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Contribution of mitochondrial therapy 
to processes of regeneration 
and self-organization of the cell system 
of the resected liver in rats
Oleg I. Kit, Alla I. Shikhlyarova, Elena M. Frantsiyants,
Irina V. Neskubina, Irina V. Kaplieva,
Valeriya A. Bandovkina, Marina A. Engibaryan,
Yuriy V. Przhdetskiy, Lidia K. Trepitaki,
Yulia A. Pogorelova, Galina V. Zhukova, Ivan A. Popov, 
Natalia D. Cheryarina, Sergey V. Shlyk,
 Inga M. Kotieva, Lyudmila P. Kuchkina, 
Roza G. Luganskaya, Vera A. Kovalenko
Studies of the processes of the regeneration in the liver 
are not new, but however the development of the tech-
nologies of bio-therapy is capable of shifting the conven-
tional approaches to the regeneration of the lost tissues. 
Mitochondrial therapy (MCT) occupies one of the highly 
important places in the list of bio-technologies by offer-
ing some unique mechanisms of the restoration of the 
organs.  

Contact effects by mitochondria: biological 
destruction of cultivated B16 – F10 
melanoma cells 
Oleg I. Kit, Elena M. Frantsiyants, Svetlana Y. Filippova,
Irina V. Neskubina, Irina V. Mezhevova,
Alla I. Shikhlyarova, Irina V. Kaplieva, Lidia K. Trepitaki,
Yulia A. Pogorelova, Marina A. Gusareva,
Oksana V. Bykadorova, Elizaveta V. Serdyukova,
Olga V. Khokhlova, Lyudmila P. Kuchkina,
Viktor V. Gurnak, Ekaterina I. Surikova
In recent years therapeutic effects produced by mi-
tochondria, transplanted to pathogenic regions in an 
organism, which demonstrate their high migration 
activity and tropicity with respect to filling of energet-
ic vacuum, have been inspiring a renewed interest in 
the scientific community. In this context, this raises the 
question of the source of metabolically active mito-
chondria and their histological compatibility required 
for the mitochondrial transplantation. The aim of our 
research work is to study characteristics/quality of mi-
tochondria from cells of the liver and the heart in rats, 
which in the in vitro system have produced their impact 
on different biological features of the B16-F10 murine 
melanoma cell culture.

Mitochondria stimulate 
liver regeneration in rats
Oleg I. Kit, Elena M. Frantsiyants, Irina V. Neskubina,
Alla I. Shikhlyarova, Irina V. Kaplieva,
Valeriya A. Bandovkina, Lidia K. Trepitaki,
Yulia A. Pogorelova, Ivan A. Popov,
Natalia D. Cheryarina, Yulia Y. Kozel,
Natalia A. Maksimova, Vladislav M. Legostaev, 
Oksana G. Ishonina, Tatiana V. Ausheva,
Sergey V. Tumanyan, Viktoria L. Volkova,
Konstantin P. Boiko
Regenerative medicine is a vital area that advances 
methods addressing the process of liver regeneration. 
The liver has the unique ability to return to standard size 
within a short period of time after its injury or partial 
hepatectomy. Hepatocytes are highly active metabol-
ic cells, which have a large number of mitochondria, 
suggesting a biologically significant role for the mito-
chondrial dynamics in hepatocyte damage and repair. 
The aim hereof is to develop a method for accelerating 
the process of liver regeneration in rats based on the 
transplantation of mitochondria isolated from the liver 
of intact rats.

Mechanisms of tumor-associated cardiac 
muscle damage under different variants 
of melanoma growth
Oleg I. Kit, Alla I. Shikhlyarova, Elena M. Frantsiyants,
Irina V. Neskubina, Irina V. Kaplieva,
Valeriya A. Bandovkina, Galina V. Zhukova, 
Lidia K. Trepitaki, Yulia A. Pogorelova, 
Natalia D. Cheryarina, Inga M. Kotieva, Sergey V. Shlyk, 
Aleksandra A. Vereskunova, Marina A. Gusareva, 
Viktoria V. Pozdnyakova, Natalia A. Zakharova, 
Ekaterina S. Bosenko, Ekaterina I. Surikova
In case of the presence of a malignant process in an 
organism, the heart is subjected to an additional loading 
due to a unique combination of the external factors that 
is determined by the tumor biology and potentially car-
diotoxic treatment actions and effects. It should be men-
tioned that cardiomyocytes have the same pathways of 
responding to stress and metabolic strategies as it is the 
case with the tumor cells, and this suggests that meta-
bolic changes in the course of the tumor progression 
make their impact on the non-malignant tissue. 
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Properties of melanoma mitochondria to 
form tumor nodules in the body 
of experimental animals
Oleg I. Kit, Elena M. Frantsiyants, Alla I. Shikhlyarova, 
Irina V. Neskubina
The aim hereof is to develop a method for revealing the 
properties of mitochondria isolated from melanoma of 
the skin to form melanoma tumor nodules in the body 
of mice in parenteral transplantation of melanoma mi-
tochondria. Upon intraperitoneal transplantation of mi-
tochondria isolated from melanoma to the Balb/c Nude 
mice, in the autopsies in 100% of the animals after 2 weeks 
of the experiment the total damage to the internal organs 
by the tumor nodules was revealed.  

Mathematical modeling of flows 
in blood vessels of complex shape
Yuri Y. Gromov, Alexey V. Gorbunov, 
Viacheslav M. Tyutyunnik, Sergey A. Kopylov
A study of the structure and topography of the cerebral 
arterial bed of 156 virtually healthy individuals verified 17 
variants of the arterial circle of the great brain, most of 
which are shown in actual photographs. An analysis of 
various approaches to modeling of cerebral vessels was 
carried out and it is shown that all of them are based on 
the representation of a blood vessel in the form of a linear 
cylinder. In reality, in the blood system of the brain, such 
sections are only rare short elements of vessels that vary 
in diameter and direction. Cylindrical coordinates have 
been most commonly used to construct mathematical 
models of cerebral vessels, but they are not applicable to 
bending vessels.

Cardiometric assessment of the subjective 
significance of personal strategicgoals 
as components of the image 
of the desired future
Elena V. Brodovskaya, Anna Y. Dombrovskaya, 
Vladimir A. Zernov, Elena V. Lobanova, 
Elvira V. Likhacheva, Nikita V. Mizin, 
Lyubov P. Nikolaeva, Aleksandr S. Ognev, 
Mikhail Y. Rudenko
The article presents some experimental results demon-
strating the suitability of using the psycho-physiological 
reactions recorded with the Cardiocode device and the 
Barrier-14 polygraph to specially selected visual stimuli in 
order to assess the degree of authenticity of vital goals 
chosen by a person as key benchmarks in the implemen-
tation of the desired future.

Functional state of the cardiovascular 
system in women during pregnancy
Vakha A. Anzorov, Svetlana V. Moryakina
The article presents the results of studying the effect of 
pregnancy on the functional state of the cardiovascular sys-
tem in women. Their evaluation indicates that during preg-
nancy there is a significant increase in heart rate, arterial 
blood pressure, systolic blood volume (SBV), minute blood 
volume (MBV), circulatory efficiency ratio (CER), a signif-
icant decrease in the total peripheral vascular resistance 
(TPVR), a significant fluctuation in both directions in the 
pulse pressure (PP), the average dynamic arterial pressure 
(ADAP) and the endurance factor (EF) in women. 

Cushing Reflex Variant: A case report
Manal Al Khaldi
In our case, we report a 67-year-old male admitted with 
lower limb ischemia for angiography under vascular sur-
gery. During the procedure, he exhibited a sudden change 
in consciousness level, an abnormal breathing pattern, and 
bradycardia associated with normal blood pressure. This 
case represents a rare and detrimental manifestation of the 
Cushing reflex present with isolated bradycardia. 

Survival and Fracture rates 
of One-Piece Zirconia Implants: 
A Systematic review
Ammar Almarghlani, Shatha Alshali
The implementation of endosseous showed expected 
outcomes related to survival and successful oral man-
agement. Nowadays, interest in achieving an excellent 
esthetic outcome increased in implant dentistry. Dental 
implants’ aesthetic outcomes demand understanding of 
fundamental biological principles and proficiency in vari-
ous surgical procedures.  

Transcatheter closure of secundum 
atrial septal defects in Egyptian centers: 
immediate and short-term outcomes
Mohamed Nashat Moawed, 
Naggeh Mohammad Mahmoud, 
Mohamed Abdelsaboor Abdelbasset, 
Amal Mahmoud El-Sisi, Hanan Mohamed Ali, 
Ashraf Ahmed Meabed
Considered is the Atrial Septal Defect (ASD), with secun-
dum ASDs being the most frequent. As known, in com-
parison to surgical approach, device closure of secundum 
ASD is less invasive, has few post-procedural complications, 
reduced anaesthesia risks, and has early hospital discharge.
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Review and classification of diagnostic 
methods of the cardiovascular system
Vladislav A. Daguf, Maria A. Grebennikova, 
Anton R. Filonov, Georgiy K. Oflidi, Yulia A. Tretyakova
Cardiovascular disease ranks first among the causes of 
morbidity and mortality in the elderly. Given the aging 
of the world’s population, the problem is becoming in-
creasingly relevant and represents a significant burden 
on the healthcare system. Untimely and inadequately 
treated heart diseases lead to severe complications and 
disability of patients. Despite the rich arsenal of diag-
nostic methods, in some cases there are still significant 
difficulties in making a diagnosis, establishing the cause 
of the disease and determining the extent of damage 
to the myocardium and heart vessels.

Possible manifestations of cognitive 
impairment in children suffering f
rom pancreatic dysfunction
Veronika N. Morozova, Sergey P. Eskin, 
Angelina A. Isakova, Arina A. Sukhova, 
Anastasia I. Kamardina, Nataliya A. Starostina
The article investigates possible manifestations of cog-
nitive impairment in children suffering from pancreatic 
dysfunction. The authors point out that improving blood 
glucose control in patients with type I diabetes mellitus 
is an important factor in reducing cognitive impairment, 
especially in children.

Antithrombotic therapy 
of pregnant women suffering 
from certain congenital 
cardiopathologies
Daniya I. Masalimova, Gabriel R. Pogosov, 
Olim A. Abdullaev, Boris N. Vasnetsov, 
Iuliia V. Dolgopolova, Guseyn G. Osmanov
The paper discusses the features of antithrombotic ther-
apy of pregnant women suffering from congenital car-
diopathologies. Providing medical care to women suf-
fering from cardiovascular diseases and carrying a child 
is a difficult task due to the unique maternal physiology, 
which causes profound changes in many organ systems. 
First of all, such difficulties are caused by the presence of 
the fetus, since individual approaches to the treatment 
of cardiac diseases of the mother can have an adverse 
disease on the child. Conversely, the patient’s refusal of 
the necessary treatment due to potential harm to the 
fetus is fraught with a bad outcome for both the mother 
and the child.

The state of the cardiovascular system 
in female students after use of different 
doses of caffeine
 Vakha A. Anzorov, Svetlana V. Moryakina 
Our article is devoted to the study of the state of the car-
diovascular system in female students after the use of dif-
ferent doses of caffeine. Drinking 200 mg of coffee leads to 
a significant increase in heart rhythm and diastolic blood 
pressure in girls. The maximum values of heart rate (HR) 
and blood pressure are reached 1 hour after caffeine intake.

Combination of type I diabetes mellitus 
and diabetes associated with GCK gene 
mutation: features of the clinical course 
in puberty
Yulia B. Cherkasova, Bogdan V. Pavlov, 
Alyona I. Sokolova, Mikhail A. Gladyshev, 
Artem D. Kurochkin, Alexandra A. Dukova, 
Bogdan A. Sklyarov 
This article discusses a clinical case of the manifestation 
of MODY2 diabetes, which complicated the course of 
type I diabetes mellitus in a patient of puberty. For 9 
months, the dynamics of the patient’s condition was 
monitored, who was on inpatient treatment in the endo-
crinology department of the State Medical Institution of 
the Tambov City Hospital for the entire period of obser-
vation. The criteria for daily monitoring of the patient’s 
clinical condition were: blood glucose and glycated he-
moglobin, the level of glucosuria, the concentration of 
ketone bodies in the blood and acetone in the urine.

Our experience with the results of surgical 
treatment of victims with concomitant 
injuries of the pelvis and femur
Khasan Azizovich Tilyakov, Aziz Buriyevich Tilyakov, 
Jasur Zafarovich Shamsiev, 
Fariz Komiljonovich Rabimov, 
Zhasur Akhtam Ugli Rustamov, 
Sukhrojon Sobirovich Sattarov
Hip fractures with damage to the pelvic bones are one of 
the most severe combined injuries of the musculoskeletal 
system. This article presents the results of our studies in 
130 patients, which demonstrated that the active tactics 
of minimally invasive methods of treatment of femoral 
fractures combined with pelvic bone fractures looks quite 
reasonable. In favor of early stabilization of fractures, such 
strong arguments are put forward as the possibility of 
early activation of the patient, the prevention of threaten-
ing hypostatic complications.
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Evaluation of Rationale Prescription Pattern 
among RTPCR Positive COVID 19 Patients 
in a Tertiary Care Hospital, Chengalpet 
district, Tamil Nadu – A Cross-Sectional 
Study
Chandran Geetha, Sunil M Vishwasrao
Prescription pattern monitoring studies (PPMS) are drug 
utilization studies with the main focus on prescribing, dis-
pensing, and administering drugs. They promote appro-
priate use of monitored drugs and reduction of abuse or 
misuse of monitored drugs. from 2019 till 2022 COVID 
19 brings frightening situation among all individuals in 
worldwide and unexpected clinical presentations each 
day by day because of the mutation of SARS-Cov virus 
and the number of people getting affected with the dis-
ease is still not completely reduced .the management 
of the COVID 19 still challenging due to less awareness 
about the treatment and poor follow up of guidelines and 
physician choice of management...

Young Hypertension - 
Is It the Beginning of the End?
Hemavarthini Arivuselvan,  Nalini Kumaravelu, 
Priyatharicini A
Hypertension is one of the leading causes of the glob-
al burden of cardiovascular diseases, stroke, renal failure 
and peripheral arterial disease (PAD). Young onset hyper-
tension is on the rise due to various genetic and envi-
ronmental factors like obesity, psychosocial stress, alcohol 
intake, sedentary lifestyle and a high salt diet. However, 
a huge fraction of the population remains undiagnosed 
or inadequately treated leading to cardiovascular com-
plications. 

Study of Non-HDL Cholesterol Level 
in Adult Patients Attending Rural Tertiary 
Care Hospital Chengalpattu District
J. John Samuel Weizman, V. Santhosh, 
A. Khadeja Bi, Catherine Rexy
Disease of the coronary artery is pivotal and accounts 
to high incidence of morbidity and mortality world over. 
Research have shown its impact on the economy which 
is a concern in the third world countries like India. The 
main cause of coronary artery disease is development of 
atherosclerosis, a cascade of chronic inflammation of the 
arteries. Abnormal concentration of non-HDL-C have evi-
denced in predisposing to CAD. The lipoproteins subtypes 
excluding HDL, which includes LDL, IDL, VLDL and chylo-
microns are described as non-HDL-C. 

A Case of Acute Aortic Dissection 
Mimicking Myocardial Ischemia
Nandhyala Durga Venkata Sainadh, 
Manimekalai Periyasamy, Vinatha M C
Acute aortic syndrome is a severe and potentially fatal 
aortic condition.Aortic dissection is due to the tear of the 
intimal layer, either circumferential or transverse. Primary 
intimal rip or a medial haemorrhage that dissects into the 
intima may be the initiating event. Peak incidence occurs 
in the sixth to seventh decades. Pain that appears out of 
nowhere. Among its many manifestations, acute aortic 
syndrome can look like myocardial ischemia.

Isolation of Human Pancreatic Islets from 
the Indian Population - Unveiling the 
Synergistic Interplay between different 
blends of Collagenases and Neutral 
Proteases
M.Nithyakalyani, Himakar Reddy, 
Srividhaya Raghavan, Anusha Sunder, 
Ganesan Sivamani, Ramakrishnan Veerabathiran 
Innovative and effective therapeutic approaches for dia-
betes such as islet cell transplantation are much needed 
as diabetes increases the risk of heart failure. In India, the 
success rate of human clinical islet transplantation (allo-or 
auto-) mandates sufficiency of functional islets from the 
pancreas of either brain-dead or chronic pancreatitis do-
nors. Human islet transplantation outcome is significant-
ly affected by collagenases, which decides the yield and 
quality of isolated pancreatic islet cells. Comparison of 
collagenase blends carried out in a few islet transplan-
tation centers yields conflicting results for islet quantity 
and quality. 

An Interesting Case of Inflammatory 
Myositis
 Sujana P Reddy, Shanmuganandan Krishnan, 
Sanjeevi Krishnan, Naveen Kumar, 
Nalabottu Sreelatha, Manoj Ravilla Kumar
Idiopathic inflammatory myopathies (IIM) are a class of 
long-lasting autoimmune diseases that typically affect 
the proximal muscles. Dermatomyositis (DM), polymyosi-
tis (PM), necrotizing autoimmune myopathy (NAM), and 
sporadic inclusion body myositis are the most prevalent 
kinds. Patients usually have subacute to chronic proximal 
weakness, which presents as difficulty getting out of a 
chair, getting up the stairs, lifting objects, and brushing 
their hair. They are distinguished by their clinical presen-
tation, which includes muscular and extramuscular signs.
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Morphometric Analysis And Anatomical 
Variations Of Right Coronary Artery 
In “Human Cadaveric Hearts” In South 
Indian Population 
Vinnarasie S, Sharmila A 
The study objective is to know the anatomical  variations 
of “right coronary artery” through dissection method and 
to know its clinical significance. In this study, 45 heart 
samples were implied and approx 30 hearts were calmed 
from Anatomy Department of “SRM Medical College”. 15 
hearts are calmed from the anatomy department of “Sri 
Ramachandra medical college”. 

Hepatic Steatosis Index as an Indicator 
of Non-alcoholic Fatty Liver Disease 
among Young Women With Polycystic 
Ovarian Syndrome
Arockiya Rexlin Y., Gayathri B., Aishwarya S.K., 
Renuka P., Anuradha M., Vinodhini V.M.
Prevalence of non-alcoholic fatty liver disease (NAFLD) is 
rising on a large scale and it has been linked to the meta-
bolic syndrome. Women with polycystic ovaries frequent-
ly have symptoms of metabolic syndrome due to insulin 
resistance and obesity. To determine the prevalence of 
NAFLD and metabolic syndrome in PCOS women who 
are thin, overweight,  obese and also  to assess the rela-
tionship...

Comprehensive Time-Frequency Analysis 
of Noisy ECG Signals – A Review
Hirald Dwaraka Praveena, Katta Sudha, 
P.Geetha, M.Venkatanaresh
This article is based on a comparison of various time-fre-
quency analysis techniques for reducing noise in an ECG
signal. Noise continuously degrades the quality of the ECG 
signal. Due to the ECG signal’s time-varying nature, ECG
noise reduction is extremely challenging. The diagnosis
of heart disorders requires an ECG signal of high quality.

Awareness of Heart-Related Diseases 
and Associated Risk Factors among 
Medical Students in India: A Survey
Malathi H, Sanskriti Tiwari, 
Durgesh Wadhwa
The early behaviors leading to the development of car-
diovascular diseases (CVDs) begin in childhood and per-
sist throughout adulthood, even though these conditions 
often manifest in mid-life or later. In India, it is believed 
that 40% of deaths are due to CVD. 

A Case Series on Myocarditis after 
COVID-19 Vaccination 
Renuka Jyothi S, Indrani Bhattacharya, Arminder Kaur
Many efforts have been undertaken to develop a successful 
vaccine to contain the catastrophe since the COVID-19 out-
break. Early in December 2020, the SARS-CoV-2 vaccine pro-
gram was initiated, and it significantly reduced transmission 
and mortality. However, there are cases of cardiac complica-
tions like myocarditis that have been encountered in several 
individuals after administrating the COVID-19 vaccine. 

 An evaluation of anti-hypertensive 
property of Hibiscus sabdariffa 
Upendra Sharma H.S., Vasundhara Raina, Gopal Arora
Hypertension is the primary worldwide cause of cardio-
vascular disease and early death. Because of the exten-
sive use of anti-hypertensive treatments during the past 
40 years, the mean blood pressure (BP) over the world 
has either decreased dramatically or remained constant. 
Contrastingly, hypertension has increased in prevalence, 
especially in low- and middle-income countries. 

Analysis of  Dynamic Association Between 
Diabetes Mellitus and Cardiovascular 
Disease
Krishan Raj Singh, Asha K, Vijay Upadhye
Diabetes mellitus (DM) is becoming more common because 
of the modern lifestyle. The two primary causes of mortali-
ty and disability among people are “diabetes mellitus (DM)” 
and “cardiovascular disease (CVD)”, which are linked close-
ly. Diabetes mellitus is on the increase, it is quickly becom-
ing one of the world’s most devastating and costly chronic 
diseases. Heart disease is the leading cause of mortality in 
diabetes and it has shown to have a significantly associa-
tion with diabetes. Diabetic patients are more likely to have 
cardiovascular events due to the prevalence of CV diseases 
such as obesity, hypertension, and dyslipidemia.

A Revisit to Causes, Clinical Manifestations, 
Diagnoses, and Management of Heart 
failure
Shweta Dongre, Nayana Borah, Esha Rami
The problem of heart failure gradually increasing now a 
day, Heart failure occurs when the heart is unable to pro-
duce enough oxygen-rich blood to fulfil the body’s needs. 
Heart failure does not necessarily indicate that your heart 
has stopped beating or is about to do so soon. But if 
people’s organs don’t get enough blood flow, they can’t 
function properly, which can lead to bigger problems. 
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An Analysis of Correlation between 
Obesity and Cardiovascular Disease
Gopal Arora, Suhas Ballal, Prasakha Shukla
Obesity greatly affects the development of atherosclerosis 
and coronary artery disorders. The heart’s structure and 
function are both affected due to obesity, which may cause a 
variety of health problems. The consequences of obesity on 
the cardiovascular system were examined in this research. 
The present research recruited 100 participants which were 
statistically analyzed using the SPSS tool and Likert Scale. 

Analysis of Risk Factors for Cardiovascular 
Disease among Adults Living in Rural 
Areas of India: A Survey
Mohd Tariq, Shweta Dongre, Padmapriya G
Cardiovascular diseases (CVD) are a collective term for is-
sues with the heart, blood vessels, and other organs. High 
blood pressure, diabetes, smoking, excessive fat, obesi-
ty, or inactivity are the primary risk factors. The research 
shows that 30–40% of all fatalities are caused by cardio-
vascular illnesses, while there is limited information on the 
frequency of heart disease in India. 

An Analytical Survey on Cardiovascular 
Activity Among the Persons Living
 in a Passive Smoking Environment
Sarmita Jana, Rakesh Ashok Bhongade, 
Upendra Sharma H.S.
Children could be particularly susceptible to the negative 
impacts of passive smoking on their cardiovascular health 
because of their underdeveloped physiological functions. 
Over 30% of coronary heart disease (CHD) mortality is 
attributable to either active smoking or exposure to pas-
sive smoke. While the specific causes of cardiovascular 
disease remain unknown, for a long time, people have 
understood that smoking has an impact that is harmful to 
the function of the endothelium. 

Assessment of Yoga Benefits for Better 
Cardiac Health among the Patients of 
Coronary Artery Disease and Myocardial 
Infarction
Dhwani Upadhyay, Durgesh Wadhwa, Renuka Jyothi.S
The practice of “Yoga” is increasingly attracting popularity all 
over the world because of its many therapeutic properties as 
well as other benefits such as safety and ease of practicing. 
There is a growing body of evidence that it has health ben-
efits, particularly for the cardiovascular system. Yet, there is a 
great deal of confusion around the term.

In-Silico Study of  Chicoric acid as an 
Adjunct Therapy Targeting Caspase-3 
for Effective Management of Heart Failure
Jyotirmaya Sahoo, Nabeel Ahmad, Anuradha Singh
Heart failure is a significant public health problem and it 
is one of the most prevalent reasons for being admitted 
to the hospital. It mostly affects the elderly, and with rising 
life expectancy and better management of chronic med-
ical diseases, the patient population with heart failure is 
predicted to rise. 

Computational Design for Human 
Angiotensin Converting Enzyme 
as a Target for Arjunolic Acid Causes 
Coronary Artery Disease 
Alok Kumar Moharana, Vijay Laxmi, Lalit Prasad 
A leading cause of mortality around the globe is coronary 
artery disease (CAD). Major improvements in CAD therapy 
have been developed during the last ten years. According 
to the degree, kind, and clinical manifestation of CAD, the 
current treatments are either chemical treatments, surgical, 
or a combination of both. The bark of the Indian medicinal 
plant “Terminalia arjuna” has been used for decades as a 
heart stimulant. Several medicinal elements, including sa-
ponins and flavonoids, have been isolated from the bark. 

Molecular Docking Study Reveals 
α-Santalol from Santalum album Linn. 
as Promising Inhibitor of CD36 for 
Atherosclerosis
Swagatam Sahoo, Shruti Sinha, Amit Singh
Atherosclerosis is an inflammatory vascular disease de-
fined by the increasing buildup of cholesterol in the walls 
of the arteries, and it is a primary contributor to cardio-
vascular diseases (CVDs). Issues concerning the adverse 
effects of synthetic treatments have recently resulted in a 
lack of patient consultations, drug misuse, and, as a result, 
a disturbance in meticulous disease control. 

Impact Analysis of Aspirin over 
the Cardiac Activity
Sonia Rani, Santosh Kumar Singh, Vijay Laxmi
Cardiovascular disease (CVD) is the leading cause of death 
in most developed countries, including the United States, 
with a significant economic impact.  Lifestyle changes and 
the administration of antiplatelet medication, like aspirin, 
may significantly contribute to the secondary prevention of 
CVD in adults. For years, aspirin has been utilized for both 
secondary and primary cardiovascular disease prevention. 
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A Predictive Model for Cardiovascular 
Diseases Using Data Mining Techniques
Avneesh Kumar, Santosh Kumar Singh, Shruti Sinha 
In many countries, heart disease is the main cause of 
mortality. Heart diseases are often identified by doctors 
based on recent clinical trial results and their prior expe-
rience treating patients who present comparable symp-
toms. Patients with heart disease require early diagnosis, 
prompt treatment or constant monitoring. 

Machine Learning-based Model for Early 
Prediction of Coronary Artery Disease 
Nabeel Ahmad, Sudeept Singh Yadav, 
Alok Kumar Moharana
The global healthcare industry manages millions of indi-
viduals and generates enormous amounts of data. Ma-
chine learning-based algorithms are analysing complex 
medical information and produce superior insights. “Cor-
onary artery disease (CAD)”, the most prevalent form of 
cardiac disease is getting the greatest interest in the de-
velopment of predictive models due to its large number 
of modifiable risk factors. 

Molecular Docking Study of Crocetin
with Interleukin–18 for the Treatment 
of Atrial Fibrillation
Shruti Sinha, Sonam Kumari, Kirtimaya Mishra
The most frequent arrhythmias are atrial fibrillation. Al-
though the mechanisms underlying are not fully under-
stood, they encompass postoperative and intraoperative 
phenomena like cardiac ischemia sympathetic activation 
and inflammation that ends up causing atrial fibrillation. 
Atrial fibrillation is frequently associated with the presence 
of pre-existing factors, making the atria susceptible to 
atrial fibrillation. 

Factors that Play a Role in Improving 
the Efficiency of Continuous Audits using 
Computer Assisted Audit Techniques 
in enterprises including healthcare units
Akash Sagar, Krishnan Ramanathan
Internal auditing is a key function of any business enter-
prise, including healthcare units, being responsible for 
highlighting and bringing to notice of the upper manage-
ment a fair evaluation of the organization’s internal con-
trol environment. With stakeholder satisfaction, compli-
ance requirements, and value delivery increasingly taking 
centre stage, it functionally requires many organizations 
to adopt and implement a continuous auditing solution. 

