parameters Leven’s test for 
Equality of Variances

T-Test for Equality of 
Means

95% Confidence inter-
val of the difference

F Sig t df sig(2-
tailed)

Mean 
Difference

Std. Error 
Difference

Lower Upper

PSNR Equal Variances 
assumed

7.397 .010 13.306 38 .000 1.63500 .12288 1.38626 1.88375

Equal variances 
not assumed

13.306 33.123 .000 1.63500 .12288 1.38504 1.88496

                     

                                   a                                              b 

                     

                                   c                                              d    

 Fig. 1. Simulation result using Prewitt edge detection algorithm.
(a).Input image (b)binary image.(c) segmented image.(d)simu-
lated image with filter

 

Fig. 2. The difference in PSNR values produced by the Prewitt 
edge detection algorithm and the laplacian algorithm.20 itera-
tions are performed and the Prewitt edge detection algorithm 
produces more PSNR values than the laplacian algorithm

 

Fig. 3. Comparison of Prewitt edge detection algorithm and la-
placian algorithm using standard deviation values. The mean 
PSNR of the prewitt edge detection algorithm is better than the 
laplacian algorithm. X-axis: Prewitt edge detection algorithm vs 
Laplacian algorithm Y-axis: Mean accuracy with +/-1 SD
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DISCUSSION
In this paper to find an edge map in a grayscale im-

age, a comparative analysis of various edge detection 
gradient operators of the first derivative and second 
derivative are presented. New derivative filters of the 
first derivative gradient type have been proposed. 
Calculated the magnitude of the gradient compo-
nent. To find the edge map information the gradient 
component is normalized and threshold to a level the 
performance of the proposed operator is evaluated 
with subjective and objective methods with other 
existing edge detection operators(Panda and Patnaik 
2010). Edge detection is a form of image segmenta-
tion technique that detects the presence of an edge or 
line in an image and appropriately highlights it. The 
basic goal of edge detection is to reduce the quantity 
of data to be processed by simplifying the visual data. 
In general, the boundary pixels that join two discrete 
regions in an image with variable picture amplitude 
properties such as different constant brightness and 
tristimulus values are referred to as edges. We pro-
pose approaches for image edge segmentation in this 
paper; we employed five techniques in this category. 
Sobel operator technique, Prewitt technique, Lapla-
cian technique, Canny technique, and Roberts tech-
nique are all analyzed to find the optimum edge de-
tection segment picture technique. These algorithms 
are used to select base guesses for segmentation or 
edge detection on a single image. In this research, an 
attempt is made to investigate the performance of the 
most widely used edge detection algorithms for pic-
ture segmentation, as well as to compare these tech-
niques using MATLAB software. The edges will be 
used to find object congruence. (Amer and Abushaa-
la 2015)An edge is a curve that establishes a border 
between two separate regions in an image and fol-
lows a path of fast change in image intensity. Image 
segmentation, data extraction, and data compression 
all benefit from edge detection in digital image pro-
cessing. Two edge detection algorithms, canny edge 
detection and Prewitt edge detection are utilized to 
extract edges from various images in this work. Peak 
signal to noise ratio (PSNR) and Mean Squared Er-
ror are used to evaluate performance characteristics 
in terms of processing time and accuracy (MSE). For 
edge detection, MATLAB is utilized. According to 
the findings of the experiments, the Canny edge de-
tection technique outperforms the prewitt edge de-
tection technique(Sha et al. 2015)

CONCLUSION
The Innovative edge detection method using Pre-

witt edge detection algorithm has significantly greater 
PSNR than the laplacian algorithm. Prewitt edge de-
tection gives better PSNR. The proposed algorithm 
performs better than the pre-existing algorithm by 
providing a better PSNR value. 
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ABSTRACT
Aim: This study’s objective is to determine how polypropylene 
fibre impacts self-healing concrete’s flexural strength. Materials 
and Methods: Investigation was divided into two groups, with 
each group preparing 18 samples with Gpower (80 percent). 
Group-1 denotes conventional self-healing bacterial concrete, 
while Group-2 denotes polypropylene fibre reinforced self-heal-
ing bacterial concrete. The number of samples was determined 
using clinical software and values taken from previous research 
publications. The independent sample T-test, performed us-
ing SPSS software version 21, demonstrates a substantial in-
crease in the flexural strength of the fibre reinforced self-healing 
concrete. Result: In comparison to conventional self-healing 
bacterial concrete, polypropylene fibre reinforced self-healing 
bacterial concrete has a 19% higher flexural strength. The sig-
nificance of the events was 0.354 (p>0.05), indicating that there 
was no significant statistical difference. The flexural strength of 
polypropylene reinforced bacterial concrete had a standard de-
viation of 0.79623. Conclusion: According to the findings of 
this experiment, M20 grade self-healing bacterial concrete rein-
forced with polypropylene fibre has a stronger flexural strength 
than regular self-healing bacterial concrete.

Keywords
Flexural Strength, Reinforced, Polypropylene fiber, M20 Grade, 
Self-healing Concrete, Bacillus subtilis, Superplasticizer Tec-Mix 
550, Novel technique Microbial Induced Calcite Precipitation.
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INTRODUCTION:
The second most often utilised material in con-

struction is concrete. The primary components are 
cement, coarse aggregate, fine aggregate, and water. 
These components are fully mixed to create concrete. 
Self-healing concrete was created by adding micro-
organisms to regular concrete. (Pourfallahi, Nohe-
goo-Shahvari, and Salimizadeh 2020). Such bacteria 
are added to concrete at a precise concentration, im-
proving the concrete’s durability and strength (Pache-
co-Torgal et al. 2017). Bacterial concrete is a substance 
that may properly repair concrete cracks (Ven-
kataswamy Ramakrishnan, Ramesh, and Bang 2001). 
Bio calcification is a process in which organisms se-
crete calcium precipitation in the form of CaCO3, 
which fills gaps in concrete (Kannan et al. 2014). There 
is a significant demand for high performance concrete 
to reduce repair and rehabilitation costs, in addition 
to how bacteria affect the porosity and permeability of 
self-healing concrete. (Akın 2021) There are various 
applications where it can help in enhancing the dura-
bility of concrete mixtures, reducing corrosion for the 
reinforced steel beneath the concrete, and self-healing 
the fracture at an early stage (Li et al. 2018). Several re-
search publications on self-healing concrete have been 
published in the last five years. More than sixty arti-
cles have been published in Google Scholar, while ap-
proximately thirty were published in Pubmed. When 
self-healing techniques are used to address infrastruc-
ture durability and sustainability, the results reveal 
long-term usage (Jena et al. 2020). The use of bacterial 
mineral precipitation to improve concrete durability is 
a unique technique.

In concrete fracture and fissure repair using mi-
crobial induced calcite (CaCO3) precipitation (V. 
Ramakrishnan and Panchalan 2003; Ratnakaram et 
al. 2003). When microorganisms were utilised in a 
sulphate environment, the durability of concrete im-
proved (Nosouhian, Mostofinejad, and Hasheminejad 
2016).Our team has extensive knowledge and research 
experience that has translate into high quality publica-
tions(Chellapa et al. 2020; Lavanya et al. 2021; Raj R et 
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al. 2020; Shilpa-Jain et al. 2021; S et al. 2021; Ramadoss 
et al. 2022; Wu et al. 2020; Kalidoss et al. 2021; Kaja et 
al. 2020; Antink et al. 2020; Paul et al. 2020; Malaikol-
undhan et al. 2020)

The role of polypropylene fibre in self-healing con-
crete flexural strength is not fully understood. The 
impact of the bacteria on the concrete’s split tensile 
strength. This was the earlier study that served as the 
foundation for the current research. This study seeks 
to determine how polypropylene fibre affects the flex-
ural strength of self-healing concrete.

MATERIALS AND METHODS:
This research was done at the Saveetha School of 

Engineering’s Concrete Lab (Department of Civil En-
gineering) and Biotechnology Lab (Department of 
Bioinformatics). For the purpose of evaluating flex-
ural strength of the concrete, a prism-shaped speci-
men was used. Because the aggregates’ nominal size 
was 19mm, prisms with dimensions of 500x100x100 
mm were utilised for this study. There were two sets 
of eighteen samples each. Group-1 denotes traditional 
self-healing bacterial concrete, while Group-2 denotes 
polypropylene fibre reinforced self-healing bacterial 
concrete. The qualities of the fibres are listed in table-1 
below. (Gokulnath, Ramesh, and Sivashankar 2020)

For group-1, the concrete for the sample specimens 
is prepared manually by batching and mixing the nec-
essary materials, as indicated in Fig. 1. To produce it 
self-healing, normal M20 grade concrete was mixed 
with microorganisms and calcium acetate. The moulds 
were filled with this concrete in three levels of equal 
height, with 25 tampings for each layer, as shown in 

fig.1. The vibration method was also used during the 
casting process to remove voids from the specimen. 
After preparation, the specimens were maintained in 
the curing tank for 28 days at a temperature of 27oC. 
Table-2 shows the amount of materials necessary to 

 

Fig. 1: Figure showing the batching and mixing of the concrete, the casting of the samples in the lab using the moulds and other 
required tools

Table 1
Table showing the properties of the fiber which are added for 
the group-2 samples (polypropylene)

S.no properties values
1 length 20mm
2 Unit weight 0.9-0.91gm/cm3

3 colour white
4 Chemical conductivity 0.2(w/m/k)
5 Melting point 175oC
6 Reaction with water hydrophobic
7 % of fiber added 3%
8 Amount of fiber used to cast 18 prisms 1088.64gms

Table 2
Table showing the quantity of materials required to cast a single 
sample(prism of dimension 500x100x100mm)
S.no material quantity(kg/lit)

1 cement 2.016kg
2 Fine aggregates 3.36kg
3 Coarse aggregates 6.3kg
4 fiber(3%) 60.48gms
5 water 0.88704lit
6 bacteria 26.6112ml
7 Calcium acetate 0.2gms
8 Superplasticizer (Tec-Mix 550)  10.08 ml



Issue 25. December 2022 | Cardiometry | 1765

cast one prism. The procedure was followed in the 
same way for group 2. However, the only variation was 
the addition of 3% polypropylene fibre to the total vol-
ume of the cement.

Bacteria preparation (biological factor) The 
preparation of the bacteria was done at the Biotech-
nology and Molecular Techniques Laboratory in 
Saveetha School of Engineering. The type of bacteria 
used in this research was Bacillus Subtilis. The mate-
rials which are used for the growth of the bacteria are 
soybean medium, L-alanine (C3H7NO2), and manga-
nese sulphate (MnSo4H2O). At first mother culture 
was prepared in tubes with the help of bacteria strips 
shown in Fig. 2. For the large production of the bacte-
ria, this mother culture was added to the 2L solution. 
The 2L media solution preparation process was dis-
cussed below and shown in Fig. 2.

First, the 2L reagent bottle is cleaned with ethanol. 
The required amount of different chemicals are added 
to the bottle using a weighing machine. 1800ml of the 
distilled water is added in the bottle and then kept on 
the heater for the proper dissolving of the chemicals 
into the distilled water. The culture flasks and culture 
medium were sterilised in an autoclave first. This is 
done to protect the bacteria from other bacterial strains 
and germs contaminating them. An autoclave is a piece 
of equipment that physically sterilises objects by using 
steam under pressure to kill bacteria, viruses, and even 
spores. In this study, the autoclave was set to a tempera-
ture of 15lb/sec. After that, the reagent bottle with a 
solution is kept under the blower for cooling. When the 
process of cooling gets finished the bacteria from the 

mother culture is added to the 2L solution with the help 
of a pipet. The bacteria were grown in a shaking incu-
bator once the media culture had been sterilised. An 
incubator that shakes contents in a tube or flask in or-
der to mix, blend, or agitate them is known as a shaking 
incubator. This was done to make sure that the bacteria 
were distributed evenly throughout the culture. For a 
period of four days, it was run at a temperature of 37 °C 
and a rotational speed of 90 rpm.

Fig 3 displays microscopically verified bacterial 
content and vitality in the culture using a microscope 
at a 60X magnification.. The concentration of cells was 
calculated using haecyometer and was found to be 107 
cells/ml was shown in Fig. 4. After the bacteria had 
reached a stable stage, the bacteria cells were separated 
from media by using a centrifuge machine. As seen in 
Fig. 5, a centrifuge is a device which uses centrifugal 
force to separate different fluid constituents. To sepa-
rate the bacteria from the culture media, a centrifuge 
was run for 10 minutes at a speed of 4000 RPM, at 
a temperature of 27°C. Calcium acetate and bacteria 
extracted from the centrifuge were added directly to 
the concrete. Prisms were cast after mixing the afore-
mentioned materials. For 28 days, the samples were 
submerged in the water for cure. The water’s tempera-
ture was 27 (+/- 2°C). After 28 days of curing, the sam-
ples were dried in preparation for testing. The flexural 
strength of prisms from both groups was found out 
using the flexural testing machine, whose maximum 
load capacity was 250 kN was shown in Fig. 6. This 
manually operated machine has an accuracy of plus 
or minus 1.

 Fig. 2: Figure showing the growth of bacteria in a 100 ml tube, represents the 2L reagent bottle with prepared media.
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 Fig. 3: Figure showing the bacteria under a microscope, final collection of the bacteria after being mixed with distilled water 

Fig. 4: Graph representing the growth of the bacteria at a concentration of 107 cells/ml. It shows that the bacteria growth is con-
stant up to 6hrs then it starts growing up to the maximum level then again at a certain point it comes to the constant position.

 

 

Fig. 5: Figure showing the centrifuge apparatus which was used 
for separation of the bacteria from the medium.

 

Fig.6: Figure showing the flexural testing machine at the time 
of sampling testing which was used to find the maximum load 
undertaken by the specimens
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18 specimens of group-1 i.e conventional self-heal-
ing specimens were tested and the flexural strength 
was found out. Similarly, 18 specimens of the group-2 
i.e polypropylene fiber-reinforced self-healing con-
crete specimen were tested and the flexural strength 
was found out.

Statistical analysis:
SPSS version 21 was used to analyse the experi-

ment’s findings. unbiased samples A t-test was used to 
ascertain the statistical significance between the study 
and control groups. There was no dependent variable 
in the study; instead, flexural strength, concrete grade, 
water/cement ratio, cement grade, and days of curing 
were all independent variables. The mean, standard 
deviation, and standard error of the mean for flexural 
strength were also determined using this method.

RESULTS
The mean flexural strength for both groups was de-

termined. The group-1 samples have a mean flexural 
strength of 7.83333 N/mm2, while the group-2 sam-
ples have a mean flexural strength of 9.3888 N/mm2. 
Table 3 shows the flexural strength values for ordinary 

self-healing bacterial concrete. Table 4 shows the flexural 
strength of the polypropylene fibre reinforced self-heal-
ing bacterial concrete. When comparing group-2 sam-
ples to group-1 samples, the mean flexural strength was 
found to be higher in group-2. The percentage increase 
in group-2’s mean flexural strength was 19.85 %. Ac-
cording to the statistical parameters, There seems to be 
a significant difference between the two groups. Both 
groups’ standard deviation values were determined to 
be quite small. The standard deviation for group-1 is 
0.19268 and for group-2 it is 0.79623. The values were 
taken when the fiber (polypropylene) is added 3% for 
group-2. Flexural strength values of 18 samples with the 
addition of polypropylene fibre are detailed in Table 5. 
Whereas, Table 4 displays the flexural strength values of 
18 samples without the addition of polypropylene fiber. 
Particulars of Group statistics are given in Table 5. The 
outcomes of the independent samples t-test are shown in 
Table 6. In Fig. 7, with a p-value of 0.05 and an error bar 
of 95%, the mean accuracy values for the two groups of 
polypropylene fibre reinforced self-healing concrete and 
traditional self-healing concrete were compared. The er-
ror bars show a +/- 1 SD mean accuracy detection.

Table 4
Table showing the flexural strength of the group-2 (fiber rein-
forced self-healing bacterial concrete)

Flexural strength of the fiber-reinforced self-healing con-
crete(group-2)

S.no Weight 
(Kg)

Collapse 
load (KN)

Flexural 
strength 
(N/mm2)

Average flex-
ural strength 

(N/mm2)
1 13.986 20 10

9.3888  
N/mm2

2 13.525 20 10
3 13.796 18 9
4 13.201 20 10
5 13.306 18 9
6 13.975 19 9.5
7 13.216 22 11
8 14.007 20 10
9 13.363 20 10
10 13.197 18 9
11 13.498 19 9.5
12 13.980 19 9.5
13 13.787 17 8.5
14 12.531 18 9
15 12.122 20 10
16 13.788 15 7.5
17 13.451 17 8.5
18 13.320 18 9

Table 3
Table showing the flexural strength of the group-1 samples 
(conventional concrete samples)

Flexural strength of the conventional concrete(group-1)
S.no Weight 

(Kg)
Collapse 
load (KN)

Flexural 
strength 
(N/mm2)

Average 
flexural 
strength 
(N/mm2)

1 12.20 18 9

7.8333  
N/mm2

2 13.90 16  8
3 12.80 16 8
4 13.90 14.5 7.25
5 13.12 16 8
6 13.50 18 9
7 12.80 12.5 6.25
8 13.92 16.5 8.25
9 12.98 15 7.5
10 14.62 12 6
11 12.82 17 8.5
12 13.77 19  9.5
13 13.68 16.5 8.25
14 13.08 16.5 8.25
15 12.62 14 7
16 12.52 17 8.5
17 13.54 13.5 6.25
18 12.72 15 7.5
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Table 5
Table showing the comparison of group-1 and group-2 which 
shows the increment in the mean flexural strength of the 
group-2 by 19.85 %. Here the difference between the std devi-
ation is 0.19268 (Group statistics)

groups N mean std.de-
viation

Std. 
error 
mean

Flexural 
strength 
(N/mm2)

Without fiber 18 7.8333 0.98891 0.23309
With fiber 18 9.3889 0.79623 0.18767

DISCUSSION
The traditional self-healing concrete samples were 

found to be heavier than the fiber-reinforced self-heal-
ing concrete samples. However, when flexural strength 
is compared, the polypropylene fibre reinforced 

self-healing bacterial concrete samples had a higher 
value. This clearly shows that polypropylene fiber-re-
inforced self-healing bacterial concrete outperforms 
traditional self-healing concrete samples.

Flexural strength and modulus healing and recov-
ery ratios of the two self-healing components with fi-
bres were higher than those of traditional self-healing 
concrete. (Li et al. 2018). The strength and deflection 
capability of polypropylene fiber-reinforced self-heal-
ing concrete were dramatically increased through 
the introduction of fibres with high aspect ratios. 
(Kim et al. 2019). The polypropylene fiber-reinforced 
self-healing mixes studied were found to be perfect 
for crack repair (Kassimi, El-Sayed, and Khayat 2014). 
Mechanical experiments have shown that the inclu-
sion of a healing agent has no negative effects on the 

Table 6
Table showing the mean, standard deviation, and significance difference of group-1 and group-2 has shown here. There is a sig-
nificant difference between the two groups since p<0.05 (independent sample T-test)

Levene’s test 
ofequality of 

variance

t-Test for equality of members

f sig t df Sig 
(2-tailed)

Mean dif-
ference

std.error 95% confidence inter-
val of the difference
lower upper

Flexural 
strength

Equal variances 
assumed

 0.885  0.354 -5.198 34 0.000 -1.55556 0.29925 -2.16371 -0.94740

Equal variances 
not assumed

-5.198 32.519 0.000 -1.55556 0.29925 -2.16473 -0.94638

 

Fig. 7: Bar chart representing the comparison of mean flexural strength of polypropylene fiber reinforced concrete and bacterial 
concrete ( independent sample t-test means= ±1 SD). It shows that the mean flexural strength is more in polypropylene fibre re-
inforced M20 grade self-healing concrete than conventional self-healing concrete where the X-axis represents the Groups and the 
Y-axis represents the flexural strength of the samples.
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matrix; the strength may rise or decrease depending 
on the fibre used (Xu and Yao 2014). There are few 
factors that would affect the flexural strength are 1)
water-cement ratio 2)air voids 3)aggregate size 4)wa-
ter penetration (Meharie 2017). There are certain lim-
itations for this study 1)only one type and % of fiber 
was used 2)only M20 grade concrete had used for this 
experimental study 3)bacillus subtilis bacteria is used 
for the self-healing 4)concentration for the addition of 
the bacteria is also limited i.e 107 (Xiao 2017).

As we all know, the cost of maintaining built struc-
tures is exorbitant. However, with this strategy, that 
can be mitigated to some amount (Flores, n.d.). It can 
be done by adding a fantastic plasticizer and experi-
menting with various substances that may be benefi-
cial to the produced construction (Flores, n.d.; Ghosh 
2009).This examination is the most recent study, and 
it has a lot of potential in the future.

CONCLUSION
This study compared the flexural strength of the 

polypropylene fibre reinforced self-healing concrete 
with ordinary self-healing concrete. The following 
conclusion can be taken from the experimental study. 
In this paper, it was discovered that adding polypro-
pylene fibre to self-healing concrete can boost its 
strength. Flexural strength increased by 19.85 % as 
a percentage. It was discovered to be promising for 
the construction of a structure with this form of con-
crete, which may extend the service life of the built 
structure.
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ABSTRACT
Aim: The goal of this research is to determine the effect of glass 
fibre on the flexural strength of M20 grade self-healing concrete 
utilising a unique approach called microbial induced calcite pre-
cipitation.. Materials and methods: For data collection, two 
groups of 18 samples each were produced. The first group is 
formed without the presence of glass fibre, whereas the second 
group is formed with the presence of glass fibre. Bacillus subtilis 
bacteria were cultured in the bioinformatics laboratory using 
a strain obtained from Hi media laboratories. Results: SPSS 
statistical software was used to analyse the data. The mean flex-
ural strength of bacterial concrete without fibre was 7.944 N/
mm2, while Glass fibre reinforced concrete had a mean flexural 
strength of 8.666 N/mm2. The events had a significance of 0.00 
(p<0.05). Conclusion: The flexural strength of glass fibre rein-
forced M20 grade self-healing concrete was higher than that of 
conventional M20 grade self-healing concrete prepared utilising 
a unique process of microbial induced calcite precipitation. The 
strength of Glass fibre reinforced M20 grade self-healing con-
crete increased by 9 percent.
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INTRODUCTION
Bio-concrete is a self-healing type of concrete that 

heals itself by creating calcium in the fractures, a pro-
cess known as microbial induced calcite precipitation 
(MICP). A mechanism for extending the life of con-
crete structures by self-healing fissures (Seifan and 
Berenjian 2018). A mechanism for extending the life 
of concrete structures by self-healing fissures (Van 
Tittelboom et al. 2012). Today’s world delivers vari-
ous forms of structures, most of which are high-raised 
and demand high strength, and this type of concrete 
can make it happen with low maintenance costs and 
high efficiency. It also has a good impact on its sur-
roundings and the environment (Alquier et al. 2014). 
Bacterial concrete with fiber added to it has a lot of ad-
vantages when compared to normal conventional con-
crete. Bacterial concrete automatically plugs fractures 
that have formed in the concrete structure as a result 
of several variables such as weathering and pressure 
on the structure. It extends the life of cementitious 
materials. It prevents cracks from forming in the first 
place and lowers maintenance and restoration expen-
ditures. It also reduces corrosion in steel by plugging 
cracks (Cuenca and Ferrara 2017).

Many scientists have previously conducted exten-
sive research on bacteria concrete utilising a revolu-
tionary technique called microbial induced calcite 
precipitation. Several research publications on this 
subject have been published in the recent five years. 
There are approximately sixty publications published 
in Google Scholar and approximately thirty articles 
published in Pubmed. journals.The use of bacteria as 
a self-healing agent in the production of long-lasting 
concrete, in which bacteria cement stone specimens 
appeared to produce significantly more crack-plug-
ging minerals. Minerals with potential

Bacterial spores as self-healing agents appear to be 
promising (Jonkers et al. 2010). According to mod-
elling of self-healing materials, the ability to repair 
wounds is one of the most amazing aspects of the bio-
logical system (Franzoni 2011). Self-healing materials 
are man-made materials that have the ability to mend 
themselves (Kim et al. 2019). The analysis of concrete 
durability improvement in a sulphate atmosphere us-
ing bacteria shows the investigation of concrete du-
rability improvement in a sulphate atmosphere using 
bacteria (Nosouhian, Mostofinejad, and Hashemine-
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jad 2016).Our team has extensive knowledge and re-
search experience that has translate into high quality 
publications(Chellapa et al. 2020; Lavanya et al. 2021; 
Raj R et a et al. 2020; l. 2020; Shilpa-Jain et al. 2021; S et 
al. 2021; Ramadoss et al. 2022; Wu et al. 2020; Kalidoss 
et al. 2021; KajaAntink et al. 2020; Paul et al. 2020; Ma-
laikolundhan et al. 2020)

In any of the recent papers, the impact of Glass 
fibre reinforced self-healing concrete on the flexur-
al strength of the concrete was not thoroughly rec-
ognised. Researchers have previously examined bacte-
rial concrete and discovered the effect of bacteria as a 
self-healing agent, as well as concrete properties such 
as compression strength, split tensile strength, and 
flexural strength. In this research, the flexural strength 
of Glass fibre reinforced M20 grade self-healing con-
crete was evaluated utilising a unique technique of mi-
crobial induced calcite precipitation.

MATERIALS AND METHODS
This study was conducted in the Department of 

Civil Engineering’s concrete slab. The bacteria were 
created in the Biotechnology lab of the Saveetha 
School of Engineering’s Department of Bioinformat-
ics. There were two groups prepared in all. The first is 
constructed without glass fibre, whereas the second is 
constructed with it. There were a total of 18 samples 
prepared for each group (Gokulnath, Ramesh, and Si-
vashankar 2020).

A 500 x 100 x 100 mm concrete prism was made to 
measure the bending strength of concrete. Figure 1(a) 
shows a cast concrete prism with size 500 x 100 x 100 
mm, and Figure 1(b) depicts the glass fibre employed 

in the study. Table.1 lists the properties of glass fibre. 
The fibre was obtained from nectar composites in 
Poonamallee, Chennai. Bacillus subtilis was the bacte-
ria utilised in the manufacture of biological concrete. 
Bacillus bacteria is the bacteria that belong to the ba-
cillus species. The bacterial strip, which contains 10 
spores, was recovered from the hi media in T Nagar, 
Chennai. The components for the creation of bacteria 
were also brought from hi media in T Nagar, Chennai. 
L-alanine, tryptone soya bath, soybean casein digest 

medium (C3H7NO2),Bacterial cultures were grown us-
ing manganous sulphate (Mnso4H2o). In the calcite 
precipitation procedure, calcium acetate was used. 
The bacteria were cultivated in a mother culture. Fol-
lowing that, bacteria were grown in 100ml glass tubes, 
as depicted in Fig.2. The bacteria were then prepared 
in a 2-liter jar. For a 2-liter bacteria growth, 60gms of 
soybean medium, 0.4gms of alanine, 0.2gms of Mn-
so4H2o, and 200 ml of water were employed. The 

Table 1
The properties of the fiber which are added for the group-2 
samples (Glass)
S.no properties values

1 length 20mm
2 Modulus of elasticity 72.5 Gpa
3 colour white
4 shape straight
5 Density 0.94 g/cm3

6 Reaction with water hydrophobic
7 % of fiber added 3%
8 Amount of fiber used to cast 18 prisms 1088.64 gms

 

Fig. 1. (a) The Concrete Prism of size 500 x 100 x 100mm which was casted (b) Glass fiber used for the study respectively.
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bacterium concentration was determined using a hae-
cyometer. Figure 2 depicts a two-liter media solution. 
A light microscope at 60x magnification was used to 
examine the presence and viability of bacteria in the 
culture, as shown in Fig. 3. It was observed that the cell 
concentration was 107.cells/ml. In comparison to the 

water, the percentage of bacteria added to the concrete 
was 3%. Cement. Fine aggregate, coarse aggregate and 
calcium acetate were used to make the concrete. A ce-
ment prism was created by combining cement (2.016 
kg), sand (3.3 kg), and coarse aggregate (6.3 kg). The 
table shows the amount of material needed to make a 
single prism. 2. The water-cement ratio was calculat-
ed to be 0.44. M20 was used in a concrete mixture (1: 
1.5: 3). In addition to microorganisms, calcium acetate 
was also added to the concrete. For the prism size, 30 
μm acetate is added. In the first group, specimens were 
produced without fiber additives. The second group 
was cast in the same way as the first group, except that 
it contained fibers. The second group was created by 
mixing all of the above components with fibreglass. 
The water-cement ratio was calculated to be 0.44. M20 
was a concrete mix (1: 1.5: 3). All the materials were 
combined and the prism was cast. The cast prism was 
immersed in water and cured for 28 days.

The bending strength of the prism was determined 
using a bending tester. It has the following character-
istics. The maximum load capacity was 250kN. It was 
operated manually. The punch diameter of the bend-
ing tester was 90 mm. The distance between the road 
roller and the support roller is 133mm and 400mm. 
The bending tester is shown in Figure 4. Various de-
vices were used to ensure that the bacteria were alive 
and free of contamination during the preparation pro-
cess. The prepared glass and medium are first steril-
ised in an autoclave. This is done to prevent the bacte-
ria from becoming contaminated. An autoclave was a 
device that used steam under pressure to destroy bac-
teria, viruses, and even spores, providing sterilisation 
in physical form. In this experiment, the autoclave was 
set at 121 ° C for 15 minutes at a pressure of 15 lbs / 
sec. After sterilising the jar, the bacteria were grown 
in a shaking incubator. By shaking the chemicals in a 
2 litre reagent bottle, the shaking incubator can mix, 
mix, or stir them. It was operated at 37 ° C and 90 rpm 
for 4 days. Cell concentration was determined using 
a blood cell meter. As shown in FIG. 1, the cell con-
centration was found to be 107 cells / ml. After the 
bacteria reached a stable stage, the bacterial cells were 
separated from the medium using a centrifuge. A 
centrifuge is a device that separates various compo-
nents of a liquid by centrifugal force. The centrifuge 
was operated at a temperature of 27 ° C. at a speed of 
4000 rpm for 10 minutes. The centrifuge is shown in 
Figure 6 (a). Finally, the distilled water shown in the 

 

Fig. 2. The growth of bacteria in a 100 ml tube and the 2L re-
agent bottle with prepared media.

 

Fig. 3. The bacteria under a microscope of 60X magnification 
was used to check bacterial presence and viability in the culture 

Fig. 4. The manually handled flexural testing machine at the 
time of sampling testing which was used for the study
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figure was added to the extracted bacteria. 6 (b). The 
extracted bacteria were mixed with calcium acetate in 
concrete. I mixed all of the above s to create a prism. 
The sample was soaked in water for 28 days to cure. 
The water was 27 (+ /) 2 ° C. After 28 days, the samples 
were dried for testing. The sample tested is shown in 
Figure 7. Statistical evaluations were presented using 
the bar graph in Figure 8. Bending strength is 18 test 
pieces of group 1. H. Traditional self-healing sample. 
Similarly, the bending strength of 18 Group 2 test piec-
es. H. Glass fiber reinforced self-healing concrete test 
piece.

 
Fig. 5. Graph representing the growth of the bacteria at a concentration of 107 cells/ml. It shows that the bacteria growth is con-
stant up to 6hrs then it starts growing up to the maximum level then again at a certain point it comes to the constant position.

    

(a)                                                                                  (b) 

 

 

Fig. 6. (a) The centrifuge apparatus which was used for separation of the bacteria from the medium (b) Final collection of the 
bacteria after being mixed with distilled water.

 

Fig.7. The samples after testing on which the cracks are clearly 
visible.
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Table 2
The quantity of materials required to cast a single sample (prism of dimension 500 x 100 x 100mm)

S.no Material Quantity (kg/lit)
1 cement 2.016 kg
2 Fine aggregates 3.36 kg
3 Coarse aggregates 6.3 kg
4 Glass fiber(3%) 60.48 gms
5 water 0.88704 lit
6 bacteria 26.6112 ml
7 Calcium acetate 0.2 gms

Table 3
The flexural strength value of the group-1 samples (conventional M20 grade self-compacting concrete samples)

Flexural strength of the conventional concrete(group-1)
S.no Weight (Kg) Collapse load (KN) Flexural strength (N/

mm2)
Average flexural 

strength (N/mm2)
1 12.20 18 9

7.8333  
N/mm2

2 13.90 16  8
3 12.80 16 8
4 13.90 14.5 7.25
5 13.12 16 8
6 13.50 18 9
7 12.80 12.5 6.25
8 13.92 16.5 8.25
9 12.98 15 7.5
10 14.62 12 6
11 12.82 17 8.5
12 13.77 19  9.5
13 13.68 16.5 8.25
14 13.08 16.5 8.25
15 12.62 14 7
16 12.52 17 8.5
17 13.54 13.5 6.25
18 12.72 15 7.5

 

Fig. 8. Bar chart representing the comparison of mean flexural strength of Glass fiber reinforced concrete and bacterial concrete 
( independent sample t-test means= ±1 SD). It shows that the mean flexural strength is more in Glass fiber reinforced M20 grade 
self-healing concrete than conventional self-healing concrete where X-axis represents the conventional self healing concrete, Glass 
fiber reinforced self healing concrete and Y-axis represents the mean flexural strength (N/mm2) of the samples.
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Statistical analysis
The results of the experiment were analyzed using 

SPSS version 26 software. Independent sample tests 
were used to determine the statistical significance of 
the study and control groups. In this study, bending 

strength, concrete quality, water / cement ratio, ce-
ment quality, and curing days were considered as in-
dependent variables. This tool was also used to cal-
culate the mean and standard deviation of bending 
strength.

Table 4
The flexural strength value of the group-2 samples (Glass fiber reinforced M20 grade self-healing concrete)

Flexural strength of the fiber-reinforced self-healing concrete(group-2)
S.no Weight (Kg) Collapse load (KN) Flexural strength (N/

mm2)
Average flexural 

strength (N/mm2)
1 13.487 20 10

8.8889 N/mm2

2 13.276 18 9
3 13.288 16 8
4 13.590 17 8.5
5 13.479 18 9
6 13.600 17 8.5
7 13.114 14 7
8 13.665 24 12
9 13.520 18 9
10 13.569 16 8
11 13.540 18 9
12 13.228 17 8.5
13 13.558 18 9
14 13.556 16 8
15 13.842 16 8
16 13.067 17 8.5
17 13.908 18 9
18 13.069 22 11

Table 5
The comparison of group-1 and group-2 which shows the increment in the mean flexural strength of group-2 by 9%. Here the 
difference between the std deviation is 0.59261

Groups N Mean Std.deviation Std. error mean
Flexural strength 

(N/mm2)
Without fiber 18 7.99 0.42618 0.09809

With fiber 18 12.9644 1.00000 0.22570

Table 6
The mean, standard deviation, and significance difference of group-1 and group-2. There is a significant difference between the 
two groups since p<0.05

Levene’s test 
ofequality of 

variance

t-Test for equality of members

f sig t df Sig(2-
tailed)

Meandif-
ference

Std. error 95% confidence interval 
of the difference

lower upper
Flexural 
strength

Equal variances 
assumed

5.250 0.028 -2.829 34 0.008 -0.72222 0.25530 -1.24105 -0.223395

Equal variances 
not assumed

-2.829 22.617 0.010 -0.72222 0.25530 -1.25071 -0.18373
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RESULTS
Average bending strength was determined for 

both groups. The average bending strength of Group 
1 specimens is 7.944 N / mm2 as shown in the table. 
As shown in Figure 3, the average bending strength of 
the Group 2 specimens is 8.666 N / mm 2. 4. Compar-
ing the Group 2 sample with the Group 1 sample, we 
found that the average bending strength of Group 2 
was high. As shown in the table, the increase in aver-
age bending strength in Group 2 was 9%. 5. Statistical 
parameters also show that there is a significant differ-
ence between the two groups. The standard deviation 
values for both groups were found to be very low. As 
shown in the table, Group1 has a standard deviation 
of 0.41618, while Group2 has a standard deviation of 
0.23570. 6. If the fiber is glass, the value was adopted.

DISCUSSION
The bending strength of the glass fiber reinforced 

self-healing grade M20 concrete in this study was high-
er than that of the conventional self-healing grade 
M20 concrete. The data were statistically analyzed and 
compared using SPSS version 26. As a result, adding 
fiberglass to regular M20 class self-healing concrete 
strengthens the concrete in terms of bending strength. 
Similar results were found in their dissertation by sev-
eral other researchers, as discussed below.

In recent years, research articles on bacterial con-
crete have shown different results regarding bend 
strength values. When the fracture of FRCC using 
synthetic fiber is less than 0.1 mm, the watertightness 
of FRCC is restored to the same level as that of unbro-
ken FRCC regardless of the fiber type (Nishiwaki et 
al. 2014). With more than double the maximum crack 
width that can be repaired, concrete self with a new 
technique of microbial-induced calcite, applying a bio-
chemical self-healing agent consisting of a combination 
of bacterial spores and calcium lactate. It can promote 
and improve repair capacity. Precipitation (Wiktor 
and Jonkers 2011). According to another article, the 
application of bacteria to the compressive and tensile 
strengths of concrete increased as the permeability, 
water absorption and corrosion of reinforcements de-
creased compared to conventional concrete (Jogi and 
Vara Lakshmi 2021). The use of polymer capsules to 
achieve the self-healing properties of concrete seems 
promising (Hilloulin et al. 2015). Both self-healing ap-
proaches investigated may apply on a real scale. with 
both positive and negative results(Van Tittelboom et al. 

2016). The utilization of glass powder addition on the 
concrete relieves the provision, affordability, quality, 
and contamination issue (Gokulnath, Ramesh, and Pri-
yadharsan 2020). There may be some factors that may 
affect the entire investigation as it’s a manual process 
and error may happen at any place and such factors are 
a selection of aggregate size, water/cement ratio, grade 
of cement, air voids, compaction during casting, etc 
(Portland Cement Association 2018).

The limitation of the study is that the fiber used in this 
study was only glass fiber and the concrete used was only 
M20 grade, so assuming that the fiber content is other than 
3%, or the fiber is different. When selected by method, the 
type of bacteria for self-healing, Bacillus subtilis, is used. 
The test device used to test the sample was a manual de-
vice, which can lead to errors in the results.

In the future, by changing the quality of concrete, 
the type of bacteria, and other factors, this idea will 
work in different ways. This can be achieved by com-
bining multiple types of concrete, microorganisms 
and high performance water reducing agents to in-
crease the strength value. Fiber dispersion, bacterial 
distribution, and calcium carbonate formation can 
all be studied using SEM and XRD analysis. This is a 
great opportunity as it is a very useful idea for the con-
struction industry to save maintenance costs and ex-
tend the life of the structure. By doing different kinds 
of research on it, you can discover it slowly.

