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Endocarditis. Diagnostics and therapy 
based on the theory of cardiometry
Mikhail Y. Rudenko, Vladimir A. Zernov,  
Olga K. Voronova
The importance of diagnostics based on the theory of 
cardiometry implies identification of the root cause of pa-
thology or the abnormal primary processes that affect the 
shape of cardiac signals. As a rule, the root cause entails a 
whole chain of changes. 

Season-related dynamics  
of cardiorespiratory capability  
varieties in students 
Svetlana V. Moryakina, Vakha A. Anzorov
This research paper presents some data on varieties of 
cardiorespiratory indicators in students in the Chechen 
Republic, considering the autumn and spring periods. As 
a result from our study, we have found that with a de-
crease in the ambient air temperature the physical condi-
tions of the female students are deteriorated.

The influence of psychological stress  
on the cardiovascular system  
of students in interaction  
with orthostatic test
Svetlana V. Moryakina, Vakha A. Anzorov
The article is devoted to the study of the cardiovas-
cular system indicators in students under the condi-
tions of exam stress. As a result we have found that 
students have experienced severe stress before the 
examination and after it that has negatively affected 
their hemodynamic parameters, which have shown 
high values indicating overstrain of the adaptation 
mechanisms.

Evaluation of a damping coefficient influ-
ence made by notch filters  
on efficiency of ECG signals processing
Yeldos A. Altay, Pavel A. Kulagin
The aim of this study is to evaluate the effect of damping 
coefficient ξ provided by narrow-band notch filters on the 
quality indicators of the ECG signal processing accompa-
nied by development of a special software package for 
experimental testing of the cascade filtering system of 
natural electrical noise and its harmonics.

Cardiometric confirmations  
of psychotherapeutic effectiveness  
of psychological sand modeling
Vladimir A. Zernov, Elena V. Lobanova,  
Elvira V. Likhacheva, Lyubov’ P. Nikolaeva,  
Aleksandr S. Ognev, Mikhail Yu. Rudenko
The article presents experimental confirmations of the 
validity of the hypothesis that the theoretical construct 
“subpersonality”, in addition to the psychological content, 
really reflects the physiological preparation of a person to 
provide a certain type of response. It is shown that the ac-
tivation of one subpersonality instead of another one can 
be accompanied by significant changes in the heart rate 
variability, which has been estimated using the Baevsky 
stress index (SI).

Monitoring of system  
hemodynamics in prevention  
of cardiovascular pathology
Mikhail А. Yakushin, Roman V. Gorenkov, 
Аlexey P. Kudrin, Tatyana P. Vasilieva,  
Sergey Y. Yarotsky
A comprehensive study of the system hemodynamics has 
been conducted by us in different age-related groups; 
regularities of the age-linked dynamics of the main indi-
cators thereof and their mutual interrelations have been 
investigated.

History of the arterial tonometer  
and the “Pranayama” gadget
Igor S. Yavelov, Georgy L. Danielyan, Leonid P. Potak, 
Andrey V. Rochagov, Anatoly V. Zholobov,  
Oleg I. Yavelov, Eugeny V. Kolosov
An arterial tonometer that allows you to determine the 
pressure in the shoulder from the pulse wave of the 
radial artery without squeezing the vessels with a cuff, 
today remains an unattainable goal of many research-
ers due to the lack of suitable pulse wave sensors (PV). 
The article describes a mobile medicine device, which 
is a kind of “smart watch” with its original function of a 
human pulse wave analyzer. This function has become 
possible due to an introduction of a matrix fiber-optic 
sensor (MFOS) developed by a team of Russian sci-
entists at the A. A. Blagonravov IMASH at the Russian 
Academy of Sciences.
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Work life balance of medical professionals 
during Covid-19
Ashwin Naryan, Mita Mehta
Work life balance even though has been a contemporary 
topic in recent years but still there are organisations and 
job profiles which do not allow a good work life balance. 

A comparative study on the effect  
of Covid-19 and spanish flu in India –  
lessons to learn from the past
Tushar Lakhani, Mugdha Kulkarni
The present era that we are living in is experiencing a 
global crisis due to a pandemic outbreak of COVID-19, 
which has affected millions around the world. The pan-
demic crisis has not only affected the physical forms of 
life but has also brought about a drastic change in the 
previously followed economic and social patterns. 

Healthcare optimization, medication 
management and preparedness in retail 
pharmacy industry during the Covid-19 
pandemic in India
Gagan Rajendra Mandavkar, Hirak Dasgupta
Coronavirus (COVID-19) pandemic is a health crisis, which 
has almost impacted every industry, causing steep in-
roads into the global economy, and the pharmaceutical 
industry is no exception. Retail pharmacists are the most 
approachable and immediate healthcare aid to the gen-
eral public. 

Impact of COVID-19 on the Mental Well-
Being of Employees: A Study of Mental 
Wellness of Employees during COVID-19 
in India
Samridhi Bhandari, Lavina Sharma
COVID-19, which also induced an economic downturn 
globally, has forced the organizations to suddenly imple-
ment remote working, creating many challenges for the 
employees. The fast spread of the virus may also create 
fear among the employees. 

To Assess the Cardio Respiratory 
Endurance in College Going Students- An 
Observational Study
Parthkumar Devmurari, S. Dinesh, Lata Parmar
Sub-maximal exercise test is very useful in evaluating indi-
vidual’s cardio-respiratory fitness. Many factors have im-
pact on distance walked during six-minute walk test and 
considered to be ideal for patient population. 

Factor analysis as a basis for mathematical 
modeling in living systems
Alexey Zelenkov, Galina Zelenkova, Antonina 
Pahomova, Alexander Pakhomov
Factor analysis, as the basis of mathematical modeling of living 
systems, is based on the interdependence of individual charac-
teristics that form the specifics of a particular property, quality. 

The effects of essential oils and music on 
the bioelectrical activity in brain
Alexey Doletskii, Nikolay Sentyabrev, Elena Gorbaneva, 
Rada Achundova, Grigory Klitochenko
We studied the effect of essential oils and music frag-
ments, as well as their various combinations on the brain’s 
electrical activity parameters. We showed the character of 
their impact on the basic EEG frequency bands, identified 
localization of sources for specific activity.

Role of Left Ventricular Speckle Tracking 
Imaging in Detection of Coronary Artery 
Disease in Non-Diabetic Patients
Soha K. Hekal, Hisham Aboul-enein,  
Mohamed Hamouda, Mohamed Ali
This study aimed to determine the role of global longitudi-
nal strain (GLS) in early diagnosis and detection of severity of 
coronary artery disease (CAD) in non-diabetic patients with 
preserved left ventricular ejection fraction (EF) without region-
al wall motion abnormalities presented with chronic coronary 
syndrome, and to identify the role of territorial longitudinal 
strain (TLS) in detection of the affected coronary artery. 

Fundamentals of age-related and 
functional digital pulse diagnostics
Igor S. Yavelov, Andrey V. Rochagov
The development of a matrix pulse wave (PW) analyz-
er became a reality thanks to the implementation of a 
3-point PW sensor in 2017, when the test results of the 
mock-up sample were published.

Expansion Capacity of Drug-Eluting Stents 
in Patients with Left Main Coronary Artery 
Disease: An Intravascular Ultrasound 
Guided Study
Mohamed Mahrous Ali, Basheer Hafez Mohamed, 
Metwally Hasan El Emary, Ashraf Ahmed Abd Al Mageed
The aim of this study was to assess the expansion capac-
ity of current commercially available Drug Eluting Stents 
(DES) with nominal diameters of 3.5-4.0mm in patients 
with Left Main disease.
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Dear Reader,
the topical subject treated by this Journal issue is prac-
tice. Based on our experience, we can state that applied 
Cardiometry doesn’t come easy for cardiologists in prac-
tice. Therefore we decided to pay more attention to the 
way how it works in practice. In doing so, we asked Alex-
ander Lotarev, who has already got a 5 year experience in 
Cardiometry in Costa Rica, to give a sort of his guidance 
to the beginners. So, we quote him on that:

Dear Readers!
Let me introduce myself: my name is Alexander Lotarev, and I am a Doctor with an experience 

in healthcare practice over 30 years. For the past 15 years I have been working as a physician in my 
private practice in Costa Rica. For 5 years I have been supported in my practice with the Cardiocode 
device & technology. The most typical case of the Cardiocode application is when I deal with patients 
having unclear chest pain symptoms. This non-invasive medical device has been also successfully ap-
plied by me in sports medicine on the basis on my contracts concluded with the Costa-Rica Football 
Club, with the National Costa-Rica Taekwondo Federation as well as with some separate groups of 
swimmers and cycling athletes. It should be mentioned that Cardiocode has shown its undoubted su-
periority both for in- and out-of-office diagnostics as compared with conventional ECG and echocar-
diogram techniques or biochemistry testing. The undeniable advantages demonstrated by the Cardi-
ocode instrumentation & technology cover the non-invasive express testing procedure, easiness in its 
use, the possibility to apply it out of office, the reliability and advanced user-friendly design that makes 
Cardiocode to be a worthy competitor best suitable for use under the hospital and field conditions. 
Cost-effectiveness of this device & technology and complete sets of data on the cardiovascular system 
performance, non-invasively delivered within the shortest time, save not only the doctor’s labor and 
time, but also the life of every patient. As to sports medicine, I can say that an eligible assessment of the 
potential high performance and risks in athletes applying Cardiocode is a sound foundation for mak-
ing an optimal decision on strategy in the champion-level conditioning. The proper identification of 
the conditioning capabilities and their parameters allows specifying individual athlete’s conditioning 
schedule and choosing the best suited tactics. To summarize, I think it is reasonable to use Cardiocode 
in everyday’s medical practice since it facilitates making a differential diagnosis and selecting the most 
effective treatment method.
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Endocarditis. Diagnostics and 
therapy based on the theory  
of cardiometry
Mikhail Y. Rudenko*, Vladimir A. Zernov, Olga K. Voronova

Russian New University
Russia, 105005, Moscow, Radio str., 22
* Corresponding author:
  cardiocode@mail.ru 
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diagnostics

The importance of diagnostics based on the theory 
of cardiometry implies identification of the root cause 
of pathology or the abnormal primary processes that 
affect the shape of cardiac signals. As a rule, the root 
cause entails a whole chain of changes. The logic of the 
analysis, based on the laws of cardiometry, allows you to 
establish all the members in this chain. This approach 
opens up the possibility for a very effective therapy that 
eliminates not only the root cause of the pathology, but 
also any changes that may result from its impact.

As practical experience has shown, diagnostics 
should begin with the identification of signs of endo-
carditis. The cause of its occurrence is a change in the 
composition of blood, which affects the function of 
contraction of the interventricular septum. It is very 
important to have the normal pathogen-free blood 
composition, because its quality makes impact on he-
modynamics. The presence of such blood is the basis 
for normal well-being of a human individual and re-
moves many difficult issues in the treatment of other 
pathologies.

The term “endocarditis” defines the degree of 
change in the morphology of the muscles of the in-
terventricular septum near the atrioventricular valve. 
As a rule, this appears in the right ventricle: various 
pathogens of bacterial, viral, fungal and parasitic na-
ture, having an organ-widespread polysystemic char-
acter, enter it to a greater extent through blood. Latent 

EDITORIAL

infectious and toxic processes affect the structure of 
the muscles adjacent to the valve. First of all, this is 
manifested in changes in the water exchange and the 
ionic balance between the extracellular and intracel-
lular fluid.

Cause of endocarditis
Note that the heart is designed in such a way that 

when the valves are closed during its contraction, cor-
responding to the QRSL interval, certain conditions 
of increased pressure in the ventricles are provided. If 
there are elements in blood, which are not related to 
its normal composition, they will be concentrated in 
the area between the atrioventricular valve and the in-
terventricular septum. This zone is passive that allows 
foreign blood elements to reside and settle therein. 
Their deposits begin to affect the quality of the mus-
cles in this area that indicates the initial stage of endo-
carditis. The development of the process can reach the 
level of alteration of the structure of the muscle cells, 
turning them into a spongy-type state. Given that the 
pressure in the left ventricle is greater than in the right, 
blood will be able to leak from the left ventricle to the 
right. A disorder in water exchange in the muscle cells 
within this zone will be recorded during the orthostat-
ic test in the form of a change in the amplitude of the 
P-Q phase (see Figure 1 herein). As a rule, endocardi-
tis is associated with subjective symptoms, manifested 
with short-term dizziness, which can last only for a 
few seconds, periodic increase in blood pressure, and 
various allergies.

Criteria for the diagnostics of signs  
of endocarditis

The criteria for assessing the signs of endocarditis 
cover changes in the amplitude of the P-Q phase in 
orthostatic test (see Figure 2 herein).

Figure 3 shows the normal form of the P-Q phase, 
indicating the normal composition of blood and the 
absence of signs of endocarditis. Figures 4 and 5 show 
the other two typical cases of signs of endocarditis.

With a more developed form of endocarditis, sub-
jective symptoms begin to manifest to a greater extent 
in the form of short-term dizziness. This occurs when 
arterial blood penetrates from the left ventricle to the 
right one through the interventricular septum. Let us 
consider a typical case presented in Figure 6 herein.
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lying position

 
sitting position

 
Figure 1. Change in the amplitude of the P-Q phase on the ECG curve relative to the isoline during orthostatic test indicates de-
posits in the heart ventricles under the atrioventricular valve in the area of the interventricular septum, namely deposits of infec-
tious, bacterial, microbial or other elements, which are abnormal for the blood composition and which affect the quality of muscle 
performance, changing the water exchange between the extracellular and intracellular fluid.
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lying

 

         

sitting

 

Figure 2. Enlarged view of the change in the amplitude of the P-Q phase relative to the isoline in the orthostatic test. A change in 
the amplitude is a characteristic sign of the presence of endocarditis

lying

    

sitting

 
Figure 3. Exhibiting no changes in the amplitude, the P-Q phase relative to the isoline in the orthostatic test corresponds to the 
norm and indicates the normal state of the blood composition and the absence of signs of endocarditis

lying

 
sitting

  
Figure 4. Change in the amplitude of the P-Q phase in the orthostatic test with signs of endocarditis affecting the function of 
contraction of the interventricular septum
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  lying

 
sitting

 
Figure 5. Change in the amplitude of the P-Q phase in the orthostatic test with signs of endocarditis affecting the function of the 
interventricular septum contraction and displaying the general health state as “uncomfortable state” 

 lying

  
sitting

 
Figure 6. Change in the amplitude of the P-Q phase in the orthostatic test with signs of endocarditis affecting the function of in-
terventricular septum contraction with subjective symptoms of periodic short-term dizziness
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Table 1
Cardiometric diagnosis of signs of endocarditis
Detected physiological, functional, 

metabolic and other changes
ECG signs Possible 

consequences 
Recommendations

Signs of endocarditis. The effect of 
changes in blood composition on the 
function of reducing the IVS

Change in the amplitude 
of the P-Q phase in the 
orthostatic test

Rapid fatigue, possible 
blood pressure surges 
and sudden short 
dizziness

1. Tinctures «Yuglon»,  
«9-ka STOPrazit», «Nuxen-II» 
(black walnut), two therapy 
courses. 2. Wave resonance 
therapy with the «EZH-2»device

As a rule, the early stage of endocarditis is accom-
panied by the corresponding symptoms noted above.  
Examples of the manifestation of signs of endocarditis 
are shown in Figures 4-6 herein.

Therapy
1. If there are marked criteria available, it makes 

no sense to accurately identify the nature of foreign 
blood elements. It is important to normalize the blood 
composition. A highly effective natural remedy is a 
tincture of black walnut with the addition of natural 
components of herbs. The most effective tinctures 
for blood normalization are the following products:  

“9-ka STOPrazit”, “Yuglon” and “Nuxen II”. You can 
also use the phytotherapy agent of vegetable origin, 
biologically active health-improving additive “Troy-
chatka Ehvalar”.

2. It is necessary to maintain the alkaline prevalence 
in the organism balance. It is important to pay atten-
tion to nutrition, first of all, by reducing protein food. 

3. The wave resonance therapy with the “EZH-2” 
device to induce genome expression should be recom-
mended. This is a fundamental factor in the proper 
performance of the human organism: its stimulation 
provides for normalization and restoration of improp-
er functions in the affected human body.
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Season-related dynamics  
of cardiorespiratory capability 
varieties in students 
Svetlana V. Moryakina*, Vakha A. Anzorov

Chechen State University, Russia, 366007, Chechen Republic., 
Grozny, pr. Bulvar Dudaeva, 17
* Corresponding author:
  mail@chesu.ru 

Abstract 
This research paper presents some data on varieties of car-
diorespiratory indicators in students in the Chechen Republic, 
considering the autumn and spring periods. As a result from 
our study, we have found that with a decrease in the ambient 
air temperature the physical conditions of the female students 
are deteriorated (observed are the increased SAP, HR and the 
Kérdö index values). With an increase of the ambient air tem-
perature, the parameters of vital capacity (VC) of the lungs, 
respiratory rates (RR), the values of the pulmonary functional 
tests by Stange and Genci become higher, and according to 
the adaptation potential data the adaptation capability demon-
strated by the cardiovascular system is elevated.

Keywords
Students, Seasonality, Respiration system, Cardiovascular sys-
tem, Test coefficients

Imprint
Svetlana V. Moryakina, Vakha A. Anzorov. Season-related dy-
namics of cardiorespiratory capability varieties in students. 
Cardiometry; Issue 19; August 2021; p. 11-14; DOI: 10.18137/car-
diometry.2021.19.1114; Available from: http://www.cardiometry.
net/issues/no19-august-2021/season-related-dynamics

Introduction
Health, feeling and the mental performance of stu-

dents depend to a great extent on variations in the am-
bient air temperature comfort in the autumn-winter 
and spring-summer time [9].

In this context, physiological examinations and 
checks of the health state in students become a valu-
able tool, particularly under the conditions of seasonal 
environment periodicity or seasonality [1]. 

It is well known from reference literature that the 
circulatory system and the respiration system in a hu-

REPORT

man organism show the highest sensitivity to the sea-
sonal environment variations. Therefore, we have de-
cided to study an impact made by seasonal biorhythms 
on the cardiorespiratory system in our students [3].

The aim of our study has been defined as estab-
lishing of evidence that there is an impact made by an 
ambient temperature factor on some indicators of the 
physiological state in students.

To achieve the defined aim, we have solved the fol-
lowing problems:

1. revealing the seasonality of impact of the am-
bient air temperature on the indicators of the perfor-
mance of the respiration system in an organism;

2. identification of an effect produced by high and 
low ambient air temperatures on the cardiovascular 
system performance;

3. detection of influence of high and low ambient 
air temperatures on the Kérdö index and the adapta-
tion potential;

4. measurements of body temperature under vari-
ous ambient air temperature conditions.

Materials and methods
To achieve the defined goals, we have completed 

our study covering 55 full-time female students in 
study years 2-4 at the Faculty of Biology & Chemis-
try at the Chechen State University within the au-
tumn-winter and spring-summer periods in 2020. 
The female students’ age is recorded to be between 
18 and 21.

The respiratory function tests have been conduct-
ed with the use of spirometry equipment Diamant-C, 
System Set CM-AR-01. The heart performance read-
ings have been taken utilizing automatic tonometer 
Omron MX3 Plus. The temperatures in different body 
skin surface areas like the forehead, the cheek, the back 
of a hand, the skin surface areas between the fingers 
and in the armpit were measured with contact-free 
infra-red thermometering instrument Geratherm GT 
101 Non contact.

The obtained statistics data have been processed 
with the Excel 2016 software.

Results and discussion
Upon testing of the function of the external respira-

tion, we have detected changes in the respiration rates 
available under different ambient air temperature con-

Submitted: 19.06.2021; Accepted: 5.07.2021; Published online: 21.08.2021
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ditions. It has been found that the respiratory rate in the 
autumn period in the female students is significantly 
6,5% lower than it is the case with this parameter in the 
spring time. The revealed lower respiration rates (RR) 
can be explained by the reduced excursion of the thorax 
and deceleration of the inhalation of cold air due to stim-
ulation of the mechanoreceptors of the lung tissue [11].

According to the data available in the reference 
literature, the Stange test value in healthy individu-
als aged 16-20 years may vary in the range from 16 
to 55 seconds, while the Genci test parameter for this 
cohort may be found between 24 and 30 seconds. Un-
der the influence of lower temperatures of the envi-
ronmental air, detected have been by us a decrease in 
the respiratory function test indicators by 23,3% and 
31,3%, respectively. The reduction in breath holding 
time may be attributed to diminishing of cardiorespi-
ratory capabilities in the examined female students. 

With regard to vital capacity  (VC) of the lungs, 
we have recorded a decrease of this parameter from 
2,79±0,058 l to 2,18±0,079 l that makes up 13,1% (see 
Table 1 herein).

Table 1
Data on external respiration in female students at different am-
bient air temperatures 

Parameter under 
study

Season
Spring Autumn
М±m М±m

RR, br.m./min. 20,68±0,256 19,29±0,245*
Stange test, sec. 40,67±0,4671 27,35±0,691**
Genci test, sec. 25,48±0,378 16,25±0,369**
VC, l 2,79±0,058 2,18±0,079**

*Р> 0,002; **Р> 0,001

These changes may be attributed to the fact that the 
microvasculature of the respiration system is restruc-
tured in the autumn-winter time in order to increase 
its capacity required to take larger blood volumes that 
is combined with some other changes targeted at in-
tensification of the lung tissue gas exchange function. 
As a result, signs of progressing latent respiration in-
sufficiency are observed that is accompanied by a de-
crease in the functional margin of the lungs [7].

In addition to the respiration data, we have ana-
lyzed the data on the performance of the heart and 
blood vessel system.

An increase in the heart rate (HR) values from 
76,47±0,391 beats/min. in the spring period to 

79,20±0,339 beats/min. in the autumn period (that 
makes up 3,5%) (see Figure 1 herein) in the female 
students has been recorded as significant, too.

Figure 1. Dynamics of varieties of indicators of the cardiovascu-
lar system performance in female students at different ambient 
air temperatures 

Many researchers state in their papers that an increase 
in the heart rate values is connected with the activation 
of adaptation capabilities of the circulatory system [12].

Considering the values of systolic and diastolic ar-
terial pressure (the SAP and DAP values), we have not 
revealed any significant variences therein.

With the applicable calculation method, we have 
obtained the data on changes in the Kérdö index val-
ues, in the adaptation potential (AP) parameters and 
the Robinson index (RI) values [4].

We have noted that the Kérdö index in the female 
students has reached in the autumn 11,15±0,810% 
that is evidence for a higher activity of the sympathet-
ic nervous system as against the data delivered in the 
spring time (3,72±0,914 %), which are assessed to be 
in the normal range thereof [2].

The AP scoring has been recorded to be 2,03±0,017 
in the autumn versus 2,07±0,014 recorded in the 
spring time. It should be mentioned that there is a 
slight dominance (2%) of the AP score values in the 
students recorded in the autumn period of time [5].

In our study, we have recorded that the Robinson 
index (RI) reaches 92,75±15,346 arbitrary units (in 
the spring time) and 85,87±13,584 arbitrary units (in 
the autumn period), respectively, that is in conformi-
ty with the averaged level of the somatic health (the 
normal values of RI: in the excellent health state it is 
under 69; in the sound health state it reaches 70-84; 
in the acceptable health state it amounts to 85-94; the 
bad health state is characterized by 95-110, and in the 
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very bad health state it is found at the level of 111 and 
higher) (see Table 2 herein).

Table 2
Test index values of the cardiovascular system performance in 
female students at different ambient temperatures

Test index Season
Spring Autumn
М±m М±m

Kérdö index, % 3,72±0,914 11,15±0,810**
AP, scores 2,03±0,017 2,07±0,014
RI, arb.u. 92,75±15,346 85,87±13,584

*Р> 0,002; **Р> 0,001

The studies conducted by us have demonstrated that 
the adaptation mechanisms of the heart and the blood 
vessels in the female students at low ambient temperatures 
have first signs of their overloading. Similar changes have 
been detected by us in our previous research works [6].

The fact of the changes identified therein may be ex-
plained by an intensification of the mental work loading 
that plays a role of a fatigue booster [8]. Since the ad-
aptation potential is considered as a parameter, which 
reflects an actual health state of an individual, it can be 
concluded that the health state in the examined cohort 
of the female students is within the normal range irre-
spective of season-related ambient air variations [10].

The changes in the temperature values recorded in 
the different body surface areas are as follows: the tem-
perature measured in the skin areas of the forehead, 
the cheek, the back of the hand and between the fin-
gers show its considerable decrease by 18,6%; 23,7%; 
26,2% and 24,6%, respectively. The temperature values 
recorded in the armpit region demonstrate a minor in-
crease of 0,8% due to reflective vasodilatation that is 
interconnected with stress of thermoregulation mech-
anisms in a cold season (see Figure 2 herein).

Upon an analysis of the presented temperature 
data, we can state that in the cold season we observe 
an adaptive resetting of the thermoregulation appara-
tus in a human organism [11].

Conclusions 1. Seasonal low ambient air tempera-
tures make a negative effect on the physiological in-
dicators recorded in the female students. It has been 
detected that the respiration rate values in the female 
students in the autumn period are significantly lower 
than those recorded in the spring time. The revealed 
decreased RR values can be explained by the reduced 
excursion of the thorax and deceleration of exhalation, 
when cold ambient air enters the lungs and stimulates 
the mechanoreceptors in the lung tissue. The reported 
reduction in the breath holding time (the respiratory 
function tests by Stange and Genci) may be attributed 
to diminishing of the cardiorespiratory capabilities. 
The vital capacity of the lungs demonstrates its de-
crease at season-related low ambient air temperatures. 
It can be also interpreted as a particular manifestation 
of the changes in the functional state of the external 
respiration that is typical for the hypoxic state.

2. At season-related low ambient air temperatures, 
we have observed in the female students a rise in their 
heart rate values. The observed changes are connected 
with mobilization of the adaptation response provided 
by the circulatory system that is manifested in an in-
crease in their heart rates and the level of arterial pres-
sure. The parameters of arterial pressure recorded in the 
female students at different ambient air temperatures 
show no any significant variances. Our study has shown 
that both the systolic and diastolic arterial pressure val-
ues in the female students have no substantial variations.

3. We have detected a positive value of the Kérdö 
index (KI) in the female students in the autumn pe-
riod as against those values measured in the spring 
time. So, we have recorded the predominance of the 
activity of the sympathetic nervous system that bears 
witness to the fact that there is stress of the regulatory 
mechanisms in the circulatory system. The adaptation 
potential of the circulatory system qualifies the health 
state, and therefore it may be concluded that the actual 
health state in the examined female students is with-
in the normal range irrespective of the season-related 
ambient air variations. The Robinson index (RI) val-
ues recorded in our study have been assessed to be at 
the average level of the somatic health.

4. In the autumn period, the temperatures mea-
sured in the skin areas of the forehead, the cheek, the 

Figure 2. The dynamics of temperature changes in the body sur-
face areas in female students at different ambient air temperatures
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back of the hand and between the fingers show their 
substantial decrease, while the temperatures recorded 
in the armpit demonstrate their decrease due to the 
reflective vasodilatation effect.
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Abstract 
The article is devoted to the study of the cardiovascular system 
indicators in students under the conditions of exam stress. As 
a result we have found that students have experienced severe 
stress before the examination and after it that has negatively 
affected their hemodynamic parameters, which have shown 
high values indicating overstrain of the adaptation mechanisms.
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Introduction
Stress is a normal case in the existence of a human 

individual [1]. In the context of education, it has at-
tracted research interest over the years in an effort to 
improve the student performance. Some of these stud-
ies have shown that stress has a significant impact on 
the students ‘ mental and physical health, as well as on 
their overall performance in general [8], and the rela-
tion between stress and disease is well established, too. 

Stress is a staged scenario of events, and its inter-
pretation should not be limited to a mere psychological 
term implying that all human individuals face stress 
during the period of their illness. It is a response, which 
is fundamentally different from a fight or flight or acute 

stress, which occurs when facing a perceived threat, as 
first described by physiologist Walter Cannon in 1915.

Stress is considered as pressure, tension, and anx-
iety that students experience during their examina-
tion session. This is a common psychological problem 
found at universities, which may additionally involve 
health problems in students [5].

Conducting functional tests will be useful to identify 
some disorders that may occur in the cardiovascular sys-
tem under the influence of test and exam stress in students.

This has been defined as the main goal of the pres-
ent research work.

To achieve this goal, the following tasks have been 
solved:

1. Evaluation of the vegetative status in students by 
changing the body position.

2. Checking of the duration of statistical balancing 
in students before and after exposure to exam stress.

3. Studying of the impact of test and exam stress on 
the students’ circulatory system.

Materials and methods
In order to determine the effect made by psycho-

logical stress on the human cardiovascular system 
in interaction with an orthostatic test, we selected a 
group of full- and part-time students at the Faculty of 
Biology and Chemistry covering thirty test subjects 
(5 males and 25 females) aged from 17 to 23 years.

No gender differences were taken into account, as 
the majority of the subjects were female. 

We conducted three sets of our experiments:
1. Conducting an orthostatic test and recording 

results. The orthostatic test is used to detect hidden 
heart rhythm disorders and vegetative dysfunctions in 
the human body. The orthostatic test was performed 
using device Omron M6 Comfort, an automatic to-
nometer placed on the shoulder for convenient, fast 
and accurate measurement of blood pressure values.

2. Static balancing (SB) The best indicator is taken into 
account (the longest duration of standing on one leg with 
eyes closed) assessing three attempts with an interval of 5 
minutes between them. The standing time in healthy un-
trained individuals is usually in the range of 30-50 seconds.

3. Study of the impact of psychological stress by 
testing students 30-40 minutes before the beginning 
of their exam and an hour after the end of the exam. 
The results obtained were compared with the refer-
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ence values of those hemodynamic parameters, which 
were recorded in the same cohort of the students two 
weeks before the examination session.

The dynamics of heart rate (HR) values, the data 
on systolic blood pressure (SBP) and diastolic blood 
pressure (DBP) were analyzed. 

After recording the produced data, we calculated 
the following: the mean dynamic pressure (MDP), the 
systolic blood volume (SBV), the total peripheral vas-
cular resistance (TPVR), the Kerdö index (KI) and the 
adaptive potential (AP) [4].

Results and discussion
After statistical processing using the Excel 2016 

program, the experimental data obtained can be pre-
sented as follows. 

To assess the state of the autonomic nervous system, 
the functional orthostatic test is of particular interest. 
The use of the orthostatic test (transition from the 
horizontal to vertical position) allowed us to establish 
a decrease in the systolic blood volume by an average 
of 16%, an increase in the heart rate value by an aver-
age of 14 beats / min (17%) and in the total peripheral 
vascular resistance (TPVR) by an average of 28%. The 
diastolic blood pressure parameter increased by an av-
erage of 13 mm Hg (18%), the systolic pressure was 8 
mm Hg (6%) higher, and the average dynamic pressure 
parameter reached 11.8 mm Hg (13%). Based on the 
normal values of the indicators, it has been found that 
the level of tolerance to the orthostatic test corresponds 
to the satisfactory assessment of the functional ability 
of the students’ circulatory system (see Figure 1 herein).

Figure 1. Change in the parameters of the cardiovascular sys-
tem in students when performing orthostatic test

In our studies, the rise in the pulse rate after the 
orthostatic test amounts to 17% that is similar to the 
average degree of excitability of the sympathetic sub-

division of the autonomic nervous system that demon-
strates the activation of the adaptive processes [3].

Then we have analyzed the duration of static bal-
ancing, which may deliver a lot of information about 
the actual health of the student (see Figure 2 herein).

Figure 2. Comparison of changes in the duration of static bal-
ancing in students under the influence of psychological stress

Upon conducting the above test, we arrived at a 
conclusion that all students demonstrated standard 
indicators of the duration of balancing (from 30 to 
50 seconds). 

But at the same time it was found that the best in-
dicators thereof were recorded two weeks before the 
exam session, i.e. at the level of 52.8 seconds that was 
even slightly higher than the physiological norm for 
untrained individuals. 

This shows that there is the proper motor coordi-
nation, the well-developed state of musculoskeletal 
system and the psychical stability. All this is applicable 
rather to the students two weeks before the start of the 
exam session, since at that time they have a better de-
veloped perception based on the motor stimuli.

The students demonstrated their worst result 
(31.28 seconds) 30 minutes before the start of the 
exam, which was close to the lower limit of the average 
normal value.

The impact of psychological stress on the circu-
latory system of students showed that the heart rate 
two weeks before the start of the session averaged 
71.7±1.94 beats/min. The reference indicators were 
compared with the data received 30 minutes before 
the start of the exam, and an increase in the heart rate 
values by 20% was revealed. An hour after passing the 
exam, the pulse rate of most students did not reach the 
reference values and on average decreased by 2% only. 
The available research literature suggests that there is a 
rise in heart rate, when exposed to stress, by 8-19 beats 
per minute [2] that was also confirmed in our previ-
ous studies [7].

As to the recorded blood pressure values, there was 
an increase in the spread of the indicators in the group 
compared to the norm.
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Psychological stress also changed other hemody-
namic parameters in the students. Thus, before the 
exam, the total peripheral vascular resistance (TPVR) 
significantly increased from 199.0±4.52 kPa2s/l to 
281.2±28.64 kPa2s/l, (P <0.05), and after the exam, 
there was a decrease in TPVR to 226.6±10.65 kPa2s/l 
(Р <0,02). At the same time, the average values of sys-
tolic blood volume (SBV) were recorded to be 11% 
lower before the exam and 3% lower after the exam 
[12] (see Table 1 herein).

Table 1
Dynamics of changes in the cardiovascular system parameters 
in students under the influence of psychological stress

Studied 
parameter

М±m
Reference Before exam After exam

HR, bpm 71.7±1.94 89.4±2.78** 87.2±2.39**
SBP, mm Hg 115.6±2.02 126.6±2.55** 121.2±2.03
DBP, mm Hg 73.4±0.88 84.5±2.80** 78.3±1.70*
SBV, ml 61.8±1.35 55.2±2.45* 59.2±2.11
TPVR, кPа2s/l 199.0±4.52 281.2±28.64* 226.6±10.65
KI, % 1.6±2.08 14.9±2.09** 9.1±1.89*
AP, points 2.1±0.04 2.6±0.08** 2.4±0.05**

*Р <0.01; **Р <0.001

Thus, the cardiac activity of students is greatly in-
fluenced by the sympathetic nervous system that is 
confirmed by the relevant data available in the rele-
vant research paper sources [6].

To determine the predominant subdivision of the 
autonomic nervous system responsible for the activity 
of the cardiac system, we calculated the Kerdö index [9]. 

In the students, the Kerdö index (KI) before the 
exam significantly increased from 1.6±2.08 % to 
14.9±2.09 %, and after the exam, its progressive de-
crease was noted at the level of 9.1±1.89 %.

Stress leads to a higher tension of the functions 
of the human body, especially of the cardiovascular 
system, in order to properly provide the organs and 
the tissues with nutrients and oxygen supply. As a re-
sult, the adaptation capabilities of the body’s systems 
may be disabled and a number of diseases caused by 
stressful factors may develop [11]. For this purpose, 
we calculated the adaptive potential (AP). Before the 
start of the exam, we noted the AP increase of 19 units, 
and after the end of the exam we recorded its rise by 
13 units. The results obtained are statistically reliable 
(see Figure 3 herein).

This response made by the hemodynamic parame-
ters to the exam stress conditions bears witness to the 

fact that the nervous mechanisms of the regulation 
of the circulatory system are involved in the process 
that leads to an increase in the activity of the cerebral 
cortex. As a result, under the influence of the cerebral 
cortex, the activation of the cardiovascular system has 
occurred before the exam [13].

Different human individuals have different abilities 
to adapt to stressful influences. The origin of a num-
ber of diseases is based on the phenomenon of adap-
tation failure [10]. The level of health depends on the 
individual capabilities of the adaptive systems in the 
student’s body. 

We also considered the individual characteristics 
of the body’s response to exam stress. Analyzing thir-
ty subjects studied, we identified two female students 
and one male student who had a tendency to produce 
a hyperreaction to psychological stress (test subjects 
No. 2, 7, and 27).  

The reason for this sort of behavior is, in our opin-
ion, that these students are not confident in themselves 
before the exam (it is possible that the material is not 
fully mastered), constantly doubt about their abilities 
and expect the worst outcome from the events.

Under psychological stress, in the selected group of 
the subjects, the systolic blood pressure increased in 
No. 2 by 38%, in No. 7 by 12% and in No. 27 by 26%, 
while the diastolic blood pressure increased by 40%, 
29%, and 46%, respectively. The total peripheral resis-
tance was recorded to be 67%, 46%, and 77% higher, 
respectively.

At the same time, there was a significant decrease 
in the systolic volume by 60%, 32% and 47%, respec-
tively (see Figure 4, 5, 6 herein). 

The exams can be considered as a sort of sought-af-
ter experience that initiates tension because it’s “a big 
gamble”.

Figure 3. Change in the indicators of KI and AP in students un-
der the influence of psychological stress
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Figure 4. Percent ratio of indicators of the cardiovascular sys-
tem in student No. 2 before the exams under the influence of 
psychological stress

Figure 5. Percent ratio of indicators of the cardiovascular sys-
tem in student No. 7 before the exams under the influence of 
psychological stress

Figure 6. Percent ratio of indicators of the cardiovascular sys-
tem in student No. 27 before the exams under the influence of 
psychological stress

The tension before the exam is usually associated 
with the fear that students will disappoint their parents 
with their improper performance and that they cannot 
meet their own expectations. This group of students 
has a risk of developing hypertension due to stress [14].

Conclusions
1. In our studies, a change in the body position 

(orthostatic test) led to an increase in the pulse rate 
by 17% that is similar to the average degree of excit-
ability of the sympathetic subdivision of the autonom-
ic nervous system. Based on the normal values of the 
indicators, it was found that the level of tolerance to 
the orthostatic test was satisfactory considering the 
assessment of the functional ability of the students’ 
circulatory system. 

2. According to the duration of static balancing, 
the best results were shown by those students who 
conducted this test two weeks before the start of the 
exam session. The results obtained were taken as the 
reference values. These rates were 59.2% higher than 
the data obtained 30 minutes before the beginning of 
the exam. 

3. The response made by the cardiovascular system 
indicators (SBP, DBP, TPVR, SBV) in the students to 
exam (psychological) stress is generally adequate to 
the reaction pattern described in the available refer-
ence literature.

4. Upon our survey of thirty students, a “risk group” 
was identified, consisting of two female students and 
one male student, who demonstrated a tendency to 
hyperreact to psychological (exam) stress. The reason 
for the behavior is, in our opinion, that these students 
were not confident in themselves before the exam (it 
was possible that the material was not fully mastered), 
constantly doubted about their abilities and expected 
the worst outcome from the events.
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Abstract
Introduction. The aim of this study is to evaluate the effect 
of damping coefficient ξ provided by narrow-band notch fil-
ters on the quality indicators of the ECG signal processing ac-
companied by development of a special software package for 
experimental testing of the cascade filtering system of natural 
electrical noise and its harmonics.
Materials and Methods. For the formation of additive com-
ponents of signal and noise, test ECG signals from the Massa-
chusetts Institute of Technology were selected as a model, and 
electrical noise was synthesized taking into account their har-
monic nature. The transfer function of the notch filtering system 
was tuned and calculated. Quantitative quality metrics was used 
to determine the processing efficiency at the input and output of 
the signal filtering system. To assess the effect of damping coeffi-
cients made on the ECG signal processing system, the method of 
the linear regression analysis was applied. Methods of structural 
and procedural programming were used to create a software 
package for processing a full-scale noisy signal recording.
Results. An increase in the efficiency of the ECG signal pro-
cessing system was revealed when calculating quantitative in-
dicators characterizing the quality solution to the signal filter-
ing problem. It has been found that at values of the damping 
coefficient ξ = 0.1, the efficiency of the analysis of ECG signal 
processing in terms of accuracy and noise resistance increases, 
and the filtering error decreases due to the improvement of 
the selectivity of the notch filter at the resonant frequency. The 
effect of the damping coefficient on the quality indicators of 
ECG signal processing was established, and regression equa-
tions were obtained to characterize the adequacy of the de-

signed model for the confidence interval (P = 0.99) at p <0.01. 
The performance of the developed software package has been 
demonstrated, which combines a cascade filtering system with 
a damping coefficient ξ = 0.1, to eliminate the natural electrical 
interference of the ECG signal and its harmonics.
Conclusion. The evidence data obtained in our work, both cal-
culated (theoretical) and practical (experimental) data, confirm 
the efficiency of the proposed processing approach to the se-
lection of informative components ECG signal under the influ-
ence of high-frequency electrical interference and its harmon-
ics. The sequential incorporation of two narrow-band notch 
filters with a damping coefficient ξ = 0.1 to suppress interfer-
ence at a frequency of 50 Hz and its harmonics at a frequency 
of 100 Hz opens up new possibilities for processing ECG signals.