Identity and Access Management: 
High-level Conceptual Framework
Sanket Devlekar, Vidyavati Ramteke
Information security is shifting from a traditional pe-
rimeter-based approach to an identity-based approach 
where the organization’s boundaries are where their dig-
ital identities exist. The organization has multiple stake-
holders having access to various organization resourc-
es. Systems and applications are part of organization 
resources that help them achieve their business goals. 
These systems and applications are internally or exter-
nally exposed to allow all stakeholders to have seamless 
access, thus making identity and access management a 
big challenge.

Assessment of Smart Home: 
Security and Privacy
Akshat Goyal, Mugdha S Kulkarni
Home automation is now extremely common in Internet 
of things services and devices with a range of assuranc-
es to improve health, lifestyle, and customer wellbeing. 
In terms of its success and apparent utility for humans, 
intelligent homes possess various safety concerns result-
ing from the diversified, vast-range, and nuanced na-
ture of IoT. Previous studies have talked about security 
and privacy issues. However, we observe that they have 
not addressed the risk assessment of each smart home 
component and corresponding security objective along 
with additional factors that affect a smart home security 
posture.

Effective DevSecOps Implementation: 
A Systematic Literature Review
Dhaval Anjaria, Mugdha Kulkarni
Adopting DevOps means increased collaboration be-
tween development and operations teams and faster re-
lease cycles through a shift to automation. Using Dev Ops 
brings with it several advantages in the development of 
software. Security, however, is often neglected in DevOps 
due to the fast release cycle. Therefore DevSecOps has 
emerged as an extension to DevOps that attempts to in-
tegrate security with Dev Ops practices, which is not with-
out its challenges. DevOps, and by extension DevSecOps, 
represents a significant change in the culture, tooling, 
and processes used in software development. Therefore, 
when implementing DevSecOps, teams and their organi-
zations need to be aware of the challenges it brings and 
how to address those challenges for a DevSecOps imple-
mentation to be effective.

367

373

385

393

400

410

379



10 | Cardiometry | Issue 24. November 2022

An Analysis of Inter-Relationship among 
Commodities, Stock and Economic Indices
Sahil Gupta, Madhvi Sethi
This research will concentrate primarily on commodity re-
lationships, mainly, prices of oil (OP) and gold (GP), US 
stock market (S&P500), consumer confidence index (CCI), 
the US Dollar index (USDX), and the industrial produc-
tion (IP). The purpose of the analysis is to study the dy-
namic interconnection between OP, USDX, CCI, GP, IP, and 
S&P500, by estimating the Vector Auto Regression (VAR) 
model. OP, CCI, GP, USDX, S&P500, and IP are the different 
variables used in this paper.

Development of Novel Waste Biomass-
Based Sorbing Film for Smog Removal
Shweta Gulia, Mandar Shirolkar, Atul Kulkarni, 
Nilisha Itankar,Yogesh Patil
Biochar is a powerful adsorbent for contaminants present 
in polluted water, soil, and gases. The adsorption capacity 
of biochar depends upon feedstock biomass and pyro-
lytic conditions. In this study, three types of biomass were 
collected and converted into biochar employing pyrolysis. 
Each biochar sample was tested individually for adsorp-
tion of smoke in simulated conditions. Activated charcoal 
(a known adsorbent) was used as control.

Advertising Narratives of Society 
and Politics: A Semiotic Analysis 
of Amul’s Print Ads
Kamya Pandey, Ruchi Jaggi
Contextual knowledge is the most important aspect of lan-
guage comprehension. We define contextual knowledge 
as both general knowledge and discourse knowledge, i.e., 
knowledge of the situational context, background knowl-
edge, and co-textual context. In this paper, we will discuss 
the significance of contextual knowledge in comprehending 
the humor found in Amul’s cartoon advertisements in India.

Impact of Financial Ratios on Stock Price: 
Evidence from Indian Listed Banks on NSE
Nitish Rane, Pooja Gupta
This study aims to examine the impact of financial ratios 
on the stock prices of companies listed on NIFTY Bank. 
Nifty Bank is a sub-index of NIFTY 50 and has various 
listed banks included based on the criteria given by NSE. 
This study data has been taken from the period 2010-2019 
and taken from the company annual reports. The analysis 
is done using panel data regression and other tests to 
verify the best model for the dataset.

Impact of COVID-19 on Agri Supply Chain 
in Nashik District
Tejas R Dhage, Viraja Bhat
India has faced many pandemic diseases like plague, 
swine flu, cholera, pneumonia, bird flu, etc., affecting the 
Indian economy. But COVID-19 is adversely affecting the 
country. To be specific Agriculture sector is most vulnera-
ble to losses everywhere. Indian agriculture has not been 
very progressive as compared to other industries. Farmers 
don’t get a reasonable price for their produce. 

A Study of the Perception of Indian 
Employees on Organizational Structure
Akanksha Vashisth, Lavina Sharma
This paper examines the perception of Indian employees 
on the role of organizational structure; it also aims to as-
sess the impact of culture on the views of Indian employ-
ees regarding their choice of work environment and the 
feasibility of self-management practices in India. Despite 
widespread acknowledgment of the challenges presented 
by flat structures and hierarchical structures, little is known 
about today’s Indian workforce’s think and needs. 

Relationship between Environmental, 
Social and Governance Factors 
and Firm Financial Performance: A Study 
of Selected Indian FMCG Companies
Neerja Agarwal, Prakash Rao, Jeevan Nagarkar
The nature of the corporate environment requires a vari-
ety of practices to achieve competitive benefits. Environ-
ment, Social, and Governance (ESG) performance of an 
organization is considered a key indicator for sustainable 
and long-term returns. Investors are increasingly looking 
into the ESG practices of companies while making their in-
vestment decisions, and companies are seeking new ways 
to showcase their ESG prowess to investors. 

Prospects of Digital Currency in India- 
A Way Forward
Viraja Bhat, JeevanNagarkar, Ayushi Singh
The era of information and communication technologies 
has created many opportunities in every aspect. The field 
that has been benefitted the most from these recent de-
velopments in the financial and business sector. The scope 
and speed of evolution in technology, customer percep-
tion, and wide acceptance indicate that these technolo-
gies and disruptions will transform the finance and bank-
ing sector as we know it, providing both opportunities 
and challenges to financial institutions. 
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Comparative Study of Economic 
Diversification of Dairy Farmers with 
Special Reference to Pune, Maharashtra
T Aniket Gulumbe, Viraja Bhat
India being majorly an agrarian economy primarily has 
farmers with very small landholdings. Hence, along with 
agriculture, dairy farming plays an important role in pro-
viding livelihood and employment. Especially in the rural 
areas, the farmers have been completely dependent on 
rain for their agricultural activities; dairy farming serves 
as a real savior. 

Factors Effective for Implementation 
of Lean in Manufacturing Organizations 
of India
Suhas Bagal, Hirak Dasgupta
In recent times, more and more organizations have start-
ed implementing lean principles for process improve-
ment. It started from Toyota and then followed by orga-
nizations across the world. The realization that there is 
something more too traditional processes has motivated 
the organizations to follow lean. Lean helps organizations 
reduce waste, remove non-value-adding activities, and 
achieve business excellence. 

Comparison of Hindu and Muslim Personal 
Laws with Goa’s Portuguese Civil Code: 
Special Reference to Rights of Women
Ruta Prabudesai, Richa Dwivedi, Varun Sharma
Uniform Civil Code is one such topic that has been in de-
bate since forever. Repeatedly, it has been seen that peo-
ple use personal laws and their right to religion as a shield 
to fulfill their selfish purposes, in particular, to exploit the 
rights of women. “Article 44 of the Constitution requires 
the state to strive to secure a Uniform Civil Code through-
out the territory of India”. 

Emphasizing Health Insurance 
as Social Security System 
of Unorganized Sector in Maharashtra: 
The Case of the Ragpickers
Daniyal Jadhav, Shashikala Gurpur, Lasya Vyakranam
The Indian economy is categorized into two sectors, 
namely: organized and unorganized sectors. The un-
organized sector consists of a pivotal part of the Indian 
economy. Ragpickers are that class of employees who can 
be considered as an organized-unorganized labor class. 
Ragpicking business entails collecting, sorting, and selling 
various waste materials, mainly plastics or metals. 

Constitutional and Political Intricacies 
Involved in Abrogation of Article 370
Dhanaji Mukund Rao Jadhav, Aiswarya Krishnan, 
Devi S Vijay
Original Article 370 of the Indian Constitution is temporary, 
transitional. Special Provision of the State of J&K, This 
provision grants J&K an autonomous status. In contrast, 
Article 35A is incorporated into the constitution in 1954, 
grants special rights and privileges to state citizens. 
Since its inception, Article 370 has been considered a 
controversial provision in the constitution. It has been 
politicized in one or another way. The abrogation of Article 
370 cannot be viewed in isolation, as it has proximity with 
historical, political, and constitutional dimensions.

A Study on the Influence of RSPO 
and RTRS in Indian Market
Debasmita Ghosh, Dipen Paul
This paper strives to study the presence and impact of 
Roundtable on Sustainable Palm Oil (RSPO) and Roundta-
ble on Responsible Soy (RTRS) in India today. The reason 
for choosing these two roundtables is - India is one of the 
significant producers of soy oil and is one of the largest 
markets for palm oil globally. With the roundtables being 
established keeping in mind the case of sustainability for 
the procurement and usage of soy oil and palm oil...

Agriculture, Nutrition, and Unemployment: 
An Analysis of Scholarly Literature 
(1974-2018)
Sushant Malik, Nisha Bharti, Ravi Sharma
Malnutrition remains a key development challenge in 
many developing countries. Diversified agriculture prac-
tice can play an important role in dealing with this chal-
lenge. This paper attempts to review the research done 
on Agriculture and nutrition and analyze its outcome on 
employment generation through a systematic review of 
the literature. 

Online Sensory Marketing: Developing 
Five-Dimensional Multi-Sensory Brand 
Experiences and its Effectiveness
Shreya Kaushik, Nilesh Gokhale 
The online environment has long been a sensory inter-
action between a brand or product and its consumers 
through visual imagery and sonic elements. While newer 
technologies have developed that cater to a customer’s 
more psychological need for haptics (touch), gestation, 
and olfaction, brands have not explored its true potential. 
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Decoding the Role of Advertisements 
and Exploring the Motivators That 
Influence the Perception of Self- Image 
Niharika Thapliyal, Mun Mun Ghosh
The study of a person’s opinion of their own body is the 
study of “body image.” While the definition was not much 
complicated, the arguments around the “Body Image” have 
numerous folds, from weight and size to appearance and 
normality. There can be a long list of things that can affect 
a person’s body image concept and make them feel good 
about themselves or even dread being in their bodies. 

Exploring an Approach to Estimate Runoff 
in an Ungauged Mixed Urban Micro 
Catchment - A Case Study, Pune, India
Mugdha Kshirsagar, Rushikesh Satpute,
Digant Chavda, Kanchan Khare
Sustainable and integrated water resource management 
needs an hour, and achieving accurate estimation of run-
off is key. The decision-making on urban landscaping 
planning for low-impact development techniques de-
pends largely on the accuracy of rainfall. The haphazardly 
developed cities in India are encountering flooding crises 
due to the unexpected expansion. These mixed urban 
catchments comprise a muddle of residential, commer-
cial, urban-rural, and industrial zones in any combination.

Sustaining Higher Education during 
a Pandemic a Bibliometric Analysis
Snehal Hirve, Netra Neelam
The purpose is to map the research work stating the 
readiness or responsiveness of the higher education in-
stitutions towards pandemics and identify the patterns of 
academic research. Bibliometric analysis is done to map 
and evaluate the outcomes in the form of the documents 
published, stating the development of research and un-
derstanding the patterns of publication.

Intimate partner Violence and 
Psychological Attributes during 
Pandemic - Violation of Right 
to Live with Dignity
K Shanthi, Saritha Nittala
Human Rights are inalienable. As stated by the UN Char-
ter, gender equality is the fundamental right of every hu-
man being. As stated by the Vienna Declaration, women’s 
and girls’ rights are inalienable, integral, and form an in-
divisible part of universal human rights. The entire world 
has raised its voice and has reached its peak in the 1990s.

The Effects of the Stakeholders 
Relationship Management during 
Pandemic
Mohammad Salim Aslami, Aakanksha Uppal
Partner management, partner relationship management 
examines have a significant spot in writing. We looked 
for their effect on organization performance through the 
Employee and Social parts of Company Evaluation in-
terceding factors in Covid-19. Laborers were chosen to 
accomplish the objectives of the examination. Employees 
hold and as they are the internal stakeholders. 

To Analyze the Level and Factors 
of Job Satisfaction across Different 
Generations in India during Covid-19
Amisha, Philip Coelho, Sanjay Bhattacharya
Firstly, the motive behind this research is to know about 
the factors that lead to Job Satisfaction; secondly, the most 
authoritative factor of Job Satisfaction; thirdly, to find out 
which generation is the most satisfied with their current job 
across different generations of people. The study provides 
a descriptive and comparative analysis of working profes-
sionals during pandemic from all domains, industries, gen-
der, age, and sectors across India selected based on ran-
dom sampling using quantitative research methods.

A Study to Identify the Possibilities of 
Implementing Robotic Process Automation 
for the Processing of Loans in Banks
Varsha Menon, Avinash Aslekar
Today, various studies are going on in every part of the globe 
to minimize operational costs, increase efficiency, and im-
prove the Return on Investment by almost all organizations. 
Technology is one of the key factors that aid in the change 
process happening all over the world. Today, organizations 
are ready to implement any technology to help them main-
tain their market position in this highly competitive envi-
ronment. Robotic Process Automation is a technology that 
could be considered of prime importance. 

Impact of Training and Motivation during 
Pandemic on Employee Performance 
D Subha, Sonali Bhattacharya
The concept of Training, Motivation, and Performance are 
the variables examined under the study to evaluate the 
employee performance. Productivity is one of the most 
significant elements that influence the organization’s gen-
eral performance, which compromises with different ele-
ments like training, attitude, motivation...
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Employer branding-An Employer 
Attractiveness Tool, Attractiveness Factors 
for Millennial
Pankhuri Jaswal, Sonali Bhattacharya
In a VUCA world and growing competition within organi-
zations to attract the right talent, it is of extreme impor-
tance for the organizations to build employer branding 
strategies. Organizations need to know these strategies 
should be based on what factors. This study aims to un-
derstand how employer branding can be used as a tool 
to promote employer attractiveness.

Analyzing Customer Engagement Online 
Using Gamification
Tanay Banerjee, Sonali Bhattacharya
The purpose of the study is to investigate the impact of 
gamification options on customer engagement while 
shopping online. We further investigate the impact of 
gamification on customer experience and sales. A study 
was conducted on E-commerce websites, which have 
gamification options (like Flipkart and Amazon). 

Study of Assessing Hr Process 
Effectiveness through HR Metrics- 
An Empirical Study in Selected Indian 
Organizations 
Jagdish Salunke, Monica Kunte
To assess the framework adopted by organizations to 
measure, control and evaluate HR costs and support de-
cisions. To analyze metrics used by companies for calcu-
lating ROI on HR cost. To analyze the maturity index on 
Indian organizations. The paper relies on a quantitative 
analysis of survey questionnaires and data collected from 
various human resource professionals of different industry 
sectors working in Indian geography. 

Why Maithili Cinema is Struggling 
Hard to Find Its True Identity: 
a Critical Study
Sumit Mishra, Mithunchandra Chaudhari
When people ignore their cinema, there is a danger of 
disappearance of it with the times. At such bad times for 
Maithili Cinema, it is worth struggling for this small re-
gional language cinema through academic discussions. 
Despite having its diverse art and literature, Maithili cin-
ema strives hard to tackle all those indifferences. People 
and government are solely responsible for this direction-
less journey of Maithili cinema, and the ignorance is ma-
jorly coming from their cultural etiquettes.

A Comparative Analysis of Using Moving 
Average Convergence Divergence 
indicator in the forex market 
with risk-free investment strategies
Karan Sejwar, Madhvi Sethi
Technical analysis has been widely studied in academic 
literature. It so is the Moving average convergence di-
vergence (MACD) indicator in stock and forex markets. 
The research on MACD indicator mostly shows negative 
or mixed results when applied to the forex market. How-
ever, past studies do not take the fixed risk for every trade, 
have a very high value of risk employed for every trade 
that a trader will not mostly undertake, fixed stop loss, or 
a combination of these.

Impact of Corporate Governance Factors 
on the Profitability of Banks: A study on 
Indian public sector banks
Aakash Singh, Pooja Gupta
The paper aims to look at the impact of corporate gov-
ernance parameters on the financial performance of 
the banks. The variables considered for the quantitative 
analysis are the female directors, the chairman changed, 
the total remuneration, the total committees, the cost to 
income ratio, the non-performing assets ratio, and the 
provision coverage ratio. 

Establishment of Portfolio Based 
On Momentum Strategy and Analyzing 
the Factors Affecting the Portfolio Returns
Aarsi Kadakia, Pooja Gupta
For many years, momentum strategy for investment in 
stocks is being investigated, which suggests that investing 
in the stocks in momentum generally generates exces-
sive returns. The study explores establishing the portfolio 
based on the momentum strategy adopting the method-
ology of Jegadeesh and Titman with minor modification. 

Study and Evaluation of Sales and 
Marketing Strategies of Grocery Shops 
in Jabalpur City
Runay Nandekar, Raghav Sandhane
Recent interest in “marketing techniques” has intensified 
the emphasis on temporary changes in retail types such 
as malls, hyper/supermarkets, grocery stores, department 
stores, discount stores, and convenience stores. This re-
search found that four marketing elements, namely prod-
uct, price, location, and promotion, have a major impact 
on modern marketing and customer satisfaction. 
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Future Contracts: Smart Contracts
Sistla Kashyap, Pankaj Pathak
Contract management has always been a classic task for 
companies; the management of vendors to the remittance 
handling goes in a cycle, requiring constant monitoring 
and risk assessment. The vendor-related frauds account 
for a huge amount of money. It is expected that the fraud 
detection and prevention market is expected to reach 63.5 
billion USD worldwide by 2023, with a CAGR of 26.6%. 

What is in a Meme: Analysing 
the Perception of Gen Z to Memes 
and Virality in Modern Marketing
Illisha Kala, Sanjay Pawar
As the world of marketing has progressed into the age of the 
Internet, new challenges and opportunities have emerged. 
The online world has become a forum for social network-
ing sites where knowledge spreads like wildfire. This form of 
spread is also referred to as viral because it is distributed from 
person to person rapidly. Companies have already started to 
pick up on this trend and have recognized the opportunity 
behind it; however, there is not enough research exploring 
what makes viral distribution happen and how marketers 
should leverage or manipulate this idea. 

Design Fundamental through 
Photography: Teaching approach 
in Higher Education
Keyur S Sahasrabudhe, Vijay Shah
Introducing photography to a design student is a chal-
lenge. They must have a basic understanding of design 
fundamentals. Hence, it becomes easy to visualize a com-
position and techniques of light painting. Visual literacy 
is implemented from the foundation course of design 
college. However, they are parts of the study of art and 
design, design fundamentals, sketching and drawing, and 
visualization techniques. Students are introduced to pho-
tography as a core subject. 

Corporate Social Responsibility: 
A Legislative Gateway
Pankhuri Swarnim, Damodar Hake
India a country of as much diversity as is a hotspot for 
numerous contradictions. On the one hand, after much 
hardship, the country has emerged as one of the surging 
economies and a very important player in the new global 
order. In contrast, on the other hand, it is still combating 
issues related to impoverishment, starvation, and rights 
of undernourished children, societal welfare, and the like. 

Big Data Mergers: An Analysis of European 
and Indian Competition Law Regime
Shreya Mukherjee, Damodar Hake
In a digitally dominated economy, big data plays an in-
tegral role in furthering a company’s commercial interest 
and is processed by firms to understand how to provide 
better products and services to consumers. To substan-
tially enhance the datasets available with a business, 
mergers and acquisitions between entities have become 
common in recent times. 

 Do Employees Identify?: A Study 
of Organizational Culture and Learning
Nitish Chandra, Pooja Sharma
This study aims to explore the influence of organization-
al culture and learning orientation on the organizational 
identification of the employee. Organizational culture is 
defined through various parameters in an organization 
depending on various internal and external factors. This 
relationship between culture, learning, and identification 
would help organizations enhance the employees’ per-
formance and commitment toward the same.

Culture in Action: How Is Culture Perceived 
and Driven in Leading Organizations with 
a Significant Indian Presence
Shashank Thigle, Monica Kunte
Organizations focus a lot on their culture to attract the 
best talent to work with them. Leaders of these organi-
zations expound their values on social media, employ 
PR agents and consulting firms to fine-tune their values, 
commonly stated through their websites, newsletters, 
and official communications, but how do people working 
there actually perceive these values? How are they driven 
from leadership to the lowest level of employees?

Impact of Office Ergonomic Elements 
on Employee Performance: A Case Study 
of Larsen and Toubro, Surat
Aakriti Bajaj, Philip Coelho, Monica Kunte
Ergonomics is said to have a great potential when it 
comes to designing of any artefact. Office ergonomics, 
a branch of ergonomics, seeks to understand how physi-
cal characteristics of humans are relevant in designing the 
workplace and is often used by organisations as an input 
to minimize the amount of discomfort faced by the em-
ployees. The provision of this input by the organisation 
generates a need to understand if it has any impact on 
the output produced by the employees. 
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A study of Employee Engagement 
Practices and its Impact on Team 
Effectiveness in the context of Virtual 
and collaborative Workplace
Soham Majumder, Monica Kunte
To identify the challenges faced by virtual teams and 
study the impact of employee engagement practices on 
performance, team effectiveness of Virtual workforce/
Virtual teams. With the Gig Economy coming in and the 
worldwide disruption in the operation of many organiza-
tions due to Geo-political or Biological Factors, organi-
zations should be well prepared to continue to give an 
uninterrupted performance. 

A Semantic Analysis WRT Linguistic 
Approach of TV Commercials: 
A Case-Based Research for LUX (HUL)
Sreerupa Sukhari, Ruby Chanda
Communicational language clarity, which conveys a mes-
sage, decides intensity of impact of language used. Thus, 
this era evidences a well-executed presentation of televi-
sion commercial ads, with wise and cautious use of words 
and language. Thus, semantics are being fully exploited 
by copywriters to win audience’s attention and make a 
difference. 

Sovereign Wealth Fund and Economic 
Indicators: An Exploratory Study
Jainandan Sharma, Arti Chandani
Sovereign Wealth Fund (SWF) is a term which is related to 
investments made by sovereign in other countries or sim-
ply a cross-border investment. This term has gained pop-
ularity in recent times because of these funds’ huge in-
vestments and getting more and more Sovereign Wealth 
Funds post-1990s. A Sovereign Wealth Fund is a capital 
investment made by governments to earn a higher return 
on their total reserves.  

Railway Stations Redevelopment 
Programme under PPP model in India: 
a Study of Consumer Perception towards 
Proposed Facilities
Shiksha Sinha, 2Komal Chopra
Public sector transport, especially Railways, solves an 
important mobility issue for people in India due to its 
long stretched network and potential to cater to every 
individual. Funding constraints, however, make it difficult 
to achieve service level and offerings at par with private 
players. 

Fintech In Indian Capital Markets
Himanshu Maurya, Prasanna Kulkarni
The advent of advanced digital technologies has already 
caused disruptions across many industries. The financial 
services sector is also collaborating with Fintech to trans-
form digitally. Post- demonetization, the Indian govern-
ment created a favorable environment for Fintech. Many 
new financial products are brought in by new start-ups. 
Fintech has created a paradigm shift in availing of Finan-
cial Services. The primarily data-driven capital markets 
have been positively affected by Fintech. 

Designing Business Continuity Plan 
for It Organizations: A Systematic 
Literature Review and Meta-Analysis
Ritesh Kumar Tiwary, Raghav Sandhane
With the recent pandemic due to COVID-19 and several 
other uncertain events (due to human error or natural 
disaster), designing and implementation of Business Con-
tinuity Plan (BCP) has become a vital part of any organi-
zation. The organizations must prepare in advance and 
identify all possible uncertain events which may cause 
hindrance in their services. They must also access the 
consequences due to such events, which helps them de-
vise such a plan that their operations do not pause even 
in such a disaster. 

Digital transformation in Retail Industry
Sourav Dutta, Raghav Sandhane
Radical changes in the business scene request that ven-
tures relook their plans of action, include imaginative ca-
pacities, and plan to remember new goals. Getting by in 
an altogether veritable business network requirements 
other than the capacity to sell; searching for analyzing ex-
isting business structures for seeing bottlenecks, forming 
dynamically momentous structures for improving opera-
tional ability, and most blend of advances, approach and 
undertaking plans in the framework for the notable client 
experience. 

Impact of Elements of Ad’s on Sports Fan 
Attitude during a Live Sporting Event
Raghav Gupta, Aradhana Gandhi
The purpose of this paper is to understand the impact 
of various elements of ads like ad timings, ad placement, 
ad type, ad frequency, duration of the ad, celebrity’s ad 
endorsement influence, etc., on sports fans’, in particu-
lar, cricket fans mood and attitude during a live sporting 
event like Indian Premier League (IPL). 
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Effectiveness of Consumer Promotions 
in Brick-and-Mortar Retail Stores
Kumar Dhwanit, Ritvik Verma, Aradhana Gandhi
The purpose of this study is to identify the factors that 
aid in the measurement of the effectiveness of consumer 
promotions in brick-and-mortar retail. The already highly 
competitive landscape of retail is set to undergo a huge 
transformation post the COVID-19 outbreak, which will 
inadvertently lead to manufacturing cutting down costs 
wherever possible to maintain their margins and stay 
afloat. 

Business Models in the Music Streaming 
Industry: A Critical Review of Literature 
on the Role of Audio Advertising
Bhavya Killa, Ashwani Kumar Upadhyay
This paper aims to explore advertising on music stream-
ing platforms as an opportunity for brands to advertise in 
India by studying users’ attitudes towards advertisements 
while listening to music on these platforms. The paper is 
an outcome of reviewing several published journals and 
articles referring to music streaming services, their reve-
nue models, and their impact on consumer listening be-
haviors. 

Perceived Popularity of TikTok among 
Gen-Z
Pooja Jain, Josraj Arakkal
With web-based media, there developed huge open 
doors for individuals to develop their thoughts, interests, 
business, brands, or just themselves. Different applications 
cleared the way; however, just a couple of them were ac-
knowledged by the crowd to endure and remain in the 
evolving scene. In such a domain, video content utiliza-
tion and creation kept developing and growing with in-
cluded highlights and channels, which brought forth the 
short-structure video creation application TikTok in 2016, 
hailing from Beijing.   

The Key to Democracy: Mandatory Pre-
Legislative Consultation
Ahmar Afaq, Ameya Thachappilly
India’s policy of public consultation in the legislation pro-
cess is currently not mandatory. The concept of pre-legis-
lative scrutiny and inclusion of the public has proven to be 
an invaluable addition to the democratic process, and the 
absence of the same has led to instances of widespread 
protest and discontentment. The policy of pre-legislative 
scrutiny was introduced in 2014. 

A Study of Relationship between Stock 
Market and Bond Market in the Indian 
Context
Nisarg Amin, Sunit Joshi, Pankaj Sharma
The paper revisits the correlation between the stock and 
bond market. Theoretically, these two asset classes should 
have a negative correlation. However, there are times 
when the negative correlation does not hold, and the pa-
per attempts to identify the macro/micro factors leading 
to this anomaly. 

A Study on the Business Transformation, 
Security issues and Investors Trust 
in Fintech Innovation
Rasika Patil,  S. Vijayakumar Bharathi
Financial Technology (Fintech) has attracted much atten-
tionand is increasing swiftly. The emerging technologies 
adopted by Fintech have made innovation a general 
term among the Financial Institutions and the Businesses 
using them. The techniques from data security to the 
deliveries of financial services are a few of the critical 
enablersof Fintech.This research is a descriptive study to 
understand Fintech Innovation’s impact in transforming 
the Businesses, the comprehensive benefits of Fintech, 
on how it has the edge over the Traditional Financial 
Institutions.

Business Intelligence for Reducing NPA 
in Indian Banking Sector
Aamod Joshi,  Avinash Aslekar
Indian Banking sector is a blend of Private as well as public 
sector banks. In the Economy of a Nation, banks keep a 
deposit with themselves and interest the depositors. The 
banks are responsible for the majority of the lending op-
erations that took place in the economy. However, since 
2008, the returns on Indian banks’ assets are continuously 
falling. 