CONCLUSION
The bending strength of glass fiber reinforced 

self-compacting concrete M20 was measured. w. Adding 
fibreglass to M20 grade self-healing concrete can improve 
the bending strength of concrete, as shown in this arti-
cle. Bending strength increased by 9% compared to total 
strength. Adding this type of fiber to M20 class self-heal-
ing concrete can increase its strength. This is very bene-
ficial and can extend the life of the structure. This type of 
method is very beneficial for buildings as it leads to the 
development of new and creative building materials.
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ABSTRACT
Aim: Currently kidney disease is a major problem. Because 
there are so many people with this disease. Kidney disease is 
very dangerous if not immediately treated on time, and may be 
fatal. The main objective of this study aims to find the best-suit-
ed algorithm that will give us the most ideal prediction. The 
Novel Decision Tree is compared to Logistic regression to find 
out which of these can give us the best accuracy. Material and 
Methods: The study used 220 samples with Novel Decision 
Tree and Logistic regression is executed with varying training 
and testing splits for predicting the accuracy for kidney disease 
prediction with the G-power value of 80% and the kidney data-
sets were collected from various web sources with recent study 
findings and threshold 0.05%, confidence interval 95% mean 
and standard deviation. The performance of the classifiers are 
evaluated based on their accuracy rate using the chronic kid-
ney disease dataset. Results: The accuracy of predicting kidney 
disease in Novel Decision Tree (96.66%) and Logistic regression 
(85.25%) is obtained. There is a statistical 2-tailed significant 
difference in accuracy for two algorithms is 0.000 (p<0.05) by 
performing independent samples t-tests. Conclusion: This 
study concludes that the Prediction of Kidney disease using the 
Novel Decision Tree (DT) algorithm appears to be significantly 
better than the Logistic regression (LR) with improved accuracy.

Keywords
Chronic Kidney Disease, Novel Decision Tree algorithm, Logistic 
Regression, Machine learning, Classification, Diabetes.
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INTRODUCTION
Chronic Kidney Disease is a critical lifelong cir-

cumstance that precipitated with the aid of both kid-
ney pathology and reduced kidney capabilities. Early 
prediction and right remedies can probably prevent, 
or gradual the development of this continual sickness 
to end-stage, in which dialysis or kidney transplanta-
tion is the handiest way to shop affected person’s life-
styles. The principal objective of treatment is to fore-
stall the movement of CKD to complete kidney failure 
is because of the diabetes. The most ideal way to do 
this is to analyze CKD early and control the basic rea-
son. A decrease in kidney disease trouble. Longer lives 
and worked on personal satisfaction for individuals 
with CKD. Disposal of variations among kidney sick-
ness patients. This paper uses data preprocessing, data 
transformation, and various classifiers to predict CKD 
and also proposes the best Prediction framework for 
diabetes. The results of the framework show promis-
ing results of better prediction at an early stage of CKD 
(Guo et al. 2022). This presents a methodology to con-
trol diabetes disease using a suitable diet plan. In this 
research, classifiers are constructed using different 
algorithms like Multiclass Decision Jungle, Multiclass 
Decision Forest, Multiclass Neural Network, and Mul-
ticlass Logistic Regression (Lees et al. 2022). In this 
research work, different machine learning techniques 
are used to predict chronic kidney disease using clin-
ical data. Machine learning algorithms such as Novel 
Decision Tree (DT) algorithm, Naive Bayesian (NB) 
algorithm are used in terms of classification accura-
cy, AUC respectively. The classification performance 
of the classifier is analyzed with the standard perfor-
mance parameters, such as Accuracy, Specificity, Sen-
sitivity, Precision (Zhang et al. 2022). Data has been 
collected from a region that has never been explored 
before in literature (Yang and He 2019). 

A lot of research has been done based on the classi-
fication of the chronic kidney using machine learning 
algorithms. More than 180 articles were published in 
Science Direct explore and nearly 2745 articles were 
found in google scholar. Python is used as a high-level 
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interpreted programming language for developing the 
system. Trained data is the data using 10-fold CV and 
applied Random forest and ANN (Zhu et al. 2022). 
The accuracy achieved by the random forest algo-
rithm is 97.12% and ANN is 94.5%. This system will 
help to predict the early disclosure of chronic kidney 
diseases (Rani and Tiwari 2020). The results are quan-
titatively and qualitatively discussed and the findings 
reveal that the random forest (RF) classifier achieves 
the near-optimal performance on the identification 
of diabetes subjects (Ekanayake and Herath 2020). 
Hence, it shows that ML algorithms serve an import-
ant function in the diagnosis of CKD, with satisfac-
tory robustness, and the findings suggest that RF can 
also be utilized for the diagnosis of similar diseases 
(Pereira et al. 2022). Missing values are usually seen in 
real-life medical situations because patients may miss 
some measurements for various reasons (Wesson et al. 
2022). After effectively filling out the incomplete data 
set, six machine learning algorithms (logistic regres-
sion, random forest, support vector machine, k-near-
est neighbor, naive Bayes classifier, and feed-forward 
neural network) were used to establish models (Ven-
trella et al. 2021).Our team has extensive knowledge 
and research experience that has translate into high 
quality publications(Chellapa et al. 2020; Lavanya, 
Kannan, and Arivalagan 2021; Raj R, D, and S 2020; 
Shilpa-Jain et al. 2021; S, R, and P 2021; Ramadoss, 
Padmanaban, and Subramanian 2022; Wu et al. 2020; 
Kalidoss, Umapathy, and Rani Thirunavukkarasu 
2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020)

The existing research study predicts the classifica-
tion using a dataset but it does not group them. An-
other research paper has Although these results are 
not as such suitable for adoption into clinical practice 
on the diabetes, the study provides a strong basis and 
a variety of approaches for future studies of forecast-
ing models in healthcare. Therefore the study aims to 
increase the accuracy of predicting the likelihood of 
kidney failure and diabetes and improve the predic-
tion model using the Novel Decision tree.

Materials And Methods
This research study was carried out in the Artificial 

Intelligence Laboratory at the Department of Com-
puter Science and Engineering, Saveetha School of 
Engineering, Saveetha Institute of Medical and Tech-
nical Sciences, Chennai. This research study uses two 
groups, the Novel Decision Tree (DT) algorithm, and 

the Logistic Regression (LR) algorithm. Each sample 
size was predicted using the g-power tool with version 
3.1.10 and resulting in 220 total sample sizes and 110 
sample sizes per group with 80% of G power values, 
95% confidence (Senan et al. 2021).

The data set used for this experiment is obtained 
from the kaggle open-access dataset (https://www.
kaggle.com/mansoordaku/ckdisease?select=kid-
ney_disease.csv) one of the most popular if not the 
most popular online communities for data scientists 
and machine learning practitioners. It allows users to 
search and find datasets that they require and also pro-
vides a customizable Jupyter notebook environment 
with free GPU and 6 hours of runtime. Table 1 contains 
the description of the dataset, The dataset consists of 
76 attributes. The attributes are bp, sg, su, RBC, PCC, 
BGR, and 20 others. The dataset has 401 rows and 26 
columns which consists of data for the symptoms that 
relate to chronic kidney disease which also includes 
duplicate, null and missing values. Pre-processing of 
the datasets is done to remove the duplicate and null 
values with the help of functions that are provided by 
Microsoft excel. The dataset that is collected consists 
of all numerical forms; there is no need to convert the 
data. The unwanted attributes that are not necessary 
for the prediction are removed.

The testing setup uses Core i5 with 2.25 GHz with 
8 gigabytes of random access memory. In this pro-
posed system 50GB hard disk and 8GB RAM for the 
execution of the Algorithm. The system type used was 
a 64-bit Operating System, X64 and it is a windows 
operating system. To use a machine-learning algo-
rithm one of the Integrated Development Environ-
ment called Spyder software with pre-installed librar-
ies or Google collab can be used for replacement. The 
proposed system for the classification of heart disease 
prediction involves the following steps: correlation be-
tween columns, Exploratory data analysis (EDA), fea-
ture extraction, and classification.

Novel Decision Tree Algorithm
Novel Decision Tree falls under the category of su-

pervised algorithms. Novel Decision Trees can be used 
for both classification and regression. In the classifica-
tion Novel Decision Tree, the decision variable is cat-
egorical. For implementing a Novel Decision Tree, the 
cost function used to evaluate the binary splits called 
the Gini Index should be calculated. The split creation 
is done with help of calculating the Gini score, split-
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ting the dataset, and evaluating them all splits. Once 
this is done and the root node is created It can start 
building the tree by first deciding when to stop the 
growth of the tree by creating the terminal node by 
setting the maximum tree depth and second, by us-
ing recursive splitting. The terminal node is used for 
the final prediction and recursive splitting is a method 
used to build the tree. 

Pseudocode for Novel Decision Tree is 
shown below:

Input – chronic kidney (train and Test) Dataset
Step 1: Assign a variable name for respective data-

sets
Step 2: Using pandas library complete the process 

of Data Cleaning
Step 3: Extract the common words by using word 

cloud
Step 4: Import scikit learn library
Step 5: Import Decision Tree algorithm from Scikit 

learn
Step 6: Use the pipeline() command and Train the 

model with 80% of the data
Step 7: Predict the output

Logistic Regression Algorithm
Logistic regression is basically a supervised classifica-

tion algorithm. In a classification problem, the target vari-
able(or output), y, can take only discrete values for a given 
set of features(or inputs), X. Contrary to popular belief, 
logistic regression is a regression model. The model builds 
a regression model to predict the probability that a given 
data entry belongs to the category numbered as “1”.

It becomes a classification technique only when a 
decision threshold is brought into the picture. The set-
ting of the threshold value is a very important aspect 
of Logistic regression and is dependent on the classi-
fication problem itself. The decision for the value of 
the threshold value is majorly affected by the values of 
precision and recall.

Pseudocode for Logistic Regression is shown 
below:

Input – chronic kidney (train and Test) Dataset
Step 1: Input all the Required Packages
Step 2: Load the data into program using Pandas 

Library
Step 3: Duplicate values,Stop words in the dataset 

are removed

Step 4: Word count package is imported and count 
the repetition of words

Step 5: Prepare the model and train the data
Step 6: Import the Machine learning algorithms 

and predict the output
Step 7: predict the output

Statistical Analysis
The statistical analysis is applied using Statistical 

Package for Social Sciences (SPSS) for descriptive sta-
tistical analysis such as mean, standard deviation and 
standard error were carried out for each group (Munir 
et al. 2021). The test was performed to compare vari-
ables across the study groups. Hence the independent 
variable in this study is mean, entropy, variance, and 
contrast. The dependent variables are accuracy, bp, 
rbc. The independent sample t-test is performed to 
compare the accuracy performance of both Group-1 
and Group-2 using the DT and the LR algorithms.

RESULTS
The Novel Decision Tree classifier (DT) takes input 

in the form of symptoms from the dataset and produc-
es output with an accuracy value of around 96.66%. 
The mean accuracy and loss values using the T-test for 
both the algorithms along with the standard deriva-
tion are shown in Table 6. Here Novel Decision Tree 
and logistic regression algorithms are used. The DT 
algorithm and LR algorithm are compared with 10 
samples by applying 70% of training data and 30% of 
testing datasets. The performances of the classifiers 
are measured by accuracy value. 

Table 1 contains the accuracy for the Novel Deci-
sion Tree classifier with N = 10 

Table 2 contains the accuracy for the logistic re-
gression classifier with N = 10. The Logistic regression 
classifier input is taken from the dataset and it gives an 
output accuracy of 85.25%. 

Table 3 the statistical analysis of Novel Decision 
Tree and Logistic regression Mean accuracy value and 
Standard deviation are observed that the DT algo-
rithm performed better than the LR algorithm. 

Table 4 it is observed that Novel Decision Tree has 
better significance than Logistic regression with the 
value of p = 0.000. Table 5 shows the accuracy values 
for both the Novel Decision Tree and Logistic regres-
sion algorithm. 

The DT algorithm obtained 5.57 standard devia-
tions with 1.76 standard error while the LR algorithm 
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Table 1
Novel Decision Tree Accuracy and Loss for N = 10. The accuracy 
of predicting kidney disease using Novel Decision Tree (96.66%) 
is obtained.

Iterations Accuracy (%)
1 96.66
2 95.12
3 96.78
4 94.43
5 96.92
6 93.13
7 97.10
8 92.33
9 97.85
10 91.11

Table 2
Logistic Regression Accuracy and Loss for N = 10. The accuracy 
of predicting kidney disease using Logistic Regression (85.25%) 
is obtained.

Iterations Accuracy(%)
1 85.25
2 80.23
3 85.34
4 76.23
5 85.89
6 72.12
7 86.23
8 68.34
9 86.65
10 68.96

Table 3
Group Statistics results (Mean of Novel Decision Tree Algorithm is 96.66% is more compared to Logistic Regression 85.25%) and 
got the highest accuracy and the least error. Standard deviation and Standard Error Mean were also calculated.

Group N Mean Std. Deviation Std. Error Mean
Accuracy Novel Decision Tree 10 92.195 5.57 1.76

Logistic Regression 10 79.52 7.49 2.37

Table 4
Independent Sample Test for significance and standard error determination. P-value is 0.00 (less than 0.005) considered to be 
statistically significant and 95% confidence interval was considered. 

Levene’s test for 
equality of vari-

ances
T-test for equality means with 95% confidence interval

f Sig. t df Sig. 
(2-tailed)

Mean dif-
ference

Std.Error 
difference Lower Upper

Accuracy

Equal variances 
assumed

1.998 .175
4.289 18 .000 12.67100 2.95437 6.46410 18.87790

Equal Variances 
not assumed 4.289 16.625 .000 12.67100 2.95437 6.42710 18.91490

Table 5
Comparison of the Decision Tree Algorithm and Logistic Regression Algorithm with their accuracy 

CLASSIFIER ACCURACY(%)
Decision Tree 96.66%

Logistic Regression 85.25%

 
Fig. 1. Bar Chart representing the comparison of Mean Accuracy of Novel Decision Tree Algorithm and Logistic Regression algorithms. 
Mean accuracy of the Novel Decision Tree Algorithm appears to be better than Logistic Regression algorithm. The X-axis represents 
Novel Novel Decision Tree Algorithm and Logistic Regression algorithms and Y-axis represents the mean accuracy ± 1 SD.
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obtained 7.49 standard deviations with 2.37 standard 
error. Accuracy and the Loss for both the algorithms 
are presented in a bar graph in Fig 1.

From Table 4 it is observed that the Novel Decision 
Tree proved with better and higher accuracy (96.66%) 
than Logistic regression (85.25%). 

Figure 1 has the mean accuracy of the two algo-
rithms has been shown and compared the mean error 
and the graph shows that Novel Decision tree is better 
than the LR algorithm

The Novel DT model obtained 96.66% and the LR 
algorithm already predicted 85.25%. performance val-
ue. Finally, we compared the mean error of DT and LR 
algorithms as shown in Fig. 1. Therefore the Novel DT 
is significantly better than the LR algorithm.

DISCUSSION
Novel Decision Tree appears to be significantly 

better than Logistic regression with improved accura-
cy. The Novel Decision Tree classifier shows a signifi-
cant difference in terms of accuracy score, speed, and 
performance when compared to the Logistic regres-
sion classifier.

The finding is similar to (Ekanayake and Herath 
2020) have found, with the Novel Decision Tree clas-
sifier with 96% accuracy performing better than the 
Logistic regression classifier. Hence the Novel Deci-
sion Tree can be used to predict chronic kidney dis-
ease efficiently. (Kurata, Tanaka, and Nangaku 2021) 
also have similar findings where the Novel Decision 
Tree is better than the Logistic regression classifier and 
so it can be implemented in the detection of kidney 
disease. (Sreeji, Sreeji, and Balusamy 2021)presents a 
methodology to control the disease using a suitable 
diet plan. In this research, classifiers are constructed 
using different algorithms like Multiclass Decision 
Jungle, Multiclass Decision Forest, Multiclass Neural 
Network, and Multiclass Logistic Regression. An al-
lowable potassium zone is predicted depending on the 
blood potassium levels of the patient. The classifica-
tion algorithms recommend a diet place based on the 
predicted potassium zone. (Vassalotti 2020) proposed 
and evaluated Kernel-based Extreme Learning Ma-
chine (ELM) to predict Chronic Kidney Disease (Ilyas 
et al. 2021). Performance of four kernels-based ELM, 
namely RBF-ELM, Linear-ELM, Polynomial-ELM, 
Wavelet-ELM are compared with the performance of 
standard ELM. The above methodologies were com-
pared on metrics of sensitivity and specificity. Radial 

Basis Function – Extreme Learning Machine (RBF-
ELM) showed higher prediction rates (Ifraz et al. 
2021). 

Most of the previous work done is based on the 
data from the specific dataset. In the proposed work 
the lack of accuracy in predicting chronic kidney dis-
ease is improved by machine learning algorithms. In 
the future, this work can be extended to find how likely 
nondiabetic people can have kidney failure in the next 
few years. Artificial intelligence can also be used in the 
future to predict the severity of kidney failure. Even 
more, data can be accumulated over the existing data, 
and also datasets of feature set selection can be used. 
Deep Neural networks can be used for those datasets 
which will have a significant difference in terms of ac-
curacy and real-world implementation.

CONCLUSION
In this research, Chronic kidney disease prediction 

is performed using the kidney disease symptoms data-
set for Novel Decision Tree and logistic regression. 
The accuracy value of the Decision Tree classifier is 
96.66% whereas the accuracy value of logistic regres-
sion is 85.25%. The quality of Chronic kidney disease 
prediction and accuracy using Novel Decision Tree 
appears to be better than Logistic regression.
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ABSTRACT
Aim: Individuals at high-hazard of cardiovascular sickness are 
no doubt defenseless against ongoing kidney diseases, and his-
torical clinical records can assist with turning away complicated 
kidney issues. The main objective of this study aims to find the 
best-suited algorithm that will give us the most ideal prediction. 
We will be comparing Novel Decision Tree with Naive Bayes to 
find out which of these can give us the best accuracy. Material 
and Methods: The study used 540 samples with Novel De-
cision Tree and Naive Bayes is executed with varying training 
and testing splits for predicting the accuracy for kidney disease 
prediction with the G-power value of 80% and the kidney data-
sets were collected from various web sources with recent study 
findings and threshold 0.05%, confidence interval 95% mean 
and standard deviation. The performance of the classifiers are 
evaluated based on their accuracy rate using the chronic kidney 
disease dataset. Results: The accuracy of predicting kidney dis-
ease in Novel Decision Tree (96.66%) and Naive Bayes (90.83%) 
is obtained. There is a statistical significant difference in accura-
cy for two algorithms is 0.001 (p<0.05) by performing indepen-
dent samples t-tests. Conclusion: This study concludes that 
the Prediction of Kidney disease using the Novel Decision Tree 
(DT) algorithm appears to be significantly better than the Naive 
Bayes (NB) with improved accuracy.
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Chronic Kidney Disease, Novel Decision Tree, Naive Bayes, Ma-
chine learning, Classification, Diabetes.
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INTRODUCTION
Right now, kidney illness is a significant issue. Since 

there are countless individuals with this disease having 
diabetes. Kidney infection is very dangerous in the event 
that it is not quickly treated on schedule, and might be 
lethal. Assuming the specialists have a decent instrument 
that can distinguish patients who are prone to have kid-
ney disease, diabetes ahead of time, they can treat the 
patients on schedule (Lee et al. 2022). In this paper, 12 
supervised AI algorithms were utilized to investigate and 
review electronic clinical information on chronic kidney 
sickness. The review designated 544 short-term patients 
although 48 neglected to meet the standards and a few 
other 21 cases had missing qualities and were rejected 
from the review. (Singh, Asari, and Rajasekaran 2022) 
presented a computer-aided diagnosis implementation 
based on analyzing images. This system is helpful in de-
tecting various stages of Chronic Kidney Disease. The 
K-means clustering was used to detect after the image 
processing step using a novel decision tree. (Provenza-
no et al. 2021) used Gradient Boosting (GB) classifier 
and got an accuracy of 92.32%. Data mining strategies 
are utilized to produce decisions by eliciting hidden data 
from ongoing chronic kidney datasets. This calls for 
the capacity and control of a lot of organized, unstruc-
tured, and semistructured information using novel de-
cision trees. The job of big data for the equivalent is vital 
(Lees et al. 2022). Kidney harm because of diabetes is 
persistent and a sluggish cycle, yet significant affects the 
patient. High glucose levels in the blood upset the kid-
ney from working actually. It has applied affiliation rule 
mining to predict diabetes mellitus in a given dataset by 
producing synopsis rules. This has utilized the decision 
hypothesis to approve the clustering information min-
ing method (Dutta and Bandyopadhyay, n.d.). Kidneys 
have a huge number of tiny blood vessels to filter blood 
from waste products and having the diabetes. In some 
occurrences, this filtration system separates and kidneys 
lose their capacity to filter waste products, which brings 
about kidney disease.

A lot of research has been done based on the classi-
fication of the chronic kidney using machine learning 
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algorithms. More than 150 articles were published in 
IEEE explore and nearly 1525 articles were found in goo-
gle scholar. This used Python as a high-level interpreted 
programming language for developing our system. In 
this review, the initial step intends to fabricate a relapse 
model to anticipate the worth of creatinine from 23 el-
ements (Vassalotti 2020), and afterward consolidate the 
anticipated worth of creatinine with the first 23 high-
lights to assess the risk of CKD(Sinha, Sinha, and BUIT 
2015). Adding a creatinine test into routine health as-
sessment could identify CKD. Missing values are usually 
seen in real-life medical situations because patients may 
miss some measurements for various reasons (Wesson 
et al. 2022). As more things for extensive assessment im-
plies greater expense (Dutta and Bandyopadhyay, n.d.), 
creatinine testing is excluded from the standard health 
assessment in numerous nations. A calculation in view 
of normal test results, without creatinine test, to assess 
the gamble of CKD will build the opportunity of its ini-
tial location and treatment (Ventrella et al. 2021). Data 
preprocessing, a mechanism for managing missing val-
ues, data aggregation, and feature extraction are all part 
of the current study’s methodology for predicting CKD 
status using clinical data (Senan et al. 2021).Our team 
has extensive knowledge and research experience that 
has translate into high quality publications(Chellapa et 
al. 2020; Lavanya, Kannan, and Arivalagan 2021; Raj R, 
D, and S 2020; Shilpa-Jain et al. 2021; S, R, and P 2021; 
Ramadoss, Padmanaban, and Subramanian 2022; Wu et 
al. 2020; Kalidoss, Umapathy, and Rani Thirunavukkara-
su 2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020)

The existing research study predicts the classifica-
tion using images but it does not group them. Another 
research paper has the random forest calculation beat 
any remaining applied calculations, arriving at an ex-
actness, accuracy, review, and F1-score of 100 percent 
for all actions. CKD is a not kidding perilous infection, 
with high rates of dreariness and mortality. Therefore 
the study aims to increase the accuracy of predicting 
the likelihood of kidney failure, diabetes and improve 
the prediction model using the Novel Decision tree.

Materials And Methods
This research study was carried out in the Artificial 

Intelligence Laboratory at the Department of Com-
puter Science and Engineering, Saveetha School of 
Engineering, Saveetha Institute of Medical and Tech-
nical Sciences, Chennai. This research study uses two 

groups, the Novel Decision Tree (DT) algorithm, and 
Naive Bayes (NB) algorithm. Each sample size was 
predicted using the g-power tool with version 3.1.10 
and resulting in 540 total sample sizes and 270 sample 
sizes per group with 80% of G power values, 95% con-
fidence (Senan et al. 2021).

The data set used for this experiment is obtained 
from the kaggle open-access dataset (https://www.
kaggle.com/mansoordaku/ckdisease?select=kid-
ney_disease.csv) one of the most popular if not the 
most popular online communities for data scientists 
and machine learning practitioners. It allows users to 
search and find datasets that they require and also pro-
vides a customizable Jupyter notebook environment 
with free GPU and 6 hours of runtime. The dataset 
has 401 rows and 26 columns which consists of data 
for the symptoms that relate to chronic kidney disease 
which also includes duplicate, null and missing values. 
Pre-processing of the datasets is done to remove the 
duplicate and null values with the help of functions 
that are provided by Microsoft excel. The dataset that 
is collected consists of all numerical forms; there is no 
need to convert the data. The unwanted attributes that 
are not necessary for the prediction are removed.

The testing setup uses Core i5 with 2.25 GHz with 8 
gigabytes of random access memory. In this proposed sys-
tem 50GB hard disk and 8GB RAM for the execution of 
the Algorithm. The system type used was a 64-bit Operat-
ing System, X64 and it is a windows operating system. To 
use a machine-learning algorithm one of the Integrated 
Development Environment called Spyder software with 
pre-installed libraries or Google collab can be used for 
replacement. The proposed system for the classification 
of heart disease prediction involves the following steps: 
correlation between columns, Exploratory data analysis 
(EDA), feature extraction, and classification.

Novel Decision Tree Algorithm 
Novel Decision Tree falls under the category of su-

pervised algorithms. Novel Decision Trees can be used 
for both classification and regression. In the classifica-
tion Novel Decision Tree, the decision variable is cat-
egorical. For implementing a Novel Decision Tree, the 
cost function used to evaluate the binary splits called 
the Gini Index should be calculated. The split creation 
is done with help of calculating the Gini score, split-
ting the dataset, and evaluating them all splits. Once 
this is done and the root node is created It can start 
building the tree by first deciding when to stop the 
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growth of the tree by creating the terminal node by 
setting the maximum tree depth and second, by us-
ing recursive splitting. The terminal node is used for 
the final prediction and recursive splitting is a method 
used to build the tree. 

Pseudocode for Novel Decision Tree is 
shown below:

Step 1: from sklearn.tree import DecisionTreeClas-
sifier

Step 2: seed = 7
Step 3: kfold = model_selection.KFold(n_splits=45, 

random_state=seed)
Step 4: model = DecisionTreeClassifier()
Step 5: model.fit(X_train,Y_train)
Step 6: accuracy_score(Y_test,model.predict(X_

test))

Naive Bayes Algorithm
The Naive Bayes algorithm is a supervised learning 

algorithm, which is based on the Bayes theorem and 
is used for solving classification problems. It is mainly 
used in text classification that includes a high-dimen-
sional training dataset. Naïve Bayes Classifier is one 
of the simplest and most effective Classification algo-
rithms which helps in building fast machine learning 
models that can make quick predictions. Table 3 con-
tains the pseudocode of the Naive Bayes Algorithm.

Pseudocode for Naive Bayes is shown below:
Step 1: from sklearn.naive_bayes import GaussianNB 
Step 2: gnb = GaussianNB() 
Step 3: gnb.fit(X_train, Y_train) 
Step 4: NY_predict=gnb.predict(X_test)
Step 5: accuracy_score(Y_test,NY_predict)

Statistical Analysis 
The statistical analysis is applied using Statistical 

Package for Social Sciences (SPSS) for descriptive 
statistical analysis such as mean, standard deviation 
and standard error were carried out for each group 
(Ilyas et al. 2021). The test was performed to com-
pare variables across the study groups. Hence the 
independent variable in this study is mean, entropy, 
variance, and contrast. The dependent variables are 
accuracy, bp, rbc. The independent sample t-test is 
performed to compare the accuracy performance of 
both Group-1 and Group-2 using the DT and the NB 
algorithms.

RESULTS
The Novel Decision Tree classifier (DT) takes in-

put in the form of symptoms from the dataset and 
produces output with an accuracy value of around 
96.66%. The mean accuracy and loss values using the 
T-test for both the algorithms along with the standard 
derivation are shown in Table 6. Here Novel Decision 
Tree and logistic regression algorithms are used. The 
DT algorithm and NB algorithm are compared with 
10 samples by applying 70% of training data and 30% 
of testing datasets. The performances of the classifiers 
are measured by accuracy value. 

Table 1 contains the accuracy for the Novel Deci-
sion Tree classifier with N = 10 

Table 1
Novel Decision Tree Accuracy and Loss for N = 10.The accuracy 
of predicting kidney disease using Novel Decision Tree (96.66%) 
is obtained.

Iterations Accuracy (%)
1 96.66
2 95.12
3 96.78
4 94.43
5 96.92
6 93.13
7 97.10
8 92.33
9 97.85
10 91.11

Table 2 contains the accuracy for the logistic re-
gression classifier with N = 10. The Naive Bayes clas-
sifier input is taken from the dataset and it gives an 
output accuracy of 90.83%. 

Table 2
Naive Bayes Accuracy and Loss for N = 10. The accuracy of pre-
dicting kidney disease using Naive Bayes (90.83%) is obtained.

Iterations Accuracy(%)
1 90.83
2  85.20
3 91.23
4 82.12
5 92.10
6 78.23
7 93.30
8 73.64
9 93.78
10 69.12
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From Table 3 the statistical analysis of Novel Deci-
sion Tree and Naive Bayes Mean accuracy value and 
Standard deviation are observed that the DT algo-
rithm performed better than the NB algorithm. 

Table 3
Group Statistics results (Mean of Novel Decision Tree Algorithm 
is 96.66% is more compared to Naive Bayes Algorithm 90.83%) 
and got the highest accuracy and the least error. Standard de-
viation and Standard Error Mean were also calculated.

Group N Mean Std. De-
viation

Std. Error 
Mean

Accu-
racy

Novel Deci-
sion Tree

10 95.1430 2.31026 .73057

Naive Bayes 10 84.9550 8.84786 2.79794

In Table 4 it is observed that the Novel Decision 
Tree has better significance than Naive Bayes with the 
value of p = 0.001.

Table 5 shows the accuracy values for both the Nov-
el Decision Tree and Logistic regression algorithm. 
The DT algorithm obtained 2.31 standard deviations 
with 8.84 standard error while the NB algorithm ob-
tained.730 standard deviations with 2.79 standard er-
ror. 

Accuracy for both the algorithms is presented in 
a bar graph in Fig. 1. From Table 5 it is observed that 
the Novel Decision Tree proved with better and higher 
accuracy (96.66%) than Naive Bayes (90.83%). 

Figure 1 has the mean accuracy of the two algo-
rithms has been shown and compared the mean error 
and the graph shows that Novel Decision tree is better 
than the NB algorithm

The Novel DT model obtained 96.66% and the NB 
algorithm already predicted 90.83%. performance val-
ue. Finally, we compared the mean error of DT and 

Table 4
Independent Sample Test for significance and standard error determination. P-value is 0.001 (less than 0.005) considered to be 
statistically significant and 95% confidence interval was considered. 

Levene’s test for 
equality of variances T-test for equality means with 95% confidence interval

f Sig. t df Sig. 
(2-tailed)

Mean 
differ-
ence

Std.Error 
differ-
ence

Lower Upper

Accuracy

Equal variances 
assumed

14.977 .001
3.523 18 .001 10.18800 2.89174 4.11267 16.26333

Equal Variances 
not assumed 3.523 10.222 .001 10.18800 2.89174 3.76367 16.612333

 
Fig. 1. Bar Chart representing the comparison of Mean Accuracy of Novel Decision Tree Algorithm and Naive Bayes algorithms. 
Mean accuracy of the Novel Decision Tree Algorithm appears to be better than Naive Bayes algorithm. The X-axis represents Novel 
Novel Decision Tree Algorithm and Naive Bayes algorithms and Y-axis represents the mean accuracy ± 1 SD.
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NB algorithms as shown in Fig. 1. Therefore the Novel 
DT is significantly better than the NB algorithm.

DISCUSSION
Novel Decision Tree appears to be significantly 

better than Naive Bayes with improved accuracy. The 
Novel Decision Tree classifier shows a significant dif-
ference in terms of accuracy score, speed, and perfor-
mance when compared to the Naive Bayes classifier.

This finding is similar to (Rashed-Al-Mahfuz et al. 
2021) who have found that the Novel Decision Tree 
classifier performs better than the logistic regression 
classifier. Similar studies that have been made by oth-
ers such as (Bradley et al. 2019) also have similar find-
ings where Novel Decision Tree is better than Naive 
Bayes and so it can be implemented in real-time detec-
tion of CKD. (Amiri et al. 2021) presents a methodol-
ogy to control the disease using a suitable diet plan. In 
this research, classifiers are constructed using differ-
ent algorithms like Multiclass Decision Jungle, Mul-
ticlass Decision Forest, Multiclass Neural Network, 
and Naive Bayes. (Shih et al. 2021) The classification 
and regression tree, i.e. RPART model, showed con-
siderably good results. It uses the ratio of information 
gain for the splitting criterion, where the optimal split 
would decrease the impurity of resulting subsets. The 
performance of four kernel-based ELM, namely RBF-
ELM, Linear-ELM, Polynomial-ELM, Wavelet-ELM 
is compared with the performance of standard ELM. 
The above methodologies were compared on metrics 
of sensitivity and specificity. Radial Basis Function – 
Extreme Learning Machine (RBF-ELM) showed high-
er prediction rates (Bellocchio et al. 2021).

Most of the previous work done is based on the 
data from the specific dataset. In the proposed work 
the lack of accuracy in predicting chronic kidney dis-
ease is improved by machine learning algorithms (Lee 
et al. 2022). In the future, this work can be extended 
to find how likely nondiabetic people can have kidney 
failure in the next few years (Lee et al. 2022; Shih et 
al. 2021). Artificial intelligence can also be used in the 

future to predict the severity of kidney failure. Even 
more, data can be accumulated over the existing data, 
and also datasets of feature set selection can be used 
(Singh, Asari, and Rajasekaran 2022). Deep Neural 
networks can be used for those datasets which will 
have a significant difference in terms of accuracy and 
real-world implementation.

CONCLUSION
In this research, Chronic kidney disease predic-

tion is performed using the kidney disease symptoms 
dataset for Novel Decision Tree and Naive Bayes. The 
accuracy value of the Novel Decision Tree classifier is 
96.66% whereas the accuracy value of the Naive Bayes 
Algorithm is 90.83%. The quality of Chronic kidney 
disease prediction and accuracy using Novel Decision 
Tree appears to be better than Naive Bayes.

DECLARATION

Conflicts of Interests
No conflict of interest in this manuscript.

Authors Contributions
Author RJ was involved in data collection, data 

analysis, and manuscript writing. Author RJ was in-
volved in conceptualization, data validation, and criti-
cal review of the manuscripts. 

ACKNOWLEDGEMENT 
The authors would like to express their sincere 

gratitude towards Saveetha School of Engineering, 
Saveetha Institute of Medical and Technical Sciences 
(Formerly known as Saveetha University) for provid-
ing the necessary infrastructure to carry out this work 
successfully.

Funding 
We thank the following organizations for providing 

financial support that enables us to complete the study.
1. CUBE Innovations, Vijayawada, India. 
2. Saveetha University.
3. Saveetha Institute of Medical and Technical Sci-

ences.
4. Saveetha School of Engineering.

REFERENCES
1. Amiri, Sepideh, Mina Akbarabadi, Fatemeh Ab-
dolali, Alireza Nikoofar, Azam Janati Esfahani, and 

Table 5
Comparison of the Decision Tree Algorithm and Logistic Re-
gression Algorithm with their accuracy 

CLASSIFIER ACCURACY(%)
Decision Tree 96.66%
Naive Bayes 90.83%



Issue 25. December 2022 | Cardiometry | 1791

Susan Cheraghi. 2021. “Radiomics Analysis on CT 
Images for Prediction of Radiation-Induced Kidney 
Damage by Machine Learning Models.” Computers in 
Biology and Medicine 133 (June): 104409.
2. Antink, Christoph Hoog, Joana Carlos Mesquita 
Ferreira, Michael Paul, Simon Lyra, Konrad Heimann, 
Srinivasa Karthik, Jayaraj Joseph, et al. 2020. “Fast 
Body Part Segmentation and Tracking of Neonatal 
Video Data Using Deep Learning.” Medical & Biologi-
cal Engineering & Computing 58 (12): 3049–61.
3. Bellocchio, Francesco, Caterina Lonati, Jasmine 
Ion Titapiccolo, Jennifer Nadal, Heike Meiselbach, 
Matthias Schmid, Barbara Baerthlein, et al. 2021. 
“Validation of a Novel Predictive Algorithm for Kid-
ney Failure in Patients Suffering from Chronic Kidney 
Disease: The Prognostic Reasoning System for Chron-
ic Kidney Disease (PROGRES-CKD).” International 
Journal of Environmental Research and Public Health 
18 (23). https://doi.org/10.3390/ijerph182312649.
4. Bradley, Richard, Ilias Tagkopoulos, Minseung 
Kim, Yiannis Kokkinos, Theodoros Panagiotakos, 
James Kennedy, Geert De Meyer, Phillip Watson, 
and Jonathan Elliott. 2019. “Predicting Early Risk of 
Chronic Kidney Disease in Cats Using Routine Clin-
ical Laboratory Tests and Machine Learning.” Journal 
of Veterinary Internal Medicine / American College of 
Veterinary Internal Medicine 33 (6): 2644–56.
5. Chellapa, L. R., S. Rajeshkumar, M. I. Arumugham, 
and S. R. Samuel. 2020. “Biogenic Nanoselenium Syn-
thesis and Evaluation of Its Antimicrobial, Antioxi-
dant Activity and Toxicity.” Bioinspired Biomimetic 
and Nanobiomaterials, July, 1–6.
6. Dutta, Shawni, and Samir Kumar Bandyopadhyay. 
n.d. “Chronic Kidney Disease Prediction Using Neu-
ral Approach.” https://doi.org/10.1101/2020.06.28.201
42034.
7. Ilyas, Hamida, Sajid Ali, Mahvish Ponum, Osman 
Hasan, Muhammad Tahir Mahmood, Mehwish If-
tikhar, and Mubasher Hussain Malik. 2021. “Chronic 
Kidney Disease Diagnosis Using Decision Tree Algo-
rithms.” BMC Nephrology 22 (1): 273.
8. Kaja, Rekha, Anandh Vaiyapuri, Mohamed Sher-
if Sirajudeen, Hariraja Muthusamy, Radhakrishnan 
Unnikrishnan, Mohamed Waly, Samuel Sundar Doss 
Devaraj, Mohamed Kotb Seyam, and Gopal Nambi S. 
2020. “Biofeedback Flutter Device for Managing the 
Symptoms of Patients with COPD.” Technology and 
Health Care: Official Journal of the European Society 
for Engineering and Medicine 28 (5): 477–85.