Keywords
Analysis of ECG signal processing, Test ECG signals, Notch filter, 
Damping coefficient, Resonant frequency, Power line interfer-
ence, Regression analysis, System noise resistance, Measure-
ment accuracy, Filter stability, Statistical data processing
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Introduction
To date, for the analysis of electrocardiographic 

(ECG) data, PC-assisted systems based on the meth-
ods of primary and secondary processing, which are 
important for making a diagnostic decision on the 
performance of the human cardiovascular system, are 
found in a widespread use. The accuracy and reliabil-
ity of a computerized system, however, are largely in-
fluenced by additive interference arising from record-
ing of ECG signals.

During the recording of ECG signals, the influ-
ence of low-frequency interference baseline wanders, 
and the appearance of movement artifacts, as well as 
high-frequency interference of muscle activity and 
electrical nature, is inevitable. A detailed analyses 
of the above interference cases, taking into account 
their spectral and statistical characteristics, duration, 
and the peculiarities of the occurrence, are present-
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ed in  [1]. The presence of listed interferences in the 
recorded signals reduces the accuracy characteristics 
of the amplitude and time parameters analyzed by 
ECG signals and the efficiency of the computerized 
processing systems. To reduce the influence made by 
the above the sort of interference, an important task 
is to develop methods and algorithms for processing 
(filtering) ECG signals to provide resistance to inter-
ference. To ensure resistance to interference and, con-
sequently, improve the accuracy of processing ECG 
signals based on algorithmic filtering tools, there is a 
need for their separate analysis. In this regard, in this 
article, an implementation of processing algorithm 
based on the approach to narrow-band notch filtering 
of electrical interference is considered.

Electrical interference is a power line interference, 
which is mainly formed on the signal recording path 
under the influence of external electrical measuring 
instruments and which is one of the main factors re-
sponsible for a reduction in the accuracy of a process-
ing analysis. This interference has a narrow-band char-
acter of a deterministic signal, which slowly changes 
the harmonics of different phases with a frequency of 
50 Hz and its harmonics, and is high-frequency inter-
ference. The power line interference is of a capacitive 
nature, as a result of which a parasitic differentiating 
circuit is formed, which generates the higher harmon-
ics of this interference [2]. When recording measur-
ing signals, multiple components of this interference 
are responsible for this effect, but for the ECG signal, 
the frequencies of 50 Hz and 100 Hz make the greatest 
contribution thereto [2, 3].

To date, in order to reduce the effect produced by 
this interference, research is underway to improve the 
hardware signal recording system, and in particular it 
is applicable in full to searching for some analog fil-
tering tools based on operational amplifiers [3]. It is 
known that hardware signal processing based on ac-
tive filters, due to insufficient efficiency, attenuates in-
terference to the least extent, and, as a consequence, 
there is a need to use computerized methods and algo-
rithms for the information processing.

Computerized methods for ECG signal process-
ing to eliminate this interference are synthesized on 
the basis of continuous (analog) and discrete (digital) 
notch filters, approximated using the Butterworth 
polynomials, and less often, using the Chebyshev and 
Bessel polynomials [4-9]. The analysis of works [6, 7] 
shows that digital filtering copes with the task of filter-

ing electrical noise much better than analog filtering. 
In [5], it has been found that high-order notch filters 
provide more significant distorting effects during sig-
nal processing, compared to low-order filters. At the 
same time, the distorting effect made by the high-or-
der filters is determined by the filter ringing effect, 
which represents high-frequency damped oscillations 
[10, 11] and which affect the accuracy of the obtained 
ECG signal processing results.

Adaptive notch filtering of electrical noise is car-
ried out by the above-mentioned polynomial filters 
tuned to the notch frequency of 50 Hz and 100 Hz. 
As adaptation algorithms, for such notch filters, the 
least-squares method (LMS) and the recurrent least 
squares method (RLS) [12] as well as their various 
modifications [13] are often used. In [13, 14], the 
quality of ECG signal processing is analyzed using the 
above adaptation algorithms. According to the results 
of the processing analysis, it has been found that the 
use of RLS for the adaptation algorithm significantly 
improves the quality of data processing. However, in 
[13,15] it is noted that the implementation of the RLS 
algorithm for an adaptive filter significantly reduces 
the rate of adaptive ECG signal processing.

The analysis [16-19] shows that adaptive filters 
have a significant disadvantage for processing exper-
imental signal records, which is associated with the 
complexity of recording into the reference channel, 
which is practically unrealizable when processing field 
ECG signals. This problem can be viewed from differ-
ent angles. First, in multichannel and single-channel 
systems for recording ECG signals, there are no refer-
ence channels intended for separate generation of an 
interference signal [4, 19]. Secondly, the interference 
arising from recording is additive and correlates with 
ECG signals [4, 19].

Wavelet filtering of electrical noise for ECG signal 
processing is presented in [13, 16]. For wavelet filter-
ing, the maternal Haar wavelet functions are used [13]. 
However, in [20], experimental results shows that due 
to the ambiguity in the use of maternal wavelet func-
tions, the complexity of their adaptation to local areas 
of ECG signals, and due to the presence of edge effects 
[21], the wavelet transform is not always able to pro-
vide the required level of the processing efficiency. At 
the same time, the low efficiency of eliminating inter-
ference can lead to insufficient separation of informa-
tive components in the ECG signals from the additive 
mixture of signal and interference.
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The use of the empirical mode decomposition 
method for filtering electrical noise is presented in [20-
25]. The uniqueness of this method of filtering elec-
trical noise is based on the decomposition of a noisy 
signal into empirical modes (corresponding to noise) 
and frequency components of a signal containing local 
features of an analyzed area with subsequent recon-
struction of decomposed components [23,26,27]. To 
obtain a denoised ECG signal, empirical modes corre-
sponding to interference are excluded during the sig-
nal reconstruction [20].

In [20], it is experimentally shown that during the 
reconstruction of ECG signals, with the exclusion of 
main empirical modes containing electrical interfer-
ence components, the quality level of the interference 
elimination is low. It has been also found that the use of 
this method leads to noticeable distortions in the am-
plitude and time parameters of ECG signals. In [28], 
a scheme for the development of the empirical mode 
decomposition method for eliminating high-frequen-
cy noise is proposed, which consists in truncating the 
classical algorithm. In [23] it is noted that the meth-
od of the empirical mode decomposition when filter-
ing electrical noise leads to stronger distortion of the 
amplitude of informative ECG signal components, as 
compared to the Butterworth notch filters.

A review [16] presents a comparative analysis of 
effectiveness of methods for processing ECG signals 
when filtering electrical interference. For comparison, 
a Butterworth notch filter, a wavelet filter, an adap-
tive notch filter, and an empirical mode decompo-
sition filter were selected. To assess the effectiveness 
of the listed processing methods, the signal-to-noise 
ratio indicator was calculated. It is shown that when 
using a non-adaptive notch filter, the filtered signal 
has better processing quality indicators than when 
using the adaptive filter, the wavelet filter, and the 
EMD filter, which is also confirmed by a number of 
works [16,21,23]. The low quality of filtration of elec-
trical noise in the method of the empirical modes is 
explained by the fact that during the decomposition 
of ECG signals into empirical modes, a mode mixing 
effect is available, caused by “edge” effects [21] that 
influence the accuracy of the obtained processing re-
sults.

Thus, the above review of the methods for filtering 
electrical interference shows that to eliminate this in-
terference, the notch filter is optimal for improving the 
quality indicators of ECG signal processing.

To eliminate electrical noise, oscillatory notch 
filters with a damping coefficient are also of inter-
est. When using this sort of filters, the algorithmic 
means of the processing system are represented by 
transfer functions for separating informative compo-
nents from the additive mixture of signals and noise. 
The main difference between an oscillatory notch 
filter and a polynomial notch filter is the presence 
of a damping coefficient, on the reliable selection of 
which the selectivity of the notch filters in suppress-
ing electrical noise and the quality of signal process-
ing depends.

In works [5,6,29], to analyze the processing data 
obtained at the output of the filtering system, the in-
fluence of polynomial methods on the accuracy of 
measuring ECG signals with suppression of electrical 
noise is considered again. As a result, it has been found 
that high-order notch filters introduce high-frequen-
cy damped oscillations, and band-pass filters and low-
pass filters used to attenuate this interference change 
the morphology of the QRS complexes. However, 
there are significantly fewer publications that present 
those effects in the system which make narrow-band 
notch filters of the oscillatory type with a damping co-
efficient and their quantitative assessment of the im-
pact on the quality of ECG signal processing.

To date, for experimental testing of algorithms for 
primary and secondary processing of the ECG data, 
computerized systems based on graphical user inter-
faces are being created [30,31]. Such interfaces offer 
currently an advanced, modern, and easy-to-develop 
and -operate solution, which provides all the neces-
sary possibilities for analyzing the received processing 
of the ECG data [30, 31] and involves creating a spe-
cial program for experimental testing of the process-
ing system.

This article deals with an assessment of the influ-
ence of the damping coefficient on the efficiency of the 
ECG signal processing, as well as with a computerized 
system for experimental testing of the filtering system 
of natural electrical interference and its harmonics.

Aim
The purpose of this study is to assess the influence 

made by damping coefficient ξ of narrow-band notch 
filters on the quality indicators of the ECG signal pro-
cessing and develop a special software package for 
experimental testing of a cascade filtering system of 
full-scale electrical noise and its harmonics.
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Theory
One of the main tasks of the computerized ECG 

signal processing against the background influence 
of electrical interference is the selection of informa-
tive signal components, mainly the P, QRS, T waves, 
which, in the future, can be used to calculate second-
ary diagnostic indicators of the human cardiovascular 
system performance. The influence of a narrow-band 
electrical interference or insufficient suppression of 
components of this interference leads to the distorting 
peaks of the QRS complexes and the distortion of the 
P, T of the ECG signal waves, and, as a result, to the 
loss of the accuracy characteristics in the processed 
signal and the processing system as a whole.

Narrow-band noise with harmonics at 50 Hz and 
100 Hz is suppressed by a cascade filter system. The 
cascade filter system represents a series connection 
(incorporation) of two notch filters with a damping 
coefficient, which improves the ECG signal process-
ing at the output of each filter sequence. The notch fil-
ters, in comparison with the reject filters, are not char-
acterized by the presence of lower and upper bands 
suppression of electrical noise, which determines the 
notch width. In this case, the necessary condition for 
eliminating such interference based on the application 
of the notch filters is the symmetry of its frequency 
characteristics relative to resonant frequencies in or-
der to improve the interference suppression, as well as 
the stability system when two filters are connected in 
series for their practical application cases.

The values of the damping coefficient of the notch 
filters to improve the efficiency processing are in the 
range from 0.1 to 1 [32], since the effects occurring in 
the system at values of coefficient ξ <0.1 or ξ <1 can be 
characteristic of aperiodic and conservative members. 
Therefore, the selection of a value of the damping co-
efficient of the filters is justified precisely in the range 
from 0.1 to 1 with a step of 0.1. At the same time, the 
main requirement for a cascade filter system is the 
possibility of an efficient operation of the signal pro-
cessing system under the influence of interference and 
variability of the shapes of the analyzed ECG signals.

Materials and methods
To achieve this aim, our study has been carried out 

to cover 4 stages, a detailed description of which is 
presented below herein.

Stage 1. Synthesis and tuning of notch filters 
parameters with damping coefficient to design a 

cascade filtering system. At this stage, to obtain and 
analyze the characteristics of the filtering members in 
the processing system and the transfer functions of the 
filters are presented. A mathematical description of 
characteristics of the oscillatory-type filters to design 
a cascade processing system is possible using a com-
plex transfer function, which is written in the form (1) 
below [33]
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where s is a complex variable, ωс is a filter cutoff fre-
quency, ξ is a filter damping coefficient. To obtain a 
cascade system, the cutoff frequencies of the filters in 
the normalized range are calculated in the following 
form [34]:
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where ωс is a continuous filter cutoff frequency, Ωс is 
a discrete filter cutoff frequency and Т is a sampling 
interval. The cascade filtration system has been de-
signed by sequentially incorporation of each sequence 
of the filters of the form (3)
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where ω1,2 are the notch filter cutoff frequencies. The 
calculation of the general transfer function of the cas-
cade system of the notch filters has been carried out by 
the product of the transfer functions of the form (3). 
The general transfer function of the calculated cascade 
filter system can be written in the form (4).

W s s s
s s

s

cascade ( ) ( )( )
( )( )

�
� �

� � � �
�

�

2
1
2 2

2
2

2
1 1

2 2
2 2

2

4

2 2
� �

�� � �� �

�� � �
� � � � � �

( )
( ) ( ) (

� � � �
�� �� � � � � �

1
2

2
2 2

1
2

2
2

4
1 2

3
1
2 2

1 2 2
2 22 2 4

s
s s s 22 21

2
2 1 2

2
1
2

2
2�� � �� � � �� �)s

Transfer functions W(s) of the filtering members of 
the filters for the design of a digital cascade processing 
system W(z) are calculated by bilinear transformation 
with the Matlab software using function the bilinear ()  
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Our analysis of the characteristics of the tuned fil-
ters and the synthesized cascade of the notch filters 
with damping coefficient ξ is carried out using the 
graphic visualize FVTool of Matlab software product 

(4)
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(developed by Math Works). The symmetry of the fre-
quency response by the filters relative to the resonant 
frequencies and the stability of the filtering system 
with damping coefficients are investigated on the ba-
sis of the amplitude-frequency response and pole-ze-
ros plot.

Stage 2. Quantification of the effect made by fil-
ter damping coefficients on the parameters in the 
ECG signal processing system. At this stage, quan-
titative indicators characterizing the quality of signal 
processing are analyzed to assess the influence pro-
duced by damping coefficient ξ (obtained at the out-
put of the processing system, according to the result of 
stage 1). Our analysis of the ECG signal processing to 
assess the effect produced by ξ of the filters was carried 
out using additive a priori test models of signals and 
electrical noise, in the form (5)
 x(q) = s(q) + n(q) (5)
where q refers to the ECG signal measurement sam-
ples, x(q) is the noisy ESF signal, s(q) is a test ECG 
signal, and n(q) is interference.

In this study, to assess the influence of ξ on sig-
nal processing, we have selected 3 types of test signal 
models from the database of Massachusetts Institute 
of Technology (MIT). The received signal records dif-
fered between themselves in morphology and location 
of the P, QRS, T waves and consisted of more than 
60 cardiac cycles with n = 10000 measurements and a 
sampling rate of 250 Hz [35].

The high-frequency power line electrical interfer-
ence n(q) models are based on normally distributed 
harmonic interference limited to a specific frequency 
signal band. The noise models were synthesized using 
the Matlab software product. To assess the quality of 
processing, the test signals were subjected to noise by 
power line noise interference (PLI) model, taking into 
account the harmonic nature (6) for 50 Hz, 100 Hz, and 
the additive multiharmonic nature of this noise (7).
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where А is noise amplitude, fξ is an interference fre-
quency, fd is a PLI sampling rate, k is the order num-
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where m is the number of PLI harmonics, Аi is am-
plitude of the i-th PLI harmonic, fi is an interference 
frequency, fd is a PLI sampling rate, k is the order num-

ber of interference signal samples, and φi is the initial 
phase of the i-th PLI harmonic.

The ECG signal filtering system efficiency is as-
sessed by qualitative and quantitative indicators. Our 
analysis of the processing quality has been carried out 
visually [21]. The analysis of the quantitative results 
of processing is assessed by several criteria. The fol-
lowing indicators have been selected as these criteria: 
the signal-to-noise ratio (SNR) before (8) and after 
(9) processing, as well as the improved signal-to-noise 
ratio (10) [21]; mean square error (MSE) before pro-
cessing (11) between the noisy and test signal and after 
processing (12) between the reference and the filtered 
signal [10, 21]; the correlation coefficient between 
the reference filtered and the test signal (13) by the 
Pearson method [36], as well as the root-mean-square 
(RMS) error of the processing system (14) [37].
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where N is the number of the measurement samples, 
(̂ )s q  indicates the signal filtered samples, îs  refers to 

the actual samples of the filtered signal, ŝ  refers to the 
filtered signal samples mean value, is  indicates the 
actual test signal samples, and s  refers to test signal 
samples mean value.
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At the same time, the selected indicators (8) - (14) 
for assessing the influence of the damping coefficient on 
the processing quality is justified by the fact that it allows 
one to evaluate the efficiency of ECG signal processing 
in terms of accuracy and noise resistance, as well as the 
similarity of the shape of the test signals to the filtered 
signals. At present, they are the indicators that are gen-
erally accepted for the analysis and assessment of the 
efficiency of ECG signal processing when testing the 
filtering system for its proper quality. The graphical pre-
sentation of the calculated indicators depending on the 
damping coefficients, namely in the form of a bar graph 
with measurement error bars, has been carried out using 
the Plotly graphical module in the Python program [38].

Stage 3. Statistical processing of the influence 
made by a filter damping coefficient on the ECG 
signal processing system parameters. At this stage, 
the statistical assessment of the influence made by the 
damping coefficient of the notch filters on the quanti-
tative indicators characterizing the quality of the ECG 
signal processing (according to the results of stage 2) is 
considered. The stage represents a regression analysis 
of the quality indicators of the ECG signal processing 
depending on the coefficient ξ of the notch filters. The 
results of assessing the influence produced by coeffi-
cient ξ on the processing system obtained by the re-
gression analysis are presented using the correlation 
coefficients, determination coefficients, p-values, and 
regression equations characterizing the dependence 
between the estimated variables. When processing the 
obtained data by the regression analysis, the differ-
ences are considered significant at a significance level 
of p < 0.05, taking into account the fact that in engi-
neering and biomedical research this level is the most 
common and accepted as a threshold value [39.40]. At 
this stage of the study, the statistical processing of the 
results has been carried out using the STATISTICA 
10.0 software package developed by Dell, StatSoft [41].

Stage 4. Experimental testing of the ECG signal 
processing cascade system. At this stage, we consider 
the development of a special software interface for ex-
perimental testing of the proposed processing algorithm 
based on the approach to the cascade filtering of power 
line interference noise and its harmonics (based on the 
results of stages 1-3). In the developed software package, 
the possibilities are treated to assess the frequency com-
position of a noisy and a processed field recording of an 
ECG signal, as well as to analyze quantitative indicators 
characterizing the quality of signal processing. The es-

timation of the noisy signal frequency composition for 
visual analysis of the spectrum before and after filtering 
has been carried out using the discrete Fourier trans-
form, which for a discrete signal with a certain number 
of samples can be represented as [42]
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where x(q) refers to the discrete signal measurement 
samples, N is the number of samples, k = 0,1, … , N-1 
is frequency components number. Similarly to stage 
2, at this stage, our analysis of the obtained process-
ing of natural records of ECG signals has been carried 
out visually, and for the quantitative assessment, the 
indices of the standard deviation of the mean values 
(SDMV,σ) [37] of the signal samples before and after 
processing (15) and (16) have been calculated:
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where μ is the mean value of samples before and after 
filtering of interference.

Evaluation of the filtering error of the full-scale 
ECG signal recordings at the output cascade in the fil-
tering system is determined based on the values of ex-
perimental SDMV in accordance with the confidence 
intervals. For a confidence estimate of the filtering 
error, a confidence interval P = 0.95 is selected at a 
significance level of α = 0.05, respectively.

At this stage, the material of research for experi-
mental testing processing system has covered the real 
noisy samples of single-lead channel recordings of the 
ECG signals obtained using the multifunctional mea-
suring system of bio-signals “Mitsar-EEG 202”, pro-
duced by MITSAR-DIAGNOSTICS-SOLUTIONS. 
The uniqueness of this instrumentation system im-
plies that during the signal recording, electric power is 
supplied via an USB port of a computer, and it is por-
table. For the experimental testing processing system, 
taking into account all the recommendations for re-
cording ECG signal on the channel sensitivity [43, 44], 
digitizing [35] and disposable measuring electrodes 
[45], when all available filtering software algorithms 
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are turned off, a noisy signal is recorded for importing 
into the software interface and assessing the quality 
processing.

At the same time, the signal has been recorded in a 
human individual aged twenty-nine in the absence of 
any physical loading and orthostatic tests in an upright 
position. To increase the reliability of the obtained sam-
ples and prevent the erroneous recording signal param-
eters, due to the high electrical resistance of the contact 
conductive substances in the measuring electrodes, a 
silver chloride electrode with a solid contact material 
has been used, intended for long-term monitoring [45].

Results
Using expression (2) for a system of form (3), the 

notch filters with damping coefficient ξ from 0.1 to 
1 are tuned and a bilinear transformation is obtained 

using the Matlab program to form a digital system. To 
analyze the characteristics of the digital filters, the re-
sults of the frequency response and stability of the fil-
ters have been obtained based on the pole-zero plots, 
which are presented in Figures 1 and 2 herein.

The obtained results of the frequency response 
produced by the filters depending on the tuned cutoff 
frequency interference of 50 Hz, 100 Hz, the sampling 
frequency of 250 Hz, and damping coefficient ξ from 
0.1 to 1 show that the symmetry of the narrow-band 
notch filters is maintained relative to the resonance 
frequency. However, due to the increase in the damp-
ing coefficient system, the shape of the frequency 
response made by the filters becomes flatter for fre-
quencies of 50 Hz (Figure 1a) and 100 Hz (Figure 1b 
herein). Our analysis of the pole-zero plots demon-
strates that all tuned notch filters of the oscillatory 

a)

b)

Figure 1. Frequency response by the notch filtering system with coefficient ξ: a) a notch filter tuned to a cutoff frequency of 50 Hz; 
b) a notch filter tuned to a cutoff frequency of 100 Hz.
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type at reso nance frequencies of 50 Hz and 100 Hz, 
with damping coefficient values from 0.1 to 1, are sta-
ble, that is, the roots of the system transfer function 
are located inside a circle of a unit radius on complex 
plane z. Using the method of computer modeling, nu-
merical indicators of the influence made by damping 
coefficient ξ on the ECG signal processing have been 
obtained for three test signals, a detailed assessment of 
which is presented in Tables 1 and 2 herein.

Our analysis of the obtained results shows that 
at some values of the damping coefficient, namely 
ξ = 0.1, the ECG signal processing system efficiency 
in terms of accuracy (MSE), noise resistance (SNR), 
and the correlation coefficient (R) value between the 

test and filtered signals increases due to improved 
selectivity of the notch filters. The obtained values of 
the correlation analysis allow us stating that there is 
a high positive correlation relationship available. The 
high correlation relationship is due to minimal dis-
tortions of the informative components of the ECG 
signal, which determines the similarity of the filtered 
signals to the test signals. In addition to improving of 
the listed indicators, the least value of the root mean 
square error (RMS) of the signal difference between 
the test and filtered signals are also observed that 
characterizes a decrease in the error results upon 
ECG signal processing under the influence of inter-
ference.

a)

b)

Figure 2. Notch filtering system pole-zero plots with coefficient ξ: a) a notch filter tuned to a cutoff frequency of 50 Hz; b) a notch 
filter tuned to a cutoff frequency of 100 Hz.
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Table 1
The influences of ξ on filtering of interference with a frequency of 50 Hz

Indicator Damping coefficient, ξ
0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

Test ECG signal 1
SNRbefore, dB 0,5467
SNRafter, dB 23,7759 21,0376 18,340 15,9134 14,1885 12,8029 11,6580 10,6903 9,8578 9,1309
SNRimprove, dB 23,2292 20,4908 17,5872 15,3666 13,6417 12,2562 11,1112 10,1436 9,3110 8,5841
MSEbefore, mV 0,5000
MSEafter, mV 0,0002 0,0005 0,0010 0,0017 0,0025 0,0033 0,0040 0,0053 0,0063 0,0073
R, r.u 0,9979 0,9961 0,9924 0,9874 0,9814 0,9747 0,9675 0,9599 0,9520 0,9440
RMS, mV 0,0168 0,0229 0,0319 0,0410 0,0497 0,0578 0,0655 0,0726 0,0793 0,0855

Test ECG signal 2
SNRbefore, dB 1,4124
SNRafter, dB 27,0497 23,3222 20,1918 17,8798 16,0955 14,6622 13,4759 12,4712 11,6051 10,8476
SNRimprove, dB 25,6372 21,9097 18,7793 16,4673 14,6830 13,2498 12,0635 11,0588 10,1927 9,4352
MSEbefore, mV 0,2156
MSEafter, mV 0,0003 0,0008 0,0018 0,0031 0,0046 0,0064 0,0083 0,0103 0,0124 0,0146
R, r.u 0,9990 0,9977 0,9952 0,9919 0,9879 0,9833 0,9783 0,9728 0,9671 0,9612
RMS, mV 0,0195 0,0298 0,0427 0,0555 0,0679 0,0797 0,0909 0,1015 0,1115 0,1209

Test ECG signal 3
SNRbefore, dB 0,3256
SNRafter, dB 21,5473 19,2124 16,4093 14,1985 12,4572 11,0460 9,8716 8,8731 8,0092 7,2509
SNRimprove, dB 21,2217 18,8868 16,0837 13,8729 12,1316 10,7204 9,5460 8,5475 7,6836 6,9253
MSEbefore, mV 0,7273
MSEafter, mV 0,0002 0,0004 0,0008 0,0014 0,0021 0,0028 0,0036 0,0045 0,0053 0,0062
R, r.u 0,9965 0,9940 0,9887 0,9815 0,9727 0,9628 0,9521 0,9408 0,9291 0,9173
RMS, mV 0,0165 0,0215 0,0295 0,0378 0,0458 0,0533 0,0603 0,0669 0,0730 0,0786

Table 2
The influences of ξ on filtering of interference with a frequency of 100 Hz

Indicator Damping coefficient, ξ
0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

Test ECG signal 1
SNRbefore, dB 0,5468
SNRafter, dB 26,8868 26,5439 26,2384 25,7330 24,7609 23,7729 23,7125 22,8276 21,9445 21,1265
SNRimprove, dB 26,3400 25,9970 25,6916 25,1861 24,2140 23,2261 23,1657 22,2808 21,3977 20,5796
MSEbefore, mV 0,4896
MSEafter, mV 0,00013 0,00014 0,00015 0,00017 0,00022 0,00028 0,0002 0,00034 0,00042 0,00051
R, r.u 0,9990 0,9989 0,9988 0,9987 0,9983 0,9980 0,9979 0,9976 0,9974 0,9962
RMS, mV 0,0112 0,0117 0,0126 0,0134 0,0150 0,0168 0,0169 0,0187 0,0206 0,0227

Test ECG signal 2
SNRbefore, dB 1,4126
SNRafter, dB 30,2922 30,2833 29,3556 28,1750 28,1531 26,9427 25,8106 24,7756 23,8342 22,9766
SNRimprove, dB 28,8796 28,8707 27,9431 26,7624 26,7405 25,5301 24,3981 23,3631 22,4216 21,5640
MSEbefore, mV 0,2151
MSEafter, mV 0,00017 0,00018 0,00022 0,00025 0,00029 0,00038 0,00050 0,00063 0,00079 0,00096
R, r.u 0,9997 0,9995 0,9994 0,9993 0,9991 0,9990 0,9987 0,9983 0,9979 0,9975
RMS, mV 0,0122 0,0134 0,0149 0,0168 0,0171 0,0197 0,0224 0,0253 0,0281 0,0310

Test ECG signal 3
SNRbefore, dB 0,3257
SNRafter, dB 24,6734 24,4861 23,8980 23,8044 22,9224 21,9935 21,3356 21,0863 20,2227 19,4255
SNRimprove, dB 24,3477 24,1604 23,5723 23,4787 22,5967 21,6677 21,0099 20,7606 19,9020 19,0998
MSEbefore, mV 0,5369
MSEafter, mV 0,00013 0,00014 0,00015 0,00016 0,00019 0,00024 0,00028 0,00030 0,00036 0,00044
R, r.u 0,9986 0,9982 0,9980 0,9979 0,9975 0,9968 0,9963 0,9961 0,9953 0,9943
RMS, mV 0,0115 0,0118 0,0126 0,0127 0,0141 0,0157 0,0170 0,0174 0,0191 0,0210
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A bar graph of the quantitative results for all an-
alyzed ECG signals in terms of the resistance to in-
terference and the processing accuracy is depicted in 
Figure 3 herein for the 50 Hz interference and in Fig-
ure 4 for the 100 Hz interference, respectively.

The results presented in the bar graph (Fig-
ures 3a and 4a) herein and high values of the signal-to-
noise ratio (SNR) indicator is evidence for the stability 
of the analyzed test signals to high-frequency electri-
cal interference in comparison with the notch filters 
tuned to the damping coefficient values ξ > 0.1. More-
over, the low values of mean square measurement er-
ror (MSE) characterize the accuracy of measuring of 
amplitude and time parameters of the test ECG sig-
nals. Due to the increase in the values of the damping 
coefficient of the system, the errors caused by errors 
in measuring of the parameters test ECG signals also 
increase. The greater the value of this error, the wid-
er the border confidence interval bars in the diagram 
characterizing these errors (Figures 3b and 4b herein). 
The results of evaluating of the regression analysis of 
the influence made by coefficient ξ on the quality in-
dicators of the ECG signal processing when filtering 
electrical interference and its harmonics at frequen-
cies of 50 Hz and 100 Hz are given in Tables  3  and  
4 herein.

The performed regression analysis (for frequency 
of 50 Hz and 100 Hz) confirm a high relationship of 

coefficient ξ with the SNRa, MSEa, R, RMS r > 0.9 on 
the Chaddock scale that makes possible to establish 
the influence made by the damping coefficient on the 
ECG signal processing. It should be noted that due to 
the increase in the damping coefficient ξ of the notch 
filters, the values of the SNRa and R indices decrease, 
and it is the evidence, which demonstrates the negative 
correlation between the variables. However the nega-
tive value of this coefficient does not allow stating the 
fact that there is no damping effect on the ECG signal 
processing system and characterizes only the tendency 
of the relationship between the analyzed variables. The 
obtained coefficients are with the p value less than for 
p = 0.01 and considered statistically significant for the 
0.99 confidence interval, that is, the associated vari-
ables are effective predictors of the influence damp-
ing coefficient ξ on the ECG signal processing system. 
The closer the value coefficient of determination R2 to 
1, the stronger the relationship between the variables, 
and, as a consequence, the analyzed dependence is ex-
actly described with the considered regression model.

Thus, following the data analysis results as ob-
tained above, in order to increase the efficiency of the 
ECG signal processing, it is advisable to select the val-
ue of damping coefficient ξ = 0.1. The selection of this 
coefficient value is justified by the fact that it makes 
possible to increase the efficiency of the ECG signals 
processing in terms of accuracy (MSE), in terms of 

a)

b)
Figure 3. Bar diagram illustrating results of ECG signal process-
ing for the 50 Hz interference: a) signal-to-noise ratio; b) MSE 
measurement error.

a)

b)
Figure 4. Bar diagram illustrating results of ECG signal process-
ing for the 100 Hz interference: a) signal-to-noise ratio; b) MSE 
measurement error.
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noise resistance (SNR) under the influence made by 
power line interference with a frequency of 50 Hz and 
its harmonics at a frequency of 100 Hz.

Figures 5 and 6 herein, using computer simulation 
for three test ECG signals, illustrate the results of notch 
filtering of electrical interference at cutoff frequencies 
of 50 Hz and 100 Hz.

In Figures 5 and 6, the presented results of ECG 
signals processing allow concluding that the notch fil-
ters of the oscillatory type with a damping coefficient 
ξ = 0.1, tuned to a noise cutoff frequency of 50 Hz and 
100 Hz, can effectively filter out synthesized electrical 
noise. Note that due to the presence of a transient pro-
cess in the filters of this type, the beginning portion 

Table 3
Evaluation results of regression when filtering interference with a frequency of 50 Hz 

Variables
Regression analysis indicators

Correlation coefficient,
r

Determination 
coefficient, R2

p-
value

Regression equation,
Y

ECG signal 1
ξ:SNRafter -0,9714 0,9436 0,000003 -15,8401x+23,4318
ξ:MSEafter 0,9893 0,9787 0,00000006 0,0081x-0,0012
ξ:R -0,9890 0,9781 0,00000006 -0,062x+1,0094
ξ:RMS 0,9984 0,9969 0,00000001 0,0787x+0,0090

ECG signal 2
ξ:SNRa -0,9642 0,9297 0,000007 -17,0356x+26,1297
ξ:MSEa 0,9885 0,9772 0,00000007 0,0164x-0,0027
ξ:R -0,9869 0,9739 0,0000001 -0,0431x+1,0072
ξ:RMS 0,9989 0,9978 0,00000001 0,1149x+0,0088

ECG signal 3
ξ:SNRa -0,9764 0,9534 0,000001 -15,7068x+21,5263
ξ:MSEa 0,9899 0,9799 0,00000005 0,0069x-0,0011
ξ:R -0,9882 0,9765 0,00000008 -0,0912x+1,0137
ξ:RMS 0,9984 0,9969 0,00000001 0,0716x+0,0089

Table 4
Evaluation of results of regression when filtering interference with a frequency of 100 Hz 

Variables
Regression analysis indicators

Correlation coefficient,
r

Determination 
coefficient, R2

p-
value

Regression equation,
Y

ECG signal 1
ξ:SNRafter -0,9904 0,9808 0,00000004 -6,5541х+27,9594
ξ:MSEafter 0,9166 0,8402 0,0002 0,0004х+0,00004

ξ:R -0,9417 0,8868 0,00005 -0,0027х+0,9996
ξ:RMS 0,9860 0,9723 0,0000002 0,0126х+0,009

ECG signal 2
ξ:SNRafter -0,9907 0,9815 0,00000003 -8,6174х+31,7995
ξ:MSEafter 0,9501 0,9027 0,00003 0,0009х-0,00003

ξ:R -0,9664 0,9340 0,000005 -0,0023х+1,0001
ξ:RMS 0,9837 0,9676 0,0000003 0,0208х+0,0086

ECG signal 3
ξ:SNRafter -0,9895 0,9792 0,00000005 -6,084х+25,7004
ξ:MSEafter 0,9620 0,9255 0,000009 0,0003х+0,00005

ξ:R -0,9743 0,9493 0,000002 -0,0045х+0,9994
ξ:RMS 0,9809 0,9621 0,0000006 0,0106х+0,0095



Issue 19. August 2021 | Cardiometry | 31

of the 1st cardiac cycle of the ECG signals is distorted 
during processing.

Thus, based on the results presented above, we will de-
sign a cascade filtering system to suppress electrical noise 
and its harmonics. Similar to the above analysis of two 
digital notch filters, we will demonstrate the frequency re-
sponse and the pole-zero plots of the cascade system for 
ξ = 0.1 of the form (4), which is shown in Figure 7 herein.

Analyzing the characteristics of the cascade notch 
filtering system given in Figure 7 herein, it can be 
noted that with respect to the resonant frequencies of 
50 Hz and 100 Hz, the symmetry of two series-con-
nected narrow-band notch filters for ξ = 0.1 is main-
tained. The filtering system pole-zero plots are located 
inside a circle of a unit radius on the complex z plane, 
that is, the system is stable.

By synthesizing a model of interference of the form 
(7) for system (4), the test ECG signals have been sub-

jected to noise and processing, the results of which are 
indicated in Figure 8 herein.

Our analysis of the results obtained at the output of 
the cascade system for ECG signal processing demon-
strates that the series-connected narrow-band notch 
filters of the oscillatory type for the selected ξ = 0.1 
make possible to effectively filter out the high-fre-
quency components of the electrical interference and 
properly extract the informative signal components. 
As for the previous results, it can be seen from Figure 
8 herein that, due to the presence of a transient process 
in the filters of this type, beginning portion 1 of the 
cardiac cycle is distorted during processing. In order 
to exclude the influence made by internal transient 
processes of the filter, in practice, in the secondary 
ECG data processing, the results of filtering of the first 
sections in a cardiac cycle can be discarded. The rejec-
tion of the first sections 1 in the cardiac cycle in com-

a)

b)

c)

Figure 5. Results of filtering of narrow-band electrical interfer-
ence of ECG signals with a frequency of 50 Hz: a) for ECG signal 
1; b) for ECG signal 2; c) for ECG signal 3.

a)

b)

c)

Figure 6. Results of filtering of narrow-band electrical interfer-
ence of ECG signals with a frequency of 100 Hz: a) for ECG 
signal 1; b) for ECG signal 2; c) for ECG signal 3.
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parison with the results [46] is the least. Note that in 
[46], due to highly distorted sections in the processed 
recording, a one-minute record containing more than 
40 cardiac cycles is rejected.

Thus, for a quantitative assessment of the ECG sig-
nal processing efficiency in case of cascade filtering, 
the indices for three test signals, characterizing the 
processing quality, have been calculated as presented 
in Table 5 herein.

Thus, systematizing the results obtained, it can be 
established that the developed approach to cascade 
filtering attenuate the effect of narrow-band electrical 
interference and its harmonics, confirms the similar-
ity of the filtered test shapes of ECG signals to those 
of the test shape (R) that improves the processing 
accuracy with low distortions of amplitude and time 
parameters (MSE). At the same time, the high value 
SNR indicators at the output of the filters is due to an 
increase in the noise resistance of the signal processing 

a)

b)

Figure 7. Cascade notch filtering system characteristics: a) fre-
quency response; b) pole-zero plots

a)

b)

c)

Figure 8. Results of the cascade filtering system for the additive 
mixture of ECG signals and frequencies of 50 Hz and 100 Hz: 
a) for ECG signal 1; b) for ECG signal 2; c) for ECG signal 3.

Table 5
Evaluation of ECG signals processing results 

Indicator
Signals

ECG signal 1 ECG signal 2 ECG signal 3
Proposed approach 

SNRbefore, dB 0,2819 0,7634 0,1659
SNRafter, dB 20,3978 24,0362 18,1531
SNRimprove, dB 20,1158 23,2729 17,9872
MSEbefore, mV 0,4625 0,4519 0,9127
MSEafter, mV 0,0006 0,0008 0,0005
R, r.u 0,9954 0,9980 0,9923
RMS, mV 0,0248 0,0276 0,0245

Known approach [2]
SNRbefore, dB 0,2819 0,7634 0,1659
SNRafter, dB 17,2546 19,0453 14,9578
SNRimprove, dB 16,9727 18,2819 14,7919
MSEbefore, mV 0,4625 0,4519 0,9127
MSEafter, mV 0,0453 0,0065 0,0247
R, r.u 0,8810 0,7885 0,8571
RMS, mV 0,0546 0,0572 0,0591
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system under the influence of electrical noise and its 
harmonics, in comparison with the values before the 
processing of this indicator. From the smallest value 
of the RMS indicator, the smallest value of the error in 
filtering ECG signals follows that can be explained by 
the production of the smallest values of the intrinsic 
error by the processing system as against to the ap-
proach [2].