Analyzing the Financial Statements 
of Companies listed on the National Stock 
Exchange using the Benford’s Law
Madhura Ranade, Mahak Gandhi
Accounting numbers normally follow Benford’s math-
ematical rule. These findings are so unpredictable that 
knowledge manipulators typically refuse to comply with 
the law. Based on that information, accounting data that 
are submitted fraudulently can be identified. The law pro-
vides, however, for instances where data containing errors 
are presented to be detected. 
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Monetizing Data Points to Increase 
Profitability for Banks
Mohit Borthakur, Harini Srinivasan, Prasanna Kulkarni
Today’s digital world is functioning with a new asset – 
data. Businesses possess humongous volumes of data, 
opening up new revenue streams. The financial world has 
also started to recognize the potential of data. Payment 
providers can turn internal and external data into a reve-
nue earner to create alternative business models.  

Coping Strategies To Promote Self Esteem 
In Alcoholism
R. Ajitha Nancy Rani, V. Hemavathy 
The intake of alcoholic beverages is a huge social issue. 
Worldwide, an estimated 2.3 billion individuals consume al-
cohol, with an average daily consumption of 33 grammes of 
pure alcohol. Self-esteem is a measure of one’s self-aware-
ness and sense of personal worth. The process of behaving 
and then thinking about acts, as well as how others inter-
pret actions, shapes one’s self-perception. 

Caregivers Burnout Syndrome: Support 
Yourself While Caring For A Loved One
G Ajithakumari, V.Hemavathy
A caregiver is someone who looks after another person 
who is in need, such as a child, an elderly parent, a spouse 
or partner, a family, a friend, or a coworker. Caregiver stress 
is caused by the cognitive and emotional strain of caring 
for others. Stress levels in caregivers are much higher than 
in non-caregivers. The quantity of care required by an old, 
sick, or disabled family member may overwhelm some 
caretakers. Anyone can experience caregiver stress, but 
women carers are more likely than males to report stress 
and other health issues.

Effectiveness of Structured teaching 
programme on early identification 
of Obstetrical Emergencies among 
antenatal mothers
Grace Mona Kamala Manukonda, 
Ramesh Shanmugam
Obstetrical emergencies are most unpredictable compli-
cation that can be prevented by early identification, Preg-
nancy is arguably the magical time of a woman’s life and 
has its unique joys and challenges. The process is very 
noteworthy. The present study aimed to effectiveness of 
Structured teaching programme on early identification of 
obstetrical emergencies among antenatal mother’s in se-
lected hospital.

A Comparative study to assess 
the knowledge regarding antenatal care 
among primi antenatal women 
in selected urban and rural areas
Grace Mona Kamala Manukonda, 
Ramesh Shanmugam
Antenatal care (ANC) is the care given to pregnant women 
and adolescent girls by skilled health care professionals to 
ensure the best health conditions for both mother and baby 
during pregnancy in order to avoid health issues in both the 
foetus and the mother, as well as healthy behaviours and 
parenting skills. The present study aims to knowledge of 
primi antenatal mother regarding antenatal care... 

 Heart Disease Prediction Using Random 
Forest Algorithm
R.Vasanthi, S. Nikkath Bushra, K.Manojkumar, 
N.Suguna
Heart disease is one of the complex diseases and globally 
many of us suffer from this disease. On time and efficient iden-
tification of cardiovascular disease plays a key role in health-
care, particularly within the field of cardiology. An efficient and 
accurate system to diagnose cardiovascular disease and the 
system is predicated on machine learning techniques. 

Polycystic Ovary Syndromeand Risk 
of Polycystic Ovary Syndrome among 
Adolescent Girls in selected Colleges, 
Puducherry
Hemavathi. P, Malathi. S
Polycystic ovary syndrome (PCOS) is a hormonal disorder 
affecting reproductive age group women characterized 
by irregular periods, acne, excess facial and body hairs, 
male-pattern baldness, acanthosis, mental disturbances 
include depression, anxiety, disturbed sleep and infertility. 
Many a times the PCOS was diagnosed when there is a 
difficulty to get pregnant. 

Diet Of Diabetes
C.Jegatha M., V. Hemavathy
A disease in which the body’s ability to produce or re-
spond to the hormone insulin is impaired, resulting in ab-
normal metabolism of carbohydrates and elevated levels 
of glucose in the blood. Eating a variety of fruits and veg-
etables may aid with weight and blood pressure manage-
ment. It is advisable to take at least 4-5 serving of fruits 
and vegetables in a day. unprocessed total – grain foods 
include fiber that can assist lower the  glucose as well as 
blood cholesterol. 
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Alcohol Addiction & Comorbidity 
of Depression
N. Nirmala, Dr.V. Hemavathy
Alcoholism and depression are linked to a towering rate 
of unhealthiness, impairment, and casualty, and constant-
ly co-occur. Psychiatric problems can exist or complicated 
by alcohol use. People who are recessed are largely add-
ed to misuse alcoholics. The existence of one increases 
the hostile effects of another.

Breast Cancer Screening
P. Priyadarshini,  Sathiyalatha Sarathi, V. Hemavathy
Breast cancer is the most frequent cancer in women, im-
pacting one out of every eight women at some point in their 
lives. Despite the fact that it is more frequent in older wom-
en, breast cancer seldom strikes women under the age of 
45. Women under the age of 45 account for around 9% of 
all new cases of breast cancer in the United States. The most 
important methods for preventing breast cancer deaths are 
early detection and cutting-edge cancer treatment. 

Effectiveness Of Structured Teaching 
Programme On Knowledge And Practice 
Regarding Isometric Exercise Among 
Patients With Osteoarthritis
R.Ramania, Dr.V.Hemavathy 
The Impact of a Structured Teaching Program on Patients 
With Osteoarthritis’ Isometric Exercise Knowledge and 
Practice Osteoarthritis is a degenerative joint disease that 
is very expensive for our health-care system. The most 
prevalent site of osteoarthritis is the lower extremities, no-
tably the knee joint. 1. to assess the knowledge and prac-
tise of isometric exercise among osteoarthritis patients. 
2.to determine the efficacy of a systematic isometric exer-
cise training programme in osteoarthritis patients 3.to in-
vestigate the relationship between osteoarthritis patients’ 
knowledge and practise of isometric exercises.

Anxiety Disorders
Saradhadevi S, V.Hemavathy
Anxiety is a natural response to stress that can be beneficial 
in some situations. It can alert us to approaching dangers 
and help us prepare and pay attention. Excessive fear or 
anxiety, as opposed to usual feelings of apprehension or 
concern, characterises anxiety disorders. Anxiety disorders 
are the most prevalent mental diseases, afflicting over one-
third of the population at some time in their lives. Anxiety 
disorders, on the other hand, are a type of mental illness. 
can be treated with a range of successful medications. 

Explore the intradialytic physical 
complications among end stage renal 
disease patients receiving heamodialysis 
at selected Hospital, Chennai
S.Semmalar, V.Hemavathy
Quasi  experimental research (2021 ) study was conducted 
at Haemodialysis’ Unit at Sree Balaji Medical College and 
Hospital among End stage renal disease patients receiv-
ing haemodialysis to explore the physical complications 
during dialysis by using  purposive sampling technique 
,the estimated sample size was 120 were selected for the 
study based on  inclusion criteria .

Role Of Dash Diet In Blood Pressure
K R Vasantha Kohila, V. Hemavathy 
High blood pressure is demarcated as arterial blood pres-
sure of 140 mm Hg or more, or a venous pressure of 90 
mm Hg or more. Blood pressure is the power of plasma 
in contradiction of blood vessel. It is documented as dou-
ble figures systolic force that is once the heart beats and  
diastolic pressure that is once the heart lessens among 
hits. Increased plasma compression regularly has no cau-
tion marks or indicators Hypertension can proliferate the 
threat to myocardial infarction, angina, heart , cerebro 
vascular accident and Renal infection.

Mean Platelet Volume a Risk Indicator 
in Acute Coronary Syndrome
 Kannan Meera Devi, V. Padma, Sathyapriya, 
Shiny T, Sarath, Saketh
Coronary artery disease is the disease manifested main-
ly the process of atherosclerosis and their complications. 
Platelets have a major part in the atherosclerosis process 
initiation and the formation of thrombus in the coronary 
vessels. Larger the size of the platelet , higher the risk of 
thrombosis as it is metabolically and in enzymatic way 
more active compared to smaller platelets. 

A Rare Case of Cerebral Venous 
Thrombosis
Sujana P Reddy, Shanmuganandan Krishnan, 
Sanjeevi Krishnan, Naveen Kumar, 
Manoj Ravilla Kumar
CVST is a rather uncommon complication. A 19-year-old 
female developed an acute aseptic thrombosis of the 
parasagittal, transverse, and sigmoid sinuses. Increased in-
tracranial pressure (ICP) due to thrombosis of the sinus with 
common symptoms and papilledema of both the eyes, this 
resulted in transitory bilateral abducents nerve palsy...
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Association between Body Mass Index 
and Hypertension in a view to Prepare 
Information Booklet on Prevention 
of Complications among Hypertensive 
Patients
Bhuvaneswari, Vasanthakumari Sundararajan, 
S P Subashini, Gopinath Subramanian
Hypertension has turned into a foundational sickness with 
more frequency and commonness rate among the cut-
ting edge age. Dietary and way of life changes can bring 
down pulse and reduction the gamble of unexpected 
problems, despite the fact that treatment with medicine is 
still frequently essential in individuals for whom way of life 
changes are adequately not or not compelling. The treat-
ment of respectably high blood vessel pulse with drugs 
is related with a superior future An explorative review to 
figure out the relationship between Body Mass Index and 
hypertension in a view to plan data booklet on counterac-
tion of difficulties among hypertensive patients in Select-
ed clinic at Chennai, Tamilnadu, India.

A Novel Deep Learning-based Model 
for the Efficient Classification of 
Electrocardiogram Signals  
Saurabh Mehata, Rakesh Ashok Bhongade, Roopashree 
Rangaswamy
To manage healthcare, an electrocardiogram, often known 
as an “EKG” or “ECG”, is a measurement of the electrical 
activity of the organ “heart”. Deep Learning (DL) or Deep 
Neural Networks have recently attracted the attention of 
researchers in many other sectors, including healthcare 
and medicine. There has been a frequent rise in the num-
ber of researchers developing the model to classify and 
detect several diseases, out of which cardiac complications 
are the keen focus due to the mortality associated with it. 

Molecular Docking Study of Cox-2 Target 
Protein with Terminic acid and its Role for 
Myocardial Infarction
Diwakar Chauhan, Swagatam Sahoo, Nabeel Ahmad
Myocardial infarction occurs when the oxygen supply to 
the heart muscle is insufficient in one or more places. Its 
management becomes costly in the developing world 
cause of expensive medicine. Apart from that, the side ef-
fects of the treatment used to treat myocardial infarction 
are also unintended side effects which further stress the 
need to explore alternative medicine. Therefore, this re-
search aims to find the putative inhibitor from a botanical 
source against the target protein of myocardial infarction.

In-Silico Docking Studies of Angiotensin 
Converting Enzyme Using Natural Inhibitor 
Vijay Laxmi, Pinki Chakraborty, Kirtimaya Mishra
Lowering blood pressure (BP) using antihypertensive 
medicines lowers the risk of target organ failure as well 
as the occurrence of cardiovascular disease. The most 
common modifiable risk factor for death and disability is 
hypertension, which is associated with strokes, increased 
coronary and systemic atherosclerosis, heart problems, 
and chronic kidney diseases (CKD). 

Lifestyle Changes to Control Blood 
Pressure and Manage Ischaemic Heart 
Disease 
K. S. Vijayalakshmi, Sathiyalatha Sarthi, V. Hemavathy 
Hypertension also referred to as Increased blood pres-
sure (HBP), hypertension, is a silent “silent killer” that si-
lently damages blood vessels and results in serious health 
problems. Although there is no cure, by taking your med-
ications as prescribed and altering your lifestyle, you can 
improve your quality of life and reduce your risk of heart 
disease, stroke, kidney disease, and other disorders.  

In Silico Study of Rutin with 
Rho-Associated Protein Kinase (ROCK) for 
the Treatment of Cardiovascular Disease
Nabeel Ahmad, Shaweta Sharma, Jyotirmaya Sahoo 
Cardiovascular disease (CVD) is a collection of illnesses 
that affect the heart or blood vessels. It is usually linked 
to atherosclerosis, a buildup of fatty deposits within the 
arteries that raises the risk of the blood clots. According 
to estimations, 17.9 million people worldwide died from 
CVDs in 2019, accounting for 32% of all fatalities. CVDs 
are one of the top causes of the mortality in the globe. 

Intra-Vascular Ultrasound Image Based 
Decision Support System For Coronary 
Plague Classification 
V. Kalpana, V. Vijaya Kishore, K. M. Hemambaran
Heart attacks continue to be one of the most common 
reasons for increasing mortality now-a-days. Intra-Vascu-
lar Ultra Sound (IVUS) imaging has recently been used in 
the development of a variety of classification methods for 
the plaques that are seen in the coronary arteries. Plaque 
analysis is an important tool for early detection of coro-
nary artery disease, which may have devastating conse-
quences. A powerful decision support system (PDSS) for 
the plaque categorization using IVUS image is presented 
in this paper. 
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Assess the Effectiveness of Life Style 
Modification Regimen on Polycystic Ovary 
Syndrome among Adolescent Girls 
in Selected Colleges, Puducherry - 
Pilot study
Hemavathi. P, Malathi. S
Polycystic ovary syndrome is a common endocrinopathy 
affecting women of reproductive age. Commonly mani-
fested by polycystic ovary, menstrual irregularities and hy-
perandrogenism even though the presentation could be 
heterogeneous. Insulin resistance (IR) is considered to be 
accountable for the associated hormonal and metabolic 
derangements.  

Medical Image Forgery Detection By 
A Novel Segmentation Method With KPCA 
V. Kalpana, M. Jayalakshmi, V. Vijaya Kishore
One of the most challenging tasks of recent days is de-
tecting digital image forgery. Effective image processing 
tools are developed with excellent technology enhance-
ment, making an easy and comfortable process for im-
age forgery. Because of these systems’ misusage, the 
verification of picture is too difficult. Therefore, image 
forgery detection uses different techniques according 
to the requirements of detection, efficiency, and type of 
forgery. 

Pathological Analysis of Brain Tumor 
in MRI Images Using CAR-UNET Model 
Architecture
Ayalapogu Ratna Raju, Suresh Pabboju, 
Rajeswara Rao Ramisetty
The most dangerous type of organ failure in humans is a 
brain tumor. A brain tumor’s incorrect segmentation and 
classification are critical for treatment and early diagnosis. 
Several Deep neural network-based architectures have 
recently been developed to improve brain tumor classi-
fication performance. However, brain tumor classification 
performance must be improved, which is a difficult area 
of research. 

Effectiveness of knowledge on self care 
compliances among patients undergoing 
hemodialysis at selected hospitals, Salem
Dhanalakshmi. J, Malathi S
Chronic Renal Failure is a worldwide public health prob-
lem with an increasing incidence and prevalence, poor 
outcomes and high costs. The health teaching regarding 
hemodialysis and self care is important to improve the 
health and wellbeing for patients with chronic renal fail-
ure. The aim of the study was to evaluate the effectiveness 
of Self care compliances among patients undergoing he-
modialysis at selected hospital. 
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Prof. Yuriy N. Bordyushkov

Professor Yuriy N. Bordyushkov, MD, Doctor of Medical Sciences, representative of the excellent cohort 
of the Rostov School of Oncologists, who holds the lead in research in the field of adaptation and increase of 
nonspecific antitumor resistance by a human organism, and, in general, who has pioneered in identifying the 
growth points in fundamental oncology.

After leaving school, a young, tall, handsome man, with refined face features and thin fingers of a violinist, 
decided not to make the career path of a musician, but to do the difficult and noble profession of Medical Doc-
tor. Student Yuriy Bordyushkov graduated magna cum laude from the Rostov-on-Don Medical High School and 
began his rural generalist practice, where he faced the harsh reality of rural life and, sparing no effort, applied 
all his knowledge and skills to his noble occupation. But fate took him in a different direction: the talent of the 
young scientist was appreciated, when he was an MD student. So, in his third year at the Medical High School, 
he conducted experiments at the Department of Physiology aimed at identifying the ratio between the cerebral 
and peripheral blood circuit supply in dogs, using a capsule implanted in the parietal bone of the animal skull 
that served as a pulsation transmitter of the brain blood vessels to a kymograph. It happened at the very research 
office by Professor Maria A. Ukolova, where in another corner thereof, a young girl student began conducting 
her experiments (it was Elena Ukolova, Maria A.Ukolova’s daughter, Elena Kvakina under her married name). 
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The young MD girl student experimented on white rats, in order to study their reflexes upon administration 
of medical drugs, producing blood clotting effects. So, that was the research environment which laid down the 
groundwork for scientific creativity of the future researchers there.

After the establishment of the experimental department at the Rostov Oncological Institute, headed by Prof. 
Maria A. Ukolova, a team of young, enthusiastic, daring, scientists, was created, ready to implement every most 
challenging research idea or concept. The research team was composed of Lyubov Garkavi, Yuriy Bordyushkov, 
Elena Kvakina and some other employees. It was an interesting time, when every one of them worked at the 
lab until 11 pm, making best efforts in completing its individual part of the joint experiment project. Yuriy N. 
Bordyushkov developed and proposed its own technique for direct electrical stimulation of the hypothalamic 
nuclei, which made it possible to identify an important role of the structures in the mechanism of increasing an-
titumor resistance in an organism. That was a priority area in experimental oncology at that time, and it enabled 
in the future to develop qualitatively different methods of influencing the hypothalamic-pituitary system for the 
purpose of antitumor therapy. In 1971, he wrote his Ph.D. thesis: On the Role of the Hypothalamic-Pituitary 
System in the Mechanisms of Increasing the Organism’s Resistance (on a Tumor Process Model), and upon his 
appointment as the Chief of the Laboratory of Experimental Hormone Therapy of Cancer, he actually laid the 
foundation for translational medicine. 

For the first time in Russia, Yuriy N.Bordyushkov developed and introduced into clinical oncology an orig-
inal method of endoliquor hormone therapy. By applying the system analysis to oncology (the discriminant 
function, the “decisive rule”), he showed the need to monitor a set of parameters for the selection of the proper 
prognostic criteria for the effectiveness of therapy, for example, in generalized breast cancer (with endoliquor 
therapy) or in esophageal cancer (with immune- and radiotherapy method in cancer treatment). Based on an 
assessment of the level of free radicals, he offered new ways for determining sensitivity to anticancer drugs and 
demonstrated their adequacy in clinical practice. He proposed a new method of endoliquor therapy for estro-
gen-resistant forms of prostate and renal cancer. The endoliquor hormonal therapy of tumors as a priority line 
therein was supplemented by endoliquor chemotherapy of the CNS tumors. Yuriy N.Bordyushkov pioneered 
in the study of the mechanism of action produced by magnetic field according to changes in the histochemical 
parameters of the neurosecretory nuclei of the hypothalamus and its membranotropic effect on the cells of the 
body, including effects made on their receptor apparatus in accordance with the indices of proliferative activity, 
immune homeostasis and changes in the transport function of blood cells, bone marrow and splenocytes with 
respect to chemotherapy drugs, hormones and mediators.

The creative potential of Yuriy N. Bordyushkov made it possible to realize a number of excellent, challeng-
ing, ideas and formulate an original concept of the multi-linked regulation of the antitumor resistance by the 
functional ontogenetic system of the organism integrity, which was confirmed by the expression of different 
oncogenes with the appearance of the same tumor. 

This incomplete list of the Bordyushkov’s developments in the field of pathogenesis of malignant tumors 
testifies to the strong power of his intellect, intuition, and scientific courage, making him a Great Scientist. The 
fundamental features of his personality were complemented by a completely childlike enthusiastic perception 
of all new, original, things in general. It should be mentioned, his wife was the great love of his life, together 
with Her Majesty Music. Delightedly playing the violin, he expressed all his greatest tenderness and admiration 
both for the wonderful art and science! Such prominent personalities as Yuriy N. Bordyushkov leave the un-
quenchable light for future generations of scientists. So, we think this issue of our Cardiometry journal can be 
appropriately integrated into the image of this talented scientist, who has devoted all his life to development of 
the fundamental aspects in oncology. And if we refer to the themes and subjects of our scientific conference, the 
abstracts of which are published herein, then we can derive only one conclusion: Forward is the only way to go 
in science! 

With much gratitude and deep respect to the noble Knight of Science,

Alla I. Shikhlyarova 
Professor, Doctor of Biological Sciences

Th e National Medical Research Center of Oncology 
at the Ministry of Health of Russia
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NATIONAL MEDICAL RESEARCH CENTRE FOR ONCOLOGY

DEPARTMENT OF ONCOLOGY, ROSTOV STATE MEDICAL UNIVERSITY

THE ALL-RUSSIAN SCIENTIFIC AND PRACTICAL CONFERENCE
WITH INTERNATI ONAL PARTICIPATION

“FUNDAMENTAL RESEARCH:
STOPPER OR DRIVER IN MODERN ONCOLOGY?”

Rostov-on-Don, Russia, October, 20-21, 2022

 

The Conference is dedicated to the 45th anniversary of the scientific discovery “Pattern of Devel-
opment of Qualitatively Differing General Unspecific Adaptation Reactions of the Organism” made by 
Garkavi L.Kh., Ukolova E. B. and Kvakina E.B. and 115th anniversary of the birth of Professor Ukolova 
M.A., the founder of the experimental department at the National Medical Research Center for Oncol-
ogy at the Ministry of Health of Russia. 

Venue: Federal State Budgetary Institution “National Medical Research Center for Oncology of the 
Russian Ministry of Health”

Program Committee:
Kit Oleg Ivanovich (Head) - General Director of the National Medical Research Center for Oncology, 
Ministry of Health of Russia, Doctor of Medical Sciences, Professor, Academician of the Russian Acad-
emy of Sciences (Rostov-on-Don)

 

Conference Proceedings



24 | Cardiometry | Issue 24. November 2022

Frantsiyants Elena Mikhailovna (Deputy Head) – Deputy General Director for Science of the Na-
tional Medical Research Center of Oncology of the Ministry of Health of Russia, Doctor of Biological 
Sciences, Professor (Rostov-on-Don)
Bocharova Olga Alekseevna – Head of the Laboratory of Immunopharmacology
Federal State Budgetary Institution “National Medical Research Center of Oncology named after 
N.N. Blokhin”, Ministry of Health of Russia, Doctor of Biological Sciences, Professor, Academician of 
RAMTS (Moscow)
Voronina Tamara Nikolaevna – Endocrinologist, London Clinic of Neurology and Pain Treatment, 
United Kingdom of Great Britain and Northern Ireland (London)
Anisimov Vladimir Nikolaevich – Head of the Department of Carcinogenesis and Oncogerontology, 
Laboratory of Carcinogenesis and Aging, Federal State Budgetary Institution “NMRC of Oncology 
named after N.N. Petrov” of the Ministry of Health of Russia, President of the Gerontological Society 
at the Russian Academy of Sciences, Doctor of Medical Sciences, Professor,
Corresponding Member of the Russian Academy of Sciences (St. Petersburg)
Cherdyntseva Nadezhda Viktorovna – Deputy Director for Research, Head of the Laboratory of Mo-
lecular Oncology and Immunology, Research Institute of Oncology, Tomsk National Research Medical 
Center, Doctor of Biological Sciences, Professor, Corresponding Member of the Russian Academy of 
Sciences (Tomsk)
Bgatova Natalia Petrovna – Head of Ultrastructural Research at the Research Institute of Clinical 
and Experimental Lymphology, a branch of the ICG SB RAS, Doctor of Biological Sciences, Professor 
(Novosibirsk)
Kubyshkin Anatoly Vladimirovich – Vice-Rector for Research, Head of the Department of General 
and Clinical Pathophysiology, V.I. Vernadsky Crimean Federal University, Doctor of Medical Sciences, 
Professor, Member of the Expert Council of the Russian Academy of Sciences (Simferopol)
Ruksha Tatyana Gennadievna – Vice-Rector for Research, Head of the Department of Pathological 
Physiology named after Prof. V.V. Ivanov, Krasnoyarsk State Medical University named after Prof. V.F. 
Voyno-Yasenetsky of the Ministry of Health of Russia, Doctor of Medical Sciences, Professor (Kras-
noyarsk)
Tserkovsky Dmitry Alexandrovich – Leading Researcher of the Republican Scientific and Practical 
Center of Oncology and Medical Radiology named after N.N. Aleksandrov, Ph.D. (Minsk)
Shikhlyarova Alla Ivanovna – Senior Researcher, Laboratory for the Study of the Pathogenesis of Ma-
lignant Tumors, Federal State Budgetary Institution National Medical Research Center for Oncology, 
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Abstract
Topicality. Studies of the processes of the regeneration in the 
liver are not new, but however the development of the tech-
nologies of bio-therapy is capable of shifting the conventional 
approaches to the regeneration of the lost tissues. Mitochondrial 
therapy (MCT) occupies one of the highly important places in the 
list of bio-technologies by offering some unique mechanisms of 
the restoration of the organs. The liver having its specific tissue 
property of the regeneration demonstrates upon completion of 
hepatoectomy mitochondrial insufficiency and inhibition of the 
regenerative processes. Therefore it is required to evaluate the 
efficacy of mitochondrial stimulation in an experimental model 
in vivo with the proper morphological confirmation of the pro-
ductivity and acceleration of the regenerative function of the liver 
that has become decisive for our research study work.
Materials and methods. We have resected in 30 albino out-
bred male rats the left lobe of the liver, which is the maximum 
tolerable volume, amounting to 70% of the total mass of this 
organ, and upon of expiration of 24 hours we have transplant-
ed to them intraperitoneally mitochondria harvested from a 
donor rat. Mitochondria have been isolated with the use of the 
differential centrifugation with high-speed refrigerated centri-
fuge Avanti J-E, BECMAN COULTER, USA. The morphological 
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examination of the liver sections has been conducted after their 
embedding in paraffin wax and staining with hematoxylin-eo-
sin using microscopic testing of the liver sections with Axiovert 
(Carl 44 Zeiss, Germany) and applying the visualization soft-
ware Axiovision 4 (Carl Zeiss, Germany).
Results and discussion. It has been established that within 
the same period of time the quantitative data on the mass of 
the liver and its stump after MCT have exceeded the respec-
tive reference data by a factor of 1,6 (р˂0,05). The efficacy of 
the MCT application with respect to the regenerative function 
of the liver has been confirmed by the quality of the hepat-
ic self-organization and replenishment of the key structures. A 
considerable supply of the most important cell elements of the 
connective tissue to the capsulated zone of the stump of the 
liver, an activation of neo-angiogenesis, hyperplasia and hyper-
trophy of hepatocytes with the repetitive order of the arrange-
ment of the lobe structure of full value are manifestations of the 
acceleration of the regeneration.
Conclusion. The high energy potential of fresh mitochon-
dria makes possible to realize the trigger mechanisms of the 
bio-synthetic processes addressing an immediate restoration 
of the damaged or disordered liver tissues that can hold the 
greatest promise in emergency surgery and the activation of 
slowly progressive processes. 
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Regeneration, Liver morphology, Mitochondria, Resection of 
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Introduction
At present, it is hardly probable that there is a lack 

of studies devoted to issues of the regeneration of the 
visceral organs, but, firstly among them, it is the liver. 
There are dozens of large-scale reviews or original re-
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ports treating the problem of the restoration and regen-
eration of the liver, which are concerned with biological, 
immunological, molecular-genetic, clinical and other 
essential aspects of the challenging problem in question 
[1-8]. The liver is responsible for the performance of the 
vitally essential physiological processes including lipid 
metabolism, detoxication of medical drugs and glyco-
gen storage to meet the energy demands in a human or-
ganism [5]. The regeneration of the liver covers the pro-
cesses due to which the damaged liver can be restored 
and grow again from the residual intact liver tissue in 
order to replace the lost tissue regions that is one of the 
extremely mysterious, thrilling, phenomena found in 
a human organism [7]. Particular attention should be 
given to the structural & functional self-organization of 
the liver, where and when different cell communication 
interrelations are subordinated and coordinated, which 
are capable of providing complex dynamic processes of 
metabolism. The basic structure of the liver is a hexago-
nal liver lobe, at which the central veins are located in the 
center of the liver lobe, and the portal triads (the portal 
vein, the intrahepatic bile duct and the hepatic artery) 
are at the boundary of the hepatic lobe. As to the hepatic 
lobe, the primary types of the cell population therein are 
parenchymatous cells, which encompass hepatocytes, 
the bile duct cells and non-parenchymatous cells: the 
endothelial cells (LSECs, the Kupffer cells (KCs), the fi-
broblasts and hepatic stellate cells (HSCs) [2]. 