9. Kalidoss, Ramji, Snekhalatha Umapathy, and Usha 
Rani Thirunavukkarasu. 2021. “A Breathalyzer for 
the Assessment of Chronic Kidney Disease Patients’ 
Breathprint: Breath Flow Dynamic Simulation on the 
Measurement Chamber and Experimental Investiga-
tion.” Biomedical Signal Processing and Control 70 
(September): 103060.
10. Lavanya, M., P. Muthu Kannan, and M. Arivalag-
an. 2021. “Lung Cancer Diagnosis and Staging Using 
Firefly Algorithm Fuzzy C-Means Segmentation and 
Support Vector Machine Classification of Lung Nod-
ules.” International Journal of Biomedical Engineering 
and Technology 37 (2): 185.
11. Lee, Arthur M., Jian Hu, Yunwen Xu, Alison G. 
Abraham, Rui Xiao, Josef Coresh, Casey Rebholz, et al. 
2022. “Using Machine Learning to Identify Metabo-
lomic Signatures of Pediatric Chronic Kidney Disease 
Etiology.” Journal of the American Society of Nephrol-
ogy: JASN 33 (2): 375–86.
12. Lees, Jennifer S., Benjamin M. P. Elyan, Sandra 
M. Herrmann, Ninian N. Lang, Robert J. Jones, and 
Patrick B. Mark. 2022. “The ‘Other’ Big Complication: 
How Chronic Kidney Disease Impacts on Cancer Risks 
and Outcomes.” Nephrology, Dialysis, Transplanta-
tion: Official Publication of the European Dialysis and 
Transplant Association – European Renal Association, 
January. https://doi.org/10.1093/ndt/gfac011.
13. Malaikolundhan, Harikrishna, Gowsik Mookkan, 
Gunasekaran Krishnamoorthi, Nirosha Matheswaran, 
Murad Alsawalha, Vishnu Priya Veeraraghavan, Sura-
paneni Krishna Mohan, and Aiting Di. 2020. “Anticar-
cinogenic Effect of Gold Nanoparticles Synthesized 
from Albizia Lebbeck on HCT-116 Colon Cancer Cell 
Lines.” Artificial Cells, Nanomedicine, and Biotech-
nology 48 (1): 1206–13.
14. Paul, M., S. Karthik, J. Joseph, M. Sivaprakasam, 
J. Kumutha, S. Leonhardt, and C. Hoog Antink. 2020. 
“Non-Contact Sensing of Neonatal Pulse Rate Using 
Camera-Based Imaging: A Clinical Feasibility Study.” 
Physiological Measurement 41 (2): 024001.
15. Provenzano, Michele, Raffaele Serra, Carlo Ga-
rofalo, Ashour Michael, Giuseppina Crugliano, Yuri 
Battaglia, Nicola Ielapi, et al. 2021. “OMICS in Chron-
ic Kidney Disease: Focus on Prognosis and Predic-
tion.” International Journal of Molecular Sciences 23 
(1). https://doi.org/10.3390/ijms23010336.
16. Raj R, Kathiswar, Ezhilarasan D, and Rajeshkumar 
S. 2020. “β-Sitosterol-Assisted Silver Nanoparticles 
Activates Nrf2 and Triggers Mitochondrial Apoptosis 



1792 | Cardiometry | Issue 25. December 2022

via Oxidative Stress in Human Hepatocellular Cancer 
Cell Line.” Journal of Biomedical Materials Research. 
Part A 108 (9): 1899–1908.
17. Ramadoss, Ramya, Rajashree Padmanaban, and 
Balakumar Subramanian. 2022. “Role of Bioglass in 
Enamel Remineralization: Existing Strategies and Fu-
ture Prospects-A Narrative Review.” Journal of Bio-
medical Materials Research. Part B, Applied Biomate-
rials 110 (1): 45–66.
18. Rashed-Al-Mahfuz, Md, Abedul Haque, Akm 
Azad, Salem A. Alyami, Julian M. W. Quinn, and Mo-
hammad Ali Moni. 2021. “Clinically Applicable Ma-
chine Learning Approaches to Identify Attributes of 
Chronic Kidney Disease (CKD) for Use in Low-Cost 
Diagnostic Screening.” IEEE Journal of Translational 
Engineering in Health and Medicine 9 (April): 4900511.
19. Senan, Ebrahime Mohammed, Mosleh Hmoud 
Al-Adhaileh, Fawaz Waselallah Alsaade, Theyazn H. H. 
Aldhyani, Ahmed Abdullah Alqarni, Nizar Alsharif, M. 
Irfan Uddin, Ahmed H. Alahmadi, Mukti E. Jadhav, and 
Mohammed Y. Alzahrani. 2021. “Diagnosis of Chron-
ic Kidney Disease Using Effective Classification Algo-
rithms and Recursive Feature Elimination Techniques.” 
Journal of Healthcare Engineering 2021 (June): 1004767.
20. Shih, Chin-Chuan, Ssu-Han Chen, Gin-Den 
Chen, Chi-Chang Chang, and Yu-Lin Shih. 2021. “De-
velopment of a Longitudinal Diagnosis and Prognosis 
in Patients with Chronic Kidney Disease: Intelligent 
Clinical Decision-Making Scheme.” International 
Journal of Environmental Research and Public Health 
18 (23). https://doi.org/10.3390/ijerph182312807.
21. Shilpa-Jain, D. P., Jogikalmat Krithikadatta, 
Dinesh Kowsky, and Velmurugan Natanasabapathy. 
2021. “Effect of Cervical Lesion Centered Access Cav-
ity Restored with Short Glass Fibre Reinforced Resin 
Composites on Fracture Resistance in Human Man-
dibular Premolars- an in Vitro Study.” Journal of the 
Mechanical Behavior of Biomedical Materials 122 
(October): 104654.

22. Singh, Vijendra, Vijayan K. Asari, and Rajkumar 
Rajasekaran. 2022. “A Deep Neural Network for Early 
Detection and Prediction of Chronic Kidney Disease.” 
Diagnostics (Basel, Switzerland) 12 (1). https://doi.
org/10.3390/diagnostics12010116.
23. Sinha, Parul, Poonam Sinha, and BUIT. 2015. 
“Comparative Study of Chronic Kidney Disease Pre-
diction Using KNN and SVM.” International Journal of 
Engineering Research and. https://doi.org/10.17577/
ijertv4is120622.
24. S, Sudha, Kalpana R, and Soundararajan P. 2021. 
“Quantification of Sweat Urea in Diabetes Using Elec-
tro-Optical Technique.” Physiological Measurement 
42 (9). https://doi.org/10.1088/1361-6579/ac1d3a.
25. Vassalotti, Joseph A. 2020. “Classification of 
Chronic Kidney Disease – Historic Perspective: From 
Insufficiency and Failure to Chronic Kidney Disease.” 
Chronic Renal Disease. https://doi.org/10.1016/b978-
0-12-815876-0.00003-6.
26. Ventrella, Piervincenzo, Giovanni Delgrossi, Gi-
anmichele Ferrario, Marco Righetti, and Marco Mas-
seroli. 2021. “Supervised Machine Learning for the As-
sessment of Chronic Kidney Disease Advancement.” 
Computer Methods and Programs in Biomedicine 209 
(September): 106329.
27. Wesson, Donald E., Vandana Mathur, Navdeep 
Tangri, Sarah Hamlett, David A. Bushinsky, and L. Eb-
ony Boulware. 2022. “Primary Medical Care Integrat-
ed with Healthy Eating and Healthy Moving Is Essen-
tial to Reduce Chronic Kidney Disease Progression.” 
The American Journal of Medicine, May. https://doi.
org/10.1016/j.amjmed.2022.04.015.
28. Wu, Shuang, Shanmugam Rajeshkumar, Malini 
Madasamy, and Vanaja Mahendran. 2020. “Green Syn-
thesis of Copper Nanoparticles Using Cissus Vitiginea 
and Its Antioxidant and Antibacterial Activity against 
Urinary Tract Infection Pathogens.” Artificial Cells, 
Nanomedicine, and Biotechnology 48 (1): 1153–58.



Issue 25. December 2022 | Cardiometry | 1793

ORIGINAL RESEARCH Submitted: 26.08.2022; Accepted: 17.09.2022; Published online: 25.12.2022

Comparative Analysis of Chronic 
Kidney Disease using Novel 
Decision Tree Algorithm  
by Comparing Linear Regression 
for Obtaining Better Accuracy

Rohith J, Uma Priyadarsini P.S

Department of Computer Science and Engineering, Saveetha 
School of Engineering, Saveetha Institute of Medical and Tech-
nical Sciences, Saveetha University, Chennai, Tamil Nadu, India, 
Pincode:602105.

ABSTRACT
Aim: Chronic kidney disease (CKD) is among the main 20 rea-
sons for death worldwide and influences around 10% of the 
world grown-up populace. CKD is an issue that upsets typical 
kidney work. The main objective of this study aims to find the 
best-suited algorithm that will give us the most ideal prediction. 
We will be comparing Novel Decision Tree with Linear Regres-
sion to find out which of these can give us the best accuracy. 
Material and Methods: The study used 322 samples with 
Novel Decision Tree and Linear Regression is executed with 
varying training and testing splits for predicting the accuracy 
for kidney disease prediction with the G-power value of 80% 
and the kidney datasets were collected from various web sourc-
es with recent study findings and threshold 0.05%, confidence 
interval 95% mean and standard deviation. The performance 
of the classifiers are evaluated based on their accuracy rate us-
ing the chronic kidney disease dataset. Results: The accuracy 
of predicting kidney disease in Novel Decision Tree (96.66%) 
and Linear Regression (85.25%) is obtained. There is a statisti-
cal 2-tailed significant difference in accuracy for two algorithms 
is 0.000 (p<0.05) by performing independent samples t-tests. 
Conclusion: This study concludes that the Prediction of Kidney 
disease using the Novel Decision Tree (DT) algorithm appears 
to be significantly better than the Linear Regression(LR) with 
improved accuracy.
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Machine Learning, Classification, Diabetes.
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INTRODUCTION
The kidneys are two kinds of organs placed to-

wards the lower back of the abdomen. The kidney’s 
job is to strain the blood by moving out the toxic sub-
stance from the body using the bladder through urina-
tion (Yildirim 2017). Chronic kidney disease (CKD) 
is a universal public wellbeing difficulty. 10% of the 
world’s population is affected by CKD (Chowdhury et 
al. 2021). The prediction of Chronic Kidney disease 
and to increase the accuracy of predicting the disease 
using Novel Decision Tree and comparing it with Lin-
ear Regression. Both type 1 and type 2 diabetes can 
cause kidney illness. Kidney infections are the ninth 
driving reason for death in the United States. Rough-
ly 1 out of 3 grown-ups with diabetes has CKD.In the 
last decade, Chronic Kidney Disease (CKD), or chron-
ic renal disease remains the primary basis of death 
around the world(Bandyopadhyay, n.d.). High blood 
glucose, likewise called glucose, can harm the veins 
in your kidneys. Whenever the veins are harmed, 
they don’t fill in too. Many individuals with diabetes 
additionally foster hypertension, which can likewise 
harm your kidneys. CKD can be caused by diabetes, 
hypertension, coronary heart disease, lupus, anemia, 
bacteria and albumin in the urine, complications of 
some drugs, sodium and potassium deficiency in the 
blood and family history, and many others(Merchant 
2010). This paper proposed a system that uses various 
data mining techniques like the Random Forest al-
gorithm and Backpropagation Neural Network. Here 
they compared both of the algorithms and found that 
the Back Propagation algorithm gives the best result as 
it uses the supervised learning network called feedfor-
ward neural network (Chiu et al. 2021). In this, they 
proposed the development of a CKD, diabetes predic-
tion system using machine learning techniques such as 
K-Nearest Neighbor, Logistic Regression, Novel Deci-
sion Tree, Random Forest, Naive Bayes, Support Vec-
tor Machine, and Multi-Layer Perceptron Algorithm.
These are applied and their performance is compared 
to the accuracy, precision, and recall results. Finally, 
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the Random Forest is chosen to implement this system 
(Vagliano, Hsu, and Schut 2022). Diabetes is often di-
agnosed in later stages when dialysis or kidney trans-
plant are the only options left to save the patient’s life. 
Whereas an early diagnosis can lead to the prevention 
of kidney failure (Dong et al. 2021).

A lot of research has been done based on the clas-
sification of the chronic kidney using machine learn-
ing algorithms. More than 180 articles were published 
in IEEE explore and nearly 1525 articles were found 
in google scholar. We used Python as a high-level in-
terpreted programming language for developing our 
system. This study focused on assessing a dataset gath-
ered from 400 patients containing 24 elements (Chiu 
et al. 2021). The mean and mode factual examination 
strategies were utilized to supplant the missing math-
ematical and ostensible qualities (Ilyas et al. 2021). To 
pick the main elements, Recursive Feature Elimination 
(RFE) was applied (Sinha, Sinha, and BUIT 2015). The 
authors proposed half and half models between the 
GA and the three referenced models. This applied the 
Union Based Feature Selection Technique (UBFST) to 
pick the main elements (Li 2022). The chosen high-
lights were analyzed by a few methods of AI. The 
point of the review was to diminish symptomatic time 
and acquire high indicative exactness (Ventrella et al. 
2021). After effectively filling out the incomplete data 
set, six machine learning algorithms (logistic regres-
sion, random forest, support vector machine, k-near-
est neighbor, naive Bayes classifier, and feed-forward 
neural network) were used to establish models (Dong 
et al. 2021).Our team has extensive knowledge and re-
search experience that has translate into high quality 
publications(Chellapa et al. 2020; Lavanya, Kannan, 
and Arivalagan 2021; Raj R, D, and S 2020; Shilpa-Jain 
et al. 2021; S, R, and P 2021; Ramadoss, Padmanaban, 
and Subramanian 2022; Wu et al. 2020; Kalidoss, 
Umapathy, and Rani Thirunavukkarasu 2021; Kaja et 
al. 2020; Antink et al. 2020; Paul et al. 2020; Malaikol-
undhan et al. 2020)

The existing research study predicts the classifica-
tion using diabetes prediction but it does not group 
them. Although an AI model that utilizes the comor-
bidity and health information acquired from Taiwan’s 
National Health Insurance Research Database to con-
jecture the event of CKD inside the following 6 or a 
year prior to its beginning, and consequently its pre-
dominance in the populace. Therefore the study aims 
to increase the accuracy of predicting the likelihood of 

kidney failure and improve the prediction model us-
ing the Novel Decision tree.

Materials And Methods
This research study was carried out in the Arti-

ficial Intelligence Laboratory at the Department of 
Computer Science and Engineering, Saveetha School 
of Engineering, Saveetha Institute of Medical and 
Technical Sciences, Chennai. This research study uses 
two groups, the Novel Decision Tree algorithm, and 
Linear Regression Algorithm algorithm. Each sample 
size was predicted using the g-power tool with version 
3.1.10 and resulting in 322 total sample sizes and 161 
sample sizes per group with 80% of G power values, 
95% confidence (Kumar and Abhishek 2012).

The data set used for this experiment is obtained 
from the kaggle open-access dataset (https://www.
kaggle.com/mansoordaku/ckdisease?select=kid-
ney_disease.csv), one of the most popular if not the 
most popular online communities for data scientists 
and machine learning practitioners. It allows users to 
search and find datasets that they require and also pro-
vides a customizable Jupyter notebook environment 
with free GPU and 6 hours of runtime. Table 1 contains 
the description of the dataset, The dataset consists of 
76 attributes. The attributes are bp, sg, su, RBC, PCC, 
BGR, and 20 others. The dataset has 401 rows and 26 
columns which consists of data for the symptoms that 
relate to chronic kidney disease which also includes 
duplicate, null and missing values. Pre-processing of 
the datasets is done to remove the duplicate and null 
values with the help of functions that are provided by 
Microsoft excel. The dataset that is collected consists 
of all numerical forms; there is no need to convert the 
data. The unwanted attributes that are not necessary 
for the prediction are removed.

The testing setup uses Core i5 with 2.25 GHz with 
8 gigabytes of random access memory. In this pro-
posed system 50GB hard disk and 8GB RAM for the 
execution of the Algorithm. The system type used was 
a 64-bit Operating System, X64 and it is windows op-
erating system. To use a machine-learning algorithm 
the one of the Integrated Development Environment 
called Spyder software with pre-installed libraries or 
Google collab can be used for replacement. The pro-
posed system for the classification of heart disease 
prediction involves the following steps: correlation 
between columns, Exploratory data analysis (EDA), 
feature extraction, and classification.
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Novel Decision Tree Algorithm
Novel Decision Tree falls under the category of su-

pervised algorithms. Novel Decision Trees can be used 
for both classification and regression. In the classifica-
tion Novel Decision Tree, the decision variable is cat-
egorical. For implementing a Novel Decision Tree, the 
cost function used to evaluate the binary splits called 
the Gini Index should be calculated. The split creation 
is done with help of calculating the Gini score, split-
ting the dataset, and evaluating them all splits. Once 
this is done and the root node is created It can start 
building the tree by first deciding when to stop the 
growth of the tree by creating the terminal node by 
setting the maximum tree depth and second, by us-
ing recursive splitting. The terminal node is used for 
the final prediction and recursive splitting is a method 
used to build the tree. 

Pseudocode for Novel Decision Tree is 
shown below:

Step 1: from sklearn.tree import DecisionTreeClas-
sifier

Step 2: seed = 7
Step 3: kfold = model_selection.KFold(n_splits=45, 

random_state=seed)
Step 4: model = DecisionTreeClassifier()
Step 5: model.fit(X_train,Y_train)
Step 6: accuracy_score(Y_test,model.predict(X_

test))

Linear Regression
Linear regression is a linear model, e.g. a model 

that assumes a linear relationship between the input 
variables (x) and the single output variable (y). More 
specifically, that y can be calculated from a linear 
combination of the input variables (x).When there is 
a single input variable (x), the method is referred to 
as simple linear regression.When there are multiple 
input variables, literature from statistics often refers 
to the method as multiple linear regression.Different 
techniques can be used to prepare or train the linear 
regression equation from data, the most common of 
which is called Ordinary Least Squares.

Pseudocode for Linear Regression is shown 
below:

Step 1: from sklearn.linear_model import Linear-
Regression

Step 2: from sklearn.preprocessing import Stan-
dardScaler

Step 3: mlr = LinearRegression()
Step 4: sc_x = StandardScaler()
Step 5: X_new = sc_x.fit_transform(x)

Statistical Analysis
The statistical analysis is applied using Statistical 

Package for Social Sciences (SPSS) for descriptive sta-
tistical analysis such as mean, standard deviation and 
standard error were carried out for each group (Ven-
trella et al. 2021). The test was performed to compare 
variables across the study groups. Hence the indepen-
dent variable in this study is mean, entropy, variance, 
and contrast. The dependent variables are accuracy, 
bp, rbc. The independent sample t-test is performed to 
compare the accuracy performance of both Group-1 
and Group-2 using the DT and the RF algorithms.

RESULTS
The Novel Decision Tree classifier (DT) takes input 

in the form of symptoms from the dataset and produc-
es output with an accuracy value of around 96.66%. 
The mean accuracy and loss values using the T-test for 
both the algorithms along with the standard deriva-
tion are shown in Table 6. Here Novel Decision Tree 
and Linear Regression algorithms are used. The DT 
algorithm and LR are compared with 10 samples by 
applying 70% of training data and 30% of testing data-
sets. The performances of the classifiers are measured 
by accuracy value. 

Table 1 contains the accuracy for the Novel Deci-
sion Tree classifier with N = 10 and Table 2 contains 

Table 1
Novel Decision Tree Accuracy and Loss for N = 10.The accuracy 
of predicting kidney disease using Novel Decision Tree (96.66%) 
is obtained.

Iterations Accuracy(%)
1 96.66
2 95.12
3 96.78
4 94.43
5 96.92
6 93.13
7 97.10
8 92.33
9 97.85
10 91.11
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the accuracy for the Linear Regression classifier with 
N = 10.The Linear Regression classifier input is tak-
en from the dataset and it gives an output accuracy of 
85.25%. 

From Table 3 the statistical analysis of Novel Deci-
sion Tree and Linear Regression Mean accuracy value 

and Standard deviation are observed that the DT algo-
rithm performed better than the LR algorithm. 

Table 4 it is observed that the Novel Decision Tree 
has better significance Linear Regression with the val-
ue of p = 0.00.

Table 5 shows the accuracy values for both the 
Novel Decision Tree and Random Forest algorithm. 
The DT algorithm obtained 2.31 standard deviations 
with 6.97 standard error while the LR algorithm ob-
tained.730 standard deviations with 2.20 standard 
error. 

Table 4
Independent Sample Test for significance and standard error determination. P-value is 0.00 (less than 0.005) considered to be 
statistically significant and 95% confidence interval was considered.

Levene’s test for 
equality of variances T-test for equality means with 95% confidence interval

f Sig. t df Sig. 
(2-tailed)

Mean dif-
ference

Std.Error 
difference Lower Upper

Accuracy

Equal variances 
assumed

16.954 .001
5.978 18 .000 13.89100 2.32352 9.00946 18.77254

Equal Variances 
not assumed 5.978 10.951 .000 13.89100 2.32352 8.77418 19.00782

 

Fig. 1. Bar Chart representing the comparison of Mean Accuracy of Novel Decision Tree Algorithm and Linear Regression algo-
rithms. Mean accuracy of the Novel Decision Tree Algorithm appears to be better than Linear Regression algorithm. The X-axis 
represents Novel Decision Tree Algorithm and Linear Regression algorithms and Y-axis represents the mean accuracy ± 1 SD.

Table 2
Linear Regression Accuracy and Loss for N = 10. The accuracy 
of predicting kidney disease using Linear Regression (85.25%) 
is obtained.

Iterations Accuracy(%)
1 85.25
2 80.21
3 86.23
4 78.23
5 87.34
6 75.23
7 88.34
8 72.45
9 89.12
10 70.12

Table 3
Group Statistics results (Mean of Novel Decision Tree Algorithm 
is 96.66% is more compared to Linear Regression Algorithm 
85.25%) and got the highest accuracy and the least error. Stan-
dard deviation and Standard Error Mean were also calculated.

Group N Mean Std. De-
viation

Std. 
Error 
Mean

Accu-
racy

Novel Deci-
sion Tree

10 95.1430 2.31026 .73057

Linear Re-
gression

10 81.2520 6.97498 2.20568
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Accuracy and the Loss for both the algorithms are 
presented in a bar graph in Fig 1. From Table 5 it is 
observed that the Novel Decision Tree proved with 
better and higher accuracy (96.66%) than Linear Re-
gression(85.25%). 

Figure 1 has the mean accuracy of the two algo-
rithms has been shown and compared the mean error 
and the graph shows that Novel Decision tree is better 
than the LR algorithm

The Novel DT model obtained 96.66% and the LR 
algorithm already predicted 85.25%. performance val-
ue. Finally, we compared the mean error of DT and LR 
algorithms as shown in Fig. 1. Therefore the Novel DT 
is significantly better than the LR algorithm.

DISCUSSION
Novel Decision Tree appears to be significantly 

better than Linear Regression with improved accura-
cy. The Novel Decision Tree classifier shows a signifi-
cant difference in terms of accuracy score, speed, and 
performance when compared to the Linear Regression 
classifier.

This finding is similar to (Zelnick et al. 2021)
what they have found, with the Novel Decision Tree 
classifier performing better than the logistic regres-
sion classifier. Similar studies that have been made 
by others such as (Senan et al. 2021) also have simi-
lar findings where Novel Decision Tree is better than 
Logistic Regression and so it can be implemented in 
real time detection of CKD. (Rashed-Al-Mahfuz et al. 
2021) presents a methodology to control the disease 
using a suitable diet plan. In this research, classifiers 
are constructed using different algorithms like Mul-
ticlass Decision Jungle, Multiclass Decision Forest, 
Multiclass Neural Network, and Naive Bayes. (Kumar 
and Abhishek 2012) The classification and regression 
tree, i.e. RPART model, showing considerably good 
results. It uses the ratio of information gain for split-
ting criterion, where the optimal split would decrease 
impurity of resulting subsets(Bellocchio et al. 2021). 
Performance of four kernels-based ELM, namely RBF-
ELM, Linear-ELM, Polynomial-ELM, Wavelet-ELM 

are compared with the performance of standard ELM. 
The above methodologies were compared on metrics 
of sensitivity and specificity. Radial Basis Function – 
Extreme Learning Machine (RBF-ELM) showed high-
er prediction rates (Chowdhury et al. 2021).

Most of the previous work done is based on the data 
from the specific dataset. In the proposed work the 
lack of accuracy in predicting chronic kidney disease 
is improved by machine learning algorithms(Bradley 
et al. 2019). In the future, this work can be extended 
to find how likely nondiabetic people can have kid-
ney failure in the next few years. Artificial intelligence 
can also be used in the future to predict the severity 
of kidney failure(Rashed-Al-Mahfuz et al. 2021). Even 
more, data can be accumulated over the existing data, 
and also datasets of feature set selection can be used. 
Deep Neural networks can be used for those datasets 
which will have a significant difference in terms of ac-
curacy and real-world implementation (Chowdhury 
et al. 2021).

CONCLUSION
In this research, Chronic kidney disease prediction 

is performed using the kidney disease symptoms data-
set for Novel Decision Tree and Linear Regression re-
gression. The accuracy value of the Novel Decision Tree 
classifier is 96.66% whereas the accuracy value of logis-
tic regression is 85.25%. The quality of Chronic kidney 
disease prediction and accuracy using Novel Decision 
Tree appears to be better than Linear Regression.
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ABSTRACT
Aim: Chronic Kidney Disease (CKD), also referred to as long-term 
nephrotic syndrome, has risen exponentially in importance. A 
person may only remain missing their kidneys for an estimate of 
18 days, which creates a huge need for hemodialysis and kidney 
replacements. The main objective of this study aims to find the 
best-suited algorithm that will give us the most ideal prediction. 
We will be comparing Novel Decision Tree with Random forest to 
find out which of these can give us the best accuracy. Material 
and Methods: The study used 143 samples with Novel Decision 
Tree and Random Forest is executed with varying training and test-
ing splits for predicting the accuracy for kidney disease prediction 
with the G-power value of 80% and the kidney datasets were gath-
ered from different websites, together with data from more recent 
studies, a criterion of 0.05%, a reliability range of 95%, a means, 
and a confidence interval. The performance of the classifiers are 
evaluated based on their accuracy rate using the chronic kidney 
disease dataset. Results: The accuracy of predicting kidney dis-
ease in Novel Decision Tree (96.66%) and Random Forest (62.25%) 
is obtained. By using independent samples t-tests, it can be shown 
that there is a statistically 2-tailed notable change in efficiency seen 
between two algorithms of 0.000 (p<0.05). Conclusion: The re-
port’s findings suggest that the Innovative can be used to predict 
kidney illness Decision Tree (DT) algorithm appears to be signifi-
cantly better than the Random Forest (RF) with improved accuracy.
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Chronic Kidney Disease, Novel Decision Tree algorithm, Ran-
dom Forest, Machine learning, Accuracy, Prediction.
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INTRODUCTION
The prediction of Chronic Kidney disease and to in-

crease the accuracy of predicting the disease using Novel 
Decision Tree and comparing it with Random Forest. In 
the last decade, The greatest cause of death worldwide is 
still severe kidney disease (CKD), also known as chronic 
renal impairment (Naqvi et al. 2021). Deficiency of water 
intake, tobacco, eating poorly, getting too little sleep, and 
many other things can lead to Hemodialysis. In 2016, this 
illness impacted 753 million people worldwide, 417 mil-
lion of whom were women and 336 million were men. 
The condition is typically only discovered until it is very 
advanced, and this can occasionally result in renal fail-
ure (Senan et al. 2021). This study presented a system 
that makes use of backpropagation neural networks and 
the Random Forest technique, among other data mining 
approaches. Here, they evaluated the two algorithms and 
discovered that the Back Propagation approach produc-
es the greatest results since it makes use of the Multilayer 
Feedforward Network, a deep learning network (Almus-
tafa 2021). In this, they suggested creating a CKD predic-
tion system utilizing machine learning methods including 
Naive Bayes, Support Vector Machine, K-Nearest Neigh-
bor, Logistic Regression, Innovative Decision Tree, Ran-
dom Forest, and Multi-Layer Recurrent neural network 
Algorithm. These are used, and the effectiveness of each 
is evaluated against the outcomes for reliability, sharpness, 
and recall. The Random Forest is finally selected to con-
struct this system (Chen et al. 2021)(“Website,” n.d.; Aswi-
ni et al. 2021). When dialysis or a kidney transplant are the 
only treatments left to save the patient’s life, CKD is fre-
quently discovered in its later stages. However, early detec-
tion can help prevent renal failure (Munir et al. 2021). The 
Glomerular Filtration Rate (GFR) should be periodically 
monitored as it is the most accurate indicator of kidney 
function and a good indicator of the stages of renal dis-
ease.Age, gender, race, and blood creatinine levels are used 
to determine GFR. GFR values allow for the classification 
of CKD into six phases (Dalle Carbonare et al. 2021).

Numerous studies have been conducted utilising ma-
chine learning algorithms to categorise the chronic kid-
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ney. More than 60 articles were published in IEEE explore 
and nearly 3930 articles were found in google scholar. The 
positive articles that have been published with the ma-
chine learning algorithm for predicting kidney disease 
were exposed mostly using the Novel Decision tree algo-
rithm with an output accuracy of 98.71 ((Arif-Ul-Islam, 
Arif-Ul-Islam, and Ripon 2019). From this survey, it is 
observed that many research works involve classification 
and predicting kidneys so that it helps to take treatment 
(Chan 2020). There are also some other publications in 
which they got other machine algorithms as their highest 
accuracy algorithms are linear regression, logistic regres-
sion, SVM (Schutte 2017). The study takes into account 
the practical issues of data gathering and emphasizes the 
necessity of domain knowledge when applying machine 
learning to predict CKD status. (Parabhoi et al. 2021; 
Beulah et al. 2022). The classifiers are logistic regression 
with an accuracy of 83%, Convolutional Neural Network 
with an accuracy of 73%, K-Nearest Neighbor with 70% 
of accuracy achieved (Almustafa 2021). The current 
study employs feature extraction, data aggregation, data 
preprocessing, a system for handling missing values, and 
all of these techniques to predict CKD status from clin-
ical data (Ekanayake and Herath 2020).Our team has 
extensive knowledge and research experience that has 
translate into high quality publications(Chellapa et al. 
2020; Lavanya, Kannan, and Arivalagan 2021; Raj R, D, 
and S 2020; Shilpa-Jain et al. 2021; S, R, and P 2021; Ra-
madoss, Padmanaban, and Subramanian 2022; Wu et al. 
2020; Kalidoss, Umapathy, and Rani Thirunavukkarasu 
2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 2020; 
Malaikolundhan et al. 2020)

The existing research study predicts the classifica-
tion using a dataset but it does not group them (Vas-
salotti 2020). Another research paper has developed a 
prediction model using AI techniques which are based 
on a deep CNN to detect chronic kidney failure patients 
(Ja and Jojoa 2017). Most relevant articles lack accuracy 
scores for the DT classifier for innovative disease detec-
tions to predict kidney disease (Rambabova-Bushljetik 
et al. 2021). Therefore the study aims to increase the 
accuracy of predicting the likelihood of kidney failure 
and improve the prediction model using the Novel De-
cision tree (Ilyas et al. 2021).

MATERIALS AND METHODS
This research study was carried out in the Arti-

ficial Intelligence Laboratory at the Department of 
Computer Science and Engineering, Saveetha School 

of Engineering, Saveetha Institute of Medical and 
Technical Sciences, Chennai. This research study uses 
two groups, the Novel Decision Tree algorithm, and 
Random Forest (RF) algorithm. The g-power tool was 
used to predict each sample size, yielding 286 total 
sample sizes and 143 number of respondents each cat-
egory with 80% of G power values and 95% reliability 
(Senan et al. 2021).

The data set used for this experiment is obtained 
from the kaggle open-access dataset, (https://www.
kaggle.com/datasets/mansoordaku/ckdisease?se-
lect=kidney_disease.csv) one of the most popular if 
not the most well-liked online groups for practitioners 
of data science and artificial intelligence. Users can use 
it to search for and locate the required datasets and 
also provides a customizable Jupyter notebook envi-
ronment with free GPU and 6 hours of runtime. The 
dataset consists of 76 attributes. The attributes are bp, 
sg, su, RBC, PCC, BGR, and 20 others. The dataset 
has 401 rows and 26 columns which consists of data 
for the symptoms that relate to chronic kidney disease 
which also includes duplicate, null and missing values. 
Pre-processing of the datasets is done to remove the 
duplicate and null values with the help of functions 
that are provided by Microsoft excel. The dataset that 
is collected consists of all numerical forms; there is no 
need to convert the data. The unwanted attributes that 
are not necessary for the prediction are removed.

The testing setup uses Core i5 with 2.25 GHz with 
8 gigabytes of random access memory. In this pro-
posed system 50GB hard disk and 8GB RAM for the 
execution of the Algorithm. The system type used was 
a 64-bit Operating System, X64 and it is windows op-
erating system. To use a machine-learning algorithm 
the one of the Integrated Development Environment 
called Spyder software with pre-installed libraries or 
Google collab can be used for replacement. The pro-
posed system for the classification of heart disease 
prediction involves the following steps: correlation 
between columns, Exploratory data analysis (EDA), 
feature extraction, and classification.

NOVEL DECISION TREE ALGORITHM
The supervised algorithms category includes Nov-

el Decision Tree. Both segmentation and stagnation 
can be done with novel decision trees. The decision 
variable in the classification Novel Decision Tree is 
qualitative. The Information Gain, an optimization 
algorithm used to assess bilateral divides, should be 
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determined in order to design an Innovative decision 
tree. The information is split, the Inequality score is 
determined and the divides are all evaluated before 
the final split is created. Following completion of this 
step and creation of the parent node, the tree can then 
be built by first selecting when to cease the massive 
tree growth by generating the terminal node and es-
tablishing the highest plant deep, and then by em-
ploying recurrent dissociation. Sequential dividing is 
a technique used to construct the tree, and the final 
node is used for the final prediction. 

Pseudocode for Novel Decision Tree  
is shown below:

 

RANDOM FOREST ALGORITHM
The Random Forest Technique is frequently em-

ployed for both analysis and regression issues. This 
algorithm can be used in various places such as bank-
ing, prediction works, health, stock markets, artificial 
intelligence, etc. The confusion matrix will integrate 
them into a forest-like framework to provide predic-
tions that are more precise and stable. Subsets from 
both datasets and attributes are selected arbitrarily 
and get trained. using this method overfitting of data 
can be lowered. This algorithm takes lower training 
time than many other algorithms on large datasets 
with maintaining the precision the accuracy when a 
huge part of data is not present. 

Pseudocode for Random Forest Algorithm

 

STATISTICAL ANALYSIS
The statistical analysis is applied using Statistical 

Package for Social Sciences (SPSS) for descriptive 
statistical analysis such as mean, standard deviation 
and standard error were carried out for each group 
(Munir et al. 2021). The test was performed to com-
pare variables across the study groups. Hence the in-
dependent variables in this study is mean, entropy, 
variance, and contrast. The dependent variables are 
accuracy, bp, rbc. The independent sample t-test is 
performed to compare the accuracy performance of 
both Group-1 and Group-2 using the DT and the RF 
algorithms. 

RESULTS
The Novel Decision Tree classifier (DT) takes input 

in the form of symptoms from the dataset and pro-
duces output with an accuracy value of around 96%. 
The mean accuracy and loss values using the T-test for 
both the algorithms along with the standard deriva-
tion are shown in Table 3. The performances of the 
classifiers are measured by accuracy value. The data-
set consists of 76 attributes. Here Novel Decision Tree 
and Random Forest algorithms are used. The DT algo-
rithm and RF are compared with 10 samples by apply-
ing 70% of training data and 30% of testing datasets.

Table 1 contains the accuracy for the Novel Deci-
sion Tree classifier with N = 10 

Table 1
Accuracy and Loss of a Novel Decision Tree for N = 10 With 
the help of an innovative decision tree, kidney illness can be 
predicted with 96.66% reliability.

Iterations Accuracy(%)
1 96.66
2 95.12
3 96.78
4 94.43
5 96.92
6 93.13
7 97.10
8 92.33
9 97.85
10 91.11

Table 2 contains the accuracy for the Random For-
est classifier with N = 10. The Random Forest classifier 
input is taken from the dataset and it gives an output 
accuracy of 62.25%. 
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Table 2
Reliability and Damage of Random Forest for N = 10. Using 
Random Forest, it is possible to anticipate renal illness with an 
accuracy of 62.25%.

Iterations Accuracy(%)
1 62.25
2 61.23
3 63.14
4 60.34
5 64.33
6 59.23
7 65.90
8 57.22
9 65.90
10 57.22

Table 3 the statistical analysis of Novel Decision 
Tree and Random Forest Mean accuracy value and 
Standard deviation are observed that the DT algo-
rithm performed better than the RF algorithm. 

The DT algorithm obtained 2.31 standard devia-
tions with 0.73 standard error while the RF algorithm 

obtained 2.97 standard deviations with.93 standard 
error. Accuracy and the Loss for both the algorithms 
are presented in a bar graph in Fig 1.

Table 4 it is observed that Novel Decision Tree has 
better significance than Random Forest with the value 
of p = 0.000. Finally, we compared the mean accuracy 
of the DT and the RF algorithms and it shows that the 
DT is significantly better than the RF algorithm.

Table 5 it is observed that the Novel Decision Tree 
proved with better and higher accuracy (96.66%) than 

Table 4
Independent Sample Test for findings provide further evidence and confidence interval. 95% probability value was taken into 
account, and a P-value of 0.00 (less than 0.005) is deemed statistically significant. 

Levene’s test for 
equality of variances T-test for equality means with 95% confidence interval

f Sig. t df Sig. 
(2-tailed)

Mean 
difference

Std.Error 
difference

Lower Upper

Accuracy Equal variances 
assumed

.856 .367 28.079 18 .000 33.41500 1.19001 30.91487 35.91513

Equal Variances 
not assumed

28.079 16.971 .000 33.41500 1.19001 30.90396 35.92604

 
Fig. 1. Bar Chart representing the comparison of Mean Accuracy of Novel Decision Tree Algorithm and Random Forest algorithms. 
Mean accuracy of the Novel Decision Tree Algorithm appears to be better than Random Forest algorithm. The X-axis represents 
Novel Novel Decision Tree Algorithm and Random Forest algorithms and Y-axis represents the mean accuracy ± 1 SD.

Table 3
The Novel Decision Tree Algorithm performed best in terms 
of accuracy and error in the group statistics (Mean of Novel 
Decision Tree Algorithm is 92.19%, higher than Random For-
est Algorithm, 61.72%). Additionally determined were the mean 
difference and confidence interval mean.

Group N Mean Std. De-
viation

Std. 
Error 
Mean

Accu-
racy

Novel Decision 
Tree

10 95.1430 2.31026 .73057

Random Forest 10 61.7280 2.97053 .93936
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Random Forest (62.25%). Also it shows the accuracy 
values for both the Novel Decision Tree and Random 
Forest algorithm.

Figure 1 has the mean accuracy of the two algo-
rithms has been shown and compared the mean error 
and the graph shows that Novel Decision tree is better 
than the RF algorithm

The Novel DT model obtained 96.66% and the RF 
algorithm already predicted 62.25%. performance val-
ue. Finally, we compared the mean error of DT and RF 
algorithms as shown in Fig. 1. Therefore the Novel DT 
is significantly better than the RF algorithm. 

DISCUSSION
With increased accuracy, Innovative Decision Tree 

seems to perform noticeably better than Random For-
est. The Novel Decision Tree classifier shows a signif-
icant difference in terms of accuracy score, speed, and 
performance when compared to the Random Forest 
classifier.

To support this work the finding is similar to 
(Ekanayake and Herath 2020) have found, with the 
Novel Decision Tree classifier with 77% accuracy 
performing better than the Random Forest classifier. 
Consequently, chronic kidney disease can be accu-
rately predicted using the Innovative Decision Tree 
(Kurata, Tanaka, and Nangaku 2021) also have simi-
lar findings where Novel Decision Tree is better than 
Random Forest classifier and so it can be implemented 
in the detection of kidney disease. (Sreeji, Sreeji, and 
Balusamy 2021) presents a methodology to control the 
disease using a suitable diet plan. In this research, clas-
sifiers are constructed using different algorithms like 
Multiclass Decision Jungle, Multiclass Decision For-
est, Multiclass Neural Network, and Multiclass Logis-
tic Regression (Sreeji, Sreeji, and Balusamy 2021). An 
allowable potassium zone is predicted depending on 
the blood potassium levels of the patient. one of the re-
searched classification algorithms recommends a diet 
placed based on the predicted potassium zone (Krish-
nan et al., n.d.). The proposed and evaluated Ker-
nel-based Extreme Learning Machine (ELM) to pre-

dict Chronic Kidney Disease. The performance of four 
kernel-based ELM, namely RBF-ELM, Linear-ELM, 
Polynomial-ELM, Wavelet-ELM is compared with the 
performance of standard ELM. The above method-
ologies were compared on metrics of sensitivity and 
specificity. Radial Basis Function – Extreme Learning 
Machine (RBF-ELM) showed higher prediction rates 
(Vassalotti 2020; V. and Nalini 2019). 