The scientific novelty of our research implies that 
at values of the damping coefficient ξ = 0.1 of the nar-
row-band notch filters, an improvement in the selec-
tivity of the system with respect to high-frequency 
interference has been revealed, and an increase in the 
efficiency for ECG signal processing system has been 
established. Previously, the regression analysis to as-
sess the impact made by this coefficient and the select-
ed value thereof on the efficiency ECG signal process-
ing system has never been applied.

A high correlation has been revealed between the 
damping coefficient and the quality indicators of ECG 
signal processing. The relationship between the qual-
ity indicators of ECG signal processing and the filter 
parameters has been previously noted in [10,11] for a 
low-pass filter. It has been demonstrated that the ac-
curacy of measuring the parameters ECG signal is as-
sociated with the cutoff frequencies of the filter, when 
the electrical noise is attenuated. In this research work, 
we have found that this correlation is also present for 
the notch filters with a damping coefficient of the sys-
tem. This indicates the prospects for further use of the 
developed processing approach in recording devices 
and software systems designed for ECG signals pro-
cessing. 

Thus, to assess the performance of the cascade 
system for processing natural records of ECG signals 
and confirm the practical significance of the proposed 
filtering approach, a special algorithmic support has 
been developed designed to extract informative signal 
components.

The developed software interface allows loading a 
noisy ECG signal recording in the “Load” menu and 
then experimentally evaluating in the “Noisy ECG 
signal” menu the frequency composition of the load-
ed recording using a discrete Fourier transform at a 
sampling rate of 250 Hz. In the “ECG signal process-
ing” menu, notch filtering with a damping coefficient 
ξ = 0.1 is carried out. To process the recording, it is 
possible to select the order of the filtering system, 
namely n = 2 n = 4. In the “Quantitative results” menu, 

an interval assessment of the measurement accuracy 
of the amplitude-time parameters of the ECG signal 
during filtering is carried out, and in the “Save” menu, 
processing record samples are saved. The latter ex-
pands the possibilities of using processed samples of 
recordings for importing into separate software appli-
cations or interfaces for their further analysis, for ex-
ample, for analyzing heart rate variability [30], which 
is the task of secondary information processing, for 
making a diagnostic decision [30].

The software interface is equipped with the tools 
necessary for the analysis of the obtained processing 
and its visualization, the results of which are depicted 
in Figures 9 and 10 herein.

Comparing the signals of the noisy and the filtered 
recording of ECG signals and their frequency spectra, 
presented in Figure 9, it can be noted that the proposed 
approach to the cascade system minimizes the effect 
of full-scale high-frequency electrical interference at 
a frequency of 50 Hz and its harmonics at a frequency 
of 100 Hz. Evaluating the frequency composition of a 
full-scale noisy recording, we note that the amplitude 
of the first harmonic of the mains interference is much 
greater than that amplitude of the second harmonic at 
a frequency of 100 Hz. In the diagrams, the abscissa 
shows the time in seconds and the frequency in hertz, 
the ordinate shows the amplitude signals in relative 
units.

The analysis of the obtained results of processing 
of natural recording of the ECG signal shows that the 
series incorporations of two notch filters improve the 
processing efficiency under the influence of natural 
electrical noise and its harmonics. Note that if the ex-
perimental value of SDMV before the application of 
the cascade system is less than the SDMV value after 
the filter, then the proposed filtering approach atten-
uates the high-frequency components, which distort 
the amplitude-time parameters of the ECG signal.

The value of the confidence interval error in 
measuring the parameters of the ECG signal shows 
1 discrete sampling, which allows us to consider the 
assessment as adequate. The quantitative results of 
processing, presented in Table 6 herein, have been ob-
tained during the processing of a full-scale ECG signal 
recording and calculated using the developed software 
interface (see Figure 10 herein).

Thus, taking into account the results obtained 
above, we can conclude that the proposed algorithmic 
approach to processing an ECG signal, based on nar-
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row-band notch filtering, opens up new opportuni-
ties for improving the quality of processing recording 
measurements in relation to high-frequency electrical 
interference.

Conclusion
In our research work under consideration, a new 

processing approach is proposed to improve the accu-
racy in selection of informative components of ECG 
signals under the influence of electrical noise and its 

Figure 9. Results of loading a noisy recording of ECG signals and its processing

Figure 10. Quantitative results of ECG signal processing

Table 6
Full-scale ECG signal recording processing results evaluation

Indicator
Cascade sequence

The first, n=2 The second, n=4
SDMV before filtering, 
σ, samples

260,4

SDMV after filtering,  
σ, samples

106,7 105,6

Mean value, μ, samples 5,5854 4,4854
Confidence interval for 
assessing the filtering 
error, counts

±0,9332 ±0,9229
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harmonics. This approach is implemented on the ba-
sis of a series connection of two stable narrow-band 
notch filters of the oscillatory types. Our analysis of the 
quantitative indicators has revealed that when selecting 
the value coefficient ξ = 0.1 for the narrow-band notch 
filters, the efficiency of the analysis of processing ECG 
signals increases. At the same time, the quantitative re-
sults of processing of the test shape signals in the select-
ed damping coefficient system has demonstrated the 
minimization of measurement errors and a rise in the 
measurement accuracy of the informative components 
of ECG signals, as well as an increase in the noise resis-
tance of the processing system under the influence of 
power line interference. The qualitative results confirm 
the similarity of the filtered ECG signal shape to the test 
signal shaping. Our studies have shown that the small-
er the damping coefficient of the narrow-band notch 
filters, the better its selectivity for noise suppression as 
compared to filters with values ξ> 0.1.

To confirm the practical applicability of the pro-
posed signal processing approach, our research paper 
presents the results of our experimental study of pro-
cessing of a full-scale noisy single-channel ECG sig-
nal recording. As a result from our study, it has been 
found that our signal processing approach improves 
the accuracy in extracting and measuring ECG signal 
amplitudes and time parameters.
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Abstract 
The article presents experimental confirmations of the validity 
of the hypothesis that the theoretical construct “subpersonali-
ty”, in addition to the psychological content, really reflects the 
physiological preparation of a person to provide a certain type 
of response. It is shown that the activation of one subperson-
ality instead of another one can be accompanied by significant 
changes in the heart rate variability, which has been estimated 
using the Baevsky stress index (SI). The article presents some 
experimental data demonstrating the possibility of using the 
Baevsky stress index (SI) to evaluate the effectiveness of Sand-
play therapy and sand modeling as psychocorrective and train-
ing methods, ranking the elements used in them according to 
the strength and nature of the emotional impact on a person. 
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Introduction
The concept of human subpersonalities, introduced 

by Roberto Assagioli, has been actively using in psy-
chological and psychotherapeutic practice for more 
than a century. In psychosynthesis, the symbol drama 

and the Sandplay therapy, the subpersonalities are rela-
tively autonomous social role models of responding to 
certain vital situations grouped around a certain part 
of the motivational and semantic sphere of a person. 
In each of these areas, the psychotherapist helps the cli-
ent to identify his/her dominant subpersonalities in a 
problem situation and organize their harmonious con-
nection with other components of his/her personality.   

The practice of using the concept of subpersonality 
has almost a century-old history. There are thousands 
of works devoted to its effective application. But, as 
in the transactional analysis described earlier with its 
set of ego states [13, 15], there is practically no experi-
mental confirmation to date available that the numer-
ous subpersonalities separated in psychosynthesis, the 
symbol drama, the Sandplay therapy really differ from 
each other by the psychophysiological responses asso-
ciated with them. Nevertheless, the existence of such 
responses follows from the proposition that when using 
the concept of subpersonality, psychotherapists desig-
nate some stable forms of emotional, mental, physi-
cal and behavioral manifestations of certain systems 
of needs and the related values. This means that the 
actualization of a certain need and, consequently, the 
mobilization of the subpersonality associated there-
with should manifest itself in a certain nature of our 
cardiovascular system performance. If the theoretical 
construct “subpersonality” is not just a popular meta-
phor, if it can be used to fix really significant psycho-
physiological states of a person, then transitions from 
one currently dominant subpersonality to another one 
should be accompanied by significant changes detect-
able in our body, first of all, in our heart and blood 
vessel system performance. Taking into account the 
studies described earlier [1, 5, 8-10], it can also be as-
sumed that such changes can be recorded by assessing 
the heart rate variability using the Baevsky stress index 
(SI), as well as applying a complex cardio-oculometric 
diagnostics combining cardiometric and oculographic 
techniques. As shown in [1-3, 12], the success of this 
type of detection is facilitated by the selection and use 
of a special kind of intransparent predictors, which al-
low revealing hidden psycho-emotional features of the 
respondent’s response to various types of content. As a 
result, it becomes possible to trace the effectiveness of 
various types of psychotherapeutic interventions [4-9, 
12-15] and study the specifics of a person’s response 
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to various types of informational and other stressful 
effects in terms of their potential [2-5, 7-12].

Materials and Methods
To test the hypothesis presented above, we con-

ducted a set of experiments which covered the use of 
thematic sand compositions constructed by 92 respon-
dents themselves with identification of the most fre-
quently selected elements in them as stimulus material.  

The work with each thematic composition includ-
ed the following stages. At the beginning, each re-
spondent was asked to build a composition in a sand 
container from a set of figurines offered to him/her 
(their total number included more than a thousand 
figurines), which the respondents currently associat-
ed with such a concept as “War”. After discussing the 
content of this composition with a psychologist and 
photographing it, each participant of the experiments 
was asked to transform his/her composition so that it 
was maximally associated with the concept of “Peace”. 
Then there was also a discussion about the new com-
position with a psychologist and photographing. The 
final task for each respondent was to create a compo-
sition, which he/she associated with the concepts of 
his/her “Maximum comfort”, “A place of rest, positive 
strength and energy”. The produced composition was 

also discussed with a psychologist and photographed. 
Examples of the created sand compositions are shown 
in Figure 1 herein, and they are numbered 1, 2 and 3, 
respectively.

At the next stage, each respondent alternately fixed 
his/her attention for 25-30 seconds on the images of 
the compositions built by him/her. And at that time, 
with the help of PC-aided cardiograph instrument 
Cardiocode, his/her cardiogram was recorded. Then, 
in turn, each respondent was presented with figurines, 
which most often induced either negative or positive 
associations in the test subjects. In our experiment, 
such figurines were miniature toy models of a shark, 
a cow, a huge beetle, grapes, a crocodile, an apple, a 
lion, a sheep, a horse, a goat and an elephant. Then the 
respondents were asked to collect together the most 
positive, in their opinion, figurines and focus their 
attention on that entire group. When fixing attention 
on each of those figurines, a cardiogram was also re-
corded, followed by the calculation of the average SI 
values and the heart rate values (HR). After that, the 
respondents worked with an eye tracker, which was 
used to study their individual peculiarities of visual 
information perception. Figure 2 illustrates how the 
respondents have completed the above listed stages of 
their testing. 

Figure 1. Examples of thematic sand compositions used in the experimental part of our work (numbers in the figure refer to the 
compositions as follows: 1 – “War”; 2 – “Peace”; 3 – “Maximum comfort”, “A place of rest, positive strength and energy”). The nat-
ural fractions given under each figure part are made up of the actual value of SI (numerator) recorded in the process of fixing the 
respondent’s attention on the image in question and the HR value representing an average value of the heart rate (denominator).
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Results and Discussion
The obtained statistical patterns and regularities in 

determining the respondents ‘ SI values during fixing 
their attention on some visual stimuli used are shown 
in Table 1 herein. The numbers in the first column of 
the Table indicate the following: 1 – sand compositions 
“War”; 2 – sand compositions “Peace”; 3 – sand com-

positions “Maximum comfort”, “A place of rest, positive 
strength and energy”; 4 – model of the shark; 5 – mod-
el of the beetle; 6 – model of the apple and grapes; 7 – 
model of the cow; 8 – model of the lion; 9 – model of the 
crocodile; 10 – model of the sheep; 11 – model of the el-
ephant; 12 – model of the horse; 13 – model of the goat; 
14 – the group of the models selected by the respondents 
as the most positive one from the specified list.

As shown in the Table, the smallest arithmetic 
mean and the median values of SI were obtained when 
the respondents worked with images of their themat-
ic compositions “Peace” and “Maximum Comfort”, “A 
place of rest, positive strength and energy”, as well as 
when fixing the respondents’ attention on the figu-
rines of an apple and grapes, a cow and those groups 
of the figurines that the respondents have chosen as 
the most positive items.

It also follows from the above Table that the larg-
est arithmetic mean and the median values of SI were 
obtained when the respondents worked with images 
of compositions constructed by them on the “War” 
theme. The largest arithmetic mean and median values 
of SI were obtained when the respondents fixed their 
attention on the models of the crocodile, the goat, the 
horse, the beetle and the shark. Intermediate values of 
the arithmetic mean and median were identified for 
the SI parameters derived from the cardiometric in-

Figure 2. An illustration of the respondents who have completed various stages of the experiment, including construction and 
discussion of thematic sand compositions, examinations with PC-aided cardiograph instrument Cardiocode and an eyetracker. 
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2 220.8 158.4 200 1.71 6.72
3 247.1 193.6 193 2.871 1.18
4 478.3 398.4 414 1.46 4.97
5 444.3 302 330 1.08 3.86
6 227.1 161.2 179 0.93 3.20
7 241 150 129 1.28 5.22
8 334 143 284 1.21 3.93
9 939 727 697 1.65 6.05
10 358 307 243 1.61 4.98
11 324 166 174 0.64 2.91
12 467 342 289 2.13 7.33
13 704 629 388 2.86 10.8
14 256 155 269 0.98 4.18
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dicators recorded during the respondents’ work with 
the figurines of the lion, the sheep and the elephant. It 
should be noted that for the elephant model, the me-
dian values were closer to the smallest.

The congruence between the detected SI values 
and the respondents’ internal experiences is markedly 
illustrated by the recorded associations with the corre-
sponding stimuli. The nature of the most frequent as-
sociations is quite clearly conveyed by the comments 
of the respondents as listed below. Thus, when focus-
ing their attention on the shark model, “pain”, “fear”, 
“horror”, “panic”, “irreconcilable ruthless aggression” 
etc. were most often called. In relation to the mod-
el of the large beetle, the respondents mentioned their 
“animal fear”, “disgust”, “desire to withdraw my hand”,  
“I want to isolate myself from it, not to face it”. Examples 
of typical associations recorded in the participants of the 
experiments in the process of fixing their attention on the 
cow were as follows: “Kind, helps people survive”, “Re-
membering childhood, when visiting my grandmother 
in summer”, “Country house, friends brought a large jar 
of fresh milk from the village”. Typical associations with 
the toy grapes and apples were as follows: “juicy”, “deli-
cious”, “sweet”, “remembering a summer garden”, “plea-
sure”. The images of the “War” compositions were asso-
ciated with such concepts as “fear”, “destruction”, “death”, 
with the desire to escape, with quarrels, resentment, with 
the loss of loved ones”. Images of the “Peace” composi-
tions were associated with calmness, pleasant memories, 
a sense of peace. Images of the “Comfort” compositions 
were linked with a sense of self-confidence, ideas about 
the “ideal world”, “with what makes you smile” etc.

These associations are useful to understand why, as 
can be seen from the Table, the models of the shark, the 
huge beetle, the crocodile, images of the composition on 
the theme “War” most often caused a significant increase 
in the stress index. These associations are also quite 
consistent with the fact that the prevailing trend for the 
models of the cow, the apple and grapes, for the group of 
models chosen by respondents as the most positive, as 
well as for images of thematic compositions “Peace” and 
“Maximum comfort”, “A place of rest, positive strength 
and energy” was a decrease in the stress index values.

In this regard, the multiple ambiguous associations 
that the respondents had when focusing on the model 
of the goat and the horse were also very indicative. On 
the one hand, when focusing on the model of the goat, 
the associations were traced as follows: “great vitality”, 
“enthusiasm and fun”, “remembering my childhood”. 

But on the other hand, the associations were clearly 
negative (their number significantly exceeded the pos-
itive ones) such as: “stubbornness”, “my ex-husband” 
(the SI value of the respondent in that case reached 
3214 arbitrary units!), “sole proprietor”, “useless”, 
“unpleasant” etc. When working with the figurine of 
the horse, many respondents recalled how they rode 
horse. For them, it was both “interesting” and “risky”. 
For others, it was “the power that knocks down, crush-
es everything in its path.” Someone said that the dan-
gerous creature, which “did not know where it was 
running,” could throw off a rider and trample him”. 
But some of the respondents remembered a cute an-
imal that they once faced. In the latter case, some of 
the respondents included a horse in the group of those 
figurines which induced positive associations in them.

The relationship between what type of associations 
the respondents were tended to initiate and what ocu-
lographic responses they showed, when working with 
the eytracker, is also thrilling. It turned out that mostly 
negative associations, when focusing on various figu-
rines, arose in those respondents who were character-
ized by increased attention to the visual symbols of a 
personal failure presented with the help of an eytracker 
(a tripped person, the contours of the skull etc.). Posi-
tive associations appeared much more often among the 
respondents who, even when working with an eytrack-
er, were tended to fix their attention on the life-affirm-
ing components of the visual stimuli (a person helping 
another to stand up, a beautiful harmonious-looking 
lotus, etc.). In addition, viewing the video recordings 
of the respondents ‘ facial expressions, traced by the 
eytracker, showed that the respondents, who rejected 
the image of the cow, who were prone to negative as-
sociations when working with this figurine, as a rule, 
demonstrated their frown or a mournful expression. 
Those respondents who positively perceived the above 
mentioned figurine and demonstrated its acceptance, 
when working with the eytracker, most often smiled or 
at least kept a complacent expression on their face. 

Conclusions
The article presents experimental confirmations of 

the validity of the hypothesis that the theoretical con-
struct “subpersonality” used in the Sandplay therapy 
and psychological sand modeling, in addition to the 
psychological content, really reflects the psychophys-
iological preparation of a person to produce a certain 
type of responses. Such preparation is manifested in 
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a certain nature of the cardiovascular system perfor-
mance, the actualization of relevant memories, in the 
attitude to the most acceptable type of the behavior for 
this person in this case. 

It was found that the change of dominant subper-
sonalities by transferring attention from one of the ele-
ments, used in the Sandplay therapy and psychological 
sand modeling, to another one can be accompanied 
by significant changes in our body, first of all, in our 
heart performance. Estimates of heart rate variability 
using the Baevsky stress index (SI) serve as a reliable 
reflection of such changes.

In addition, as in [12-15], we obtained experi-
mental confirmation of the validity of using such a 
complex cardiometric indicator as the Baevsky stress 
index (SI) to assess the effectiveness of various psycho-
therapeutic and correctional methods. But if earlier it 
has been applicable to the methods of psychosomat-
ic self-regulation [12, 14], the transactional analysis 
[13], the metaphorical and coaching associative maps 
[15], now similar possibilities are demonstrated by the 
Sandplay therapy and the psychological sand model-
ing. At the same time, the obtained data clearly show 
the existence of a fundamental possibility of using the 
Baevsky stress index (SI) for ranking elements used 
in the Sandplay therapy and the psychological sand 
modeling according to the strength and nature of 
their emotional impact on a person.
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Abstract
A comprehensive study of the system hemodynamics has been 
conducted by us in different age-related groups; regularities 
of the age-linked dynamics of the main indicators thereof and 
their mutual interrelations have been investigated. We have jus-
tified some additional prediction factors responsible for the de-
velopment of arterial hyperstension and the relevant patterns 
of prevention measures associated therewith.
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Aims. The aim of our study has been formulated as 
follows: to identify the regularities of the age shifts of 

the system hemodynamics, when assessing stability of 
its functioning and predicting development of arterial 
hypertension.

The fundamental constant of the system hemody-
namics (SHD) is the system arterial pressure (SAP), 
which is responsible for the proper circulation of 
blood in a human organism. The value of SAP corre-
sponds to an averaged hemodynamic pressure and is 
calculated by the formula as follows: 

 SAP = CO x TPVS,

where SAP is the system arterial pressure; CO is car-
diac output, and TPVS is the total peripheral vascular 
resistance [1]. 

Since cardiac output is a derivative of stroke volume 
(SV) and heart rate (HR), the SAP level is determined 
by a ratio of three constants: HR, CO and TPVS [2].

In the different life activity periods, blood supplies to 
the organs and tissues in a human organism can regular-
ly vary. In the period of high mental activity, observed is 
a greater supply of blood to the human brain, while the 
circulation in the muscle system and the viscera becomes 
rather poorly; under the physical activity conditions the 
coronary flow is increasing, and the muscle system blood 
vessels are expanding; in the sleeping period found is in-
tensification of blood supplies to the viscera. However 
at the same time, irrespective of the intensity of the per-
formance of the heart and the extent to what the blood 
vessels are actually filled, SAP must be maintained at a 
certain pre-specified level, which is required to provide 
an efficient perfusion of oxygen and energetic substrates. 
The SAP stability is provided by redistributing shifts of 
some of its derivatives: the TPVR shifts are compensated 
by the polar deviations of the CO parameters, and va-
soconstriction in some vascular beds is balanced out by 
vasodilatation in the other vascular bed regions [3].

Every ergo- or trophotropic process is accompa-
nied by a stereotypic response made by the cardio-
vascular system to optimize the blood supply for the 
proper circulation to an organ or a tissue responsible 
for the proper management of the process in question. 
In a healthy human body, such responses are provid-
ed reflexively, due to blood flow redistribution. Upon 
effects produced by pathogenetic factors, observed is 
imbalancing of the regulatory mechanisms that results 
initially in episodes of SHD abnormalities and later 
in permanent disorders thereof. In addition to stress, 
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harmful effects made by environmental pollution, a 
nutritionally unsound diet and unhealthy lifestyle, the 
age-related factor plays an important part in disorder-
ing of the cardiovascular system performance.

Despite the fact that there are many researches de-
voted to investigations of regularities and patterns in 
the age-related degeneration of the circulatory system, 
we can state that unfortunately no consensus has been 
reached on this topic.. It may be partially attributed 
to shortcomings available in the existing diagnostics 
technologies. Up to the present time, the only Gold 
Standard in the SHD examination has remained the 
Swan-Ganz catheterization (also called pulmonary ar-
tery catheterization). The above catheterization tech-
nique is connected with a lot of technical difficulties, 
may involve a mortality risk and must be used for 
in-patients only. Recently, fresh techniques have ap-
peared which are capable of measuring the basic con-
stant parameters of SHD in a non-invasive way [4].

Materials and methods
Our materials have covered a cohort of 3393 patients 

aged from 18 to 89, including 1391 (40,4%) males and 
2022 (59,6%) females, which have been examined by us 
in the framework of the governmental prevention med-
ical routine check-up and/or follow-up according to 
the Russian National Statuary Health Insurance based 
on Order No. 124n “Approval of Procedure of Preven-
tion Check-up and Follow-up of Specified Groups of 
Adults” dd. 13.03.2019 issued by the Healthcare Minis-
try of the Russian Federation (see Table 1 herein).
Table 1
Distribution of examined patients according  
to age groups and SYAP data

Age, 
years

Systolic arterial pressure (SyAP) (mm Hg)
Total

<110 110-139 140-159 >160
Under 20 22 57 3 1 83
20-24 35 107 87 1 230
25-29 8 27 48 0 83
30-34 15 89 152 12 268
35-39 7 19 156 18 200
40-44 10 23 202 25 260
45-49 25 62 549 33 669
50-54 23 254 580 45 902
55-59 31 131 77 15 254
60-64 1 75 44 10 130
65-69 7 53 56 14 130
70-74 0 19 24 13 56
75-79 2 26 31 18 77
80-84 0 15 1 17 33
Over 85 0 6 8 4 18
Total: 186 963 2018 226 3393

The normal value of SI reaches 30-45 ml/m2 , and 
the normal level of SPVR is 32±6% arbitrary units. 
The normal value of HR has been accepted by us to be 
60-80 beats per minute; the normal value of SYAP has 
been taken to be 110-130 mmHg, and that of DIAP 
has been accepted to be 70-80 mmHg.

Methods. The method of our examination is the 
compression oscillometry supported with device KAP 
TsG osm “GLOBUS” (Certificate of Registration No. 
RZN2017/6582 dd. 15.12.2017) that offers to non-in-
vasively obtain 22 indicators of the actual status of 
SHD including the following: systolic AP (SYAP), di-
astolic AP (DIAP), HR, SV and TPVR. Since the SV 
and TPVR values depend on BMI indices and show no 
distinct normal limits, we have adopted in our calcu-
lations integrated indicators of SI (Stroke Index) com-
puted as SV/T, where T is the surface area of the human 
body (m2) and SPVR (Specific Peripheral Vascular 
Resistance) derived as follows: TPVR/T. The normal 
values of the above indicators have been accepted as 
follows: HR has been considered to be 60-80 beats per 
min., SYAP has been taken to be 110-130 mmHg, and 
DIAP has been accepted to be 70-80 mmHg.

Results and discussion
In the majority of the patients (66,1%) we have de-

tected an increase in SYAP, including SYAP degree I in 
2018 test subjects (59,5%) and SYAP degree II and III 
in 226 patients (6,7%).

The normal SYAP values have been most common-
ly found in the age groups under 20 years (67,8%) and 
20-24 years (46,5%) that is understandable taking into 
account young age of the examinees. However regard-
less of their young age, we have recorded in more than 
one third of the patients (37,8%) aged 20-24 a higher 
level of SYAP (140-159 mmHg) that has been consid-
ered as degree 1 hypertension. So, the share of the AH 
patients with degree I hypertension has been consistent-
ly increased with age in age group 25-49 years, reaching 
82% in the age group of 44-49 years. Beginning with the 
age of 50, the said sharing changes with a greater pro-
portion of the individuals with the normal SYAP values. 
As to the age group of 55-59 years, we have recorded 
the normal SYAP in one out of every three test subjects 
(28,2%), while in the age group of 55-59 years the nor-
mal SYAP values have been revealed in one out of two 
persons (51,6%), and in the age group of 60-64 we have 
detected the normal values thereof in more than half of 
the examined patients (57,7%) (see Figure 1 herein).
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In our opinion, the revealed, at first glance un-
expected, inconsistency in prevalence of the normal 
SYAP values among the older patients should be at-
tributed to their more pronounced adherence to an-
tihypertensive therapy. Whereas in the groups under 
30 there is no antihypertensive-drug (AHD) medicat-
ed patient available, in the group aged 60-64 one out 
of each two participants (54,6%) has received the anti-
hypertensive medication.

Beginning with the age of 65, observed is a further 
decrease in the share of the test subjects showing the 
normal SYAP values due to the age-determined growth 
of the arterial hypertension (AH) incidence. Another 
obvious explanation of this regularity is an age-associ-
ated aggravation of the AH progression: according to 
the data obtained by us, the share of those who suffer 
from AH grade II and III has demonstrated its growth 
from 5% in the age group of 55-59 years to 51,5% in the 
group of 80-84 years. It is particularly remarkable that 
in the age groups of the test subjects over 85, against the 
background of the AH incidence rate growth, the share 
of the patients with the severe disease course has been 
reduced to a half as against the respective data analyzed 
in the preceding age group (see Figure 1 herein).

The phenomenon of the paradox reduction in the 
AH incidence rate in the middle-age groups can be 
clearly traced in an analysis of the age-associated dy-
namics of the average data on arterial pressure (AP). 
The maximum depression found in the AP curves re-
fers to the age group of 45-54 years (see Figure 2 herein).

Figure 2. Age-associated dynamics of average values of arteri-
al pressure (mmHg). Legend: SYAP is systolic arterial pressure, 
DIAP is diastolic arterial pressure, TAP is true arterial pressure; 
AAP is average arterial pressure; PAP is pulse arterial pressure 
and SpAP is specific arterial pressure.

The stable increase in the SYAP values is the key 
marker of AH and bears witness to the fact that there 
is a failure of the compensatory processes responsi-
ble for the maintenance of the stable SHD level. By 
comparing the groups with the normal SYAP values 
and those with the elevated SYAP levels, the prev-
alence of the test subjects showing higher SI values 
among the AH cohort persons is noticeable (see Fig-
ure 3 herein). 

Figure 3. Correlation between SHD and SYAP values. Legend: 
HR – hear rate (beats per minute); SPVR – specific peripheral 
vascular resistance (arb.u.); SI – stroke index (ml/m2)

Our analysis of the age-related dynamics of the 
SI values shows that we deal with the age-associat-
ed growth of this indicator: the share of the patients 
with the elevated SI values has demonstrated a di-
rect dependency on the age and progressively in-
creased from 13% for the age group of 20-24 years 
up to 100% in the group of 80-84 years (see Figure 4 
herein).

Figure 4. Age-related dynamics of SI data 

The maximum share of the test subjects with the el-
evated level of SPVS has been found in the age group of 
30-49 years. It is known that it is just the life period that 
is characterized by development and fixing of the major 
pathogenetic patterns under AH [5].

The above mentioned regularity revealed by us 
gives grounds to expect that an increase in SPVR, re-
flecting primarily the state of the vascular tonus, is 
one of the initiating members in the AH pathogenesis 
chain (see Figure 5 herein).

According to our data, we have revealed quite a lot 
of individuals with a predisposition of a HR increase 

Figure 1. Age-related dynamics of SYAP profile.
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among the patients of the young and middle age; in 
the age groups 20-29 and 40-44 we have observed 
tachycardia in one out of every two individuals, and 
in the group of 35-39 years we have detected this 
phenomenon in 60,8% of the examinees (see Figure 6 
herein).

Figure 6. Age-related dynamics of HR data

This phenomenon can be explained by the fact that 
stable tachycardia, as it is the case with an increase 
in TPVR, is an initiator of imbalance in the reflector 
performance of the cardiovascular system, one of the 
precursors to the AH development.

It is noteworthy that beginning with the age of 
50  we can trace a tendency towards an increase in 
the relative share of the patients with bradycardia as a 
more stable compensatory response made by SHD as 
compared with a reduction in SI.

 Attention should be given to the fact that the dy-
namics of the average HR and SI data in all age groups 
demonstrates an inverse relationship, i.e. one of indi-
cator becomes larger as the other becomes smaller. 
A similar regularity has been recorded with respect 
to the dynamics of the SPVR and SI data in the age 
groups under 49 and over 75 years.

In the age groups of 50-57 years we have revealed a 
phenomenon referred to as synchronization between 
SPVR and SI, the essence of which is the loss of the 
inverse relationship of the dynamics of the above 
mentioned indicators that may bear witness to the 
fact that there is a drop in effectiveness of the opera-
tion of the compensatory cardiovascular mechanisms 

responsible for the maintenance of the stable SHD: 
the change in the state of the vascular bed cannot be 
adequately compensated by modulation of the heart 
performance.

The phenomenon of synchronization has been dis-
covered by us together with relationship SPVR – HR: 
in the age group of 20-34 years the above variables 
demonstrate their counteraction, while beginning 
with the age of 35 they are synchronized (see Fig-
ure 7 herein).

Figure 7. Age-related dynamics of average HR, SPVR and SI 
data

The main feature of the age-related dynamics of 
the average values of SPVR and SI in the group of test 
subjects with the SYAP level over 160, as compared 
with the total cohort of the examinees, is that the AH 
patients demonstrate the synchronization of the above 
curves considerably earlier: at their age of 20-24 years 
(see Figure 8 herein).

Figure 8. Age-related dynamics of average values of SPVR and 
SI in test subjects with SYAP > 160

In this case, considering the individuals with the 
higher SYAP values, the share of the patients, who 
show at the same time the increased SPVR and SI 
values as well as the elevated SPVR and HR parame-
ters, is 3 times greater than it is the case with the test 
subjects with the normal level of SYAP (see Table 2 
herein). 

This gives us the right to state that the synchroniza-
tion of the dynamics of relations SPVR-SI and SPVR-
HR has a negative prognostic value in assessment of 
the stability of the SHD function case with further 
prospects for the AH progression.

Figure 5. Age-related dynamics of SPVR data
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Conclusion
The revealed regularities are capable of properly 

interpreting the hemodynamics-related mechanisms 
of the AH development, and they make possible to 
submit for thorough consideration by the scientific 
community of a set of supplements to improve the 
routine therapy and diagnostics approaches.

1. The high incidence rate of AH among young in-
dividuals dictates the necessity to provide SHD mon-
itoring in all human individuals aged over 18 and in-
clude this type of examination into the scope of the 
standard prevention examination financed by the Fed-
eral Russian National Authority.

2. When assessing the actual state of SHD, we shall 
consider an increase in the levels of SPVR and SI as 
predictors of unfavorable prognosis; especially critical 
shall be their growth recorded for a number of years. 

3. A combined increase at least of two major in-
dicators of SHD, including HR, SPVR, SI and their 
dynamic synchronization, bears witness to the fact 
that there is a failure in operation of the compensato-

ry mechanisms of SHD and dictates the necessity to 
medication correction with the AHD administration 
to provide the required pharmodynamic normaliza-
tion by eliminating the revealed abnormalities.

4. The normalization of the abnormal HR, SPVR 
and SI values as well elimination of their reciprocal de-
synchronization, i.e. restoration of the physiologically 
normal polar dependence, shall be considered as posi-
tive criteria for effectiveness in the AH therapy.
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Table 2
Relationship between SHD profile and SYAP level

SHD  
profile* (HR/

SPVR/SI)

SYAP  
120-130

SYAP >140 SYAP >160 SYAP >170

112 4.8 17.6 3.6 0
113 0 5.2 0 0
121 0 0.7 4.5 2
122 9.6 15.3 0 0
123 1.2 1.1 0 0
211 3.6 11.8 12.5 10.4
212 25.3 4.5 32.1 37.6
213 0 0 0 0
221 19.3 18.1 14.3 8.3
222 22.9 7 0 0
223 0 0 0 0
231 0 0.2 0 0
311 7.3 7.1 18.7 22.9
321 6 11.2 14.3 18.8
322 0 0 0 0

* The SHD profile is represented by ratio HR/SPVR/SI, where 
1 is an increased value of the indicator in question; 2 is the 
normal value thereof and 3 is a value below its norm.
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Abstract
An arterial tonometer that allows you to determine the pressure 
in the shoulder from the pulse wave of the radial artery without 
squeezing the vessels with a cuff, today remains an unattainable 
goal of many researchers due to the lack of suitable pulse wave 
sensors (PV). The article describes a mobile medicine device, 
which is a kind of “smart watch” with its original function of a 
human pulse wave analyzer. This function has become possible 
due to an introduction of a matrix fiber-optic sensor (MFOS) 
developed by a team of Russian scientists at the A. A. Blagon-
ravov IMASH at the Russian Academy of Sciences. Features of 
the device that distinguish it from existing analogues are given 
below: 
1) Capability to determine blood pressure with medical accura-
cy without squeezing blood vessels with a cuff, 
2) Capability to diagnose the cardiovascular system and assess 
its condition taking into account the age of a person, 
3) Capability to diagnose all human organ systems using spec-
tral analysis of heart rate variability, 
4) Capability to determine the code (modulation frequency) 
corresponding to the established disease after the diagnosis 
is established using this gadget, and to carry out targeted de-
livery of an increased amount of blood to the affected organ, 
5) Capability to perform high-quality monitoring of blood pres-
sure (over time). 
After diagnosis, the gadget determines the code (modulation 
frequency) corresponding to the established disease and pro-
motes targeted delivery of an increased amount of blood to the 
affected organ. Treatment is carried out by organizing a certain 
respiratory rate, which, in turn, generates certain modulations 

of the heart rate. As a result, the affected organ receives an 
additional amount of blood and recovers. 

Keywords
Fiber-optic matrix pulse wave sensor, Blood pressure monitor-
ing, Diagnostics of the cardiovascular system, Heart rate mod-
ulation, Targeted blood delivery 
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Introduction 
According to the generally accepted definition, 

the pulse (from Lat. “pulsus”, i.e. “a push”) is a rhyth-
mic, jolt-like vibration of the walls of blood vessels 
produced by the heart contractions and the ejection 
of blood from the heart into the arterial system. The 
pulse (pulse wave) reflects the totality of all the waves 
and vibrations which exist in the body. Information 
from the organ to the pulse point, that is, the point 
where the pulse wave signal is taken, is transmitted 
due to the elastic properties of the liquid part of blood 
in the form of a volume wave of liquid. Any change in 
the state of an organ, namely, of functional, morpho-
logical or anatomical character, affects the nature of 
the pulsation. A pulse wave is a synthesis of vibrations 
that reflects the state of the body and its levels includ-
ing the spiritual, mental, emotional and physical level, 
so that the treatment taking into account the char-
acteristics of the pulse allows you to most accurately 
manage and eliminate the disease [1].

The concept of the pulse and its applicability to 
use in diagnostics of diseases stems from the ancient 
Chinese medicine. Later, other famous ancient doc-
tors such as Galen, Hippocrates and Avicenna created 
their own schools and developed their own concepts 
of the pulse, used the pulse diagnostics in medical 
practice and contributed to its further spread to the 
countries in the Middle East and Europe. In his fa-
mous treatise “The Canon of Medicine” Avicenna 
wrote: “Some diseases, especially hidden from the 
eyes, I can identify only by a change in the pulse; the 
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nature of the pulse is similar to that of music. Ac-
cording to a disorder in the harmony of the pulse, 
any hidden disease can be detected.” [1]. A historical 
and medical analysis of the “Canon” as a method-
ological approach and a comparison of its concepts 
with the ideas of modern propaedeutics of internal 
diseases were used.

The scientific basis of the concept of the pulse di-
agnostics was created after the discovery of blood cir-
culation by V. Harvey in 1628, when his famous book 
“Exercitatio Anatomica de Motu Cordis et Sanguinis 
in Animalibus” was published. The invention of the 
sphygmograph and the implementation of pulse re-
cording methods such as arteriopiezography, rheogra-
phy, photoplethysmography, Doppler ultrasonography 
etc. brought the heart rate monitoring to a new level. 
Particularly, the computer mechanopulsography suc-
ceeded in deepening the knowledge in this research 
field [2, 3].

This relatively young scientific area allowed us to 
revise and supplement the ancient Tibetan pulse di-
agnostics at a new level and at the same time arrive 
at a modern interpretation of the physiological nature 
of the oriental “meridians” giving the proper scientific 
basis to many aspects of oriental medicine [4]. A spe-
cial merit in the development of this field should be at-
tributed to a research team at the IMASH RAS headed 
by Full RAS Member R. F. Ganiev [3-6], who designed 
and developed unique instrumentation for recording 
mechanopulsograms based on the application of fi-
ber-optic sensors [5].

Research in this field has been conducting by 
IMASH RAS since 1989. As to international stud-
ies devoted to the topical issue in question, similar 
activities in this research area have been carried out 
since 1986 by the Australian company SphygmoCor 
(or AtCor-Medical). However, the technology offered 
by IMASH RAS should be considered to be more ad-
vanced, because only it allows you to overcome the 
problem of the proper sensor positioning.

The current level of research by the Russian scien-
tists has made it possible to create a mobile medicine 
device based on fiber-optic sensors that has shown 
leading properties compared to products available 
on the world market, considering gadget lines Smart 
Watches and Trackers supplemented with medical 
functions.

Figure 1 shows the arterial tonometer developed by 
IMASH RAS.

Figure 1. Arterial tonometer based on a matrix pulse wave an-
alyzer

Our device belongs to the product line of mo-
bile medical devices, or rather it can be classified to 
be a gadget found most closely to smart watches and 
trackers, embodying the achievements of information 
technologies. In order to successfully promote to the 
market, it has become a good tradition in the world 
practice to furnish devices of this sort with medical 
functions, for example: measuring pulse rate, comput-
ing the number of completed steps as well as various 
calculators of values related to the consumed food cal-
ories to control a diet. In addition, as a rule, according 
to manufacturer’s guide, most of these devices offer 
options for measuring blood pressure (BP), but even 
the most expensive smart watches do not meet the re-
quirements of medical accuracy in measuring blood 
pressure today, so that they are only a toy that is con-
fusing to users who often suffer from serious diseas-
es. Modern classical cuff tonometers with appropriate 
fine-tuning can also be placed on the wrist, but basi-
cally they remain the mere automatic tonometers with 
all their typical shortcomings and can be of little use 
for high-quality blood pressure monitoring.