Upon completion of hepatoectomy, the remaining 
hepatocytes enter again the stages of the cell cycle, leave 
their quiescent stage state of high differentiation and 
proliferate rapidly in order to compensate the resected 
tissue and realize the regenerative response typical for 
the liver, which includes an activation of some specific 
external and internal signals followed by subsequent 
alterations of gene and protein expression. In its turn, 
these events induce the hepatocytes, previously found 
in the quiescent stage state, and some other cells in the 
remaining part of the liver to enter the cell cycle again 
and trigger a proliferative process that finally results in 
the recovery of the relationship between the mass of the 
liver and the body before the resection surgery and the 
normalization of the liver function. Later, the hepatic 
lobular architecture, temporarily distorted by the re-
generative response, remodels, and the liver returns to 
its pre-regenerative state of the proliferative inactivity 
[8]. Under the rapid regeneration of the liver, produced 
is hydrogen peroxide (H2O2) as a response to stimula-
tion by growth factors, chemokines and physical stress-

ors [9]. Under the physiological conditions, the H2О2 
flow through the plasmatic membrane of hepatocytes 
promotes the cell proliferation, differentiation and an-
giogenesis [6]. However the H2O2 concentrations above 
the respective physiological normal values may initi-
ate oxidative stress, which leads to termination of the 
growth of hepatocytes, death of the cells and pathology 
of the tissues. Mature hepatocytes may promptly enter 
the cell cycle again after the partial liver resection, but 
they proliferate at a slower rate in order to maintain 
homeostasis [4]. A two-thirds partial hepatectomy in 
a mouse model undertaken by Higgins and Rogers in 
1931 is considered to be the best model of the liver re-
generation. In case of the two-thirds liver resection in 
mice the remaining hepatocytes are the first liver cells 
to be primed to exit the G0 phase and enter phase G1, 
and they rapidly return to the cell cycle normalizing 
the liver mass. As soon as the required normal relation-
ship is achieved, the signal molecules and the activity 
of the signal pathways change in order to regulate the 
normal function of the liver. Otherwise the loss of this 
regulation may contribute to abnormal proliferation 
and development of cancer [3]. However the molecu-
lar mechanism of this transition within this cell cycle 
remains still unknown. When hepatocyte proliferation 
is considerably suppressed, the epithelial cells of the bile 
ducts (or cholangiocytes) may encourage the liver re-
generation by transiting to hepatocytes [1]. Due to het-
erogeneity of hepatocytes the question whether there 
is a specific subpopulation of hepatocytes with greater 
proliferative capacity in homeostasis, reparation and 
regeneration of the liver remains still open.

At the same time, while hepatocytes are the main 
actors in the regeneration process, they are not the only 
participants therein. The initiation of the liver regen-
eration is also determined by the innate immune sys-
tem and by the release of cytokines. The Kupffer IL-6 
trans-signaling plays an essential role in the normal 
regeneration of the liver [10]. It is important to note 
that the recent research work has detected an associ-
ation between the higher pre-surgery levels of the IL-6 
in serum and TNF and the early regeneration of the liv-
er [11]. Ishimaru M. et al. (2014) [12] have shown the 
significance of the purine-energetic signal transmission 
in the activation of the Kupffer cells, since these cells 
stimulated by ATP produce considerably higher levels 
of IL-6 as compared with the non-stimulated cells.

Mitochondria, which are responsible for the con-
trol of the vital bio-synthesis, bio-energy and signaling 
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functions of the cells, are among the most important 
regulatory of the biological processes [13,14]. There-
fore, it is expected that an improvement in bio-energet-
ics makes its impact on cell metabolism and the inter-
actions among different cells, which initiate, perform 
or finally complete the regenerative process. In fact, the 
extracellular ATP controls homeostasis of the liver, the 
reparation of the tissues and the recovery of the hepatic 
functions regulating the interactions between the res-
ident cells in the liver and the involved immune cells 
[15]. The function of mitochondria also correlates with 
the performance of the liver after hepatoectomy [16]. 
The researchers of the above paper have demonstrated 
that a reduction in the oxidative phosphorylation is in 
correlation with the deterioration of the post-surgery 
function of the liver and a higher risk of the post-hepa-
tectomic insufficiency reported in a cohort of 20 pa-
tients [17]. Previously, a successful application of ex-
ogenous mitochondria in prevention of myocardial 
infarction, appeared against the background of a ma-
lignant process and chronic neurogenic pain, has been 
shown [18, 19]. Therefore an alternative to the endoge-
nous mitochondrial insufficiency of the liver can be the 
conditions of the exogenous mitochondrial stimulation 
with the use of the organoids, kept alive in a model ex-
perimental system in vivo, which are capable both of 
making up the energy deficiency of the liver and induc-
ing the processes of the regeneration thereof. This hy-
pothesis can be verified by the available morphological 
methods, which produces us an integral picture of the 
events at the tissue and cell levels.

Aim. The aim of this study is to identify some mor-
phological features of the regeneration of the tissue of 
the liver after the resection of the right lobe with the 
use of transplantation of mitochondria isolated from 
the liver of intact rats.

Materials and methods

Liver resection
30 albino outbred male rats with an individual 

body weight of 210-220 g were subjected to median 
laparotomy under xyl-zoletyl anesthesia with xylazine 
(Xila preparation), at a dose of 0.05 ml/kg of body 
weight; then Zoletil-50 at a dose of 10 mg per 100 g 
of body weight was used; the resection of the left lobe 
of the liver within the maximum tolerable volume was 
performed that amounted to 70% of the mass of the 
organ in question and that was equivalent to the re-

spective volume of this type of the liver resection in a 
human organism . Next day an intact donor rat with 
an individual body weight of 210-220 g was decapi-
tated with a guillotine, the abdominal cavity of the 
rat was opened; the liver was perfused with ice-cold 
sterile 0.9% KCl solution; mitochondria were isolated 
without delay using differential staged centrifugation. 

Isolation of mitochondria
Mitochondria were isolated using differential cen-

trifugation with a high-speed refrigerated centrifuge 
Avanti J-E, BECMAN COULTER, USA according to 
the method by Egorova M.V. and Afanasiev S.A. [20]. 
Mitochondrial samples were diluted with 0.9% NaCl 
solution to a protein concentration of 11,6 g/L of pro-
tein and introduced into the bodies of the rats with the 
resected left lobe of the liver (the main group).

The mitochondrial therapy (MСT) procedure was 
performed within 14 days. The animals in the reference 
group were intraperitoneally injected with 0.5 ml of the 
saline solution according to the similar schedule.

Morphological examinations
In order to study morphological alterations, the rat 

liver tissue segments isolated after the rat decapitation 
were fixed in a 10% neutral formalin. After their em-
bedding in paraffin wax, they were cut into sections 
with a thickness of 2-4 μm with a microtome, stained 
with hematoxylin-eosin and assessed by light trans-
mission microscopy magnified х5, х10 and х100 (with 
an oil immersed objective) with Axiovert (Carl 44 
Zeiss, Germany) and applying the visualization soft-
ware Axiovision 4 (Carl Zeiss, Germany).

Results and discussion
Upon the injection of the suspension of fresh mi-

tochondria to rats after the hepatic lobe resection the 
recorded mass values of the liver have been found 1,6 
times greater than those in the animals in the refer-
ence group (р<0,05). In this case, the liver stump mass 
measured after MCT has exceeded the respective mass 
values of the stump of the liver in rats without MCT 
treatment by a factor of 3,2. Actually, such a consider-
able gain in the liver mass upon the effect of the MCT 
treatment within the same period of time of the re-
generative processes of the liver, as compared with the 
rats without MCT, has confirmed that the main goal, 
namely, to accelerate the regeneration processes of the 
liver by applying the mitochondrial therapy, has been 
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achieved. However the major criterion for an assess-
ment of the efficacy of the MCT therapy, considering 
the regenerative function of the liver, has become the 
quality of the self-organization of the liver and replen-
ishment of its key structures.

We have found in the morphological examination 
of the processes of stimulation of the MCT-induced 
regenerative biogenesis of the liver in rats some sa-

lient features of the structure above all in the capsu-
lated region of the stump of the liver. Under the MCT 
treatment, this region has demonstrated a significant 
deposition of the major cell elements of the connective 
tissue, including histiocytes, lymphocytes, monocytes, 
fibroblasts, epitheliocytes, reticuloendothelial cells, re-
quired for neo-angiogenesis, formation of the bile ducts 
and structuring of the hepatic tissue (see Figure 1 a-d).

     
                                                                                           b

     
c                                                                                           d

     
e                                                                                           f

Figure 1. Fragment of liver stump of the resected liver lobe in the rat upon effect made by MCT therapy: a,b – Pronounced hy-
pertrophic alteration of the stump capsule with formation of fibers of new connective tissue and filling by cell components of 
histiocytic, endothelial, lymphocytic and monocytic type; c,d - Activation of processes of neo-angiogenesis with formation of blood 
vessels of different diameters, filled with blood cell elements; е - Formation of hepatic tubules separated by sinusoids with filled 
richly by blood; e - Acceleration of biogenesis of liver stump with the completed structure of the liver lobes (the central vein and 
the surrounding system of the portal tracts). Stained with hematoxylin-eosin. Magnification x5, х10, х100.
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An activation of the processes of neo-angiogenesis 
can be very well recognized by the blood vessels with 
different diameters filled with blood cells (see Fig.1 c, 
d herein ) as well as by the expanded sinusoids in the 
regions, where the hepatic tubules by hepatocytes are 
formed (see Fig.1 e herein). These latter stem not from 
stem cells, but they appear at the expense of differen-
tiated hepatocytes adjoining the portal tracts and mi-
grating in the direction of the central veins. We have 
detected an increase not only in the number of he-
patocytes, but also in their volume, i.e. hyperplasia has 
been combined with hypertrophy. It is obvious that 
these two processes are developing at the same time in 
parallel, and they provide a rapid recovery of the lost 
function of the organ, since isolated hyperplasia, as a 
rule, is not observed under the normal conditions. It 
has been demonstrated by a full-value structural enti-
ty: it is the liver lobe, including the central vein, then 
the pericentral region with the hepatic tubules formed 
by hepatocytes (with the function of metabolism of 

xenobiotics), subsequently the transitional and peri-
portal region (with the function of protein synthesis) 
as an exemplary case of the regenerative process of the 
liver in the rat under MCT, according to low magnifi-
cation (see Figure 1 f). We have found the system of 
the portal tract with the classical triade integrating the 
portal artery, the portal vein and the bile duct located 
in the corners of the hexagonal structure of the lobe.

In our examination of the reference specimens of 
the liver stump (see Figure 2 herein) we have paid our 
attention to the fact that we have detected some small 
focal fibrous-type growing connective tissue fiber for-
mations, laminar structures against the background 
of thinning of the capsule of the liver stump, up to 
some regions, where thinning is not available (see Fig-
ure 2 a,b herein). The differences in the general archi-
tectonics of the liver stump in the reference animals 
consisted in the availability of the so called light cell 
foci that confirmed the presence of the focal storage 
of glycogen in hepatocytes (see Figure 2a, d herein). 

     
                                                                                           b

     
c                                                                                           d

Figure 2. A fragment of the liver stump of the resected hepatic lobe in the reference group rat (without use of MCT): a,b- the 
thinned structure of the capsule of the liver stump with small regions of fibrosis formation of the laminated type; a,d - The pres-
ence of the so called light cell foci that indicates the focal storage of glycogen in hepatocytes; c, d - Regions of periportal fibrosis 
around and inside the large blood vessels, which are either free of blood or filled with them against the background of the typical 
recovered portion of the liver. Stained with hematoxylin-eosin. Magnification x5, х10.
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In the prepared liver specimens in that type of the rats 
we could see some large regions of periportal fibrosis 
around and inside the large blood vessels, either free of 
blood cells or filled with them (see Figure 2 c,d here-
in). In addition to the predominance of the structured 
tissue of the liver stump, preserving the belonging of 
the central vein to the lobe, the hepatic tubules and 
the portal triads radially converging thereto, revealed 
have been foci of hyperplasia of hepatocytes with the 
syncytial-like shape that supposedly points up to the 
fact that the main and universal adaptational mecha-
nism of the regeneration, connected with the inhibi-
tion of the autophagic processes, is in operation. 

Our comparison of the results of the performed 
studies allows concluding that the application of fresh 
mitochondria as a substrate to accelerate the regen-
erative processes of the resected liver opens up new 
vistas of mitochondrial therapy. Our evidence data ob-
tained in the experiments with the resection of the left 
lobe of the liver in the rats bear witness thereto. First, 
considering the same period of time, the quantitative 
data on the mass of the liver and the stump after MCT 
have significantly exceeded the data recorded in the 
reference group. Second it has been revealed that the 
quality of the self-organization and the replenishment 
of the structural basis at the expense of the external 
supply of the cell elements of the connective tissue, an 
activation of neo-angiogenesis and an increase in the 
number of hepatocytes are found to be quite different. 
In this case, hyperplasia is combined with hypertro-
phy of hepatocytes that is not typical for a standard 
response under the resection of the organ in question. 
The observed morphological pattern in the liver spec-
imens taken from the reference group animals without 
MCT has not shown any signs of hyperplasia in com-
bination with hypertrophy. In addition to the recovery 
of the structured tissue of the liver stump, which has 
preserved the belonging of the central vein to the lobe, 
the hepatic tubules and the portal triads radially con-
verging thereto, the above mentioned pattern has also 
reflected the development both of periportal fibrosis 
around and inside the large blood vessels and the re-
gions of the glycogen deposition.

To put it otherwise, the outcomes of the complet-
ed mitochondrial bio-therapy have consisted in the 
enhancement of the productive, accelerated, regener-
ation of the liver without formation of some passive 
function areas (fibrosis, glycogen storage) as it is the 
case with the reference group. The revealed active en-

ergetic potential of fresh mitochondria makes possible 
to actuate the triggering mechanisms of the biosyn-
thetic processes addressed the immediate recovery of 
the disordered tissues and organs that in the frame-
work of translational medicine can be used in emer-
gency surgery and in case of slowly progressive pro-
cesses of the recovery of the parenchymatous organs.
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Abstract
In recent years therapeutic effects produced by mitochondria, 
transplanted to pathogenic regions in an organism, which 
demonstrate their high migration activity and tropicity with 
respect to filling of energetic vacuum, have been inspiring a 
renewed interest in the scientific community. In this context, this 
raises the question of the source of metabolically active mito-
chondria and their histological compatibility required for the 
mitochondrial transplantation.
Aim. The aim of our research work is to study characteristics/
quality of mitochondria from cells of the liver and the heart in 
rats, which in the in vitro system have produced their impact on 
different biological features of the B16-F10 murine melanoma 
cell culture.
Materials and methods. In our research work we have used 
cells of the B16-F10 murine melanoma cell line culture. In the 
framework of the study, an experiment with mitochondria har-
vested from the liver and the heart of a rat has been conducted. 
Mitochondria have been isolated using differential centrifuga-
tion with a high-speed refrigerated centrifuge. With the B16-F10 
culture cells, we have designed the following variants of our 
experiments: 1) use of cardiac mitochondria (1 mg/mL, in terms 
of total protein); 2) use of cardiac mitochondria (1 mg/mL) + 
succinic acid (10-4%); 3) mitochondria of the liver (1 mg/mL, 
in terms of total protein); 4) use of mitochondria of the liver 
(1 mg/mL) + succinic acid (10-4%); 5) use of succinic acid (10-4%) 

solely; 6) the reference specimen with no use of mitochondria 
and the above agents. An assessment of the impact made by 
mitochondria on the migration of the B16-F10 cells has been 
performed with the scratch wound healing test. For the pur-
pose of an analysis of the effect produced by mitochondria on 
the energetic metabolism of the B16-F10 cell culture we have 
measured main parameters of the cell respiration and glycol-
ysis in stress tests with adding some toxic chemicals. The rate 
of the cellular respiration has been assessed by measuring the 
amount of oxygen taken in (oxygen consumption rate, OCR), 
and the glycolysis level has been evaluated by the extracellular 
acidification rate (ECAR).
Results. Adding cardiac and hepatic mitochondria to the cul-
tivated B16-F10 cells has produced a pronounced cytopathic 
effect, which has become more remarkable upon expiration of 
two days of the cell cultivation and which has consisted in cyto-
plasm granulation and partial detaching of the cells. Introduc-
ing mitochondria of the heart to the cultivated B16-F10 cells has 
induced a considerable decrease both in the background-re-
lated and the maximum level of oxygen consumption by the 
B16-F10 cells as against the reference samples without adding 
of mitochondria. Adding the cardiac mitochondria has led to 
a statistically significant decrease in the base level of ECAR by 
14,36 mpH/min (t = 3,12, df = 10) as compared with the refer-
ence values. Introducing hepatic mitochondria has also result-
ed in a reduction of the average value of ECAR as against the 
background by 4,8 mpH/min.
Conclusion. Metabolically active mitochondria are capable of 
reformatting energetic fluxes in tumor cells and change their 
cellular respiration that leads to the most effectively realized 
death of the cultivated B16-F10 tumor cells. 

Keywords
Mitochondria, B16-F10 cell culture, Oxygen consumption rate 
(OCR), Extracellular acidification rate (ECAR), Cytotoxic effect
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Introduction
Mitochondria form the “energetic engine” in eukary-

otic cells, which is of primary importance in the process-
es of aerobic respiration and production of adenosine 
triphosphate (ATP). Actually, functioning of mitochon-
dria determines homeostasis in the cells, disorders of 
which may result in development of pathological pro-
cesses, cancer among them. In recent years therapeu-
tic effects, produced by mitochondria, transplanted to 
pathogenic regions in an organism, which demonstrate 
their high migration activity and tropicity with respect 
to filling of energetic vacuum, have been inspiring a re-
newed interest in the scientific community. 

More than two decades passed since Clark and 
Shay pioneered the artificial mitochondria transfer 
(AMT). In 2006 Spees J.L et al. reported on the first 
evidence for horizontal mitochondrial transfer be-
tween the cells (from cell to cell) in mammals [1]. It 
is known that spontaneous transfer of mitochondria 
from cell to cell has a certain therapeutic potential that 
has been demonstrated in transplantation of isolat-
ed, metabolically active, mitochondria using several 
experimental pathological models in experiments in 
vitro and in vivo [2]. Berridge M.V. et al in their in 
vitro experiments with malignant cells have succeeded 
in determining the processes of mitochondrial trans-
fer not only immediately to the malignant cells, but 
also between them [3]. The presented evidence data 
on horizontal transfer of mitochondria and mtDNA 
between cells in mammals suggest that these phenom-
ena, no matter what precise mechanisms are involved, 
may be the basis for some fundamental physiological 
processes, which merit further careful study, but in the 
context of the entire organism as a whole. So, in some 
experiments on mice it has been established that ther-
apy of malignant tumors with the use of mitochondria 
isolated from the liver inhibits the tumor growth due 
to reduction in glycolysis and oxidative stress [4]. Be-
sides in our previous research works we have demon-
strated a successful application of metabolically active 
mitochondria to produce an effect of suppression of 
the primary tumor focus of melanoma with blocking 
metastazing; we have also presented the respective 
morphological substantiation of the mechanism of 
this sort of actions in experimental animals [5,6]. In 
some other experimental studies, upon determination 
of the dysfunction of mitochondria in cardiomyocytes 
against the background of chronic neurogenic pain, 
followed by transplantation of metabolically active 

mitochondria of the heart, elimination of the occur-
rence of myocardial infarction events has been shown 
[7, 8, 9]. By this means expanding experimental stud-
ies to address impacts made by metabolically active 
mitochondria on pathological processes, including 
the malignant process, in the context of the sound or-
ganism, is a topical, promising, issue, which requires 
further investigations.

This brings up the question: what can be a source 
of metabolically active mitochondria? Undoubtedly, 
the source of mitochondria to be supplied for mito-
chondrial therapy is of crucial importance, and that 
is dictated by easiness in organelle extraction, the age 
of the tissue, the health status of the donor, the re-
spective metabolic characteristics of the organ to be 
used for mitochondria release as well as histological 
compatibility. So, some researchers note that in case of 
deciding on use of the liver as a mitochondria donor, 
we should take into account the following parameters: 
high density of these organelles, an easy access to the 
tissue, a high regenerative potential and relatively high 
values of the P/O ratios of mitochondrial oxidative 
phosphorylation [10].

Another team of researchers, when studying varia-
tions of bio-energetic characteristics of mitochondria 
like high membrane potential in a number of the or-
gans and tissues, has shown that there is no qualitative 
difference in the membrane potential between mito-
chondria found in the muscles, the brain, the white 
adipose tissue (WAT) and brown adipose tissue (BAT) 
[11]. Latest research has demonstrated that mitochon-
dria in young health mice are able to more effectively 
retard proliferation of tumor cells, as against the old 
mitochondria, that may be attributed to their higher 
membrane potential and greater anti-oxidant capa-
bilities [4]. Mitochondria in rats with diabetes con-
tain less ATP as against that found in the reference 
rats after heat global ischemia [12], and it follows that 
the source of donor mitochondria shall be free of any 
pathology. These reports indicate that biological con-
ditions of the donor tissue, which produce an effect 
on the bio-energetic characteristics of the organelles, 
may explain their therapeutic potential. Therefore the 
above evidence obtained in the experimental studies 
demonstrates that autologous transplantation can be 
considered to be not the best decision in mitochon-
drial therapy in case of some diseases, since its ther-
apeutic potential can be limited by the actual health 
condition of the patient in question.
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At present, the issue on histological compatibili-
ty in mitochondrial transplantation is topical on the 
agenda, since it requires its finalization. By assuming 
that there are considerable limitations on inclusion of 
exogenous mitochondria into cells, an in vitro exper-
iment was conducted, which has demonstrated that 
upon an introduction of murine mitochondria into 
the human cell line no resistance by the host cells has 
been appeared [13]. However the xenogeneic trans-
plant has been found to be less effective than the allo-
geneic one in the long term [14], and in this case nei-
ther syngeneic nor allogeneic injections has induced 
alloreactivity, allorecognition or some other responses 
associated with damage of certain molecular patterns 
(DAMPs) [15]. Considering all the above data collect-
ed, we can derive that the source of mitochondria is of 
prime importance in certain scenarios. However since 
the tissue-related, incompatible, autologous, allogene-
ic and xenogeneic transplants initiate the protection of 
cells or tissues in different experimental models, the 
selection thereof in each case can be primarily based 
on decision on what is the best source of the donor 
tissue for the purpose of the effective therapeutic out-
come and an identification of the key biological levers 
of damaging actions of transplanted mitochondria.

The aim of our research work has been to study 
characteristics/quality of mitochondria of the liver 
and the heart, which in the in vitro system has made 
an impact on different biological features of the culti-
vated B16-F10 murine melanoma cells.

Materials and methods
The B16-F10 cells were incubated in a standard 

growth environment, consisting of the DMEM medi-
um (Gibco, USA), with adding of 10% FBS (HyClone, 
USA) and 1% antibiotic-antimycotic agent, at a tem-
perature of 37°С and with a 5,0% content of СО2. In 
total, we have designed three experiments, which have 
been aimed at an identification of an impact made by 
mitochondria, obtained from the rat liver and the rat 
heart, on different biological features of the murine 
melanoma cells. Mitochondria were isolated using the 
differential centrifugation with high-speed refriger-
ated centrifuge according to the method by Egorova 
M.V. and Afanasiev S.A. (2011) [16]. The harvested 
tissues on ice were perfused with ice-cold sterile 0.9% 
KCl solution. To destroy the intercellular junctions, 
the cell walls and plasma membranes, mechanical pro-
cessing of the tissues was used with grinding with scis-

sors and homogenization in a glass homogenizer with 
a Teflon pestle (the Potter-Elveheim homogenizer). 
Per gram of tissue, 10 ml of sterile isolation medium 
(0.22 M mannitol, 0.3 M sucrose, 1 mM EDTA, 2 mM 
TRIS-HCL, 10 mM HEPES, pH 7.4) were added. The 
tissues were centrifuged for the first time for 10 min 
at a speed of 1000 g, at a temperature of 0-2°C; the 
second and third centrifugations were carried out at 
20000 g, for 20 min, at a temperature of 0-2°C. Be-
tween the centrifugations, the mitochondrial pellet 
was resuspended in the isolation medium. Mito-
chondria were further extra purified from lysosomes, 
peroxisomes, melanosomes, etc. by centrifugation in 
a 23% Percoll gradient. The suspension of the sub-
cellular structures was layered on a Percoll gradient, 
centrifuged for 15 min at 21000 g, after which the sep-
aration into 3 phases was observed; the lower layer of 
mitochondria was left and resuspended in the isola-
tion medium. The next washing of mitochondria was 
carried out by centrifugation for 10 min at 15000 g, at 
a temperature of 0–2°C. The obtained mitochondri-
al specimens were used for seeding in the cultivated 
B16-F10 melanoma cells.

In order to test the effect produced by mitochon-
dria on viability of the B16-F10 culture cells, we have 
seeded the cells at a concentration of 5 × 104 cells per 
well in the 24-well design microplate. Upon expiration 
of 2 hours, when the adherent cells had taken to attach 
on the culture plate bottom, the cultivated medium 
was replaced with the standard medium with the test-
ed objects to realize the following variants of the exper-
iments: 1) use of cardiac mitochondria (1 mg/mL, in 
terms of total protein); 2) use of cardiac mitochondria 
(1 mg/mL) + succinic acid (10-4%); 3) mitochondria of 
the liver (1 mg/mL, in terms of total protein); 4) use of 
mitochondria of the liver (1 mg/mL) + succinic acid 
(10-4%); 5) use of succinic acid (10-4%) solely; 6) the 
reference specimen with no use of mitochondria and 
the above agent. Each test variant was designed to be 
reproduced 4 times. Later on, every 24 hours we re-
newed the medium with the tested objects and com-
pleted cell imaging.

According to the designed experiment conditions, 
on day four of the cell cultivation it was scheduled to 
stain the cells with DAPI, count nuclei and the num-
ber of the cells, but however even upon expiration of 
one day we observed some signs of cell stress, and on 
day three the cells in the wells with added mitochon-
dria were found dead and detached from the micro-
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plate bottom, so that it became impossible to count the 
cells and measure an impact by mitochondria made 
on the viability of the B16-F10 line cells. Due to a 
pronounced cytotoxic effect produced by mitochon-
dria on the B16-F10 line cells, we had to conduct our 
experiments, aimed at identifying of how mitochon-
dria make their effect on energy metabolism and cell 
migration of the tested culture line, using a reduced 
exposure and a smaller amount of mitochondria. An 
impact made by mitochondria on migration of the 
B16-F10 cells was assessed in the scratch wound heal-
ing assay. We introduced 15*104 cells in each well in 
the 24-well wound healing assay microplate, and upon 
expiration of 2 hours replaced with the medium with 
the tested objects, similar to experiment one, but at 
the same time we halved the amount of mitochondria 
added. Each variant of the experiment was designed to 
be reproduced 4 times. Upon expiration of 24 hours, 
the monolayer was scratched, and the medium was 
replaced with the standard-type cultivation medium 
followed by the controlled cultivation in the Lionheart 
FX Automated Live Cell Imager (BioTek) at a tem-
perature of 37°С with a СО2 content of 5,0% and with 
automated measuring of the gap area every 5 hours. 
The wound closure was assessed by calculation of the 
change in wound area upon 15 hours of the cultivation 
as a percentage of gap closure referred to the original 
wound size. For the purpose of estimation of the effect 
exerted by mitochondria on energy metabolism of the 
cultivated B16-F10 line cells, we seeded 2*104 cells per 
well in a cartridge of the SeaHorse XFp Analyzer (Ag-
ilent, USA); after the cell attachment the medium was 
replaced with the medium with tested objects, simi-
lar to experiment one, but the amount of mitochon-
dria was halved. Each variant of the experiment was 
designed to be reproduced 6 times. One day later, the 
main parameters of the cell respiration and glycolysis 
in stress tests with adding metabolic toxic agents were 
measured. The intensity of the respiration was as-
sessed according to oxygen consumption rate (OCR), 
and the level of glycolysis was evaluated according to 
extracellular acidification rate (ECAR). 