Most of the previous work done is based on the 
data from the specific dataset. In the proposed work 
the lack of accuracy in predicting chronic kidney 
disease is improved by machine learning algorithms 
(Ilyas et al. 2021). In the future, this work can be ex-
tended to find how likely nondiabetic people can have 
kidney failure in the next few years. Artificial intel-
ligence can also be used in the future to predict the 
severity of kidney failure (“Digital Risk Management 
for Data Attacks against State Evaluation” 2019). Even 
more, data can be accumulated over the existing data, 
and also datasets of feature set selection can be used. 
Deep Neural networks can be used for those datasets 
which will have a significant difference in terms of 
accuracy and real-world implementation ((Vassalotti 
2020; V. and Nalini 2019)).

CONCLUSION
In this research, Chronic kidney disease prediction 

is performed using the kidney disease symptoms data-
set for Novel Decision Tree and Random Forest. The 
accuracy value of the Novel Decision Tree classifier is 
96.66% whereas the accuracy value of Random For-
est is 62.25%. The quality of Chronic kidney disease 
prediction and accuracy using Novel Decision Tree 
appears to be better than RF. 
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ABSTRACT:
Aim: The objective of this study is to quantify the influence of 
plastic fiber on the tensile strength of self-compacting concrete 
using a novel microbial technique Microbial induced calcite 
precipitation. Materials and Methods: There are 2 groups 
taken for the study and a total of 18 samples were prepared per 
group with Gpower (80%). Group-1 refers to the convention-
al self-healing concrete and group-2 refers to the plastic fiber 
reinforced self-compacting. concrete. The number of samples 
was calculated using clinical software by adopting the values 
from previously published research papers. The independent 
sample T-test has been carried out using SPSS software ver-
sion 21 which shows a clear increment in the tensile strength of 
the fiber reinforced self-compacting concrete. Result: Tensile 
strength of plastic fiber reinforced self-compacting concrete 
increased by 3.73% when compared with the normal self-com-
pacting concrete. The standard deviation of the tensile strength 
of plastic reinforced bacterial concrete was 0.28965. A signifi-
cant difference between the two groups was observed with a 
p-value of 0.010 (p<0.05) Conclusion: From this experimental 
study it is concluded that the plastic fiber reinforced M20 grade 
self-healing concrete has greater tensile strength than the nor-
mal self-compacting concrete.

Keywords
Tensile strength, plastic fiber, self-compacting bacterial con-
crete, M20 grade concrete,superplasticizer(Tecmix 550) Mineral 
Precipitation, Novel MICP technique.
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INTRODUCTION: 
The right selection of building materials plays an 

important role when design a building to fall within 
the definition of sustainable development. One of the 
most common used construction materials is con-
crete. Its production causes a high energy burden in 
the environment. Concrete is susceptible to external 
factors(Stanaszek-Tomal 2020).The way to replace 
protection materials with self-protection techniques. 
The latter should be further investigated for develop-
ment of microbial self-healing concrete(Erşan et al. 
2015). The bacterial participation in fiber concrete 
beams had more significant enhancement in the ini-
tial cracking load, ultimate load, moment capacity ra-
tio, ductility ratio, and flexural toughness compared 
to associated conventional concrete (Ghoniem, Has-
san, and Aboul-Nour 2021). The crack healing ratio 
of specimens dropped in significance along with the 
extension of cracking age. When the cracking age was 
more than 60 days, the crack healing ratio was very 
small(Luo, Qian, and Li 2015). In all the techniques, 
calcium lactate is used as an organic precursor. Speci-
mens were made to each mix the quantify crack heal-
ing and to compare changes in compressive strength 
of concrete(Khaliq and Ehsan 2016).

Several research articles were published on 
self-healing concrete in the past five years. More than 
sixty articles were published in google scholar and 
around thirty in science direct. The overall water per-
meability in the bacteria series was about 10 times 
lower than that in non-bacterial series. Wet–dry cy-
cles found to stimulate self-healing in mortar speci-
mens with encapsulated bacteria. No self-healing was 
observed in all specimens stored at 95%RH, indicating 
that the presence of liquid water is an essential com-
ponent for self-healing(Wang et al. 2014).Conversely, 
the recovery of water tightness increases significance 
for specimens containing the healing agent compared 
to specimens without it, when subjected to wet-dry 
cycles. Oxygen concentration measurements and 
bacterial traces on calcite formations confirmed the 
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bacterial activity on specimens containing the healing 
agent (Tziviloglou et al. 2016) Bacterial cement stone 
specimens appeared to produce substantially more 
crack-plugging minerals than control specimens, the 
potential application of bacterial spores as self-healing 
agent appears promising (Jonkers et al. 2010)). Ther-
mogravimetric analysis showed that bacteria were 
able to precipitate CaCO3 crystals inside the cracks. 
It was seen that pure bacteria cultures are not able to 
bridge the cracks. However, when bacteria were pro-
tected in silica gel, cracks were filled completely (Van 
Tittelboom et al. 2010).This research paper seeks to 
optimize the benefits of using post consumed waste 
PET bottles in the fiber form in concrete (WPFRC).
The post consumed waste mineral water plastic bot-
tles are shredded into fibers of specific size and shape. 
Several design concrete mixes with different percent-
ages (0 % to 3 %) of waste plastic fibers for two aspect 
ratios, are casted into desire shape and size as per re-
quirement of the tests. Each specimen was cured for 
28 days (Choudhary 2018).The results show that an 
increase in fiber content improves the tensile strength 
of the concrete matrix. A high fiber content results 
in a substantial amount of fibers crossing a fractured 
section, thereby activating failure resistance mecha-
nisms (Paschalis and Lampropoulos 2017).Our team 
has extensive knowledge and research experience that 
has translate into high quality publications (Chellapa 
et al. 2020; Lavanya, Kannan, and Arivalagan 2021; 
Raj R, D, and S 2020; Shilpa-Jain et al. 2021; S, R, and 
P 2021; Ramadoss, Padmanaban, and Subramanian 
2022; Wu et al. 2020; Kalidoss, Umapathy, and Rani 
Thirunavukkarasu 2021; Kaja et al. 2020; Antink et al. 
2020; Paul et al. 2020; Malaikolundhan et al. 2020)

The influence of plastic fiber in the tensile strength 
of self compacting concrete is not very well under-
stood. Impact of microscopic organisms bacillus sub-
tilis and its consequences for split tensile strength of 
cement. This was the existing research on which the 
present research process depends. The aim of this 
study is to quantify the influence of plastic fiber on the 
tensile strength of self compacting concrete.

MATERIALS AND METHODS:
This study was done in the concrete lab, Department 

of Civil engineering and Biotechnology lab, Department 
of Bioinformatics, Saveetha School of Engineering. The 
tensile strength of concrete was tested using a cylin-
der-shape specimen. As the nominal size of aggregates 

was 20mm, 200×100mm sized cylinders were chosen for 
this study. Two groups with eighteen samples each were 
studied. Group-1 refers to the conventional self-com-
pacting concrete and group-2 refers to the plastic fiber 
reinforced self-compacting concrete. The properties of 
the fibers are mentioned in the tabel-1 given below. For 
group-1, preparation of concrete for the sample speci-
men is done manually by batching and mixing the re-
quired materials as shown below in Fig. 1. The regular 
M20 grade concrete was mixed with bacteria, superplas-
ticizer and calcium acetate to make it self-compacting. 
The moulds were filled with this concrete in three layers 
of equal height and 20 numbers of time tamping were 
done for each layer which was in the fig. 1. The process of 
vibration was also done during the process of casting, in 
order to remove the voids from the specimen. After the 
specimen preparation, they were kept at a temperature 
of 27°c. Keep in the water tank to cure for 28 days. The 
quantity of materials used to cast one cylinder is shown 
in table-2. The process was followed in the sameway for 
group 2. However, the only variation was the addition of 
3% plastic fiber to the total volume of the cement. The 
fiber was brought from nectar composites, poonamallee, 
Chennai. Bacteria used for the preparation of bacterial 
concrete was Bacillus Subtilis, belonging to the Bacillus 

Table 1
Table showing the properties of the fiber which are added for 
the group-2 samples (plastic fiber)

S.no Properties Values
1 Length 20mm
2 Color White
3 Bulk density (kg/m3) 1230
4 Melting point 260°
5 % fiber added 3%
6 Amount of fiber used to cast 18 cylinders 342.82

Table-2
Table showing the quantity of materials required to cast a single 
sample ( cylinder of dimension 200*100mm)

S.no Materials Quantity ( kg/lit)
1 Cement 0.633kg
2 Fine aggregate 1.219kg
3 Course aggregate 2.044kg
4 Water 0.27852 lit
5 Fiber (3%) 18.99 gms
6 Super plasticizer(Tec mix 550) 0.83345ml
7 Bacteria 12ml
8 Calcium acetate 0.09gms
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family. Strip of the bacteria which contains 10 spores on it 
was brought from Hi-media, T Nagar, Chennai. Materi-
als used for the preparation of bacteria were also brought 
from Hi-media, T Nagar, Chennai. Soybean casein di-
gest medium (tryptone soya bath), L-alanine (C3H7NO2) 
and manganese sulphate (MnSo4.H2O) used for growing 
bacterial culture were shown in Fig.1. Whereas, calcium 
acetate was used for calcite precipitation. 

Bacteria preparation (biological factor) The prepara-
tion of the bacteria was done at the Biotechnology and 
Molecular Techniques Laboratory in Saveetha School of 
Engineering. The type of bacteria which is used in this 
study is Bacillus Subtilis. The materials which are used for 
the growth of bacteria are soybean medai, L- alanine(C3H-
7NO2), and manganese sulphate (MnSo4H2O). At first 
mother culture was prepared in tubes with the help of 
bacteria strips shown in Fig. 2. For the largest production 
of the bacteria, this mother culture was added to the 2L 
solution. The 2L media solution preparation process was 
discussed below and shown in Fig. 2. First, the 2L reagent 
bottle is cleaned with ethanol. The required amount of dif-
ferent chemicals are added to the bottle using a weighing 
machine. 1800ml of distilled water is added to the bottle 
and then kept on the heater for the proper dissolving of 
the chemical into the distilled water. The culture flasks and 
culture medium were sterilized in an autoclave first. This 
is done to protect the bacteria from other bacteria strains 
and germs contaminating them. An autoclave is a piece 
of equipment that uses steam under pressure to destroy 
bacteria, viruses, and even spores, providing a physical 
means of sterilization. In this study, the autoclave was set 

to a temperature of 15lb/sec. After that, the reagent bottle 
with a solution is kept under the blower for cooling. When 
the process of cooling gets finished the bacteria from the 
mother culture is added to the 2L solution with the help of 
a pipet. The bacteria were grown in a shaking incubator 
after the culture with media had been sterilized. A shaking 
incubator is a device that shakes things in a tube or flask 
to mix, blend, or agitate them. This was done to ensure the 
uniform distribution of microorganisms in the culture. It 
was operated at a temperature of 37°c and at an RPM(Ro-
tation Per Minute) of 90/min and for a time period of 4 
days. 

    
                                         a)                                                                                b) 

Fig 1: a) Figure showing the batching and mixing b) superplasticizer (tec mix 550) of the concrete.

 
Fig 2: Figure showing the 2 L reagent bottle with prepared me-
dia.
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Bacterial content and viability in the culture were 
confirmed microscopically using a light microscope 
at 60X magnification as shown in Fig.3. The concen-
tration of cell was calculated using haeyo meter and 
was found to be 107 cells/ml. After the bacteria had 
reached a stable stage, the bacteria cells were separat-
ed from the media using a centrifugal force as shown 
in Fig.4. Centrifuge was operated at an RPM of 4000/
min and at a temperature of 27°c and for a time period 
of 10 minutes to separate bacteria from the centrifuge 
was directly added to the concrete along with calci-
um acetate. All the above were mixed and cylinders 
were casted. The specimens were kept underwater for 
28 days for curing. The temperature of the water was 
27(+/-) 2°c. The specimens were dried after 28 days of 
curing for testing. The tensile strength of the cylinder 
from both groups was found out using the compres-
sive testing machine, whose maximum load capacity 

was 2000 KN was shown in Fig. 5. This manually op-
erated machine has an accuracy of plus or minus 1. 

 

Fig 5: Figure showing the compressive testing machine when 
testing the sample.

Tabel-3
Table showing the tensile strength of the group-1 samples (con-
ventional concrete samples)

Sl.N  Strength (KN) Tensile strength (N/MM2)
1 67 3.35
2 68 3.4
3 69 3.45
4 60 3
5 67 3.35
6 61 3.05
 7 66 3.3
8 66 3.3
9 60 3
10 69 3.45
11 64 3.2
12 69 3.45
13 65 3.2
14 60 3
15 71 3.55
16 63 3.15
17 65 3.25
18 67 3.35

18 samples of group-1 i.e conventional self-com-
pacting specimens were tested and the tensile strength 
was found out. Similarly, 18 specimens of the group-2 
i.e fiber reinforced self-compacting concrete specimen 
were tested and the tensile strength was found out. 

Statistical analysis:
Results of the experimentation were analyzed us-

ing SPSS, version 21 software. Independent samples 

 
Fig 3: Figure showing final collection of the bacteria after mixed 
with distilled water.

 

Fig. 4: Figure showing the centrifuge apparatus which is used 
for separation of bacteria from the media.
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t-test was done to find the statistical significance 
between the study and control group. There was no 
dependent variable for the study, whereas the tensile 
strength, grade of concrete, water/cement ratio, grade 
of cement, days of curing were independent variables. 
Mean, Standard deviation, standard error of mean 
were also calculated with this tool for tensile strength.

RESULTS:
The mean tensile strength was found out for both 

groups. The mean tensile strength for the group-1 
samples is 3.2694N/mm2 and the mean tensile strength 
for the group-2 samples is 3.3917 N/mm2. The tensile 
strength of the plastic fiber reinforced self-compact-
ing concrete was shown in table 4. The mean tensile 
strength was found to be increased in group-2 when 
compared with group-1 samples. The percentage of 
increment in the mean tensile strength of group-2 was 
3.73%. The statistical parameters also indicate that 
the difference between the two groups appears to be 
significant. It was observed that the standard devia-
tion values for both the groups were very less. The std 
deviation for group-1 0.17162 is and for group-2 it is 
0.28965. The values of 18 samples with the addition of 
plastic fiber are detailed in Table 5. Whereas, Table 4 
displays the tensile strength values of 18 samples with-
out the addition of plastic fiber. Particulars of group 
statistics are given in Table 5. Independent samples 
t-test results were presented in Table 6. The compari-
son of mean accuracy values for two groups of plastic 
fiber reinforced self-compacting concrete and conven-
tional self-compacting concrete with p- value 0.05 and 
error bar 95% with the effective prediction was shown 
in Fig.6. The error bars with the mean accuracy detec-
tion +/- 1 SD.

Table-4
Table showing the tensile strength of the group-2 (fiber rein-
forced self-compacting concrete.)

S.no Strength (KN) Tensile strength (N/mm2)

1 70 3.5

2 77 3.85

3 60 3

4 68 3.4

5 77 3.85

6 75 3.75

7 65 3.25

8 68 3.4

9 62 3.1

10 78 3.9

11 60 3

12 63 3.15

13 69 3.45

14 69 3.45

15 68 3.4

16 62 3.1

17 66 3.3

18 64 3.2

Table-5
Represents group statistics for both sample groups. Mean 
(3.2694,3.3917), standard deviation(0.17162,0.28965), standard 
error mean (0.04045,0.06827) Group statistics

Group No Mean Std.
devia-
tion

Std.
error 
mean

Tensile 
strength

Without fiber 18 3.2694 .17162 .04045

Tensile 
strength 

With fiber 18 3.3917 .28965 .06827

Table-6:
Independent samples t-test results: No statistical significance difference observed for tensile strength in an independent sample t 
test P=0.098 as it is greater than P=0.05

Independent-samples-t-test
Tensile strength

Levene’s Test for 
Equality of Variances

t-test for Equality of Means
95% Confidence 

Interval of the Differ-
ence

F Sig. t df Sig. 
(2-tailed)

Mean Dif-
ference

Std. Error 
Difference Lower Upper

Equal Variances 
Assumed 3.474 0.071 -1.540 34 0.133  -0.12222 0.07935 -0.28349 0.03905

Equal Variances Not 
Assumed -1.540 27.626 0.134 -0.12222 0.07935 -0.28487 0.04043
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DISCUSSION:
The Percentage increase in Tensile strength of the 

plastic fiber reinforced bacterial concrete compared to 
that of bacterial concrete without fibers was found to 
be 3.73%. Addition of fibers reduces the permeability 
of concrete, which thereby has increased the tensile 
strength. The standard deviation of the tensile strength 
of bacterial concrete without fibers was found to be 
higher than that of the bacterial concrete with plastic 
fibers. It shows that the deviation of tensile strength 
from its mean value is more for the bacterial concrete 
without fibers. There was no statistical significance 
observed for plastic strength in an independent sam-
ple t test P=0.071 which was found to be greater than 
P = 0.05. As our threshold limit was 0.05, no statistical 
significance between the groups for tensile strength.

Fiber-reinforced concrete has seen a lot of use in 
recent years as a way to compensate for the weak ten-
sile and flexural strengths of concrete. The addition 
of fibres to concrete, on the other hand, enhances its 
porosity. This drawback calls for remediation tech-
niques to reduce concrete porosity and permeability 
in order to enhance its durability (Karimi and Mosto-
finejad 2020). As their cell wall is anionic, CaCO3 
accumulation on Because their surface area is large, 
the entire cell crystallises and eventually blocks pores 
and fissures.his natural induction technique is an en-
vironmentally friendly method that researchers are 
studying intensively. This manuscript reviews the ap-

plication process of bacterial healing to manufacture 
autonomous self-healing bacterial concrete. (Luhar, 
Luhar, and Shaikh 2022).Bacteria were found to in-
crease tensile strength and decrease water absorption 
and porosity of shotcrete when they were present in 
the mix design and curing solution. The specimens 
treated in the bacteria-containing solution showed the 
greatest reduction in water permeability after 28 days. 
The ability of bacteria to heal the cracks created in 
the specimens was also evaluated in the present work 
(Kalhori and Bagherpour 2017).There are certain lim-
itations for this study 1) only one type and % of fiber 
was used 2) only M20 grade concrete had used for this 
experimental study 3) bacillus subtilis bacteria is used 
for the self compacting 4) concentration for the addi-
tion of the bacteria is also limited i.e 107(Xiao 2017).

As we know that for the maintenance of construc-
tion structures it costs a lot. But by this method that 
can be reduced to some extent. It can be performed 
by adding a super plasticizer and can be tried by us-
ing different chemicals which may be helpful for the 
constructed structure. This investigation is the latest 
research that has plenty of scope in the future.

CONCLUSION:
Tensile strength of plastic fiber reinforced M20 

grade self healing concrete was 3.3917 N/mm2. The 
percentage increase in tensile strength compared to 
the bacterial concrete was 3.73%.

 
Fig 6: Bar chart showing the comparison of mean tensile strength of plastic fiber reinforced concrete and bacterial concrete ( in-
dependent sample t-test means= +1SD).It shows that the mean tensile strength is more in plastic fiber M20 grade self-compacting 
concrete than conventional concrete where the X-axis represents the Groups and the Y-axis represents the tensile strength of the 
samples.
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ABSTRACT
Aim: This study aims to propose smart edge detection tech-
niques in x-ray images for improving PSNR using the Robert 
edge detection algorithm and compared it with the laplacian 
algorithm. Materials and Methods: For the design of edge 
detection technique to improve PSNR Robert edge detection 
algorithm is used along with the gaussian filter and it is com-
pared with the laplacian algorithm. Robert edge detection al-
gorithm and laplacian algorithm are the two groups considered 
in this study. For each group, the sample size is 20 and the 
total sample size is 40. Sample size calculation was done using 
clinicalc.com by keeping g-power at 80%, confidence interval 
at 95%, and the threshold at 0.05%. Result: When comparing 
the two algorithms, it is clear that the Robert edge detection al-
gorithm has a higher mean PSNR value of 43.83 db than the la-
placian algorithm 43.33 db. It is observed that the Robert edge 
detection algorithm has statistically insignificant difference from 
the laplacian algorithm by performing an independent sample 
t-test with p value greater than 0.05. Conclusion: Robert edge 
detection has significantly greater PSNR when compared to the 
Laplacian algorithm 
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INTRODUCTION
X-Ray pictures are unquestionably one of the earliest 

and most informative methods of assessing bone anom-
alies. One of the oldest and most widely used devices 
for capturing human bones is the X-Ray. Any bone in 
the body can be imaged with an X-ray. Image process-
ing has progressed to the point where the engineering 
world can see it, and it has also reached the general pop-
ulation. Magnetic Resonance Imaging (MRI), comput-
ed tomography (CT), digital mammography, and other 
imaging modalities are becoming increasingly popular 
as diagnostic tools. Image segmentation is a significant 
advancement in the realm of image analysis, with ap-
plications ranging from pattern identification to object 
detection to medical imaging., which is one of the most 
basic requirements in the field of image processing and 
computer vision. Picture segmentation is defined as the 
division of a visual into various meaningful sections with 
uniform features based on image discontinuities or sim-
ilarities such as intensity, colour, tone, texture, and so on. 
For picture segmentation, a plethora of techniques has 
been developed(Goswami and Misra 2016). 

Based on the proposed algorithm there are 47 publi-
cations in IEEE database and 15 publications in science 
direct database. The limitations of objects within an im-
age are discovered by edge detection in image process-
ing techniques. Areas such as machine vision, comput-
er vision, and image processing are the areas in which 
edge detection is used for image segmentation and data 
extraction. Sensing the minor cracks in the bones using 
the x-ray images is the key aim of this task. Preprocessing 
segmentation and fracture detection. The performance of 
four techniques is analyzed based on execution time and 
accuracy(Sathish Kumar and Karthikamani 2020). A visu-
al depiction of something is called an image. In electron-
ic form, an image can be formed, replicated, and stored. 
Images are seen as a means of transmitting the informa-
tion. Image processing techniques are used to retrieve this 
information from the image. Image segmentation is an 
important aspect of image processing, and it has a wide 
range of applications in today’s digital world. Medical (vir-
tual surgery simulation, measuring tissue volume, finding 
tumors and other pathologies), Machine vision (surface 
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inspection, classification of non-woven fabrics, food pack 
checks, engine parts inspection, packaging inspection, 
Robot guidance, and component orientation checking), 
Recognition tasks (Face recognition, Iris recognition, Fin-
gerprint recognition), Object detection (Locate objects in 
satellite images such as roads, forest, building, etc). Our 
team has extensive knowledge and research experience 
that has translate into high quality publications(Chellapa 
et al. 2020; Lavanya, Kannan, and Arivalagan 2021; Raj R, 
D, and S 2020; Shilpa-Jain et al. 2021; S, R, and P 2021; 
Ramadoss, Padmanaban, and Subramanian 2022; Wu et 
al. 2020; Kalidoss, Umapathy, and Rani Thirunavukkarasu 
2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 2020; 
Malaikolundhan et al. 2020)

The process of separating an image into segments is 
known as image segmentation. In image analysis, image 
segmentation is a crucial stage. Before picture segmenta-
tion, if necessary, image de-noising and filtering are per-
formed to eliminate noise from the image. High-quality 
photos are utilized in image segmentation to achieve bet-
ter results. Until recently, several picture segmentation 
techniques have been developed, but no single technique 
is acceptable for any type of image (Sujatha and Sudha 
2015). For the original Roberts method’s weak anti-noise 
performance, an improved Roberts algorithm is proposed 
in this study, which integrates the mean filter and wavelet 
denoising with the Roberts operator. The following is the 
algorithm: To denoise the image using Gaussian noises, 
mean filtering and a wavelet-based soft-threshold tech-
nique are used. Second, histogram equalization is used to 
draw attention to the edges. Finally, the Roberts operator is 
used to detect edges. Experiments show that the technique 
outperforms existing edge detection algorithms in Gauss-
ian noised image edge detection(Zhao et al. 2012)

METHODS AND MATERIALS
In the study which was carried out at Saveetha School 

of Engineering college in the simulation lab, we are us-
ing an image enhancement technique for improving 
PSNR of x-ray images using MATLAB simulation soft-
ware. The sample size calculation was done using clini-
cal.com by keeping alpha error threshold 0.05and pow-
er at 80% and the value for enrollment ratio is 0.1.95% 
confidence interval. The sample size is 40. In sample 
preparation for group 1 the image samples were collect-
ed from kaggle.com. In group 2 sample preparation 20 
samples were collected from kaggle.com. Working sta-
tion in designing the image processing filter is mostly 
in a personal computer in software named MATLAB 

R2014a with all the required add-ons installed. Both 
the algorithms have been simulated using the software 
MATLAB for optimization. The resultant graph shows 
that the robert edge detection technique along with the 
gaussian filter produces better PSNR values

Statistical Analysis
By using the software IBM SPSS statistics 26 the 

statistical analysis is done. It helps to find the signifi-
cant variance between the two. In our study an inde-
pendent variable is PSNR and there are no dependent 
variables used in the study(McCormick et al. 2017)

RESULT
The proposed algorithm shows better results when 

compared to the laplacian algorithm. The proposed 
algorithm shows better PSNR values when compared 
to PSNR values produced by the laplacian algorithm.

PSNR values in dB for the proposed and laplacian 
algorithms are shown in Table 1. The suggested ap-
proach yields higher PSNR values than the laplacian 
algorithm, as seen in the table. Table 1 shows PSNR for 
both algorithms.

Table 1
PSNR values for the Roberts edge detection algorithm and the 
laplacian algorithm for different iterations. the improved canny 
edge detection algorithm produces higher PSNR values than 
the laplacian algorithm

Iterations Robert Edge Detection 
Algorithm PSNR(db)

Laplacian Algo-
rithm PSNR(db)

1 42.9 42.3
2 42.9 42.3
3 43 42.4
4 43.1 42.4
5 43.1 42.5
6 43.2 42.6
7 43.3 42.7
8 43.4 42.8
9 43.5 42.9
10 43.6 42.9
11 43.7 43
12 43.8 43
13 44 43.5
14 44.4 43.6
15 44.7 43.7
16 45 43.8
17 45 44
18 45.2 44.4
19 45.2 44.4
20 45.3 44.5
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Group statistics providing mean, standard devia-
tion and standard error mean for a total of 40 samples 
is determined and shown in Table 2. The mean PSNR 
value is 43.83 for the robert algorithm and the lapla-
cian algorithm is 43.33. Robert’s algorithm provides 
better PSNR than the laplacian algorithm. 

In Fig.1. The various images are depicted. Figure 
1(a) shows the input original sample image.This im-
age is given as input image to the Robert edge and 
laplacian algorithm. In Fig. 1(b) the original image is 
converted into a binary image. By changing the pixel 
values the binary image is converted into a segmented 
image which is depicted in Fig. 1(c). The output image 
using the innovative edge detection algorithm which 
is the Robert edge method is depicted in Fig. 1(d).

The graphical representation of PSNR values for 
both algorithms simulated for different iterations is 
shown in Figure 2. From the graph, it is evident that 
for most of the iterations Robert’s algorithm provides 
better PSNR. 

Figure 3 gives the comparison of both algorithms. 
An Independent t-test is used for comparing both the 

algorithms and a statistically significant difference is 
noted in the mean accuracy value. 

Table 2
SPSS analysis of two groups – Group statistics providing means, 
standard deviation and standard deviation and standard error 
mean of the PSNR for the total samples of 40. The Roberts 
edge detection algorithm has better PSNR than the laplacian 
algorithm

Group Statistics
Group N Mean Std. 

devia-
tion

Std. 
error 
mean

PSNR Robert Edge De-
tection Algorithm

20 43.8350  .78356  .17521

Laplacian Algo-
rithm

20  43.3350  .82480 .18443

Table 3
Independent Sample Test: The Mean Standard deviation and significant difference of the Robert edge detection algorithm have 
better PSNR consistent with the Laplacian algorithm. There is a Significance difference between the two groups since (independent 
T test)

Parameters Leven’s test for 
Equality of Variances

T-Test for Equality of 
Means

95% Confidence inter-
val of the difference

F Sig t df sig(2-
tailed)

Mean 
Difference

Std. Error 
Difference

Lower Upper

PSNR Equal Variances 
assumed

.292 .592 1.966 38 .057 .50000 .25439 -.01498 1.01498

Equal variances 
not assumed

1.966 37.900 .057 .50000 .25439 -.01503 1.01503

 

                              a                                                              b 

                               c                                                             d 

 Fig.1. Simulation result using Robert edge detection algorithm.
(a).Input image (b)binary image.(c) segmented image.(d)simu-
lated image with filter

 

Fig. 2. The difference in PSNR values produced by the Robert 
edge detection algorithm and laplacian algorithm.20 iterations 
are performed and the Robert edge detection algorithm pro-
duces more PSNR values than the laplacian algorithm
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DISCUSSION
Image processing is becoming increasingly used 

for identifying diseases automatically and with high 
accuracy. Images from CT scans, MRIs, X-rays, and 
fundus imaging are required for processing by the 
system. Diabetic Retinopathy is a clinical disease that 
is extremely hazardous since it leads to irreversible 
blindness. A routine check-up, which can be done by 
a medical specialist or an automatic diagnosis-based 
system, can save rest vision. If a patient has had di-
abetes for a long period, he or she is at a higher risk 
of developing retinopathy. For extracting impairments 
from fundus images, the method uses Robert’s Edge 
Detection approach. Diabetic retinopathy can be dis-
covered via fundus pictures, which are retinal scans. 
Color correction is also used by the system to high-
light symptoms and improve accuracy. Robert’s is a 
two-dimensional second-order derivative. The pro-
gressions in power in an inclining bearing will be 
one of the outcomes of this activity. One of the most 
appealing aspects of this activity is how simple it is; 
the piece is small and only comprises whole numbers. 
Regardless of the speed of today’s computers, this ben-
efit is negligible, and the Roberts cross is extremely 
susceptible to noise. The system had a 93.00 percent 
accuracy rate and a low false acceptance rate. (Shar-
ma, Dronawat, and Jhapate 2021). Image-processing 
techniques have grown increasingly significant in a 

range of applications as a result of the advancement 
of computer technology. Image segmentation is a 
well-known topic in image processing, as well as a 
hotspot, and focuses on image processing approach-
es. For picture segmentation, several general-purpose 
algorithms and approaches have been developed. Be-
cause there is no universal solution to the picture seg-
mentation problem, these techniques are frequently 
paired with domain knowledge to address an image 
segmentation problem for a specific problem area. A 
comparison of basic Block-Based picture segmenta-
tion approaches is presented in this research (Zaitoun 
and Aqel 2015). This research proposes a new sub-pix-
el innovative edge detection technique that combines 
coarse and precise location. The technique takes into 
account all 8-neighborhood pixel information while 
maintaining the Roberts operator’s advantages of high 
location accuracy and quickness. In the meantime, it is 
capable of successfully suppressing noise and achiev-
ing superior detection outcomes. Otsu’s approach is 
used to acquire accurate subpixel edge placement to 
alleviate the problem of the Zernike moment meth-
od’s low efficiency in threshold selection. The results 
of the experiments reveal that the suggested algorithm 
significantly enhances detection efficiency and accu-
racy. (Xie et al. 2020). This research provides an Adap-
tive Neuro-Fuzzy Inference System-based innovative 
Edge Detection approach for images damaged by salt 

 
Fig. 3. Comparison of Robert edge detection algorithm and laplacian algorithm using standard deviation values. The mean PSNR 
of the Robert edge detection algorithm is better than the laplacian algorithm. X-axis: Robert edge detection algorithm vs lapla-
cian algorithm Y-axis: Mean accuracy with +/_ 1 SD
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and pepper noise (ANFIS). The Noise Adaptive Fuzzy 
Switching Median Filter (NAFSMF) is used to filter 
out noise before the suggested ANFIS-based edge de-
tector is used to discover the edges. To optimize the 
internal parameters of the ANFIS-based edge detector, 
a training strategy for edge detection is provided. The 
suggested ANFIS-based edge detector determines the 
edges directly. Based on performance measures PSNR 
(Peak Signal to Noise Ratio), MSE (Mean Square Er-
ror), and the number of edges detected, this suggested 
edge detector is compared to popular edge detectors 
by Sobel, Roberts, and Prewitt. (Bhardwaj and Mann 
2013). The essential difficulty that the intelligent track-
ing welding-line system for arc welding robots based 
on the arc irradiation operates successfully or not is an 
accurate and speedy algorithm to detect the Welding 
line picture based on the arc irradiation. In all edge de-
tection techniques, the Roberts algorithm is the most 
efficient to execute code. However, it is quite sensitive 
to noise. Under the complexity of welding conditions, 
the standard Roberts algorithm is adversely affected 
by noise. As a result, we proposed an enhanced Rob-
erts method, which we implemented in our system. 
The outcome demonstrated that it met our system’s 
requirements for validity and real-time performance. 
(Qing-hui and Xiao-gang 2009). Because edge detec-
tion methods are at the forefront of image processing 
for object detection, a thorough grasp of them is re-
quired. Through a comparison of two alternative edge 
detection approaches, namely the combination of 
Sobel and Prewitt (Sobel+Prewitt) with Roberts and 
Canny (Roberts+Canny), this research intends to ex-
amine the capacity of combined edge detection meth-
ods to recognize images. The Passion Flower Images 
dataset was gathered from the United States Depart-
ment of Agriculture (USDA) Plant Database, Natural 
Resources Conservation Service during the analysis 
procedure (NRCS). The results of the research using 
Roberts and Canny’s combined edge detection tech-
nique resulted in superior image recognition accuracy 
than Sobel and Prewitt, based on analysis and testing. 
The average accuracy was 92.84 percent, compared to 
68.75 percent in the previous year. (Wanto et al. 2021)

CONCLUSION
The Innovative edge detection algorithm based 

on Robert edge detection algorithm has significantly 
greater PSNR than the laplacian algorithm. Roberts 
edge detection gives a better PSNR of about 43.83 

when compared to the laplacian algorithm which 
gives 43.33
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Abstract
Cardiac arrhythmias is one of the cardiovascular diseases that 
cause more death in today’s industrial world. Among the gen-
eration of arrhythmias in cardiac myocytes, Early Afterdepolar-
ization (EAD) and Delayed Afterdepolarization (DAD) is most 
significant one.  Sodium -Calcium Exchanger (Na+- Ca2+ X) dys-
function is one of major source of DAD and EAD. Na+- Ca2+ X 
which exact mechanism is responsible for promoting EAD and 
DAD still not derived clearly from any cardiac models investiga-
tion. It is very important to understand the electrophysiological 
characteristics of Na+- Ca2+ X and its role in cardiac arrhythmias 
to clearly detect such arrhythmias effects. In this research ar-
ticle the aim is to build a strong fundamental foundation of 
Na+- Ca2+ X mechanism in terms of electrophysiological mo-
lecular segment (internal structure) arrangements and various 
Na+- Ca2+ X investigations on cardiac arrhythmias. Na+-Ca2+X 
is one which belongs to low chemical attraction, high trans-
port capacity and energetically driven by the Na+ ions.  The 
second is an L-type Ca2+ channel, which has a high affinity to 
Ca2+. Na+-Ca2+X eject nearly thirty (30%) of Ca2+ is required 
to activate the myofilaments in rabbit, guinea pig and human 
ventricles and a very small amount (7%) of  Ca2+ is required in 
rat and mouse ventricles. Na+-Ca2+X transport Ca2+ up to 5000 
per second (≈6μM/L), which is much greater than SR Ca2+ ATP 
Ca2+ transport (100 to 150 per second at ≈0.3μM/L). By using 
voltage patch clamp,  Na+-Ca2+X current is measured in guinea 
pig ventricular myocyte, from that density of Na+-Ca2+X is to 
be found, 250 to 400 Na+-Ca2+X/μm2. Na+-Ca2+X current (INaCa) 
at level [Ca2+]o = 0.50mM, Na+-Ca2+X mechanism of Ca2+ ions 
removal is very quickly, why because Calcium Induced Calcium 
Release (CICR) process does increase the cytosolic Ca2+ concen-
tration very early. Enhanced activity of Na+-Ca2+X or increased 
Na+-Ca2+X channel current reduces the Action Potential (AP) 

and AP Duration (APD), and triggers rapid firing within cardiac 
pulmonary veins. Minimum intracellular calcium levels in SR is 
responsible for systolic dysfunction in failure heart.  Similarly 
it increases the inward Na+-Ca2+X current, life threatening ar-
rhythmias like DAD happen by sudden release of calcium in 
SR. Finally increased or enhanced or hypertrophy conditions of 
Na+-Ca2+X is produces EAD and DAD.

Keywords
Cardiac arrhythmias, Sodium -Calcium Exchanger, Early After-
depolarization, Delayed Afterdepolarization, L-type Ca2+ chan-
nel, Ryanodine Receptor, Calcium Induced Calcium Release.
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Introduction:
The Calcium (Ca2+) plays a vital role in cardiac 

conduction and relaxation, which enter the cardiac 
cell during generation of Action Potential (AP). Accu-
mulation of Ca2+ inside the cardiomyocytes cell leads 
to cellular dysfunction. It is necessary to remove it 
from the cardiomyocytes cell. There are two ways to 
remove Ca2+, one is Adenosine Triphosphate (ATP) 
dependent Ca2+ pump and other one is Sodium-Cal-
cium Exchanger (Na+-Ca2+X).  The Na+-Ca2+X work-
ing mechanism is unclear till now. Aim of this article 
is to explain the internal structure of Na+-Ca2+X and 
the working mechanism in normal and different dys-
function conditions. Cytoplasmic membrane having 
two types of Ca2+ transporter. Na+-Ca2+X is one which 
belongs to low chemical attraction, high transport ca-
pacity and energetically driven by the Na+ ions.  The 
second is an L-type Ca2+ channel, which has a high af-
finity to Ca2+ (Greenberg 1994). 

Na+-Ca2+X is a  ten transmembrane segments of cy-
toplasmic membrane protein that bind and transport 
Na+ and Ca2+  from one side to the other side of the 
plasma membrane. In that segment 5 and 6 connect-
ed by a large cytoplasmic loop contains two regulatory 
domains for Ca2+. Four ion-binding sites cluster at the 
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centre of the protein: out of four, one is for Ca2+ spe-
cific and other 3 for Na+ ions binding. Two pathways 
allowing for Na+ and Ca2+ access to central ion bind-
ing sites from the extracellular side are shown in Fig. 1 
(Liao et al. 2012). Based on Na+ and Ca2+ concentra-
tion gradients and membrane potential in cytoplasmic 
membranes, Na+-Ca2+X is operated on two modes. In 
forward mode, Na+-Ca2+X ejects 1Ca2+ ions from the 
intracellular in exchange for extracellular 3Na+ ions. 
Whereas in reverse mode, Na+-Ca2+X extrudes 3Na+ 
ions in exchange for 1Ca2+ ions influx (Ren and Philip-
son 2013) . However the recent studies of Fujioka et al 
shows the Na+-Ca2+X exchanging ratio is greater than 
3:1(Fujioka, Komeda, and Matsuoka 2000).

Na+-Ca2+X is mainly responsible for Ca2+ remov-
al function, when membrane potential is less than 
equilibrium potential. Na+-Ca2+X current is equal to  
(Vm-ENa+-Ca2+X)* GNa+-Ca2+, where ENa+-Ca2+X= 3ENa+-2ECa2+, 
(Vm is Membrane Potential, ENa is Sodium Equilibrium 
Potential, ECa2+ is Calcium Equilibrium Potential, ENa+-

Ca2+X  is  Na+-Ca2+X Equilibrium Potential and Conduc-
tance of Na+-Ca2+X) (Blaustein and Lederer 1999) .