A radically new solution for monitoring blood 
pressure with medical accuracy is a non-cuff ar-
terial tonometer, which does not require vascular 
compression. However, in the world practice, a suf-
ficiently perfect device of this type has not yet been 
proposed due to the lack of high-quality pulse wave 
(PW) sensors. Another problem of the arterial to-
nometer design is the fact that the installation even 
of a high-quality PW sensor requires the proper ac-
curate positioning of the latter to the top of the radi-
al artery, which is usually achieved by relocating the 
sensor and searching for a high-quality signal. This 
procedure can be realized only if you have appropri-
ate special qualifications, and therefore such devices 
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are not designed for intuitive users that makes this 
sort of devices not marketable.

Thus, to overcome the disadvantages of the arte-
rial tonometer, taking into account its obvious mer-
its, it is necessary to solve the problems, i.e. to create 
high-resolution PW sensors and overcome the prob-
lem of positioning the sensor. It is these tasks that are 
being solved now by scientists from the Mechanical 
Engineering Research Institute at the Russian Acad-
emy of Sciences. A fiber-optic PW sensor has been 
created, which has unique properties and is capa-
ble to cope with the above obstacles. Figure 2 shows 

the main sensor element developed by IMASH RAS 
jointly with GPI RAS (General Physics Institute at the 
Russian Academy of Sciences). This is a representative 
of modern high technologies, a fiber-optic collector 
demonstrating the high parametric reliability. It is an 
integral part of a cantilever matrix sensor with three 
working plates, due to which the positioning problem 
is solved.

As a result of the introduction of the matrix PW 
sensor, it became possible to develop high-resolu-
tion sphygmography, i.e., obtaining undistorted pulse 
waves by a non-invasive method. The long-term accu-
mulation of the database made it possible to identify 
and classify the PW reference standard curve patterns 
related to age and functional changes in patients: they 
are given in Figure 3a herein. The respective age-relat-
ed changes in PW are exhibited in Figure 3b herein.

Figure 3b shows the PW reference standard curve 
patterns corresponding to different ages with an in-
terval of 10 years. It is of particular interest to deter-
mine the age of the measured PW with an accuracy of 
1 year from these actual curve patterns. In this case, 
it becomes possible to make a diagnosis based on the 
functional state of the cardiovascular system in almost 
a few seconds, without visiting the doctor’s offices. Ap-Figure 2. Fiber-optic element of a 3-point sensor

Figure 3. Digital contour pulse diagnostics: a) functional and age-related PW reference standard curve patterns in the form of a 
Greek-Latin square; age-related PW reference standard curve patterns as three-dimensional (b) and linear (c) versions.

     c)

а)          b)
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parently, this is a very promising device for emergency 
health care and, of course, for general practitioners.

Another possibility is the diagnostics of the en-
tire body, if with the help of the new device we be-
gin to analyze heart rate variability (HRV). Moreover, 
it should be noted that in case of using pulse waves 
to assess HRV, the accuracy of the method increas-
es by an order of magnitude. Therefore, the authors 
hereof developed a technique that allows not only to 
construct variability curves, but also to analyze them 
from the point of view of the presence of frequency 
modulations in HRV, which we attribute to the possi-
bilities available to redistribute blood flow in the body. 
This allows freshly interpreting to certain extent the 
essence of acupuncture and may become the basis of 
autohemotherapy, a method of treatment using the re-
distribution of blood flows within the body. The tech-
nique has been described in detail earlier [4] and is 
illustrated by Figure 4 herein, since it reflects the con-

ditional connections in the body in accordance with 
the generally accepted terminology of oriental medi-
cine.

The components of diagnostics and treatment 
technology using software and hardware solutions de-
veloped by IMASH RAS are shown herein.
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Abstract
Work life balance even though has been a contemporary topic 
in recent years but still there are organisations and job profiles 
which do not allow a good work life balance. Most researchers 
focused on female doctors or female nurses for their research 
but researchers have proved that work life balance impact 
equally irrespective of gender. During pandemic we are hearing 
a greater number of cases where medical professionals are work-
ing in difficult conditions. Even during pandemic work life bal-
ance should be given importance. Questionnaire was circulated 
through social media and 80 responses were received. Finding 
of this study reveals that medical professionals’ work life balance 
is greatly affected by organisational factors as well as emotional 
and physical wellbeing. This research will have social implications 
in terms of understanding challenges faced by medical profes-
sionals in terms of managing their work- life–balance. 
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Introduction
Work life balance concept is one of the important 

factors that employees look for before joining an or-
ganisation as it is one of the factors that contributes to 
quality of life. As the workforce is rapidly changing so 
are their preferences. The work life balance programs 
have a positive impact on employee morale, absentee-
ism of employees so using programs which helps in 
improving the work life balance is a win-win situation 
(Lock wood 2003). Work life balance initiatives is ben-

eficial for both employee and organisation (Purohit, 
2013). Factors like taking rest, spending time with 
family has direct positive impact on satisfaction and 
on the contrary increased working hours has an in-
verse impact on satisfaction (Madhavi, 2016).

Coronavirus cases initially started in the China. 
Later, this has travelled to almost entire world and all 
countries. Currently, there are no specific vaccines or 
treatments for COVID-19. However, there are many 
ongoing clinical trials evaluating potential treatments.

The current count of covid-19 cases as of first Au-
gust 2020 is 17,30,295 in which 11,26,825 have recov-
ered which is a high number of recoveries compared 
to other countries. This was only possible because of 
strict measures taken by government and medical pro-
fessional working round the clock. Since the medical 
professionals had to work for long hours so their work 
life balance should be investigated.Health workers are 
also considered as frontline key workers while man-
aging COVID 19 crisis. During this crisis, most of the 
countries, be it developing or developed nations, their 
healthcare systems are being put to the ultimate test, 
while healthcare professionals are putting their lives 
at risk to control spread of coronavirus (Nagesh & 
Chakraborty,2020).

While doing literature review it was found that 
many papers were published on medical professionals 
of western countries but for India there were limited 
number of papers and most of them focused on med-
ical professionals with gender specific sample popu-
lation. 

There were some suggestions given by researchers 
like job sharing, limited working hours, compulsory 
vacation days per year but these can’t be used to med-
ical professionals during pandemic because they have 
to work for long hours as the number of COVID cas-
es are increasing in an exponential level in India. It is 
pertinent to understand what factors can help medical 
professionals to have a better work life balance even 
during a pandemic as men and women both face is-
sues with managing work life balance.

Literature review
A comparative Research conducted to find burn-

out of US physician to that of other US workers 
pointed that US physician burnout was considerably 
more than other US workers were. This suggests that 
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something should be done to reduce their burnout. 
(Shanafelt, et al., 2011)

Work life balance have been worsening over the 
years and there should be some interventions to im-
prove it for physicians studied in US (Shanafelt, et al., 
2014)

Burnout and depression were major problem for 
resident in paediatrics. (Fahrenkopf,. et al., 2008). 
Work life balance of doctors were substandard when 
compared to employees in other professions. With 
5-day work in a week and job sharing would help the 
doctors to have a better work life balance. (Young, 
2013)

There are both organisational and individual 
factors that impacts work life balance of physicians. 
(Chan, 2018). There is a strong impact of occupa-
tional stress on work life balance. (Zaheer, 2016).  
One of the recent researches that focused on female 
doctors and nurse concluded that employee friend-
ly policies should be kept in place for more flexibil-
ity perspective. (Goyal, 2014). Family friendly pol-
icies would produce significant difference in work 
life balance of medical professionals. (Sharma et al., 
2016).

Only those professionals had a positive work life 
balance who were satisfied with their patients and 
family life where as professionals who were satisfied 
with their profession had negative impact on work life 
balance. (Madhav, 2016).

If there are work life balance practices it would be 
more impactful if it gives more autonomy to employ-
ees and more control over their work. Building a cul-
ture in an organisation that supports work life balance 
is not a small task but has to be achieved in order to 
have a better performance of employees. (Lazăr et al., 
2010).  Certain factors like participation of employees 
in policy framing and decision making on important 
things, organisation conveying their policies effective-
ly van help in achieving balance between work and 
personal life of employees. (Chaitra et al, 2016). Only 
34.17% women doctors of Kanyakumari district were 
satisfied with their work life balance. Policies like pa-
rental leave, job sharing and child care will help female 
doctors to have a better work life balance. (Malar et al., 
2018).

Recurring review of work and personal life satis-
faction would help in understanding the work life bal-
ance of female nurses. (Boohen et al., 2012).Factors 
that have positive impact on work life balance are or-

ganisational support, job engagement and emotional 
intelligence while the factors having negative impact 
are unrestricted workload and excessive used of ad-
vanced technology. (Kumarasamy, et al., 2015)

A recent study focused on Nigerian doctors sug-
gested that long working hours have adverse effect on 
work life balance and institutional culture plays an im-
portant role as it can put more importance on people 
working in shifts and for a particular number of hours 
a day. (Adisa, et al., 2017). Work life balance varies 
from person to person as it depends on socio-econom-
ic resources, gender and cultural upbringing.  (Emslie 
& Hunt, 2009)

A supportive work environment plays an important 
role in maintaining the resiliency of clinicians during 
COVID-19. Asserting the importance of wellness of 
clinicians would help them give the best services pos-
sible during pandemic. (Dewey et al., 2020)

All the medical staff would be more stressed during 
covid-19 so it would be helpful if the organisation can 
have transparent communications with them so that 
their anxiety is under control and provisions like get-
ting their family check on priority should be given 
since they have a high chance of transmitting covid-19 
virus. (Adams et al., 2020). Reward and recognition 
strategies for employees would help them to be more 
motivated and thus reduce attrition. (Sood & Jain, 
2020).

Methodology 
Primary data was collected from the respondents 

consisting of 60 doctors, 8 nurses, 2 medical assis-
tants and 10 medical students who were working 
in hospitals. Data was collected through a well-de-
signed questionnaire which was distributed through 
online mode as the research was conducted during 
lockdown due to Covid-19 to observe and comply 
social distancing.  

A set of 24 questions were designed with 6 ques-
tions for basic details like name, age, gender, marital 
status and profession. 18 questions were constructed 
with 5-point Likert scale from Agree (5) to Disagree 
(1). These questions were based on stress, satisfaction, 
working hours, family time and organisational factors. 
The data was analysed using SPSS software.

Results and discussion
For this research self-made questionnaire was sent 

to medical professional through online and snow ball 



Issue 19. August 2021 | Cardiometry | 55

sampling was done. Questionnaire items were selected 
from literature review. Respondents had 5 options, 1: 
Strongly Disagree, 2: Disagree, 3: Neutral, 4: Agree, 5: 
Strongly Agree. A total of 80 responses were received 
out of which 63% were female and 37% male. All of 
them were from different age categories and 60% of 
them were not married. 

A work life balance scale was constructed using 2 
items from the questionnaire. Higher score indicated 
higher level of work life balance. The items are:

I am satisfied with my daily work schedule.
I am able to balance work-life and personal life
Reliability analysis was conducted 

Table 1 
Cronbach’s Alpha

Cronbach’s Alpha N of Items
.845 2

The alpha coefficient for the two items is .845, sug-
gests that the items have relatively high internal con-
sistency.

Further the items from questionnaire was divided 
into two components: 

A. Organisational factors 
B. Emtional and physical wellbeing

A. Organisational factors 
Table 2 
Descriptive statistics for organisational factors for 
Organisational factors

Mean Std. 
Deviation

N

WLB 2.917 1.1492 80
Workplace_facilities_
relaxation

3.438 1.3857 80

Flexible_working_hours 4.438 .9119 80
Holidays_paid_timeoff 4.663 .7282 80
Return_job_after_
maternity_paternity

4.825 .5223 80

Organisation_open_
communication

3.500 1.4142 80

Working_culture 2.788 1.5153 80
Adequate_breaks 3.413 1.2396 80

Table 3 
Correlation- Organisational factors

Correlations
 WLB 1 2 3 4 5 6 7

Pearson 
Correlation WLB 1 0.37 0.059 -0.15 -0.01 0.039 -0.33 0.294

1 0.37 1 0.127 -0.08 -0.05 0.236 -0.37 0.365
2 0.059 0.127 1 0.378 0.136 0.103 -0.05 0.085
3 -0.15 -0.08 0.378 1 0.442 0.08 0.198 0.1
4 -0.01 -0.05 0.136 0.442 1 0.034 0.096 -0.08
5 0.039 0.236 0.103 0.08 0.034 1 -0.09 0.025
6 -0.33 -0.37 -0.05 0.198 0.096 -0.09 1 -0.37
7 0.294 0.365 0.085 0.1 -0.08 0.025 -0.37 1

Sig. 
(1-tailed)

WLB . 0 0.3 0.092 0.463 0.366 0.001 0.004
1 0 . 0.131 0.247 0.329 0.018 0 0
2 0.3 0.131 . 0 0.114 0.181 0.327 0.228
3 0.092 0.247 0 . 0 0.241 0.039 0.189
4 0.463 0.329 0.114 0 . 0.381 0.198 0.233
5 0.366 0.018 0.181 0.241 0.381 . 0.21 0.412
6 0.001 0 0.327 0.039 0.198 0.21  0
7 0.004 0 0.228 0.189 0.233 0.412 0  

N

WLB 80 80 80 80 80 80 80 80
1 80 80 80 80 80 80 80 80
2 80 80 80 80 80 80 80 80
3 80 80 80 80 80 80 80 80
4 80 80 80 80 80 80 80 80
5 80 80 80 80 80 80 80 80
6 80 80 80 80 80 80 80 80
7 80 80 80 80 80 80 80 80

1 – Workplace_facilities_relaxation; 2 – Flexible_working_hours; 3 – Holidays_paid_timeoff; 4 – Return_job_after_maternity_paternity; 
5 – Organisation_open_communication; 6 – Working_culture; 7 – Adequate_breaks
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There is enough evidence to suggest that My work-
place has sufficient facilities for relaxation and I am giv-
en adequate number of breaks during work has a posi-
tive correlation with Work life balance which suggests 
that if these two factors are increased which means 
better facilities and more number of breaks during 
work will have a positive impact on work life balance.
Table 4 
ANNOVA - Organisational factors

Model Sum of 
Squares

df Mean 
Square

F Sig.

1
Regression 22.883 7 3.269 2.890 .010b
Residual 81.450 72 1.131
Total 104.333 79

B. Emotional and physical wellbeing
Table 5
Descriptive -Emotional and Physical wellbeing

Mean Std. 
Deviation

N

WLB 2.917 1.1492 80
Stressed_at_work 3.538 1.1357 80
No_time_care_my_health 3.650 1.2739 80
Sense_of_personal_
achievement

4.200 1.0361 80

Appreciation_from_
society_others

3.975 1.2115 80

I_feel_to_take_break 2.900 1.5476 80
I_don’t_take_initiative_at_
work

2.638 1.5282 80

Personal_health_wellbeing 4.575 .8385 80
I_take_vacation_year 3.325 1.5733 80

Table 6 
Correlation - emotional and physical wellbeing

Correlations
 WLB 1 2 3 4 5 6 7 8

Pearson 
Correlation

WLB 1 -0.5 -0.6 0.21 -0.1 0 -0.2 0.2 0.1
1 -0.46 1 0.62 -0.3 0.1 1 0.4 -0.1 -0.3
2 -0.56 0.6 1 -0.1 0.1 0 0.3 -0.3 -0.2
3 0.21 -0.3 -0.1 1 0.2 0 -0.3 0 0.2
4 -0.05 0.1 0.08 0.18 1 0 -0.1 0.23 0.1
5 -0.33 0.5 0.42 -0.3 0.1 1 0.5 -0 -0.2
6 -0.17 0.4 0.34 -0.3 -0.1 1 1 -0.2 -0.3
7 0.2 -0.1 -0.3 0 0.2 0 -0.2 1 0
8 0.08 -0.3 -0.2 0.21 0.1 0 -0.3 -0 1

Sig. (1-tailed)

WLB . 0 0 0.03 0.3 0 0.1 0.04 0.2
1 0 . 0 0 0.3 0 0 0.18 0
2 0 0 . 0.27 0.2 0 0 0.01 0
3 0.03 0 0.27 . 0.1 0 0 0.49 0
4 0.33 0.3 0.23 0.06 . 0 0.2 0.02 0.1
5 0 0 0 0 0.2 . 0 0.39 0
6 0.06 0 0 0.01 0.2 0 . 0.07 0
7 0.04 0.2 0.01 0.49 0 0 0.1 . 0.4
8 0.24 0 0.02 0.03 0.1 0 0 0.37 .

N

WLB 80 80 80 80 80 80 80 80 80
1 80 80 80 80 80 80 80 80 80
2 80 80 80 80 80 80 80 80 80
3 80 80 80 80 80 80 80 80 80
4 80 80 80 80 80 80 80 80 80
5 80 80 80 80 80 80 80 80 80
6 80 80 80 80 80 80 80 80 80
7 80 80 80 80 80 80 80 80 80
8 80 80 80 80 80 80 80 80 80

1 – Stressed_at_work; 2 – No_time_care_my_health; 3 – Sense_of_personal_achievement; 4 – Appreciation_from_society_others;  
5 – I_feel_to_take_break; 6 – I don’t_take_initiative_at_work; 7 – Personal_health_wellbeing; 8 – I_take_vacation_year.
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There is enough evidence to suggest that these fac-
tors 

I feel stressed at work
I do not get time to take care of my health
Due to absence of work- life - balance I feel to take a 

break or change my profession
I do not feel like taking initiative at work
have negative correlation with Work Life Balance 

which means that more of these factors persists more 
it will have negative impact on Work Life Balance.

On the contrary there is enough evidence to sug-
gest these factors

My job provides a sense of personal achievement
Personal health and well-being provides support for 

career development
I take at least one consecutive full week of vacation 

each year
Have positive correlation with Work Life Balance 

which means that more these factors increase better 
will be Work Life balance.
Table 7
ANOVA for emotional and physical wellbeing

Model Sum of 
Squares

df Mean 
Square

F Sig.

1
Regression 39.388 8 4.923 5.382 .000b
Residual 64.945 71 .915
Total 104.333 79

This research has highlighted that organisation 
factors and physical wellbeing plays a significant role 
in work life balance (Dewey et al., 2020). This research 
used correlation to understand the relationship exist 
between factors taken from literature review and sam-
ple responses. This study has consistent results with 
literature review (Kumarasamy, et al., 2015). This 
study also holds greater significance as in today’s pan-
demic situation, not only hospitals and related staff, 
but also general public should value the medical pro-
fessionals who are going extra miles in managing the 
lives of common men.  

Conclusion
Even though there has been a lot of research done 

on Work Life Balance but most of it has not being ap-
plied to organisations. No doubts some organisations 
are looking into it and are coming up with various 
organisational initiatives to improve it. But during a 
pandemic organisation are not giving importance to 
work life balance for medical professionals. The anal-

ysis clearly suggests that organisations have to look 
into individual factors which are causing stress among 
employees. There should be constant counselling of all 
the employees. It is pertinent to create a healthy work-
ing environment especially during pandemic. The 
frontline workers are at high risk of catching covid-19 
so they may get demotivated to work so keeping em-
ployee moral up is important during pandemic. Or-
ganisation should regularly send employees mails 
regarding importance of Work life balance. There are 
limitations to this study like due to lockdown ques-
tionnaire was sent through social media and due to 
the current pandemic situation, there were limited 
number of responses that were received. Not many re-
searchers have focused on work life balance of medical 
professionals during a pandemic so researchers should 
work on it after the pandemic is over as there would be 
more clarity on the issues and solution.
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Abstract
The present era that we are living in is experiencing a glob-
al crisis due to a pandemic outbreak of COVID-19, which 
has affected millions around the world. The pandemic crisis 
has not only affected the physical forms of life but has also 
brought about a drastic change in the previously followed 
economic and social patterns. At present, there are some 
norms that we are obliged to follow such as self-isolation, 
social distancing and restriction of several activities which 
has created a lot of confusion resulting in a huge hit on the 
socioeconomic scenarios. The COVID-19 pandemic has not 
only brought about fears in the life of the individuals but 
has also created a panic due to which there has been an in-
creasing demand for medicine and consumable products as 
individuals have resorted to stockpiling medical supplies and 
consumer products, resulting in a huge socio-economic dis-
parity ‘with some getting all while the others get none.’. The 
global scenarios and the symptoms of the COVID-19 have 
paved a way for a comparison of the COVID-19 pandemic 
with the Spanish flu pandemic of 1918. Several undertakings 
are trying to implement strategies and successive methods 
that were learned in the past to restore normalcy in the so-
cioeconomic conditions by providing individuals with various 
forms of information to create awareness about COVID-19 
and to encourage the implementation of precautionary 
methods for the same. This paper will help the readers to 
understand the similarities between the effects of COVID-19 
and the Spanish flu on India and will suggest the precau-
tionary measures that must be taken to tackle the global 
pandemically induced mishap.
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1. Introduction
Throughout history, we have heard and witnessed 

several situations that challenge and shape the socio-
economic conditions in our surrounding environ-
ment. Some of the challenges were through natural 
calamities, whereas others were man-made. Ever since 
the beginning, humans have experienced several dif-
ficulties and challenges that have affected and caused 
health issues due to the various naturally induced 
changes. As humans started exploring the possibility 
of other forms of life during the Civilization era, there 
were a lot of challenges that were caused by natural 
resources such as water, fire, and air, ultimately com-
prising the components that we live in (Pevey, Rowe, 
Tchobanoglous, 2017). In spite of all the advancements 
in science and technology,  contagious diseases have 
proven to be lethal on a global scale. Several records 
of the global effect of an epidemic outbreak such as 
that of SARS-CoV, Spanish Flu, and MERS-CoV in the 
recently passed decades have given us more insights 
on the current pandemic outbreak caused by SARS-
CoV-2, which is considered to be from the family of 
Corona virus which was believed to have been dis-
covered in the Wuhan district of China in December, 
2019. The COVID-19 pandemic, which is also known 
as a Black Swan event (Abdillah, 2020), has official-
ly been declared to be a global pandemic declared by 
the World Health Organization (Sohrabi et al. 2020). 
It is often been linked to the Spanish Flu outbreak that 
happened during the World War II (Bulligan, 2018), as 
it had similar effects of economic and health depriva-
tion that we are currently facing. There are several re-
strictive measures and precautionary activities under-
taken by the government for the safety of the people 
like restrictions on travel and activity, self-quarantine 
and lockdown of several areas and sealing of the bor-
ders to restrict the movement of the public (Vernallis, 
2020), that could increase the chances of transmitting 
and spreading of the virus among people, that could 
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show effect on a large scale. There are several media 
productions and channels of information that have 
laid an emphasis on social distancing parameters to be 
practised by all individuals (Mahase, 2020).

All the pandemics which have occurred till date 
are different from each other based on the areas and 
sectors that they have affected, but they have a com-
mon result, i.e. being contagious for a long period of 
time. Several studies have shown that countries which 
failed to detect and take precautionary measures in the 
early stages of the viral outbreakwerelargely affected. 
COVID-19, which started in China,had affected vari-
ous countries such as Singapore, Canada, and the USA 
within monthswith reports of over 8000 people affect-
ed and 1000 people dead (Siu, Wong, 2004). 

Before COVID-19, the most recent pandemic 
(MERS-CoV) was recorded in the Middle East in the 
year 2012, which had a similar fatal effect. Although the 
first case of the appearance of the virus was reported 
from an Asian country, it had soon spread over to coun-
tries in the European and American division indicating 
the significant and alarming rate of the SARS-CoV-2 vi-
rus. By April 2020, we had seen an exponential increase 
in thenumber of affected cases and the death toll high-
lighting COVID-19 as an outbreak on a global scale. 

In the year 2008, we had witnessed a similar spread 
of a virus known as the Avian Influenza (H5N1) which 
resulted in the transmission of the virus from poultry 
to humans resulting in the death of over 400 individu-
als (Otte et al. 2008). Several government agencies are 
undertaking the study of virology and microbiology to 
help gain an advantage over similar or worse negative 
implications that might occur in the future (Heymann, 
Rodier, 2001). Humans have evolved experiencing 
various epidemics and pandemics that have been 
challenging for our survival. Epidemics that affect on 
a regional scale and pandemics which have a global 
effect of spreading diseases have enabled humans to 
develop several vaccines and preventive measures. 
The government has also laid stress on the education 
system to implement studies on various subjects re-
lated to viral diseases and to make it compulsory to 
train and mentor future generations to undertake and 
produce counter measures that could help the society 
in the long run to stay healthy and safe. 

There are several scientific studies and clinical tests, 
where scientists and several specialists are trying hard 
to find a cure and todevelop a vaccine that could control 
the pandemic. Nevertheless, nobody is sure of when it 

will be completely under control as it is unpredictable. 
This global pandemic has created a lot of negative di-
mensions that have affected the physical, mental, and 
social wellbeing of societies all over the world. It has be-
come an utmost priority for countries to look into their 
economic conditions and take necessary actions to pre-
vent an increase in economic and social disparities. By 
looking at the records of previous situations of a global 
pandemic scenario, various governing agencies should 
take initiatives on providing possible insights that could 
help tackle the present COVID-19 outbreak in order to 
avoid further calamities.

2. Methodology  
The research conducted for this paper was purely 

based on materials from the secondary source of data 
analysis. The research study has also implemented the 
three-phase method of collecting data that includes 
identifying a research question, framing keywords to 
match the research question and conducting an ad-
vanced search to extract information (Ridley, 2012).

2.1. Research questions 
1. What are the impacts of various pandemics that 

have previously happened in India?  
2. What are the comparisons between the Spanish 

flu and the COVID-19 pandemic? 

2.2. Research criteria - inclusion and exclusion
While collecting information from various articles 

through search using keywords, there were about 208 
publications.  I reduced the search criteria by includ-
ing and excluding certain terms that could help narrow 
data accumulated through secondary research sources.
S. No. Criteria for inclusion Criteria for exclusion

1 Gathered data that 
addressed the research 
questions.

Data gathered from non-
English literature was 
excluded. 

2 Content related to 
COVID-19 pandemic, 
Spanish flu and other 
pandemics/epidemics 
was included. 

Content not related to 
pandemic was excluded.

3 Research articles and 
conference papers were 
used for references.

Reviews fromconfer-
ences, editorial notes, 
and textbooks.

4 Research publishing year: 
2016 to 2020

Source: Trade journals 
and books

5 Area of focus: Content 
related to subject areas 
on pandemic. 

Area of focus: Content 
related to other subject 
areas such as Chemistry 
andPhysics was excluded.
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Various research papers were removed while ex-
tracting data because the abstract did not provide 
specific information on the research question, even 
though the title of the research paper and keywords 
seemed relevant. The following steps were utilized to 
narrow down the literature and the result is as shown 
below in Fig 1.

Figure 1. Various steps in extracting information from literature 
search and results

I searched for various publications in PubMed us-
ing the keywords “India”, “Covid-19” and “Spanish 
flu” and identified 208 publications, some of which 
were included in this review. I also searched using the 
keywords “comparative study”, “Covid-19 and Spanish 
flu” and “India” but found very few research papers. 
Using the same keywords, I also searched the following 
databases: EBSCO, Web of Science, Jstor, and Scopus. 
No additional publications were identified. I included 
publications in which cases were detected during the 
Spanish flu from 1918 to 1920 and COVID-19 in 2020; 
the specific regions in India where the cases occurred 
were indicated. To identify the State or Union Terri-
tory where the COVID-19 cases occurred, I includ-
ed reports of routine surveillance activities as well as 
outbreaks. A routine surveillance system was defined 
as any mechanism existing in a hospital or institute to 
use microbiological techniques to identify the patho-
gens responsible for cases of mild to high fever, com-
mon coughand cold. 

Thus, all COVID-19 cases identified during rou-
tine surveillance were confirmed by bacterial culture. 
However, during outbreaks, not all cases of Covid-19 
were confirmed in the laboratory, and the authors 
used the WHO case definition: ‘A patient with acute 
respiratory illness (fever and at least one sign/symp-
tom of respiratory disease, e.g., cough, shortness of 
breath), and a history of travel to residence in a loca-
tion reporting community transmission of COVID-19 
disease during the 14 days prior to symptom onset.’  

An outbreak was defined as the occurrence of more 
COVID-19 cases than expected during a specific pe-
riod. Since outbreaks may occur during routine sur-
veillance, to avoid duplication of cases, I tabulated and 
counted outbreak cases with special attention to the 
point in time and geographical location of the cases. 
When I came upon multiple reports of the same out-
break, I drew on data from the source with more de-
tailed information. 

I excluded papers in languages other than English 
and that which dealt with laboratory or environmental 
issues and I focusedon the impact of COVID-19 and 
Spanish flu on human life. I also excluded studies en-
compassing several years.

3. Literature Review
What is a pandemic?
A pandemic is generally considered as a disease 

that spreads over a large geographical area affecting 
almost the entire population of that area.It spreads 
through a strain of a virus which maybe novel or pre-
viously unknown to mankind and having no cure or 
vaccine for it. Over the past few decades, mankind has 
witnessed several pandemics which have caused loss 
of lives, economic downfall, society disruption, and 
other mishaps around the globe.

3.1. What are the impacts of various  
pandemics that have previously  
happened in India?

The above Fig 2 represents the various pandemics 
that have occurred in India. We will discuss briefly 
about each pandemic highlighting its effectson India.

Figure 2. A graphical representation depicting the various pan-
demics that have occurred in India
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The Spanish Flu
The Spanish flu which prevailed during the year 

1918 to 1920, spread during the World War I which 
was initially caused by a strain of Avian influenza. Fo-
cusing on the Indian soil, the Spanish flu was carried 
by various Indian soldiers who took part in the war. 
The Spanish flu is also referred to as the Bombay Flu 
or Bombay Fever (Mayor, 2000; Flores, 2018). The 
Spanish flu recorded over 18 million fatalities among 
the Indians.It had a greater negative impact on the 
women who were already deprived of resources, and 
also had to take over the responsibility of the soldiers 
who returned from the war. As per reports, the Span-
ish flu was recorded to have infected almost one-third 
of the entire world’s population out of which 100 mil-
lion people died.

The Surat Plague
In the year 1944, several individuals from the city 

of Surat were forced to leave and flee their home due 
to a plague which was caused majorly by the poorly 
maintained hygienic conditions, such as open sew-
age systems and poor maintenance of ethical hygien-
ic conditions like disposal of garbage and human 
waste. The Surat Plague is considered to be one of 
the biggest mass events that made people migrate 
from Surat to various parts in India. It was recorded 
that over three lakh people left the city of Surat in a 
day with the fear of getting diseased(Byrne, Joseph, 
2008; Freedman, 2005). Several neighbouring com-
munities came forward in clearing and disposing the 
garbage in a proper channel and thus minimizing the 
plague outbreak.

The Sixth Cholera 
The impact of the Sixth Cholera, that happened 

from 1910 to 1911, initially started in India and then-
spread across to the Middle East, Eastern Europe, 
North Africa and Russia. This pandemic event had 
created a negative impact on the affected countries 
and nearly killed about eight lakh people. As per the 
recording of the event, the outbreak of sixth cholera 
that took place in the Haridwar Kumbh Mela, turned 
into an epidemic that spread to a few of the neigh-
bouring countries (Dasgupta, 2015; Rogers, 1926).

The Smallpox Epidemic
The Smallpox Epidemic, which prevailed in the 

year 1974, was considered to be a global occurrence, 
out of which the majority of the cases were from In-
dia. Within a short span of about five months, India 
had already witnessed a death toll of over 15000 peo-

ple. The World Health Organization, along with the 
help of the Soviet Association, joined forces in help-
ing and rendering services to India, to help eradicate 
and relieve India from the Smallpox Epidemic in the 
year 1977. The operation was named ‘Target Zero’ that 
mainly focused on identifying and eradicating the 
smallpox cases in India, in which the last smallpox pa-
tient in India was recorded on May 24, 1975 (Smith, 
Bhattacharya, 2007). 

SARS
The SARS, which prevailed in the year 2002 to 

2004 in India, was considered to be one of the most 
widespread diseases that started with one individu-
al and further continued to affect a large number of 
individuals. This particular disease was affecting the 
respiratory system of individuals. The disease spread 
through various individuals mainly through the food 
industries that involved vendors and chefs (Martin, 
Nik, 2020; Rosenthal, Elisabeth, 2003).

Chikungunya outbreak
In the year 2006, India witnessed the Dengue and 

Chikungunya caused by different forms of the same 
virus; Chikungunya is caused by the Togaviridae al-
phaviruswhile dengue is caused by the Flavirideae 
flavivirus which was transmitted amongindividuals 
across India through Aedes mosquitoes. Since it was 
a mosquito-transmitted disease, many people,mostly 
from the city of Delhi were affected. Several workers 
and people residing in Delhi took preventive mea-
sures by spraying various pesticides that were proven 
to minimize the spread of the virus outbreak (Tanta-
wichien, 2012).

The Swine Flu outbreak
The H1N1 Swine Flu has evolved from a long line 

of viral strains that caused the 1918 pandemic (Bof-
fey, Philip, 1976; Taubenberger, Morens, 2006). The 
Swine Flu outbreak in India took place in the year 
2014 to 2015 which affected several cities and states 
such as Maharashtra, Delhi, Gujarat, Rajasthan, and 
Telangana. There was a total of over 33,000 cases of 
people affected by the Swine flu outbreak and around 
2000 people lost their lives in India alone. As of March 
2015, several thousand of people were affected and 
over 1500 lives had been taken by the Swine Flu (Aus-
tin, Bernstein, 2015; Pulla, 2015). 

Nipah Virus
The infectious outbreak of the Nipah virus, which 

happened in India in May 2018, was caused by bats, 
and transmitted to people residing in the State of Ker-
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ala. Since, the majority of people transmitting the vi-
rus were involved with hospital work, the infectious 
disease started spreading at a rapid rate. But due to 
several preventive measures taken by the concerned 
authorities, the Nipah outbreak came to control by 
June 2018 (Chadha, Comer, Lowe, 2006). 

3.2. What are the comparisons  
between the Spanish flu  
and the COVID-19 pandemic?

Given below is a comparison between the two 
most deadly pandemics the world has ever wit-
nessed. This comparison highlights the similarities 
between the Spanish flu and the COVID-19 pan-
demic scenario.

S.No. SPANISH FLU COVID-19
1 The Spanish flu was 

considered to be caused 
by a novel virus, simply 
indicating a new disease 
and a lack of immunity to 
the same.

The COVID-19 pandemic 
is also considered to 
novel as nobody knew of 
its existence until present.

2 No vaccines were 
produced to fight the 
Spanish flu during that 
particular era.

There are currently no 
vaccines for COVID-19.

3 Control measures 
such as self-isolation, 
quarantine, and 
social distancing 
parameters were 
applicable, although not 
strict followed.

Various preventive 
measures such as self-
isolation, quarantine 
and social distancing 
parameters are strictly 
applicable in the present 
time.

4 Several healthcare 
facilities and hospitals 
were overloaded with 
infected patients, mostly 
soldiers from war 
and common people.

Several hospitals and 
healthcare facilities are 
also facing the problem 
of over flooding of 
patients to be treated 
with the COVID-19 
infection.

5 An individual developed 
symptom of the flu 
anywhere between 1 to 4 
days after being infected.

The symptoms of 
COVID-19 could be 
developed 5 days after 
being infected.

6 The patients of the 
Spanish flu could either 
be asymptomatic or 
show severe symptoms.

The patients 
testing positive for 
COVID-19 could 
either be showing no 
symptoms or various 
degrees of symptoms.

7 The Spanish flu spread 
easily across various 
people and individuals 
who came in close 
contact with the affected 
person.

COVID-19 virus can 
spread easily from 
person to person, and 
to people who come 
in close contact with 
an infected person or 
contaminated object.

4. Discussion

4.1. The effect of the Spanish Flu  
outbreak in India

The pandemic outbreak in the year 1918, which is 
popularly known as the Spanish flu, was a respirato-
ry disease which began during the end of the World 
War I. It infected over 500 million people which was 
considered to be one-third of the entire world’s pop-
ulation during that particular era.  The Spanish flu is 
considered to be one of the most disastrous pandemic 
outbreaks that has ever been recorded in the history 
of mankind. About 11 to 13.88 million individuals 
were killed within India alone due to the Spanish flu 
outbreak (Chandra, Kuljanin, Wray, 2012; Hill, 2011). 
Some of the previous records show that the virus was 
mostly transmitted among the army men that were in-
volved in fighting during the World War I. 

Due to the enormous movement among the var-
ious army personnel who travelled via all possible 
transportation platforms such as railways, roadways, 
and by sea carried the virus to other countries, they 
were considered to be the initial carriers of the Spanish 
flu. The pandemic affected the entire globe in different 
waves. The first wave, which started in the year 1918, 
continued till July, and the second wave started in Au-
gust and continued till 1919, which was considered to 
be one of the most violent and infectious pandemic 
outbreaks the world has ever witnessed, raising a glob-
al death toll of over 10 million people. The Spanish flu 
caused several complications to the respiratory system 
and affected the lungs.Several people died because 
most of the countries that were affected were poor and 
lacked proper medical facilities.

During the British era, various parts of India were 
affected by poor hygiene conditions and lack of food 
supply in working places. Due to these conditions, 
several parts of India were affected by the spread of 
diseases. As the economic conditions were very poor 
due to the colonial rule in India, access to basic sup-
plies and commodities such as food was nearly impos-
sible. The areas inhabited by the lower caste commu-
nities suffered from higher mortality rates and as per 
records, the poorer states of India showed a higher 
death toll (Mills, 1986). 

The Spanish flu is similar to the present COVID-19 
pandemic, as most of the symptoms are identical. Un-
like COVID-19, which is considered to affect mostly 
the elderly people suffering from respiratory issues, 
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the Spanish flu in India affected people from the age 
of 20 to 40 years, basically comprising individuals that 
directly dealt with working in various occupational 
sectors. The Spanish flu spread across rapidly as most 
of the people that worked together carried the virus 
and transmitted among themselves. 

Pandemic response during the Spanish Flu
The British government took measures to handle 

the severe spread of the virus by introducing a change 
in the system that would enable individuals to access 
and prevent further spread of the virus. Several medi-
cal personnel that were available, in turn, made use of 
the pandemic opportunity to make more money and 
charge a higher fee making it difficult for a large sec-
tion of people to get cured from the disease. In major 
cities, several hospitals were outrun with patients as 
many people gathered for medical aid and facilities. 
It was recorded that many people were found to be 
on the roadside and medical help was provided by 
taking shifts to treat the patients. As there were very 
few workers helping with the Health department, the 
Bombay Municipal Corporation asked several volun-
teers to render help and services. The Municipal Cor-
poration also took measures to open shops that pro-
vided food supply at cheaper rates than usual and, at 
times, gave free food to the patients.

As the Spanish Flu pandemic came to an end, the 
government officials and organizations showed respect 
for the voluntary services carried out by various organi-
zations within and across the city limits. The method-
ologies practised to render services to the various indi-
viduals during the Spanish flu can be seen in the present 
COVID-19 pandemic scenario by several volunteers and 
organizations working in different parts of India.

4.2. The effect of the COVID-19  
outbreak in India

On 30th January 2020, the first positive COVID-19 
case in India was reported in the state of Kerala, follow-
ing whichthere was an increase in the number of cases 
reported across India. As per the media information re-
leased on 8th May, 2020 by the Indian Council of Medi-
cal Research (ICMR), over 14 lakh samples of suspect-
ed individuals were sent to the testing laboratory of the 
National Institute of Virology located in Pune (Dcruz, 
2020). After the results were analysed, it was found that 
over 56342 cases were affected by the COVID-19 virus 
(Singh, 2020). As of 8th May 2020, the states of Delhi, 
Gujarat, and Maharashtra were indicated as Red zones 

for COVID-19 with over 7000 confirmed cases. Over 
16540 patients have successfully recovered from the 
COVID-19 virus, and a total of 1886 individuals have 
died due to the effect of the virus (Yadav, 2020). 