Results
Adding of cardiac and hepatic mitochondria to 

the cultivated B16-F10 line cells resulted in a pro-
nounced cytopathic effect that was very much more 
marked upon expiration of two days of the cultivation 
and consisted in granulation of cytoplasm and partial 

cell detaching (see Figure 1 herein). On day three, the 
tested cells, experienced mitochondria adding, were 
found fully dead that made impossible to quantitative-
ly assess the cytotoxic activity of mitochondria and 
compare the two sources of allogeneic mitochondrial 
material, namely the rat heart and the rat liver.

Since mitochondria obtained from both sources 
have induced pronounced stress and death of the mel-
anoma cells, for the purpose of an assessment of the 
effect made on the cell migration we have reduced the 
amount of mitochondria to be added and decreased 
the exposure up to the levels, when the death of the 
cells might be expected to be minimal and could not 
make an influence on the experiment results. Upon 
a reduction in the mitochondria amount by one half 
and a decrease in the 24 hour-exposure time, we did 
obtain a considerable retardation of the B16-F10 cell 
migration within the next 15 hours, and in that case 
we didn’t observe any morphological signs of cell 
stress. Specifically, upon expiration of 15 hours after 
scratching, the gap area in the reference samples has 
been reduced by more than 50%, while in both vari-
ants with adding mitochondria the gap closure has 
been recorded to be less than 25% (see Figure 2 here-
in). It should be mentioned that the use of succinic 
acid has not have any statistically significant influence 
on the above effect.

Under the same conditions on dosing and expo-
sure, we have estimated the effect made by mitochon-
dria on energetic metabolism of the B16-F10 cell line 
culture. For the purpose of an assessment of the main 
parameters of the cell respiration, we measured OCR 
at the initial stage (the background) and at the stage 
upon adding of carbonyl cyanide m-chlorophenyl hy-
drazone (CCCP). The use of CCCP has resulted in a 
drop of the proton gradient on the inner membrane of 
mitochondria that leads to the oxygen consumption 
growth up to its possible greatest values, which are 
determined by the number of proteins in the electron 
transport chain and their state. In this case, a new level 
of OCR defines a margin in the mitochondrial respi-
ration capacity. Our analysis of the collected data has 
shown that the use of cardiac mitochondria has result-
ed in a substantial decrease both in the background 
and minimal levels of the oxygen consumption by the 
B16-F10 cells as against the reference samples with no 
adding of mitochondria (see Figure 3 herein).

The difference in the OCR averaged values between 
the reference specimen values without adding of succin-
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ic acid and the variant with added cardiac mitochondria 
has been found as follows: ΔOCR = 206,7 pmol/min 
(t = 11,15), and the difference between the maxi-
mum values has been recorded to be 230,9 pmol/min 
(t = 8,71). The obtained data have been considered to be 
statistically significant at the level р < 0,05 (tcrit = 2,23, 

df = 10). Adding hepatic mitochondria has produced 
a less pronounced (ΔOCR = 68.32 pmol/min), but a 
statistically significant (t = 2,9) decline (t = 2,9) in the 
background level of the cell respiration with the ab-
sence of significant differences in the OCR averaged 
values at the maximum level of the oxygen consump-

 b 

c d 

Figure 1. Images of the cultivated B16-F10 cells after the 48 hour-cultivation: a – the reference specimen cells, with no use of mi-
tochondria and agents; b – with adding succinic acid; c – adding of mitochondria of the liver; d – adding of mitochondria of the 
heart. Magnification x10.
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Figure 2. Scratch gap closure percentage after 15 hour-cultiva-
tion of the B16-F10 melanoma cells with mitochondria added. 
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tion (ΔOCR  =  28,46  pmol/min, t  =  0,79, df  =  10). 
The use of succinic acid has not made any additional 
influence thereon both as against the reference sam-
ples and those in the experiment with added hepatic 
mitochondria. However in our experiment with intro-
ducing cardiac mitochondria, adding succinic acid has 
resulted in a slight, but statistically significant inten-
sification of the background level oxygen consump-
tion as compared with the variant without succinic 
acid (ΔOCR = 10,5 pmol/min, t = 4,13, df = 10) at the 
unchanged maximum value (ΔOCR = 8,1 pmol/min, 
t = 0,59, df = 10).

The main parameters of glycolysis, namely, the 
background values and the glycolytic capacity mar-
gin, were determined in the test with the use of oly-
gomicine. Adding olygomicine restricts the ATP pro-
duction in mitochondria and fully suppresses the cell 
respiration that is reflected in a decrease in the OCR 
values to the minimal values, while as a rule, the level 
of glycolysis and ECAR increases in order to compen-
sate the fall in the ATP production by a cell. The new 
level of ECAR indicates an available glycolytic capacity 
margin of the cells. Our analysis of variation of the ex-
tracellular acidification rate has demonstrated that the 
cultivated B16-F10 cells under the given conditions 
of the cultivation probably are weakly dependent on 
glycolysis that is expressed in terms of a paradoxical 
drop of ECAR as a response to added olygomicine in 
all variants of our experimental study.

Whereas a compensatory growth of the glycoly-
sis level was expected, in contrast thereto, the ECAR 
values were recorded to be lower as against the back-
ground values on the average by 10,5 mpH/min in all 
variants both in the experiment and the reference sam-
ples. The above changes bear witness to the absence of 
the glycolytic capacity margin for this sort of the cell 
culture that is determined by its biological features. 
However the results obtained for the background level 
of glycolysis suggest that adding mitochondria to the 
cultivated B16-F10 cells has led not only to a restric-
tion of the cell respiration, but also to suppression of 
glycolysis. So, the use of cardiac mitochondria has re-
sulted in a statistically significant reduction in the ba-
sic level of ECAR by 14,36 mрН/min (t = 3,12, df = 10) 
as compared with the reference samples with no use of 
mitochondria. Adding hepatic mitochondria has also 
produced a decrease in the average value of EACR in 
the background by 4,8 mрН/min, however the dif-
ference has been found insignificant at the accepted 

level of significance (t = 0,92, df = 10) (see Figure 4 
herein). It should be noted that an addition of suc-
cinic acid in all cases has induced a reduction in the 
background level of glycolysis, but at the same time 
only in the case with adding cardiac mitochondria 
the difference between the average values of the back-
ground ECAR with succinic acid and without adding 
thereof has been recorded to be statistically significant 
(ΔECAR = 8,58 mрН/min, t = 3,35, df = 10).
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Figure 4. Background level of glycolysis in the B16-F10 cells after 
the 24 hour-cultivation with the use of mitochondria. M±SD

On the basis of the obtained evidence data we may 
conclude that in the medium of the cultivation of the 
B16-F10 cells exogenous mitochondria produce a 
strong cell stress, which leads to a decline in the via-
bility of the B16-F10 cells, suppression of migration of 
the melanoma cells and a decrease in the main indices 
of their energetic metabolism.

Discussion
On the basis of the recorded evidence data we may 

conclude that exogenous mitochondria in the melanoma 
cell cultivation environment induce a strong cell stress, 
which results in a decline in the viability of the melano-
ma cells, suppression of their migration and a decrease in 
the main indices of their energetic metabolism.

It is conceivable that it is precisely suppression or 
re-programming of respiration and energy starvation 
caused thereby form the basis for the cytostatic activ-
ity of mitochondria added to the cultivation medium, 
since a decrease in the energy production is record-
ed before the appearance of the respective pathologi-
cal changes in the cell morphology, even at a smaller 
dose of mitochondria added. In the presented work 
we have demonstrated the difference in the biological 
action produced by hepatic and cardiac mitochon-
dria on the cultivated B16-F10 melanoma cells, and 
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in this connection the question arises: what may de-
termine this difference? Obviously the answer to this 
question is associated with many factors, which define 
“the quality” of mitochondria, but however we can-
not overlook one more factor: it is the tissue-related 
specificity of mitochondria. We think that it is just the 
biological specificity of the organ donor of functional-
ly active mitochondria that dictates the actual proper-
ties/characteristics of mitochondria. So, mitochondria 
of the liver (including partially sinusoidal endothelial 
and epithelial cells, Kupffer cells, stellate and pit cells) 
and hepatocytes (comprising 70-85% of the mass of 
this organ) are full-scaled actors in the metabolic flex-
ibility. Mitochondria in the hepatocytes are important 
organelles, which can be considered as a metabolic 
cluster responsible for the regulation of homeostasis 
of hepatocytes. Actually, mitochondria in the liver un-
dertake their responsibility to provide metabolism of 
glucose, lipids and proteins and the energy production 
with regulating several signal pathways. Moreover, he-
patic mitochondria undertake to function as sensors 
of nutrients, and their biogenesis, dynamics and their 
interactions with other organelles are dynamically 
controlled in order to adapt metabolism of the liver. 
The liver is a key actor in energetic homeostasis in the 
context of the entire organism due to the regulation 
of carbon metabolism of nutrients (glucose, lipids and 
proteins), and it is one of the richest organs in terms 
of number and density of mitochondria, which are the 
main participants in hepatic metabolism. Metabolic 
zonation is typical for the liver that corresponds to the 
separation of metabolic functions along the lobules 
[18].  The periportal and perivenous hepatocytes have 
differences in the content of enzymes and the subcel-
lular structures that results in their different metabolic 
possibilities and capacities to maintain either anabolic 
(gluconeogenesis, lipogenesis and glutaminogene-
sis) or catabolic (glycolysis, lipolysis and ureagenesis) 
pathways [19]. Recent evidence data show that the 
hepatocytic environment and in particular, oxygen 
availability will govern the spatial and temporal spe-
cialization of the hepatocytes [19], turning mitochon-
dria to the key sensors thereof. Accordingly, the mito-
chondrial morphology and function (expression and 
activity of enzymes, redox state and ATP production) 
differ depending on the zonation of the liver [17].

The heart is the most energy-intensive organ in a 
human organism, and it receives practically all its en-
ergy due to mitochondrial oxidative phosphorylation 

(OXPHOS) [20]. It comes as no surprise that the heart 
has a high demand for energy since the heart is noth-
ing but, simply a constantly operating active muscle 
entity with immense oxidation capacities that enables 
increasing the cardiac output by a factor of 7 without 
the need to switch for anaerobic metabolism. In or-
der to produce a sufficient ATP amount, required are 
masses of mitochondria to occupy about one-third of 
the total volume of cardiomyocytes and to correspond 
to more than one half of the volume of myofibrils 
[20,21]. Owing to the demand of the heart for an effi-
cient oxidative metabolism, mitochondria are critical-
ly important for the heart development and its proper 
performance. Adult cardiomyocytes contain not only 
a large mitochondrial mass, but also keep up the high 
basal level of mitochondrial biogenesis, since intensive 
oxidation metabolism requires at all times degrada-
tion and replacement of damaged mitochondria [22]. 
Hence we can state that “the turn-over”, or an average 
life cycle of mitochondria, in the mature heart reach-
es six days only [20]. Besides mitochondrial fusion 
is needed for keeping up of the quality of the prop-
er mitochondria; it is of significance not only for the 
cardiomyocyte differentiation, but also for the normal 
performance of the heart [23,24]. As to adult cardio-
myocytes, the contractility consumes about 70% of the 
produced ATP, and most of the remaining ATP is used 
for the regulation of ionic homeostasis [25]. Cardio-
myocytes are responsible for the maintenance of high 
levels of phosphocreatine and ATP, and these levels are 
constantly controlled by adenosine monophosphate- 
activated protein kinase (AMPK). A high ratio AMP/
ATP activates AMPK that leads to suppression of the 
use of energy and activation of the ATP production at 
the expense of intensification of the β-oxidation and 
glucose catabolism [20].

In accordance with the above evidence data, we 
suppose that differences in the energy intensity, found 
in cardiac and hepatic mitochondria, in the rate of the 
OXPHOS processes, in the sizes of the organelles and 
the incidence rate of replacement of damaged/depleted 
mitochondria predetermine the differences in the bio-
logical activity between the above kinds of mitochon-
dria. So, a greater capability of cardiac mitochondria 
to reprogram the cell respiration and suppress it in the 
cultivated B16-F10 cells, as compared with the hepat-
ic mitochondria, shall be attributed to huge oxidation 
margins of the heart mitochondria. Moreover the fact 
that cardiac mitochondria within the short period of 
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time of their action not only restrict the background 
respiration of the B16-F10 melanoma cells, but also 
reduce the respiration capacity margin, bears witness 
to the activity of a certain factor, which is responsible 
for destabilizing the membrane in a mitochondrion or 
decreasing the total number of mitochondria in the 
cells. The basis for the observed phenomenon may be 
both an enhanced oxidative activity of cardiac mito-
chondria with resulting increased active oxygen spe-
cies and the presence of molecular signals, typical for 
cardiomyocytes, in the medium, which accelerate the 
degradation of mitochondria [26]. 

The obtained evidence data on the use of succinic 
acid as an activator of mitochondria suggest that the 
introduction of succinic acid into the experiment with 
adding exogenous mitochondria into the medium may 
contribute to a reduction in glycolysis with an intensifi-
cation of the respiration in parallel. However the given 
hypothesis requires its further verification since a prob-
ability exists that the discovered effect is connected to 
a greater extent with a sudden drop of variability in the 
OCR and ECAR values in the range close to the mini-
mal limit of the measuring scale, observed in the speci-
mens with cardiac mitochondria, than it is the case with 
the actual action of succinic acid, but however testing 
the above hypothesis invites further investigation.

Conclusion
The presented research work involving the intro-

duction of exogenous mitochondria into the B16-F10 
melanoma line cell culture is a candidate for the new 
promising field in experimental oncology, address-
ing further investigations of anti-tumor potential of 
some biologically active subcellular structures, and it 
offers only a small portion of good evidence for the 
anti-tumor activity of mitochondria. Metabolically 
active mitochondria are capable of re-formatting en-
ergetic fluxes in tumor cells and change their cellular 
respiration that leads to the most effectively realized 
death of the cultivated B16-F10 tumor cells. The ap-
plication of the activator of mitochondria aimed at the 
key functions of mitochondria invites further more 
profound studies on the mechanisms of their actions 
and effects with understanding of the bench marks 
of an activation or switching-over to alternative met-
abolic pathways. However the discovered cytopathic 
tissue-specific peculiarities of mitochondria can form 
the base for a targeted action on a tumor focus and for 
a possible application in other pathology cases.
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Abstract
Regenerative medicine is a vital area that advances methods 
addressing the process of liver regeneration. The liver has the 
unique ability to return to standard size within a short peri-
od of time after its injury or partial hepatectomy. Hepatocytes 
are highly active metabolic cells, which have a large number of 
mitochondria, suggesting a biologically significant role for the 
mitochondrial dynamics in hepatocyte damage and repair.
The aim hereof is to develop a method for accelerating the 
process of liver regeneration in rats based on the transplanta-
tion of mitochondria isolated from the liver of intact rats.
Materials and methods. Experimental animals (n = 30) used 
by us were white outbred rats divided into groups as follows: 
1) a comparison group to include intact animals (n = 10); 2) a ref-
erence group with liver resection + use of saline solution (n = 10); 
3) the main group with liver resection + mitochondrial therapy 
(MCT) (n = 10). In the reference and the main groups, under 
xylazoletil anesthesia, median laparotomy was performed and 
the maximum allowable resection of the left lobe of the liver 
was executed. Mitochondria of the intact liver were diluted with 
a 0.9% NaCl solution to a protein concentration of 11.6 g/l and 
injected into the post-surgery rats of the main group (group 
No. 3). The above procedure was carried out for 14 days. Ani-
mals of the reference group were intraperitoneally injected with 
0.5 ml of saline solution according to a similar scheme. Statistical 
analysis was performed with the Statistica 10.0 Software.
Results. According to the weight indices of the liver after MCT, 
the mass of the organ increased by a factor of 1.7 р˂0.05) rel-

ative to the reference group without MCT. At the same time, 
compared with the indicators in animals of the compari-
son group (intact animals), the mass of the organ exceeded 
1.6 times (p˂0.05), and the liver stump itself during MCT in its 
mass exceeded by 3.2 times the weight indicators of the liver 
stump in rats without the MCT.
Conclusion. As a result of the experiment on the use of MCT 
of the liver, it can be concluded that the resection of the liver 
lobe and subsequent processes in the liver tissue against the 
background of MCT acquire pronounced features of accelerat-
ing the physiological regeneration, addressing the restoration 
of stromal and parenchymal components.
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Introduction
Regenerative medicine is a vital area that advances 

methods of the process of the liver regeneration. The 
liver is one of the “magic” organs due to its powerful 
regenerative ability [1]. Being the only visceral organ, 
which can restore its original mass through compen-
satory growth after partial hepatectomy (PH) or expo-
sure to toxins, the liver regeneration attracts research-
ers considering two main aspects: 1) the biology of the 
liver regeneration, 2) its application to the treatment 
of the human liver disease. Great advances have been 
made in both aspects and treated in many reviews 
[2-5]. The liver mainly consists of hepatocytes, and it 
normalizes various metabolic processes, from carbo-
hydrates to lipids [1,6]. It is known that the liver has a 
high-level ability to regenerate damaged tissues com-
pared with other organs [7]. In addition, regenerative 
medicine, as one of the interdisciplinary areas of the 
translational science that attracts the attention of the 
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global research community, uses tissue engineering 
and stem cell therapy to replace a damaged organ with 
an artificial organ that is in direct connection with 
the immune system [8]. In various original reports 
or review articles, molecular and functional mecha-
nisms have been investigated in detail in experimental 
models (e.g., in rats and mice) and in clinical studies 
to identify important genes and signaling pathways 
involved in the liver regeneration [7]. The processes 
of development, repair and regeneration of the liver 
are vital and complex and undoubtedly deserve a fur-
ther study of molecular mechanisms and epigenetics 
[9,10]. In addition, the use of various therapeutic 
agents is necessary: so, for the purpose of the liver re-
generation, they include cyclosporine A, triiodothy-
ronine, mesenchymal stem cell infusion, transforming 
growth factor β (TGF-β), interleukin (IL) -1, nuclear 
factor κB (NF-κB), tumor necrosis factor α (TNF-α), 
IL-6, glutamine and amino acids with imitation and 
inhibitory effects [9]. Despite the high ability to re-
generate, the liver can be affected by severe and ad-
vanced liver diseases. This can be sometimes correct-
ed with the progenitor-cell-guided liver regeneration; 
however, this approach may not be useful in case of 
a progressing disease, and it requires further careful 
consideration for future design and development of 
treatment tactics [11]. 

The liver regeneration as a complex biological pro-
cess deserves further additional clinical and experi-
mental studies to understand the various biological 
and molecular aspects of this process over a long peri-
od of time [12]. 

One of the treatment methods, which can be clin-
ically applied for successful liver surgery, is a platelet 
therapy (e.g., thrombopoietin receptor agonists, artifi-
cial platelets), which has a positive protective role for 
hepatocytes and promotes the liver regeneration [13]. 

The liver has a unique ability to return to its stan-
dard size within a short period of time after injury or 
partial hepatectomy (PHx). Previously it was shown 
that the progression of liver diseases depends on re-
peated rounds of apoptosis and hepatocyte prolifer-
ation [14]. The liver regeneration after resection is a 
multi-stage process that includes the activation of cy-
tokines, growth factors, and metabolic networks. 

Various approaches have been used to study the 
process of the liver regeneration. The first and most 
radical approach is resection of a part (up to 70%) of 
the liver lobes [15]. The ability to regenerate the liver 

after resection (partial hepatectomy) is a prerequisite 
for liver transplantation. This approach has worked 
well in humans, rats, mice, and zebrafish. The major 
obstacle to this approach is the problem of stopping 
bleeding after surgery [5] (Ce Gao et al., 2021). The 
second approach is to use chemicals to cause liver 
damage or kill hepatocytes and then monitor the liver 
regeneration process. 

Animal models provide stable and reproducible 
experimental constructs that successfully reflect hu-
man analogies [16-20]. The rat model has been very 
well documented and now serves as the main method 
for studying the regenerating liver. It is now general-
ly accepted that “compensatory hyperplasia” is a term 
that more accurately describes what we call “the liver 
regeneration”. The size of the liver is regulated by the 
hepatostat, where a proportion close to 3% of the body 
weight of mammals is strictly maintained [21]. When 
a liver mass loss occurs, all cell types change from their 
quiescent state to an active one, allowing them to di-
vide and regenerate the size of the liver, although the 
original multi-lobal structure cannot be restored. It is 
also clear that compensatory hyperplasia is completely 
different from the regeneration in animals which have 
lost a limb. However, the term “liver regeneration” has 
historically been using in the literature. 

Mitochondria have been studied for decades in 
terms of metabolism and ATP production. Howev-
er, in recent years, the mitochondrial dynamics and 
its impact on bio-energetics and cellular homeostasis 
have also come to be appreciated. Mitochondria un-
dergo their regular cycles of fusion and fission, reg-
ulated by various signals, including the energy needs 
of the cell and pathophysiological stimuli, and there 
is a network of critical proteins and membrane lip-
ids involved in mitochondrial dynamics found there 
[22-25]. Hepatocytes are highly active metabolic cells, 
which have a large number of mitochondria, suggest-
ing a biologically significant role for mitochondrial 
dynamics in hepatocyte damage and repair. Based on 
the current information, it appears that changes in 
mitochondrial fusion and division are hallmarks of 
the liver pathophysiology. These changes in the mito-
chondrial dynamics make their impact on multiple re-
lated mitochondrial responses such as mitophagy and 
mitochondrial biogenesis, which are important adap-
tive responses that promote the liver repair. The cur-
rent attention to the characterization of the molecular 
mechanisms of the mitochondrial dynamics is of great 
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importance for the pathophysiology of the liver, and it 
may provide significant insight into the mechanisms 
of repair and regeneration of the liver [26]. 

The aim of this study has been to develop a method 
for accelerating the process of the liver regeneration in 
rats based on the transplantation of mitochondria iso-
lated from the liver of intact rats.

Materials and methods
The experimental animals used were outbred white 

rats (n = 30), which were divided into the following 
groups: 1) a comparison group to include intact animals 
(n = 10); 2) a reference group with liver resection + use 
of saline solution (n = 10); 3) a main group with liver 
resection + mitochondrial therapy (MCT) (n = 10). 

The white outbred male rats, weighing 210-220 g, 
under xylazoletil anesthesia - xylazine (Xila prepa-
ration) at a dose of 0.05 ml / kg of body weight (ac-
cording to the instructions), then under Zoletil-50 
at a dose of 10 mg / 100 g of body weight, were ad-
ministered median laparotomy with the maximum al-
lowable resection of the left lobe of the liver, which is 
70% of the mass of the organ in question and which is 
equivalent to the volume of this sort of resection of the 
liver in humans. After the onset of the drug-induced 
sleep, the treated rat was fixed in the supine position. 
Hair was carefully removed from the surgical site on 
the abdomen, and the skin was treated with a 70% eth-
anol solution. Under sterile conditions, median lapa-
rotomy was performed from the xiphoid process 4 cm 
long. The liver was mobilized by transection of the lig-
aments. The left lobe was removed after preliminary 
ligation of the vessels. The laparotomic opening was 
sutured after sanitation of the abdominal cavity and 
control of hemostasis in layers, with an interrupted 
nodular suture, and the suture was treated with a 5% 
alcohol solution of iodine.

The next day, an intact mitochondrial donor rat 
weighing 210–220 g was sacrificed by decapitation 
with a guillotine, the abdominal cavity was opened, 
the liver was perfused with ice-cold sterile saline, 
mitochondria were quickly removed and isolated by 
stepwise centrifugation. 

Isolation of mitochondria. Mitochondria were 
isolated using differential centrifugation with a high-
speed refrigerated centrifuge Avanti J-E, BECMAN 
COULTER, USA according to the method of Egoro-
va M.V. and Afanasiev S.A. 2011 [27]. To destroy in-
tercellular junctions, the cell wall, and plasma mem-

branes, mechanical processing of tissues was used with 
grinding with scissors and homogenization in a glass 
homogenizer with a Teflon pestle (Potter-Elweheim 
homogenizer). For each gram of tissue, 10 ml of isola-
tion medium (0.22 M mannitol, 0.3 M sucrose, 1 mM 
EDTA, 2 mM TRIS-HCL, 10 mM HEPES, pH 7.4) was 
added. The tissues were homogenized and centrifuged 
for the first time for 10 min at a speed of 1000 g, tem-
perature 0-2 °C, the second and third centrifugation 
is carried out at 20000 g, 20 min, temperature 0-2 °C. 
Between centrifugations, the mitochondrial pellet was 
resuspended in the isolation medium. Mitochondria 
were further purified from lysosomes, peroxisomes, 
melanosomes, etc. by centrifugation in a 23% Percoll 
gradient. The suspension of subcellular structures was 
layered on the Percoll gradient, centrifuged for 15 min 
at 21000 g, after which separation into 3 phases was 
observed, the lower layer of mitochondria was left, 
and resuspended in the isolation medium. The next 
washing of mitochondria was carried out by centrifu-
gation for 10 min at 15000 g, at a temperature 0–2°C. 
The protein level was determined in the mitochondri-
al fraction. Mitochondrial samples were diluted with 
a 0.9% NaCl solution to a protein concentration of 
11.6 g/l and injected into the post-surgery rats of the 
main group (group No. 3). The above procedure was 
carried out for 14 days. Animals of the reference group 
were intraperitoneally injected with 0.5 ml of saline 
solution according to a similar scheme. After decapita-
tion of the animals of all groups, their liver and stump 
were weighed. 

The statistical analysis of the data was completed 
with the Statistica 10.0 Software. The results were ex-
pressed as Mean ± standard error of the mean (M ± 
m). Data were analyzed using t-test, one- or two-way 
analysis of variance (depending on the situation). The 
results obtained were statistically processed in compli-
ance with the general recommendations for medical 
research.

Results 
Table 1 shows the results of the average weight of 

the liver of rats that underwent liver resection. Judging 
by the weight values of the liver after MCT, the mass 
of the organ increased by 1.7 times (р<0.05) relative to 
the reference group without MCT (see Table 1 here-
in). The restoration of the liver mass in animals that 
did not receive MCT was close to that of intact rats 
that corresponds to the idea of an amazing ability for 
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reparative regeneration after partial hepatectomy with 
the removal of at least 1/3 of the liver. However, the 
essence of this experiment was to prove the possibil-
ity of accelerating the stimulating effect by the MCT 
and revealing the significant potential for the repara-
tive regeneration, which is sui generis in animals and 
humans.

Table 1
The average weight of the liver in rats of different groups (М±m)

Comparison 
group

(intact rats, 
n = 10)

Reference 
group

(liver resec-
tion, n = 10)

Main group
(liver resec-
tion + MCT, 

n = 10)
Liver weight (g) 11.87±0.309 9.85±0.249 16.93±0.427

р1 = 0.0000
р2 = 0.0000

Liver stump 
weight (g)

- 0.896±0.041 2.85±0.185
р2 = 0.0000

Liver weight with 
lobe resection, 
without stump (g)

- 8.94±0.200 14.35±0.441
р2 = 0.0000

Note: p1 - statistically significant in relation to the indica-
tor in the comparison group; p2 - statistically significant in 
relation to the indicator in the reference group. MCT - mi-
tochondrial therapy.