In general five Na+-Ca2+X genes codes are identi-
fied in mammals, out of five, three is Na+-Ca2+X fam-
ily (Na+-Ca2+X1, Na+-Ca2+X2 and Na+-Ca2+X3) and 
two is Na+-Ca2+X-K+ family (Na+-Ca2+X-K+1 and Na+-

Ca2+X-K+2).  The gene code of Na+-Ca2+X1 is similar 
in frog, squid, lobster and drosophila, but in mammals 
its variations are involved in targeting and/or func-
tional differences. Na+-Ca2+X eject nearly thirty (30%) 
of Ca2+ is required to activate the myofilaments in rab-
bit, guinea pig and human ventricles and a very small 
amount (7%) of  Ca2+ is required in rat and mouse ven-
tricles. The remaining Ca2+ is removed with the help of 
Sarcoplasmic Reticulum (SR) Ca2+ ATP (Bers 2000). 
Both SR Ca2+ ATP and Na+-Ca2+X are contribute ap-
proximately equal to Ca2+ removal from the cytoplasm 
in the case of failing rabbit and human heart. Normal 
and disease conditions differences in the Na+-Ca2+X 
contribution is due to expression levels of Na+-Ca2+X 
activity in the plasma membrane, Ca2+ ATP activity 
in SR and intracellular Na+ concentration (Hasenfuss 
1998) (Hove-Madsen and Bers 1993).

Excitation and Contraction Coupling (ECC) of 
cardiomyocytes is controversial, when the physiolog-
ical significance Ca2+ enters through Na+-Ca2+X. The 
Efficiency of Ca2+ release from the SR through Na+-
Ca2+X is less than L-type Ca2+ channels (Sham, Clee-
mann, and Morad 1995). Even Though, Ca2+ entry 
through Na+-Ca2+X is increasing the effects of trig-
gering SR Ca2+ release (Litwin, Li, and Bridge 1998). 
In Heart Failure (HF) like SR dysfunction, Na+-Ca2+X 

 
Fig. 1: Schematics of the Alternative Topologies of Na+-Ca2+X1. Panel A: Shows the Currently Accepted 9 TMS Arrangement of Na+-
Ca2+X1 and Panel B: Shows the 1 TMS Topology as Predicted by the Crystal Structure of the Archaebacterial Na+-Ca2+X.
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activity is increased due to enhanced Ca2+ entry, which 
provides conduction in cardiac muscles (Mattiello et 
al. 1998) . In mouse embryos, Na+-Ca2+X1 family gene 
expression occurs very early before the first heartbeat 
in cardiogenesis (Koushik, Bundy, and Conway 1999). 
Na+-Ca2+X1 gene expression reaches maximum level 
during the delivery time of any mammals and also re-
duces its expression level during adult ages (Wakimo-
to et al. 2000). But it is totally reversible in the case of 
SR Ca2+ ATP.

Na+-Ca2+X1 transport Ca2+ up to 5000 per second 
(≈6μM/L), which is much greater than SR Ca2+ ATP 
Ca2+ transport (100 to 150 per second at ≈0.3μM/L) 
(Matsuoka and Hilgemann 1992) (Fujii et al. 1990). 
By using voltage patch clamp,  Na+-Ca2+X current is 
measured in guinea pig ventricular myocyte, from 
that density of Na+-Ca2+X1 is to be found, 250 to 400 
Na+-Ca2+X/μm2  (Niggli and Lederer 1991) (Hilge-
mann, Nicoll, and Philipson 1991). Depending upon 
species, the density of Na+-Ca2+X1 in sarcolemma sig-
nificantly varied. Compared with rat myocytes, guin-
ea pig and hamster myocytes sent more Ca2+ out (2 
to 4 times larger) through Na+-Ca2+X1 unit membrane 
capacitance (Sham, Hatem, and Morad 1995). In rat 
and guinea pig ventricular myocytes, Na+-Ca2+X1 is 
mostly present in T-tubule membrane, peripheral sar-
colemma and intercalated disks, whereas Na+-Ca2+X1 
is not present in dyadic junction of Ryanodine recep-
tors (Blaustein and Lederer 1999) (Kieval et al. 1992) .

Figure 2 shows Na+-Ca2+X1 gene family contains 9 
Trans-Membrane Segments (TMS 1-9) and 938 ami-
no acids with a molecular mass of 120kDa. Na+-Ca2+X 
having two terminus, such as amino terminus in the 
extracellular space and carboxyl terminus in the in-
tracellular space are shown in Fig. 2. Na+-Ca2+X TMS 
1-9 is divided into two hydrophobic domains name-
ly N-terminal hydrophobic (TMS 1-5) and C-termi-
nal hydrophobic (TMS 6-9), which are important in 
binding and ion transport. TMS 1-5 and TMS 6-9 are 
separated by a long hydrophilic intracellular loop of 
550 amino acids, which is termed as F loop. Na+-Ca2+X 
protein amino acid sequence is found between TMS2 
and TMS3 is called α-1 repeat located at extracellular 
level, in the same way amino acid sequence is found 
between TMS7 and TMS8 is called α-2 repeat located 
at intracellular level. α-helices of hydrophilic α-repeats 
form pathways for ion movement from one end to 
another and also form reentrant loops of Na+-Ca2+X1 
that communicate inside the protein. In the middle of 
α-2 repeat have the Glycine Isoleucine Glycine (GIG) 
amino acid sequence, which is same as to the Glycine 
Tyrosine Glycine (GYG) sequence available in the 
P loop of Potassium (K+) channels. Similarly, Na+-
Ca2+X2 and Na+-Ca2+X3 gene structure are same with 
respect to Na+-Ca2+X1. In that Na+-Ca2+X2 consist of 
921 amino acids of molecular weight 102 kDa shows a 
65% sequence identity with Na+-Ca2+X1, whereas Na+-
Ca2+X3 having 927 amino acids of  molecular weight 

 
Fig. 2: Schematics of Na+-Ca2+X1 gene family. Panel A: Shows the Currently Accepted 9 TMS Arrangement of Na+-Ca2+X1 and Panel B: 
Shows the 10 TMS Topology as Predicted by the Crystal Structure of the Archaebacterial Na+-Ca2+X (Annunziato and Molinaro 2009)
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105kDa with 75% sequence identity (Annunziato and 
Molinaro 2009).

Figure 3 shows the factors in extracellular and in-
tracellular matrices are responsible for Na+-Ca2+X1 
functions. In particular cardiac Na+-Ca2+X activity is 
stimulated by phospholipase-C activating agonists like 
phenylephrine, endothelin 1, angiotensin II and some 
growth factors. Similarly this stimulation effect is also 
blocked by a selective inhibitor called Protein Kinase 
C (PKC). It is observed that a PKC mechanism of 30% 
to 40% is involved in cardiac Na+-Ca2+X activity (Yang 
and Kao 2013).

Na+-Ca2+X dysfunctions happen indirectly by the 
phosphorylation and anchoring proteins, which in 
turn varies the APD (K. R. Sipido et al. 2007). In hy-
pertrophy arrhythmias condition, EAD occurs, which 
is clearly shown in a dog model of cardiac hypertro-
phy. DAD is also responsible for the Na+-Ca2+X dys-
functions that induce triggered arrhythmias in cardiac 
ventricular cells (Sugai et al. 2009). Na+-Ca2+X dys-
functions (burst emergence conditions) fail to bal-
ance the calcium levels in the intracellular, especially 
in SR.  Intracellular calcium loading produces rapid 
pacing which triggers the arrhythmic activity (Sugai et 
al. 2009). Enhanced activity of Na+-Ca2+X or increased 
Na+-Ca2+X channel current reduces the APD and ac-
tion potential, and triggers rapid firing within cardiac 
pulmonary veins (Patterson et al. 2006). Both DADs 
and EADs are reduced with gene suppression in Na+-
Ca2+X, which protects the APD (Bögeholz et al. 2015).

SEA0400 (2-[4-[(2,5-difluorophenyl)methoxy]
phenoxy]-5-ethoxyaniline) inhibitor is used in Na+-
Ca2+X to analysis whether any antiarrhythmic effects 
available during investigation on canine cardiac mod-
el. The results show that there are no significant effects 
in antiarrhythmics which are generated by coronary 
ligation and reperfusion (Nagasawa et al. 2005). Min-
imum intracellular calcium levels in SR is responsible 
for systolic dysfunction in failure heart.  Similarly it 
increases the inward Na+-Ca2+X current, life threaten-
ing arrhythmias (rapid firing of action potential) and  
DAD happen by sudden release of calcium in SR (Bers, 
Despa, and Bossuyt 2006). The compensated hyper-
trophy condition, Na+-Ca2+X  handling mechanism is 
changed to load more calcium levels in SR which leads 
to sudden cardiac arrest (Karin R. Sipido et al. 2002). 
Due to increased Na+-Ca2+X current, inotropic action 
of isoproterenol is majorly affected in the cardiac ven-
tricular myocytes (Kuzumoto et al. 2008). SN-6 (ben-
zyloxy phenyl) inhibitors used in Na+-Ca2+X, which is 
quite less affects other membrane currents compare to 
KB-R7943, even though its APD are shorter at APD50 
and APD25 (Kuzumoto et al. 2008)

Combined effects of different ion channels and 
ions are involved in the generation of Cardiac AP, out 
of that, Ca2+ ions and its channel is vital important. In 
Purkinje Fibre Cell (PFC) at normal extracellular Ca2+ 
concentration ([Ca2+]o) and intracellular Ca2+ ([Ca2+]
i) levels as are 2mM and 0.000101mM. PFC model AP 
generation during this condition up to 3s is simulated, 

 
Fig. 3: Hypothetical three-dimensional model of the intact exchanger consisting of a transmembrane domain (yellow), an α-caten-
in-like domain (blue), and the two anti-parallel oriented Ca2+ Binding Domains CBD1 (red) and CBD2 (green) (Image of Mark Hilge, 
Department of Biophysical Chemistry, Institute for Molecules and Materials, Radboud University Nijmegen, The Netherlands).
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who’s Na+-Ca2+ current (INaCa) is shown in Fig. 4. (Blue 
line).

 

Fig. 4: Na+-Ca2+X Current of Extracellular Ca2+ Variations in PFC.
In Ca2+ induced Ca2+ Released (CICR) process, 

Ca2+ concentration enter through L- type Ca2+ channel 
and get accumulated in diadic space, thereby increase 
threshold levels sufficiently to activate sacroplasmic 
reticulum ryanodine receptor channels very early. INaCa 

current is going more negative at condition of [Ca2+]o 
= 0.50mM, because of CICR process raises the cytoso-
lic Ca2+ concentration very quickly is shown in Fig. 4 
(Green Line). On the other hand, INaCa current is going 
more positive at condition of [Ca2+]o = 4 mM, because 
of CICR process raises the cytosolic Ca2+ concentra-
tion very slowly is shown in Fig.4 (Red Line)

In general maintain the [Ca2+]o levels is done with 
help of Na+-Ca2+X, which exchange one Ca2+ ions from 
intracellular to extracellular and gain three Na+ ions 
from extracellular to intracellular side. Na+-Ca2+X in-
crease the Na+ ions concentrations in the intracellular 
side, which generate premature depolarization in re-
laxation phase (Fig. 4 – Green line). It is one of evident 
for Na+-Ca2+X is responsible for DAD. This low [Ca2+]
o levels is tend to decreases its INaCa current through-
out the propagation of AP, reduces the AP cycle length 
and shortening of AP duration. The low [Ca2+]o lev-
els is also responsible for PFC excitability increases, 
whereas this increased excitability will not support 
the overall cardiac cycle with respect to depolarization 
and repolarization phase. Same AP duration shorting 
effects are observed in the study of nifedipine applica-
tion (an inhibitor of Ca2+ channels) on rabbit SA node

Fig.5 shows the single AP of normal and failing 
cardiomyocytes of PFC. In normal condition (the 
Na+-Ca2+X scaling parameter is 1000), PFC have 
peak amplitude is 32mV, AP cycle length is 1200ms 
and AP duration is 350ms (Fig. 5 – Blue line). 
Whereas in failing myocytes (i.e. the Na+-Ca2+X 

scaling parameter is increased to 65% from normal 
level), PFC have peak amplitude is 32mV, AP cycle 
length is 650ms and AP duration is 400ms (Fig. 5 
– Red line). This results shows that enhanced ac-
tivity of Na+-Ca2+X exchanger is vulnerable to AP 
alternant.

 

Fig. 5: APs of Single PFC from Normal and Enhanced Na+-Ca2+X 
Activity Failing Cell.

Fig. 6 shows the Ca2+ Transient (CT) at differ-
ent [Ca2+]o levels. Whenever CICR process occurs, 
there Na+-Ca2+X is predominant one to maintain 
Ca2+ levels in intracellular and extracellular side. 
At normal [Ca2+]o=2mM levels, CT is 0.7 µM in 
PFC, whose depolarization is initiated after 100ms. 
Meanwhile Na+ depolarization is happen to initiate 
the activation of L-type Ca2+ channels (Fig.6 Blue 
Line). But in the case of [Ca2+]o=0.5mM levels, CT 
activation is more quickly (cycle length is reduced 
upto 33% from normal level) which disturb the 
excitation coupling and cardiac muscle relaxation 
(Fig.6 Green Line). Whereas in Ca2+]o=4mM levels, 
CT activate after long delay (~650ms) because of 
L-type Ca2+ channels inactivation state (Fig.6 Red 
Line). As a result Na+-Ca2+X is one to produce ex-
citation coupling and cardiac muscle relaxation ar-
rhythmic problems.

 
Fig.6: Ca2+ Transient Response of Extracellular Ca2+ Variations 
in PFC.
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Conclusion:
Cardiovascular diseases are major life threatening 

and cause sudden death and raise its rate throughout 
the year. One among them is cardiac arrhythmias, 
which is an abnormal rhythm generated by the heart.  
Many nodal and cardiac myocytes cells dysfunction 
are responsible for these arrhythmic effects. AP gener-
ation in cardiac cell membrane is cumulative effects of 
different ion channels, pumps and exchangers balanc-
ing ionic transportation between in and out of plasma 
membrane. Na+-Ca2+X plays a very essential role in 
maintaining the Na+ and Ca2+ in intra- and extracel-
lular matrices to promote normal AP. Na+-Ca2+X is a 
very trivial mechanism, it is necessary to understand 
and need to diagnosis such as EAD and DAD arrhyth-
mic effects. From this article it clearly admits the elec-
trophysiological properties and internal structure of 
Na+-Ca2+X, density of Na+-Ca2+X1 is to be found, 250 
to 400 Na+-Ca2+X/μm2 and different gene family Na+-
Ca2+X (9 TMS and 10 TMS arrangement of internal 
structure). During enhanced activity and hypertrophy 
condition of Na+-Ca2+X, affects, EC coupling, cardiac 
muscle relaxation and APD which in turns leads to 
EAD and DAD.
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Diagnostics of coronary blood flow: 
advantages of using the cardiometric 
method
Mikhail Y. Rudenko, Irina А. Berseneva,  
Evgeniy Y. Bersenev, Marat P. Deberdeev,  
Artem O. Chepiga
The article discusses the features of the diagnosis of coro-
nary blood flow using the cardiometric method. Diagno-
sis of coronary blood flow is of great importance in car-
diology. The causes of incomplete filling of the coronary 
arteries with blood are considered, criteria for rechecking 
the correctness of the diagnosis of the functioning of the 
coronary blood flow, including amount of lactate, stress 
index and type of adaptation reaction, are identified. 

Inhalation Health Risk Assessment  
of Some of Heavy Metals for Kerosene 
Samples in Iraq Market
Sattar Nema Wadi, Mohammad Akbarzadeh Pasha,  
Ali Abid Abojassim
In this study, five heavy metals (Zn, Fe, Pb, Cu, and Cd) 
concentra were measured in samples of kerosene (locally 
only) that collected from different of warehouses oils in 
Iraq. The measurements have been done using Atomic 
Absorption Spectrophotometer. Non-cancer risks such 
as the chronic daily inhalation intake (CDIinh), a Hazard 
Quotient (HQ), and Hazard Index (HI) as well as Cancer 
Risks (CR) due to inhalation of heavy metals in the kero-
sene samples were calculated.

Problematic aspects of polypragmasia  
in the development of multimorbidity  
in elderly and senile patients
Radzhab K. Davudov, Sofia A. Glukhova,  
Zarina G. Misikova, Victoria O. Vishnyakova,  
Ekaterina S. Dudchenko, Vladislav N. Yarkov
It is known that is an ambiguous phenomenon in medi-
cine. There is no generally accepted definition of the con-
cept, and approaches to the interpretation of the essence 
of the category in question are also different, since poly-
pragmasia, being vital for certain diseases, can become 
extremely dangerous in certain conditions of the human 
body, as well as negatively affect the health of patients of 
certain age groups. In particular, elderly and senile pa-
tients...

Main trends in development  
and law regulation of electronic health  
in the European Union
Sergey M. Grishin, Stanislav V. Odintsov
The relevance of this research work lies in the fact that at 
present the EU policy standards are aimed at creating an 
ecosystem of digital (electronic) healthcare (eHealth). Dig-
ital medicine resources can radically transform healthcare, 
providing effective medical care, and improving diagnos-
tics/treatment/rehabilitation methods. The aim of this ar-
ticle is to identify the main trends in the development and 
regulation of eHealth in the EU. 

Biological effect of copper oxide 
nanoparticles synthesized  
by Saccharomyces boulardii against  
of multidrug resistant bacteria isolated 
from diabetic foot infections
Adil Hakeem Mohamed, S. W.Kadium
In this study, copper oxide nanoparticles are produced 
using the probiotic Saccharomyces boulardii in order to 
assess their biological activity. The biological method of 
producing nanoparticles is gaining popularity due to its 
benefits over chemical and physical ways of synthesis 
in terms of affordability and environmental friendliness. 
Methods: To biosynthesize CuO NPs, copper sulfate was 
introduced at a concentration to S. boulardii’s cell-free 
supernatant. Results: The color change of the reaction 
mixture from light to dark after 150 rpm incubation, as 
well as the color change and antibacterial behavior, were 
indicators of S. bularedii’s biosynthesis of CuO NPs.

Biosynthesis of zinc oxide nanoparticles 
using saccharomyces boulardii  
and study their biological activities
Adil Hakeem Mohamed, S.W. Kadium
Saccharomyces boulardii, a probiotic, is used in the cur-
rent study’s manufacture of zinc oxide nanoparticles with 
the aim of assessing their biological activity. Due to its 
advantages over the chemical and physical techniques 
of synthesis in terms of affordability and environmental 
friendliness, the biological way of creating nanoparticles is 
becoming increasingly relevant. Zinc acetate was added 
at a dose necessary to biosynthesize ZnO NPs from S. 
boulardii’s cell-free supernatant (1 mM).
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Evaluation of Left Ventricular Function 
after Revascularization of Coronary 
Chronic Total Occlusion using Speckle 
Tracking Echocardiography
Mahmoud Shawky Abdelmoneum,  
Ahmed Mahmoud Sabry, Antoine Saad Anis,  
Heba Abdel Kader Mansour
This study evaluated the role of two-dimensional speckle 
tracking echocardiography (2D-STE) in evaluation of the 
LV systolic function in patients had CTO of LAD at 1 day as 
well as at 3 months after revascularization. This prospec-
tive observational study included 100 patients diagnosed 
by coronary angiography to have a chronic complete oc-
clusion of the left anterior descending artery. 

Reverse Cardiac Remodeling Response 
and Its Effect on Quality of Life After 
initiation of Sacubitril/valsartan in Heart 
Failure with Reduced Ejection Fraction
Mohamed Said Darwish,  
Mohammed Ahmed Hamouda,  
Hesham Mohamed Aboul-Enein,  
Mohamed Ahmed Metwally,  
Ahmed Emad Eldin Mohamed
To evaluate if switching therapy from an angiotensin con-
verting enzyme inhibitors (ACEI) or angiotensin II receptor 
blockers (ARB) to sacubitril/valsartan induces incremen-
tal left ventricular (LV) reverse remodeling and the effect 
of switching on quality of life (QOL) in heart failure with 
reduced ejection fraction (HFrEF). This prospective multi-
center study included 100 patients with HFrEF. 

Method of visualization  
of the cardiovascular system  
during the study of patients  
with perioperative myocardial injury
Seda S. Rashidova
The relevance of the research work lies in the fact that a sig-
nificant number of surgical patients are at risk of intra- or 
postoperative complications, or both, which is associated 
with prolonged stay in the hospital, costs and mortality. Re-
ducing these risks is important for each individual patient, as 
well as for health care planners and managers. Insufficient 
tissue perfusion and cellular oxygenation due to hypovo-
lemia, cardiac dysfunction, or both, are one of the primary 
causes of perioperative complications. Adequate periopera-
tive management, guided by effective and timely hemody-
namic monitoring, can contribute to a reduction of the risk of 
complications and thus potentially improve outcomes.

Innovative technologies for the treatment 
of cervical intraepithelial neoplasia  
of the cervix
M.Kh. Kattakhodjaeva, E.E.Karshieva, Z.D.Amonova 
The urgency of the problem. The prevalence of back-
ground diseases of the cervix (CC) today has the character 
of an epidemic. According to data published in the scien-
tific and medical literature, cervical intraepithelial neopla-
sias account for up to 70% of all gynecological patients.

Counselling to enhance resilience among 
alcohol dependence -pilot analysis
Ajitha Nancy Rani*, V. Hemavathy
India’s reputation as a country with strong abstinence cul-
ture, particularly when it comes to alcohol, is underap-
preciated. In recent years, the country has experienced 
a tremendous development of metropolitan pubs and 
nightclubs, and it is quickly losing its inhibitions about 
drinking as a lifestyle choice. This circumstance has 
sparked fears of an unreported surge in alcohol misuse, 
not only among the poorer classes, but even among hith-
erto dry portions of society. 

Bounce of caregivers expressed emotions 
on schizophrenia
Ajithakumari G., V. HEMAVATHY
Schizophrenia is a severe type of mental illness that is 
both persistent and burdensome. Because they are under 
a lot of stress coping with caring for schizophrenia pa-
tients, family members of these patients often have a neg-
ative attitude and a wide spectrum of expressed emotion 
towards them. The quality of interaction patterns and the 
type of family ties among family caregivers and individuals 
with schizophrenia and other psychiatric conditions are 
classified as an unfavorable family environment. 

A study of assess the knowledge regarding 
self care management of diabetic mellitus 
among the diabetic patients at selected 
urban area
C. Jegatha, V. Hemavathy 
Elevated level of blood glucose hyper glycemia leads to 
spillage of glucose in t urine, hence that terms sweet urine. 
Minority populations are disproportionately affected by 
diabetes. Self care for diabetes is of an utmost importance 
for prevention. Diabetes mellitus is a group of metabolic 
diabetes characterized by the elevated levels of glucose in 
the blood (hyperglycemia) resulting from defects in insulin 
secretion...
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Knowledge on blood pressure control 
among cardiac patients –  
a descriptive study
K. S. VIJAYALAKSHMI, SATHIYALATHA SARTHI
This study focuses on cardiac patients’ knowledge of high 
blood pressure. Blood pressure (BP) beyond 140/90 mm 
Hg is considered to be hypertension. It is closely linked to 
unfavorable conditions like heart diseases, renal disease 
and vascular diseases. Since there will be 1.6 billion adults 
affected by hypertension globally by 2025...

A Pilot Study- The Impact of Health 
Education on Knowledge of Blood 
Pressure Control- Ischaemic  
Heart Disease Patients
VIJAYALAKSHMI.K.S, SATHIYALATHA SARTHI
Increased Blood Pressure is one of the main causes for 
ischemic heart disease, and effective management of 
Hypertension as a key to preventing both primary and 
secondary Ischemic heart disease. In primary prevention, 
keeping blood pressure at or below 140/90 mmHg is ad-
vised; in secondary prevention, levels of 130/85 mmHg 
were previously advised. 

Alcoholism and its adverse effects
N. Nirmala, V. Hemavathy
Alcoholism affects both adults and children, and it is 
a major medical issue. A high predominance of ail-
ment, insufficiencies, and fatalities has been associated 
to alcoholism. It tends to be influenced by hereditary, 
psychological, social, and other elements. Misuse of al-
cohol is a main source of non-communicable diseases 
and mental illnesses and its all add weight to the alco-
hol-related disease.

A study on assess the knowledge towards 
warning signs of breast cancer and 
prevention among the 4th year b.sc 
nursing student from SBCN
P. Priyadarshini, Sathiyalatha Sarathi,  
V. Hemavathy
The most life-threatening illness that is the primary cause 
of female morality is Breast cancer. Breast cancer research 
has led to extraordinary breakthroughs in our under-
standing of the illness over the last two decades, leading 
in more effective medicines. Now days, In most Of all ma-
lignant diseases, one of the most deadly occurring cancer 
are those cancers occurring in the breast, accounting for 
23 percent of all cancer fatalities. 

A study to assess the intervention on 
patients with osteoarthritis
R.Ramania, V.Hemavathy
Effectiveness of Nursing Care on Patients with Osteoar-
thritis. Osteoarthritis (OA) is a condition that results in 
joint inflammation. It’s caused by the wear and tear of 
cartilage, the tissue protecting the ends of your bones 
and joints. OA is the most common form of arthritis and is 
degenerative, getting worse with age. 

Effectiveness of holistic approach 
to reduce anxiety among obsessive 
compulsive disorder-pilot analysis
SARADHADEVI S., V.HEMAVATHY
Anxiety disorders, obsessive-compulsive disorder and 
have lifetime prevalence rates of 22.8%, 1.7 percent, and 
7.9%, respectively and are linked to a lower quality of life. 
Anxiety disorders are the most frequent emotional diffi-
culties for children, In the United States, 7.1 percent of 
youngsters (aged 3-17 years) are obese. having been di-
agnosed with one. 

Effectiveness of Foot reflexology on level 
of fatigue among peripheral neuropathy, 
patient with Tuberculosis
Tejeshwari B V, G. Bhuvaneswari, B.G. Parasuramalu, R. 
Vijayaraghavan
In India, Tuberculosis has been mentioned in the Vedas 
and the old Ayurvedic scriptures. Historically speaking, fight 
against Tuberculosis in India can be broadly classified into 
three periods: early period, before the discoveries of x-ray 
and chemotherapy; post-independence period, during which 
nationwide Tuberculosis control programs were initiated and 
implemented; and the current period, during which the on-
going WHO-assisted Tuberculosis control program is in place. 

Intradialytic range of motion exercise  
to enhance renal index among 
chronic renal failure patients receiving 
heamodialysis at sree balaji medical  
and hospital, chennai- pilot study report
S. SEMMALAR, V. HEMAVATHY
True experimental research study was conducted at Hae-
modialysis’ Unit at Sree Balaji Medical College and Hospital 
among End stage Kidney disorder patients receiving haemo-
dialysis to determine the efficiency of ROM exercise on se-
lected Renal parameters by using purposive sampling tech-
nique 12 patients for control group and 12 from experimental 
were selected for the study based on inclusion criteria.
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A pilot analysis on Effectiveness  
of health education on Attitude regarding 
management of hypertension among 
hypertensive patient
K R Vasantha Kohila, V. Hemavathy
Hypertension is when blood pressure is too high. Blood 
pressure is written as two numbers. The first (systolic) 
number represents the pressure in blood vessels when the 
heart contracts or beats. The second (diastolic) number 
represents the pressure in the vessels when the heart rests 
between beats. Global statistics indicate that only 50% of 
individuals with hypertension are aware that they actually 
have high BP and only 14% are controlled...

Effectiveness of video assisted teaching 
programme on knowledge and attitude 
regarding hemodialysis among patients 
with chronic renal failure
Dhanalakshmi J, Malathi S.
Chronic Renal Failure is a worldwide public health problem 
with an increasing incidence and prevalence, poor out-
comes and high costs. The health teaching regarding he-
modialysis and self care is important to improve the health 
and well being for patients with chronic renal failure. The 
aim of the study was to evaluate the effectiveness of video 
assisted teaching on knowledge and attitude regarding he-
modialysis among patients with chronic renal failure...

Analyzing Chest X-Ray  
Lung Images Using Machine Learning
K. Somasundaram, Ramakrishnan Raman, R. 
Meenakshi, Abhijit Chirputkar 
Malignancy is one of the dangerous sicknesses across 
numerous nations. In any case, malignant growth can be 
restored, whenever recognized at a beginning phase. An-
alysts are dealing with medical care for early identification 
and avoidance of malignant growth...

An efficient Supervised Learning  
Models for Multimodal MR  
Brain Image classification
R. Meenakshi, Ramakrishnan Raman, Abhijit 
Chirputkar, K. Somasundaram
The practicality of distinct vehicular communication tissue 
classifiers is based on lighting training records that repli-
cate a place or purchase circumstance. The use of trans-
fer learning technologies to address sampling mistakes 
caused by sparse annotations during supervised learning 
on automated tumour segmentation is recommended... 

Autism Spectrum Disorder detection  
by an Intelligent Deep Learning Network
Abhijit Chirputkar, Ramakrishnan Raman,  
K. Somasundaram, R. Meenakshi
Mental disorder Autism Spectrum Disorder (ASD) is a neu-
rodevelopmental disorder that affects a person’s behaviour 
and communication. In today’s world, ASD is gaining energy 
faster than ever before, limiting social and cognitive capac-
ities while exhibiting varying expressions from one person 
to the next. Despite the fact that a lot of research has been 
done on ASD using various methodologies, the results hav-
en’t shown enough progress in precision and execution.

CT Image Reconstruction by Boltzmann 
Machine for Effective Cancer Classification 
Ramakrishnan Raman, K. Somasundaram,  
R. Meenakshi, Abhijit Chirputkar
Depending on technology is a surprisingly easy task for a 
person since the course of parameter change can be cal-
culated intuitively by the consistency of the solution. How-
ever, manual parameter modification in many situations is 
varied. It becomes unworkable when specific parameters 
occur in a crisis. The model’s performance was evaluated 
using generalized data throughout the testing step. 

Efficient and Reliable Multihop Routing  
for IoT Healthcare Applications
Nishad Nawaz, R. Meenakshi, Ramakrishnan Raman, 
Abhijit Chirputkar
A wireless body area network (WBAN) collects several tiny 
sensor nodes in the human body. They are intended to 
observe data constantly forward and perform as critical 
structures for remote healthcare monitoring and healing. 
These protect the preferred reliability and efficiency of 
data transmissions of individual body sensors. However, 
with the restricted sensor energy, unreliable link connec-
tion, and complex channel environment, the design of ef-
ficient routing in Multihop WBANs is demanding. 

Ensemble Learning method  
for improving the Healthcare IoT System
Ramakrishnan Raman, Abhijit Chirputkar
Wireless Body Area Network (WBAN) is several wearable 
sensor nodes with unstable sensing, storage, computation, 
and communication capabilities. Heart infection is an es-
sential origin of death internationally, and early recognition 
is vital in avoiding the development of the infection. This 
article presents an Ensemble Learning (EL) method for im-
proving the Healthcare Internet of Things (IoT) System. 
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Gene Data Analysis for Disease  
Detection Using Data Mining Algorithms
Ramakrishnan Raman
As a result of these promising results, researchers believe 
that gene expression tests are more important in creat-
ing more accurate and efficient diagnostic and classifica-
tion tools for cancer. In the deoxyribonucleic acid (DNA) 
system, a gene is transcribed over ribonucleic acid (RNA) 
during transcription, which is a process known as gene 
expression (RNA).

Cost efficient oxygen concentrator  
with PSA technology
J. Sofia Bobby, Bharath S, Madhankumar C, 
Sudharsanam K, Ummathullah U, P.B. Edwin Prabhakar
Normally atmospheric air contains mixture of gases like 
nitrogen (78%), oxygen (21%), and small amount of lot of 
other gases like carbon-di-oxide (0.03%), hydrogen. Oxy-
gen concentrator is a device that concentrate (or) separate 
oxygen from ambient air by specifically removing nitrogen 
by process of Pressure Swing Adsorption (PSA). Pressure 
Swing Adsorption is a technique that separate oxygen from 
a mixture of gases depending on pressure to which molec-
ular characteristics and affinity for a zeolite (Natrolite). 

Kerberos based Authentication  
for healthcare application (KAHA)  
in IoT WBAN
R. Meenakshi, Nishad Nawaz,  
Ramakrishnan Raman, Abhijit Chirputkar
As a result of the fast development of technology, health-
care systems have rapidly morphed into an all-pervasive 
environment that is replete with a variety of difficulties and 
possibilities. Threats and assaults with severe societal ef-
fects have been launched due to the increasing popularity 
of WBANs and their features and applications. 

Nurse Implemented Algorithm  
for Nutritional Support (NIANS)  
on nutritional status among patient  
with enteral feeding in critical care unit
Kripa Angelline A, Keerthana K
Nutritional support is a fundamental component of holis-
tic patient care in the intensive care unit (ICU) and there-
fore warrants diligent consideration. Critically ill patients 
are at a higher risk for developing malnutrition due to 
nature of their illness and their hyper-metabolic state. En-
teral nutrition is most efficient nutritional support method 
in intensive care unit. 

Effectiveness of oxytocin massage  
on promoting lactation among 
postpartum mothers at Saveetha medical 
college and hospital, Thandalam, Chennai
Anbarasi E, Kalabarathi S, Padma Priya D
Inadequacy of breast milk after delivery can be caused by 
the ineffective breast milk production and ejection. One 
way that can be done is oxytocin massage to promote 
breast milk secretion. The purpose of current study was 
to determine the effectiveness of oxytocin massage on 
lactation among postpartum mothers. 

A study to assess the effectiveness  
of breathing exercises using Hoberman 
Sphere on respiratory efficacy  
among post operative children aged 
between 6-12 years in selected hospital
Beautily V, Rishikesh M
The present study aim was to assess the effectiveness of 
breathing exercises using hoberman sphere on respirato-
ry efficacy among post operative children aged between 
6-12 years in Saveetha Medical College and Hospital, 
Chennai. A quantitative research approach and Quasi ex-
perimental research design was adopted for the present 
study. Among 60 Respiratory Efficacy among Post Opera-
tive children selected by convenient sampling technique. 

Level of Stress and Perceived Social 
Support among Women Seeking  
Infertility Treatment: An Exploratory Study
Jagadeeswari J, Lokeswari S, Priyadarsini A,  
Cecyli C, Jency Jebapriya J
Infertility is frequently a secret battle, and depressive symp-
toms are more common in infertility patients than in cancer 
patients. Around 60–80 million couples worldwide have in-
fertility, which has a wide range of effects on many different 
dimensions. Despite this, it is progressive in nature. 

To assess the level of serum uric  
acid in first trimester to predict  
gestational diabetes mellitus
Padmapriya D, Jonah Abraham R, Logambal K
The present study aims to assess the uric acid levels in first 
trimester to predict the gestational diabetic mellitus. The 
quantitative approach with prospective cohort study was 
conducted in the host institution of Saveetha Medical Col-
lege And Hospitals. A total of 60 study participants were 
recruited using purposive sampling technique based on 
the inclusion criteria...
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A study to assess the ph1ysiological  
and biochemical effects of online  
gaming among children 
Linda Xavier, Shalini T
The present study aims to assess the physiological and 
biochemical effects of online gaming among children at 
veepampattu. A quantitative research design was used 
for the present study. A total 60 samples were collected 
using convenience sampling technique. The demograph-
ic variable was assessed by structured questionarie , and 
pretest, posttest of physiological and biochemical effect...

Assess the Association between  
Sleep quality and Glycemic control  
among patients with diabetes mellitus
MaryMinolin T, Divya S
Diabetes Mellitus is one of the most serious health prob-
lem that arise from poor sleep quality. Objectives of the 
study wereto assess the level of sleep quality and glycemic 
control among patients with diabetes mellitus. To establish 
a relationship between sleep quality and glycemic control 
among patients with diabetes mellitus and to associate 
the level of sleep quality and glycemic control among pa-
tients with their selected demographic variables.

Effectiveness of reverse presure softening 
technique on level of breast engorgement 
among postpartum mothers  
at Saveetha Medical College and Hospital, 
Thandalam, Chennai
Mounika M, Kalabarathi S, Padmapriya D
Postpartum period is the time that starts right after birth 
and extends for about six weeks. Breast engorgement is 
a problem for many lactating women that must be ad-
dressed in the client care. The purpose of current study 
was to determine the effectiveness of reverse pressure 
softening technique on level of breast engorgement 
among postpartum mothers. 

A comparative study to assess the blood 
sugar level of post Covid patients with 
diabetes patients and non diabetic clients 
Parimala L, Kishore V
The present study aims to compare and assess the blood 
sugar level among post COVID patients with diabetes pa-
tient and non diabetic clients in Saveetha Medical College 
and Hospital. The quantitative approach with comparative 
study was conducted in host institution of Saveetha Med-
ical College and Hospital. 

Estimating the levels of β HCG during 
second trimester to alert hypertensive 
disorders of pregnancy
Kala Barathi S, Sruthi Raj P, Padmapriya D
The current study aims to estimate the levels of β HCG 
among antenatal mothers during second trimester to 
alert hypertensive disorders during pregnancy. The quan-
titative approach with prospective cohort study was con-
ducted in the host institution of Saveetha Medical College 
And Hospitals.

Compare the level of pain  
using faces pain scale and colour 
analogue pain scale among children  
aged between 6 to 12 years  
attending in pediatric ward
Priyadarsini A, Roshna P Sabu, Jagadeeswari J,  
Cecyli C, Jency Jebapriya J
Faces pain scale and colour analogue pain scale are two 
methods to assess the pain of the children. There many 
method to assess the pain of the children but mostly all 
the hospital is using faces pain scale to assess the pain of 
the children. Pain perception in children is a very contro-
versial topic in children admitted in hospital. 

A study to assess the effectiveness  
of ginger tea on symptoms  
of dyspepsia among adults 
Cecyli C, Soundariya S
Dyspepsia is a common gastrointestinal (GI) condition 
around the world. Dyspepsia is a symptom complex that 
includes a variety of upper GI symptoms such as epi-
gastric pain or burning, early satiety, and post-prandial 
fullness. Treatment with complementary and alternative 
medicines, particularly herbal remedies, is one option for 
treating dyspepsia symptoms.  

The study to assess the relationship 
between handgrip strength upper limb, 
anthropometric characteristic and hand 
disability in adult with type 2 diabetes 
melllitus 
Tamilselvi S, Priyadharshini S 
The present study aims to assess the relationship between 
handgrip strength upper limb, anthropometric character-
istic and hand disability in adult with type 2 Diabetes Mel-
litus at SMCH. A cross sectional research design was used 
for the present study. A total 50 samples were collected 
using convenience sampling technique. 
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Effectiveness of apple cider vinegar  
on reduction of hyperglycemia  
among diabetic clients
Padmapriya D, Venugopal S, Logambal K
As the prevalence of diabetes is high in the current sce-
nario, globally it is very much essential to control diabetes 
as a nurse working in the medical profession. Apple cider 
vinegar has been proven to have beneficial effect in re-
ducing hyperglycemia. 

Development and validation  
of educational pamphlet  
to prevent sleepapnea
Poongodi Ramalingam, S.Revathi, 
P.Vijayasamundeeswari
Obstructive sleep apnea (OSA) is characterized by recurrent 
complete (apneas) and partial (hypopneas) upper airway 
obstructive.The Obstructive Sleep Apnea is one of the lead-
ing risk factor for coronary heart diseases and heart failure. 
The aim of the study was to develop and validate the educa-
tional pamphlet on Obstructive sleep apnea (OSA). 