At present, out of the 8 Union Territories and the 
28  States present in India, 6 Union Territories and 
26  States have reported several cases of COVID-19. 
As of 4th May 2020, the Ministry of Health has iden-
tified 130 districts as Red zones (many cases), 2 dis-
tricts as Orange zones (few cases), and 319 districts 
as Green zones (no cases). The term ‘Janata curfew’ 
was imposed on 22nd March 2020, which focused on 
maintaining social distance and self-isolation for 14 
days of complete lockdown. On 25th March 2020, the 
lockdown was extended for 21 days until 3rd May 2020. 
After that, the lockdown was further extended till 17th 
May 2020 (Bureau, 2020).

The Government of India has taken drastic mea-
sures and necessary steps that include testing people 
entering the country and have installed health check 
posts between the borders as a preventive measure 
against the COVID-19 virus (Qayam, 2020). 

As the number of positive cases is rapidly increas-
ing in India, it has become a challenge to treat patients 
affected by the virus, as the country has only about 
49000 ventilators that could accommodate patients 
from all over India, and it is one of the second most 
populated country in the world. The retail industries 
are also facing a major challenge in managing this and 
consumer savings are being spent on necessities during 
the lockdown period, hence altering the demand for 
consumer products (Carlsson, Reeves, Swartz, 2020). 
In the current scenario, it is impossible to estimate the 
impact of COVID-19, as it can only be assessed accu-
rately when the spread of the virus is under control.

5. Limitations of the study
• This research paper relied on the information col-

lected through secondary data resources.
• The broad concept of the pandemic, in general, 

was narrowed down to its impact in India.
• More emphasis was given to the Spanish Flu and 

the Covid-19 pandemic. 

6. Recommendations
Several recommended preventive measures could 

be analysed based on the studies from various records 
and statistical data which focused on the spread of the 
virus. Some of the preventive measures which could 
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be extracted based on the previous data are listed be-
low as follows:

6.1. Avoid public gatherings
Various statistical records and previous data have 

pointed out the negative impact of mass gatherings, 
especially during these times when the infectious viral 
disease can spread easily from person to person. Due 
to the greater population in a confined area, there is a 
higher risk of spreading the contagious virus across a 
huge area of population within a short span of time. 
Studies have shown that close to 70% of the population 
can get infected by the virus (Anderson et al. 2020) 
unless strict measures of restriction and containment 
zones are maintained. 

6.2. Hygiene practices 
With the knowledge of previous and historical med-

ical records, and with the current understanding of the 
present COVID-19 scenario, the World Health Orga-
nization has suggested every individual to take into 
account the practice of maintaining hygienic-sanitary 
habits like washing hands with alcohol-based liquids, 
using a face mask during a conversation, maintaining 
social distance and avoiding the habit of touching sen-
sory organs such as nose, mouth, and eyes that could 
trigger the spread of virus easily (Lehman, 2020).

6.3. Maintain social distancing and avoid 
direct contact

As it is clearly understood that viruses easily trans-
fer from person to person, it becomes a top priority 
for every individual to act naturally and take pre-
cautionary measures like maintaining social distanc-
ing while having direct contact with another person. 
The COVID-19 virus is proven to survive on various 
surfaces for a long period, for instance, on plastic 
surfaces, it can survive for up to seventy-two hours; 
on stainless steel surfaces, the virus can last for up to 
forty-eight hours; on cardboard material surfaces, it 
is said to survive for about twenty-four hours; lastly, 
on copper surfaces, the virus could last for up to four 
hours (Kampf et al. 2020; Van et al. 2020). Hence with 
proper cleaning and disinfectant, the further spread of 
the virus could be contained. 

6.4. Use of PPE
Healthcare organizations and facilities are provid-

ing and encouraging individuals to use personal pro-

tective equipment (PPE) which is specially designed 
for preventing the spread of the COVID-19 virus. 
Proper disposal of used equipments and masks should 
be practised among societies. It is important to main-
tain a personal mask that should be worn by a specific 
individual only and should not be shared under any 
circumstances.

6.5. Community precautions
One of the most important elements for the pre-

vention of the spread of COVID-19 is through isola-
tion and avoiding direct contact at public gatherings. 
Other precautionary measures can be implemented 
by communities that experience mass gatherings in 
places such as educational institutions, corporate or-
ganizations, and travel agencies. They should consider 
installing temperature screening devices that enable 
detection of individuals who show symptoms of the 
COVID-19 virus. With the temperature screening 
technique, a significant reduction in the number of 
cases can be achieved, which is estimated to be 46% 
(Quilty, Clifford, Flasche, Eggo, 2020). 

7. Conclusion
With the increase in the number of COVID-19 

cases, death tolls, and recoveries, COVID-19 has be-
come a major topic of concern all over the world. 
Based on previous pandemic experiences and the 
present COVID-19 outbreak, several parameters and 
guidelines have to be maintained and practised such 
as - focusing on improving and maintaining personal 
hygiene, self-isolation, social distancing, discouraging 
public gatherings, wearing a mask and applying sani-
tizer to protect ourselves from the virus. These follow-
ing measures have proven to be effective in reducing 
the number of COVID-19 cases that are spreading on 
a large scale scenario. We, as a nation, should accept 
that these calamities pose challenges and, based on the 
past and present pandemic experiences several lessons 
can been learned over time that will enable us to grow 
stronger and sustain for the future years to come. The 
government should impose immediate measures that 
could strengthen areas related to governance, busi-
ness, social welfare, and healthcare by supporting 
and providing necessities that could enable efficient 
functioning despite the pandemic issues. There must 
be intensive and extensive planning that focuses on 
bringing about a balance among various societies and 
economic conditions prevailing in our country. 
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Emphasis should be given on employment oppor-
tunities, as the labour market is currently facing trou-
ble in sustaining and providing job opportunities to 
various individuals, which if not taken into account, 
could seriously affect the economic and social devel-
opment on a large scale. The present COVID-19 pan-
demic has a global impact and is most likely to con-
tinue for some time. The negative outcomes which 
we have been experiencing should be a wakeup call 
for every individual to take a stand to prevent further 
increase in the fatality rate in the coming future. In 
conclusion, looking at a general perspective, the gov-
ernment and various financial agencies should focus 
more on achieving goals for a short-term period that 
will help to improve employee market conditions and 
support the backward communities. Societies and in-
dividuals should be assisted during this time to ensure 
that they do not panic and positivity should be main-
tained among societies to work together and support 
each other during the time of need. This will help in 
the overall prevention of the present COVID-19 pan-
demic and help take precautions that could save man-
kind from future pandemic experiences. 
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Abstract
BODY: Coronavirus (COVID-19) pandemic is a health crisis, 
which has almost impacted every industry, causing steep in-
roads into the global economy, and the pharmaceutical industry 
is no exception. Retail pharmacists are the most approachable 
and immediate healthcare aid to the general public. Pharma-
cists can implement guidance and best practices in response 
to the rapidly changing COVID-19 pandemic to ensure patient 
and staff safety and the approaches pharmacy teams across 
the country. Social distancing and lockdown measures taken by 
the Indian government have been greatly affected by the retail 
pharmacy industry, leading to disruption in the supply chain 
of medicines and other precautionary equipment. Medication 
management, necessary safety equipment, and preparedness 
for handling drug shortages are the focus points for the retail 
pharmacy industry in these times of the pandemic. As the re-
tail pharmacy comes under essential services and is operating 
continuously during the lockdown period, there is a need to 
highlight and gauge the preparedness and preventive mea-
sures undertaken by pharmacists in India during this medical 
emergency.
AIM: This research aims to analyze the retail pharmacy admin-
istration in India towards essential medication, to check adher-
ence to key preventative measures and activities performed in 
inpatient counseling for self-management and safe dispensing 
of medicines in COVID-19 & lockdown period and the barriers 
faced/concerns towards these measures. 
METHODOLOGY: This study is based on methods of quantita-
tive analysis from retail pharmacies in India. The survey ques-
tionnaire was drafted on Google forms and sent to various re-
tail pharmacy outlets. The data pertains to various medications’ 
storage and consumption pattern, concerns over day-to-day 

activities in the pharmacy, and preventive measures implement-
ed by pharmacists towards COVID-19 preparedness.
RESULT: 167 pharmacists addressed the questionnaire across 
various regions of the country by different types of pharmacy: 
community pharmacy (66.5%), retail pharmacy section in a pri-
vate (14.4%) and public hospital (11.4%), and clinical pharmacy 
(7.8%). The statements developed for the study are closely re-
lated, and a good Cronbach’s alpha value of 0.881 was achieved. 
One-way ANOVA testing determined that out of 12 statements 
on the preparedness of pharmacy, nine statements showed a 
significant difference concerning the types of pharmacy imple-
menting the preventive measures.
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1. Introduction 
A new worldwide pandemic called the coronavi-

rus (COVID-19) has emerged, which was caused by 
a new CoV strain called SARS-CoV-2. Due to its high 
transmissibility and catastrophic clinical and econom-
ic consequences, the novel 2019 coronavirus outbreak, 
which first occurred in December 2019 in Wuhan, 
China, has rapidly gained global attention converting 
the epidemic into a pandemic (AbdelJalil2020) (Dzin-
girai2020). During these unprecedented times of the 
COVID-19 pandemic, several sectors in India have 
been impacted, such as e-commerce, healthcare, hos-
pitality, automotive, education, entertainment, econo-
my, agriculture & food processing, unorganized sector 
(MSMEs) in terms of socio-economic activities, logis-
tics & supply chain management, production/manu-
facturing, etc. As economies worldwide are suffering 
from the impact of COVID-19, businesses are expe-
riencing losses, workers are without jobs, and many 
face the challenge of a complete upheaval of lifestyle. 
However, pharmaceutical companies are taking center 
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stage in the COVID-19 fight. They see positive growth 
on the stock market and a new burst of innovation in 
the infectious disease landscape, as the race for treat-
ment approval for a COVID-19 therapy takes off [1].

The healthcare sector is at the epicenter of this un-
precedented global pandemic challenge. COVID-19 
has challenged the healthcare sector and the associated 
health systems worldwide in a striking manner, giving 
the importance of a safe environment and a healthy life-
style (Adunlin2020). The lockdown period has caused 
administration hassles to many individuals/workforc-
es, particularly the retail pharma industry. Since the 
outbreak of COVID-19, pharmacists, like other health 
professionals, have been the vanguard in combating the 
disease, playing a significant role in minimizing and 
avoiding its spread in community transmission by act-
ing as a connector between community and healthcare 
(Elbeddini2020). On the contrary, to many other public 
services and businesses, retail pharmacies are under es-
sential services as per Indian government orders. They 
are continuing to stay open during the COVID-19 pan-
demic to ensure adequate storage and supply of appro-
priate stocks of pharmaceutical products and devices to 
deliver essential counseling, informing, and educating 
the public, promoting the safety and prevention stan-
dards to the general public [2].

India has witnessed a huge spike in the number of 
confirmed COVID-19 cases, which has now crossed 
the 10-lakh mark (July 2020). A fully tested safe-to-
use vaccine and necessary medications to counter 
COVID-19 infection are yet to come into the market. 
With this in mind, the government has put on hold the 
operations and functioning of non-essential business-
es, schools, and colleges, restricting movement by all 
transportation means. It has implemented the social 
distancing norms and lockdown regulations (Adun-
lin2020) (Khasawneh2020) (Basheti2020). Medical 
professionals are working continuously to develop 
a vaccine to curb this health crisis. The pharmacists 
play a vital role in providing proper prevention infor-
mation and educating the masses about reducing the 
spread by following sanitization and social distancing 
(Arain2020). During the early days of the COVID-19 
scare and the abrupt lockdown measures taken by the 
Indian government, it was not easy for the retail phar-
macy industry to cope with the supply-chain distor-
tions. There was a communication gap between the 
pharmacists and the distributors as transportation/lo-
gistics of drugs, and necessary safety equipment came 

to a halt. Many pharmacy stores were running low on 
over-the-counter and common medicines, types of 
safety equipment like facemask and hand-sanitizers. 
Medication administration was a real point of concern 
for the retail pharmacy industry during the lockdown 
period [3].

Another problem that the pharmacists face during 
these periods of lockdown and crisis is patients/con-
sumers stockpiling medications (Kretchy2020). The 
abrupt increase in medication demand, be it com-
mon medicines for cough, cold & fever or otherwise 
the safety equipment like sanitizers, thermal scanners, 
N-95 masks, created management hassles for the phar-
macy stores in various regions [4]. One more reason 
for the imbalance in the supply chain and logistics of 
medicines was the varying availability of Active Phar-
maceutical Ingredients (APIs). India is a key manufac-
turer of APIs, but because of the extended lockdown 
and factory closures, production was at a standstill, 
and major pharmaceutical companies saw a drop in 
medicine production [5]. 

This study is planned to know about the level at which 
the Indian retail pharmacy industry incorporates the 
preventive measures and activities and barriers towards 
activities in the pharmacy in light of COVID-19 scenario 
(Aruru2020). Apart from the fact that pharmacists are 
engaged in the provision of medication, COVID-19 pre-
vention products, and medical equipment supplies, they 
are also involved in spreading relevant health informa-
tion related to coronavirus (Hoti2020) [6]. 

2. Literature Review
The COVID-19 pandemic is associated with a 

high mortality rate, which has impacted people’s lives 
across the world. In order to contain the outbreak, 
systematic adherence to healthcare guidelines and 
constant public awareness are important until a fixed 
solution surfaces in terms of a safely tested vaccine 
(Dzingirai2020). Being part of the healthcare system, 
pharmacists hold a critical position in the healthcare 
administration and optimization and actively respond 
to the changes implemented in the pharmacy practice 
in light of this COVID-19 outbreak (Watkins2017) [7]. 
The retail pharmacy sector was quick in responding 
to the coronavirus situation as well as the lockdown 
regulations [8]. The governing body of pharmacy, “In-
ternational Pharmaceutical Federation (FIP)” was re-
active enough to publish the necessary guide manual 
called “Coronavirus 2019-nCoV outbreak: Informa-
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tion and interim guidelines for pharmacists and the 
pharmacy workforce” These guidelines are set con-
cerning the rules and regulations of the associations of 
all the countries (Adunlin2020) [9].

2.1. Medication Management
Stock management of essential medicines and san-

itizing products was one of the essential practices that 
every pharmacy store in the world was engaged in. 
Creating a balance between the supply and demand 
of these mandatory consumables was the need of the 
hour (Hayden2020) (Badreldin2020) [10]. In India, 
pharmacies with limited PPE stock and essential safe-
ty products (facemasks and sanitizers) were sold out 
within days of the first registered coronavirus case 
in the country (Meghana2020) [11]. The huge spike 
in demand could not be met by low capacity small 
retail pharmacies and were initially facing difficul-
ties in managing the surge in consumption of pro-
tective equipment, particularly in difficult-to-reach 
zones (Meghana2020) [12]. In the initial days of the 
lockdown, which started on 25th March 2020, many 
pharmacies, especially the small pharmacy stores 
with limited space, faced panic buying of essential 
medicines as well as a shortage of safety products 
(Aruru2020), which made pharmacy optimization a 
challenge and difficulties in implementing social dis-
tance norms and other necessary precautionary steps 
(Aruru2020) [13].

2.2. Preparedness of pharmacy
Under these lockdown constraints, the pharma-

cists need to optimize efficiently implementing var-
ious healthcare regulations and policies in the wake 
of COVID-19 and response to the countrywide lock-
down (Hayden2020). In addition to maintaining the 
reliability of drug delivery at the neighborhood phar-
macy level, it is critically vital for patients to ensure 
commitment to their existing prescription regimens 
to avoid any chance of their current health status that 
may put increased pressure on the already stressed 
healthcare system (Cadogan2020) [14]. Retail phar-
macy professionals have to be highly responsive. They 
need to structure, plan, and prepare themselves by im-
plementing various preventive measures.

2.3. General awareness
While the primary priority of healthcare pro-

viders for the past few months was on reacting to 

COVID-19, patients will still begin to experience 
other non-COVID-19 associated symptoms and 
disorders that need treatment (Cadogan2020) [15], 
which is where pharmacists will be playing a specific 
role of educating the public towards infection control, 
measures to prevent transmission and establishing 
medication adherence, especially for patients with 
chronic illnesses. The reliability of these patients that 
required monthly check-ups and prescribed refills 
of medications has increased on the pharmacists as 
an immediate source of consultation because of in-
creased risks of getting infected by visiting health fa-
cilities/concerned physician (Kretchy2020) [16]. As 
such, there has not been a sudden increase in corona 
patients in rural areas, but awareness of the pandem-
ic outbreak should be spread collaboratively by ru-
ral-based pharmacists (Sum2020). Pharmacists are 
considered to be the dependable and precise source 
of information with the latest trends and precaution-
ary measures concerned with COVID-19 infection 
and remove the possibility of misinformation among 
the general public (Hedima2020) (Li2020).

3. Methodology
This study highlights the various practices imple-

mented towards healthcare management in light of the 
prevailing COVID-19 scenario by the different retail 
pharmacists in India. An online Google form was cre-
ated and floated to known networks filled by various 
retail pharmacists in different regions. The question-
naire consists of different sections covering the pattern 
of stocking essential medications and their consump-
tion during the lockdown, pharmacy preparedness for 
the COVID-19 pandemic, and the barriers faced by 
pharmacists on daily activities in the pharmacy in the 
current scenario.

3.1. Statistical Analysis
The Statistical Analysis was done on IBM SPSS Sta-

tistics 25.

4. Results

4.1. Pharmacists detail
167 pharmacists responded to the questionnaires. 

The region-wide distribution of the respondents is: 
North (27.5%), South (32.9%), East (6.6%), West 
(29.9%), and Central (3.0%). Out of the four types of 
pharmacies, the questionnaire was responded majorly 
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by the community pharmacists (66.5%), followed by 
the private hospital with retail section (14.4 %), then 
clinical pharmacy (11.4%) and public hospital with 
retail section (7.8%). Additional details of pharma-
cist responses are given in Table 1. The reliability test 
was done to check the internal consistency of all the 
statements related to the medication management, 
preparedness, and safety measures implemented in 
the pharmacy and barriers faced by pharmacists. The 
Cronbach’s alpha was 0.881, which shows good reli-
ability, and the statements are closely related as shown 
in Table 2. Figure 1 shown in Location of as pharmacy 
region.

Table 1
Details of pharmacist responses

Details Description Frequency Percentage 
%

Region North 46 27.5
South 55 32.9
East 11 6.6
West 50 29.9
Central 5 3.0

Type of 
pharmacy

Community pharmacy 111 66.5
Private hospital 
pharmacy with retail 
section

24 14.4

Public hospital 
pharmacy with retail 
section

13 7.8

Clinical pharmacy 19 11.4
Number of 
staff in the 
pharmacy

1 21 12.6
2 to 3 102 61.1
4 20 12.0
>5 24 14.4

Type of 
medication 
provided

Ayurvedic 7 4.2
Allopathic 156 93.4
Homeopathic 4 2.4

Table 2
Reliability test

Case Processing Summary
N %

Cases Valid 167 100
Excludeda 0 0
Total 167 100

a. Listwise deletion based on all variables in the procedure.
Reliability Statistics

Cronbach’s Alpha N of Items
0.881 25

Figure 1. Location of as pharmacy region

4.2. Medication management
This section concerns the storage and consumption 

pattern of various medications by different pharmacists 
during the COVID-19 situation. According to pharma-
cists, month-wise consumption of medicines and safety 
equipment during the COVID-19 pandemic and lock-
down period was more in April (46.7%), followed by May 
(24.6%), then March (21.0%) and least in June (7.8%) as 
shown in Figure 2. Most pharmacists (n=105, 62.9%) in-
dicated that the supply of essential medicines during the 
pandemic was good, and there was sufficient medication 
storage. Many pharmacists saw an increase in prescrip-
tion drugs such as anti-diabetes, anti-hypertensive, CNS 
drugs, anti-platelets, etc. During this COVID-19 pan-
demic period March-June Consumers were keeping a 
good stock of their regular consuming medicines. Nearly 
half of the pharmacy stores (n=88, 52.7%) observed an 
increase in the consumption of immunity booster drugs, 
such as vitamin C and zinc supplements and multi-vi-
tamins. Pharmacists also indicated that customers were 
stocking a good amount of OTC (Over-the-Counter) 
products like fever medicines and cough suppressants. 
A fair number of pharmacists saw decent purchase lev-
els of anti-malarial drugs, steroids, and antibiotics. The 
majority of the pharmacists noticed a good consumption 
pattern (n=100, 59.9%) of non-medical treatment de-
vices like steamers, thermometers, pulse oximeters, etc., 
indicating that the public is getting awareness preven-
tive actions in light of the coronavirus pandemic. Many 
pharmacists had good collaboration (n=98, 58.7%) with 
other pharmacies to procure medications and supplies 
as shown on Figure 3. The descriptive statistics give us 
the mean and standard deviation of the responses to the 
statements. The skewness is done for checking whether 
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the data is normally distributed or not, and the Z-score 
calculates this. The value for the z-score should be be-
tween (-1.96 to +1.96) for the data to follow a normal 
distribution as shown in Table 3. Most of the statements 
are approximately normally distributed.

Figure 2. Month-wise consumption of medicines and safety 
equipments

4.3. Pharmacists COVID-19 preparedness
Many pharmacists in India have taken preventive 

steps and used safety equipment at their pharmacies. 
As per the responses received, most pharmacists 
strongly agreed on pharmacy-specific implementa-
tions of necessary preventive measures for the over-
all safety, such as floor markings for maintaining so-
cial distancing (n=77, 46.1%), contactless payments, 
and use of digital wallets (n=90, 53.9%), use of au-
tomatic dispensers for hand sanitization (combined 
n=126, 75.4%), dispensing of medical products by 
wearing gloves and barrier protection (n=97, 58.1% 
& n=71, 42.5% respectively), checking customers 
visiting a pharmacy for wearing facemasks (n=91, 
54.4%). A moderate number of respondents also en-
gaged in educating and counseling customers (n=67, 
40.1%). Half of the respondents believe that the pub-
lic was aware of the precautions and safety guidelines 
to be followed (n=84, 50.3). However, the pharma-
cists were involved in spreading awareness and safe-

Figure 3. Storage and consumption pattern of various medications during COVID-19 situation

Table 3
Descriptive statistics of medication management by various pharmacists

Descriptive Statistics
N Mean Std. Deviation Skewness z-valueStatistic Statistic Statistic Statistic Std. Error

How was the impact on supply of essential medicines during 
COVID-19 period? 167 1.94 0.608 0.029 0.188 0.154
How was the purchase on stock of prescription drugs (Anti-
diabetes, anti-hypertensive, CNS drugs, Anti platelets, etc.) 
during COVID-19 period (March-June)?

167 2.11 0.686 -0.141 0.188 -0.750

How was the purchase of Immunity booster drugs (Vitamin 
C supplement, Zinc supplement and multi-vitamins) during 
these times of the pandemic?

167 2.43 0.671 -0.751 0.188 -3.995

How OTC products like fever medicines and cough 
suppressants stocked by individuals during COVID-19? 167 2.03 0.689 -0.039 0.188 -0.207

How was the purchase of anti-malarial drugs, steroids &amp, 
anti-biotics during COVID-19? 167 1.68 0.659 0.448 0.188 2.383

How was the consumption of non-medical treatment devices 
like steamers, thermometers, pulse oximeter etc.? 167 2.15 0.617 -0.103 0.188 -0.547

How was the collaboration with other pharmacies to procure 
medications and supplies? 167 1.95 0.642 0.048 0.188 0.255

Valid N (listwise) 167
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ty measures by preparing signage/posters (n=68, 
40.7%). On the other hand, pharmacists showed 
disagreement in performing thermal screening for 
the staff and incoming customers during pandem-
ic and lockdown period (n=57, 34.1%); installment 
of Plexiglas barriers at the counters; home delivery 
of medication and other safety equipment. Table  4 
shows the ANOVA.

One-way ANOVA test is illustrated in Table 3. We 
can interpret that out of the 12 statements, 9 statements 
are significant (p-value is less than 0.05), which means 
that the null hypothesis that there is no significant dif-
ference in the preparedness levels of the four types of 
pharmacies against the 12 statements has been rejected. 
It can be interpreted that different types of pharmacy 
stores have varied levels of preparedness and preventive 

Table 4
ANOVA

Sum of 
Squares df Mean 

Square F Sig.

1. My pharmacy has highly visible floor markings on the 
ground where patients/customers can stand in a queue.

Between Groups 13.568 3 4.523 6.200 .001
Within Groups 118.911 163 .730

Total 132.479 166

2. My pharmacy promotes contact-less payments like 
card payments and digital wallets (GPay, PhonePe, 
Paytm).

Between Groups 4.545 3 1.515 2.295 .080
Within Groups 107.610 163 .660

Total 112.156 166

3. My pharmacy promotes mandatory hand sanitization 
for patients/customers by placing automatic dispensers 
at the entrance.

Between Groups 5.027 3 1.676 2.029 .112
Within Groups 134.626 163 .826

Total 139.653 166

4. Thermal screening is done regularly (both customers 
&amp; pharmacy staff ).

Between Groups 11.502 3 3.834 3.715 .013
Within Groups 168.246 163 1.032

Total 179.749 166

5. My pharmacy staff engages with customers/patients 
by counseling and spreading prevention awareness.

Between Groups 14.285 3 4.762 6.880 .000
Within Groups 112.817 163 .692

Total 127.102 166

6. Adequate signage/posters have been prepared 
and placed at the pharmacy entrance for spreading 
awareness and safety measures towards COVID-19.

Between Groups 12.021 3 4.007 5.578 .001
Within Groups 117.081 163 .718

Total 129.102 166

7. My pharmacy has installed plexiglass barriers/
windows/cage at the OTC counter.

Between Groups 10.741 3 3.580 2.812 .041
Within Groups 207.570 163 1.273

Total 218.311 166

8. My pharmacy provides safe home delivery of 
medication and other safety equipment.

Between Groups 3.744 3 1.248 .875 .455
Within Groups 232.376 163 1.426

Total 236.120 166

9. Awareness of customers/patients has increased during 
the pandemic period.

Between Groups 20.476 3 6.825 12.353 .000
Within Groups 90.063 163 .553

Total 110.539 166

10. Customers/patients visiting the pharmacy are checked 
for wearing facemasks/shields.

Between Groups 19.647 3 6.549 11.949 .000
Within Groups 89.335 163 .548

Total 108.982 166

11. Pharmacy staff wears gloves while dispensing medical 
products and changes them regularly.

Between Groups 12.478 3 4.159 7.049 .000
Within Groups 96.181 163 .590

Total 108.659 166

12. Pharmacy has barrier protection measures at 
dispensing windows.

Between Groups 10.698 3 3.566 5.196 .002
Within Groups 111.853 163 .686

Total 122.551 166
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measures in light of the COVID-19 pandemic and lock-
down period in India. A high value of (F) tells us that the 
independent variable impacts the dependent variable.

For statement 1, it can be interpreted that the type 
of pharmacy affects the implementation of the preven-
tive measure of highly visible floor markings on the 
ground in the pharmacy for maintaining social dis-
tance. It can be seen that the clinical pharmacy has a 
significant difference in comparison with other types 
of pharmacy in implementing floor markings; there-
fore, the null hypothesis is rejected (p=0.001), which 
can be attributed to the fact that patients who visited 
the clinical health facilities for consultation and fol-
low-ups, restricted their movements in this COVID-19 
scenario. Due to this, there was limited activity in the 
clinical pharmacy store. Implementing such social dis-
tancing measures was not considered necessary. The 
post hoc analysis of statement (4) tells that the type 
of pharmacy affects the procedural thermal screening 
carried out for the incoming customers/patients in the 
pharmacy. There is a significant difference between 
the community pharmacy (N=111) and public phar-
macy with retail store (N=13) in carrying out thermal 
screening process regularly due to which null hypoth-
esis is getting rejected (p=0.013). Due to the lockdown 
restrictions, a larger portion of the public visits com-
munity pharmacy stores. Regular screening of the in-
coming public is mandatory. The post hoc analysis of 
statement (5) signifies that the type of pharmacy has 
a slight impact on the engagement of the pharmacy 
staff with the customers/patients for counseling and 
spreading prevention tips.

There is a significant difference between clinical 
pharmacy and other types of pharmacy; therefore, the 
null hypothesis is rejected (p=0.000). The number of 
patients visiting clinical health facilities for regular 
check-ups has decreased because of the rapid coro-
navirus spread. Apart from gaining knowledge and 
necessary precautions to be taken from news, social 
media, and online platforms, people engage more with 
the pharmacy stores in their neighborhood. For the 
post hoc analysis of statement (6), the type of phar-
macy effects spreading awareness towards COVID-19 
and preventive measures to be taken through posters/
signage. It can be interpreted that there is a variation 
in the use of COVID-19 awareness posters by the 
clinical pharmacists as compared to the other three 
types; therefore, the null hypothesis is getting rejected 
(p=0.001). For statement (9), it can be interpreted that 

there is a significant difference in the observation on 
the awareness level of the customers/patients during 
the pandemic between clinical pharmacists and oth-
er types of pharmacists. Hence, the null hypothesis is 
getting rejected (p=0.000). The post hoc analysis of 
statement (10) tells us that the type of pharmacy af-
fects the dependent variable of checking the custom-
ers/patients for wearing facemasks by pharmacy staff. 
The null hypothesis is being rejected (p=0.000).

There is a significant difference in the observational 
checking between clinical pharmacists and other types 
of pharmacies. The clinical pharmacy staff is engaging 
less in checking incoming people for wearing face-
masks than the other three pharmacies. For statement 
(11), clinical pharmacy has a significant difference 
compared with other types of pharmacy in dispens-
ing medical products wearing gloves. The community 
pharmacists were highly involved in addressing the 
medical needs of the public during the pandemic and 
lockdown period, as they were the immediate health-
care access points in contrast to the clinical phar-
macists, where people restricted themselves to visit; 
therefore, the null hypothesis is again getting rejected 
(p=0.000). For statement (12), clinical pharmacists 
showed a slight variation in implementing barrier pro-
tection measures. Therefore, a significant difference is 
created compared to the implementation measures 
taken by other types of pharmacies. Hence, the null 
hypothesis is getting rejected (p=0.002). These phar-
macies are generally inbuilt inside the clinical health 
facility. They are small in size as compared with the 
community and other types of pharmacies. The state-
ment (7) is significant (p=0.041). However, there is no 
major difference among the four types of pharmacies 
in installing plexiglass barrier protection on medi-
cine dispensing counters. For statement (2) - promo-
tion of contactless payments and use of digital wallets 
(p=0.080); statement (3) – promotion of mandatory 
hand sanitization by placing automatic dispensers 
(p=0.112) and statement (8) – home delivery of med-
ication and necessary safety equipment in lockdown 
period (p=0.455), there is no significant difference 
concerning the type of pharmacy, as per the study and 
hence the null hypothesis is accepted.

4.4. Concerns faced towards the functioning 
of pharmacy

The pharmacists face challenges daily, and sever-
al problems hinder the functioning of retail pharma-
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cy stores. According to the majority of respondents, 
self-safety and safety of the pharmacy staff are of high 
concern (n=62, 37.1%); stockpiling of medications by 
customers is also a point of concern for pharmacists 
(n=60, 35.9%). There was a moderate level of concern 
by medical shop personnel towards lack of protective 
equipment in their store as well in the market (n=51, 
30.5%) and extended working hours due to the pan-
demic and lockdown periods (n=66, 39.5%). There 
was an indication by the pharmacists regarding low 
concern towards panic created among customers/
patients because of the pandemic (n=75, 44.9%) and 
shortage of drugs (n=68, 40.7%) as shown in Figure 4.

5. Discussion
A large share of pharmacists had engaged them in 

the COVID-19 preparedness and had implemented 
the preventive measures in line with the safety regu-
lations and operated and managed medication stocks 
in an optimizing manner during the lockdown peri-
od. This study helps us understand the pharmacist’s 
crucial role in managing the healthcare system during 
health crises like COVID-19. From this study, we have 
analyzed (1) medication management and consump-
tion pattern of essential medical goods, (2) prepared-
ness level of pharmacists by implementing appropriate 
measures of safety, and (3) limitations in the function-
ing of pharmacy activities in these times of COVID-19 
pandemic. Figure 4 shows the Barriers to functioning 
of pharmacy/

For the time, a proper safely tested vaccine comes 
out in the market, self-care is of vital importance. This 
pandemic period has showcased the importance of 
self-care and maintenance of health. Apart from fol-
lowing proper hygiene norms, such as frequently wash-
ing hands, mainly when commuting outside, wearing 
masks, using hand sanitizers when outside, and main-
taining social distance, one should indulge in improv-

ing and maintaining one’s immunity in this pandemic 
period. As per the study conducted, it can be seen that 
pharmacists observed an increase in the consumption 
of immunity booster medicines, such as Vitamin C 
supplement, Zinc supplement, and multi-vitamins. 
Similarly, there was an increase in non-medical treat-
ment devices like steamers, thermometers, and pulse 
oximeters. Many chronic diseases suffering patients 
of hypertension, diabetics, heart disease, kidney dis-
ease, etc., who required regular check-ups and consul-
tation avoid visiting the healthcare facility because of 
the coronavirus scare (Kretchy2020). These patients 
have stockpiled the required prescription medication 
for a set duration because purchasing on the stock of 
prescription drugs, such as anti-diabetes, anti-hyper-
tensive, CNS drugs, anti-platelets, etc., the considered 
period from March to June. As per the study, the re-
spondents also observed that customers/patients also 
created an unprecedented requirement for over-the-
counter drugs, such as fever medicines and cough sup-
pressants (Hoti2020). Being the immediate healthcare 
facility in the neighborhood and in the wake of less 
stock of certain medication, pharmacists also assist 
customers/patients in advocating parallel prescrip-
tion drugs by considering the medicine composition 
(Bragazzi2020).  

Many pharmacists were actively involved in imple-
menting preventive measures, such as following social 
distancing guidelines, no direct contact with the in-
coming people, maintaining cleanliness, and regular 
disinfection of the pharmacy area (Hoti2020). Apart 
from this, pharmacists were highly involved in spread-
ing awareness towards necessary preventive actions 
under the health guidelines, educating the public with 
appropriate usage of posters, using technology-based 
contact-fewer payments to avoid direct contact, and 
engaging in oral communication with customers/
patients (Bahlol2020). In addition to following these 

Figure 4. Barriers to functioning of pharmacy
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activities, the pharmacists possess the knowledge in 
educating the public on the nature of coronavirus in-
fection, its indications, and how it is transmitted (Hed-
ima2020). From the study, after performing a one-way 
ANOVA test and Post Hoc test, we found that there 
was a significant difference in the implementation of 
most of these preparedness measures between clinical 
pharmacists and other types of pharmacies. Pharma-
cists are among the frontline healthcare workers work-
ing tirelessly through the pandemic to provide nec-
essary medical assistance (Bukhari2020). The study 
also determined that many pharmacists faced several 
challenges in their daily functioning of the pharmacy 
store. Strenuous, prolonged working hours, managing 
the continuous stocking of protective equipment, and 
considering the safety of pharmacy staff and self, af-
fect the mental health of the healthcare professionals 
(Erku2020).

6. Conclusion
The advent of COVID-19 has affected the func-

tioning of all major sectors in India. The healthcare 
administration is actively involved in containing and 
holding back the community spread of the coronavi-
rus. Being an important part of the healthcare system, 
the retail pharmacists firmly held their ground. They 
strongly participated in implementing prevention ac-
tivities, spreading awareness and educating the public 
with accurate data, promoting adherence to medica-
tions, maintaining the stocks of essential medicines 
and protective equipment, and following the social 
distancing norms in the lockdown period. In times to 
come, when an effective, safely tested vaccine is out in 
the market, the retail pharmacists will be the key par-
ticipants in dispensing the medication and in the im-
munization process. An online Google form was cre-
ated and floated to known networks filled by various 
retail pharmacists in different regions. The question-
naire consists of different sections covering the pattern 
of stocking essential medications and their consump-
tion during the lockdown, pharmacy preparedness for 
the COVID-19 pandemic, and the barriers faced by 
pharmacists on daily activities in the pharmacy in the 
current scenario.
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Abstract
COVID-19, which also induced an economic downturn globally, 
has forced the organizations to suddenly implement remote 
working, creating many challenges for the employees. The fast 
spread of the virus may also create fear among the employees. 
It can have a detrimental impact on the mental well-being of 
employees. There exists inadequate research on this subject, 
which is not only new but also very important. The study aims 
to assess the impact of a sudden transition to remote working, 
economic downturn, and the fear of virus transmission on the 
mental well-being of employees in India, focusing on the trig-
gers of anxiety & mental illness. The impact of anxiety-causing 
independent factors, including organizational support, work-
life balance, isolation, fear of the virus, and recession, on mental 
well-being, was determined through a survey. The dependent 
factor, i.e., the severity of anxiety, was measured using GAD-7  
questions. The independent factors were measured through 
structured questions. Statistical analysis of the data was carried 
out on SPSS. There were no significant differences in gender 
between severities of anxiety. Logistic regression revealed that 
Organizational Support significantly influenced the anxiety of 
employees. It was found that there exists a significant associ-
ation between the severity of anxiety in Employee Assistance 
Program, Job Insecurity, Financial Impact, and Fear of getting 
the virus, Concern over Safety at Workplace, Home Environ-
ment and Deterioration in team collaboration.
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1. Introduction
COVID-19 originated from Wuhan in China, 

was declared a Public Health Emergency by WHO 
on January 30, 2020. It is caused by severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2), a 
global health crisis that is turning out to the greatest 
challenge the world has faced since World War II [1]. 
In India, the first case of COVID-19 was reported on 
January 30, 2020, and since then, the virus has been 
spreading rapidly. As of June 2020, a total of 585,492 
cases & 17,400 deaths have been confirmed in India. 
Nations are trying to slow down the spread of the virus 
by carrying out testing, quarantining citizens, limiting 
travel, and canceling large gatherings [2]. On March 
24, 2020, the Indian Government decided to imple-
ment a nationwide lockdown for 21 days which was 
further extended. Several businesses have been shut, 
and the economic activity has come to a standstill due 
to the lockdown. People have been confined to their 
homes, and organizations have asked their employees 
to work from home, which may trigger mental health 
illness [3].

Outbreaks like COVID-19 are associated with 
symptoms of mental illness & psychological distress, 
as Bao et al. A study in Iran highlighted the seriousness 
of the disease, uncertainty, social isolation & misinfor-
mation in causing stress. A Japanese study identified 
that populations like patients of COVID-19 and their 
families, healthcare workers, and individual with ex-
isting psychiatric illness are at a higher risk of adverse 
mental health outcomes [4]. COVID-19 can cause a 
mental health crisis, especially in those nations where 
the cases are high, which would include psychosocial 
crisis interventions & mental healthcare incorporation 
in the disaster management plans in the future. Those 
who are at a higher risk of adverse mental health out-
comes due to COVID-19 are the healthcare workers 
because of longer working hours, and separation from 
families, shortage of protective equipment, risk of in-
fection, physical fatigue, and loneliness [5].