After resection of a lobe of the liver in rats and 
subsequent administration of a suspension of live mi-
tochondria, the weight of the organ exceeded by 1.6 

times (р<0.05) the indices of the animals from the 
comparison group (intact), and the liver stump itself 
during MCT exceeded in its weight by 3, 2 times the 
weight of the liver stump in rats without MCT. In fact, 
such a significant increase in the weight of the liver 
stump under the influence of MCT over the same pe-
riod of time, compared with rats without MCT, con-
firm the achievement of the main goal of the meth-
od we have developed, namely, the acceleration of 
the liver regeneration processes using mitochondrial 
therapy. As evidence of the successful use of MCT in 
the liver regeneration, Figure 1 given herein shows a 
macro of the liver after 14 days of MCT, where an en-
larged rounded stump of the liver lobe is visible, which 
indicates an active regeneration process (see Figure 1a 
herein). At the same time, to demonstrate the absence 
of a regenerative process in the reference group with-
out the use of MCT, after 14 days, a macro of the liver 
of the reference group is presented, too (see Figure 1 
b herein), where the liver stump remained within its 
resected limits.

Conclusions
Having the macroscopic results and the weight data 

on the liver after the experiment, it can be concluded that 
the resection of the liver lobe and the subsequent pro-

     
a                                                                                  b 

liver  
stump 

Figure 1. Macro of the resected liver: a - regenerating stump after 14 days of MCT; b – stump without MCT on day 14 (the reference 
group with use of saline solution only).
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cesses in the liver tissue against the background of MCT 
acquire pronounced features of accelerating the physi-
ological regeneration, addressing the restoration of its 
stromal and parenchymal components. The visualized 
processes of the reparative acceleration of the liver with 
the formation of a genetically fixed lobular structure of 
the liver indicate the leading role of the mitochondrial 
component as a trigger mechanism for the regenerative 
processes and self-organization of the bio-system.
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Abstract
In case of the presence of a malignant process in an organ-
ism, the heart is subjected to an additional loading due to a 
unique combination of the external factors that is determined 
by the tumor biology and potentially cardiotoxic treatment ac-
tions and effects. It should be mentioned that cardiomyocytes 
have the same pathways of responding to stress and metabolic 
strategies as it is the case with the tumor cells, and this suggests 
that metabolic changes in the course of the tumor progression 
make their impact on the non-malignant tissue.
Aim. The aim of our research work has been to study the level 
of the indices of the activity of free-radical processes and the 
hypoxia factor in cardiac mitochondria in mice under the differ-
ent rates of the growth of B16 melanoma, growing either inde-
pendently or against the background of chronic neurogenic pain.
Materials and methods. In our experiment, we have used 
mice of both sexes of strain С57ВL/6 (n = 56) and strain 
C57BL/6-Plautm1.1Bug — ThisPlauGFDhu/GFDhu (with uPA 
gene-knockout) (n = 56). We have composed the following ex-
perimental groups: an intact animal group (♂ n = 7; ♀ n = 7); 
a reference group (♂ n = 7, ♀ n = 7) with reproduction of the 
model of chronic neurogenic pain (CNP); a comparison group 
(♂ n = 63, ♀ n = 63) with a standard subcutaneous inocula-

tion of melanoma (В16/F10), upon 2 weeks of the tumor growth; 
the main test group (♂ n = 63, ♀ n = 63) (CNP+В16/F10) with 
melanoma transplanted 3weeks after reproduction of the CNP 
model, with a tumor growing time of 2 weeks. After decapitation 
of the animals, the heart was harvested and mitochondria were 
isolated using the differential centrifugation with a high-speed 
refrigerated centrifuge. In the prepared mitochondria specimens 
with the use of ELISA assays we have determined concentrations 
of SOD 2 (pg/mg protein), GPx-1 (ng/mg protein), MDA mcM/g 
protein); AOPP (mcM/g protein); 8-hydroxy 2’ deoxyguanosine 
(8-OHdG) (ng/mg protein); the amount of protein (mg/mL) has 
been determined with a biochemical assay method, namely with 
the Biuret assay (Olvex Diagnosticum, Russia). 
The obtained statistics data have been processed with software 
Statistica 10.0.
Results. In the female mice of strain С57ВL/6, when comparing 
the studied data in cardiac mitochondria between the groups 
with the independent growth of melanoma and that in com-
bination with CNP, we have revealed the higher levels of MDA 
increased by a factor of 1,8 (р < 0,05), АОРР increased by a fac-
tor of 1,7 (р < 0,05), 8-OHdG increased by a factor of 7,7, SOD 
2 2,8 times higher and SOD 2/ GPx increased by a factor of 19,6 
under the melanoma growth against the background of CNP. 
In this case, we have recorded lower values of GPx 1, namely, 
decreased by a factor of 6,9 and lower values of HIF, namely, 
reduced by a factor of 2,0 in cardiac mitochondria in female 
mice with combined pathology. In male mice we have recorded 
that the levels of SOD 2, MDA, 8-OHdG and SOD 2/GPx 1 are 
1,5 times (р < 0,05), 1,3 times (р < 0,05), 5,5 times and 1,7 times 
(р < 0,05) higher than those found in cardiac mitochondria in 
the males under the independent melanoma growth. In this 
case, we should state that the HIF level is higher in cardiac mi-
tochondria in the comparison group: it has been increased by a 
factor of 2,0. In the mutant mice of both sexes no differences in 
the studied data in cardiac mitochondria between the main test 
group and the comparison group have been revealed.
Conclusion. The revealed imbalance between the reactive ox-
ygen species (MDA, AOPP) and the hypoxia factor (HIF) leading 
to damage of mtDNA (increased 8-OHdG) in cardiac mitochon-
dria determines the degree of damage of the cardiac muscle in 
the normal genotype mice, namely, in mice of strain C57BL/6 of 
both sexes in case of melanoma B16 growing against the back-
ground of chronic neurogenic pain. In the uPA gene-knockout 
mice of both sexes, CNP stimulates the growth of melanoma, 
but in this case no infarctions appear and the processes of 
free-radical oxidation are inhibited, which are stimulators of 
heart damages in the normal genotype mice.
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Topicality
An increasing number of oncological patients face 

their risks of the cardiovascular dysfunction that results 
in the appearance of a new area, namely, cardiooncol-
ogy, or oncocardiology [1-3]. Higher survival rates in 
oncological patients lead to a greater risk of some other 
life-threatening conditions, in particular cardiovascu-
lar diseases (CVD) that is considered to be a second 
leading cause of mortality and the CVD incidence in 
cancer survivors [4]. It is believed that cancer survivors 
demonstrate a higher risk of cardiovascular diseases 
that is partially associated with cardiac dysfunction af-
ter chemotherapy, including targeted therapy, radiation 
therapy and immunotherapy [5-9]. However research 
studies on an influence made by the propagation of the 
malignant process, or the presence of comorbid pathol-
ogy, on the state of the cardiovascular system in onco-
logical patients are few in number.

Metabolic reprogramming is the distinctive fea-
ture both of the malignant tumors and the cardial ad-
aptation. Cardiomyocytes in the heart are capable of 
adapting to different types of stress, among them tu-
mor-growth-induced stress, at the expense of optimi-
zation of the use of nutrients and, as a consequence, 
acquiring metabolic adaptation [10,11]. In case of a 
malignant process the heart is subjected to an addi-
tional load due to a unique combination of the external 
factors, which is determined by the biology of the tu-
mor and potentially cardiotoxic treatment actions and 
effects [12]. Cardiomyocytes have the same pathways of 
responding to stress and metabolic strategies as it is the 
case with the tumor cells, and this suggests that meta-

bolic changes in the course of the tumor progression 
make their impact on the non-malignant tissue.

For the last of few years the survival rate in cancer 
patients has been considerably increasing. However 
cancer survivors may demonstrate more chance in a 
long-term period to die from cardiovascular diseases, 
which are viewed as secondary diseases with respect 
not only to potential toxicity of antitumor medication 
agents, but also to the biology of the malignant tumor. 
In this context, every effort of the fundamental and 
translational researches is of primary importance for 
the proper understanding of molecular mechanisms, 
which induce cardiovascular diseases in oncological 
patients, as well as for defining new therapeutic tar-
gets, which may successfully prevent and treat both 
diseases [12].

Koelwyn, G. J. et al. (2020) have demonstrated that 
breast cancer patients, at an early state of their disease, 
having some cardiovascular complications after they 
had been diagnosed with cancer, can be at increased risk 
of recurrence and cancer-specific death. The preclinical 
and clinical evidence data obtained by the researchers 
have shown that myocardial infarction induces alter-
ations in systemic homeostasis, triggering cross-disease 
communication that accelerates breast cancer [13]. 

Previously, in our experiments on animals we have 
demonstrated that the melanoma growth, stimulated 
by comorbidity like chronic neurogenic pain (CNP), 
produces a pronounced mitochondrial dysfunction 
of cardiomyocytes and results in myocardial infarc-
tion in the vast majority of the animals. That has been 
accompanied by disordering in the organization of 
polyenzimatic systems of apoptosis and a high lev-
el of oxidative stress, inducing chemiluminescence 
of mitochondrial associates in the framework of the 
pathogenetic mechanism of the death of cardiomyo-
cytes. The standard growth of В16/F10 melanoma and 
CNP in an independent variant in the female mice 
has been followed by a reduction in the respiration- 
and energy-related function of cardiac mitochondria, 
but it has not led to myocardial infarction in any case 
[14,15]. Another comorbidity, namely, diabetes melli-
tus, against the background of which an experimental 
malignant tumor has been progressed, has been also 
resulted in dysfunction of cardiac mitochondria via 
activation of the peroxidation damage of lipids that 
has caused local damage to mtDNA [16,17].

Chronic widespread pain (CWP) represents a spe-
cial case of chronic primary pain, when and where 
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certain biological causes may be either available or 
not, that makes impossible to identify whether it is 
pain of muscular skeletal or neuropatic type [18]. The 
sensitivity of baroreceptors and heart rate variability 
are the most important factors for an assessment of 
the health status and the performance of the cardio-
vascular system and the autonomous nervous system 
in patients [19-21].

Karekar P. et al. (2021) in their experimental stud-
ies reported on the immediately cancer-induced cardiac 
dysfunction [22]. The above researchers have demon-
strated an early impact made by the tumor on the cardi-
ac tissues that induces the cardiac dysfunction, and they 
have pointed to the importance of treatment of possible 
cardiac problems, which may appear under some kinds 
of malignant tumors, in order to avoid converting them 
to an aggravation factor of severe complications associ-
ated with the cardiac dysfunction. They have also iden-
tified the dysregulation of different oncogenic pathways, 
which produce specific systemic effects on the heart, 
and the proper understanding of these latter at the mo-
lecular level for the purpose of development of a specif-
ic and an effective treatment. The scientists have thor-
oughly looked into the issues on the Yki pathways and 
evidenced that reactive oxygen species (ROS) are medi-
ators of the systemic effects made on the cardiac muscle. 
Hypoxia cause damage to the mitochondrial electron 
transport chain (ETC) that results in an increase in the 
production of ROS, which stimulate oxidation of pro-
teins and lipids in mitochondria [23, 24]. 

Matsushima et al. (2013) have demonstrated that 
HIF-1α may protect cardiac fibroblasts from apopto-
sis, and it represents a potential therapeutic target for 
heart remodeling after the hypoxic damage [25]. In ad-
dition, a number of investigations have confirmed that 
HIF-1α prevents from ischemia and exhibits a cardio-
protective effect [26]. Some research studies show that 
mitochondria may regulate stability of HIF-1α and 
that ROS, produced by the mitochondrial ETC, may 
stabilize HIF-1α under the hypoxia conditions [27].

The aim of this research work has been to study 
the levels of indices of the activity of the free-radical 
processes and the hypoxia factor in cardiac mitochon-
dria in mice under different rates of the B16 melano-
ma growth.

Materials and methods
In our experiment we have used 112 mice of both 

sexes. The experimental animals have been kept un-

der natural light conditions with a free access to water 
and food. Our manipulations have been conducted 
in accordance with the relevant regulations stated by 
EU Directive 86/609 EEC, the Declaration of Helsinki 
(DoH), the International Guiding Principles for Bio-
medical Research Involving Animals and Order No. 
267 “Approval of the Rules of Laboratory Practice” 
dated June, 19, 2003 issued by the Ministry of Health 
of the Russian Federation. Manipulations with ani-
mals were carried out in the box in compliance with 
the generally accepted rules of asepsis and antisepsis.

Group one was composed by mice of strain 
C57BL/6 (n = 56) of both sexes with an initial body 
mass of 21-22 g in females and 28-30 g in males. The 
experimental animals have been delivered to us by the 
Federal State Medical & Biological Institution “Re-
search Center of Biomedical Technologies”, Branch 
Andreevka, (Moscow Region), at the Federal Medical 
& Biological Agency. In our research work we used 
the murine melanoma cell line B16/F10 supplied by 
the Russian National Medical Research Center of On-
cology named after N.N. Blokhin, Ministry of Health, 
Russia. Our study protocol has been approved by the 
Commission on Bioethics at the Federal State Budget-
ary Institution “National Medical Research Center of 
Oncology”, the Ministry of Health of the Russian Fed-
eration, (Record No. 2) on May, 31, 2018. 

Group two included mice of strain 
C57BL/6-Plautm1.1Bug — ThisPlauGFDhu/GFDhu 
of both sexes with uPA gene-knockout (n = 56) with 
an initial body mass of 24-26 g in females and 31-33 g 
in males, delivered by the Laboratory Animal Breed-
ing Facility “Pushchino” at the Branch of the Research 
Institute for Bio-Organic Chemistry named after Full 
RAS Members M.M.Shemyakin and Yu.A.Ovchin-
nikov (Pushchino, Moscow Region). Mutant animals 
may be used in investigations of chronic tissue in-
flammation, mechanisms of fibrinolysis, oncogenesis 
and vascularization in a tumor and a tissue. Our study 
protocol has been approved by the Commission on 
Bioethics at the Federal State Budgetary Institution 
“National Medical Research Center of Oncology”, the 
Ministry of Health of the Russian Federation, (Record 
No. 22/102) on 24.12.2020. 

The animals of each gender were randomly distrib-
uted in separate experimental groups as follows: the 
group of intact mice (♂ n = 7; ♀ n = 7); the reference 
group (♂ n = 7, ♀ n = 7) to reproduce the model of 
chronic neurogenic pain (CNP) [28]; the comparison 
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group (♂ n = 63, ♀ n = 63) with melanoma upon sub-
cutaneous inoculation of the tumor cells (B16/F10), 
the growth time of the tumor covered 2 weeks; the 
main test group (♂ n = 63, ♀ n = 63) (CNP+В16/F10) 
where the В16/F10 line melanoma was transplanted 
3 weeks after the completion of the CNP model and 
where the growth time of the tumor covered 2 weeks. 

The chronic neurogenic pain model was repro-
duced in the mice of the reference group (CNP) and 
in the mice of the main test group (CNP +B16/F10) by 
ligation of the sciatic nerves under xyl-zoletil anesthe-
sia: used were xylazine (Xyl) intramuscularly at a dose 
of 0.05 ml/kg of body weight (according to the instruc-
tions), then, 10 minutes later, Zoletil-50 at a dose of 
10 mg per 100 g of body weight. В16/F10 melanoma 
was transplanted into the main test group mice, 3 weeks 
after healing of the surgery wound, in a standard man-
ner under the skin of the right scapula in the volume 
of 0.5 ml of tumor cell suspension in a 1:10 dilution 
with saline solution. As to the comparison group an-
imals, the В16/F10 melanoma cells were transplanted 
into them subcutaneously at the same dose and in the 
same volume as it was the case with the main test group, 
but without reproducing the CNP model. Decapitation 
of the animals from the main test group and the refer-
ence group was performed with the use of the guillotine 
upon expiration of 2 weeks of the B16/F10 melanoma 
growth (log-phase growth of the tumor).

Upon the decapitation, the heart was harvest-
ed from each animal without delay, with the use of 
coolants, and mitochondria were separated by the 
method by Egorova M. V., Afanasiev S. A. [29] with 
the differential centrifugation employing high-perfor-
mance refrigerated centrifuge Avanti J-E, BECMAN 
COULTER, USA. The tissues were washed with an 
ice-cold 0.9% KCl solution. To disrupt the intercellular 
junctions, the cell walls and the plasma membranes, 
mechanical treatment of tissues with grinding using 
scissors and homogenization in a glass homogenizer 
with a Teflon pestle (Potter-Elvehjem homogenizer) 
was utilized. Per gram of tissue, 10 ml of the isolation 
medium was added (0.22 M mannitol, 0.3 M sucrose, 
1 mM EDTA, 2 mM TRIS-HCL, 10 mM HEPES, pH 
7.4). The tissues were homogenized and centrifuged 
for the first time for 10 minutes at 1000 g at a tempera-
ture of 0-2 °C, the second and third centrifugation pro-
cedures were completed at 20000 g for 20 minutes at a 
temperature of 0-2°C. Between the centrifugation pro-
cedures, the mitochondria sediment was resuspended 

in the isolation medium. Mitochondria were further 
purified from lysosomes, peroxisomes, melanosomes, 
etc. using the Percoll 23% density gradient centrifuga-
tion. The suspension of the subcellular structures was 
layered on the Percoll gradient, centrifuged for 15 min 
at 21000 g, after which the separation into 3  phases 
was observed; the lower layer of mitochondria was 
left and resuspended with the isolation medium. The 
next mitochondria washing procedure was carried 
out by centrifugation for 10 minutes at 15000 g at a 
temperature of 0 - 2°C. The prepared mitochondrial 
samples (protein concentration 4-6 g/l) were stored at 
-80° C in the isolation medium before performing an 
assay. In the mitochondrial samples, using ELISA as-
say equipment (Infinite F50 Tecan, Austria), we have 
determined concentrations of SOD 2 (pg/mg protein) 
(Ab Frontier, South Korea), GPx-1 (ng/mg protein) 
(Ab Frontier, South Korea), MDA (mcM/g protein) 
(BlueGene Biotech, China); AOPP (mcM/g protein) 
(BlueGene Biotech, China); 8-hydroxy 2’ deoxygua-
nosine (8-OHdG) (ng/mg protein) (Enzo Life Scienc-
es, Switzerland); the amount of protein (mg/mL) has 
been determined with a biochemical assay method, 
namely with the Biuret assay (Olvex Diagnosticum, 
Russia) employing Automated Analyzer ChemWell 
(Awareness Technology INC, USA). 

The obtained statistics data have been processed 
with software Statistica 10.0. 

The obtained evidence data were analyzed for 
the compliance of the features distribution with the 
normal distribution law using the Shapiro-Wilk test. 
Significance of differences between independent sam-
plings has been assessed with the Mann-Whitney U 
test for small sample size. The data in Tables given 
herein are presented in the M±m form, where M is the 
arithmetic mean, and m is the standard error of the 
mean; in addition, for the purpose of the better de-
scription of the groups, we applied median (Me) and 
interquartile range [Q1-25%; Q3-75%]. In this case, p 
< 0.05 has been taken as the level of statistical signif-
icance. 

The obtained statistics data have been processed in 
compliance with general applicable medical research 
recommendations.

Results
Table 1 given herein contains data on concentra-

tion indices of free-radical oxidation processes and 
antioxidant protection in mitochondria in the cardiac 
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cells in female mice of strain С57ВL/6 under the inde-
pendent growth of В16/F10 melanoma and under the 
growth of the latter against the background of chronic 
neurogenic pain.

In female mice of strain С57ВL/6, CNP has pro-
duced a number of alterations in cardiac mitochondria 
as compared with the respective values reported in the 
intact cardiac mitochondria, namely, as follows: the 
SOD 2 value has decreased by a factor of 2,9 in parallel 
with an increase in the level of GPx-1 and AOPP by a 
factor of 2,2 and 1,5, respectively (р < 0,05) (see Table 1 
herein). The values of the calculated ratio SOD 2/GPx-
1 under the chronic pain syndrome has been found to 

be lowered by a factor of 6,2. The independent growth 
of melanoma has promoted a reduction in the level of 
the antioxidant enzymes SOD 2 and GPx-1 by a factor 
of 1,9 (р < 0,05) and by a factor of 1,6 (р < 0,05), re-
spectively, and a rise in the HIF level by a factor of 1,3 
(р < 0,05). The combination of the two pathological 
processes has led to more pronounced changes in the 
levels of the analyzed biochemistry data in cardiac mi-
tochondria in the female mice of strain С57ВL/6. So, 
as against the values recorded in cardiac mitochondria 
under CNP, the level of GPx-1 has decreased by a fac-
tor of 24,4 and the HIF value has been recorded to be 
1,5 times lower (р < 0,05), while the SOD 2 level has 

Table 1
Data on concentrations of components in system LPO – AOP in cardiac mitochondria in female mice of strain С57ВL/6 under the 
В16/F10 melanoma growth against the background of chronic neurogenic pain

Intact group Group with CNP
(Reference)

B16/F10 melanoma growth 
(Comparison group)

Week 2

CNP + B16/F10 melanoma 
growth (Main test group)

Week 2
SOD 2 pg/mg protein 581,741±33,778

581,74
[481,970; 667,230]

196,685±16,889
196,680

[154,77; 241,360]
р1 = 0,0000

303,414±17,851
303,410

[257,310; 323,470]
р1 = 0,0000

854,76±19,793
853,76

[808,22; 908,39]
р2 = 0,0000
р3 = 0,0000

GPx-1 ng/mg protein 0,501±0,035
0,501

[0,406; 0,585]

1,124±0,0646
1,124

[0,972; 1,267]
р1 = 0,0000

0,319±0,024
0,318

[0,257; 0,386]
р1 = 0,0011

0,046±0,003
0,046

[0,037; 0,057]
р2 = 0,0000
р3 = 0,0000

MDA mcM/g protein 3,728±0,189
3,728

[3,221; 4,145]

2,908±0,254
3,144

[2,114; 3,361]

3,254±0,227
3,112

[2,748; 4,003]

6,003±0,216
6,003

[5,5110; 6,498]
р2 = 0,0000
р3 = 0,0000

AOPP mcM/g protein 2,989±0,234
3,011

[2,412; 3,527]

4,642±0,372
4,64

[3,744; 5,745]
р1 = 0,0027

3,604±0,241
3,604

[3,011; 4,045]

6,042±0,218
6,042

[5,511; 6,585]
р2 = 0,0070
р3 = 0,0000

HIF ng/mg protein 5,327±0,207
5,327

[4,878; 5,752]

5,306±0,218
5,188

[4,822; 5,852]

7,039±0,306
7,039

[6,381; 7,836]
р1 = 0,0005

3,484±0,277
3,484

[2,812; 4,145]
р2 = 0,0002
р3 = 0,0000

8-OHdG ng/mg protein 1,525±0,078
1,525

[1,301; 1,708]

1,63±0,082
1,630

[1,426; 1,809]

1,399±0,101
1,399

[1,111; 1,654]

10,785±0,387
10,785

[9,836; 11,817]
р2 = 0,0000
р3 = 0,0000

SOD 2/GPx-1 1,28±0,176
1,16

[0,794; 1,702]

0,205±0,040
0,180

[0,105; 0,295]
р1 = 0,0000

0,969±0,059
0,966

[0,858; 1,107]

19,00±0,135
19,16

[17,20; 21,73]
р2 = 0,0000
р3 = 0,0000

Note: р1 is statistically significant compared with the intact group values; р2 is statistically significant compared with the reference 
group values; р3 is statistically significant compared with the comparison group values. M±m; Ме [Q1-25%; Q3-75%]; р indicates 
absolute values. 
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increased by a factor of 4,3; in this case the products 
of free-radical oxidation (FRO), namely, the concen-
trations of MDA, AOPP and 8-OHdG have become 
2,1  times, 1,3 times (р < 0,05) and 6,6 times high-
er. The value of the SOD 2/GPx-1 ratio has become 
92,6  times greater. When comparing the recorded 
changes in the analyzed data in cardiac mitochondria 
between the group with the independent growth of 
melanoma and the group with the melanoma growth 
combined with CNP, we have identified higher levels 
of MDA, AOPP, 8-OHdG, SOD 2 and SOD 2/GPx-1 in 
case of the melanoma growth against the CNP back-
ground. It has been found that the MDA level is 1,8 
times higher (р  <  0,05), the AOPP level is 1,7 times 
greater (р < 0,05), the 8-OHdG value is 7,7 times great-
er, the SOD 2 value is 2,8 higher and SOD 2/GPx-1 is 

19,6 higher, respectively. In this case, we have recorded 
much lower values of GPx-1: they have decreased by a 
factor of 6,9, and lower HIF indices: they were found 
halved in cardiac mitochondria in the female mice 
with combined pathology (see Table 1 herein).

At the same, in the male mice of strain С57ВL/6 
in their cardiac mitochondria under all experimental 
pathological processes we have determined somewhat 
different changes of the studied data (see Table 2 here-
in). So, under the CNP action, in the male mice in mi-
tochondria of the heart we have recorded an increase 
in the concentration of SOD 2, MDA and AOPP by a 
factor of 1,3 (р < 0,05), by a factor of 1,6 (р < 0,05) and 
by a factor of 5,5, respectively.

In case of the independent melanoma growth in 
males, in their cardiac mitochondria, the values of the 

Table 2
Data on concentrations of components in system LPO – AOP in cardiac mitochondria in male mice of strain С57ВL/6 under the 
В16/F10 melanoma growth against the background of chronic neurogenic pain

Intact group Group with CNP
(Reference)

B16/F10 melanoma growth 
(Comparison group)

Week 2

CNP + B16/F10 melanoma 
growth (Main test group)

Week 2
SOD 2 pg/mg protein 473,131±33,028

473,130
[402,84; 550,41]

630,016±38,415
630,010

[537,14; 728,33]
р1 = 0,0092

436,114±27,554
436,110

[366,64; 505,33]

654,981±33,826
685,010

[558,42; 725,24]
р3 = 0,0003

GPx-1 ng/mg protein 0,486±0,025
0,286

[0,22; 0,815]

0,644±0,076
0,644

[0,422; 0,815]

0,507±0,028
0,307

[0,235; 0,388]

0,442±0,028
0,442

[0,385; 0,511]
р2 = 0,0282

MDA mcM/g protein 4,069±0,378
4,069

[3,034; 5,002]

6,453±0,308
6,453

[5,803; 7,233]
р1 = 0,0003

5,077±0,346
5,077

[4,255; 6,007]

6,650±0,234
6,752

[6,017; 7,033]
р3 = 0,0026

AOPP mcM/g protein 0,975±0,084
0,975

[0,788; 1,158]

5,406±0,362
5,406

[4,415; 6,358]
р1 = 0,0000

22,808±1,775
22,809

[18,257; 26,361]
р1 = 0,0000

22,808±1,774
22,810

[18,257; 26,361]
р2 = 0,0000

HIF ng/mg protein 5,567±0,308
5,753

[4,653; 6,162]

5,407±0,266
5,653

[4,656; 6,007]

6,446±0,308
6,400

[5,803; 7,233]

3,233±0,235
3,230

[2,745; 3,902]
р2 = 0,0000
р3 = 0,0000

8-OHdG ng/mg protein 1,415±0,071
1,326

[1,275; 1,651]

1,417±0,056
1,383

[1,286; 1,564]

1,761±0,056
1,383

[1,286; 1,564]

9,751±0,560
9,751

[8,656; 11,045]
р2 = 0,0000
р3 = 0,0000

SOD 2/GPx-1 0,98±0,078
0,964

[0,874; 1,086]

1,01±0,177
0,978

[0,721; 1,335]

0,86±0,042
0,839

[0,807; 0,898]

1,50±0,041
1,481

[1,450; 1,551]
р3 = 0,0000

Note: р1 is statistically significant compared with the intact group values; р2 is statistically significant compared with the reference 
group values; р3 is statistically significant compared with the comparison group values. M±m; Ме [Q1-25%; Q3-75%]; р indicates 
absolute values. 
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majority of the studied indices have been found within 
the limits of the intact group values, and the exception is 
AOPP, the level of which has considerably increased by a 
factor of 23,3. The combination of CNP and melanoma 
has induced a rise in the level of AOPP by a factor of 4,2, 
in the level of 8-OHdG by a factor of 7,0 with a decrease 
in the level of GPx-1 by a factor of 1,4 (р < 0,05) and HIF 
by a factor of 1,7 (р < 0,05) as compared with the val-
ues recorded in cardiac mitochondria in the reference 
group males. In this case, it has been found that the level 
of SOD 2, MDA, 8-OHdG and the value of the SOD 2/
GPx-1 ratio are 1,5 times (р < 0,05), 1,3 times (р < 0,05), 
5,5 times and 1,7 times (р < 0,05) higher, respectively, 
than it is the case with the data recorded in cardiac mi-
tochondria in the males with the independent growth 
of melanoma only. Nevertheless the HIF level has been 
reported to be higher in cardiac mitochondria in the 
comparison group: it has doubled.