Knowledge and Attitude Regarding HPV 
Vaccination among Late Adolescent Girls 
Studying in Selected Colleges
D. Geetha, Anita David, Janet Maria,  
Praiselin Saro Blessy. Abinaya.R, Shebna Mephaath
Human Papillomavirus (HPV) is the most common sexual-
ly transmitted infection in both sexes. In Spite of the vac-
cines which are highly immunogenic, safe, well tolerated 
and highly effective in preventing HPV infection the inter-
est shown to receive the vaccine is least. The major reason 
is the lack of awareness and knowledge about HPV, vac-
cines and cervical cancer among people resulting in only 
a small number of immunizations being reported. 

A study to assess the knowledge  
on anemia and adherence to iron folate 
supplementation among antenatal women 
at a selected hospital in Chennai
P. Saranya, Aruna Subramaniam,  
Poongodi Ramalingam
To assess the knowledge on anaemia among antenatal 
women. To determine the adherence to iron folate sup-
plementation among antenatal women. To identify the 
relationship between knowledge on anaemia and adher-
ence to iron folate supplementation and to determine the 
association between knowledge and adherence with the 
selected background variables of antenatal women. 

Texture analysis for skin cancer diagnosis 
using dermoscopic images
Nishad Nawaz, R. Meenakshi,  
Ramakrishnan Raman, Abhijit Chirputkar
This paper provides a foundation to examine the dermo-
scopic images for skin cancer diagnosis. A dermoscopic 
image will often include textured areas that make up a 
major amount of the image. It is conceivable to organize 
and categorize such textures according to whether they are 
related with artifacts or if they reflect biological structure. 

Trustable Body Area Network  
for Emergency Response
Ramakrishnan Raman, R. Meenakshi,  
Abhijit Chirputkar, K. Somasundaram 
In the medical field, Wireless Body Area Networks (WBAN) 
play the main role in keeping users healthy by offering 
convenient services for doctors and patients. However, 
the attacker is prevented from tampering with the sensor 
data by communicating through an unsecured channel, 
which prevents the forwarded packets from their hazard-
ous origins. Several methods of safe authentication are 
suggested for bolstering the trustworthiness of the chan-
nels of communication in protecting user data. 

Stress And Coping Strategies Among  
The Spouses Of The Alcoholic  
In Bharatha Matha De-Addiction Center, 
Puducherry
Lalitha R, K. Maheshwari 
Alcoholism Physiological problems (hand tremors and 
blackouts), Psychological problems, (an obsessive desire 
to drink), Behavioral problems that affect work or social 
life. Spouses of the alcoholic may experience psycholog-
ical problems due to her life with the alcoholic husband. 
The spouses of the alcoholic individuals experience high 
levels of stress from dual problems husband’s alcoholism 
and domestic violence by the husband and are thus a 
high-risk group. 

Impact, capabilities, and credibility  
of video assistant referee in football/soccer
Sayan Das, and Madhavi Damle* 
The penetration of technology & media advances into 
football has improved referees’ choices on contestable 
objectives. This paper analyzes the reception of Video 
Assistant Referees (VAR) and Goal Line Technology (GLT), 
and how the understanding of the correspondence be-
tween arbitrators influences the result of the games. 
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Content Consumption Patterns  
of Korean Pop Fans in India
Brinda Sridhar, Ruchi Jaggi
Digitization and pop culture has come a long way. Making 
and taking experiences online has given new spectrums 
for fans to participate and integrate. The Hallyu wave, one 
of the recent flagbearers of the pop culture phenome-
non, facilitating the global rise of K-pop, has brought in 
new lessons for the music industry. With cultural similarity 
and fascination that draws audiences to K-pop, the Kore-
an music industry relies on a solid audience presence for 
fans to interact, consumer, and garner intimacy from them 
as a two-way exchange. 

Showcasing Gender on Indian Children’s 
TV Cartoon Programming –  
Perspectives of Media Professionals
Ruchi Jaggi and Ajit Duara
The current research study aims to address the representa-
tion of gender in animated content on children’s TV in India 
through the lens of political economy by understanding the 
perspectives of media experts. The discourse generated by 
capturing viewpoints of media experts who represent dif-
ferent roles and functions in the children’s media ecosystem 
will be critical in shaping a holistic overview. 

Development of medical tourism in India: 
prospects and challenges
Ravi Sharma, Nisha Bharti and Sushant Malik
With the advent of globalization, concepts like medical 
tourism, wellness tourism, healthcare tourism, and medical 
migration have gained popularity. The medical tourism in-
dustry is the fastest growing industry in the world, with a 
CAGR of 21.1%. India is known historically for its spiritual val-
ues, Ayurveda, and naturopathy. Currently, India is one of the 
most preferred locations for medical tourism after Thailand. 

Pesticide contamination and influence  
of various processing factors on pesticide 
residues in tea – an integrative approach
Ramakrishna V Ungarala and Srujana Medithi
The second most commonly consumed beverage in the 
world is tea. Various forms of tea are destroyed and report-
ed to show tremendous potential use in human health after 
consumption. Contamination of tea with pesticide residues 
is a constant concern from a human health point of view. 
This integrative review aims to evaluate pesticide residues 
in market tea samples and understand the behavior of pes-
ticides while undergoing various manufacturing processes. 

Customer Satisfaction towards Convenient 
Grocery Shopping from Provisional Stores 
during COVID-19
Rawat Nilima Narayan, Smita Mehendale
Customer satisfaction has a crucial role in forming con-
sumers’ subsequent purchase behavior and intentions. 
This study aims to identify the determinants of consumer 
satisfaction towards convenient grocery shopping from 
Indian provisional stores and to examine the customer 
satisfaction level towards each of these convenience vari-
ables during COVID-19.  

Connecting the dots in ‘Rarest of rare’:  
Is judicial discretion the perfection  
of reason? Tracking judicial discretion  
in death penalty cases in India
Mahesh Deshpande, Shashikala Gurpur
In order to restrict the imposition of the death penalty to 
an extremely narrow band of cases, the Supreme Court of 
India laid down the principle of ‘rarest of rare’ guiding but 
not fettering the sentencing discretion of judges. Despite 
the guidelines, the decision remains purely discretionary 
with its accompanying arbitrariness leading to unpredict-
ability, and disparity in sentencing, which places a tremen-
dous burden of responsibility on the sentencing judge. 

Efficacy of the Reformative  
Theory of Punishment in India
Divya Yajurvedi, Damodar Hake
Most of the criminal justice systems worldwide adopt the 
reformative tools and techniques with the prime object to in-
troduce reformation in convicts instead of using age-old coer-
cive techniques. The Indian criminal justice is not an exception 
to this. Indian criminal jurisprudence believes in the reforma-
tive theory of punishment where the criminal shall be treated 
with as much goodwill and humanity as a normal citizen. 

Menstrual irregularities: understanding  
the role of influential factors 
Rhea Monga, Devaki Gokhale
Menstrual irregularities are very common in young females 
nowadays. Menstrual irregularities can include an array of 
conditions like amenorrhea, oligomenorrhea, menorrhagia 
and metrorrhagia. They have a prevalence rate of as high 
as 85% and hence should be considered a growing public 
health concern in India. These irregularities have been linked 
to increased chances of developing chronic diseases like 
type-2 diabetes, atherosclerosis, migraines, breast cancer 
etc. leading to a compromised quality of life in the future.
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‘What We Are and Have - To Behave’: 
Behavioural Problems and Nutritional 
Status of Children from  
an Urban Slum in Pune
Roopa Miriam George, Devaki Gokhale
Slums are high-risk environments for children, which in-
crease the likelihood of development of behavioral prob-
lems and poor nutritional status. A definite relationship 
between behavior and nutrition has been defined in chil-
dren living in other settings, but evidence from slums is 
lacking. Thus, the purpose of this study was to understand 
the nature of the association between behavior and nutri-
tion in children from an urban slum. 

Mobile phone aided reminder  
to promote childhood vaccination:  
a bibliometric analysis
Manasa Vulpee, Preeti Mulay, Abha Arya
Vaccines have been demonstrated to reduce the incidence 
of disease. With global and regional guidance, the World 
Health Organization provides information and assistance 
to immunization programs worldwide. Despite all of the 
efforts, some countries’ vaccination rates remain low.  

Organ trafficking and the legal  
framework in India:  
a critical analysis  
of the transplantation  
of human organs and tissues act, 1994
Sanjida Quader, Sarfaraz Ahmed Khan
Organ trafficking, due to its subtle nature, is a less-ad-
dressed form of trafficking, among others. It has been de-
cades that the first-ever successful organ transplantation 
took place. Since then, medical science has advanced in 
leaps and bounds to gift us another chance of life, even in 
cases of acute organ failures. 

An Assessment of Talent Management  
and Talent Engagement Strategies  
for Indian Industries - Orientations 
Revisited In COVID-19 Crisis
Shahbaz Anwer, Pradnya Chitrao
New approaches and methods would redefine the global 
corporate and economies as the pandemic has struck the 
world. India has been under lockdown for the last four 
months is still pondering its ways and means to handle 
this challenge effectively. With profits plummeting and 
businesses in chaos, the entire business community has 
to rise to the occasion to face this mammoth problem. 

Study of Menstrual Hygiene Practices 
among the Women of Reproductive 
Age Group in Sangrur Village, Pune-
Maharashtra
M Ritika, A Neha, K Dixita
Menstrual hygiene is a concept of deep concern as; un-
hygienic practices can lead to health problems like repro-
ductive tract infections and their complications. There is a 
definite difference between the menstrual hygiene prac-
tices among urban and rural women, influenced by litera-
cy, awareness, accessibility, and exposure. 

Medical Specialists’ Perception  
About Adoption of Artificial Intelligence  
in the Healthcare Sector
Bhumi Thakkar, Vijayakumar Bharathi S
Artificial Intelligence (AI) has numerous potential applications 
in the healthcare sector. These applications vary from its use in 
quicker disease diagnosis to its assistance for efficiently deal-
ing with pandemic situations. Many countries have success-
fully laid out their strategy for the effective implementation of 
AI. However, several developing countries are still working on 
their plan to increase the penetration of AI in various fields, 
including healthcare, to harness AI’s potential benefits. 

Impact of pandemic on women’s purchase 
decision for feminine hygiene products:  
a Covid -19 lockdown perspective
Smriti Shukla, and Rinku Sanjeev
The uncontrolled spread of the COVID-19 pandemic has 
forced nations to shut their borders and impel the lock-
down. Although the pandemic has affected the nations 
economically and socially, the nationwide lockdown has 
also dramatically affected the supply and demand for 
feminine hygiene products. 

Exploring the Association of Job 
Satisfaction with Organizational Stressors, 
Demographic Factors, and Mental Health: 
The Indian IT/ITeS Narrative
Naveen Sandal, Andrea Lyngdoh, Philip Coelho,  
Sanjay Bhattacharya
A little more than 50 million Indians are reported to have 
the ill effects of depression, and another 38 million, re-
ported anxiety. Despite this, it is crippling to see that In-
dia’s emotional well-being is hardly examined. Besides, 
with a boom in the service industry, the working environ-
ment conditions assume a significant role in the Indian 
workforce’s mental health. 
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Psychological contract factors affecting 
organizational citizenship behavior in 
blended workforce: a multi-industry study
Sayantan Das, Sanjay Bhattacharya
Today’s organizations give rise to a blended workforce, 
which consists of a healthy mixture of permanent and gig 
employees. The contractual employees are engaged with 
the organization until the project’s lifecycle they are work-
ing in lasts, post, which they scavenge for a new gig. 

An exploratory study on the work  
from home for the first time by school 
teachers during covid-19 pandemic
Sonali Gupta, S Vijayakumar Bharathi
The pandemic COVID-19 has brought a significant shift in 
the working pattern in all the sectors, and it has brought 
up a trend of working from home. Each domain and sec-
tor is going virtually to prevent social contact with others. 
Since the last few months, there have been many changes 
in different industries, among which the schools and col-
leges are the ones who have never thought of switching 
everything virtually this early. 

Forecast covid-19 cases and fatalities  
to help understand what drives 
transmission rate in Tamil Nadu – India
Reeya Chaurasia, Prakash Kalke
A newly emerged human Covid-19 virus from Wuhan, 
China caused by SARS-Cov2 having 96.1% similar ge-
nomic sequence as that of a bat has resulted in global 
pandemic and adversely affected the healthcare sector in 
terms of management, manpower, planning. The findings 
can be used to help the healthcare sector with better pan-
demic management and identify the root causes and the 
factors affecting the transmission rate of covid-19 cases.

Persisting misogyny: a gendered analysis 
of online harassment of Indian content 
creators on Instagram and its impact  
on mental health
Praveen Tewari, Sneha Mehendale
As the digital medium increasingly becomes an irreplace-
able part of life for people, trolling is on the rise too. The 
anonymity provided by the digital platform helps trolls 
abuse and harass an online content creator. This study 
attempts to study the patterns of trolling faced by online 
content creators in India. The analysis of trolling comments 
reveals deep-rooted misogyny in trolls’ minds, with women 
being subjected to demeaning abuses that are sexual. 

An effective disaster recovery model  
in supply chain management at times  
of pandemic
Asish Kumar Behera, Krishnan Ramanathan
An automated model representing communicating states 
for a given moment in actual time is theorized in an Auto-
mated Supply Chain Dual (SC). When handling instability 
threats in SCs, we look at the circumstances surrounding 
the architecture and deployment of the digital twins.  

Covid-19 Specific Challenges  
and Solutions in Digital Transformation  
for the Retail Sector
Sapna Gangawane, Mandaar Pande
Digital transformation is characterized by gathering indi-
viduals, data, and processes to generate value for online 
customers and stay competitive in the new consumer 
marketplace. This has increasingly become common in 
retail. Digital consumer retailers are experimenting with 
numerous ways to adapt to new shoppers’ needs, at-
tempting to combine the digital market with the conven-
tional market, and finding various ways to revolutionize 
the digital transition of modern times. 

Challenges and solution of digitalization  
in retail sector of India during covid-19
Asmita Jain, Mandaar Pande
Digitalization has helped in the transformation of several 
industries in the last 20 years. Merging various computer 
functionalities, such as internet facilities usage, super-fast 
processing ability, improved ability to acquire, and utilizing 
digital form data is a major success factor in this context. 

The Impact of COVID-19 on Online 
Fashion Apparel Purchase Intention
Abhinav Arora, Divyesh Singh, Sanchari Debgupta, 
Pravin Kumar Bhoyar
The purpose of this study is to determine the influence 
of Covid-19 on the intention to purchase online fashion 
clothing. A structured questionnaire was used to collect 
data from 231 customers in an online survey. The re-
searchers utilised exploratory factor analysis to uncover 
the most important elements that influence customer 
behaviour while purchasing online fashion items. Multiple 
regression study revealed that situational variables, prac-
tical motive, and safety and precaution had a positive and 
substantial influence on customers’ online buy intention 
for fashion items. Hedonic incentive, on the other hand, 
had a minor impact, despite being beneficial on purpose.
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Management students’ perspective  
and preferences towards flexible learning 
during covid-19 pandemic in India
Aakriti Singh, Rahul Dhaigude,  
Gagan Rajendra Mandavkar
The World Health Organization (WHO) declared corona-
virus (COVID-19) as a global health emergency in January, 
which has impacted different sectors worldwide. The ed-
ucation sector in India and worldwide is no exception, as 
the current health crisis and lockdown regulations disrupt-
ed the educational learning system. Educational institu-
tions have slowly acclimatized to digital learning platforms 
to minimize the impact of the pandemic on education. 

Effect of covid 19 on it business  
and stock market
Aindreesha Barman, Apoorva Kulkarni
During a pandemic, the most affected aspects are the 
business economy and other sectors and areas global-
ly. This research analyses the IT sector’s condition during 
COVID-19 by taking a sample of four companies, analyz-
ing the stock market and financial records of the previous 
few months, and predicting future stock market value to 
see the stock market graph. 

Impact of Brand and Change in Habits  
of Customers Due to Coronavirus  
in the Home Appliance Industry of India
Apurva Chaudhry, Apoorva Kulkarni
The Home Appliance industry is going through an unpre-
dictable situation due to corona virus. Customers’ prefer-
ences are also changing from time to time. Authors have 
discussed various variables and their impact on the con-
sumer purchasing decision and revealed how much brand 
influences the consumer compared to other factors while 
purchasing appliance products.  

Understanding Investors Behaviour  
Based On Changing Market  
Scenario Due to COVID-19 
Gaurav Yadav, Rahul Dhaigude
COVID-19 has created a misbalance in the global econ-
omy by affecting multiple sectors. It has also affected the 
mindset and, consequently, the behavior of economic 
agents, one of whom is the investors. This study aims to 
learn about investors’ investment behavior in COVID-19 
by looking at their preferred sources of information, which 
influence investment decisions, and their preferred invest-
ment avenues. 

Analysing The Effectiveness of Stress 
Management Practices Post COVID-19 
With A Modified Job Stress Scale
Shruti Pal, Naval Lawande
Post COVID-19, there is increased psychological stress 
and depression over the whole world population. Multiple 
factors like perception of safety, risk of contagion, con-
finement, stigma, social alienation, financial loss, and job 
insecurity create much stress for the working population. 
Top management at various companies implements vari-
ous stress management policies to reduce the employees’ 
fear and stress. 

Biodiversity and Problems of Auditing 
Wildlife in General and Snakes in Particular
Aniruddha Joshi, and Madhura Ranade
Biodiversity is one of the proud domains of any country 
in the world. Wildlife as a whole is one of the greatest 
contributors to the environment worldwide in the human 
race. It is known as one of the vital assets of all countries 
of the world. Protecting wildlife is also synonymously used 
as protecting the future of the earth and humanity by re-
searchers worldwide. It becomes essential in the changing 
environment to give more attention to the conservation 
of wildlife. 

The Factors Impacting Work-Life  
Balance Amidst Covid-19
Amaani Dewan, Smita Mehendale
COVID-19 crisis has changed the way we work. Work-
from-home, which was a possibility in some sectors, has 
become a compulsion for all, which has affected the 
work-life balance of working professionals. Depending 
on where the employees are working, the office hours 
have noticeably increased by one to five hours longer as 
this supplementary time is spent in conferences and fol-
low-ups, or an endeavor to improve productivity, or just 
being unaware of the time as there is no clear boundary 
that exists between work and life now.

Intrapreneurship Way Forward for Keeping 
Entrepreneurial Spirit Intact Post-COVID-19
Vikrant Patil, Suhas Ambekar, Manoj Hudnurkar
COVID-19 pandemic is far more than just the health crisis. 
After the Great Depression, the dot-com bubble, and the 
2008 financial crash, we are staring at the biggest chal-
lenge for the economy. No industry has been spared from 
the brunt of this pandemic. The start-up sector is bleeding 
and has undoubtedly taken the hardest hit. 
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Determination of Factors That Will Impact 
Brand Perception Post Covid-19
Vishakha Lakhchoura, Suhas Ambekar,  
Manoj Hudnurkar
The objective of this paper is to determine the fac-
tors that will impact Brand Perception post-COVID-19. 
COVID-19 is the talk of the town as consumers witness 
a once-in-a-generation unprecedented pandemic, which 
significantly affects the attitude and behavior of both con-
sumers and firms in the long term. Consumers’ responses 
are mixed; some prioritize demands for hygiene products, 
some rushed for panic hoarding of staples, while some 
remain indifferent and continue with their daily routine. 

Impact of COVID-19 and Online  
Streaming Services on the Movie Theater
Mohd Akram, Pravin Kumar Bhoyar
Movie Theaters in India face a big crisis amid COVID-19, 
which leads to the shutdown of Theaters for more than 
five months. In the meantime, Online Streaming Services 
are expanding their business and revenue like never be-
fore. This scenario raises the very prominent questions (1) 
whether the movie theater business will survive this hard 
time and get back to normal growth and business once 
COVID-19 cases will reduce. 

Effects of Country of Origin on Imported 
Cosmetics and Skincare Products in India
Tripty Shokeen, Pravin Kumar Bhoyar
The county of origin research has studied the influence of 
a product’s origination on a buyer’s impression. Accord-
ing to the literature, the country-of-origin effect would 
lead Indian consumers to choose domestic cosmetics 
and skincare goods over imported cosmetics and skin-
care products. Age and gender are taken into account 
to see how they affect the COO and other factors in the 
research. 

Analyzing The Impact  
of COVID-19 On e-Grocery in India
Rachna Srivastava, Aarti Mehta Sharma
The COVID-19 pandemic has brought about several 
changes in the regular life of consumers. One such field 
is eGrocery, where a surge in online grocery orders were 
seen when the nation was on lockdown. The purpose of 
this study is to study the impact of COVID-19 on eGrocery 
and to find a relation between consumer’s demographic 
characteristics and the satisfaction level of ordering gro-
ceries online. 

Factors Affecting the Decision  
of a Customer While Booking  
a Hotel Using the SERVPERF Scale
Sanjeev Khanna, Aarti Mehta Sharma
In today’s highly competitive market when it comes to 
having a competitive advantage over others, providing 
superior service quality to the customers is the most im-
portant criteria for any industry. To provide superior ser-
vice quality, it is a must for businesses to recognize the 
factors contributing to the customer perception towards 
service quality. 

COVID-19 impact  
on Global Network Performance
Anirban Chatterjee, Samaya Pillai
The outbreak of the Covid-19 pandemic has created a 
profound impact on every sector of our life. The most sig-
nificant effect of this global pandemic is “global lockdown.” 
The lockdown has brought many changes in our lifestyle. 
One of the substantial changes in the usage of network 
connectivity. Many people have started to work from 
home, the number of online learning other uses like the 
OTT, social media, etc., have increased. It’s observed that 
internet traffic has significantly increased by 25%-30%. 

Precision Agriculture Innovation  
in Agriculture
Loveleen, Samaya Pillai
Precision farming refers to the latest trends in agriculture 
that use technology to improve quality, quantity, and 
productivity, thereby ensuring profitability, sustainability, 
betterment, and preservation of the environment. The 
paper discusses the development and needs for preci-
sion agriculture in India with its existing problems and 
opportunities. The challenges in the future cannot be 
resolved with ancient methods. In order to make agri-
culture efficient and sustainable, investment in new tech-
nologies accompanied by research and development is 
required.

Impact of COVID-19 on Sports Industry
Raghav Mishra, Samaya Pillai
To find the impact of COVID-19 on the sports industry 
and how the industry will adapt to the changes. Second-
ary data was collected from several websites related to 
various sports’ revenues, broadcasting, and sponsorships. 
Primary data was collected in the form of public opinion 
to analyze the change in the coming years. A qualitative 
method was used for the analysis. 
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COVID-19 Impacts On Indian  
Economy And Technology
Shweta Lende, Samaya Pillai
The world witnessed the biggest pandemic in almost 100 
years, the impact of which is felt in all walks of life. It will 
be early days to predict too many things. But it is essential 
to foresee the economic impact of COVID-19. In India, 
which was already in economic turmoil, it remains to be 
seen how this new blow will affect the economic cycle. 
The paper attempts to do this in various sectors like agri-
culture, tourism, and industrial sectors. Secondary data is 
reviewed for the study. The paper also discusses innova-
tions in this reference, and it also discusses the steps that 
the country is taking to sustain this situation.

Impact On Climate Due to Suspension  
of Passenger Flights as A Covid-19 
Preventive M
Vishnupriya Srinivasakumar, Kedar Bhagwat
Aviation has been a sector that has heavily contributed 
towards easing lives, addressing transportation needs, 
and paving the way for new job roles. Since the invention 
of aircraft, its usage has increased dramatically, which has 
caused a rampant surge in the frequency of flying. Ever 
since industrialization, pollution and its harmful effects on 
the environment have been a pressing issue. 

The Historic Landscape & Typologies 
of Ancient Structures at Ambala Tank, 
Ramtek, Maharashtra
AkshayRevekar, Shivani Sharma
Ambala, a small settlement located near the town of Ram-
tek, is known for its landscape. The landscape of Ambala 
comprises an ensemble of the physical and human envi-
ronment with tangible and intangible qualities is paid from 
Ramtek due to the geographical setting. The historical set-
tlement of Ambala has a water tank surrounded by the ty-
pology of Ghats, temples, Chhatries, Kunds, Gate, etc. 

Work-Life Balance Among  
the IT Professionals During Covid-19
Mehjubin Mazumdar, Jaya Chitranshi
Work-life balance is highly desirable and involves main-
taining equilibrium between professional and personal 
work. With the onset of a novel coronavirus pandemic, 
the workforce has seen unprecedented changes. Instead 
of the COVID-19 pandemic, the Government of India im-
plemented a nationwide lockdown and several isolation 
policies.

Covid-19: throttling the fear  
and embracing the science of prevention
Deepak S Khismatrao
Covid-19 is creating a flurry of fear and stigma across the 
globe. The individual fear is of discrimination at isolation 
centers, fears of dying alone with no funeral as per rituals. 
The mass fear is fueled by social and news media through 
negative news, disseminating medical knowledge, and 
confusing multiple mathematical projection models.  

Impact Of YouTube  
On Millennials Buying Decision
Abhishek Miya, Vishal Pradhan
Customer thinks many times before the purchase of ser-
vice or product. Many people prefer different sources to 
identify its legality, such as YouTube, friends, and relatives 
influencing their purchase decision. Therefore, the main 
aim of the research reflects on the factors influencing mil-
lennial buying decisions while referring to YouTube. 

Factors Influencing Customer Grocery 
Shopping Behaviour Amid  
Covid-19 Pandemic
Wundavalli Agasthya Rushi, Vishal Pradhan
The paper attempts to understand and analyze the factors 
that influence different types of end consumer’s behavior 
while shopping for groceries both online and offline, consid-
ering the Covid-19 pandemic situations. A sample size of 145 
members of age varying from 18 to 60 were surveyed through 
a digital form of a questionnaire. Few factors which generally 
impact the customer’s shopping behavior were categorized 
into six different factors: Purchase, Personal, Behavioral, Oper-
ational, Customer Engagement, and Pandemic factors. 

Emotional Intelligence in the IT Industry:  
A Study on Emotional Intelligence  
among IT Professionals
Sameer Kapadwala, Shaji Joseph
In this ever-changing world full of emerging technologies 
and business ideas, the human touch is neglected, and 
the sense of emotion and feelings goes dull. As much as 
we have been giving attention to improve our intelligence 
quotient and developing methods to cultivate it, the other 
aspect of it which runs parallel, that is, the emotional quo-
tient, is ignored. Nowadays, organizations are experienc-
ing changes very often, and they are educating a positive 
environment at their work settings so that their employ-
ees can defy their turbulent minds off any negativity and 
balance their emotions.
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Pandemics and Their Business Impacts:  
A Global Perspective 
Chandan Kumar Tiwari, Abhinav Pal,  
Tarun Khandelwal
In the long and medium term, the evolution of pandemics 
and the resulting harm to the global economy have been 
alarming. Pandemics have a variety of detrimental effects 
on the economy. They impact families, companies, and the 
government by reducing labor supply, worker productivity, 
and population income, increasing company expenditures 
and public healthcare infrastructure costs. This research 
aims to examine and organize the present body of knowl-
edge in the field of pandemics and their economic effect.

Analysis and Comparison of Prediction 
of Heart Disease Using Novel K Nearest 
Neighbor and Decision Tree Algorithm
G. Pavithraa, Sivaprasad
Prediction of coronary illness utilizing novel Novel k near-
est neighbor (KNN) and contrasting its accuracy with de-
cision tree algorithm. Two gatherings are proposed for 
foreseeing the accuracy (%) of coronary illness. To be 
specific, novel Novel k nearest neighbor and decision tree 
algorithm. Here we take 20 examples each for assessment 
and look at. The sample size was calculated using G pow-
er with pretest power at 80% and the alpha of 0.05 value.

Analysis and Comparison of Prediction 
of Heart Disease Using Novel Genetic 
Algorithm and XGBoost Algorithm
G. Pavithraa, Sivaprasad
Prediction of coronary sickness utilizing novel genet-
ic algorithm and contrasting its accuracy with XG boost 
algorithm. Two models are proposed for foreseeing the 
accuracy (%) of coronary infection. To be unequivocal, a 
novel genetic algorithm and XG boost algorithm. Here we 
take 20 samples each for evaluation and analysis.

Analysis and Comparison of Prediction  
of Heart Disease Using Novel Support 
Vector Machine and Logistic  
Regression Algorithm
G. Pavithraa, Sivaprasad
Prediction of coronary disease using novel support vector 
machine and comparing its accuracy with logistic regres-
sion algorithm. Materials and methods: Two social affairs 
are proposed for predicting the accuracy (%) of coronary 
disease. To be explicit, the novel supports vector machine 
and logistic regression algorithms. 

Analysis And Comparison Of Prediction  
Of Heart Disease Using Novel Random 
Forest And Naive Bayes Algorithm
G. Pavithraa, Sivaprasad
Prediction of heart disease using Novel Random Forest and 
comparing its accuracy with Naive Bayes algorithm. Two 
groups are proposed for predicting the accuracy (%) of heart 
disease. Namely, the Novel Random Forest and Naive Bayes 
algorithm. Here we take 20 samples each for evaluation and 
compared. The sample size was calculated using G power 
with pretest power at 80% and the alpha of 0.05 value.

Analysis and Comparison of Kidney Stone 
Detection using Parallel Piped Classifier 
and Bayesian Classifier with Improved 
Classification Accuracy
Kishore U, Ramadevi R
The goal of this research is to use parallel piped classifiers 
and bayesian classifiers to predict and detect kidney stones. 
This investigation made use of a collection of data from 
Kaggle website. Samples were considered as (N=10) for 
parallel piped classifiers and (N=10) for bayesian classifiers 
according to clinicalc.com, total sample size calculated. 

Analysis and Comparison of Kidney  
Stone Detection using Gaussian Maximum 
Likelihood Classifier and Bayesian Classifier 
with Improved Accuracy
Kishore U, Ramadevi R.
The aim of this study is to figure out how to predict and 
detect kidney stones using Gaussian maximum likelihood 
classifier and Bayesian classifier and also to compare the 
results of classification accuracy between Gaussian max-
imum Likelihood classifier and Bayesian classifier. This 
study data was gathered via the kaggle website.  

Analysis and Comparison of Kidney Stone 
Detection using Minimum Distance to 
Mean Classifier and Bayesian Classifier 
with Improved Classification Accuracy
Kishore U, Ramadevi R
The goal of this research is to use minimum distance to 
mean classifier and bayesian classifiers to predict and de-
tect kidney stones. This investigation made use of a collec-
tion of data from Kaggle website. Samples were collected 
(N=10) for normal kidney images and (N=10) for kidney 
with stone images. Total sample size was calculated using 
clinical.com. As a result the total number of samples 20 
was considered for analysis. 
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Analysis and Comparison of Kidney Stone 
Detection using Minimum Distance  
to Mean and Gaussian Maximum 
Likelihood Classifier with Improved 
Classification Accuracy
Kishore U, Ramadevi R
The goal of this research is to use Gaussian maximum 
Likelihood classifier and Minimum distance to mean Clas-
sifier to predict and detect kidney stones. This investiga-
tion made use of a collection of data from Kaggle website.
Samples were collected (N=10) for normal kidney images
and (N=10) for kidney with stone images.  

Analysis and Comparison of Image 
Enhancement Technique for Improving 
PSNR of Lung Images by Median Filtering 
over Histogram Equalization Technique
Sabarish Raja T, Ramadevi R
The main goal of this project is image enhancement to 
improve interpretability or perception of information in 
images for human viewers and also to provide better in-
put for other automated image processing techniques. In 
this research different sources of lung images collected 
from Kaggle website were used. 

Analysis and Comparison of Image 
Enhancement Technique for Improving 
PSNR of Lung Images by Unsharp Mask 
Filtering Technique over Histogram 
Equalization Technique
Sabarish Raja T, Ramadevi R
The goal of study in this image enhancement technique is 
to enhance both contrast and sharpness of an image simul-
taneously to improve PSNR. Both unsharp mask filter and 
novel histogram equalization techniques were implemented 
on lung images which were collected from kaggle software. 

Analysis and Comparison of Image 
Enhancement Technique for Improving 
PSNR of Lung Images by Wiener Filtering 
over Histogram Equalization Technique
Sabarish Raja T, Ramadevi R
The aim of this study is to compare and analyze wiener 
filter algorithm for lung image enhancement over novel 
histogram equalization technique. In this research, different 
sources of lung images collected from the kaggle website 
were used. Samples were considered as (N=30) for median 
filtering and (N=30) for novel histogram equalization tech-
nique with total sample size calculated using clinical.com.

Analysis and Comparison of Image 
Enhancement Technique for Improving 
PSNR of Lung Images by Linear Contrast 
Enhancement Technique over Histogram 
Equalization Technique
The aim of this study is to compare and analyze linear 
contrast enhancement algorithm for lung image en-
hancement over novel histogram equalization technique. 
In this research, different sources of lung images collected 
from the kaggle website were used. Samples were con-
sidered as (N=30) for linear contrast filter and (N=30) for 
novel histogram equalization technique with total sample 
size calculated using clinical.com. 

Detection and comparison of Diabetic 
Maculopathy using C-Means Clustering 
Algorithm and Watershed Algorithm
Farheen Naz, Jenila Rani D, R. Rajakumari
The aim of this research work is for the presence of Nov-
el Diabetic Maculopathy Detection using modern algo-
rithms, and comparing the Peak Signal to Noise Ratio 
(PSNR) between the C-Means clustering Algorithms and 
Watershed Algorithm. C-Means Clustering Algorithms 
were found to give higher PSNR than in Watershed Al-
gorithms for the Novel Diabetic Maculopathy Detection.

Detection and comparison of Proliferative 
Diabetic Retinopathy using Watershed 
Algorithm and K-Means Clustering 
Algorithm
Farheen Naz, Jenila Rani D, R. Rajakumari
The aim of this research work is for the presence of Inno-
vative Proliferative Diabetic Retinopathy Detection, using 
modern algorithms, and comparing the Peak Signal to Noise 
Ratio (PSNR) between Watershed Algorithms and K-Means 
Clustering Algorithm. The sample images were taken from 
kaggle’s website. Watershed Algorithms were found to give 
higher PSNR than in K-Means Clustering Algorithms for the 
Innovative Proliferative Diabetic Retinopathy Detection.

Detection and comparison of Diabetic 
Glaucoma using K-means Algorithm  
and Thresholding Algorithm
Farheen Naz, Jenila Rani D 
The aim of this research work is for the Innovative Dia-
betic Glaucoma Detection using modern algorithms and 
comparing the peak signal to noise ratio (PSNR) between 
K-means Algorithm and Thresholding Algorithm. The 
sample images were taken from Kaggle’s website. 
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Analysis and Comparison for Innovative 
Prediction Technique of Breast Cancer 
Tumor by Naive Bayes Algorithm  
over Support Vector Machine Algorithm 
with Improved Accuracy
Srinivasulureddy Ch, Neelam Sanjeev Kumar, V.S. Binu
This research aims to determine the presence of breast cancer 
using Machine learning techniques and improving the accura-
cy of breast cancer prediction. This study is done on the data 
obtained from the UCI Machine Learning Repository and is 
used to acquire the data sets for the research of Innovative 
breast cancer prediction using machine learning algorithms. 

Analysis and Comparison for Innovative 
Prediction Technique of Breast Cancer 
Tumor using Decision Tree Algorithm  
over Support Vector Machine Algorithm 
with Improved Accuracy
Srinivasulureddy Ch, Neelam Sanjeev Kumar, V. S. Binu
The major goal of this research is to improve the accuracy of 
the Decision Tree (DT) and Support vector machine (SVM) 
algorithms and compare their efficiency in detecting breast 
cancer tumors. This work depends on the data obtained 
from the UCI Machine Learning Repository and used to 
acquire the data sets for the research of Innovative breast 
cancer prediction using machine learning algorithms. 

Analysis and Comparison for Innovative 
Prediction Technique of Breast Cancer 
Tumor using k Nearest Neighbor 
Algorithm over Support Vector Machine 
Algorithm with Improved Accuracy
Srinivasulureddy Ch, Neelam Sanjeev Kumar
The main objective of this study is to compare the efficiency of 
the k-Nearest Neighbor (KNN) and Support vector machine 
(SVM) algorithms in detecting breast cancer tumors and to 
examine their improved accuracy, sensitivity, and precision.  

Analysis and Comparison for Innovative 
Prediction Technique of Breast Cancer 
Tumor by Linear Discriminant Analysis 
Algorithm over Support Vector Machine 
Algorithm with Improved Accuracy
Srinivasulureddy Ch, Neelam Sanjeev Kumar
The objective of this study is to use machine learning al-
gorithms to detect the presence of breast cancer tumors 
and compare accuracy, sensitivity, and precision between 
the Linear Discriminant Analysis (LDA) and Support vector 
machine algorithm (SVM).  

Analysis and Comparison for Innovative 
Prediction Technique of COVID-19 using 
Decision Tree Algorithm over the Support 
Vector Machine Algorithm with Improved 
Accuracy
Garudadri Venkata Sree Charan, Neelam Sanjeev Kumar
The primary goal of this research is to increase the accuracy of 
COVID-19 prediction and its analysis. This study relied on data 
collected from Kaggle’s website and samples are divided into 
two groups, GROUP 1 (N=20) for the Decision tree and GROUP 
2 (N=20) for the Support Vector Machine (SVM) in accordance 
with the total sample size calculated using clinical.com...

Analysis and Comparison for Innovative 
Prediction of COVID-19 using Logistic 
Regression Algorithm over the Decision 
Tree Algorithm with Improved Accuracy
Garudadri Venkata Sree Charan, Neelam Sanjeev Kumar
The major goal of this research is to increase the accuracy of 
innovation prediction and examine the COVID-19. This study 
relied on data collected from Kaggle’s website and samples 
are divided into two groups, GROUP 1 (N=20) for Logistic re-
gression and GROUP 2 (N=20) for Decision tree in accordance 
with the total sample size calculated using clinical.com...

Analysis and Comparison for Innovative 
Prediction Technique of COVID-19 using 
Support Vector Machine over Neural 
Network algorithm with Improved 
Accuracy
Garudadri Venkata Sree Charan, Neelam Sanjeev Kumar
The primary purpose of this study is to improve the accu-
racy of COVID-19 prediction and evaluation. This project 
is based on data extracted from Kaggle’s website, which 
is separated into two categories. According to the total 
sample size estimated by clinical.com...

Analysis And Comparison Of Ventricular 
Cardiac Arrhythmia Classification Using 
Sodium Channel Parameters  
With ANN And KNN Classifier
Mahanya G.B. Nithyaselvakumari S 
Aim of this research is to analyze and compare ventric-
ular Cardiac Arrhythmia (CA) classification using Sodium 
Channel (Na+) parameters with Artificial Neural Network 
(ANN) and K-Nearest Neighbour (KNN) classifiers. Ten 
Tusscher Human Ventricular Cell Model (THVCM) (data) 
is used for arrhythmias classification. THVCM has well de-
fined sodium (Na+) channel dynamics.  
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Analysis And Comparison Of Ventricular 
Cardiac Arrhythmia Classification Using 
Calcium Channel Parameters  
With KNN And ANN Classifier
Mahanya G.B., Nithyaselvakumari S
Aim of this research is to analyze and compare ventricu-
lar cardiac arrhythmia classification using calcium channel 
parameters with Artificial Neural Network (ANN) and K- 
Nearest Neighbour (KNN) classifier. For the classification of 
arrhythmias, A.V.Panifilov (AVP) is used. THVCM contains 
well defined Calcium channel dynamics and its properties. 

Analysis And Comparison Of Ventricular 
Cardiac Arrhythmia Classification Using 
Potassium Channel Parameters  
With ANN And KNN Classifier
Mahanya G.B., Nithyaselvakumari S
The Motive of this research is to analyze, compare ven-
tricular Cardiac Arrhythmia (CA) classification using potas-
sium channel (k+) parameters with Artificial Neural Net-
work (ANN) and K-Nearest Neighbor (KNN) classifiers. D 
Noble Model For Human Ventricular Tissue (DNFHVT) is 
used for our classification. The DNFHVT is a mathematical 
model of action potential focusing on major ionic currents 
like K+,Na+ and Ca+..