Employees were forced to work remotely as the 
number of cases surged. The Government of India im-
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posed a lockdown across the entire country. Many or-
ganizations are considering making a permanent shift 
to remote working. All the work activities and meetings 
are being carried out virtually using the latest com-
munication and collaboration technologies & tools. 
Remote working gives more flexibility to the employ-
ees and enables them to maintain a work-life balance 
[6]. It also helps in cost savings for both the employer 
and the employees. Employers can save costs related 
to workspace and office infrastructure maintenance. 
In contrast, employees can save time & money spent 
on commuting. On the contrary, remote working can 
harm employees’ mental health. Apart from causing 
loneliness and isolation, the clouding of work-family 
boundaries is also a major challenge. Remote workers 
might even witness deterioration in their performance 
and reduced productivity. COVID-19 has wreaked 
havoc on the economy [7]. All the economic activities 
suddenly came to a standstill due to the pandemic. Un-
employment has soared rapidly. Companies are opting 
for cost-cutting measures like giving a furlough, cutting 
salary, and lying off employees. Moreover, fear of going 
back to work over the transmission of the virus can also 
cause anxiety among the employees. All these things 
can also harm the mental health of employees [8].

There exists a shortage of research examining how 
COVID-19 has affected the mental well-being of em-
ployees. Not many previous researchers have high-
lighted the stressors leading to mental illness among 
the employees in India in the context of COVID-19. 
This study aims to assess how the sudden COVID-
led transition to remote working and economic re-
cession and the fear of virus has impacted India’s 
mental well-being while stressing the triggers that 
may cause anxiety or mental illness [9]. Anxiety and 
depression cause a huge economic impact as it costs 
US$ 1 trillion to the global economy in terms of lost 
productivity (World Health Organization [WHO]., 
2019). COVID-19 has changed the economic scenar-
io and disrupted the nature of work here to stay as it 
will be the new normal [10]. Addressing the factors 
contributing to the employees’ mental illness through 
research like this will create awareness among the 
community and organizations. It would encourage the 
organizations to implement policies and mechanisms 
to promote the better mental health of the employees. 
According to WHO, workplaces that promote mental 
health and offer support to people with mental illness 

are more likely to rise in productivity and benefit from 
economic gains [11].

2. Literature Review
Remote working used to be limited to only some 

organizations before the outbreak of coronavirus. 
However, COVID-19 has accelerated the adoption of 
remote working, which is expected to become normal. 
Remote working entails working away from a tradi-
tional, centralized workplace with the help of digital 
technology. It is also popularly known as telecom-
muting or work from home [12]. Teleworking means 
doing work activities while away from the workplace. 
According to recruitment agencies, 85% of job seekers 
indicate they are more likely to stay with the employ-
er if flexibility is available. Teleworkers can choose the 
hours of work that allow them to perform their per-
sonal and family responsibilities [13]. Flexibility arises 
from the freedom to manage one’s own time. A high 
level of satisfaction was reported by the workers who 
were working from home. High job satisfaction has 
been found among those working remotely. Those 
using flexible arrangements have also reported im-
provement in work-life balance and greater job satis-
faction. Some studies provide evidence that higher job 
satisfaction is associated with the benefits of higher 
autonomy & control. Allowing the patent examiners 
to work from anywhere could increase the fee revenue 
by $132 million. The gain in productivity could pump 
$1.3 billion into the US economy in a year based on 
the patent’s average value. It was reported from Gal-
lup Research data that remote working could lead to 
improvement in business outcomes and help attract 
talent [14].

Working remotely can also increase ‘available’ time 
for doing other activities, but any ‘extra time’ might 
not always be spent on leisure activities but paid work 
or household chores, especially for women. In a study 
conducted by Sullivan and Lewis, it was found that 
there exist differences in the perception of both gen-
ders. Managing household chores and childcare were 
cited as primary benefits by women. Men, on the 
other hand, cited having quality time with family as 
a primary advantage. Those who worked for longer 
hours reported higher job satisfaction in both males 
and females in senior occupations. Remote working 
can create a win-win situation for both the employer 
and employees [15]. Advantages of remote working 
for the employer are a satisfied workforce, enhanced 
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productivity, increased retention, and reduction in ab-
senteeism, costs related to accommodation & health-
care benefits. In contrast, advantages for employees 
are flexibility, less work-life conflict, and elimination 
of ‘school run’ pressures by avoiding peak commuting 
time. Telecommuting reduces the commuting time 
for telecommuters which helps in saving gas & car 
maintenance and reduces traffic-related stress. The 
telecommuters also save money on dry cleaning and 
clothes as they do not have to dress up. 

A study was conducted by Kossek et al. It was 
found that positive well-being was reported in those 
who maintained a separation of boundaries between 
family & work and had control over when and where 
they worked [16]. A higher level of productivity can be 
found among teleworkers than other workers, which 
can be attributed to fewer interruptions, longer work-
ing hours, and the flexibility to plan the work sched-
ule. Many factors can be associated with increased 
productivity, including working without interruption, 
making sure work gets completed on time, avoiding 
social processes at the office, concentrating on writ-
ing large documents, and not dealing with problems 
related to working in an office noise & lack of priva-
cy. Positive aspects of remote working include saving 
commuting time, job control, flexible working hours, 
and using new technology [17].

However, research has also shown certain nega-
tive effects of remote working. Remote workers ex-
perience overlapping of home and work lives, which 
reduce the restorative effects of home; the collapse of 
boundaries may result in the work and non-work lives 
getting blurred. Although the workers who telework, 
try to draw boundaries between home and work life, 
working from home blurs the distinction between the 
roles for both the teleworker and the family [18]. The 
boundary of workplace and home is becoming more 
blurred, posing challenges for the workers and their 
families. There is an increase in work-family conflict 
in teleworking, which can be attributed to the lack 
of boundaries that separate the two roles. Although 
telecommuting can cause employee productivity to 
improve and reduce absenteeism, leading to employ-
ee retention, it may not result in improvement in 
work-family conflict.

Remote working might increase autonomy and a 
lower level of stress for the remote worker. However, 
it may depend upon his role, control over the work-
load, and trust level of the line manager. Trust between 

employee and peer is associated highly with higher 
self-perception about job satisfaction, performance, 
and lower occupational stress. According to Mann & 
Holdsworth, the emotional impact can be more neg-
ative in teleworker than the office-workers [18]. The 
negative emotional impact was evident among the 
teleworkers, but the office workers did not experience 
it. Additionally, the teleworkers exhibited more symp-
toms of stress than the office workers did.

It is also challenging for telecommuters to over-
come the isolation arising from isolation from the 
social network in the workplace. In a study by Mann 
et al. involving teleworking, loneliness had increased 
among the teleworkers. Negative emotions and in-
creased irritability were also reported among the 
teleworker [19]. Not being able to share problems 
with co-workers and social isolation was attributed 
to it. Hickman argued how isolation would influence 
a remote worker due to the lack of expertise & acu-
men needed for developing & implementing strate-
gies regarding policies for remote working. A study 
by Mann et al. revealed that some emotional impact 
could be positive. Other emotions suggested negative 
effects like increased loneliness because of isolation, 
the guilt of calling in sick, and resentment regarding 
the impact of teleworking on home and family life 
[20]. Remote working is challenging due to family 
disturbance, isolation from the workplace & peers, 
doing too much work, or not doing the work. There 
are many reasons behind overworking, such as isola-
tion and working when sick. Presenteeism is also one 
of the problems associated with teleworking. The 
teleworkers also often work when sick. The literature 
available shows a decrease in absenteeism among the 
teleworkers, e.g., taking a morning off instead of a 
full day when sick [21].

Some studies have also highlighted the negative 
effect of remote working in terms of work-life bal-
ance & gender. They have indicated that while tele-
working gives flexibility for combining childcare 
and teleworking, it could decrease the time available 
for personal leisure activities. The work-life balance 
can be disturbed because of the increase in work 
pressure while working from home. Remote workers 
may work longer hours which can strain the fam-
ily relationship. Job satisfaction among women is 
likely to decrease due to work-life conflicts because 
they are ‘overloaded’ with household work [22]. A 
higher level of stress was found among females than 
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males. Dissatisfaction is associated with long work-
ing hours, overtime & household work. Job quality, 
which is an important factor determining job satis-
faction, can be reduced due to flexible working ar-
rangements, leading to negative implications for a 
career. A study by Wheatley found an association of 
flexible timing with greater satisfaction in men and 
lower life satisfaction in women. The same study re-
ported more choices for men, but women are more 
constrained in using flexible work arrangements. 
Employees’ productivity might also get hindered if 
they are expected to constantly look after children 
who constantly require attention, which can lead 
to ‘trapping’ of women in dual roles of employee & 
caretaker. Being unable to “switch off ” and over-
work were reported as negative factors associated 
with remote working [23].

The inability of the manager to observe the per-
formance of their employees physically is also a chal-
lenge. He may not be unable to give constructive feed-
back to them. Another challenge for organizations 
is establishing clear guidelines for telecommuting as 
those who telework are concerned about handling the 
expenses. Can the telecommuter, for example, use the 
printer given by the company for his personal use? 
Losing the social networks, lack of face-to-face inter-
action and inadequate management practices which 
restrict promotion & training can lead to concerns 
about negative career implications. A barrier to the in-
terest of employees is an invasion of privacy. Failure to 
maintain access to resources can lead to performance 
losses for the telecommuters.

The Indian Government imposed a lockdown for 
containing the spread of coronavirus, which took a 
toll on businesses’ revenues. India’s unemployment 
rate had soared to 27.1% during the nationwide lock-
down (“India’s unemployment rate climbs,” 2020). 
Aviation, hospitality, banking & financial services 
are some of the worst-hit sectors. In an attempt to 
cut costs, many companies adopted measures like 
cutting salaries, giving furlough and laying off the 
employees (“COVID-19 crisis: Companies cutting 
salaries,” 2020). According to the ILO, 1.6 billion in-
formal economy workers “could suffer huge damage, 
and the COVID-19 might cost 305 million full-time 
jobs in the second. COVID-lead recession, uncer-
tainty in the labor market, and unemployment may 
adversely impact employees’ mental well-being. 
Many past studies have examined the effect of reces-

sion on mental health. A study showed that mental 
health had been affected by unemployment during 
the recession (2008-13), especially among unem-
ployed individuals. Inequalities in self-reported 
health between unemployed individuals and work-
ers had increased after the recession. More people 
reported not being able to cope with the unexpect-
ed expenses and even encountering difficulties with 
buying food or paying the bills over the coming year 
during the recession. A study from Sweden revealed 
that during the recession, increased mental distress 
was reported among women. Studies have revealed 
that increased job insecurity, increased workload, 
change in job scope and sympathy or anger for the 
laid-off workers might affect mental health. Anoth-
er study reported that increased medication usage 
was higher for workers at plants with more layoffs. 
Job stress is associated with the mental health of the 
workers and fear of crisis. Precarious work, unem-
ployment, financial deprivation, and debts are asso-
ciated significantly with mental health issues.

It can be said that adequate research related to the 
employees’ mental well-being during COVID-19 in 
India is not available. There is a shortage of research 
stressing upon the triggers of stress and anxiety among 
the employees in the context of COVID times. Addi-
tionally, there is also a lack of research on employees’ 
mental or psychological well-being in the past during 
any pandemic.

3. Methodology
The data was collected through a self-adminis-

tered questionnaire shared across LinkedIn, Twitter, 
and WhatsApp. Those people who were working from 
home were asked to fill it. A total of 183 respondents 
took the survey, out of which 16 were unemployed 
as they had been laid off due to COVID-19. Hence, 
the unemployed respondents were excluded, leav-
ing 167 responses to be analyzed (Figure 1).

The questionnaire consisted of two sections. The 
initial part of the first section comprised questions 
on demographic data and a GAD-7 questionnaire to 
check the severity of anxiety. The demographic ques-
tions were based upon the four characteristics: Gender, 
Age Group, Marital Status & Industry. The subsequent 
part of the first section consisted of a GAD-7 ques-
tionnaire to examine the symptoms & scale of anxiety. 
GAD-7 is an efficient tool used to screen for Gener-
alized Anxiety Disorder and assess its severity. It is a 
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seven-item tool wherein the total scores are classified 
into four groups: minimal (0-4), mild (5-9), moderate 
(10-14), and severe (15-21).

The second section had questions for examining 
anxiety and mental illness triggers and measuring 
the stress-causing factors among the respondents. 
After reviewing the literature, six factors were identi-
fied based on which the questions were prepared, as 
shown in Table 1. Each of the questions had to be an-
swered on a five-point Likert Scale wherein 1=Strong-
ly Disagree, 2=Disagree, 3=Neutral, 4=Agree, and 
5=Strongly Agree.

Table 1
Factors and items

Factor No. of items
Organizational Support 4
Work-life Imbalance 4
Job Performance Issues 3
Isolation 3
Fear of virus 3
Recession 3

Three factors have been broadly included in remote 
working: Organizational Support, Work-life Imbal-
ance, and Job Performance Issues. The questions were 
framed based on the factors. Figure 1 shows different 
factors of anxiety along with the description. Overall, 

the factors can be broadly split into six categories: Or-
ganizational Support, Work-life Imbalance, Job Perfor-
mance Issues, Isolation, Fear of Virus, and Recession. 

The data was analyzed using SPSS. Logistic regres-
sion was applied to measure how anxiety is influenced 
by the independent variables considered in this study. 
Chi-square was also used in this study to check the 
significance of the association between the indepen-
dent and dependent variables.

4. Results
A total of 183 responses were collected, out of 

which 167 responses were considered for the analy-
sis. Sixteen responses were not considered for analy-
sis because the respondents were laid off and did not 
qualify as employed. Table 2 shows the respondents’ 
demographic details belonging to any of the four cat-
egories of anxiety: minimal, mild, moderate, and se-
vere. The participants were divided into the categories 
of severity of anxiety depending upon their scores 
obtained through GAD-7. A score between 0-4 in-
dicates minimal anxiety, 5-9 indicates mild anxiety, 
10-14 indicates moderate anxiety, and 15-21 indicates 
severe anxiety. Out of all the eligible respondents, 
47.90% had minimal anxiety symptoms, 34.13% had 
mild anxiety symptoms, 12.57% had moderate anxiety 
symptoms, and 5.39% had severe anxiety symptoms. 
More than half the females (51.3%) exhibited signs 

Figure 1. Factors and their description
(Author’s version)
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of minimal anxiety. Similarly, most of the males also 
showed symptoms of minimal anxiety (46.9%). Only 
7.7% and 4.7% of the females and males had severe 
anxiety, respectively. Among the respondents who 
had severe anxiety, it was found that all of them were 
between 21-30 years in terms of age. Most of the re-
spondents reporting moderate anxiety also belonged 
to the same age group. Most of the respondents hav-
ing moderate (100%) and severe (77.8%) anxiety were 
unmarried. Minimal anxiety was found among most 
unmarried (46.2%) & married (60.9%) respondents. 
Most of the respondents belonged to the IT industry, 
out of which 41.4% & 43.1% showed signs of mini-
mal and mild anxiety, respectively. Severe anxiety was 
mostly found among IT employees (44.4%) out of all 
the respondents with severe anxiety. There were no 
significant differences between Gender (P=0.660), 
Age group (P=0.903), Marital Status (P=0.335), and 

Industry (P=0.125) in all the four categories of sever-
ity of anxiety.

Table 3 shows the differences between the severi-
ties of anxiety in the responses to the questions. Chi-
square test showed statistically significant differences 
in the responses of eight of the 20 questions between 
the four groups of the severity of anxiety. Respon-
dents with minimal anxiety reported more that their 
organization had taken steps like organizing a we-
binar, providing access to counseling sessions with 
a counselor/psychologist or giving a subscription to 
meditation & yoga apps, etc. to maintain the employ-
ees’ mental health (P=0.02) as their mean score was 
the highest (Mean=3.94). Respondents having severe 
anxiety (mean=0.33) agreed more that their organi-
zation has cut their salary or given them a furlough 
(P=0.007). 

The individuals who had severe anxiety 
(Mean=3.78) were more concerned about wheth-

Table 2
Demographic characteristics of respondents

Severity of Anxiety
Minimal Mild Moderate Severe P

N=80 N=57 N=21 N=9
Gender

Male 60 (46.9%) 44 (34.4%) 18 (14.1%) 6 (4.7%)
0.660

Female 20 (51.3%) 13 (33.3%) 3 (7.7%) 3 (7.7%)
Age Group (in yrs)

21-30 72 (48%) 50 (33.3%) 19 (90.5%) 9 (6%)

0.903
31-40 7 (46%) 6 (40%) 2 (13.3%) 0 (0%)
41-50 0 (0%) 1 (100%) 0 (0%) 0 (0%)
51-60 1 (100%) 0 (0%) 0 (0%) 0 (0%)

Marital Status
Unmarried 66 (46.2%) 49 (34.3%) 21 (14.7%) 7 (4.9%)

0.335
Married 14 (60.9%) 7 (30.4%) 0 (0%) 2 (8.7%)
Divorced
Widowed 0 (0%) 1 (100%) 0 (0%) 0 (0%)
Industry

Construction 0 (0%) 0 (0%) 0 (0%) 1 (100%)

0.127

Consultancy 9 (50%) 5 (27.8%) 4 (22.2%) 0 (0%)
Education 1 (25%) 1 (25%) 1 (25%) 1 (25%)
Finance 13 (54.2%) 6 (25%) 4 (16.7%) 1 (4.2%)
Health 2 (66.7%) 1 (33.3%) 0 (0%) 0 (0%)

IT 24 (41.4%) 25 (43.1%) 5 (8.6%) 4 (6.9%)
Transport 1 (50%) 1 (50%) 0 (0%) 0 (0%)

Retail 3 (42.9%) 2 (28.6%) 2 (28.6%) 0 (0%)
Technology 7 (41.2%) 8 (42.1%) 2 (11.8%) 0 (0%)

Others 20 (60.6%) 8 (24.2%) 3 (9.1%) 2 (6.1%)
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Table 3
Reported level of anxiety

 
Severity of Anxiety  

Minimal Mild Moderate Severe P
  N=80 N=57 N=21 N=9  
I receive regular 
communication from my 
organization regarding 
policy changes & other 
important updates.

Highly Disagree 5 (41.7%) 2 (16.7%) 2 (16.7%) 3 (25%)

0.057
Disagree 1 (33.3%) 2 (66.7%) 0 (0%) 0 (0%)
Neutral 8 (33.3%) 9 (37.5%) 5 (20.8%) 2 (8.3%)
Agree 16 (41%) 14 (35.9%) 6 (15.4%) 3 (7.7%)
Highly Agree 50 (56.2%) 30 (33.7%) 8 (9%) 1 (1.1%)
Mean 4.31 4.19 3.86 2.89  

My organization is giving 
me IT support for remote 
working.

Highly Disagree 6 (50%) 3 (25%) 2 (16.7%) 1 (8.3%)

0.174
Disagree 2 (20%) 5 (50%) 1 (10%) 2 (20%)
Neutral 8 (42.1%) 7 (36.8%) 2 (10.5%) 2 (10.5%)
Agree 11 (32.4%) 16 (47.1%) 6 (17.6%) 1 (2.9%)
Highly Agree 53 (57.6%) 26 (28.3%) 10 (10.9%) 3 (3.3%)
Mean 4.29 4.00 4.00 3.33  

My workload has increased 
ever since I began working 
from home.

Highly Disagree 15 (78.9%) 1 (5.3%) 3 (15.8%) 0 (0.0%)

0.054
Disagree 10 (43.5%) 10 (43.5%) 2 (8.7%) 1 (4.3%)
Neutral 21 (53.8%) 14 (35.9%) 3 (7.7%) 1 (2.7%)
Agree 13 (35.1%) 17 (45.9%) 6 (16.2%) 1 (2.7%)
Highly Agree 21 (42.9%) 15 (30.6%) 7 (14.3%) 6 (12.2%)
Mean 3.19 3.61 3.57 4.33  

Being away from the 
workplace is restricting my 
ability to perform better.

Highly Disagree 25 (62.5%) 12 (30%) 2 (5%) 1 (2.5%)

0.288
Disagree 15 (46.9%) 10 (31.3%) 5 (15.6%) 2 (6.3%)
Neutral 13 (37.1%) 15 (42.9%) 5 (14.3%) 2 (5.7%)
Agree 15 (46.9%) 13 (40.6%) 4 (12.5%) 0 (0%)
Highly Agree 12 (42.9%) 7 (25%) 5 (17.9%) 4 (14.3%)
Mean 2.68 2.88 3.24 3.44  

My interaction with my 
colleagues has reduced due 
to working from home.

Highly Disagree 14 (66.7%) 4 (19.0%) 2 (9.5%) 1 (4.8%)

0.318
Disagree 12 (46.2%) 10 (38.5%) 4 (15.4%) 0 (0%)
Neutral 15 (45.5%) 14 (42.4%) 2 (6.1%) 2 (6.1%)
Agree 17 (47.2%) 14 (38.9%) 5 (13.9%) 0 (0%)
Highly Agree 22 (43.1%) 15 (29.4%) 8 (15.7%) 6 (11.8%)
Mean 3.26 3.46 3.62 4.11  

I am worried that I might 
lose my job due to the 
ongoing recession in the 
economy.

Highly Disagree 24 (57.1%) 13 (31%) 5 (11.9%) 0 (0%)

0.028
Disagree 20 (64.5%) 8 (25.8%) 3 (9.7%) 0 (0%)
Neutral 17 (38.6%) 21 (47.7%) 2 (4.5%) 4 (9.1%)
Agree 14 (45.2%) 7 (22.6%) 7 (22.6%) 3 (9.7%)
Highly Agree 5 (26.3%) 8 (42.1%) 4 (21.1%) 2 (10.5%)
Mean 2.45 2.81 3.10 3.78  

My organization has taken 
steps like organizing a 
webinar, providing access 
to counseling sessions with 
a counselor/psychologist 
or giving a subscription 
to meditation & yoga 
apps, etc., to maintain the 
employees’ mental health.

Highly Disagree 8 (33.3%) 9 (37.5%) 4 (16.7%) 3 (12.5%)

0.002
Disagree 3 (27.3%) 3 (27.3%) 2 (18.2%) 3 (27.3%)
Neutral 13 (61.9%) 4 (19%) 3 (14.3%) 1 (4.8%)
Agree 18 (39.1%) 18 (39.1%) 10 (21.7%) 0 (0%)
Highly Agree 38 (58.5%) 23 (35.4%) 2 (3.1%) 2 (3.1%)
Mean 3.94 3.75 3.19 2.44  
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Severity of Anxiety  

Minimal Mild Moderate Severe P
  N=80 N=57 N=21 N=9  
I often work beyond formal 
working hours at home.

Highly Disagree 11 (64.7%) 3 (17.6%) 2 (11.8%) 1 (5.9%)

0.291
Disagree 3 (42.9%) 3 (42.9%) 0 (0%) 1 (14.3%)
Neutral 12 (34.3%) 15 (42.9%) 8 (22.9%) 0 (0%)
Agree 20 (55.6%) 12 (33.3%) 3 (8.3%) 1 (2.8%)
Highly Agree 34 (47.2%) 24 (33.3%) 8 (11.1%) 6 (8.3%)
Mean 3.79 3.89 3.71 4.11  

I fear I might get the virus if 
I return to my workplace.

Highly Disagree 9 (81.8%) 1 (9.1%) 1 (9.1%) 0 (0%)

0.046
Disagree 5 (33.3%) 9 (60%) 1 (6.7%) 0 (0%)
Neutral 19 (50%) 14 (36.8%) 3 (7.9%) 2 (5.3%)
Agree 23 (48.9%) 12 (25.5%) 11 (23.4%) 1 (2.1%)
Highly Agree 24 (42.9%) 21 (37.5%) 5 (8.9%) 6 (10.7%)
Mean 3.60 3.75 3.86 4.44  

I am concerned about 
whether my organization 
will follow all the necessary 
practices regarding hygiene 
& sanitization once the 
employees start coming to 
the office.

Highly Disagree 24 (63.2%) 13 (34.2%) 0 (0%) 1 (2.6%)

0.008
Disagree 15 (40.5%) 19 (51.4%) 3 (8.1%) 0 (0%)
Neutral 14 (36.8%) 12 (31.6%) 10 (26.3%) 2 (5.3%)
Agree 12 (42.9%) 9 (32.1%) 4 (14.3%) 3 (10.7%)
Highly Agree 15 (57.7%) 4 (15.4%) 4 (15.4%) 3 (11.5%)
Mean 2.74 2.51 3.43 3.78  

I miss the informal 
conversations I used to have 
with people at the office.

Highly Disagree 8 (57.1%) 3 (21.4%) 2 (14.3%) 1 (7.1%)

0.392
Disagree 6 (54.5%) 4 (36.4%) 1 (9.1%) 0 (0%)
Neutral 11 (31.4%) 14 (40%) 8 (22.9%) 2 (5.7%)
Agree 22 (53.7%) 14 (34.1%) 5 (12.2%) 0 (0%)
Highly Agree 33 (50%) 22 (33.3%) 5 (7.6%) 6 (9.1%)
Mean 3.83 3.84 3.48 4.11  

I have to manage my work 
and household chores 
which is frustrating.

Highly Disagree 13 (68.4%) 5 (26.3%) 0 (0%) 1 (5.3%)

0.174
Disagree 13 (65%) 4 (20%) 1 (5%) 2 (10%)
Neutral 24 (43.6%) 23 (41.8%) 8 (14.5%) 0 (0%)
Agree 15 (44.1%) 12 (35.3%) 5 (14.7%) 2 (5.9%)
Highly Agree 15 (38.5%) 13 (33.3%) 7 (17.9%) 4 (10.3%)
Mean 3.08 3.42 3.86 3.67  

I fear I might transmit the 
virus to my family if I get it.

Highly Disagree 12 (70.6%) 5 (29.4%) 0 (0%) 0 (0%)

0.165
Disagree 10 (52.6%) 8 (42.1%) 1 (5.3%) 0 (0%)
Neutral 11 (33.3%) 12 (36.4%) 9 (27.3%) 1 (3%)
Agree 18 (46.2%) 13 (33.3%) 5 (12.8%) 3 (7.7%) 
Highly Agree 29 (49.2%) 19 (32.2%) 6 (10.2%) 5 (8.5%)
Mean 3.53 3.58 3.76 4.44  

My organization has given 
me training on managing 
or working effectively in a 
virtual team.

Highly Disagree 5 (35.7%) 5 (35.7%) 2 (14.3%) 2 (14.3%)

0.015
Disagree 6 (37.5%) 7 (43.8%) 2 (12.5%) 1 (6.3%)
Neutral 18 (45%) 11 (27.5%) 9 (22.5%) 2 (5%)
Agree 13 (31%) 19 (45.2%) 6 (14.3%) 4 (9.5%)
Highly Agree 38 (69.1%) 15 (27.3%) 2 (3.6%) 0 (0%)
Mean 3.91 3.56 3.19 2.89  

It is difficult for me & my 
team members to work 
together as a team while 
working from home.

Highly Disagree 16 (57.1%) 9 (32.1%) 2 (7.1%) 1 (3.6%)

0.086Disagree 16 (41%) 19 (48.7%) 1 (2.6%) 3 (7.7%)
Neutral 20 (45.5%) 15 (34.1%) 9 (20.5%) 0 (0%)
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er their organization will follow all the necessary 
practices regarding hygiene & sanitization once 
the employees start coming to the office (P=0.008). 
Ever since the team began working from home, the 
collaboration among the team members deteriorat-
ed more in the case of those respondents who had 
moderate anxiety (Mean=3.48) (P=0.015). More 
among those with minimal anxiety (Mean=3.91) re-
ported that their organization had given them train-
ing on managing or working effectively in a virtu-
al team (P=0.015). The respondents having severe 
anxiety (Mean=3.78) were more worried that they 
might lose their job due to the ongoing recession 

in the economy (P=0.028). Those with severe anx-
iety (Mean=4.44) feared more that they might get 
the virus if they return to the workplace (P=0.046). 
It was reported more among respondents who had 
moderate anxiety (Mean=3.05) that their home 
environment is not conducive enough to let them 
work effectively & quietly without any interruptions 
(P=0.047).

Table 4 shows the result after applying generalized 
linear model regression on the data. The analysis of 
data was carried out on SPSS. The presence of Organi-
zational Support was identified as being significantly 
associated with a decreased level of anxiety. The anal-

 
Severity of Anxiety  

Minimal Mild Moderate Severe P
  N=80 N=57 N=21 N=9  

Agree 19 (57.6%) 6 (18.2%) 6 (18.2%) 2 (6.1%)
Highly Agree 9 (39.1%) 8 (34.8%) 3 (13%) 3 (13%)
Mean 2.86 2.74 3.33 3.33  

My home environment 
is not conducive enough 
to let me work effectively 
& quietly without any 
interruptions.

Highly Disagree 25 (58.1%) 13 (30.2%) 3 (7%) 2 (4.7%)

0.047
Disagree 20 (46.5%) 18 (41.9%) 2 (4.7%) 3 (7%)
Neutral 20 (48.8%) 10 (24.4%) 11 (26.8%) 0 (0%)
Agree 7 (35%) 10 (50%) 1 (5%) 2 (10%)
Highly Agree 8 (40%) 6 (30%) 4 (20%) 2 (10%)
Mean 2.41 2.61 3.05 2.89  

I feel lonely working from 
home.

Highly Disagree 19 (67.9%) 7 (25%) 1 (3.6%) 1 (3.6%)

0.234
Disagree 18 (43.9%) 18 (43.9%) 4 (9.8%) 1 (2.4%)
Neutral 25 (47.2%) 19 (35.8%) 6 (11.3%) 3 (5.7%)
Agree 11 (47.8%) 6 (26.1%) 5 (21.7%) 1 (4.3%)
Highly Agree 7 (31.8%) 7 (31.8%) 5 (22.7%) 3 (13.6%)
Mean 2.61 2.79 3.43 3.44  

Collaboration among 
my team members has 
deteriorated ever since the 
team began working from 
home.

Highly Disagree 18 (58.1%) 10 (32.3%) 2 (6.5%) 1 (3.2%)

0.015
Disagree 25 (62.5%) 13 (32.5%) 0 (0%) 2 (5%)
Neutral 16 (32%) 24 (48%) 9 (18%) 1 (2%)
Agree 10 (40%) 6 (24%) 6 (24%) 3 (12%)
Highly Agree 11 (52.4%) 4 (19%) 4 (19%) 2 (9.5%)
Mean 2.64 2.67 3.48 3.33  

My organization has cut 
my salary or given me a 
furlough.

No 74 (53.2%) 41 (29.5%) 18 (12.9%) 6 (4.3%)
0.007

Yes 6 (21.4%) 16 (57.1%) 3 (10.7%) 3 (10.7%)
Mean 0.08 0.28 0.14 0.33  

If yes (to the above 
question), I am facing 
difficulty paying my 
personal or household 
expenses.

Highly Disagree 1 (25%) 2 (50%) 1 (25%) 0 (0%)

0.255
Disagree 2 (22.2%) 5 (55.6%) 1 (11.1%) 1 (11.1%)
Neutral 0 (0%) 2 (66.7%) 1 (33.3%) 0 (0%)
Agree 1 (16.7%) 4 (66.7%) 0 (0%) 1 (16.7%)
Highly Agree 2 (33.3%) 3 (50%) 0 (0%) 1 (16.7%)
Mean 0.24 0.86 0.29 1.22  
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ysis revealed that the level of anxiety decreases with an 
increase in Organizational Support. No significant as-
sociation was found between the remaining variables 
and the level of anxiety.
Table 4
Factors associated with severity of anxiety

Variables B Std. 
Error OR P 95% CI

Organizational 
Support -0.285 0.0861 0.752 0.001 0.891-0.636

Work-life 
Imbalance 0.163 0.1129 1.177 0.148 1.469-0.944

Job Perfor-
mance Issues 0.051 0.1162 1.052 0.661 1.321-0.838

Fear of Virus 0.082 0.1206 1.086 0.496 1.375-0.857
Recession 0.224 0.1533 1.252 0.143 1.690-0.927

 
5. Discussion

The above is one of the first studies examining how 
the mental well-being of employees has been affected 
during the COVID times in India. Moderate anxiety 
and severe anxiety were found in 12.57% and 5.39% 
of the respondents. However, the study showed that 
most of the respondents had minimal anxiety, thus 
suggesting that the mental well-being of most of the 
employees might not be adversely affected. No signif-
icant differences were found in gender between the 
severities of anxiety.

The strongest factor affecting employees’ mental 
well-being was Organizational Support. Receiving 
organizational support decreased the probability of 
anxiety by a factor of 0.0752. A study of remote work-
ers by Mann et al. (2000) revealed negative effects like 
frustration due to lack of technical support. Lack of 
management support is one of the reasons behind 
overworking. Factors like management & supervisory 
support, managerial training, having a formal policy, 
and using informal and formal communication skills 
are critical for teleworking. In our study, the organi-
zation of those individuals having minimal anxiety 
was more likely to have taken steps like organizing a 
webinar, providing access to counseling sessions with 
a counselor/psychologist or giving a subscription to 
meditation & yoga apps, etc., to maintain the employ-
ees’ mental well-being. These preventive steps were 
less likely to be reported among those individuals who 
were having severe anxiety. Additionally, employees 
with minimal anxiety had also received training from 
their organization on managing or working effectively 
in a virtual team. Hence, it can be said that there is 

a significant association between the Employee Assis-
tance Program and the severity of anxiety, which again 
highlights the importance of support from the organi-
zation’s end to the employees. 

In this study, individuals showing severe anxiety 
symptoms were more likely to be worried about losing 
their jobs due to the ongoing recession in the econo-
my; and to report that their organization had cut their 
salary or given them a furlough, which suggests a sig-
nificant association in Job Insecurity and Financial 
Impact between severity of anxiety, which is consistent 
with other studies also. Mental distress was found to 
be stronger among the precarious workers having high 
job insecurity. Employees who were very insecure in 
their job experienced higher work pressure than those 
who are secure. Individuals with severe anxiety in our 
study were also more likely to fear getting the virus if 
they return to their workplace and concerned about 
whether their organization will follow all the neces-
sary practices regarding hygiene & sanitization once 
the employees start coming to the office. It reveals a 
significant association between fear of getting the vi-
rus and Concern over Safety at the workplace between 
severities of anxiety. Hence organizations must instill 
faith in their employees about safety at the workplace 
by adopting practices to maintain hygiene & safety 
like maintaining social distancing, wearing masks, and 
sanitizing the workplace frequently. Another cause of 
anxiety for the individuals was that their home envi-
ronment was not conducive enough to let them work 
effectively & quietly without any interruptions, which 
shows a significant association between home envi-
ronment and severity of anxiety. 

Other studies in the past have also shown similar 
results. Remote working is challenging because of a 
family disturbance. Interference from family while 
working from home can affect the concentration of 
the remote worker unless effectively managed. It was 
likely for the individuals with moderate to severe anx-
iety to express deterioration in collaboration among 
the team members ever since the team began working 
from home, suggesting a strong association between 
deterioration in team collaboration and severity of 
anxiety.

This study has some limitations also. First, only 
GAD-7 was used for measuring the signs of anxiety. 
Second, those reporting poor mental illness might be 
worried or anxious due to non-COVID-19 reasons, 
which have not been studied in this study. Third, the 
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responses to the self-designed questionnaire used in 
this study could be subjective. Hence there is a need 
for an objective measurement of mental well-being. 
Additionally, the state of the psychology of the indi-
viduals might change, and its effects have not been 
taken into consideration in this study.

6. Conclusion
For the remote workers, a supportive & helpful 

environment is beneficial. An increase in frequent 
contact with the supervisors helps enhance the mo-
tivation of teleworkers. In the same study, advising 
the telecommuters to maintain a separation between 
home and work tasks must be encouraged for reduc-
ing family interference in work. E-workers need the 
support for them to become effective remote workers. 
Managers must regularly communicate with them re-
garding the work and the psychological issues related 
to managing boundaries of home & work, overwork, 
and stress. Employees also need family support and 
work & family boundaries, which are clearly defined. 
According to Mann et al., teleworkers who are isolat-
ed socially from their work colleagues must have so-
cial contact elsewhere to remain healthy mentally and 
work efficiently. For overcoming these issues, organi-
zations must ensure that attendance at company social 
events & group meetings is encouraged. Video con-
ferencing may be introduced as an alternative to FTF 
communication. Expectations from teleworkers must 
be defined clearly so that the psychological contract 
can be understood clearly, as stated by Morgan. Oth-
erwise, misunderstanding about what is required from 
the worker might break the trust between the employ-
er and the worker. 

Organizations need to prepare guidelines relating 
to scheduling, expense policies, communication ex-
pectations, and performance expectations, and main-
taining healthy relationships. The managers should 
guarantee that the teleworkers have basic technical 
tools like responsive communication links (e.g., ISDN 
lines) and email access.

Organizations must comply with the Government 
and WHO guidelines for ensuring employees’ safety 
when they return to work amid the pandemic. They 
should ensure frequent sanitization of the workplace 
and a regular supply of hand sanitizers and promote 
regular hand-washing. Organizations must also invest 
in wellness programs promoting resilience to stigma 
& other stressors.

Staying connected and maintaining a social 
network must be ensured. Attention towards one’s 
feelings must be paid during times of stress. Peo-
ple should maintain a regular sleeping routine, 
eat healthy food, exercise regularly, and indulge in 
healthy activities which they enjoy and find relaxing 
(WHO, 2020). Employees can adopt behaviors pro-
moting mental health & stress management. They 
should give support to their peers, respond with em-
pathy, and encourage other people to get help (CDC, 
2019).
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Abstract
Background: Sub-maximal exercise test is very useful in evalu-
ating individual’s cardio-respiratory fitness. Many factors have 
impact on distance walked during six-minute walk test and con-
sidered to be ideal for patient population. 
Methods: 100 young college going male and female subjects 
satisfying inclusion criteria performed six-minute walk test and 
vital parameters, prior to test and post test at regular interval 
till 3 minutes were taken. Body Mass Index (BMI) was calculated.
Results: 20 male and 80 female subjects performed six-minute walk 
test. The mean distance walked by males was 534.24 meters where-
as mean distance walked by female subjects was 506.7 meters. 
Conclusion: It was observed that college going healthy subjects 
have normal cardio-respiratory endurance.
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Introduction
The six-minute walk distance test(6MWT) eval-

uates cardio-respiratory endurance in other term it 
checks the functional capacity and within the dura-
tion of six minutes this walk test measures the distance 
covered by the individual then the functional capac-
ity of an individual can be assessed. It is known that 
individual’s BMI affects energy requirements during 

performance of 6MWT [1]. Balke in 1963 first devised 
this test. This test is economical, simple and can be 
used to evaluate functional capacity of healthy as well 
as problem population [2].

Gender, age, weight, height plays a key role in 
predicting normative values in 6MWT [3]. In this 
view this is a simple, reproducible and 6MWT is well 
known which reflects and relate to activities of daily 
living (ADLs) well with quality of life score [4].

As The 6MWT only uses submaximal capacity of 
the person it is well tolerated by patients and it is more 
representative of the activities of daily living in com-
parison to another maximal or longer distance walk 
test [5], and is frequently used to assist medical frater-
nity on the severity of disease, prognosis and response 
to treatment [6].

Six-minute walk test can be used to evaluate as a 
tool in assessing fitness level, response to an interven-
tion and a good predictor [1].

Methodology
Study’s ethical aspects were considered by institu-

tional committee after which college going students 
were included in the study. Subjects were recruited 
keeping criteria with 18 years and above but less than 
30 years, had no history of addictions, not diagnosed 
for any pulmonary diseases, not underwent any vigor-
ous exercise program in last 48 hours and not having 
any Musculo-skeletal disorder that affects in perform-
ing six-minute walk test. The subjects were explained 
about study in detail and informed consent forms were 
obtained. Total 100 students Among them 20  male 
and 80 females with the age group of 18-30 year were 
assessed. Subjects were asked to sit near starting point 
for 10 minutes at least following which, pre-vitals were 
taken in form of Pulse rate (PR), Respiratory rate (RR) 
and Modified Borg’s scale- Rating of perceived exer-
tion (RPE), after performance each vitals were re-eval-
uated immediately after completion, after 3  min 
and after 5 min. The 6MWT was performed as per 
guideline [8]. test was performed in the optimal and 
well-ventilated place and therapist chose a quite place 
so that commands at regular interval could be audible 
to subjects. Test was carried out at room temperature 
and all necessary precautions like standby emergency 
services, test supervision by senior therapist and avail-
ability of chair at short distance were taken care of. 
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Results
Total of 100 participants were enrolled for the study 

in which 20 male participants and 80 female partici-
pants were recruited. We have analyzed the data as per 
gender to better understand the test results.