Previously it has been demonstrated by us that in 
the mice of С57ВL/6 strain of both sexes appear in-
farctions, which develop under the combinations of 
the two pathological processes: CNP and melanoma, 
while in case of the independent growth of melano-
ma no infarctions have been revealed [15]. The nature 
of the infarction occurrence is of a multi-component 
type, and pathogenesis of infarction addresses partici-
pation/re-formatting of different biochemical mecha-
nisms and systems, a lot of times via activation of some 
biological agents, which indirectly or directly involve 
the subcellurar structures into a pathological process 
[14, 17]. In the presented study we can trace a correla-
tion between an accumulation of the LPO products in 
cardiac mitochondria and the infarction occurrence in 
the mice of both sexes with the normal genotype.

At the second stage of the experiment, it has been 
necessary to study how all the above listed biochemical 
indices have changed under the experimental patho-
logical processes to be studied in the mice of strain 
C57BL/6-PlautmI.IBug-ThisPlau6FDhu/GFDhu of 
both sexes (see Table 3 and 4 herein). The modified 
genotype in this mice strain contributes to inhibition 
of the malignant growth of melanoma [30].

The mice strain C57BL/6-PlautmI.IBug-This-
Plau6FDhu/GFDhu with uPA gene-knockout used in 
our experiment is precisely the model of mutant mice 
that demonstrates blocking of the activator of plasmin-
ogen of urokinase type, or simply “urokinase” (uPA), 
which is the key serine protease, participating in the 
conversion of inactive plasminogen to active plasmin, 

which in its turn functions in a number of events of 
cancerogenesis. Our research reports have shown that 
CNP cancels the genetically determined inhibition of 
the malignant tumor growth [31].

It has been established that in the female mice of 
strain C57BL/6-PlautmI.IBug-ThisPlau6FDhu/GF-
Dhu in their cardiac mitochondria in case of CNP, 
only one index has been changed: it is the GPx-1 val-
ue, the level of which has decreased by a factor of 1,7 
(р < 0,05) as compared with the values recorded in the 
intact group mitochondria (see Table 3 herein). In case 
of the independent growth of melanoma, we have de-
termined an increase in the level of MDA by a factor 
of 1,3 (р < 0,05), AOPP by a factor of 2,1 and HIF by a 
factor of 1,3 (р < 0,05) as against the values recorded 
in the intact group cardiac mitochondria.

The combination of the two pathological process-
es (CNP + melanoma) in the female mice of strain 
C57BL/6-PlautmI.IBug-ThisPlau6FDhu/GFDhu has 
induced in their cardiac mitochondria a change in the 
one index only: it is the HIF value, the level of which 
has been recorded to be 1,3 times higher (р < 0,05) 
as compared with the values in cardiac mitochondria 
found under CNP.

At the same time, in the male mice of strain 
C57BL/6-PlautmI.IBug-ThisPlau6FDhu/GFDhu, we 
have revealed in their cardiac mitochondria a decrease 
in the level of antioxidant enzymes as follows: a de-
crease in the level of SOD 2 by a factor of 1,4 (р < 0,05) 
and in the level of GPx-1 by a factor of 1,9 (р < 0,05), 
while there has been an increase in the level of AOPP 
by a factor of 1,5 (р < 0,05) as compared with the re-
spective values recorded in the intact cardiac mito-
chondria (see Table 4 herein).

The independent growth of melanoma has promot-
ed an accumulation of AOPP in cardiac mitochondria, 
the level of which has become 3,1 times higher as com-
pared with the intact values. Besides, noted is also an 
AOPP accumulation in case of combined pathology 
(CNP + melanoma), when this index has been record-
ed to be 1,8 times greater (р < 0,05) than it is the case 
in cardiac mitochondria under CNP solely.

Despite the fact that CNP promotes the melano-
ma growth in the mice of strain C57BL/6-PlautmI.
IBug-ThisPlau6FDhu/GFDhu of both sexes [31], 
during our experiment, when examining the internal 
organs in the mice of both genders under all experi-
mental pathological processes, no myocardial infarc-
tions have been detected.
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Table 3
Data on concentrations of components in system LPO – AOP in cardiac mitochondria in female mice of strain C57BL/6-PlautmI.
IBug-ThisPlau6FDhu/GFDhu under the В16/F10 melanoma growth against the background of chronic neurogenic pain

Intact group Group with CNP
(Reference)

B16/F10 melanoma growth 
(Comparison group)

Week 2

CNP + B16/F10 melanoma 
growth (Main test group)

Week 2
SOD 2 pg/mg protein 321,094±33,635

321,090
[238,250; 414,520]

293,976±33,097
293,970

[214,480; 397,620]

387,519±18,982
387,520

[335,640; 435,85]

322,865±21,242
322,860

[278,340; 378,570]
GPx-1 ng/mg protein 3,187±0,268

3,190
[2,510; 3,880]

1,918±0,246
1,920

[1,383; 2,544]
р1 = 0,0044

2,994±0,252
2,990

[2,389; 3,565]

2,413±0,242
2,410

[1,814; 3,085]

MDA mcM/g protein 6,258±0,391
6,260

[5,220; 7,360]

6,492±0,310
6,490

[5,750; 7,160]

7,862±0,399
7,900

[6,845; 8,855]
р1 = 0,0141

7,849±0,424
7,850

[6,675; 8,835]

AOPP mcM/g protein 2,711±0,238
2,710

[2,104; 3,226]

3,483±0,245
3,500

[2,751; 4,082]

5,740±0,322
5,740

[5,015; 6,449]
р1 = 0,0000

4,638±0,367
4,640

[3,864; 5,267]

HIF ng/mg protein 4,596±0,370
4,596

[3,864; 5,137]

5,990±0,307
5,990

[5,215; 6,849]

6,244±0,385
6,244

[5,222; 7,263]
р1 = 0,0095

7,571±0,407
7,571

[6,515; 8,635]
р2 = 0,0091

8-OHdG ng/mg protein 1,705±0,063
1,678

[1,568; 1,881]

1,683±0,061
1,701

[1,524; 1,803]

1,814±0,061
1,778

[1,671; 1,967]

1,762±0,087
1,762

[1,528; 1,954]
SOD 2/GPx-1 100,78±6,389

106,577
[90,131; 110,573]

163,81±23,565
145,904

[136,406; 175,127]

135,19±13,515
129,605

[105,629; 163,915]

141,09±15,587
133,966

[115,787; 168,473]

Note: р1 is statistically significant compared with the intact group values; р2 is statistically significant compared with the reference 
group values; р3 is statistically significant compared with the comparison group values. M±m; Ме [Q1-25%; Q3-75%]; р indicates 
absolute values. 

Table4
Data on concentrations of components in system LPO – AOP in cardiac mitochondria in male mice of strain C57BL/6-PlautmI.
IBug-ThisPlau6FDhu/GFDhu under the В16/F10 melanoma growth against the background of chronic neurogenic pain

Intact group Group with CNP
(Reference)

B16/F10 melanoma growth
(Comparison group)

Week 2

CNP + B16/F10 melanoma 
growth (Main test group)

Week 2
SOD 2 pg/mg protein 490,114±27,339

490,110
[422,380; 565,160]

355,191±30,878
382,140

[265,160; 413,380]
р1 = 0,0066

470,400±24,586
463,610

[422,380; 535,660]

437,527±26,775
430,300

[375,160; 512,740]

GPx-1 ng/mg protein 1,522±0,223
1,520 

[0,914; 2,103]

0,786±0,066
0,780

[0,609; 0,968]
р1 = 0,0083

1,151±0,118
1,150

[0,865; 1,415]

1,010±0,094
0,914

[0,809; 1,217]

MDA mcM/g protein 5,876±0,354
5,880

[4,970; 6,864]

5,593±0,274
5,590

[4,970; 6,164]

6,371±0,369
6,400

[5,571; 7,212]

6,182±0,337
6,180

[5,371; 7,012]

AOPP mcM/g protein 1,866±0,232
1,860

[1,230; 2,420]

2,858±0,197
2,860

[2,367; 3,250]
р1 = 0,0069

5,754±0,341
5,750

[4,857; 6,664]
р1 = 0,0000

5,152±0,307
5,150

[4,380; 6,004]
р2 = 0,0000

HIF ng/mg protein 5,658±0,353
5,658

[4,857; 6,365]

4,472±0,303
4,472

[3,738; 5,182]

4,268±0,296
4,268

[3,522; 5,004]

4,692±0,325
4,690

[3,837; 5,531]
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Discussion
In the quest to study the indices of the free-radical 

processes and the hypoxia factor in mice cardiac mi-
tochondria under different growth rates of B16 mel-
anoma, both growing independently and against the 
background of chronic neurogenic pain, we have used 
two strains of animals, which genetically differ from 
each other in their predisposition to manifestations of 
a malignant growth, and CNP represents in this case 
the decisive factor modifying the malignant process.

Reactive oxygen species (ROS) have received a wide 
study in different diseases of a human, including can-
cer [32]. Oxidation-related events are connected with 
pathological conditions and the processes of normal 
ageing. Interestingly, that the physiological levels of an-
tioxidants also modulate the cell functions via homeo-
static redox-sensitive cell signal cascades [33-35].

Mitochondria are the main points of aerobic res-
piration, and at the same time they are the important 
targets in ischemic injury. Mitochondrial dysfunction 
plays the decisive role in ischemic damage of the heart 
[36,37]. In ischemia, a reduction in the oxygen level 
deteriorates production of mitochondrial adenosine 
triphosphate (ATP) and induces an increase in the in-
tracellular Ca 2+. A rise in the ROS production and 
an increase in the Ca 2+ levels lead to opening of non-
selective highly conductive permeability transition 
pores (PTP) in the mitochondrial inner membrane 
and induce alterations in the permeability of the mi-
tochondrial membrane. Opening of PTP additionally 
increases the mitochondrial levels of Ca 2+ and ROS 
and stimulates oxidation of proteins and lipids in mi-
tochondria [38]. Calcium overloading and oxidative 
stress may cause mitochondrial dysfunction that in its 
turn induces apoptosis or necrosis of cardiomyocytes.

In this research report we have shown that in case 
of melanoma development against the background of 
CNP in the female mice of strain C57BL/6, in their 

cardiac mitochondria, GPx-1 as the antioxidant com-
ponent is inhibited against the background of an in-
crease in the concentration of SOD 2 and an increase 
in the SOD 2/GPx-1 ratio as compared with the inde-
pendent growth of the tumor. In the males of strain 
C57BL/6, the antioxidant protection has come into ac-
tion in a somewhat another way: it works via accumu-
lation of SOD 2 only that results in an increase in the 
SOD 2/GPx-1 ratio. At the same time, in the mutant 
mice of both genders, we have found no differences in 
the concentrations of the biochemical indices of the 
performance of system Lipid peroxidation – Antiox-
idant protection (LPO – AOP) in cardiac mitochon-
dria, when comparing the data recorded under the 
independent growth of melanoma and those reported 
in case of the melanoma growth combined with CNP.

The obtained evidence data are consistent with 
the research by Hinch E. C. et al. (2013) who have 
demonstrated that a combination of higher expres-
sion of XDH and lower activity of the SOD enzyme is 
key contributors to oxidative stress and cardiac tissue 
injury in cardiac atrophy induced by cancer [39]. As 
to the gender specifics, there are obvious differences 
between the male and female organs and hormonal 
fluctuations, which exert their effects on progression 
both of cardiovascular diseases and cancer. Although 
the males more often are diagnosed with cardiovascu-
lar diseases at an earlier age, they are more frequently 
diagnosed with cancer, too [40].

A disorder in the physiological cascade of antioxi-
dant enzymes leads to an accumulation of ROS, which 
are capable of damaging DNA in the cells. 

One of the end products of lipid peroxidation 
(LPO) is MDA, which represents a highly toxic com-
pound initiating polymerization of proteins, destruc-
turing of DNA, sulfhydril antioxidants and modifi-
cation of the lipid layer of the cell membranes. As a 
consequence, we observe suppression of the genera-

Intact group Group with CNP
(Reference)

B16/F10 melanoma growth
(Comparison group)

Week 2

CNP + B16/F10 melanoma 
growth (Main test group)

Week 2
8-OHdG
ng/mg protein

1,606±0,045
1,606

[1,494; 1,663]

1,583±0,052
1,583

[1,446; 1,731]

1,714±0,062
1,714

[1,557; 1,864]

1,662±0,069
1,662

[1,478; 1,821]
SOD 2/GPx-1 381,43±73,552

322,441
[195,946; 626,630]

488,274±75,468
455,372

[264,631; 663,908]

432,913±49,158
409,052

[378,558; 462,122]

452,769±45,449
426,039

[375,098; 590,586]

Note: р1 is statistically significant compared with the intact group values; р2 is statistically significant compared with the reference 
group values; р3 is statistically significant compared with the comparison group values. M±m; Ме [Q1-25%; Q3-75%]; р indicates 
absolute values. 
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tion of high-energy compounds by mitochondria, in 
particular ATP, required to maintain the life perfor-
mance of the cells, growth rates and development of 
the organism as a whole. MDA is considered as the 
most mutagenic product in lipid peroxidation [41].

Among the most essential biological markers of ox-
idative stress, we should separate out purines: 8-OHdG 
or its oxidized modification 8-oxo-7,8-dihydro-2’-de-
oxiguanosine (8-oxodG). Despite the fact that all living 
cells develop a wide range of mechanisms responsible 
for DNA reparation, it is not necessarily the case that 
their enzymatic system removes all the DNA modifica-
tions. So, it follows that improperly repaired DNA may 
be a serious danger for cells, mainly due to modified 
genetic information as well as due to mutagenesis and 
apoptosis associated with the latter [42].

In order to confirm prime importance of 8-OHdG 
as a marker of the DNA damage and the MDA muta-
genicity and the relationship between the above two 
markers of oxidative stress, it should be noted that at the 
output of our experimental study in the mice with the 
unchanged genotype of both sexes we have found in car-
diac mitochondria a momentary accumulation of MDA 
and 8-OHdG under the melanoma growth against the 
background of CNP. In the context of this research and 
the obtained evidence data, we think that the stored 
damaging potential of MDA addresses above all the 
property thereof to initiate polymerization of proteins 
and damage of DNA that is confirmed by an increase in 
the 8-OHdG level in cardiac mitochondria in case of the 
combined action of CNP and B16 melanoma.

Modifications of 8-OHdG and 8-oxodG appear as 
a result from an interaction between • OH or 1 O 2 
and the G-chain in DNA. Free radicals are attacking 
the G-chains in DNA or free 2’-deoxyguanosine, and 
as a result radical adducts are being produced. Due to 
electron disconnections, 8-OHdG is formed, which as 
a result from the reaction, known as keto-enol tautom-
erism, is transformed into the main oxidized product: 
8-oxodG [42,17].

In the course of our experiment, we have detected 
that the level of HIF in cardiac mitochondria in the 
C57BL/6 strain mice of both genders was decreasing 
under the melanoma growth against the background 
of CNP as compared with the case of the independent 
melanoma tumor growth. At the same time, in the 
mutant mice of both sexes, the HIF amount has been 
recorded to remain stable, and it does not depend on 
the variant of the pathological process.

On the one hand, a reduction in the intracellular 
concentration of oxygen may activate HIF-1α in isch-
emia. And on the other hand, HIF-1α is capable of 
regulating the levels of expression of mitochondrially 
specific genes in order to adapt to hypoxic stress and 
improve the function of mitochondria [43, 44]. Nanay-
akkara G. et al. (2015) [44] have assumed that HIF-1α 
may transcriptionally regulate the levels of expression 
of frataxin as a response to hypoxia and act as a cardi-
oprotective factor against ischemia-reperfusion inju-
ry. Higher levels of frataxin can reduce mitochondrial 
iron overloading and the subsequent ROS production, 
and, by doing so, the integrity of the mitochondrial 
membrane will be preserved and the viability of car-
diomyocytes will be kept. So, HIF-1α preserves the 
integrity of the mitochondrial membrane, contributes 
to the cell survival and protects from ischemia. More-
over, HIF-1α can also improve the mitochondrial res-
piration function by activating different cardioprotec-
tive signaling pathways like the PI3K/AKT and Janus 
kinase 2/STAT3 pathways in order to protect the heart 
after IRI [45]. Besides some researchers have shown 
that mitochondria can regulate the stability of HIF-1α 
and that ROS, produced by the mitochondrial electron 
transport chains, may stabilize HIF-1α under the hy-
poxia conditions [46]. They may disturb the function 
of mitochondria and contribute to the cardiomyocyte 
death, or they may stabilize HIF-1α in order to im-
prove the function of mitochondria [47]. However this 
discovery is a matter of some dispute, and it may be 
connected with the level of oxygen, since the oxygen 
level makes its impact both on the mitochondria func-
tion and the stability and activity of HIF-1α. An iden-
tification of the oxygen levels required for an optimi-
zation of mutually beneficial effects of mitochondria 
and HIF-1α may offer a new approach to treatment of 
ischemic damage to cardiomyocytes [48].

Therefore, we believe that the changes in the LPO – 
AOP system and oxygen saturation in cardiac mito-
chondria in the C57BL/6 strain mice of both genders 
under the melanoma growth against the background of 
CNP are contributors to infarctions, and the absence of 
changes in the LPO – AOP system and oxygen satura-
tion in cardiac mitochondria in the uPA gene-knockout 
mice protects the cardiac muscle from damages.

Conclusion
The revealed imbalance between the reactive spe-

cies of oxygen (MDA, AOPP) and the hypoxia factor 
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(HIF) that leads to damage to mtDNA (an increase in 
8-OHdG) in cardiac mitochondria determines the de-
gree of injury of the cardiac muscle in the C57BL/6 
strain mice with the normal genotype of both gen-
ders under the B16 melanoma growth against the 
background of chronic neurogenic pain. In the uPA 
gene-knockout mice of both sexes, CNP stimulates 
the melanoma growth, but however in this case no in-
farctions are recorded and no activation of free-radical 
oxidation processes, which stimulate cardiac damages 
in the normal-genotype mice, is observed. It turns out 
that CNP by cancelling the genetically determined in-
hibition of the malignant tumor growth has not made 
an impact on the functional state of the cardiac mus-
cle, or, more specifically, the low level of the activation 
of the processes with participation of ROS and high 
levels of HIF-1 have determined invulnerability of the 
animals to myocardial infarctions. 

Statement on ethical issues
Research involving people and/or animals is in full 

compliance with current national and international 
ethical standards.

Conflict of interest
None declared.

Author contributions
The authors read the ICMJE criteria for authorship 

and approved the final manuscript.

References
1. Caro-Codón J, et al. CARDIOTOX registry 

investigators. Cardiovascular risk factors during can-
cer treatment. Prevalence and prognostic relevance: 
insights from the CARDIOTOX registry. Eur J Prev 
Cardiol. 2020:zwaa034. doi: 10.1093/eurjpc/zwaa034. 

2. de Boer RA, et al. A new classification of car-
dio-oncology syndromes. Cardio-oncology (London, 
England). 2021;7(1):24. doi:10.1186/s40959-021-
00110-1.

3. Hou Y, et al. Cardiac risk stratification in 
cancer patients: A longitudinal patient-patient net-
work analysis. PLoS medicine. 2021;18(8): e1003736. 
doi:10.1371/journal.pmed.1003736.

4. Gilchrist SC, et al. Cardio-Oncology re-
habilitation to manage cardiovascular outcomes 
in cancer patients and survivors: A scientific state-
ment from the American Heart Association. Cir-

culation. 2019;139(21):e997–e1012. doi: 10.1161/
CIR.0000000000000679.

5. Lenneman CG, Sawyer DB. Cardio-Oncol-
ogy: An update on cardiotoxicity of cancer-relat-
ed treatment. Circ Res. 2016;118(6):1008–20. doi: 
10.1161/CIRCRESAHA.115.303633. 

6. Saiki H, et al. Risk of heart failure with pre-
served ejection fraction in older women after contem-
porary radiotherapy for breast cancer. Circulation. 
2017; 135(15):1388–96. doi: 10.1161/CIRCULATIO-
NAHA.116.025434.

7. Mahmood SS, et al. Myocarditis in patients 
treated with immune checkpoint inhibitors. J Am 
Coll Cardiol. 2018; 71(16):1755–64. doi: 10.1016/j.
jacc.2018.02.037.

8. Salem JE, et al. Cardiovascular toxicities asso-
ciated with Ibrutinib. J Am Coll Cardiol. 2019; 74(13): 
1667–78. doi: 10.1016/j.jacc.2019.07.056. 

9. Guha A, Desai NR, & Weintraub NL. 
(2021). Assessing cardiovascular risk in cancer pa-
tients: opportunities and challenges. European 
journal of preventive cardiology, 28(9), e45–e46. 
doi:10.1177/2047487320943002.

10. Karlstaedt A, Khanna R, Thangam M, Tae-
gtmeyer H. Glucose 6-phosphate accumulates via 
phosphoglucose isomerase inhibition in heart muscle. 
Circ Res. 2020; 126:60–74. doi: 10.1161/CIRCRESA-
HA.119.315180.

11. Ritterhoff J, Young S, Villet O. Metabolic re-
modeling promotes cardiac hypertrophy by directing 
glucose to aspartate biosynthesis. Circ Res. 2020; 126: 
182–196. doi: 10.1161/CIRCRESAHA.119.315483.

12. Karlstaedt A, et al. Cardio-Oncology: Under-
standing the Intersections Between Cardiac Metabo-
lism and Cancer Biology. JACC Basic Transl Sci. 2021; 
6(8): 705-718. doi: 10.1016/j.jacbts.2021.05.008. 

13. Koelwyn G. J., Newman A., Afonso M. S., van 
Solingen C., et al. Myocardial infarction accelerates 
breast cancer via innate immune reprogramming. Na-
ture medicine. 2020; 26(9): 1452–1458. doi:10.1038/
s41591-020-0964-7.

14. Frantsiyants EM, et al. State of free-radical 
processes in the heart cell mitochondria under mel-
anoma В16/F10 growth against the background of 
chronic neurogenic pain as comorbid pathology. Car-
diometry. 2021. № 18. С. 131-137. doi: 10.18137/car-
diometry.2021.18.131137;

15. Frantsiyants EM, et al. Content of apoptosis 
factors and self-organization processes in the mito-



132 | Cardiometry | Issue 24. November 2022

chondria of heart cells in female mice C57BL/6 under 
growth of melanoma B16/F10 linked with comorbid 
pathology. Cardiometry. 2021. № 18. С. 121-130. doi: 
10.18137/cardiometry.2021.18.121130

16. Frantsiyants EM, et al. The effect of diabetes 
mellitus under tumor growth on respiratory function 
and free radical processes in heart cell mitochon-
dria in rats. Cardiometry. 2021. № 18. С. 50-55. doi: 
10.18137/cardiometry.2021.18.5055; 

17. Frantsiyants EM, et al. The functional state of 
mitochondria of cardiomyocytes in a malignant process 
against the background of comorbid pathology in the 
experiment. South Russian journal of oncology. 2021; 
2(3): 13-22. doi: 10.37748/2686-9039-2021-2-3-2.

18. Treede RD, et al. A classification of chron-
ic pain for ICD-11. Pain. 2015; 156: 1003–1007. 
doi:10.1097/j.

19. Bruehl S, et al. Chronic pain-related changes 
in cardiovascular regulation and impact on comor-
bid hypertension in a general population: the Tromsø 
study. Pain. 2018 Jan; 159(1): 119-127. doi: 10.1097/j.
pain.0000000000001070. PMID: 28953193. 

20. Paccione CE, Jacobsen HB. Motivational 
Non-directive Resonance Breathing as a Treatment 
for Chronic Widespread Pain. Frontiers in psychology. 
2019; 10: 1207. doi:10.3389/fpsyg.2019.01207

21. Paccione CE, et al. The indirect impact of 
heart rate variability on cold pressor pain tolerance and 
intensity through psychological distress in individuals 
with chronic pain: the Tromsø Study. Pain reports. 
2021; 7(2):e970. doi:10.1097/PR9.0000000000000970

22. Karekar P, et al. Tumor-Induced Cardiac 
Dysfunction: A Potential Role of ROS. Antioxidants 
(Basel, Switzerland). 2021; 10(8): 1299. doi:10.3390/
antiox10081299.

23. Jang S, et al. Elucidating mitochondrial elec-
tron transport chain supercomplexes in the heart 
during ischemia-reperfusion. Antioxid Redox Signal. 
2017; 27: 57–69. doi: 10.1089/ars.2016.6635.

24. Bernardi P, Di Lisa F. The mitochondrial per-
meability transition pore: Molecular nature and role as 
a target in cardioprotection. J Mol Cell Cardiol. 2015; 
78: 100–106. doi: 10.1016/j.yjmcc.2014.09.023.

25. Matsushima S, et al. Broad suppression of NA-
DPH oxidase activity exacerbates ischemia/reperfusion 
injury through inadvertent downregulation of hypox-
ia-inducible factor-1α and upregulation of peroxisome 
proliferator-activated receptor-α Circ Res. 2013; 112: 
1135–1149. doi: 10.1161/CIRCRESAHA.111.300171. 

26. Zhu N, et al. Berberine protects against sim-
ulated ischemia/reperfusion injury-induced H9C2 
cardiomyocytes apoptosis in vitro and myocardial 
ischemia/reperfusion-induced apoptosis in vivo by 
regulating the mitophagy-mediated HIF-1α/BNIP3 
pathway. Front Pharmacol. 2020;11:367. doi: 10.3389/
fphar.2020.00367.

27. Ong SG, Hausenloy DJ. Hypoxia-inducible 
factor as a therapeutic target for cardioprotection. 
Pharmacol Ther. 2012; 136: 69–81. doi: 10.1016/j.
pharmthera.2012.07.005.

28. Kit OI, et al. The effect of chronic neuropathic 
pain on the course of the malignant process of B16/
F10 melanoma in male mice. News of higher educa-
tional institutions. North Caucasian region. Series: 
Natural Sciences. 2019; 1(201): 106-11. [in Russian]

29. Egorova MV, Afanasiev SA. Isolation of mi-
tochondria from cells and tissues of animals and hu-
mans: Modern methodological techniques. Siberian 
Medical Journal. 2011; 26 (1-1): 22-28. [in Russian]

30. Frantsiyants EM, et al. Effect of urokinase 
gene knockout on melanoma growth in experiment. 
Siberian scientific medical journal. 2019; 39(4): 62-70.

31. Kit OI, et al. A method for the abolition of 
genetically determined inhibition of the growth of 
a malignant tumor in the experiment. Patent for in-
vention RU 2718671 C1, 04/13/2020. Application No. 
2019124739 dated 08/01/2019. [in Russian]

32. Frantsiyants EM. Lipid peroxidation in the 
pathogenesis of tumor disease. Abstract dis. ... doctors 
of biological sciences / Rostov. scientific research. on-
col. in-t. Rostov-on-Don, 1997. [in Russian]

33. Neskubina I.V. The role of nitric oxide deriv-
atives in the formation of endogenous intoxication in 
cancer patients with different prevalence of the ma-
lignant process and with some methods of autobio-
chemotherapy. Thesis for the degree of Candidate of 
Biological Sciences / Federal State Institution “Ros-
tov Research Institute of Oncology”. Rostov-on-Don, 
2008. [in Russian] 

34. Radi R. Oxygen radicals, nitric oxide, and 
peroxynitrite: Redox pathways in molecular medicine. 
Proceedings of the National Academy of Sciences of 
the United States of America. 2018; 115(23), 5839–
5848. doi:10.1073/pnas.1804932115.

35. Nakamura H, Takada K. Reactive oxygen 
species in cancer: Current findings and future di-
rections. Cancer science. 2021; 112(10): 3945–3952. 
doi:10.1111/cas.15068.



Issue 24. November 2022 | Cardiometry | 133

36. Hausenloy DJ, et al. Novel targets and future 
strategies for acute cardioprotection: Position paper 
of the european society of cardiology working group 
on cellular biology of the heart. Cardiovasc Res. 2017; 
113: 564–585. doi: 10.1093/cvr/cvx049.