Analysis And Comparison Of Ventricular 
Cardiac Arrhythmia Classification Using 
Sodium Potassium Pump Channel 
Parameters With ANN And KNN Classifier
Mahanya.G.B., S. Nithyaselvakumari
The intent of this research is to analyze and compare ven-
tricular cardiac arrhythmia classification using sodium po-
tassium pump (Na+/K+) channel parameters with Artificial 
Neural Network (ANN) and K-Nearest Neighbor (KNN) clas-
sifiers. P.J.Noble and A.V.Panfilov model (PJAV) is used for hu-
man ventricular study based on the action potential distance. 

Analysis and comparison for prediction  
of Diabetic Pregnant women using 
Innovative Principal Component Analysis 
algorithm over Support Vector Machine 
Algorithm with Improved Accuracy 
Venkata Sai Kumar Pokala, Neelam Sanjeev Kumar
The study’s aim is to analyze and compare the accuracy, sen-
sitivity, and precision of diabetic prediction among pregnant 
women using the innovative Principal Component Analysis 
algorithm and Support Vector Analysis. This study involves 
two groups: Principal Component Analysis (N=20) algorithm... 

Analysis and Comparison for Prediction  
of Diabetic among Pregnant Women using 
Innovative K-Nearest Neighbor Algorithm 
over Logistic Regression with Improved 
Accuracy
Venkata Sai Kumar Pokala, Neelam Sanjeev Kumar
In comparison to the K-Nearest Neighbor (KNN) al-
gorithm, Logistic Regression (LR) was used in machine 
learning algorithms for the prediction of diabetes among 
pregnant women to get better accuracy, PEARCEsensitiv-
ity, and precision. 

Analysis and Comparison for Prediction 
of Diabetic among Pregnant Women 
using Innovative Support Vector Machine 
Algorithm over Random Forest Algorithm 
with Improved Accuracy 
Venkata Sai Kumar Pokala, Neelam Sanjeev Kumar
To achieve accuracy, sensitivity, and precision in AI (Artifi-
cial Intelligence) calculations for the prediction of diabetes 
among pregnant women, a Support Vector Machine and 
Random Forest algorithms were utilized. Research looked 
at diabetes in pregnant women using accessible data sets 
such as the Pima Indian dataset from the UCI website to 
assess the technique’s usefulness. 

Analysis and Comparison of Naive Bayes 
Algorithm for Prediction of Cardiovascular 
Disease over Support Vector Machine 
Algorithm with Improved Precision 
Rajvardhan Gadde, Neelam Sanjeev Kumar
To find the best algorithm for the prediction of Novel 
Cardiovascular Disease Detection accurately, with fewer 
errors between Novel Naive Bayes and Support Vector 
Machine classifiers. Data collection containing various 
data points for predicting Novel Cardiovascular Disease 
Detection from UCI machine learning repository. 

Analysis and Comparison of Neural 
Network Algorithm for Prediction  
of Cardiovascular Disease over Support 
Vector Machine Algorithm  
with Improved Precision
Rajvardhan Gadde, Neelam Sanjeev Kumar
To find the best algorithm for the prediction of Innovative car-
diovascular disease accurately, with fewer errors between Neu-
ral Network and Support Vector Machine classifiers. Data col-
lection containing various data points for predicting Innovative 
cardiovascular disease from UCI machine learning repository.
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Analysis and Comparison of Random 
Forest Algorithm for Prediction  
of Cardiovascular Disease over Support 
Vector Machine Algorithm  
with Improved Precision 
Rajvardhan Gadde, Neelam Sanjeev Kumar
To find the best algorithm for the prediction of innova-
tive cardiovascular disease accurately, with fewer errors 
between Random Forest and Support Vector Machine 
classifiers. Data collection containing various data points 
for predicting innovative cardiovascular disease from UCI 
machine learning repository. 

Analysis and Comparison of image 
enhancement techniques for Improving 
PSNR of Liver Images by Linear Contrast 
Algorithm over Median Filtering
K.Durga Prasad, R.Ramadevi
The goal of this research is to reduce noise present in the 
liver images in order to enhance it using linear contrast 
and median filters. And also to analyze output of both the 
filters based on its Peak Signal to Noise Ratio (PSNR). The 
research includes two groups; each group has a sample 
size of 20. Grayscale medical images collected from the 
kaggle website were used in this research. 

Analysis and Comparison of Image 
Enhancement Techniques for Improving 
PSNR of Liver Images by Median Filtering 
over Mask Filtering
K. Durga Prasad, R.Ramadevi
The goal of this research is to employ median filters and 
mask filters to reduce noise in liver images so that they 
can be improved. In addition, the Peak Signal to Noise 
Ratio of both filters’ outputs was examined (PSNR). The 
afflicted and normal liver photos were obtained from the 
Kaggle website for this investigation. 

Analysis and Comparison of Image 
Enhancement Techniques for Improving 
PSNR of Liver Image by Median Filtering 
over Wiener Filtering
K. Durga Prasad, R.Ramadevi
The purpose of this study is to use median filters and 
wiener filters to minimize noise in liver images in order 
to improve them. In addition, the output of both filters 
was analyzed based on their Peak Signal to Noise Ratio 
(PSNR). The research includes two groups; each group 
has a sample size of 20. 

Analysis and Comparison of Image 
Enhancement Techniques for Improving 
PSNR of Liver Image by Mask Filtering 
over Wiener Filtering
K. Durga Prasad, R.Ramadevi
The major purpose of this project is to improve picture 
enhancement for human viewers in order to improve in-
terpretability or perception of information in images, as 
well as to give better input for other automated image 
processing approaches. The scientific images are corrupt-
ed by noise, and the images as a whole deteriorate. 

Comparative Analysis of Hepatitis  
C Using K-Nearest Neighbor Classifier  
and Decision Tree Classifier
D. Sravanthi, Jenila Rani D
The purpose of this study is comparing the accuracy, sen-
sitivity and specificity of K-Nearest Neighbor Classifier and 
Decision Tree classifier in detecting the presence of Novel 
Hepatitis C Detection using contemporary methods. The 
kaggle website was used to collect data for this study. 

Comparative Analysis of Hepatitis  
C Using Decision Tree Classifier  
and Artificial Neural Network Classifier 
D. Sravanthi, Jenila Rani.D
The goal of this study is to compare the accuracy, sensi-
tivity, and specificity of a Decision tree classifier and ANN 
classifier in detecting Innovative Hepatitis C Detection us-
ing modern methodologies. The data for this study was 
collected via the kaggle website. Samples were consid-
ered as (N=22) for Decision tree and (N=22) for ANN ac-
cording to clinicalc.com, by keeping alpha error-threshold 
value 0.05...

An Efficient Approach to Detect Liver 
Disorder Using Customised SVM  
in Comparison with Random Forest 
Algorithm to Measure Accuracy
M. Mohammed Zaheer, P. Nirmala
This work provides an effective approach to detect liver dis-
order using customised SVM algorithm in comparison with 
random forest algorithm to measure accuracy. For identifi-
cation of effective approaches to detect liver disorder, the 
customised SVM algorithm is used comparatively with the 
random forest algorithm which is an existing algorithm. The 
number of samples used in each group is 20. Pre-test anal-
ysis was done from clinical.cal.com by keeping G-power at 
80%, threshold at 0.05% & confidential interval 95%.
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An Effective Approach to Detect 
Liver Disorder using CNN Algorithm 
in Comparison with Random Forest 
Algorithm to Measure Accuracy
M. Mohammed Zaheer, P. Nirmala
The ultimate aim of this work is to show the better mean 
accuracy of CNN algorithm in comparison with random 
forest algorithm on detection of liver disorder. For iden-
tification of effective approaches to detect liver disorder, 
the conventional neural network algorithm is used com-
paratively with the random forest algorithm which is an 
existing algorithm. 

An Effective Approach to Detect Liver 
Disorder using KNN Algorithm  
in Comparison with Decision  
Tree Algorithm to Measure Accuracy
M. Mohammed Zaheer, P. Nirmala
An effective approach to detect liver disorder using 
KNN algorithm in comparison with decision tree algo-
rithm to measure accuracy. For identification of effective 
approaches to detect liver disorder, the KNN algorithm 
is used comparatively with the decision tree algorithm 
which is an existing algorithm. The number of samples 
used in each group is 20. 

An Efficient Approach to Detect Liver 
Disorder Using Naive Bayes in Comparison 
with Decision Tree Algorithm  
to Measure Accuracy
M. Mohammed Zaheer, P. Nirmala
To process an effective approach to detect liver disorder us-
ing Naive Bayes algorithm in comparison with Decision tree 
algorithm to measure accuracy. There are 20 samples used 
for both groups, where group 1 is Naive Bayes algorithm 
and group 2 is Decision tree algorithm which are effectively 
used for the identification of liver disorder approach.

Comparative Studies on the Effect of 
Tris-Egg Yolk and Soya Milk Based Semen 
Extender on various Semen Parameters  
for Effective Long Term Cryopreservation
Reshika Nelsiya N, Vickram A S
To analyze the most effective Novel semen extender for 
long time cryopreservation among Tris egg yolk extender 
and Soya milk extender. The sample size was calculated 
using clinCalc.com with an alpha error-threshold at 0.05, 
95 % confidence interval, G power at 80 %, and enrol-
ment ratio 1. 

Comparative Studies on the Effect of 
Tris-Citric Acid-Fructose Egg Yolk Glycerol 
and Tris-Egg Yolk-Glucose based Semen 
Extender on various Semen Parameters  
for Effective Long Term Cryopreservation
Reshika Nelsiya N, Vickram A S
To evaluate the suitable Semen extender for a long dura-
tion of cryopreservation among Tris citric acid fructose egg 
yolk glycerol extender and Tris-egg yolk-glucose extender. 
The sample size has been calculated by the clinCalc with 
an alpha error-threshold at 0.05, 95 % confidence interval 
(CI), G power at 80%, and enrolment ratio 1. 

Comparative Study on Effectiveness 
of Organic Grape Juice Vinegar Over 
Commercially Available Vinegar Using 
Chemical Titration Technique  
for Chicken Quality Analysis 
Vadde Pavantheja, S. Manikandan
In developing nations there is a huge loss in post-harvest 
process and making vinegar from extra fruit, which may 
be used to preserve some foods and snacks, is a useful 
technique for reducing these losses. This research was 
done to determine the amount and quality of innovative 
grape vinegar produced (sultanina). 

Comparative Study on Effectiveness 
of Wine Vinegar Over Commercially 
Available Vinegar Using Chemical Titration 
Technique for Chicken Quality Analysis
Vadde Pavantheja, S. Manikandan
Vinegar producers are still on a mission to find acetic acid bac-
teria fermentation that produces extremely strong vinegar. Vin-
egar fermentation is caused directly by the acetic acid bacteria 
alcohol respiratory chain, which is found on the intracellular 
membrane. In the alcohol respiratory chain, enzyme activity is 
increased through Acetobacter pasteurianus’ semi-permanent 
vinegar biodegradation, so did the acetification rate. 

Comparative Study on Effectiveness  
of Organic Pineapple Juice Vinegar  
Over Commercially Available Vinegar 
Using Chemical Titration Technique  
for Chicken Quality Analysis 
Vadde Pavantheja, Dr. S. Manikandan
The production of innovative Pineapple vinegar necessi-
tates the use of a low-cost raw material due to the com-
modity’s low price. The present investigation represents 
the use of pineapple waste as a new substrate. 
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Comparative Study on Effectiveness 
of Organic Apple Juice Vinegar Over 
Commercially Available Vinegar Using 
Chemical Titration Technique  
for Chicken Quality Analysis 
Vadde Pavantheja, Dr. S. Manikandan
The purpose of this research is to develop a new apple 
vinegar based on Podophyllum peltatum and analyze 
the fermentation process using a new methodology. The 
vinegar-making process began with the addition of Sac-
charomyces cerevisiae (yeast) and l (acetic bacteria) with 
apple. Chemical titration method is used to find out the 
apple juice microbial and compared to the microbial in 
vinegar. 

Comparison of Antibacterial Activity of 
Ethanolic Fractions Separated  
from Trichoderma with the Commercial 
Antibiotic Methicillin against Drug-
Resistant Bacteria using Minimum 
Inhibitory Concentration Method
S. Shruthi, K. Sangeetha 
To compare the antibacterial activity of innovative ethan-
olic fractions of Trichoderma viride against Drug-resistant 
bacteria. Trichoderma was isolated from the soil sample 
and the ethanolic extract was prepared from the fully 
grown mycelia. The ethanolic extract was tested against 
the four Methicillin-Resistant Staphylococcus aureus 
strains (MRSA). 

Comparison of Antibacterial Activity  
of Ethyl Acetate Fractions Separated  
from Trichoderma with Commercial 
Antibiotic Methicillin Against  
Drug-Resistant Bacteria using Minimum 
Inhibitory Concentration Method
S. Shruthi, K. Sangeetha
To compare the antibacterial activity of ethyl acetate frac-
tions of Trichoderma viride against Drug-resistant bacte-
ria. The ethanolic extract was made from fully grown my-
celia and Trichoderma was isolated from the soil sample. 
Four Methicillin-Resistant Staphylococcus aureus strains 
were examined with the ethyl acetate extract (MRSA). The 
sample size was calculated using Clincalc.com, which re-
vealed that the alpha error-threshold 0.05, the confidence 
interval 95%, the g-power 80%, and the enrollment ratio 
was 1. Groups 1 and 2 with sample size 12 each which rep-
resented drug-resistant bacteria and ethyl acetate frac-
tions respectively.

An Enhanced Prediction Model  
For Autism Spectrum Disorder
J. Jegan Amarnath, S. Meera
Autism spectrum disorder (ASD) is a behavioural condi-
tion that affects the child’s social interaction, communi-
cation, and behaviour. The early identification of ASD is 
critical for the effective and timely therapies. This study 
presents an enhanced prediction model for Autism Spec-
trum Disorder (ASD). 

CT Lung Image Classification Systems -  
A Systematic Review
P.B.Edwin Prabhakar, Sivasubramanian,  
N. Kalyana Sundaram, S.Subburam,  
N. Sundara Rajulu
Computer Aided Detection (CAD) and diagnostic tech-
nologies and their application have emerged in the last 
decade. CAD applications have concentrated on identi-
fication of the region of interest, for example nodules in 
the lung in the images, and analysis of the characteristics 
of objects. 

Efficacy on curry leaves powder 
consumption on blood glucose  
and lipid profile among type II diabetes 
patients with mild elevated lipid profile- 
experimental study
Suganthi.S.G.*, Bhuvaneswari, Kalabarathi S
Diabetes is a chronic condition in that Type II diabetes 
(Formerly called as Non-Insulin Dependent) is the most 
prevalent, generally affecting adults, diabetes frequently 
reduces HDL (good) cholesterol levels while raising tri-
glycerides and LDL (bad) cholesterol levels. Both of these 
factors raise the likelihood of heart disease and stroke. 
The Indian system of traditional medicine, Ayurveda, also 
uses curry leaf as a common treatment. 

Accurate Prediction of Coronary  
Artery Disease Across Various Age Groups 
Using Machine Learning Algorithms
M.Balamurugan, S. Meera
The healthcare sector is generally “information rich”. It is 
required to mine all the information for finding hidden 
patterns and making wise diagnostic decisions. In order 
to predict the data in databases and for medical research, 
particularly in the prediction of heart disease, sophisticat-
ed data mining methods are used. In this article, predic-
tion systems for heart failure have been examined using a 
larger number of input attributes.
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Adaptive Reinforcement learning  
with Dij-Huff Method to Secure Optimal 
Route in Smart Healthcare System
K.Sai Madhuri, Jithendranath Mungara
The Wireless Sensor Network (WSN) is a multi-hop wire-
less network that contains multiple sensor nodes agreed 
in a self-organized mode. The significant advancement in 
the healthcare, the security of the medical data became 
huge disputes for healthcare services. Intrusion Detection 
System increasingly demands automatic and intelligent in-
trusion detection approaches to handle threats caused by 
a growing number of attackers in the WSN environment. 

Level of satisfaction on online teaching 
method among undergraduate students – 
A Descriptive Cross-sectional study
Tamil Elakiya T, S. Kalabarathy
Formal education is the smooth pathway for learning, or 
gaining of knowledge, skills and values in a controlled at-
mosphere with the avowed goal of instructing students. 
The deadly infectious disease COVID-19 had a significant 
impact on the global economy and education sector forced 
many schools and colleges to remain closed temporarily. 

To assess the role of HDL to triglycerides 
ratio VS LDL to triglycerides ratio  
as an indicator in coronary artery disease 
Dayana B.A.A, Reemmol C. S
Coronary artery disease is the buildup of plaque in the ar-
teries that supply oxygen-rich blood to your heart. Plaque 
causes a narrowing or blockage that could result in a heart 
attack. Symptoms include chest pain or discomfort and 
shortness of breath. Treatment includes lifestyle changes and 
medication that target your risk factors and or possible sur-
gery. Coronary artery disease is caused by atherosclerosis. 
Atherosclerosis is the buildup of plaque inside your arteries. 

A study to assess the effectiveness  
of ginger tea on symptoms of dyspepsia 
among adults 
Cecyli C, Soundariya S, Jagadeeswari J, Jency Jebapriya 
J, Priyadarsini A
Dyspepsia is a common gastrointestinal (GI) condition 
around the world. Dyspepsia is a symptom complex that 
includes a variety of upper GI symptoms such as epi-
gastric pain or burning, early satiety, and post-prandial 
fullness. Treatment with complementary and alternative 
medicines, particularly herbal remedies, is one option for 
treating dyspepsia symptoms.  

Analysis on specific biometric approaches: 
ECG as one of its trait
Mageshbabu M, Mohana J, D. Gokulavani, Divya T.
A biometric is in fact a pattern recognition system that uses 
biological traits like fingerprints, voice recognition, facial 
geometry, and hand geometry in addition to different pat-
terns like iris and retina. The fact that different data protec-
tion codes like authentications and ID cards can be shared, 
stolen, or copied is what makes biometric so alluring. 

Artificial Intelligence Machine Learning  
in Healthcare System  
for improving Quality of Service 
V. Surya Narayana Reddy, Jithendranath Mungara
A vital element of widespread patient monitoring is con-
sistency in transmission between the patients and the 
healthcare professionals not including time and position 
dependencies. Artificial intelligence (AI) and machine 
learning (ML) techniques have a vast possibility to pro-
ficiently handle the automated function of the mobile 
nodes distributed in the Mobile ad-hoc network (MANET). 

Physico-chemical parameters of mixed 
saliva and their correction in patients  
in the post-covid period
Jasur Alimdjanovich Rizaev, Olga Bekjanova Yesenevna, 
Maira Taitoleuovna Kopbayeva, Visola Raimovna 
Kayumova, Elyor Alimdjanovich Rizaev, Bakhyt 
Aimyrzaevna Omarova
In patients in the post-COVID period, there is a decrease in the 
functional activity of the salivary glands. In general, in patients 
who underwent COVID-19, basal secretion was reduced by 
19.51% (P≤0,05); secretion stimulated by chewing - by 31.67% 
(P≤0.01) and secretion stimulated by acid - by 29.60% (P≤0.01). 

Prognosis of the probability  
of development and progression  
of the disease under the influence  
of factors causing cerebral vascular 
disorders in vascular parkinsonism
Dilshoda Turdiqulovna Akramova,  
Ra’no Baxodirovna Azizova, Satima Razzakovna 
Kuranbaeva, Bekzod Abdusattorovich Ibodov
Cerebrovascular disease, according to many studies, caus-
es 1 to 15% of cases of Parkinsonism. “...200 out of every 
100,000 people in the world have the disease...”. Parkinson’s 
disease is a chronically stable progressive, unavoidable 
disease, second only in prevalence among the elderly and 
among neurodegenerative diseases worldwide. 
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Serosurveillance Of Covid Antibodies  
With Reference To Clinical Status  
Of Healthcare Workers  
Of a Level 3 Hospital Facility In Ghaziabad
Geeta Gupta, Ankita Gupta
Healthcare workers (HCWs) stand at the forefront 
for treating the patients of coronavirus disease 2019 
(COVID-19). This puts them at higher risk of acquiring the 
infection than any other individuals in the community [1]. 
During this global pandemic the health care workers were 
overburdened with tremendous responsibilities of treating 
the patient, preventing infection to oneself and ultimately 
preventing other patients, their own families and friends.

Association between serum vitamin B12, 
folic acid & nitrosative stress  
in hypothyroidism
Nisha Kureshi, Juhi Aggarwal, Jyoti Batra
Hypothyroidism may occur as a result of primary gland fail-
ure or insufficient thyroid gland stimulation by the hypothal-
amus or pituitary gland. Hypothyroidism may be associated 
with pernicious anemia as part of the autoimmune polyglan-
dular endocrinopathy. Thyroid hormones (THs) influence 
endothelium and directly raise NO production in vascular 
smooth muscle cells through the phosphatidylinositol 3-ki-
nase/protein kinase B (PI3K/Akt) signaling pathway. 

Genetic Polymorphism in Papillary Thyroid 
Cancerm j in North Indian Population –  
A review
Himanshu Soni, Jyoti Batra, Sivanesan Dhandayuthapani,  
Anjali Mishra, Juhi Aggarwal
Papillary thyroid cancer (PTC) is one of the generic types 
of thyroid cancer and most prevalent form of malignancy 
among all cancers of the thyroid. It is also one of the few 
cancers with a rapidly increasing incidence. PTC consti-
tutes approximately 85% of all thyroid cancer cases.

Dyslipidemia And Nephropathy  
In Diabetes Mellitus: A Review
Juhi Aggarwal, Uma Kant Chaudhari, Jyoti Batra, 
Sandeep Kumar Sharma
The prolonged increase of blood glucose give rise to 
complications of diabetes- premature atherosclerosis (in-
cluding cardiovascular diseases and stroke), retinopathy, 
nephropathy and neuropathy. The lipid abnormality (dys-
lipidemia) associated with type 2 diabetes predominantly 
consists of elevated triglycerides and decreased HDL cho-
lesterol levels. 

Multifactorial utility of vitamins  
in treatment of covid – 19 
Juhi Aggarwal, Suruchi Mathur, Jyoti Batra 
The pathogenesis of the SARS-CoV-2 virus responsible 
for COVID-19 disease is ever unravelling. Researchers are 
continuously generating evidence regarding the mecha-
nism of the infection and its complications. There is also 
an attempt to understand the role of various biomole-
cules in preventing or treating COVID-19 disease and its 
complications. Trials show that Vitamin D decreases the 
rate of admission in ICU. 

Oxidative stress and one carbon 
metabolism in prostate neoplasm 
Shweta Kumari, Juhi Aggarwal, Urvashi Midha,  
Jyoti Batra,Nikkita Gupta
Carcinoma of the prostate is the most common malignant 
tumour in men over the age of 65 years with peak age of 
incidence between 70 and 74 years. Oxidative stress and 
one carbon metabolism are important contributary fac-
tors in etiopathogenesis in Prostate Neoplasm. Significant 
increase in oxidative stress and serum homocysteine level 
and no difference of serum vitamin B12 was found in BPH 
and prostate cancer cases compared to control group.

Prevalence of obesity  
and overweight among adolescents  
in district Ghaziabad
Sushmita Thakur, Gajendra K. Gupta,  
Priyanka Verma, Deepika Agrawal,  
Anupama Singh, Ravi Kant Arya
Obesity and overweight has become a public health 
concern. Excess weight in the body is linked to various 
conditions like Hypertension, diabetes, osteoporosis, and 
stroke which contributes to morbidity and mortality. Prev-
alence of obesity and overweight have been increasing in 
childhood and adolescent period because of more sed-
entary lifestyle and changes in dietary patterns. 

Aplasia Cutis Congenita –  
Case report of a rare case
Gulshant Panesar, V.K. Garg
Aplasia cutis congenita (ACC) is a rare malformation char-
acterized by localized congenital absence of the skin. This 
condition was first described by Cordon in 1767. We pres-
ent a 2 month old female who presented to Dermatolo-
gy OPD of Santosh deemed to be University with a scalp 
defect and diagnosed as Aplasia Cutis Congenita of scalp 
and no other accompanying anomaly. 
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Study of pattern and prevalence  
of maxillary impacted third molars  
in ghaziabad population
Amit B. Lall, Mayank Singhal, Sanjeev Tomar,  
Anupam Bhardwaj, Sonakshi Singh, Tanya Kusum
To evaluate the prevalence and pattern of upper impacted 
third molar with the help of orthopantomograms (OPG). 
A total of 276 preoperative orthopantomograms were 
screened from the year 2020 – 2022 of the patients who 
reported to the Santosh Dental College and Hospital. Sur-
gical removal of the impacted maxillary third molar re-
quires proper evaluation and assessment on the basis of 
different criteria.

Association between distal decay  
in second molar and impacted mandibular 
third molars: a retrospective study
Amit B. Lall, Mayank Singhal, Jahanvi Mishra,  
Priyanka Takhellambam, Anupam Bhardwaj,  
Sanjeev Tomar, Tanya Kusum
Lower third molars are the most common impacted teeth 
encountered in clinical practice. There are various pathol-
ogies associated with the impacted tooth such as root 
resorption, distal caries of the adjacent tooth, cyst forma-
tion, periapical radiolucency and osteitis.

A case of oroantral fistula: managed 
successfully by buccal advancement flap
Amit B. Lall, Anupam Bhardwaj,  
Tanya Kusum, Priyanka T
Oral epithelium migrates into the defect when an oroantral 
communication lasts more than three weeks, at which point 
it is referred to as an oroantral fistula. Oroantral fistula (OAF) 
can arise for a variety of reasons, including the extraction of 
maxillary posterior teeth, treatments for sinus augmentation, 
the improper use of implant drills, trauma to the craniofacial 
region, osteoradionecrosis, and flap necrosis.

Radiographic localisation  
and management of maxillary impacted 
canine: a case report
Amit B. Lall, Priyanka Takhellambam, Tanya Kusum, 
Mayank Singhal, Sanjev Tomar, Anupam Bhardwaj, 
Jahanvi Mishra, Sonakshi Ranjeet Singh
The most commonly impacted teeth in the oral cavity 
next to the mandibular molars, are the maxillary canines. 
Generally, impacted canines are asymptomatic in nature, 
which make the patients less concern about them being 
impacted until it is associated with any pathology. 

Pseudoaneursym Of Lingual Artery-  
A Rare Case Report
Anupam Bhardwaj, Manoj Chaudhary,  
Amit B. Lall, Mayank Singhal, Sanjeev Tomar,  
Bharti Dua
Pseudoaneurysm of the lingual artery is very rarely seen, 
and it can arise due to various reasons such as trauma, 
inflammation or even neoplasm. Idiopathic pseudoaneu-
rysm along with being very rare can also be life threaten-
ing if they are not diagnosed or treated on time.

Complication in buccal space infection:  
A rare case report
Anupam Bhardwaj, Jahanvi Mishra,  
Amit B. Lall, Mayank Singhal, Sanjeev Tomar,  
Priyanka Takhellambam
Odontogenic infections have tormented mankind since 
the dawn of civilization. With the advancement of mod-
ern medicine and newer potent antibiotics, one is able to 
combat this potentially fatal disease.

A study on prevalence of anxiety during 
the pandemic and post pandemic  
of covid-19 among adult population  
of district Ghaziabad, Uttar Pradesh
Anupama Singh, Neha Jetli, Kshitij Chaudhary, 
Pradhumn Katara
COVID-19 pandemic started in India on 30th January 
2020. A nationwide lockdown was enforced from 24th 
March 2020 and general population was confined to their 
homes causing many psychological problems. To find the 
prevalence of anxiety during the pandemic and post pan-
demic of COVID-19 among adult population of Ghazia-
bad city. A community based cross-sectional study, con-
ducted among the adult population of urban Ghaziabad, 
Uttar Pradesh, India. 

Genetic relatedness and antifungal 
susceptibility pattern of Candida spp. 
recovered from the oral cancer patients
Amit Kumar Singh, Dakshina Bisht, Desh Nidhi Singh, 
Jitendra Kumar Chaudhary
Oral candidiasis is the most common opportunistic infec-
tion of the oral cancer patients. Identification of Candi-
da isolates and its susceptibility to antifungal agents will 
be helpful in the therapeutic management. To study the 
Genetic relatedness and antifungal susceptibility pat-
tern of Candida isolates recovered from the oral cancer  
patients.
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Profile of dyslipidemia among attendees  
of preventive OPD in a tertiary care 
hospital in district Ghaziabad-  
A Cross sectional study 
Amit Jaiswal, Deepika Agrawal
Cardiovascular diseases (CVD) are the major cause of 
morbidity and mortality in our society with Dyslipidemia 
contributing significantly to atherosclerosis. To find pro-
portion and distribution of Dyslipidemia among the ap-
parently healthy young adult visiting the preventive OPD 
of a tertiary care Hospital. There is significant proportion 
of Dyslipidemia in healthy adults which indicates that 
there is a need for awareness programs for the prevention 
and control of Dyslipidemia. 

Effect of white, brown and pink noises  
on anxious pediatric dental patients
Divya Singh, Aman Jain, Damini Jain, Vinita Goyel 
To evaluate the effectiveness of various relaxation nois-
es on anxiety levels of children aged between 4-8 years 
old by analysing through heart rate, FLACC scale and 
Wong-Baker Faces Pain Rating Scale. Among all shades of 
noises, White noise shown significant results.

Amnesic potency of nitrous oxide  
at various titration levels
Divya Singh, Aman Jain, Damini Jain, Shivani Mathur
Dental Treatment for an anxious child has always been a 
challenge to the pediatric dentist. Nitrous oxide has been 
documented as a safe and effective pharmacological 
mean of behaviour management which results in anxio-
lytic and analgesic effects along with slight amnesic effect. 
The objective of the study is to evaluate the amnesic ef-
fects of nitrous oxide during treatment at 30% and 50% 
concentrations of nitrous oxide and after 100% oxygen for 
3 minutes.

Study of prevalence of acute respiratory 
tract infection and its risk factors  
among under five children  
of slums of Ghaziabad city
Rahul Kumar, Ravi Kant Arya, Amit Jaiswal,  
Gajendra K Gupta, Deepika Agrawal
Acute respiratory infections (ARIs) contribute to major 
disease associated mortality and morbidity among chil-
dren under 5 years of age. This study identifies the overall 
prevalence of Acute Respiratory Tract Infection among 
the under live children and determines the factor influ-
ence prevalence of ARI.

A study on role of oxidative stress  
and nutrients in patients  
with pulmonary tuberculosis  
in a tertiary health care hospital
Juhi Aggarwal, Jyoti Batra
Tuberculosis is an important health problem requiring 
early diagnosis for timely initiation of the therapy and 
control of disease transmission (RNTCP Guideline 2010). 
Although the available data suggest that the TB epidemic 
may be on the decline, the absolute number of new cases 
is still the highest.  

Antidiabetic effect of Withania 
SomniferaRoot in STZ  
induced diabetic rats
Aiman Abbas Jafri, Juhi Aggarwal, Dr Jyoti Batra
To study the antidiabetic effect of Withania Somnifera root 
powder (WSR) in Streptozotocin induced diabetic rats. 
Significant Improvement in body weight, glycemic profile, 
dyslipidemia and tyrosine kinase activity were observed 
in WSR treated rats at week 4 of the study compared to 
diabetic control rats. 

Comparative study between CBNAAT  
and acid-fast bacilli culture in extra 
pulmonary tuberculosis
Pooja Das, Mahendran.C.S., Prachi Saxena,  
Manish Kumar Sharma
Mycobacterium Tuberculosis is a complex organism in 
which lungs are the main portal of infection. Tuberculosis 
affecting organs other than lungs called as extrapulmo-
nary tuberculosis. Tuberculous lymphadenitis is the most 
common form of Extrapulmonary Tuberculosis contribut-
ing to 35 percent of Extrapulmonary Tuberculosis cases. 
CBNAAT is a cartridge based nucleic acid amplification 
test which detects the presence of Mycobacterium Tuber-
culosis as well as Rifampicin resistance.

A Novel Tool for Evaluation  
of Dental Anxiety in Children  
in a Pediatric Dental Clinical Setup
Sarbojeet Chakroborty, Nidhi Gupta, Natasha Gambhir, 
Rashi Singh
One of the major concerns of the current era is Dental 
anxiety in Pediatric Dentistry. Kids are very well adapted to 
emojis or emoticons nowadays, and they represent better 
emotions or moods than a cartoon picture. As a result, 
this study was carried out to assess a recently created anx-
iety rating scale. 
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Durability and Stability of Coaxial Wire  
and 3D-Printed Lingual Bonded Retainer: 
A Finite Element Study
Shraddha Kukreja, Varun Goyal, Sridhar Kannan, 
Gurkeerat Singh, Nishant Gupta,  
Raj Kumar Singh
To evaluate the durability and stability of Coaxial & 3D 
(Three-dimensional) -printed bonded lingual mandib-
ular retainer wire (3-3) at the middle third position with 
the application of forces. The objective is to evaluate the 
displacement of teeth, stiffness, and stresses on the wire. 
3D-Printed retainer wire showed higher durability and 
stability when compared to coaxial wire retainer, but re-
quires clinical studies for better appraisal.

Evaluating the erosive potential of various 
whey protein drinks on dental composites
Navneet Kaur, Vineeta Nikhil, Parvinder Kaur Bindra, 
Tina Chugh, Neeti Mittal, Naval Kumar Verma 
Whey protein beverages’ viscosity, lactose content, and 
acidic pH could all pose risks to the oral cavity’s current 
composite restorations. The surface roughness of all den-
tal composites substantially increased after immersion in 
all whey protein beverages, although WPW induced the 
greatest alterations, followed by WPC and WPI. 

Salivary cortisol response developed  
in Patients undergoing Dental treatment
Sumit Singh Phukela, Taniya Malhotra
The stress control is essential in patients to elude the loss 
of motivation for Dental procedures .The present study 
was conducted to estimate salivary cortisol response to 
stress developed in patients undergoing Dental treatment. 
36 patients had their salivary cortisol levels measured; 30 
of them were in the study group and had had root canal, 
apicoectomy, tooth preparation, and impression-making 
procedures for the fixed prosthesis. 

Fracture Strength of Thin Monolithic 
Zirconia Crowns with Varying Thickness 
and Configuration of Finish Lines- An In 
Vitro Study
Kirti Singh, Sumit Singh Phukela, Puja Malhotra
The current study sought to assess the fracture strength of 
thin monolithic zirconia crowns of varying thickness and 
finish line configuration. The current study was carried out 
to evaluate and compare the fracture strength of mono-
lithic zirconia crowns with chamfers and radial shoulder 
finish lines of 0.5, 0.8, and 1.1 mm thickness.  

A cross-sectional observational Study  
to Assess Mastication Muscle Function  
by Using Surface Electromyography
Ridhi Aggarwal, Rajiv Ahluwalia, Deepa Verma, 
Parvinder Kaur, Tina Chugh
Patients with different malocclusions may show the differ-
ent activities of masticatory muscle. Masticatory muscle 
with neuromuscular disorder can act as an aggravating 
factor for a malocclusion. Patients may adopt faulty mas-
ticatory positions in case of different malocclusion, which 
may cause interference during orthodontic treatment. 

Comparative Evaluation of the Oral 
Hygiene Status and Prevalence  
of Dental Caries in Hemophiliac  
and non-Hemophiliac Patients
Utkarsh Gupta, Adarsh Kumar, Manjunath BC,  
Sunita Aggarwal, Abhishek Singh, Rajiv Ahluwalia
The aim of this study is to compare the oral hygiene status, 
caries experience, and prevalence of hemophiliac patients 
and non-Hemophilic controls. The present study was car-
ried out on 600 participants. The study population was 
divided into two groups of 300 each i.e., the case Group 
(Hemophilics) and the Control Group (non-Hemophilic). 

Effectiveness of TENS  
in Orthodontic pain: a Meta-analysis
Mrigank Shekhar Jha, Rajiv Ahluwalia, Tina Chugh
Transcranial electrical nerve stimulation (TENS) is being used 
to relieve pain in various specialties for ages but till date, no 
concurrent evidence is achieved on the efficacy of this method 
to relieve pain, still it is used as a non-pharmacological meth-
od of pain relief. For orthodontic pain relief the literature is 
scanty, as the studies conducted are also very less, hence we 
conducted this metanalysis to pool the results of these scanty 
studies and achieve some concurrent evidence of TENS effica-
cy in pain relief caused due to orthodontic tooth movement.

Inflammatory Marker Variations  
in Predicting Deaths in COVID-19
Ritu Jain, Vikas Saini, Ashutosh Rawat, Dakshina Bisht
Patients with coronavirus illness experienced a cytokine 
storm as a major cause of morbidity and mortality in 2019. 
(COVID-19). The goal of the study was to ascertain the 
predictive value of pro-inflammatory cytokines with re-
gard to the overall prognosis of COVID-19 patients. This 
study was conducted by the Department of Microbiolo-
gy, Santosh Medical College & Hospital, Ghaziabad, Uttar 
Pradesh from April to July 2021. 
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Survey of the processes of the central 
sterile supply department  
in tertiary care hospital
Anchal Mishra , Ritu Jain, Ashutosh Rawat, Vikas Saini, 
Dakshina Bisht
Both patients and hospitals are harmed by hospital-ac-
quired infection, sometimes known as “nosocomial in-
fection.” To prevent these hospitals, require excellent dis-
infection and sterilization technologies, which are now 
integrated into a single department known as the central 
sterile supply department (CSSD). Aim is to study Organi-
zation, workload and the Quality Control Practices in CSSD. 

Drug safety among Hypertensive patients 
treated with antihypertensive drugs  
in Tertiary care Teaching Hospitals
Lalendra Yadav, Shaktibala Dutta, Jyotsna Sharma,  
Ila Pahwa, Vaishali Lotte, Amit Kumar
Hypertension is one of the essential health problems 
Worldwide. According to JNC I to VIII guidelines treat-
ment of hypertension with various type of antihyperten-
sive drugs either mono therapy or combination therapy is 
updated time to time. Selection of a drug is often based 
on the benefit-risk ratio is also called drug safety even no 
one drug has totally safe and can be measured on the ba-
sis of occurrence of beneficial effect verses Adverse effect. 

Study of Referral Process of Neonates 
Admitted to Sick Newborn  
Care Units of Lucknow District
Shubhangi Srivastava, Monika Agarwal,  
Shipra Saxena, Sonam Kushwaha
Nearly 98% of total deaths in neonatal period occur in de-
veloping countries all over the world and are mainly caused 
by infection, asphyxia, LBW and prematuriy. Of all the neo-
natal deaths happening globally, nearly 30% occur in India. 
As per global reviews, nearly 15% newborns require facility 
based care, 10% newborns require SNCU treatment. 

Pineal gland and the third eye anatomy 
history revisited-a systematic  
review of literature
Shweta Chaudhary, Rishi K Bharti, Swati Yadav,  
Parul Upadhayay
The structure and functions of neuroendocrine pineal gland 
remains an enigma to both philosophers and scientists since 
time immemorial. Some of the structural and functional mys-
teries of pineal gland are unfolded to some extent in this 
article by reviewing the work of various researchers. 