In male subjects, mean value of pulse rate prior to 
test was 77.75 beats/min, which raised to 87.35 beats/
min at immediate post-test, and recovery seen after 
3min 80.3 beats/min. Similarly, mean value of respi-
ratory rate priorly was 19.1 breath/min, during im-
mediate vital post-test reached to 22.1 breath/min 
and came to near normal after 3 min 19.6 breath/min. 
Their 6MWD mean value of 534.24 meter. 

In female subjects mean value of pulse rate, prior-
ly was 77.66 beats/min, which raised to 86.05 beats/
min immediately post-test, and recovery in vital seen 
after 3min, 79.88 beats/min. Similarly, mean values 
of pre-test respiratory rate 19.11 breath/min, during 
post-immediate respiratory rate was 22.02 breath/min 
and after 3min 19.63 breath/min. Their 6MWD mean 
value of 506.7 meters. 

Mean value for Level of exertion in males and fe-
males, prior to test was 0.00 and it raised slightly in 
males (0.002) and female (0.5) during post-immediate 
record. However, it again went back to 0.00 in both 
male and female subjects after 3 minutes during re-
covery period.

Table 1 
Mean values of Vitals and (Rating of Perceived Exertion)  
RPE of Male subjects

Pre-
Vitals

Post-
Immediate

After  
3 Min

Distance

BMI 21.57 kg/cm2

PR-per Minute 77.75 87.35 80.3
534.24 
MetersRR-per Minute 19.1 22.1 19.6

RPE 0 0.002 0

Table 2 
Mean values of Vitals and (Rating of Perceived Exertion)  
RPE of Female subjects

Pre-
Vitals

Post-
Immediate

After 
3 Min

Distance

BMI 19.92 kg/cm2

PR-per Minute 77.66 86.05 79.88
506.70 
MetersRR-per Minute 19.1 22.02 19.63

RPE 0 0.5 0.006

Discussion
In our study we assess cardio respiratory endurance 

in form of 6min walk test in 100 college going students 
age group 18-30 years. All subjects completed the six 
minute walk test and none of the subjects required a 
rest during test duration.

As the results suggested, it was observed that 
female subjects walked lesser distance than male 
subject. The proper explanation might be due to 
height and higher cadence. Mean values of distance 
walked by males (Table 1) and females (Table 2) were 
534.24 meter and 506.70 meter accordingly. In this 
regards, A recent study found that both the resting 
heart rate and the heart rate after the test were sig-
nificantly higher in the female subjects compared 
with the male subjects in study and the distance cov-
ered was also more [9].

Supporting present study one researcher, suggest-
ed that age, height and weight are self-reliantly linked 
with the distance walked, but with motivation, wrong 
commands and frequent turns due to short corridors 
might have impact in other way around [2]. We ob-
served raise in the vital parameters such as pulse rate, 
respiratory rate and level of exertion post test imme-
diately after the performance of the test which was an 
expected response due direct increase in the energy 
demand required to perform the test. However, vitals 
and exertional recovery observed in almost all indi-
viduals on 3rd minute post Six-minute walk test sug-
gested sufficient body functions for the fast recovery 
and good cardio-respiratory fitness.

Conclusion
The present study observed normal functional ca-

pacity in college going young healthy male and female 
subjects which is a vital components of the physical 
fitness. 
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Abstract
Factor analysis, as the basis of mathematical modeling of liv-
ing systems, is based on the interdependence of individual 
characteristics that form the specifics of a particular property, 
quality. The study is based on the method of factor analy-
sis, which allows us to speed up the assessment of producers 
of Kalmyk and Hereford cattle breeds by the quality of their 
offspring. The studies were conducted on a large sample of 
data, including various evaluation parameters of 96 breed-
ing bulls and 272 sons. Indicators have been developed for 
one feature, which is quite suitable for the preliminary se-
lection of steers in breeding and commodity farms engaged 
in the breeding of beef cattle. For the final assessment, we 
have compiled new indicators as follows: two indicators - live 
weight at 8 and 15 months, live weight at 15 months and av-
erage daily increase from 8 to 15 months; three characteristics 
- live weight at 8, 15 months and average daily increase. These 
indicators are objective and easily measurable over a relative-
ly short period of time. According to the estimates obtained 
for individual sons, it is possible to determine the evaluation 
of breeding bulls by the quality of offspring by summing the 
values of the new factors.
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1. Introduction
Studies of the structure of the interaction of signs with 

the help of factor analysis is based on the idea of the com-
plex nature of the phenomenon being studied, expressed 
in the interdependence of individual signs, determined 
by “internal” hidden causes, forming the specifics of a 
property, quality. Factor analysis is used to concentrate 
the source information, including a large number of 
signs of the analyzed compression phenomenon using 
common factors, expressing in less number of more ca-
pacious internal characteristics, i.e. allows you to reduce 
a large amount of data to possibly whiter than simple 
concentration with minimal loss of information. The 
most capacious characteristics obtained, called factors, 
are not directly measurable. They are behind the scenes 
of the phenomenon under study, serve as its background 
and can only be determined as a result of analysis.

The task of factor analysis is to find a simple struc-
ture that would accurately reflect and reproduce real, 
existing in nature dependencies. Moreover, the form 
and amount of experimental data strongly influence 
the implementation of the principle of simple struc-
ture. A one-sided approach to the selection of signs in-
evitably leads to a mismatch of the phenomenon being 
studied. The result of the analysis is determined by the 
formulation of the entire study.

The goal was to construct a new factor that summa-
rizes the initial information of all the characters from 
all the signs of testing the bulls for their own produc-
tivity, on which the bulls’ assessment of the quality of 
the offspring is based. At the same time, we proceeded 
from the fact that these signs to some extent correlate 
with each other. This means that either they mutually 
define each other, or the relationship between them 
is determined by some specific quantity that cannot 
be directly measured. This proposal is in many cases 
real. The factor analysis model just determines this. 
Using factor analysis, we determined a value that, like 
a sponge, absorbed the values of all the signs of an as-
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sessment. For our analysis, we took the first factor (the 
main component) to cover the largest set of features, 
their largest scatter (variance). At the same time, the 
coverage level of the variance of the signs of the assess-
ment was set at least 95% [1-15].

2. Materials and methods
For research by factor analysis, we took materials 

on the evaluation of producers on the quality of off-
spring and tests of their bull sons on their own pro-
ductivity of the Kalmyk and Hereford breeds. The 
analysis included material from the work of pedigree 
reproducers and plants in the Kalmyk and Hereford 
breeds of the Rostov Region. The study used data from 
the appraisal of cattle herds of Kalmyk and Hereford 
breeds. Consolidated valuation statements were sub-
mitted to the tribal department of the Ministry of Ag-
riculture and Food of the Rostov Region.

3. Results and discussion
The total number of animals included in the treat-

ment was 96 bulls and 272 sons (Table 1).
The interconnection of the signs of evaluating the 

calves according to their own productivity (Table 2) 
shows that the nature of these correlations is very 
labile, but it gives a complete picture of the general 
biological laws, as a single system of all body prop-
erties. It should be noted that the live weight of go-
bies at 8 months of age has the highest correlation 
with the live weight of 15 months. (0.502-0.701). 
This indicates that the milk yield of mothers and 
the live weight of gobies at the age of 15 months are 
characterized by an average, direct and significant 
dependence. But with other signs, the milkiness 
of mother cows (live weight of gobies at 8 months) 
has a weak relation (-0.276-0.428). A high relation-
ship is found in live weight of gobies at the age of 

Table 1
Development and variability of signs for evaluating calves of different breeds by their own productivity,  
grown on farms of various categories

Biometric 
Constants

Live weight, kg The average 
daily increase 
from 8 to 15 

months, g

Feed costs 
per 1 kg 

of growth, 
feed. units

Intravital 
assessment of 
meat qualities, 

score

Overall 
rating, 
point

Integrated 
Index8 months 15 months

KALMYK BREED
In general by Kalmyk breed 

Bulls (n = 22) – improvers of sons (n = 51)

1. x x± S 188.6±1.2 38.2±1.9 938±8 7.3±0.1 50.9±0.3 43±0.3 102.8±0.4

2. СV 9.12 6.9 11.72 13.96 7.01 10.67 4.89
Bulls (n = 18) – neutrals by sons (n = 50)

1. x x± S 183.7±1.5 369.4±2 849±7 7.6±0.1 50.1±0.3 40±0.3 100±0.3

2. СV 10.81 7.17 11.17 14.69 8.02 10.38 4.24
Bulls (n = 24) – .worsens sons (n = 61)

1. x x± S 185.5±1.1 366.3±1.7 848±6 8.1±0.1 49.4±0.2 38.8±0.3 98±0.4

2. СV 8.78 7.14 11.25 12.74 7.38 12.48 5.5
HEREFORD BREED

Hereford breed in general
Bulls (n = 15) – improvers of sons (n = 47)

1. x x± S 220.3±1.5 439.6±2.2 1029±8 6.6±0.1 54.3±0.2 45.5±0.3 102.8±0.4

2. СV 14.25 10.33 14.85 14.55 8.03 11.8 8.24
Bulls (n = 5) – neutrals by sons (n = 22)

1. x x± S 221±2.4 432.7±3.7 1012±12 6.5±0.1 53.3±4 45±0.4 99.9±0.7

2. СV 13.45 10.42 14.44 15.7 8.27 11.33 8.76
Bulls (n = 12) – worsens sons (n = 41)

1. x x± S 221.3±1.6 423.9±2.4 953±8 6.9±0.1 52.3±0.3 42.6±0.4 96.8±0.5

2. СV 13.98 10.67 15.3 1.8 9.61 15.65 8.87
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Table 2
The relationship of the signs of the assessment of gobies of Kalmyk and Hereford breeds by their own productivity,  
grown on farms of various categories

Category 
of bulls Signs

Signs
1** 2** 3** 4** 5** 6** 7** 8**

Kalmyk and Hereford breed * 
Breeding plants

Ul

1** - .142 .-102 .165 .365 -.143 .149 -.007
2** .722 - .244 -.330 -.235 -.284 .382 .666
3** .090 .748 - +.055 -.448 -.206 .548 .627
4** -.146 -.598 -.730 - .192 .140 -.653 -.648
5** .281 .383 .287 -.196 - -.154 -.015 -.362
6** .336 .762 .785 -.661 .562 - -.367 -.489
7** .224 .671 .779 -.796 .572 .739 - .870
8** .453 .894 .863 -.777 .573 .911 .884 -

N

1 - .579 -.018 .165 .001 .251 .125 .542
2 .553 - .513 .125 -.125 .205 .493 .850
3 -.063 .629 - .212 -.166 .074 .406 .581
4 .065 -.433 -.700 - -.034 -.071 -.572 -.138
5 .279 .362 .281 -.072 - .202 .386 .163
6 .285 .705 .788 -.690 .529 - .253 .477
7 .017 .601 .769 -.685 .586 .821 - .789
8 .252 .793 .881 -.739 .554 .942 .928 -

Ux

1 - .572 -.494 .121 .102 .075 -.175 -.185
2 .733 - .431 -.167 .013 .428 .369 .633
3 .113 .753 - -.310 -.098 -.372 .582 .874
4 .-054 -.519 -.706 - .259 .080 -.325 -.496
5 .367 .454 .326 -.137 - -.190 -.014 -.248
6 .400 .822 .822 -.649 .653 - .140 .518
7 .218 .677 .795 -.692 .583 .823 - .753
8 .472 .897 .865 -.716 .621 .956 .837 -

Breeding reproducers

Ul

1 - .514 -.497 .-699 .210 -.005 -.290 .116
2 -.009 - 460 .-693 .537 .716 .622 .862
3 -.254 .701 - .033 .320 .748 .916 .744
4 .192 -.550 -.801 - -.408 -.413 -.102 -.514
5 -.363 .435 .651 -.561 - .654 .533 .726
6 -.142 .633 .900 -.826 .747 - .886 .955
7 -.179 .562 .799 -.676 .579 .690 - .884
8 -.283 .735 .952 -.865 .782 .935 .839 -

N

1 - .675 -.273 -.753 .124 .250 -.034 .385
2 .825 - .493 -.811 .465 .839 .672 .915
3 -.216 .374 - -.179 .411 .809 .904 .737
4 .582 .069 -.835 - -.171 -.874 -.325 -.872
5 .272 .206 -.090 .077 - .637 .653 .662
6 .294 .659 .656 -.424 .418 - .922 .976
7 .049 .587 .933 -.751 .157 .817 - .891
8 .117 .633 .902 -.692 .220 .887 .990 -
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15 months and average daily growth in the period 
from 8 to 15 months with all the other signs of eval-
uating the calves according to their own produc-
tivity. An exception to this is the connection with 
feed costs, which is characterized by negative values  
(P> 0.99-0.999).

The data presented show that by selecting calves by 
live weight or by growth intensity, we can expect that 

the cost of feed for growth will decrease, in the meat 
form it will improve.

Allocated by us on the basis of the factor analysis, a 
new factor that summarizes all the signs of evaluating 
the calves by their own productivity has the property 
of the greatest conjugation with all the signs. More-
over, the higher correlation of the new factor with the 
signs of assessment, as well as with the complex index, 

Category 
of bulls Signs

Signs
1** 2** 3** 4** 5** 6** 7** 8**

Ux

1 - .541 -.245 -.465 .091 .179 -.031 .250
2 .575 - .631 -.694 .428 .820 .753 .897
3 -.192 .667 - -.375 .381 Ю787 .879 .805
4 -.091 -.692 -.832 - -.191 -.593 -.461 -.674
5 .416 .883 .692 -.672 - .674 .681 .662
6 .206 .880 .888 -.860 .893 - .920 .968
7 .279 .704 .654 -.728 .691 .722 - .939
8 .322 .921 .849 -.876 .912 .972 .834 -

Overall by breed

Ul

1 - .502 -.064 -.203 .071 .108 -.276 .160
2 .654 - .793 -.433 .497 .767 .395 .858
3 .016 .749 - -.241 .519 .812 .620 .867
4 -.056 -.576 -.744 - -.295 -.501 -.298 -.549
5 .210 .392 .335 -.242 - .642 .489 .728
6 .255 .764 .804 -.687 .585 - .685 .947
7 .125 .649 .783 -.693 .504 .722 - .721
8 .338 .875 .884 -.788 .596 .919 .876 -

N

1 - .669 .217 .052 .100 .221 -.102 .357
2 .588 - .760 -.200 .540 .721 .421 .873
3 -.088 .600 - .040 .457 .719 .676 .838
4 .120 -.389 -.704 - -.309 -.444 -.255 -.357
5 .273 .352 .255 -.071 - .666 .402 .722
6 .283 .700 .772 -.673 .525 - .731 .936
7 .019 .597 .873 -.687 .558 .818 - .738
8 .241 .782 .876 -.731 .541 .939 .932 -

Ux

1 - .701 .198 -.157 .076 .282 .040 .428
2 .722 - .773 -.399 .401 .764 .505 .887
3 .086 .742 - -.195 .368 .754 .646 .820
4 -.059 -.526 -.723 - -.253 -.531 -.353 -.535
5 .377 .516 .398 -.243 - .607 .475 .625
6 .378 .826 .837 -.687 .702 - .794 .951
7 .236 .672 .770 -.696 .603 .798 - .786
8 .459 .894 .863 -.739 .682 .959 .884 -

Notes: Ul - improver, N - neutral, Ux – deteriorator
*Correlation coefficients located on the diagonal above are determined by the Kalmyk, and below by thw Hereford rocks.
**Legend: 1 - live weight at 8 months; 2 - at the age of 15 months; 3 - average daily increase in the period from 8 to 15 months; 
4 - feed costs per 1 kg of growth; 5 - intravital assessment of meat qualities; 6 - general mark; 7 - a comprehensive assessment 
index for the growing period from 8 to 15 months of age; 8 is a new factor.
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as well as with the general assessment, allows it to be 
used as a selection trait (Table 3 herein).

Of great importance in the study of correlation 
relationships is the method of the regression anal-
ysis, which with a certain degree of probability al-
lows us to predict the value of one attribute by the 

value of another. We have compiled breeding indices 
based on the regression equations to determine the 
value of a new factor in the breeding value of bulls 
at 8, 15 months of age in terms of live weight and 
average daily growth from 8 to 15 months (Tables 4,  
5 herein).

Table 3
The relationship of the new factor with the signs of the assessment of the bulls on their own productivity

Category  
of bulls

Live weight, month Average daily 
increase from  

8 to 15 months

Feed costs 
per 1 kg of 

growth

Evaluation 
of meat 
forms

Overall 
point grade

Integrated 
Index8 15

KALMYK BREED
Ul 0.160 0.858 0.867 -0.549 0.728 0.947 0.721
N 0.357 0.873 0.838 -0.357 0.722 0.936 0.738
Ux 0.428 0.887 0.820 -0.535 0.625 0.951 0.786

HEREFORD BREED
Ul 0.388 0.875 0.884 -0.788 0.596 0.919 0.876
N 0.241 0.782 0.876 -0.731 0.541 0.939 0.932
Ux 0.459 0.894 0.863 -0.739 0.682 0.959 0.884

Table 4
Breeding indices for determining the breeding value of calves by live weight at 8, 15 months of age and average daily gain  
for a period from 8 to 15 months different breeds grown on farms of various categories

Fathers Category
Live weight, kg in age The average daily increase 

in the period from 8 to 15 
months, g (Х3)8 month (Х1) 15 months (Х2)

KALMYK BREED
Breeding plants

Ul -0.001х1 + 0.25 0.056х2 – 19.66 0.022х3 – 17.41
N 0.061х1 – 10.85 0.117х2 – 40.19 0.028х3 – 21.86
Ux -0.029х1 + 5.28 0.105х2 – 35.84 0.032х3 – 24.96

Breeding reproducers
Ul 0.007х1 – 1.37 0.051х2 – 19.38 0.010х3 – 8.59
N -0.022х1 – 4.19 0.049х2 – 18.25 0.010х3 – 8.33
Ux -0.020х1 – 3.73 0.054х2 – 19.65 0.011х3 – 9.54

Breeding reproducers
Ul 0.005х1 – 0.878 0.026х2 – 11.47 0.009х3 – 8.80
N -0.021х1 – 3.80 0.032х2 – 12.05 0.008х3 – 7.04
Ux -0.024х1 – 4.46 0.028х2 – 10.51 0.007х3 – 6.05

By breed
Ul 0.009х1 – 1.76 0.032х2 – 12.44 0.008х3 – 7.40
N -0.018х1 – 3.31 0.033х2 – 12.17 0.008х3 – 7.50
Ux -0.026х1 – 4.81 0.094х2 – 12.42 0.009х3 – 7.29

HEREFORD BREED
Breeding plants

Ul 0.015х1 – 3.42 0.020х2 – 8.73 0.006х3 – 6.01
N 0.009х1 – 2.04 0.018х2 – 7.69 0.006х3 – 6.09
Ux -0.016х1 – 3.68 0.020х2 – 8.65 0.006х3 – 5.84



98 | Cardiometry | Issue 19. August 2021

Fathers Category
Live weight, kg in age The average daily increase 

in the period from 8 to 15 
months, g (Х3)8 month (Х1) 15 months (Х2)

Breeding reproducers
Ul -0.008х1 + 1.46 0.018х2 – 7.84 0.006х3 – 5.56
N 0.002х1 – 0.55 0.012х2 – 5.36 0.006х3 – 6.19
Ux 0.009х1 – 1.85 0.023х2 – 9.12 0.005х3 – 4.92

By breed
Ul 0,011х1 – 2,37 0.019х2 – 8.44 0.006х3 – 5.93
N 0.008х1 – 1.79 0.017х2 – 7.48 0.006х3 – 6.04
Ux 0.015х1 – 3.27 0.020х2 – 8.34 0.006х3 – 5.62

Table 5
Breeding indices for determining the breeding value of gobies of different breeds raised in farms of various categories

Fathers 
Category

Live weight (kg) at 8 (х1) and 
15 (х2) months of age

Live weight (kg) at 15 and the 
average daily gain (g) in the 
period of 8-15 months (х3)

Live weight at 8, 15 months of age 
and average daily gain in the period 

of 8-15 months

KALMYK BREED
Breeding plants

Ul -0.021х1 + 0.058х2 – 16.26 0.046х2 + 0.017х3 – 29.82 -0.007х1 + 0.047х2 + 0.017х3 – 28.55

N 0.009х1 + 0.111х2 – 39.63 0.103х2 + 0.009х3 – 42.82 0.024х1 + 0.080х2 + 0.014х3 – 42.14

Ux -0.129х1 + 0.018х2 – 38.95 0.052х2 + 0.027х3 – 38.94 -2.417х1 + 2.468х2 – 0.480х3 – 39.47

Breeding reproducers

Ul -0.028х1 + 0.065х2 – 19.27 0.039х2 + 0.006х3 – 19.92 -0.005х1 + 0.044х2 + 0.005х3 – 19.80

N -0.025х1 + 0.065х2 – 19.36 0.039х2 + 0.005х3 – 18.80 -0.003х1 + 0.042х2 + 0.004х3 – 18.88

Ux -0.027х1 + 0.065х2 – 18.60 0.039х2 + 0.006х3 – 18.87 -0.001х1 + 0.040х2 + 0.005х3 – 18.85

Breeding reproducers

Ul -0.038х1 + 0.047х2 – 11.89 0.002х2 + 0.008х3 – 9.14 -0.031х1 + 0.038х2 + 0.002х3 – 11.29

N -0.017х1 + 0.042х2 – 13.03 0.016х2 + 0.005х3 – 10.27 -0.003х1 + 0.019х2 + 0.004х3 – 10.63

Ux -0.021х1 + 0.039х2 – 10.68 0.019х2 + 0.003х3 – 9.63 -0.023х1 + 0.045х2 – 0.001х3 – 10.88

By breed

Ul -0.021х1 + 0.039х2 – 11.10 0.017х2 + 0.005х3 – 10.95 -0.013х1 + 0.030х2 + 0.002х3 – 10.95

N -0.021х1 + 0.043х2 – 12.21 0.021х2 + 0.004х3 – 11.50 -0.015х1 + 0.035х2 + 0.002х3 – 11.86

Ux -0.024х1 + 0.044х2 – 11.83 0.024х2 + 0.004х3 – 11.78 -0.023х1 + 0.043х2 + 0.001х3 – 11.81

HEREFORD BREED
Breeding plants

Ul -0.014х1 + 0.026х2 – 8.54 0.012х2 + 0.003х3 – 8.58 0.012х1 + 0.001х2 + 0.006х3 – 8.63

N -0.010х1 + 0.021х2 – 6.96 0.009х2 + 0.004х3 – 8.21 0.007х1 + 0.005х2 + 0.005х3 – 8.79

Ux -0.014х1 + 0.027х2 – 8.35 0.013х2 + 0.003х3 – 8.43 0.011х1 + 0.002х2 + 0.005х3 – 8.50

Breeding reproducers

Ul -0.015х1 + 0.021х2 – 5.93 -0.001х2 + 0.005х3 – 5.53 0.004х1 – 0.004х2 + 0.006х3 – 5.62

N -0.026х1 + 0.032х2 – 8.23 0.007х2 + 0.005х3 – 8.22 -1.186х1 + 1.192х2 + 0.244х3 – 8.29

Ux -0.009х1 + 0.027х2 – 9.10 0.016х2 + 0.003х3 – 8.78 0.014х1 + 0.001х2 + 0.006х3 – 8.41

By breed

Ul -0.013х1 + 0.025х2 – 8.16 0.011х2 + 0.003х3 – 8.17 0.007х1 + 0.004х2 + 0.005х3 – 8.20

N -0.011х1 + 0.022х2 – 6.88 0.009х2 + 0.004х3 – 8.21 0.006х1 + 0.005х2 + 0.005х3 – 8.67

Ux -0.013х1 + 0.028х2 – 8.19 0.012х2 + 0.003х3 – 8.16 0.013х1 + 0.001х2 + 0.006х3 – 8.15
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Substituting their values in the selection indices, 
taking into account, which father this goby comes 
from (improver, neutral, deteriorator), we obtain a 
new factor. If they are positive, then the goby is evalu-
ated according to its own productivity, Ul, if it is neg-
ative, then Ux.

4. Conclusion
The proposed breeding indices on one basis are 

quite suitable for the preliminary selection of calves in 
commodity farms or in pedigree breeding for beef cat-
tle. In order to get a final assessment, we compiled new 
breeding indices, including two (live weight at 8 and 
15 months, live weight at 15 months and average daily 
growth in the period from 8 to 15 months.), as well as 
three characteristics (live weight in 8, 15 months and 
average daily gain). These signs are objective and easy 
to account. According to the estimates obtained for 
individual bull-sons, it is possible by summing up the 
values of new factors to identify the bulls’ assessment 
of the quality of the offspring. Our analysis of the as-
sessment materials is characterized by high reliability 
(P> 0.999).

Thus, using the factor analysis and the multiple 
linear regression method, the breeder’s subjectivity, 
difficulties in accounting for feed intake, etc. are com-
pletely eliminated. The whole work is simplified. The 
assessment factors obtained by two or three charac-
teristics most fully characterize the breeding value of 
the bulls, compared to assessment on one basis, and 
they should probably be used in those farms where in-
depth pedigree work (breeding plants) is conducted. 
Such breeding indices can be developed by assessing 
the heifers’ own productivity and, on this basis, select 
producers who deliver high-quality sons and daugh-
ters. In this case, the selection will be based on theo-
retical, sound assumptions, and not on the intuition 
of breeders, which allows you to turn selection into a 
technological process with its strict control. The se-
lection process will become collective creativity. The 
fresh biotechnological approach offered by us herein 
will allow equipping specialists with a reliable means 
of increasing the productive and fiery qualities of beef 
cattle. Breeding will turn from art into a breeder’s tool.
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Abstract 
We studied the effect of essential oils and music fragments, as well 
as their various combinations on the brain’s electrical activity pa-
rameters. We showed the character of their impact on the basic 
EEG frequency bands, identified localization of sources for spe-
cific activity. It was found that the olfactory and musical influence 
of different modalities have unidirectional effect on the bioelectric 
activity indices. This EEG response is most likely associated with a 
common mechanism for implementing the effects of audio and 
odorant stimulants. It was found that the response to the combina-
tions of sensory effects has different intensity. These data permit the 
sensory effects to be ranked in terms of their activation level, which 
makes it possible to purposefully influence the psycho-emotional 
states. Our findings are the basis for developing further methods 
and programs of modifying the athletes’ functional states.
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1. Introduction
Currently, interest in the use of various methods 

of sensory impact increases in order to improve ad-
aptation and non-drug treatment. A large amount of 

research confirms the effectiveness of aromatic oils 
and musical compositions to reduce the tone of sym-
pathetic activity, blood pressure, improving perfor-
mance, improve training and memorization processes 
[1–3]. This direction is popular in sports, where is a 
need for a non-drug increase in performance, reduce 
the level of fatigue and improve the emotional control. 

To develop optimal strategies for the safe modifi-
cation of athletes’ functional states we must know the 
physiological mechanisms of regulation of athlete’s 
mental and emotional status. The means of body state 
control include functional music (FM) [4, 5] and es-
sential oils (EO) [6, 7]. 

Conditioned reflex is presented in the mechanisms 
of influence produced by EO. Therefore, when man-
aging the psychoemotional status, the implementation 
of activating or relaxing changes in the athlete’s body, 
the leading role is played by the influence of mixtures 
of essential oils of directed action [8]. 

There is evidence for the central mechanisms of 
the music [9, 10] and EO [8, 11] effects; there are also 
some studies on the possibility of their joint use [12, 
13]. But the mechanisms and neurophysiological im-
pact of complex audio and odorant effects have not 
been studied in detail that complicates the develop-
ment of their practical application techniques. 

Some authors declare the non-specificity of these 
impacts (placebo effect), since there are no data on 
activation associated with memorization and the at-
tention of the CNS regions [11, 14]. Nowadays there 
are many methods of objectifying changes in the brain 
activity during non-drug treatment. These methods 
include EEG recording during the audio and odorant 
influences [15, 16]. However, most of the results use 
only descriptive analyses of EEG and only one vari-
ant of stimuli. Statistical analysis involves counting the 
number of “abnormal periods” in the EEG [8]. Many 
researches are not free from human mistakes, and the 
information content of the spectral analysis of the EEG 
may be related rather to the expectation of results. 

In researches, which used blinded stimulation, re-
sults are less specific. A.Crisinel suggest, for example, 
that features of odor stimuli constitute psychological 
dimensions that can be consistently matched to audi-
tory features [17]. W.Dimpfel indicates with his dis-
criminant analysis of human quantitative EEG data an 
anxiolytic effect of herbal drugs [11].
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There is no information about the mechanisms of 
the changes. In this regard, it initiates an interest in 
consideration of the effect of non-drug influences on 
the central nervous system.

The purpose of this study was to study the changes 
in the spectral and tomographic analysis of the bio-
electric activity of the brain in response to functional 
music (FM) and essential oils, as well as investigate the 
nature of changes in the localization of the bioelectric 
activity of the brain under these influences.

2. Materials and Methods 
The study involved 8 middle distance runners 

(male right-handers, aged 19 to 22 years). The sub-
jects were exposed to some pieces of energizing (rock 
music) or relaxing (classical) music followed by the 
olfactory impacts with specially designed energizing 
and relaxing EO blends (EOB) through cold inhala-
tion [7]. The specific blends were selected on the basis 
of some publications [7, 18] and coded by a leading 
researcher for the blind study. For objectification we 
used impacts of the same duration: five-minute expo-
sure, three-minute rest periods between stimuli, ran-
dom alternation of audio and odorant impacts,  and 
blind method of stimuli presentation and result pro-
cessing.

Musical compositions were also classified as acti-
vating (speed and power metal) and relaxing (classical 
music pieces).

The means of influencing the functional state of the 
organism by smell were aromatic compositions “calm-
ness” and “inspiration” (Mirra-M, Russia), which had 
different directions of influence (relaxation for “calm-
ness”, tonic for “inspiration”).

In this research we creating combinations of essen-
tial oils and music as follows:

• Toning oil + toning music, 
• Toning music + relaxing oil, 
• Relaxing music + tonic oil, 
• Relaxing oil and music.
All stages of research were managed with tempo-

rary intervals (on average 5 days) for excluding the ac-
tion of addiction / fatigue factor. During the study, the 
laboratory was darkened, and foreign sound irritants 
were reduced to a minimum.  

An important stage in the study was blinding. All 
kinds of functional music and essential oils were cod-
ed and numbered. The researcher and the subject were 
not aware of components of the compositions.

The EEG recordings were performed at baseline, 
during each sensory impact and after its completion 
with 19 standard bipolar leads according to the 10-20 
international scheme with the Encephalan-131 elec-
troencephalograph (Medicom-MTD, Russia). Af-
ter removing the artifacts, the individual 4 sec EEG 
segments were processed using the spectral analysis 
method (fast Fourier transform algorithm, imple-
mented in the software supplied with the electroen-
cephalograph). Averaging the six measurement data 
on amplitude and spectral power reduced the influ-
ence of artifacts and individual variability. The aver-
age amplitude value was calculated in standard delta 
(Δ), theta (θ), alpha (α) and beta (β) bands. 

Statistical processing (pairwise nonparametric 
analysis, multivariate analysis of variance) was per-
formed with the R software (version 4).

To determine distributed EEG source localization, 
the sLoreta program was used, which involves the 
one-way analysis of variance to assess the significance 
of intergroup differences [19,20]. At p<0.05, the differ-
ences were considered significant.

3. Results

3.1. Spectral analysis
The most pronounced changes in average am-

plitude of the bioelectric activity were detected 
with the parietal leads: when exposed to energizing 
EOB 19±11µV to 24.7±8.8 µV for Δ- rhythm and  
12.2±4 to 14.3±5.3 µV for α-rhythm (hereinafter, 
values are given in M±σ format). However, these 
effects, as well as the less pronounced average data 
dynamics for other impact types were not statisti-
cally significant. 

This fact confirms the view that the olfactory per-
ception is connected with changes in hemispheric 
asymmetry of the brain bioelectrical activity in alpha 
and theta bands. It should also be emphasized in con-
nection with the special role of the functional brain 
asymmetry in the organization and execution of com-
plex motor activities.

3.2. EEG tomographic analysis
To identify the localization of bioelectric activity 

in the sLoreta program used for scientific research, a 
built-in mathematical algorithm was used in localiza-
tion of both the surface sources (cortical) and the deep 
ones.
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In baseline state, compared with the effect of a com-
bination of relaxing odorant and musical stimuli, there 
was a significantly (p <0.05) greater activity of the beta-
2 frequency range of the EEG in the right parietal re-
gion (fusiform gyrus), see Figure 1 given herein. 

At the same time, isolated effects of functional mu-
sic and essential oils did not cause changes in all stan-
dard frequency ranges of EEG. In the initial state, in 
comparison with the stimulating odorant effect, there 
was a significantly greater activity in the left precentral 
area in the delta-range of the EEG (see Figure 2 herein).

The most likely cause of the unidirectionality of the 
considered effects on EEG may be the common mech-
anisms of their implementation through the emo-
tion-generating structures, including the activation 
of the limbic system and, in particular, the thalamus 
[21, 22]. The major changes in the EEG parameters 
occurred under the influence of EOB, which is deter-
mined by the close relationship of the olfaction and 
the limbic system.

Changes between the relaxing and the tonic essen-
tial oils blends’ exposure in alpha-2 range are localized 
in the Brodmann’s area 23 in the left hemisphere. This 
region of the brain corresponds to a part of the pos-
terior cingulate cortex (see Figure 3 herein). This rel-
atively poorly investigated area is a part of the limbic 
system, and it is involved in the emotional perception, 
in a set of cognitive processes with internal represen-
tations [23]. 

Different music types also causes changes in the lo-
calization of bioelectric potentials. Thus, tonic music 
produces a decrease in the activity of the theta band in 
the tertiary zone of the right temporal area. At the same 
type, a single-directed music action leads to a decrease 
in the activity in the delta band in the ventromedial 
prefrontal cortex (see Fig.4 herein). These zones are 
responsible for associations with the emotional reac-
tions and the social behavior. Decreasing activity in 
Brodmann Area 25 (ventromedial prefrontal cortex) 
may lead to hypersociability and anxiety [24].

Figure 1. Difference between the background EEG and the relaxing FM + relaxing EO exposure in the beta-2 range. Here and 
hereinafter highlighted is a brain area which had significantly higher values of the first state in comparison with the second state 
in the entire study sample.

Figure 2. Difference between the background EEG and the tonic EO exposure in the delta range
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Relaxing musical effects reliably reduce the bio-
electric activity in the posterior part of the upper and 
middle frontal gyruses.

Interestingly that combined effects made by tonic 
EO and FM do not have similarities with isolated in-
fluences and are manifested in a pronounced reduc-
tion of the beta-1 activity in the left occipital region. 

After the exposures, there is an activation of the 
deep departments of the dread area of the right hippo-
campus and spindle-shaped winding, which indicates 
the activation of the limbic system, regardless of the 
modality of influences.

Our results suggest both an activating and inhib-
itory effect on various brain pacemaker structures, 
mediated by the impact of tonic and relaxing senso-
ry stimuli [2]. Particular attention should be paid to 
different intensity of responses to the combinations 
of sensory effects that might help to rank sensory in-
fluence on the objective indicators of the activation 
level and more objectively justify the development 
of the programs aimed at the psycho-emotional state  
correction.

At the same time, as follows from the data obtained 
in this study, it is possible that such a set of changes in 
the functional state refers to the leading mechanisms 
of the positive dynamics of the performance indicators 
in a number of sports.

4. Conclusions
The results obtained suggest that exposure to odor-

ants can play a leading role in the modification of ath-
letes’ functional states. The techniques designed for 
athlete’s psycho-emotional state control, body relax-
ation or activation should include the use of essential 
oil blends of a directed action. 

We assume the presence both of activating and in-
hibitory influences on various pacemaker structures 
in the brain, including those on the nucleus of the in-
termediate brain, mediated by the effects of tonic and 
relaxing sensory stimuli. 

Special attention should be paid to the different 
intensity of responses to combinations of sensory in-
fluences, which, possibly, will allow ranking sensory 
influences according to objective indicators of the 

Figure 3. Difference between the relaxing and the tonic EO exposure in the alpha-2 range

Figure 4. background EEG and tonic FM exposure in the delta range
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level of activation and more objectively substantiating 
programs to be designed for correcting psycho-emo-
tional states. Our evidence data give reason to think 
that odorant effects can play a leading role in modify-
ing the functional states of athletes.

The most pronounced activating effect has a ton-
ic EO. This may be due to the anatomy-physiologi-
cal features of the olfactory analyzer. Some depart-
ments of the olfactory system (the olfactory bulb, 
the olfactory tract, the front-centered body) are 
part of the limbic system. From these formations, 
the impulse goes to paragapocampal overwhelm-
ing, and from there to the mammarian bodies in 
a Papes circle. The hearing pathways do not have 
such specific connections with the limbic system. 
Possibly, it leads to a smaller effect of the isolated 
FM stimulation. 

This is primarily due to the fact that the effects 
of the influence provided by music are short-lived, 
while the aftereffect of the exposure of essential oils 
is recorded at least for 30 minutes. In addition, in 
the mechanisms of the effect of essential oils, there is 
not only a change in the neurophysiological activity 
of the brain and the autonomic nervous system, but 
also the effect of odorant compounds on the neu-
roendocrine system, neurotransmitters and neuro-
modulators [2].

We have found a change in the prefrontal gyrus, 
the cingular gyrus activity, which is responsible for 
concentration and its improving. It requires further 
verification using coordination tests. Nonspecific ac-
tivation of the limbic system with an isolated stimulus 
and FM, EO combinations may lead to change in the 
activity of the autonomic nervous system. It requires 
further study, taking into account an analysis of car-
diovascular activity to cover blood pressure and heart 
rate variability.
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Abstract 
This study aimed to determine the role of global longitudinal 
strain (GLS) in early diagnosis and detection of severity of cor-
onary artery disease (CAD) in non-diabetic patients with pre-
served left ventricular ejection fraction (EF) without regional 
wall motion abnormalities presented with chronic coronary syn-
drome, and to identify the role of territorial longitudinal strain 
(TLS) in detection of the affected coronary artery. We enrolled 
60 non-diabetic patients with suspected CAD who underwent 
resting echocardiography and speckle tracking imaging and 
subsequently coronary angiography then results were correlat-
ed together. Patients with family history of CAD (68.3%), hyper-
tension (68.3%), smokers (43.3%), and dyslipidemia (81.6%). All 
participants had normal left ventricular systolic function with 
mean EF of 64.02±6.15% and no regional wall motion abnor-
malities at rest. Patients were classified angiographically accord-
ing to the number of the diseased vessels into: 3 vessels dis-
ease (43.3%), 1-2 vessels disease (35%), and normal coronary 
angiography (21.7%) with GLS mean values of -13.69±1.94%, 
-15.4±1.74%, and -18.80±2.14%, respectively. There was a nega-
tive significant correlation between GLS values and the number 
of diseased vessels (P=0.001). The values of TLS were significant-
ly lower in myocardial regions supplied by stenotic arteries than 
those supplied by non-stenotic arteries. Mean TLS values for 
stenotic left anterior descending, left circumflex, and right cor-
onary arteries were -15.51±3.19, -13.06±2.90, -13.27±2.60 with 
P=0.011, 0.001, and 0.001, respectively. Speckle tracking derived 
GLS is an effective non-invasive method in predicting presence 
and severity of CAD and in locating the affected vessels based 
on the distribution of segments affected in TLS. 
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1. Introduction
Coronary artery disease (CAD) is a major and 

growing health problem. Accurate and rapid diag-
nosis is crucial , as it can help in selecting the proper 
management plan whether medical treatment or cor-
onary revascularization, thus, improves the prognosis 
of those patients [1]. Conventional echocardiography 
at rest provides limited information in the diagnosis of 
CAD. Thus, stress test is usually required as non-in-
vasive diagnostic method for detection of coronary 
artery stenosis; however, both exercise and pharma-
cological stress testing could carry a risk of cardiovas-
cular events. So, the development of a non-invasive 
and quantitative method for detecting coronary artery 
stenosis without a stress test would be ideal [2]. Re-
cent studies reported that strains by 2D speckle track-
ing imaging could be used to assess the deformation of 
the myocardial ischemia area and thus to detect CAD 
but the diagnostic accuracy is still under search [3], 
Myocardial strains were found to be affected inde-
pendently by diabetes mellitus (DM), so the presence 
of DM may affect the diagnostic accuracy of Global 
longitudinal strain (GLS) in detecting CAD [4].