SARS COV-2 is constantly mutating:  
A never-ending surge causing  
threat to mankind
Ankita Gupta, Geeta Gupta, Nahid Ansari, Lalita 
Agarwal
Coronaviruses has been spreading across the planet for 
more than two years now. Emerging new competent 
variants makes the surge never ending. With over thirty 
crore cases as on first week of January 2022 this virus has 
caused serious havoc to humanity. Due to evolutionary 
selection, new variants become predominant. 

Effect of Atenolol plus Amlodipine  
on blood sugar level and lipid profile  
in patients of essential hypertensive patients
Amit Kumar, Jyotsna Sharma, Shaktibala Dutta, Anil 
Kumar Sharma, Lalendra Yadav
Study was conducted to evaluation effect of Atenolol plus 
Amlodipine on blood glucose level and lipid profile in es-
sential hypertensive patients. A Prospective Observation-
al study was conducted at tertiary care teaching hospital 
which included a total 165 patients with essential hyper-
tension. The demographic and baseline data, Random 
blood sugar level and lipid profile of the patients were 
recorded. 

Role Of Sputum And Bronchoalveolar 
Lavage CBNAAT In The Diagnosis  
Of PTB In Smear Negative Patients
Sarath Sivaji, Prekshy Singh, Mahendran.C. S
To study the use of sputum and broncho alveolar la-
vage (BAL) for CBNAAT, as an adjunct in the diagnosis of 
pulmonary tuberculosis, in sputum AFB smear negative 
patients. To calculate and compare the yield of sputum 
Cartridge Based Nucleic Acid Amplification Test (CBNAAT) 
and BAL CBNAAT in sputum AFB smear negative patients.

Fine Needle Aspiration Cytology  
of Ganglion Cyst of the Knee
Ashi Verma, Aarthi KB, Prem K Garg, Swati Singh, 
Mayurika S Tyagi, Abhishek Pathre, Rajiv K Gupta
Ganglion cysts are benign soft tissue formations arising from 
the joint capsule or tendon sheath containing mucinous 
fluid. Most common locations are on the dorsum of the wrist, 
palm, and the dorsolateral aspect of the foot. Ganglion cysts 
within the knee joint are unusual findings and may produce 
clinical manifestations which mimic internal derangement 
of the knee. We present here a case of 85-year-old female 
came with complaints of swelling near the right knee.
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Becker’s Nevus Syndrome- Rare entity
K.B.Aarthi, Ashi Verma, Mayurika S Tyagi, Swati Singh 
and Rajeev K Gupta
Becker’s nevus is a rare non-cancerous hamartoma char-
acterized by hyperpigmentation and hypertrichiosis with 
ill-defined borders. Becker’s nevus syndrome is an entity 
in which there is association of Becker’s nevus with few 
abnormalities like unilateral breast hypoplasia, muscle, 
skin, and skeletal abnormalities. Here we present a case 
of 14 year old boy who presented with a large hyper pig-
mented dark brown patch on his upper back.

Pre-operative serum albumin  
as a predictor of post-operative morbidity 
and mortality in major general surgeries
Dr. Abhinav Mone, Tripta S. Bhagat, Neelima Agrawal, 
Sameer Naqash, Shalabh Gupta
Malnutrition is a frequent concomitant of surgical illness. 
About 50-60% of patients admitted to General Surgery 
wards are malnourished on admission. One of the most 
readily available and clinically valuable parameters is se-
rum albumin. It predicts perioperative and postoperative 
morbidity and mortality. Malnourished patients have an 
increased risk of complications and death.

Alarming rise in professional  
Blood donors and its repercussions
Ajit Pal Singh, Jyoti Batra, Rahul Saxena,  
Suyash Saxena, Chandan Kumar
The department of transfusion medicine, also known 
as blood bank, is one of the most important parts of 
a healthcare facility. It provides whole blood as well as 
different blood components like packed red blood cells 
(RBCs), thrombocytes, plasma, and coagulation factors to 
all necessary patient populations. Almost all major surger-
ies require it and only 2.5 billion of the 5 billion blood units 
required by our country each year are available. 

Diagnosis and treatment  
of Wilson disease: An update
Ajit Pal Singh, Jyoti Batra, Sharafat Shafi Khan,  
Rahul Saxena, Suyash Saxena
Wilson’s illness is an autosomal dominant impairment of 
copper metabolism that results from the lack of or dys-
function of a copper-transporting P-type ATPase, which 
is expressed on chromosome 13. This ATPase is a compo-
nent of the trans-Golgi network and is carried by hepato-
cytes. It transports copper into the secretory route where 
it is combined with ceruloplasmin and excreted as bile. 

Predictability of gestational diabetes 
mellitus using first trimester  
Serum uric acid levels
Prabhat, Anju Jain, Rahul Saxena, Jyoti Batra,  
Suyash Saxena
For both mothers and fetuses, gestational diabetes mel-
litus (GDM) causes major morbidity and mortality in the 
Indian population. In pregnancy, serum uric acid levels are 
higher. Elevated first-trimester uric acid levels can be used 
to predict GDM. In 1055 plasma samples taken at a mean 
gestational age of 9 ±2.1 weeks, uric acid was determined. 

Forearm Muscles Electromyography 
Analysis for Cylindrical Grip Sizes in Stroke
Chandan Kumar, Jyoti Batra, Rahul Saxena,  
Suyash Saxena, Ajit Pal Singh
There is a significant difference in the amplitude and du-
ration of forearm muscles i.e. flexor digitorum superficialis 
and extensor digitorum communis when compared with 
normals.However, only duration of extensor digitorum 
communis show significant change among the hemiple-
gic subjects with the change in grip size. 

Factors delaying the Diagnosis  
of Oral Cancer in India: A clinical insight
Rahul Kumar Singh, Raj K Kovid, Sachidanand Jee 
Bharati, Jyoti Batra, Deepak Saini, Akansha Singh, 
Suyash Saxena, Rahul Saxena, Ajit Pal Singh
Cancer of the oral cavity is described as the uncontrolled 
proliferation of cells that can be observed in the Oral cav-
ity. The sore in the mouth could resemble a growth or 
an open sore, but it won’t go away. Cancers of the lips, 
tongue, cheeks, floor of the mouth, hard and soft palates, 
sinuses, and throat can develop in the oral cavity. Oral 
squamous cell carcinoma is the most prevalent kind of 
cancer found in mouths and throats.

Global perspective of cardiac  
rehabilitation in Post COVID patients
Ambreen Fatima, Jyoti Batra, Aarushi Batra, Ritvija 
Dixit, Rahul Saxena, Suyash Saxena, Ajit Pal Singh
The long-standing style of care known as cardiac rehabil-
itation (CR) may have been created to lessen the signifi-
cant burden of cardiovascular diseases (CVD) on people all 
over the world. In Post COVID era, maintenance of cardiac 
health in COVID affected patients has been received much 
attention. Cardiac rehabilitation (CR) may be a sophisticat-
ed intervention with multiple components which can pro-
vide support in developing health cardiovascular system. 
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Granulomatous mastitis -  
An uncommon finding
Aarthi KB, Ashi Verma, Prem K Garg, Swati Singh, 
Mayurika S Tyagi, Abhishek Pathre, Rajiv K Gupta
A 19-year-old female came with complaints of multiple 
lumps in her right breast of different sizes, which she had 
noticed one month back. The woman also gave a lactating 
history and family history of tuberculosis. After obtaining 
informed consent from the patient, minimally invasive pro-
cedure, Fine Needle Aspiration Cytology (FNAC) was per-
formed and about 2 ml of pus like material was aspirated. 

Catamenial pneumothorax: a case report
Eshutosh chandra, Mahendran C. S, Akshita Gupta
Catamenial pneumothorax, an extremely rare condition, 
is defined as the accumulation of air in the pleural cav-
ity occurring in conjunction with menstrual periods and 
during ovulation. It accounts in only 3- 6 %. This is pri-
marily caused by endometriosis of pleura. It is seen in 30- 
40 years aged women. A 35-year-old non-smoker female 
came to OPD in the department of Respiratory Medicine 
with complaints of chest pain, breathlessness with dry 
cough with history of uterine endometriosis. She under-
went investigations and diagnosed as a case of pleural 
endometriosis and managed conservatively. 

Psychogenic Sneezing
Aman Singh, Debalina Biswas, Tabish Brar, Amit 
Beniwal, Vivek Pathak, Brijesh Saran*, A. K. Seth 
Sneezing is considered to be physiological defense mech-
anisms against nasal mucosal irritation due to allergy, in-
fection, or local pathology, unusual triggers of sneezing 
include light, full stomach, sexual ideation, or orgasm. 
Psychogenic sneezing is a relatively rare entity, first de-
scribed by Shilkret1 in 1949. 

Self mutilating behaviour  
in monosymptomatic  
hypochondriacal psychosis
Sakshi Sharma, Ram Mehar, Shubhkarman Singh Saini, 
Nitish Verma, Vivek Pathak, Brijesh Saran, A. K. Seth
Delusional parasitosis is an infrequent psychotic illness 
characterized by an unshaken belief of having been in-
fested by a parasite when one is not. It is also called Ek-
bom syndrome after the Swedish neurologist Karl Axel 
Ekbom who did seminal work on this entity. Primary delu-
sional parasitosis consists primarily of a single delusional 
belief of having been infested by parasite and comes un-
der monosymptomatic hypochondriacal psychosis.

Post sepsis syndrome
Tabish Brar, Amit Beniwal, Aman Singh,  
Debalina Biswas, Vivek Pathak, Brijesh Saran, A.K. Seth
Post-sepsis syndrome is an evolving pathological entity 
that has gathered marked interest amongst clinicians and 
researchers over the last two decades. Amongst the sur-
vivors of sepsis, quite a few patients experience a variety 
of physical, psychological and emotional challenges while 
recoverin

Chest X-rays and CT Results  
from Tuberculosis Screening  
in Healthcare Workers Using Interferon-  
Gamma Release Assay (IGRA)
Manish Kumar Sharma, Prachi Saxena, Pooja
To examine the prevalence of tuberculosis (TB) in health-
care workers (HCWs) with positive chest X-ray (CXR) and 
computed tomography (CT) findings and to ascertain the 
function of imaging in the diagnosis of TB. This study’s ob-
jectives included determining the prevalence of TB based 
on CXR and CT findings in healthcare professionals with 
positive IGRA results as well as the function of imaging in 
the diagnosis and management of pulmonary TB.

A study of an Incidence  
of tuberculosis is linked to elevated 
hepcidin at HIV diagnosis
Prachi Saxena, Manish Kumar Sharma, Pooja
Hepcidin prevents ferroportin-mediated iron efflux, 
which results in intracellular macrophage iron retention 
and may encourage Mycobacterium tuberculosis nu-
trient absorption and TB pathogenesis. In order to re-
search into the relationship between incident pulmonary 
and extrapulmonary TB and plasma hepcidin levels, a 
retrospective cohort of HIV-positive, antiretroviral-native 
individuals had their plasma hepcidin levels tested at HIV 
diagnosis.

Life expectancy decline in people  
with treated tuberculosis  
and the possible benefits of prophylaxis
Mahendran C S, Manish Kumar Sharma,  
Pradhumn Katara
Evidence of significant, measurable, and preventable 
loads of mortality risk even after anti-tuberculosis therapy 
and cure would be a convincing, tangible, and meaningful 
indicator of the efficacy of prevention. To study of a life ex-
pectancy decline in people with treated tuberculosis and 
the possible benefits of prophylaxis.  
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Age and adenosine deaminase’s impact 
on the diagnosis of pleural tuberculosis
Manish Kumar Sharma, Prachi Saxena,  
Pradhumn Katara
ADA levels in PF of 290 individuals were tested to investi-
gate pleural effusion. Based on a positive pleural biopsy, 
each patient was assessed for age, sex, and the presence 
of tuberculosis (TB). The Kruskal-Wallis one-way analysis 
of variance was used to analyze differences in ADA levels 
between groups. 

Theoretical Design of New Healthy 
Organic Dyes for Solar Cell Applications 
with Favorite Medicinal Effect
Faeq A. AL-Temimei, Suhad H. Mohsen,  
Hawraa H. Abbas, and Ali Abid Abojassim
In this work, a computational investigation was used to 
design and study new materials based on carminic acid 
isomers as organic dyes for DSSCs. Density functional 
theory (DFT) was applied to report the ground state and 
the excited state characteristic was reported by utilizing 
time-dependent DFT (TD-DFT) methods. Some electron-
ic, optical, photolytic and electron transfer properties are 
evaluated to achieve our study. 

Studying the effect  
of the solvent on the spectral  
properties of the Eosin-y Dye  
that used as medical laser medium
Faiz Salih Abbas, Azhar S. Alaboodi,  
Ali Abid Abojassim
In this work, four kinds of solvents (Acetone, ethanol, 
methanol, and Water) were used for studying their effect 
of the spectral properties of the Eosin-y dye. One concen-
tration used for all solvents which was (1*10-5 m/l). The re-
sults show that the Fluorescence and Quantum Efficiency 
decreased with increasing the solvents polarity where the 
highest value was found in Acetone. 

Improving the Efficiency  
of Heart Disease Prediction Using Novel 
Random Forest Classifier Over Support 
Vector Machine Algorithm
P. Prasanna Sai Teja, Veeramani T
The Aim of the research study is to see how accurate 
Novel Random Forest (RF) and Support Vector Machine 
(SVM) classification algorithms were in predicting heart 
disease. The RF Classifier is used to a 304-Record dataset 
with heart disease.  

An Innovative Penalty based Heart  
Disease Prediction system using  
Novel Random Forest over Logistic 
Regression Classifier Algorithm
P. Prasanna Sai Teja, Veeramani T
The main goal of the research is see how accurately 
predicting heart disease by Logistic Regression (LR) and 
Novel Random Forest(RF) Classifications. Novel Random 
forest appealed on a heart dataset which consists of 200 
records A framework for predicting heart disease in the 
medical field has been proposed and developed to com-
pare the RF with a LR classifier. 

Supervised study of Novel Random  
Forest Algorithm for prediction  
of heart disease in Comparison  
With The Decision Tree Algorithm
P. Prasanna Sai Teja, Veeramani T
The aim of this work is to evaluate the accuracy and pre-
cision in predicting heart disease using Decision Tree (DT) 
and Novel Random forest (RF) Classification algorithms. 
The results show that the performance of Random forest 
is better compared with Decision Tree in terms of both 
precision and accuracy. 

Comparing the Efficiency  
of Heart Disease Prediction using Novel 
Random Forest, Logistic Regression  
and Decision Tree And SVM Algorithms
P. Prasanna Sai Teja, ,Veeramani T
The aim of the work is to evaluate the accuracy and pre-
cision in predicting heart disease using Support Vector 
Machine (SVM), Random forest (RF), Logistic Regression 
(LR), Decision Tree (DT) Classification algorithms. The 
results show that the performance of RF is better when 
compared with SVM, LR and DT in terms of both precision 
and accuracy. 

Prediction of Heart Disease  
using Forest Algorithm over K-nearest 
neighbors using Machine Learning  
with Improved Accuracy
K N S Shanmukha Raj, K Thinakaran
To perform Predicting heart disease using the Forest algo-
rithm and comparing its feature extraction precision with 
the K-nearest neighbors algorithm for working on the 
precision of the forecast. The Forest algorithm got better 
Accuracy and classification of digits better than K-nearest 
neighbors algorithm for Predicting heart disease.
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Prediction of Heart Disease  
using Forest Algorithm over Linear 
Regression Algorithm using Machine 
Learning With Improved Accuracy
K N S Shanmukha Raj, K Thinakaran
To perform Predicting heart disease using the Forest algo-
rithm and comparing its feature extraction precision with 
the Linear Regression Algorithm for improving the accu-
racy of the prediction. This study concludes that the Forest 
algorithm on patients healthcare analysis is significantly 
better than the Linear Regression Algorithm.

Prediction of Heart Disease  
using Decision Tree over Logistic 
Regression using Machine Learning  
with Improved Accuracy
K N S Shanmukha Raj, K Thinakaran
Predicting heart disease using the Decision Tree and com-
paring its feature extraction precision with the Logistic 
Regression algorithm for improving the accuracy of the 
prediction. Conclusion: The Decision Tree algorithm got 
better accuracy than Logistic Regression for Predicting 
heart disease.

Prediction of Heart Disease  
using Forest Algorithm  
over Decision Tree using Machine  
Learning with Improved Accuracy
K N S Shanmukha Raj, K Thinakaran
To predict the heart disease using Forest Algorithm and 
comparing it with Decision Tree algorithm for improv-
ing the accuracy in predicting heart disease. Anticipat-
ing coronary illness expectation was completed utilising 
machine learning calculations, for example, Forest Algo-
rithm and Decision tree. Here the pretest power analysis 
was carried out with 80% and the sample size for the two 
groups are 20. 

Comparison of Accuracy Rate in Prediction 
of Cardiovascular Disease using Random 
Forest with Logistic Regression
Talluri Vishnuvardhan, A.Rama
Comparison of accuracy rate in prediction of cardiovascu-
lar disease using Novel Random Forest with Logistic Re-
gression. The Random Forest exhibited 89.06% accuracy 
whilst a Logistic Regression has shown 92.18%. accuracy. 
Statistical significance difference between Random forest 
algorithm and Novel Logistic Regression Algorithm was 
found to be p=0.001 (2 tailed) (p<0.5). 

Estimation of Accuracy Rate  
in Predicting Cardiovascular Disease  
using Gaussian Naive Bayes Algorithm 
with Logistic Regression
Talluri Vishnuvardhan, A.Rama
Comparison of accuracy rate in prediction of cardiovas-
cular disease using Naive Bayes with Logistic Regression. 
Prediction of cardiovascular disease using Logistic Re-
gression is significantly better than the Naive Bayes.

Classification and Prediction of Heart 
Disease using Novel Random Forest 
Algorithm by Comparing Logistic 
Regression for Obtaining Better Accuracy
Heart attacks are usually caused due to blockages, partially 
or completely, of the heart’s veins or arteries that constrict 
the flow of blood from or to the heart. The primary objec-
tive of this review aims to be seen as the most appropriate 
algorithm to give us the ideal prediction. We will be com-
paring the novel Random forest with Logistic regression to 
find out which of these can give us the best accuracy. 

Improved Accuracy in Heart Disease 
Prediction using Novel Random Forest 
Algorithm in Comparison with Support 
Vector Machine Algorithm
T Poojitha, Mahaveerakannan R
The primary aim of this paper is to improve the exactness 
of the classification of coronary illness predictions using the 
help of machine learning algorithms. We will be comparing 
the novel Random Forest with the Support Vector Machine 
to find out which of these can give us the best accuracy. Ex-
pectation of heart infection using the Novel Random Forest 
(RF) algorithm appears to be significantly better than the 
Support Vector Machine (SVM) with improved accuracy.

Prediction Analysis of Novel Random 
Forest Algorithm and K Nearest Neighbor 
Algorithm in Heart Disease Prediction with 
an Improved Accuracy Rate
T Poojitha, Mahaveerakannan R
Coronary illness is one of the main sources of mortality in 
this current world. A basic test in the field of clinical infor-
mation assessment is the expectation of cardiovascular in-
fection. The fundamental target of this paper is to work on 
the exactness of the Data mining algorithms being used 
to improve heart disease prediction. We will be compar-
ing the novel Random forest with K Nearest Neighbor to 
find out which of these can give us the best accuracy. 
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Performance Analysis of Heart Disease 
Prediction System using Novel Random 
Forest Over Naive Bayes Algorithm  
with an Improved Accuracy Rate
T Poojitha, Mahaveerakannan R
The cardiac is a vital organ in the human body. Life is en-
tirely dependent on the functional workings of the heart. 
Cardiovascular disease refers to diseases of the cardiac 
and the blood vessels that supply it. The primary goal 
of this article is to perform on the exactness of the ar-
rangement of coronary disease expectation utilizing the 
assistance of AI calculations.  

Comparative Analysis of Anti-Fungal 
Properties of Carbohydrates Derivatives 
over Commercial Antifungal Drugs 
Kvs meghana, Sivaprasad
The goal is to compare the anti-fungal characteristics of 
carbohydrates derivatives to commercial antibiotics, and 
docking will be used to see how the ligand, protein, and 
anti-fungal interact molecularly. The antifungal benzim-
idazoles appear to be more specific and selective in their 
antifungal activity against the target protein.

Comparative Analysis of Antiviral 
Properties of Carbohydrates Derivatives 
over Commercial Antiviral Drugs
Kvs meghana, Sivaprasad*
The study is about to compare the antiviral properties of 
gluconolactone derivatives to those of commercial anti-
viral drugs, using docking to see how the ligand, protein, 
and antiviral drugs interact molecularly. The antiviral Rib-
avirin appears to be more specific and selectively works 
against the target protein when compared to the antivirus 
Phosphonoformate.

Heart Plaque Detection with Improved 
Accuracy using Decision tree  
in comparison with Least  
Squares Support Vector Machine 
Vankamaddi Sunil Kumar, K Vidhya
The main aim of this research is to detect heart plaque 
using the Decision Tree algorithm with improved accuracy 
and comparing it with Least Squares Support Vector Ma-
chine. tree and Least squares Support Vector Machine al-
gorithms are two groups compared in this study. It is found 
that the Decision Tree algorithm is significantly better than 
the Least Squares Support Vector Machine algorithm in 
Heart plaque disease detection for the dataset considered.

Heart Plaque Detection with Improved 
Accuracy using K-Nearest Neighbors 
classifier Algorithm in comparison  
with Least Squares Support Vector 
Machine
Vankamaddi Sunil Kumar, K Vidhya
The objective of the work is to evaluate the performance 
of the k-Nearest Neighbor classifier in detecting heart 
plaque with high accuracy and comparing it with the 
Least Squares Support Vector Machine. In this work, the 
k-Nearest Neighbor algorithm outperformed the Least 
Squares Support Vector Machine algorithm in detecting 
heart plaque disease in the dataset under consideration.

Heart Plaque Detection with Improved 
Accuracy using Naive Bayes  
and comparing with Least Squares 
Support Vector Machine
Vankamaddi Sunil Kumar, K Vidhya
The main aim of this research is to detect heart plaque us-
ing the Naive Bayes algorithm with improved accuracy and 
comparing it with Least Squares Support Vector Machine. 
In this work, the Naive Bayes algorithm outperformed the 
Least Squares Support Vector Machine algorithm in detect-
ing heart plaque disease in the dataset under consideration.

Heart Plaque detection with improved 
accuracy using Logistic Regression  
and comparing with Least Squares 
Support Vector Machine 
Vankamaddi Sunil Kumar, K Vidhya
The major goal of this study is to compare the effective-
ness of the Logistic Regression classifier with the Least 
Squares Support Vector Machine classifier in detect-
ing plaque in the heart with high accuracy. The Logis-
tic Regression algorithm is significantly better than Least 
Squares Support Vector Machine algorithm in this study in 
detecting cardiac plaque disease in the dataset.

Comparative Analysis of Antibiofilm 
Properties of Carbohydrate derivatives 
over Commercial Antibiotics 
Kvs meghana,Sivaprasad 
The goal is to compare the antibiofilm characteristics of 
carbohydrate derivatives to commercial antibiotics, and 
docking will be used to see how the ligand, protein, and 
antibiotic interact molecularly. Molecular interactions re-
vealed that nafcillin shows more affinity towards the pro-
tein compared to gluconolactone and clindamycin. 
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Comparative analysis of antibacterial 
properties of carbohydrate derivatives 
over commercial antibiotics
Kvs meghana, Sivaprasad
The goal is to compare the antibacterial properties of car-
bohydrates derivates to those of commercial antibiotics, 
using docking to see how the ligand, protein, and anti-
biotic interact molecularly. The PDB (protein data bank) 
website was used to obtain the protein structure, whereas 
the NCBI-PubChem website was used to gain the ligand 
structure. 

Simulation of Resistivity in Silver  
and Copper Nanowire Composite  
Filament using Composite Filament 
Simulation 3D to predict the Resistivity  
of the Nanowire
Mohammed Hathif Sayed M, Chandra Kishore S
The aim of this research work is to determine and com-
pare the electrical resistivity of silver and copper nanowire 
by using the Novel Composite Filament Simulation Tool. 
Silver nanowire appears to give better electrical conduc-
tivity than in copper nanowire.

Identification of Acral Melanoma  
using Fuzzy Algorithm compared  
with Convolutional Neural Network  
for improved accuracy using  
Dermoscopic Images
V.Nithya lakshmi, P. Nirmala
Acral melanoma detection using a fuzzy method vs. con-
volutional neural network CNN utilizing dermoscopic pic-
tures. To assess and compare the acral melanoma detec-
tion, the researchers used the fuzzy algorithm and the 
Convolutional neural network algorithm. 

Simulation of Copper Nanowire  
by Comparing its Volume  
and Alignment range using Composite 
Filament Simulation 3D to predict  
the Resistivity of the Nanowire 
Mohammed Hathif Sayed M, Chandra Kishore S
In this research work the simulation of electrical resistiv-
ity of copper nanowire by using a Novel Composite Fil-
ament Simulation Tool, and comparing the resistivity by 
its Volume and Alignment range. Comparison between 
these two parameters are done by independent sample 
test using SPSS software. There is a statistical indifference 
between volume and in alignment range. 

Identification of Acral Melanoma  
using Genetic Algorithms Compared with 
Convolutional Neural Network  
using Dermoscopic Images
V.Nithya Lakshmi, P. Nirmala
Identification of acral melanoma using genetic algorithm 
compared with convolutional neural network CNN using 
dermoscopic images. The proposed genetic algorithm 
helps in increasing the higher accuracy compared to con-
volutional neural networks with improved accuracy of the 
genetic algorithm algorithm is 96 % and the convolutional 
neural network algorithm is 95%. 

Comparative Study of Molecular 
Interactions of Thymol and Imatinib  
with BCR-ABL Fusion Protein In-Silico for 
the Selective Anti-CML Activity of Thymol
Lokesh D, Mamilla R Charan Raja
To study the comparative molecular interactions of Thy-
mol and Imatinib with the active sites of Breakpoint Cluster 
Region (BCR)-Abelson (ABL) fusion protein using molecu-
lar docking analysis for the selective anti-Chronic myeloid 
leukemia (CML) activity. In Spite of lesser binding affin-
ity of Thymol compared to Imatinib, Thymol can make 
strong hydrogen bond and hydrophobic interactions with 
the aminoacid residues at the active sites of BCR-ABL fu-
sion protein. It suggests that, thymol may bind selectively 
to the cells of CML and inhibit their proliferation and can 
act as novel Anti-CML agent. 

Comparative Study of Molecular 
Interactions of Thymol and B4S  
with Kinesin-5 In-Silico for the Selective 
Anti-cancer Activity of Thymol 
Lokesh D, Mamilla R Charan Raja
To study the comparative molecular interactions of Thy-
mol and 3’-fluoro-4’-(trifluoromethyl)biphenyl-4-sulfon-
amide (B4S) with the active sites of Kinesin-5 protein using 
molecular docking analysis for the selective anti-cancer 
activity. In this study, Group 1 is the binding affinity of B4S 
with Kinesin-5 protein and Group 2 is the binding affini-
ty of Thymol with Kinesin-5 protein. The sample size was 
calculated with a pretest power of 80%. The sample size 
per group is 10 and the total sample size is 20. The pro-
tein structure of Kinesin-5 protein was collected from the 
protein data bank (PDB) website and the ligand structures 
were collected from the NCBI-PubChem website. The 
binding energy (kcal/mol) was calculated using Autodock 
Vina Software.
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Comparative Study of Molecular 
Interaction of Quercetin and Imatinib  
with BCR-ABL Fusion Protein In-Silico  
for the Selective Anti-CML Activity  
of Quercetin
Reddypriya G, Mamilla R Charan Raja 
To study the comparative molecular interactions of Quer-
cetin and Imatinib with the active sites of Breakpoint 
Cluster Region (BCR)-Abelson (ABL) fusion protein using 
molecular docking analysis for the selective anti-Chronic 
myeloid leukemia (CML) activity. In Spite of lesser binding 
affinity of Quercetin compared to Imatinib, Quercetin can 
make strong hydrogen bond and hydrophobic interac-
tions with the aminoacid residues at the active sites of 
BCR-ABL fusion protein. It suggests that, Quercetin may 
bind selectively to the cells of CML and inhibit their prolif-
eration and can act as novel Anti-CML agent. 

Comparative Study of Molecular 
Interaction of Quercetin and B4S With 
Kinensin-5 Protein In-Silico for the 
selective anti-cancer activity of Quercetin 
Reddypriya G, Mamilla R Charan Raja
To study the comparative molecular interactions of Quer-
cetin and 3’-fluoro-4’-(trifluoromethyl)biphenyl-4-sulfon-
amide (B4S) with the active sites of Kinesin-5 protein using 
molecular docking analysis for the selective anticancer ac-
tivity. The protein structures are collected from the protein 
data bank (PDB) website and the ligand structures were 
collected from the PUBCHEM website. The samples were 
regarded as (N=10) for Kinensin-5 protein with quercetin 
and (N=10) for Kinensin-5 protein with B4S according to 
the sample size calculations performed from clinicalc.com 
with pretest G power 80%. 

Comparative Analysis of Antibacterial 
Properties of Fluorescein Derivatives  
Over Commercial Antibiotics
S Yeshwanth Sai, Sivaprasad
The study is about to compare the antibacterial properties 
of Novel Fluorescein derivatives to those of commercial 
antibiotics, using docking to see how the ligand, protein, 
and antibiotic interact molecularly. Molecular interactions 
revealed that Clindamycin shows more affinity towards 
the protein compared to fluorescein and dicloxacillin. The 
binding affinity values were compared using SPSS soft-
ware, it reveals that the statistical insignificance observed 
between the fluorescein and clindamycin is 0.363 and for 
fluorescein and dicloxacillin is 0.468. 

Comparative Analysis of Antibiofilm 
Properties of Fluorescein Derivatives Over 
Commercial Antibiotics
S Yeshwanth Sai, Sivaprasad
The study is about to compare the antibiofilm properties 
of Novel Fluorescein derivatives to those of commercial 
antibiotics, using docking to see how the ligand, protein, 
and antibiotic interact molecularly. The fluorescein ligand 
appears to be more specific and selectively works against 
the target protein when compared to the antibiotics.

Molecular modeling and screening  
of antiviral peptides for Influenza A virus 
Polymerase basic protein 2(PB2) protein 
using Hpepdock software  
for the therapy of Influenza A
Anusha G, Monisha M
To determine the binding affinity (kcal/mol) for various an-
tiviral peptides to target Influenza A virus PB2 protein using 
Hpepdock software and comparison with the Macrocyclic 
iHA-100 peptide (Reference peptide). The three-dimen-
sional (3D) coordinates for PB2 protein were retrieved from 
Protein Data Bank (PDB ID 4P1U).  

Molecular Modeling and Screening  
of Antiviral peptides for HIV-Glycoprotein 
(gp41) using Hpepdock software 
for the therapy of AIDS (Acquired 
ImmunoDeficiency Syndrome) 
Anusha G, Monisha M
To determine the binding affinity (Kcal/mol) for various 
antiviral peptides to target AIDS (Acquired Immunode-
ficiency Syndrome) gp41 protein. The three-dimensional 
coordinates of gp41 protein were retrieved from Protein 
data bank (PDB ID 3VIE). The structures of 16 antiviral 
peptides were modeled using Hpepdock software. The 
Hpepdock software was used to perform a molecular 
docking investigation of gp41 with antiviral peptides. 

Heart Disease Prediction Based  
on Age Detection using Novel Logistic 
Regression over Support Vector Machine
C.B.M Karthi, A. Kalaivani
To improve the accuracy in Heart Disease Prediction using 
Novel Logistic Regression and Support Vector Machine. 
This study contains 2 groups i.e Novel Logistic Regression 
and Support Vector Machine. Each group consists of a 
sample size of 10 and the study parameters include alpha 
value 0.01, beta value 0.2, and the Gpower value of 0.8. 
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Heart Disease Prediction Based  
on Age Detection using Novel Logistic 
Regression over Decision Tree
C.B.M Karthi, A. Kalaivani
To improve the accuracy in Heart Disease Prediction 
using Novel Logistic Regression and Decision tree. The 
Novel Logistic Regression model is significantly better 
than the Decision Tree in Heart Disease Prediction. It can 
be also considered as a better option for Heart Disease 
Prediction.

Heart Disease Prediction Based On Age 
Detection Using Novel Logistic Regression 
Over K-Nearest Neighbor
C.B.M.Karthi, A. Kalaivani
To improve the accuracy in Heart Disease Prediction us-
ing Novel Logistic Regression and K-NN Algorithm. The 
Novel Logistic Regression (98.45) achieved improved ac-
curacy than the K-NN Algorithm (79.82) in Heart Disease 
Prediction. The statistical significance difference is 0.01 
(p<0.05). The Novel Logistic Regression model is signifi-
cantly better than the K-NN Algorithm in Heart Disease 
Prediction. It can be also considered a better option for 
Heart Disease Prediction.

Heart Disease Prediction Based  
on Age Detection Using Logistic 
Regression over Random Forest
C.B.M Karthi, A. Kalaivani
To improve the accuracy in Heart Disease Prediction us-
ing Logistic Regression and Random Forest. The Logistic 
Regression achieved improved accuracy of 91.60 then the 
Random Forest in Heart Disease Prediction. The statistical 
significance difference is 0.01 (p<0.05). 

Environmental and Human Exposure 
Relevant Dose Analysis of Triclosan 
on Larval Zebrafish Heart Rate using 
Microscopic Observation for Risk 
Assessment Applications
P. Sushmitha, I. Praveen kumar
The current study’s goal is to determine the impact of 
triclosan (TCS) concentrations in the environment and 
from human exposure on zebrafish larvae heart rate. 
Chemicals: TCS [CAS:3380-34-5, Purity-99%] was pur-
chased from Loba Chemie, Mumbai, India. Stock solu-
tion of 1000 ppm was prepared using ethanol and auto-
clave water as solvents and stored at -20˚C in an amber 
coloured bottle.  

Smart Edge Detection Technique in X ray 
Images for Improving PSNR using Canny 
Edge Detection Algorithm with Gaussian 
Filter in Comparison with Laplacian 
Algorithm
C.Nithish karthick, P.Nirmala
The aim of this study is to propose smart edge detection tech-
niques in x-ray images for improving PSNR using canny edge 
detection algorithm and compared with laplacian algorithm. 
Using the design of edge detection technique and to improve 
PSNR, canny edge detection algorithm is used along with 
gaussian filter and it is compared with laplacian algorithm.  

Smart Edge Detection Technique in X-ray 
Images for Improving PSNR using Sobel 
Edge Detection Algorithm with Gaussian 
Filter in Comparison with Laplacian 
Algorithm
C.Nithish karthick, P.Nirmala
The aim of this study is to propose smart edge detection 
techniques in x-ray images for improving PSNR using the 
sobel edge detection algorithm and comparing it with 
the laplacian algorithm. For the design of edge detection 
technique to improve PSNR Sobel edge detection algo-
rithm is used along with the gaussian filter and it is com-
pared with the laplacian algorithm.  

Smart Edge Detection Technique in X-ray 
Images for Improving PSNR using Prewitt 
Edge Detection Algorithm with Gaussian 
Filter in Comparison with Laplacian 
Algorithm
C.Nithish karthick, P.Nirmala
This study aims to propose smart edge detection tech-
niques in x-ray images for improving PSNR using the 
Prewitt edge detection algorithm and comparing it with 
the laplacian algorithm. For the design of edge detection 
technique to improve PSNR Prewitt edge detection algo-
rithm is used along with a gaussian filter and it is com-
pared with the laplacian algorithm. 

Study on the Flexural Strength  
of Polypropylene Fiber Reinforced M20 
Grade Self-Compacting Bacterial Concrete
Shubham Jha, Ramesh B, Danie Macrin
This study’s objective is to determine how polypropylene 
fibre impacts self-healing concrete’s flexural strength. In-
vestigation was divided into two groups, with each group 
preparing 18 samples with Gpower (80 percent ).  
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Study on the Flexural Strength  
of Glass Fiber Reinforced M20 Grade  
Self-Compacting Bacterial Concrete 
Shubham Jha
The goal of this research is to determine the effect of glass 
fibre on the flexural strength of M20 grade self-healing 
concrete utilising a unique approach called microbi-
al induced calcite precipitation. For data collection, two 
groups of 18 samples each were produced. 

An analysis of chronic kidney disease 
Using Novel Decision Tree Algorithm  
By Comparing Logistic Regression  
For Obtaining Better Accuracy
Rohith J, Uma Priyadarsini P.S
Currently kidney disease is a major problem. Because 
there are so many people with this disease. Kidney dis-
ease is very dangerous if not immediately treated on time, 
and may be fatal. The main objective of this study aims to 
find the best-suited algorithm that will give us the most 
ideal prediction. The Novel Decision Tree is compared to 
Logistic regression to find out which of these can give us 
the best accuracy. 

Prediction Analysis Of Chronic Kidney 
Disease Using Novel Decision Tree 
Algorithm By Comparing Naive Bayes  
For Obtaining Better Accuracy
Rohith J,Uma Priyadarsini P.S
Individuals at high-hazard of cardiovascular sickness are 
no doubt defenseless against ongoing kidney diseases, 
and historical clinical records can assist with turning away 
complicated kidney issues. The main objective of this 
study aims to find the best-suited algorithm that will give 
us the most ideal prediction. 

Comparative Analysis of Chronic 
Kidney Disease using Novel Decision 
Tree Algorithm by Comparing Linear 
Regression for Obtaining Better Accuracy
Rohith J, Uma Priyadarsini P.S
Chronic kidney disease (CKD) is among the main 20 rea-
sons for death worldwide and influences around 10% of 
the world grown-up populace. CKD is an issue that upsets 
typical kidney work. The main objective of this study aims 
to find the best-suited algorithm that will give us the most 
ideal prediction.  

Classification And Prediction Of Chronic 
Kidney Disease Using Novel Decision Tree 
Algorithm By Comparing Random Forest 
For Obtaining Better Accuracy
Rohith J, Uma Priyadarsini P.S
Chronic Kidney Disease (CKD), also referred to as long-
term nephrotic syndrome, has risen exponentially in im-
portance. A person may only remain missing their kidneys 
for an estimate of 18 days, which creates a huge need for 
hemodialysis and kidney replacements. 

Study on the tensile strength of plastic 
fiber reinforced M20 grade self-
compacting bacterial concrete using 
a novel microbial technique Microbial 
induced calcite precipitation
G. Pradeep, Ramesh B
The objective of this study is to quantify the influence of 
plastic fiber on the tensile strength of self-compacting 
concrete using a novel microbial technique Microbial in-
duced calcite precipitation. There are 2 groups taken for 
the study and a total of 18 samples were prepared per 
group with Gpower (80%). 

Smart Edge Detection Technique in X-ray 
Images for Improving PSNR using Robert 
Edge Detection Algorithm with Gaussian 
Filter in Comparison with Laplacian 
Algorithm
C.Nithish karthick, P.Nirmala
This study aims to propose smart edge detection tech-
niques in x-ray images for improving PSNR using the 
Robert edge detection algorithm and compared it with 
the laplacian algorithm. For the design of edge detec-
tion technique to improve PSNR Robert edge detection 
algorithm is used along with the gaussian filter and it is 
compared with the laplacian algorithm. 

Review on Sodium Calcium Exchanger 
(Na+-Ca2+X) Electrophysiological 
Characteristics and its Role in Cardiac 
Arrhythmias
Gulothungan G, Vickram A S
Cardiac arrhythmias is one of the cardiovascular diseases 
that cause more death in today’s industrial world. Among 
the generation of arrhythmias in cardiac myocytes, Early 
Afterdepolarization (EAD) and Delayed Afterdepolariza-
tion (DAD) is most significant one.
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