2. Material and Method
The present study included 60 non-diabetic pa-

tients with suspected CAD who were collected pro-
spectively and admitted to Banha university hospital. 
All of them underwent resting echocardiography and 
subsequently coronary angiography by operators who 
are blinded to the echocardiographic results.

2.1 Key inclusion criteria:
Non-diabetic Patients referred to the Cath lab with 

Suspected CAD: with high pre-test probability accord-
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ing to 2019 ESC guidelines for diagnosis and man-
agement of chronic coronary syndromes [5] and/or 
patients with high risk of CAD according to SCORE 
(systematic coronary risk estimation) risk chart, that 
predicts 10 years risk of fatal CAD [6].

2.2 Key exclusion criteria:
Patients with recorded history of DM; or diag-

nosed as having DM during hospitalization [7], pa-
tients who had regional wall motion abnormalities 
detected by resting echocardiography, reduced left 
ventricular ejection fraction (LVEF), severe valvular 
stenosis or regurgitation, suboptimal angiographic 
or echocardiographic images, the presence of perma-
nent pacemaker, arrhythmias such as atrial fibrillation 
and frequent premature complexes that may affect the 
analysis of the images, presence of left bundle branch 
block or right bundle branch block, patients with 
history of coronary revascularization (including cor-
onary artery bypass grafting and percutaneous coro-
nary intervention), acute ST segment elevation myo-
cardial infarction (STEMI), patients with conditions 
mandating immediate complete revascularization as 
cardiogenic shock of electrical instability, and finally 
patients with associated co morbidities (liver failure, 
renal failure, and malignancy).

2.3 Study methods: 
All participants were subjected to:
2.3.1 Full history taking, complete clinical exam-

ination,12-lead ECG, Laboratory investigations:
Lipid profile (low density lipoprotein, high density 

lipoprotein, total cholesterol, and triglycerides), se-
rum creatinine, and HBA1c

2.3.2 Transthoracic Echocardiography:
The echocardiographic examination was performed 

for all patients before coronary catheterization using 
ultrasound EPIQ 7C system, equipped with the X5-1 
probe (Philips Medical Systems, Andover, MA, USA.

2.3.2.1 Two-dimensional Echocardiography:
Interventricular septum (IVS) and left ventricular 

posterior wall thickness (LVPW), LV end-diastolic di-
mensions (LVEDD), and left atrial (LA) dimensions 
(at end-systole) were obtained from the parasternal 
long-axis view, LVEF using M-mode and by biplane 
SIMPSON methods [8], left ventricular end systol-
ic (ESV) and End diastolic (EDV) volumes, mitral 
E-wave and A-wave velocities and the E/A ratio, and 
mitral annulus TDI E velocity to obtain E/E’ ratio.

2.3.2.2 Two-dimensional Speckle Tracking Echocar-
diography: 

Image Acquisition:
Two-dimensional gray scale images of three con-

secutive cardiac cycles for each of three standard api-
cal (two-, three-, and four-chamber) views were saved 
at a frame rate of between 40 and 60 fps, during breath 
holding, With stable ECG tracing.

Speckle Tracking analysis:
An investigator who was blinded to the angio-

graphic results conducted the strain analysis off-line 
by using commercially available software (Philips 
Medical Systems, EPIQ 7C, Q LAB 10).

The LV endocardial border was traced throughout 
the cardiac cycle automatically and was adjusted man-
ually in case of poor tracking. The tracking quality was 
ascertained visually and segments with inadequate 
tracking were rejected. 

After manual adjustment of the region of interest 
width and shape, the software automatically divides 
the region of interest into 6 segments, with the possi-
bility of further manual correction.

Once the region of interest was optimized, the soft-
ware generated strain curves for each selected myo-
cardial segment. From these curves, the operator ob-
tained regional and global strain. (By averaging values 
observed in all segments) [9].

The strain analysis was summarized in a color-cod-
ed bull’s eye display with a conventional 17-segment 
LV model.

Global longitudinal strain is defined as the aver-
age value of the 17 segmental PSLSs, and segmental 
longitudinal strain (basal, mid- or apical segments) 
is defined as the average value of PSLSs of the corre-
sponding six segments (five segments for the apex). 
In addition, TLS (territorial longitudinal strain) is the 
average of the corresponding segmental PSLSs based 
on the perfusion territories of the 3-epicardial coro-
nary arteries [left circumflex artery (LCX), left anteri-
or descending artery (LAD) and right coronary artery 
(RCA)] in the 17-segment LV model [10].

2.3.3 Coronary angiography: 
Coronary angiography was performed to all pa-

tients within days after echocardiography was complet-
ed. Two experienced angiographers, blinded to patient’s 
clinical information and echocardiography results, 
scored the angiograms with regard to the location and 
the severity of stenosis of the major 3-epicardial coro-
nary arteries as defined by the American Heart Asso-
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ciation classification, the severity of coronary stenosis 
was expressed as a percentage of the vessel narrowing, 
Stenosis with ≥50% will be considered significant. 

CAD disease was defined according to number of the 
diseased vessels, and the degree of stenosis as following: 

Critical CAD was defined as stenosis ≥ 70% in ≥1 
epicardial coronary artery (or ≥50% in LM). 

3-vessel CAD was defined as stenosis ≥70% in at 
least one epicardial vessel and concomitantly ≥50% in 
other 2 epicardial vessels. 

One- or two-vessel CAD was defined as stenosis 
≥70% in one or two vessels and <50% in another vessel(s).

2.4 Statistics: 
The collected data were tabulated and analyzed 

using SPSS program (version 24.0). For presentation 
of numerical (parametric data), mean and standard 
deviation were used to describe both central tenden-
cy and dispersion of the data. In case of categorical 
(non-parametric data), number and percentages were 
used for description. Independent sample t-test was 
used to compare numerical data between two different 
groups. Chi-square test for categorical data. P-value of 
less than 0.05 was used as an accepted level of signifi-
cance to denote significant difference between groups.

3. Results
The study included 60 patients; 35 males (58.3%) 

and 25 females (41.7%), with mean age was 54.67±9.40 
years, mean body mass index was 28.92±4.79. As re-
gard to risk factors of the studied patients there were 
41 patients (68.3%) who had family history for CAD, 
41 patients (68.3%) had hypertension; 26 (43.3%) 
smoker patients, and 49 (81.6%) patients had dyslip-
idemia, as shown in table 1.

Table 1
Patients characteristics and risk factors
Age Range 32 – 71

Mean ± SD 54.67 ± 9.40
Body mass index Range 22.1 – 40.2

Mean ± SD 28.92 ± 4.79
Sex Male (%) 35 (58.3%)

Female (%) 25 (41.7%)
Family History No (%) 19 (31.7%)

Yes (%) 41 (68.3%)
Hypertension No (%) 19 (31.7%)

Yes (%) 41 (68.3%)
Smoking No (%) 34 (56.7%)

Yes (%) 26 (43.3%)
Dyslipidemia No (%) 11 (18.3%)

Yes (%) 49 (81.6%)

The entire studied group had laboratory investi-
gations including: LDL that showed elevated trend 
among the whole group (mean 122.42 ± 29.15 mg/dl), 
HDL, TG (triglycerides), TC (total cholesterol), Creat-
inine, and HbA1c (table 2).

Table 2
Laboratory findings

Range Mean ± SD
LDL 61 – 180 122.42 ± 29.15
HDL 27 – 89 42.53 ± 10.78
TG 50 – 308 162.50 ± 71.91
Creatinine 0.46 – 1.33 0.83 ± 0.25
HbA1c 5 – 6.2 5.73 ± 0.34
TC 74 – 280 197.42 ± 43.41

LDL: low density lipoprotein, HDL: high density lipoprotein,  
TG: triglycerides, TC: total cholesterol

Table 3 shows the current medications taken by the 
studied group.

Table 3
Medications

Number %
ASA 56 93.3
ACEI/ARB 35 58.3
Statin 52 86.7
Beta blocker 44 73.3
Ca channel blocker 5 8.3
Nitrates 26 43.3

ASA: aspirin, ACEI: angiotensin converting enzyme inhibitor, 
ARB: angiotensin receptor blocker

Basic echocardiographic examinations were done 
to all the participants before having coronary angiog-
raphy, all participants had a normal left ventricular 
systolic function (EF % mean value was 64.02±6.15 %) 
with no regional wall motion abnormalities at rest. 
Basic diameters as IVS diameter, LVEDD, LVESD, 
LVPW, LA, EDV, ESV, E/A ratio and E/E’ ratio were 
measured as shown in table 4.

Table 4 
Conventional Echocardiographic parameters

Range Mean ± SD
IVS 0.7 – 1.6 1.13 ± 0.22
LVEDD 3.5 – 6.3 4.91 ± 0.58
LVESD 2.2 – 4 3.11 ± 0.43
LVPW 0.6 – 1.3 0.85 ± 0.17
EF% 50 – 77 64.02 ± 6.15
LA 3 – 5.5 4.11 ± 0.50
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Range Mean ± SD
E/A 0.5 – 3.2 1.07 ± 0.42
E/E’ Medial 6 – 25 11.07 ± 4.13
E/E’ Lateral 4.6 – 17.4 7.66 ± 2.68
EDV 31 – 137.7 77.49 ± 23.95 
ESV 19.7 – 91.5 37.95 ± 16.85

IVS: interventricular septum, LVEDD: left ventricular end-di-
astolic dimension, LVESD: left ventricular end-systolic dimen-
sion, LVPW: left ventricular posterior wall, EF: ejection fraction,  
LA: left atrium, EDV: end-diastolic volume, ESV: end-systolic 
volume

Mean value of global longitudinal peak sys-
tolic strain (GLPSS) in 3 vessels disease group 
was (-13.69±1.94%), in 1-2 vessel disease group 
was (-15.4±1.74%), and in the control group was 
(-18.80±2.14%), apparently there was statistically sig-
nificant difference between the 3 groups (p =0.001) as 
shown in table 5.

Table 5
Global longitudinal peak systolic strain (GLPSS)

Range Mean 
± SD

F. 
test

P 
value

Global 
Strain 

%

3  
Vessel

-18 – 
-10.9

-13.69 
± 1.94

30.709 0.001*

P1 0.004*

1–2 
Vessel

-19.3 – 
-13

-15.40 
± 1.74 P2 0.001*

Control -22.2 – 
-14.9

-18.80 
± 2.14 P3 0.001*

P1: between 3 vessel &1-2 vessel disease, P2: between 3 vessel 
& control, P3: between 1-2 vessel & control, *Significant

There was a negative significant correlation be-
tween the global strain values and the number of 
diseased vessels, the more diseased vessels the less 
negative the strain values, with P value=0.001 and r 
value=0.674 (table 6). 

Table 6
Correlation between global strain and the number  
of the diseased vessels

GLOBAL Strain
(GLPSS)%

Number of vessels
R P

-0.674 0.001*

TLS % mean value in LAD disease was (-15.51 ± 
3.19%), and when compared to those with normal 
LAD (-17.78 ± 2.71%) in any of the three groups, we 
found that there was a statistically significant differ-
ence (p value 0.011) as shown in table 7.

Table 7
Territorial peak left anterior descending artery longitudinal 
strain

TLS Strain % LAD disease Normal LAD

Range -21.8 – -8 -23.1 – -14.2

Mean ± SD -15.51 ± 3.19 -17.78 ± 2.71

T. test 2.636

P. value 0.011*

TLS: territorial longitudinal strain, LAD: left anterior descending 
artery, *Significant

When comparing global longitudinal peak systolic 
strain of the LCX territory (TLS%) between those with 
LCX disease (-13.06 ± 2.90 %) to those with normal 
LCX (-17.48 ± 2.90%) in any of the three groups, there 
was a statistically significant difference in the means 
(p value 0.001) as shown in table 8.

Table 8
Territorial peak left circumflex artery longitudinal strain

TLS Strain % LCX disease Normal LCX
Range -19.1 – -4 -21.6 – -9.6
Mean ± SD -13.06 ± 2.90 -17.48 ± 2.90
T. test 5.736
P value 0.001*

TLS: territorial longitudinal strain, LCX: left circumflex artery, 
*Significant

When comparing global longitudinal peak systol-
ic strain of the RCA territory (TLS%) between those 
with RCA disease (-13.27 ± 2.60 %) to those with nor-
mal RCA (-17.21 ± 2.41) in any of the three groups, 
there was a statistically significant difference in the 
means (p value 0.001) as shown in table 9.

Table 9
Territorial peak right coronary artery longitudinal strain

TLS Strain % RCA disease Normal RCA
Range -19.24 – -8 -25.6 – -13.0
Mean ± SD -13.27 ± 2.60 -17.21 ± 2.41
T. test 6.084
P value 0.001*

TLS: territorial longitudinal strain, CA: right coronary artery, 
*Significant

4. Discussion and Conclusions
Conventional echocardiography at rest provides 

little information on the presence of coronary artery 
disease. Therefore, the aim our study was to determine 
the rule of GLS in the early diagnosis and detection 
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of severity of CAD, in non-diabetic patients present-
ed with chronic coronary syndrome and preserved LV 
ejection fraction without regional wall motion abnor-
malities.

As proven in other studies that diabetes can affect 
the diagnostic accuracy of GLS [11] we have excluded 
diabetic patients from our cohort. 

Regarding other risk factors like positive family 
history which represents (68.3%), smoking (43.3%) 
and dyslipidemia (81.6%) there were no studies con-
firming its direct effect on GLS, in contrary to hyper-
tension (68.3%) which was proved to have a direct ef-
fect on impairment of the GLS [12].

Interestingly, it was found that in the very first 
stages of hypertension, it is possible for a patient to 
show regional alterations while GLS remains in the 
normal values [13], so hypertension wasn’t excluded 
from our study and patients were controlled on med-
ical treatment including ACEi/ARBs, Beta blocker, 
and Ca channel blockers (58.3%, 73.3%, 8.3%, re-
spectively).

Regarding to speckle tracking imaging results we 
found that GLS declined incrementally with increased 
severity of CAD (the severity of coronary stenosis and 
the number of stenotic vessels) with statistically signif-
icant negative correlation as the GLS was mostly im-
paired in patients with 3-vessel CAD (-13.69±1.94 %) 
compared with control and one or two vessel disease 
patients (-18.80 ± 2.14% and -15.40 ±1.74 %, respec-
tively) and this comes in concordance with Mousta-
fa et al. [14] and Hubbard et al. [15]. Also, Bakhoum 
et al. [16] declared that patients who are suspected 
to have chronic stable angina could be differentiated 
from others who have normal coronaries by analysis 
of the parameters of deformation using STE also they 
declared that strain values are more decreased with in-
creased severity of CAD.

Another important finding in our study results 
is the predictive value of TLS% in locating stenotic 
coronary artery. As we found that the values of TLSs 
were significantly lower in myocardial regions sup-
plied by stenotic arteries than in those by non-ste-
notic arteries. Mean TLS% value for stenotic LAD, 
LCX and RCA were (-15.51±3.19, -13.06±2.90, 
-13.27±2.60) with P values=0.011, 0.001, and 0.001, 
respectively.

These results come in favor with Montgomery et al. 
[4], Biering-Sørensen et al. [17], and Yang et al. [18], 
in contrary with Zuo et al. [19], and Hanekom et al. 

[20] results which found that the diagnostic accura-
cy of TLS was unsatisfactory this may be explained 
by larger sample volume in both studies than ours as 
we had limitations in the elective procedures during 
COVID 19 pandemic.

List of abbreviations:
CAD coronary artery disease
DM  diabetes mellitus
EDV  end diastolic volume
EF ejection fraction 
ESV  end systolic volume 
GLPSS global longitudinal peak systolic strain
GLS global longitudinal strain 
HDL  high density lipoprotein
IVS  interventricular septum 
LA  left atrium
LAD  left anterior descending artery 
LCX  left circumflex artery
LDL low density lipoprotein
LVEDD  left ventricle end-diastolic dimensions 
LVEF  left ventricular ejection fraction
LVPW  left ventricular posterior wall 
RCA  right coronary artery
SCORE  systematic coronary risk estimation
SD  standard deviation
STEMI ST segment elevation myocardial infarc-

tion 
TC  total cholesterol
TG  triglycerides
TLS  territorial longitudinal strain
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Abstract
The development of a matrix pulse wave (PW) analyzer became 
a reality thanks to the implementation of a 3-point PW sensor 
in 2017, when the test results of the mock-up sample were pub-
lished.
Later, a mobile medical device, which was given provisional 
name the Pranayama Gadget, was designed and developed by 
our research team. It is the first mobile medical device capable 
of tracing undistorted PW of the radial artery. 
Our article presents some algorithms for processing the PW 
signal, based on the authors  long-term research in the field of 
measurement and analysis of the PW signals. In particular, a big 
role in the development of this discipline is played by the new 
spline base of PW reference patterns that forms the basis for 
the digital pulse diagnostics.

Keywords
Matrix analyzer of pulse waves (PW), Digital pulse diagnostics, 
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The diagnostic value of the pulse wave (PW) sig-
nal has been proven by the thousand-year practice of 
oriental medicine. Ancient Tibetan doctors developed 
a unique tactile pulse diagnostics, which flourished at 
the level of art and intuition in the countries of the 

East and which was supported in the Middle Ages by 
such scientists as Avicenna and some other. With the 
development of the concept of blood flow in the XVII 
century and creation of modern medical instrumenta-
tion, the pulse diagnostics was unfairly pushed aside 
and partially forgotten, and, considering all the poten-
tial of this discipline, modern doctors can only count 
the pulse rate on the radial artery and obtain some 
poor comments from there [1]. 

Only in the XIX century it has become possible 
to visualize pulse waves, and then receive them us-
ing various sensors so that has opened a new research 
field: sphygmography.

The introduction of computers equipment and 
digital signal processing technologies brought 
sphygmography to a new level of its development. A 
special role in this case is played by PC-aided mech-
anopulsography, which is capable of obtaining and 
analyzing undistorted high-resolution PW using ex-
ternal sensors. 

To date, only the Australian Company Sphygmo-
cor and HelStats from Singapore use their high-qual-
ity sensors for this purpose. However, only a fi-
ber-optic matrix sensor developed by IMASH RAS, 
the Russian national high-tech product available 
on the domestic market, is capable to overcome the 
problem of positioning the sensor on the radial ar-
tery [2,3,4,5].

The possibility to study pulse waves has prompted 
interest in improving diagnostics, which is now based 
on the application of the matrix sensors and digital 
signal processing techniques.

Many years of experience of the authors hereof in 
their research and development confirm that the typ-
ical changes in the contour of pulse waves can be re-
duced to a number of some reference patterns which 
very roughly reflect age changes in the range from 
20 to 60 years, with an accuracy of 10 years [6,7].

We have arrived at an idea, that using six devel-
oped reference patterns we can obtain a more accu-
rate base of the age-related reference patterns with 
accuracy up to one year by applying spline approxi-
mations. This research work has been completed by 
us, and, as a result, the next step in the development 
of digital pulse diagnostics has been made and an 
updated age-related pulse diagnosis has been offered 
(see Figure 1 herein).
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Considering the developments of the previous pe-
riod it follows that typical changes in the pulse wave 
contour occur not only due to age-related loss of elas-
ticity and due to sclerosis of the vascular wall, but also 
when the functional state of the body changes: phys-
ical activity, food consumption, sleep, rest, fatigue 
etc. Basically, these effects are associated with specific 
changes in the peripheral vascular resistance and re-
flect various functional loading cases. Taking into ac-
count these changes, a diagnostic map of age-linked 
functional diagnostics has been created as shown in 
Figure 2 herein.

Thus, as a result of the application of spline approx-
imations, a diagnostic table has been produced by us, 
where instead of 9 typical cells with pulse wave ref-
erence patterns an updated database for 421 cells has 
been prepared. Accordingly, the capabilities of this da-
tabase in the context of clarifying the diagnosis and 
reducing the time expenditures required for its formu-
lation are much greater.

The procedure for using our updated diagnostic 
map should contain certain stages, namely: 

a) Recognition of pulse waves according to the age 
should be carried out in a patient in his/her fully re-
laxed state;

b) After identifying the age, functional tests are 
carried out (for example, holding the breath, fitness or 
15-30 squats), and the actual wave pattern should be 
referred to the functional scale, i.e. horizontally.

This article does not address the issues on specific 
diagnostics of the state of all body systems, since this is 
the subject of further development of diagnostics tak-
ing into account heart rate variability.

In conclusion, it should be noted that the described 
diagnostic methods have been translated into the 
above mentioned mobile medical device (developed 
by IMASH RAS) as exhibited in Figure 3 herein.

It is a kind of “smart watch” furnished with an orig-
inal function of a human pulse wave analyzer. This 
function has been realized thanks to the implemen-

Figure 1. Age-related spline database of radial artery pulse wave reference patterns from 20 to 60 years (age discreteness is 1 year).

A, B

t, msYO, years
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Figure 2. Diagnostics map of the pulse wave analyzer (age-related functional diagnostics).
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tation of a matrix fiber-optic sensor. The device is ca-
pable of determining blood pressure with the proper 
medical accuracy without squeezing the blood vessels 
with a cuff. In addition, it has the capability of the 
age-related diagnostics of the cardiovascular system 
with an accuracy step up to 1 year, and it can also di-
agnose all body systems using the heart rate variability 
analysis. After the diagnosis is made, the gadget de-
termines a code corresponding to the detected dis-
ease and offers options of the targeted delivery of an 
increased amount of blood to the affected organ iden-
tified. Treatment is carried out by organizing a certain 
respiratory rate, which, in its turn, generates certain 
heart rate modulations. As a result, the affected organ 
receives an additional amount of blood and recovers.
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Abstract
Aims: The aim of this study was to assess the expansion capacity of 
current commercially available Drug Eluting Stents (DES) with nomi-
nal diameters of 3.5-4.0mm in patients with Left Main disease.
Materials and Methods:  This study was conducted on 50 
Patients who underwent percutaneous coronary intervention 
(PCI)for Left Main disease at Benha university hospitals and Na-
tional Heart Institute. PCI was done with Drug Eluting Stents 
(DES) with large diameters of 3.5-4mm and post dilatation was 
done with non-compliant (NC) balloons with diameters of 4.5-
5mm. Intravascular ultrasound (IVUS) was used to measure 
maximal stent diameter and area.
Results: Three commercially available DESs were used in our 
study; XIENCE Xpeditionᵀᴹ, Ultimasterᵀᴹ and Onyxᵀᴹ. Maximal stent 
diameter was 4.5±0.3mm and diameter expansion index was 
0.96±0.05. Maximal stent area was 14.67±2.06mm² and area ex-
pansion index was 0.86±0.07mm². On IVUS images, significantly 
more calcification< 90  ̊was detected in the group with expan-
sion index ˂ 0.85 (68.4 percent versus 25.8%, P=0.003) compared 
to the group with expansion index >0.85. We found that DESs 
with diameters of 3.5-4.0mm can be expanded up to diameter of 
5.3mm after post-dilation. No complications were reported in the 
studied patients, including perforation or stent fracture.
Conclusion: Current DESs with nominal diameters of 3.5-4.0mm 
can be safely and effectively over-expanded to reach the predict-
ed diameters in the left main, but the presence of calcification 
>90 may affect the achievement of the predicted area.

Keywords
Left Main, Intravascular Ultrasound, Expansion Capacity, Drug 
Eluting Stents.

Imprint
Mohamed Mahrous Ali, Basheer Hafez Mohamed,Metwally 
Hasan El Emary,Ashraf Ahmed Abd Al Mageed. Expansion Ca-
pacity of Drug-Eluting Stents in Patients with Left Main Coronary 
Artery Disease: An Intravascular Ultrasound Guided Study. Cardi-
ometry; Issue 19; August 2021; p. 117-122; DOI: 10.18137/cardiom-
etry.2021.19.117122; Available from: http://www.cardiometry.net/
issues/no19-august-2021/expansion-capacity-of-drug-eluting

Introduction
Left main disease carries more risk in com-

parison to other anatomical subtypes of coronary 
artery disease, it also has a poor prognosis when 
compared to non-left main disease. [1]. PCI for left 
main disease were linked to increased rates of acute 
complications, early mortality and long-term reste-
nosis before the introduction of drug-eluting stents 
[2-4]. As a result, coronary artery bypass grafting 
(CABG) was the mainstay revascularization op-
tion for Left Main lesions for decades. In patients 
with Left main disease, when comparing CABG 
with PCI with DESs, randomized controlled trials 
and meta-analyses show that the safety composite 
of myocardial infarction, stroke and death is equal 
in both groups after five years of follow-up. [5]. 
PCI is now recommended as an alternate revascu-
larization technique for LMCA lesions with low to 
intermediate SYNTAX score, according to current 
European Society of Cardiology guidelines [6]. The 
large reference diameter of the left main coronary 
artery in comparison to commercially available 
DESs, as well as the caliber difference between the 
LMCA and both left circumflex (LCX) and left an-
terior descending (LAD) arteries, pose a significant 
challenge during PCI to the LMCA. Overexpansion 
of the stent with larger post-dilation balloons is the 
most effective way to decrease the chance of incom-
plete stent apposition [7]. Several bench testing and 
in vitro studies had evaluated the overexpansion ca-
pacity of current DES platforms, but in vivo data on 
this issue is still scarce [8].

Aim of the work:
The aim of this study was to assess the expansion 

capacity of current commercially available DESs with 
nominal diameters of 3.5-4.0mm in patients with Left 
Main disease.
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Material and Method:
This was a two-center retrospective study that 

was conducted at both Benha University hospitals 
and the National Heart Institute (NHI).  All PCIs 
performed in the period from January 2019 to De-
cember 2020 were reviewed to detect Interventions 
with the following inclusion criteria; Unprotected 
Left Main Interventions, Interventions in which drug 
eluting stents  with a nominal diameter of 3.5 and 4.0 
mm was used, Interventions in which post-dilation 
was done using noncompliant balloons with a nom-
inal diameter of 4.5 and 5.0 mm and Interventions 
involving IVUS assessment before stent deployment 
and after the final post-dilation. Exclusion criteria 
in this study were; patients presented with STEMI, 
hemodynamic Instability, angiographically visible 
thrombus or slow flow.

IVUS Measurements:
IVUS images were obtained using Eagle Eye® Plat-

inum RX Digital IVUS catheter (Philips, San Diego, 
USA). After injection of 0.1 mg of intracoronary ni-
troglycerin, images were recorded from LAD or LCX 
back to LM ostium. Experienced interventional car-
diologists reviewed the recorded images. They were 
blinded to the data of the post-dilation process, in-
cluding balloon diameter and inflation pressure. Min-
imal lumen diameter (mm), plaque burden, minimal 
lumen area (mm2), maximal stent diameter (mm), and 
maximal stent area (mm2) were all measured. Calcifi-
cation was quantitatively described according to arc 
and measured in degrees and expressed as 2 main cat-
egories; >90o and <90o. The diameter expansion index 
was calculated by dividing the maximal stent diame-
ter by the predicted post-dilation stent diameter. The 
area expansion index was calculated by dividing the 
maximal stent area by the predicted post-dilation stent 
area. Predicted stent diameter was calculated based on 
post-dilation balloon diameter and inflation pressure, 
according to the manufacturers’ information, and pre-
dicted stent area was calculated subsequently from 
predicted stent diameter.

Study End Points:
The Primary End Points:  Post intervention diame-

ter expansion index and area expansion index.
The secondary End Points: Post procedural com-

plications and in-hospital death, myocardial infarc-
tion or need for revascularization.

Statistical analysis:
SPSS version 25. (IBM, Armonk, New York, United 

States) was used for data management and statistical. 
Quantitative data were assessed for normality using 
Kolmogorov–Smirnov test and direct data visualization 
methods. Means and standard deviations were used to 
summarize numerical data. Categorical data were sum-
marized as numbers and percentages. Quantitative data 
were compared according to the expansion index us-
ing independent t-test. The Chi-square test was used 
to compare categorical data. Correlations were done 
using Pearson’s correlation. Stepwise logistic regression 
analysis was done for the prediction of a low expansion 
index. The odds ratio and the 95% confidence interval 
were calculated. P values less than 0.05 were considered 
significant. All statistical tests were two-sided.

Results
This study was conducted on 50 Patients, the mean 

age of the studied patients was 61±5 years, more than 
half of the patients (56%) were males, 62.0% were hyper-
tensives, and 30.0% were diabetics. Table 1, describes the 
demographic data and risk factors of studied patients. 

Table 1 
Demographic data and risk factors studied patients
Age Mean ±SD 61 ±5
Gender Males       n (%) 28 (56.0)

Females   n (%) 22 (44.0)
Hypertension n (%) 31 (62.0)
Diabetes mellitus n (%) 15 (30.0)
Smoking n (%) 13 (26.0)
Dyslipidemia n (%) 11 (22.0)
Family history n (%) 10 (20.0)

Angiography and procedural characteristics:
Most patients underwent angiography due to ACS 

(82.0%), and majority of patients (82%) showed bi-
furcation lesions. Table 2, describes angiographic and 
procedural data in the studied patients.

IVUS characteristics
Minimal Lumen Diameter (MLD) mean was 

2.31, Minimal Lumen Area (MLA) mean was 4.27, 
the mean plaque burden was 70.2% and 42.0% of the 
studied patients showed calcification > 90%. Maximal 
stent diameter mean was 4.5mm and maximal stent 
area mean was and 14.67mm². The mean values of 
diameter expansion index and area expansion index 
were 0.96 and 0.86, respectively (Table 3). There was 
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a significant positive correlation between predicted 
stent diameter and maximal stent diameter (r = 0.381 
& P-value = 0.006) Figure 1. Also, predicted stent area 
showed a significant positive correlation with maxi-
mal stent area (r = 0.316 & P-value = 0.025) Figure 2.

There was no significant difference between 3 used 
DESs types (XIENCE XpeditionTM, UltimasterTM and 
OnyxTM) as regard maximal stent diameter, maximal 
stent area, diameter expansion index and area expan-
sion index (Table 4). The 3 used DESs with nominal 
diameters of 3.5-4.0 mm can be expanded up to diam-
eter of 5.3mm after post-dilation (Figure 3).

Demographic data and risk factors according 
to area expansion index:

Smoking was significantly higher (42.1%) in those 
with expansion index < 0.85 than those with expansion in-

Table 2
Angiographic and procedural characteristics in the studied 
patients
Indication ACS      n (%) 41 (82.0)

CCS n (%) 9 (18.0)
Lesion site Ostium or shaft n (%) 9 (18.0)

Bifurcation n (%) 41 (82.0)
Stent length Mean ±SD 29 ±6
DES type ONYX n (%) 18 (36.0)

ULTIMASTER n (%) 15 (30.0)
EPEDITION n (%) 17 (34.0)

Deployment 
pressure

Mean ±SD 14 ±2

Post-dilation 
balloon diameter

Mean ±SD 4.63 ±0.22

Post-dilation 
balloon inflation 
pressure

Mean ±SD 14 ±2

Table 3
IVUS characteristics in the studied patients
MLD Mean ±SD 2.31 ±0.14
MLA Mean ±SD 4.27 ±0.52
Plaque burden % Mean ±SD 70.2 ±6.6
Calcification > 90% n (%) 21 (42.0)
Max stent diameter Mean ±SD 4.5 ±0.3
Max stent area Mean ±SD 14.67 ±2.06
Diameter expansion 
index Mean ±SD 0.96 ±0.05
Area expansion 
index Mean ±SD 0.86 ±0.07

MLD; minimum lumen diameter             
MLA; minimum lumen area

Figure 1. Relationship between predicted stent diameter and 
maximal stent diameter.

Figure 2. Relationship between predicted stent area and max-
imal stent area.

Table 4 
IVUS measured parameters of 3 different Drug Eluting Stents.

Stent type

P-valueOnyx
Ulti-

master
Xpedi-

tion

Max 
diameter

Mean 
±SD

4.4 
±0.3

4.5  
±0.4

4.5  
±0.3

0.874

Max Area Mean 
±SD

14.2 
±1.74

14.61 
±1.92

15.22 
±2.45

0.343

Diameter 
expansion 
index

Mean 
±SD

0.96 
±0.06

0.96 
±0.06

0.97 
±0.04

0.963

Area 
expansion 
index

Mean 
±SD

0.86 
±0.06

0.85 
±0.08

0.86 
±0.09

0.868

One-way ANOVA was used
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dex ≥ 0.85 (16.1%); P-value was 0.042. No significant dif-
ferences were observed regarding age, gender, hyperten-
sion, diabetes, dyslipidemia and family history (Table 5). 

Angiographic and procedural according to 
area expansion index. 

No significant differences were reported regarding 
indication, lesion site, stent length, DES type, stent de-
ployment pressure, diameter of post-dilation balloon 
and inflation pressure of post-dilation balloon (Table 6).

IVUS characteristics according  
to area expansion index

Calcification > 90% was significantly higher 
(68.4%) in those with expansion index < 0.85 than 
those with expansion index ≥ 0.85 (25.8%); P-value 
was 0.003. No significant differences were reported 
regarding plaque burden, minimal lumen diameter 
(MLD) and minimal lumen area (MLA) (Table 7).

Predictors of expansion index < 0.85
Stepwise multivariate logistic regression analysis 

revealed that MLA (OR = 0.138, 95% CI = 0.026-0.725, 
P-value = 0.019) and calcification > 90% (OR=14.726, 
95% CI = 2.789-77.761, P-value = 0.002) were signifi-
cant predictors for expansion index < 0.85.

Procedural complications and in-hospital 
outcomes:

No procedural complications, including perfora-
tion or stent fracture, no in-hospital death, myocardial 
infarction, or need for revascularization were reported 
in the studied patients.

Table 5
Demographic data and risk factors according to expansion 
index

Expansion index P-value
≥ 0.85  

(n = 31)
<0.85  

(n = 19)
Age Mean 

±SD
60 ±5 61 ±5 0.894

Gender Males       
n (%)

17 (54.8) 11 (57.9) 0.833

Females   
n (%)

14 (45.2) 8 (42.1)

Hypertension n (%) 21 (67.7) 10 (52.6) 0.285
Diabetes mellitus n (%) 11 (35.5) 4 (21.1) 0.28
Smoking n (%) 5 (16.1) 8 (42.1) 0.042
Dyslipidemia n (%) 8 (25.8) 3 (15.8) 0.407
Family history n (%) 6 (19.4) 4 (21.1) 0.884

Table 6 
Angiographic characteristics according to expansion index

Expansion index P- 
value≥ 0.85  

(n = 31)
<0.85  

(n = 19)
Indication ACS n (%) 26 (83.9) 15 (78.9) 0.66

CCS n (%) 5 (16.1) 4 (21.1)
Lesion site Ostium  

or shaft
n (%) 6 (19.4) 3 (15.8) 0.75

Bifurca-
tion

n (%) 25 (80.6) 16 (84.2)

Stent length Mean 
±SD

29 ±6 28 ±6 0.539

DES type Onyx n (%) 10 (32.3) 8 (42.1) 0.646
Ulti-

master
n (%) 9 (29.0) 6 (31.6)

XPEDI-
TION

n (%) 12 (38.7) 5 (26.3)

Deployment 
pressure

Mean 
±SD

14 ±2 13 ±1 0.075

Post-dilation 
balloon 
diameter

Mean 
±SD

4.65 
±0.23

4.61 
±0.21

0.529

Post-dilation 
balloon 
inflation 
pressure

Mean 
±SD

14 ±2 13 ±2 0.54

Table 7 
IVUS characteristics according to expansion index

Expansion index P- 
value≥ 0.85  

(n = 31)
<0.85  

(n = 19)
MLD Mean ±SD 2.33 ±0.12 2.29 ±0.16 0.338
MLA Mean ±SD 4.35 ±0.46 4.13 ±0.6 0.138
plaque 
burden (%)

Mean ±SD 70.1 ±6.9 70.5 ±6.2 0.842

Calcification 
> 90%

n (%) 8 (25.8) 13 (68.4) 0.003

Independent t-test was used for numerical data. Chi-square test 
was used for categorical data
MLD; minimum lumen diameter
MLA; minimum lumen area

Figure 3. Maximal Stent Diameter as measured by IVUS after 
post-dilation.
The patients were then categorized into two groups 
based on their area expansion indices: ≥ 0.85 (n = 31) 
and ˂ 0.85 (n = 19).
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Discussion
In our study, we aimed to assess the expansion ca-

pacity of current commercially available DESs with 
nominal diameters of 3.5-4.0 mm in patients with Left 
Main disease. This study revealed that currently avail-
able DESs with nominal diameters of 3.5-4.0 mm can 
be safely and effectively expanded above their nominal 
diameters to achieve predicted diameters and can be 
expanded up to diameter of 5.3mm after post-dilation 
using 5.0 mm non-compliant balloon. 

This was in agreement with Jaryl et al., who 
showed that current DESs can be expanded above 
their nominal diameters to achieve maximal diame-
ters of up to 5.8mm using a 6.0mm semi-compliant 
balloon. But this was tested in vitro and did not take 
into account the interaction between stent and vessel 
wall nor the plaque composition. Furthermore, the 
sample size was very small as only one stent of each 
platform was tested. [9].

In this study there was a significant positive cor-
relation between predicted stent diameter and maxi-
mal stent diameter (r = 0.381 & P-value = 0.006). Also, 
predicted stent area showed a significant positive cor-
relation with maximal stent area (r = 0.316 & P-value 
= 0.025). 

This was in agreement with Ye et al. who showed 
that there was a significant positive correlation between 
maximal stent diameter and calculated stent diameter 
(r = 0.718 & P-value = <0.001) and predicted stent area 
showed a significant positive correlation with maximal 
stent area (r = 0.562 & P-value = <0.001) [7].

In this study Calcification > 90% was significantly 
higher (68.4%) in those with expansion index <0.85 
than those with expansion index ≥0.85 (25.8%); P-val-
ue was 0.003. 

This was in agreement with Ye et al. who showed 
that Calcification > 90% was significantly higher in 
those with expansion index <0.85 than those with ex-
pansion index ≥0.85(72.7%versus 16.7%, P-value = 
0.007) [7].

In this study no complications were reported in the 
studied patients, including perforation or stent frac-
ture. This was in agreement with Ye et al.  who report-
ed only one adverse event in the form of acute stent 
fracture [7].

Conclusion
Current DESs with nominal diameters of 3.5-

4.0mm can be safely and effectively over-expanded to 

reach the predicted diameters in the left main, but the 
presence of calcification >90 may affect the achieve-
ment of the predicted area.

Limitations:
• Small sample size of the study.
• Lack of follow up IVUS data of studied patients. 
• Only 3 current DESs type were tested in this study.
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