37. Lesnefsky EJ, Chen Q, Tandler B, Hoppel 
CL. Mitochondrial dysfunction and myocardial isch-
emia-reperfusion: Implications for novel therapies. 
Annu Rev Pharmacol Toxicol. 2017; 57: 535–565. doi: 
10.1146/annurev-pharmtox-010715-103335. 

38. Jang S, et al. Elucidating mitochondrial elec-
tron transport chain supercomplexes in the heart 
during ischemia-reperfusion. Antioxid Redox Signal. 
2017; 27: 57–69. doi: 10.1089/ars.2016.6635.

39. Hinch EC, et al. Disruption of pro-oxidant 
and antioxidant systems with elevated expression 
of the ubiquitin proteosome system in the cachectic 
heart muscle of nude mice. Journal of cachexia, sarco-
penia and muscle. 2013; 4(4): 287–293. doi 10.1007/
s13539-013-0116-8.

40. Koene RJ, et al. Shared Risk Factors in Car-
diovascular Disease and Cancer. Circulation. 2016; 
133(11): 1104–1114. doi 10.1161/CIRCULATIONA-
HA.115.020406.

41. Ligia Akemi Kiyuna, et al. Targeting mito-
chondrial dysfunction and oxidative stress in heart 
failure: challenges and opportunities. Free Radic Biol 
Med. 2018; 129: 155–168. doi: 10.1016/j.freerad-
biomed.2018.09.019.

42. Valavanidis A, Vlachogianni T, Fiotakis C. 
8-hydroxy-2’ -deoxyguanosine (8-OHdG): A critical 
biomarker of oxidative stress and carcinogenesis. J. En-
viron. Sci. Health C Environ. Carcinog. Ecotoxicol. Rev. 
2009; 27: 120–139. doi: 10.1080/10590500902885684.

43. Chowdhury A, et al. Defective mitochondrial 
cardiolipin remodeling dampens HIF-1α expression 
in hypoxia. Cell Rep. 2018; 25: 561–570. doi: 10.1016/j.
celrep.2018.09.057. 

44. Nanayakkara G, et al. Cardioprotective HIF-
1α-frataxin signaling against ischemia-reperfusion 
injury. Am J Physiol Heart Circ Physiol. 2015; 309: 
H867–H879. doi: 10.1152/ajpheart.00875.2014.

45. Fuhrmann DC, Brüne B. Mitochondrial 
composition and function under the control of hy-
poxia. Redox Biol. 2017;12:208–215. doi: 10.1016/j.
redox.2017.02.012. 

46. Ong SG, Hausenloy DJ. Hypoxia-inducible 
factor as a therapeutic target for cardioprotection. 
Pharmacol Ther. 2012; 136: 69–81. doi: 10.1016/j.
pharmthera.2012.07.005.

47. Cadenas S. ROS and redox signaling in myo-
cardial isch-emia-reperfusion injury and cardiopro-
tection. Free Radic Biol Med. 2018; 117: 76–89. doi: 
10.1016/j.freeradbiomed.2018.01.024.

48. Zheng J, et al. HIF1α in myocardial ischem-
iareperfusion injury (Review). Mol Med Rep. 2021; 
23(5): 352. doi: 10.3892/mmr.2021.11991. 



134 | Cardiometry | Issue 24. November 2022

ORIGINAL RESEARCH Submitted: 23.09.2022; Accepted: 13.10.2022; Published online: 20.11.2022

Properties of melanoma 
mitochondria to form tumor 
nodules in the body 
of experimental animals

Oleg I. Kit, Elena M. Frantsiyants, Alla I. Shikhlyarova, 
Irina V. Neskubina*

National Medical Research Centre for Oncology, Rostov-on-
Don, Russia, 344037, Rostov-on-Don, 14 liniya, 63, building 8; 
e-mail: super.gormon@yandex.ru

*Corresponding author:
+79281565656
neskubina.irina@mail.ru

Abstract
The aim hereof is to develop a method for revealing the prop-
erties of mitochondria isolated from melanoma of the skin to 
form melanoma tumor nodules in the body of mice in paren-
teral transplantation of melanoma mitochondria. 
Materials and methods. We used experimental animals ac-
cording to the following design: intraperitoneal transplantation 
with B16/F10 melanoma mitochondria in the Balb/c Nude male 
mice, n = 8. All animals underwent a one-time transplantation 
of B16/F10 melanoma mitochondria based on 5.2 mg of protein 
per 1 animal in 0.4 ml of saline solution.
The Balb/c Nude male mice were used as the references, which 
were transplanted with 0.4 ml of saline solution once into the 
muscle and intraperitoneally. Morphological examination of 
sections of the internal organs and the B16/F10 melanoma foci 
was carried out after specimen paraffin embedding and he-
matoxylin-eosin staining with microscopy of specimens with 
Axiovert (Carl 44 Zeiss, Germany) and Axiovision 4 image visu-
alization software (Carl Zeiss, Germany). 
Results. Upon intraperitoneal transplantation of mitochondria 
isolated from melanoma to the Balb/c Nude mice, in the au-
topsies in 100% of the animals after 2 weeks of the experiment 
the total damage to the internal organs by the tumor nodules 
was revealed.
The morphological examination of the internal organs of the 
Nude mice 2 weeks after the intraperitoneal transplantation of 
B16 melanoma mitochondria demonstrated a tumor lesion of 
the visceral tissue and the abdominal organs. 
Conclusion. Thus, the use of parenteral transplantation of mi-
tochondria isolated from B16/F10 melanoma in the C57BL/6 and 

Balb/c Nude male mice caused the growth and development 
of melanoma foci in the body. Our study revealed previously 
unknown properties of mitochondria isolated from B16/F10 skin 
melanoma, consisting in their ability to induce the development 
of melanoma tumor nodules in the body of animals upon the 
tumor cell parenteral transplantation.
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Mitochondria, Balb/c Nude mice, Experimental B16/F10 mela-
noma 
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Topicality
Melanoma, the deadliest form of skin cancer, de-

velops as a result from an oncogenic transformation 
of cells belonging to the melanocytic lineage [1]. Al-
though the study of genetic changes is essential to 
understanding the mechanisms involved in the onset 
of melanoma, the available evidence suggests that the 
mutational landscape of melanoma is insufficient to 
explain why metastatic spread occurs. Although on-
cogenic mutations may contribute to the metastatic 
process [2], they are unlikely to be the main driving 
forces thereof, since the time required for the emer-
gence of new prometastatic mutations is longer than 
the period, during which metastases usually appear. A 
recent study conducted on 50 different types of tumors 
showed that certain mutations can often be found in 
tumors with specific metastatic patterns.

Tumor formation and spread of metastases depend 
on mitochondrial bioenergetics, mainly through respi-
ration, signaling and dynamics [3]. Mitochondria are 
at the center of cell metabolism and signaling cascades 
[4]. These organelles must adapt to the environment 
in order to meet the demands of cellular metabolism. 
Similarly, the cell must “know” about mitochondrial 
activity and meet their needs through the activation of 
special gene expression programs. As a result, bidirec-
tional communication systems between mitochondria 
and the nucleus evolved, and anterograde signals and 
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retrograde pathways from mitochondria to the nucle-
us began to act in concert to meet the specific meta-
bolic needs of a cancer cell [5]. A number of authors 
also consider the role of the mitochondrial dynamics 
in the regulation of tumor formation and melanoma 
metastasis. For example, some markers of mitochon-
drial division and fusion, such as protein 1 (DRP1), 
mitochondrial division protein 1 (FIS1), and mito-
fusins, are found in higher quantities in patient tumor 
samples compared to their healthy tissues, and this 
fact is largely associated with metastasis [6]. Moreover, 
the levels of TMX1 and TMX3, the transmembrane 
proteins with oxidoreductase activity, which promote 
the ER-mitochondrial communication, are elevated in 
patients’ melanoma cells and associated with a poor 
disease outcome [7]. 

Dysfunction of mitochondria contributes to the 
formation of tumors and metastases. However, the 
mechanisms linking mitochondrial dynamics with the 
development of metastasis remain poorly understood. 
In addition, for a successful fight against the malignant 
process, one should take into account the flexibility of 
mitochondria, which allows cancer cells to adapt to a 
changing micro-environment and stress events. Thus, 
a better understanding of the processes regulated by 
mitochondria and their complex interaction with mi-
tochondrial biogenesis is the basis for new promising 
therapeutic strategies in cancer treatment [8]. 

Research in the last decade has shown the existence 
of horizontal mitochondrial transfer between eukary-
otic cells. Several in vitro studies have shown that in-
tercellular transfer of mitochondria occurs naturally. A 
study by Kitania T. et al. (2014) proves that exogenous 
human mitochondria are internalized into isogenic 
cells during in vitro experiments. To avoid false posi-
tive results, the authors thereof attached the probe to 
donor mitochondria and recipient cells. Transmission 
electron microscopy confirmed that isolated and en-
riched mitochondria retained a morphologically in-
tact outer membrane. In addition, their surface was 
negatively charged, indicating that the potential of 
the mitochondrial membrane was maintained after 
isolation. Fluorescence microscopy showed that the 
DsRed-labeled mitochondria were internalized into 
GFP-expressing isogenic endometrioid carcinoma 
cells by simple co-incubation. In addition, GFP-ex-
pressing endometrioid carcinomas (EMCs) carrying 
DsRed-labeled mitochondria have been found to be 
single-nucleated that excludes the possibility of cell 

fusion between the GFP-expressing EMCs and the 
EMCs containing DsRed-labeled mitochondria. Flow 
cytometry methods have confirmed the presence of a 
separate population of the double positive GFP and 
DsRed cells [9]. 

Another study also showed that mitochondria iso-
lated from the mouse liver tissue by xenogenic transfer 
into human cells, deprived of functional mitochondria 
(ρ0 cells), restored the respiratory function [10]. These 
results prove the possibility of using mitochondrial 
transplantation in the treatment of mitochondrial dis-
eases [11]. 

There is increasing evidence that mesenchymal 
stem cells (MSCs) are able to transfer mitochondria to 
various cells, including endothelial cells, cardiomyo-
cytes, and epithelial cells, to repair tissue damage [12]. 
Mitochondrial transfer occurs via tunneling nano-
tubes (TNT), extracellular vesicles, and cell fusion [13, 
14]. Mitochondrial transfer via TNT is used as the 
main mode of the mitochondrial transfer, and it is also 
an important, efficient, cell-to-cell communication 
pathway that mediates cell-to-cell interactions. Recent 
studies have shown that malignant cells with altered 
oxidative phosphorylation import healthy (function-
al) mitochondria from surrounding stromal cells to 
stimulate pyrimidine synthesis and cell proliferation. 
It has been shown that high-energy mitochondria are 
of fundamental importance in the processes of migra-
tion, invasion, and metastasis of tumor cells [15].

Under the physiological conditions, mitochondria 
can move between cells using various contact meth-
ods, including nanotube tunneling, extracellular ves-
icles, intercellular fusion, and GAP junctions [16,17]. 
Based on this knowledge, McCully and colleagues 
used mitochondrial transplantation as a therapeutic 
approach to treat ischemia, both experimentally and 
clinically (in children) [18]. A number of authors re-
port on mitochondrial transplantation as a “magic” 
cure [19], since healthy organelles isolated from an 
intact tissue, after injection into the ischemic focus, 
move to damaged cells, restore the ATP energy pro-
duction and improve the contractile function of car-
diomyocytes within 10 minutes [20].

Thus, it is known that a change in the metabo-
lism of mitochondria is necessary for melanoma to 
carry out the process of metastasizing, and it is also 
known that mitochondria can independently move 
between cells. However, all of the above movement is 
applicable to intact mitochondria only, which regulate 
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the disturbed metabolism of various cells. And such 
a property of melanoma-related mitochondria as the 
ability to form tumor structures in the body is not in-
vestigated.

Therefore, the aim hereof is to develop a method 
for detecting the properties of mitochondria, isolated 
from melanoma of the skin, to form melanoma tumor 
nodules in the body of mice in parenteral transplanta-
tion of this sort of mitochondria.

Materials and Methods
We used experimental animals according to the 

following design: intraperitoneal transplantation of 
B16/F10 melanoma mitochondria in the Balb/c Nude 
male mice, n = 8. All animals underwent a one-time 
transplantation with B16/F10 melanoma mitochon-
dria based on 5.2 mg of protein per 1 animal in 0.4 ml 
of saline solution.

The Balb/c Nude male mice were used as the ref-
erences, which were transplanted with 0.4 ml of saline 
solution once into the muscle and intraperitoneally, 
respectively. 

Reproduction of melanoma B16/F10. The C57BL/6 
male mice were transplanted into their skin of the 
back below the angle of the left shoulder blade with 
0.5 ml of a suspension of the B16/F10 mouse mela-
noma tumor cells in saline at a 1:20 dilution. For this 
purpose, observing all the conditions of asepsis, an 
assistant fixed the mouse with its back up, having pre-
viously treated the skin with a 5% alcohol solution of 
iodine. The experimenter with a hand in a sterile glove 
grasped a skin fold, in the center of which he pierced 
the skin and injected the B16/F10 tumor cell suspen-
sion. After removing the needle, the injection site was 
tightly pressed with a cotton swab dipped in a 70% al-
cohol with a small addition of iodine, for 1 minute, to 
prevent leakage of tumor material. 

Isolation of mitochondria from melanoma. The 
C57BL/6 mouse with transplanted B16/F10 skin mel-
anoma was decapitated using a guillotine, and the 
melanoma tissue was removed. Mitochondria were 
isolated using differential centrifugation with a high-
speed refrigerated centrifuge Avanti J-E, BECMAN 
COULTER, USA according to the method of Egoro-
va M.V., Afanasiev S.A. (2011) and Gureev A.P. et al. 
(2015) [21,22]. To destroy intercellular junctions, the 
cell wall, and plasma membranes, mechanical process-
ing of tissues was used with grinding with scissors and 
homogenization in a glass homogenizer with a Teflon 

pestle (Potter-Elweheim homogenizer). For each gram 
of tissue, 10 ml of sterile isolation medium (0.22 M 
mannitol, 0.3 M sucrose, 1 mM EDTA, 2 mM TRIS-
HCL, 10 mM HEPES, pH 7.4) was added. The tissues 
were homogenized and centrifuged for the first time 
for 10 min at a speed of 1000 g, at a temperature 0-2 °C, 
the second and third centrifugation is carried out at 
20000 g, for 20 min, at a temperature 0-2 °C. Between 
the centrifugations, the mitochondrial pellet was re-
suspended in the isolation medium. Mitochondria 
were further purified from lysosomes, peroxisomes, 
melanosomes, etc. by centrifugation in a 23% Percoll 
gradient. The suspension of subcellular structures was 
layered on the Percoll gradient, centrifuged for 15 min 
at 21000 g, after which separation into 3 phases was 
observed, the lower layer of mitochondria was left, 
and resuspended in the isolation medium. The next 
washing of mitochondria was carried out by centrifu-
gation for 10 min at 15000 g, at a temperature 0–2°C. 
Mitochondrial samples were diluted with a 0.9% NaCl 
solution to a protein concentration of 5.2 mg of pro-
tein in 0.4 ml of saline solution. 

All animals were sacrificed by guillotine decapi-
tation 2 weeks after the parenteral transplantation of 
mitochondria isolated from C57BL/6 melanoma. 

Morphological examination of sections of the in-
ternal organs and the B16/F10 melanoma foci was 
carried out after specimen paraffin embedding and 
hematoxylin-eosin staining with microscopy of spec-
imens using Axiovert (Carl 44 Zeiss, Germany) and 
Axiovision 4 image visualization software (Carl Zeiss, 
Germany). 

Results
Features of the development of the melanoma foci 

in intraperitoneal transplantation of mitochondria, 
isolated from melanoma, into Balb/c Nude mice are 
shown in a photo given herein (see Figure 1 herein).

In 100% of the animals, in autopsy after 2 weeks of 
the experiment, a total lesion of the internal organs by 
tumor nodules was found.

The morphological examination of the internal or-
gans of the Nude mice conducted 2 weeks after the in-
traperitoneal transplantation of B16 melanoma mito-
chondria indicated a tumor lesion of the visceral tissue 
and the abdominal organs.

First of all, a total lesion of the mesentery was re-
vealed, where there were many small and large nodules 
of cells of a melanocytic nature, transformed from ele-
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ments of loose connective tissue with the participation 
of components of fat, blood, fibroblasts recruited by 
mitochondria, and lymphoid elements. The neoplas-
tic tumor cells represented a cell structure typical of 
epithelioid melanoma with several large nucleoli and 
a significant content of melanin pigment granules (see 
Figure 2 herein).

In the intestinal loops in the Nude mice, as a result 
from the intraperitoneal transplantation of B16 mel-
anoma mitochondria, the formation of tumor nod-

ules of various sizes was noted, tightly adhering to the 
walls of the small and large intestines, but however not 
growing into their cavity. An examination of the tu-
mor nodules with a magnification x100 revealed the 
structural cell pattern of a dominant round shape typ-
ical for melanoma at different stages of pathological 
mitosis, as well as dispersed melanin pigment with a 
characteristic shade of brown (see Figure 3 herein).

Significant damage to the structure of the liver 
was noted, in areas of which large and small foci of 

        
a                                                                     b 

        
c                                                                     d 

Figure 1. Intraperitoneal transplantation of mitochondria isolated from B16/F10 melanoma. Male mice of the Balb/c Nude line. 
View of an animal with intraperitoneal transplantation of mitochondria isolated from B16/F10 melanoma (a). Tumor lesions of 
the abdominal organs after intraperitoneal transplantation of mitochondria isolated from B16/F10 melanoma (b). Mouse organ 
complex after intraperitoneal transplantation of mitochondria isolated from B16/F10 melanoma (c). Tumor lesion of the skin after 
intraperitoneal transplantation of mitochondria isolated from B16/F10 melanoma (d).
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Figure 2. Microimage of numerous tumor nodules of various sizes formed in the mesentery of Nude mice in intraperitoneal trans-
plantation of B16 melanoma mitochondria. Hematoxylin-eosin staining. Magnif. x10, x100

              

             
Figure 3. Microimage of tumor nodules formed in intestinal loops of Nude mice after intraperitoneal transplantation of B16 mela-
noma mitochondria. Hematoxylin-eosin staining. Magnif. x10, x100
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hemorrhage were remarkable. In the presented images 
(see Figure 4 herein), considerable conglomerations of 
transplanted mitochondria of an elongated shape are 
clearly visible, adjacent to single melanocytes or em-
bedded in tumor bulges or pseudosyncytia.

In the stomach area, as well as in the intestines of 
the Nude mice, many tumor nodules adjacent to the 
muscular wall of the stomach, but however not grow-
ing into the stomach cavity, were noted. A detailed ex-
amination of those nodules clearly showed the struc-
tural pattern made by densely located melanocytes of 
a round or ovoid shape with a characteristic distribu-
tion of nuclear material and the presence of dispersed 
or grouped melanin pigment granules (see Figure 5 
herein).

The morphological examination of the spleen of 
the Nude mice in intraperitoneal transplantation of 
B16 melanoma mitochondria has confirmed the full 
disappearance of the organ architectonics as a result of 
the progressive tumor growth. The attacking dynam-
ics of malignant cells included both the formation of 
spindle-shaped melanocyte strands and the introduc-
tion of large tumor bulges containing several neoplas-

tic round-shaped melanoma cells. When examining 
multiple fields of view, no areas with preserved white 
pulp follicles were noted, and a large number of mega-
karyocytes with signs of degradation and destruction 
were found in the red pulp. Obviously, the initial re-
sponse by the spleen to the tumor invasion was direct-
ly related to the activation of blast cells such as mega-
karyocytes, which are delegated to replenish the cell 
population composition of the spleen (see Figure  6 
herein).

The microimage material of the tumor lesion of the 
paranephric tissue in the Nude mice in intraperitoneal 
transplantation of mitochondria isolated from mela-
noma B16 was of particular interest, since we conduct-
ed a similar study in intramuscular transplantation of 
mitochondria isolated from the same melanoma from 
mice of another line. We have found a similar mecha-
nism for the involvement of loose connective tissue re-
sources (adipose tissue, blood, fibroblast recruitment) 
for the melanocyte neoplasm and the formation of a 
tumor nodule (see Figure 7 herein). As can be seen 
from the presented microphotos, the paranephric tis-
sue serves as an adequate metabolic niche for the full 

               

               
Figure 4. Microimage of liver tumor lesions in the Nude mice after intraperitoneal transplantation of B16 melanoma mitochondria. 
Hematoxylin-eosin staining. Magnif. x10, x40, x100.
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Figure 5. Microimage of multiple tumor nodules in the perigastric region, not affecting the walls and cavity of the stomach in the 
Nude mice in intraperitoneal transplantation of B16 melanoma mitochondria. Hematoxylin-eosin staining. Magnif. x10, x40, x100.

               

Figure 6. Microimage of the tumor lesion of the spleen in the Nude mice after intraperitoneal transplantation of B16 melanoma 
mitochondria. Full disappearance of the architectonics of the organ, many destroying megakaryocytes, rapid growth of tumor 
melanocytic cells in the form of strands and tumor bulges. Hematoxylin-eosin staining. Magnif. x10, x40, x100.
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Figure 7. Microimage of a tumor lesion in the perirenal tissue in the Nude mice after intraperitoneal transplantation of B16 mela-
noma mitochondria. A similar mechanism involves loose connective tissue resources (adipose tissue, blood, fibroblast recruitment) 
for melanocyte neoplasm. Hematoxylin-eosin staining. Magnif. x10, x40, x100.
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implementation of the mitochondrial program. The 
small foci of tumor cells that appear on its surface in 
the full sense have a fairly powerful constructing re-
source and metabolic components, including lipids, 
polysaccharides, proteins necessary for cellular ener-
gy, and a biochemically active free radical medium.

The intraperitoneal transplantation of mitochon-
dria isolated from B16 melanoma was accompanied 
by the formation of several, not very large, nodules of 
the melanocytic tumor in the subcutaneous tissue and 
muscle layer (see Figure 8 herein). On the microphoto 
one can see how the invasion of microgranules of mi-
tochondria of melanoma B16 takes place against the 
background of stratification of the muscle fibers and 
stretching elongated clusters of transformed malig-
nant myocytes. As can be seen, the frequently found 
foci of hemorrhage make up the area of advancement 
of the tumor cell array, which repeat the pattern of the 
muscle fiber bundles. At the maximum magnification 
of the microscope (x100), the unique construction 
pattern of the neoplastic melanocytes in parallel bun-
dles, similar to the muscle fiber patterns, was deter-

mined, that indicates a low differentiation and high 
adaptability of malignant cells.

The morphological analysis of the tissue of the 
heart and the lungs has born witness to the absence 
of a tumor lesion of these organs. At the same time, 
significant blood filling of the vessels, areas of hemor-
rhage, expansion of the bronchial tree and alveoli were 
noted in the lungs. Small foci of hemorrhage and ne-
crosis could be seen in the cardiac muscle.

A study of the microstructure of the visceral or-
gans in the Nude mice experienced the intraperitoneal 
transplantation of B16 melanoma mitochondria sug-
gests the following. In our opinion, the process of mi-
tochondrial carcinogenesis is the realization of some 
specific properties of mitochondria, primarily associ-
ated with the genetic program of mitochondrial DNA, 
which self-assembles the lost cellular structure of me-
lanocytes from the available resources of the loose 
connective tissue of the recipient organism, including 
lipids, polysaccharides, proteins, as well as undertakes 
recruitment of fibroblasts, as the main scaffold for 
reprogramming healthy cell populations. This is con-

        

         
Figure 8. Microimage of the formation of tumor nodules in the skin in the Nude mice after intraperitoneal transplantation of B16 
melanoma mitochondria. Tumor-forming conglomerations of mitochondria, which penetrate in the form of strands into the muscle 
layer of the skin. Hematoxylin-eosin staining. Magnif. x10, x40, x100.
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firmed by the development of multiple large and small 
tumor nodules in the respective tissues forming the 
paranephric tissue, the mesentery, the interloop spac-
es of the small and large intestines, the spermatic cord 
tissue, the subcutaneous tissue and the muscle layer, 
and a total lesion of the liver and spleen parenchyma 
is also recorded. It has been noted that with this given 
2-week period of mitochondrial carcinogenesis, there 
is no tumor invasion into the hollow organs: the stom-
ach and the intestines, despite the close adherence of 
the tumor nodules to their surface. The lungs and the 
heart are outside the range of the direct tumor influ-
ence that does not exclude an indirect influence of the 
malignant process, confirmed by the morphological 
signs of functional stress of these vital organs.

The results of the morphological examination of 
the changes in the internal organs in the experimen-
tal animals have made it possible to form the basis for 
the primary evidence base, which represents a visual 
series of events recorded in the body of the recipient 
mice. The latter circumstance indicates the mecha-
nisms of mitochondrial carcinogenesis and the ability 
of “free” forms of malignant cell mitochondria to ac-
celerate the induction of the secondary process of the 
tumor progression.

The conducted studies revealed previously unknown 
properties of mitochondria isolated from B16/F10 skin 
melanoma, which, when transplanted parenterally, 
cause the development of the melanoma tumor nodules 
in the animals, that is confirmed by the morphological 
examination. This is a previously unknown fact in ex-
perimental oncology, which makes it possible to study 
new properties of melanoma cell mitochondria.

Conclusion
Thus, the use of parenteral transplantation of 

mitochondria isolated from B16/F10 melanoma in 
the C57BL/6 and Balb/c Nude male mice caused the 
growth and development of the melanoma foci in their 
body. Our study revealed previously unknown prop-
erties of mitochondria isolated from B16/F10 skin 
melanoma, consisting in their ability to induce the 
development of the melanoma tumor nodules in the 
body of the animals upon the parenteral transplanta-
tion. This makes it possible to study the pathogenesis 
of malignant growth under the influence of the trans-
plantation of mitochondria isolated from melanoma, 
and the mechanism of mitochondrial action that in-
duces the development of tumor foci (metastases?) of 

melanoma that is important for the clinical practice, 
since it proves the presence of a new, previously un-
known, mechanism of melanoma dissemination.
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Abstract 
A study of the structure and topography of the cerebral arterial 
bed of 156 virtually healthy individuals verified 17 variants of 
the arterial circle of the great brain, most of which are shown 
in actual photographs. An analysis of various approaches to 
modeling of cerebral vessels was carried out and it is shown 
that all of them are based on the representation of a blood 
vessel in the form of a linear cylinder. In reality, in the blood sys-
tem of the brain, such sections are only rare short elements of 
vessels that vary in diameter and direction. Cylindrical coordi-
nates have been most commonly used to construct mathemat-
ical models of cerebral vessels, but they are not applicable to 
bending vessels. The aim of this work: to build a mathematical 
apparatus allowing to adequately describe various types of ves-
sels containing sections with complex geometry (bends, espe-
cially U-shaped ones, spirals, etc.). Four typical sections of the 
vascular system were identified, in correspondence with which 
mathematical surfaces were introduced, and the corresponding 
mathematical description was selected for each of them. The 
mathematical apparatus introduced into consideration allowed 
us to build a description of hydrodynamic processes occurring 
in vessels of complex shape. The results of geometrical model-
ing in the Mathlab system and the corresponding fragments of 
the script are presented. The developed mathematical software 
made it possible to construct a system of transfer equations for 
vessels of complex shape.
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modeling

 Imprint
Yuri Y. Gromov, Alexey V. Gorbunov, Viacheslav M. Tyutyunnik, 
Sergey A. Kopylov. Mathematical modeling of flows in blood 
vessels of complex shape. Cardiometry; Issue 24; November 

2022; p. 145-158; DOI: 10.18137/cardiometry.2022.24.145158; 
Available from: http://www.cardiometry.net/issues/no24-no-
vember-2022/mathematical-modeling-flows

Introduction
The typical (classical) human large cerebral arteri-

al circle (LCrAС), or Willisian circle, is an ontogenetic 
set of the following vessels: two internal carotid arteries 
(ICA), two anterior cerebral arteries (ACrA), anterior 
connecting artery (ACA), two middle cerebral arteries 
(MCrA), two posterior connecting arteries (PCA), bas-
ilar artery (BA), two posterior cerebral arteries (PCrA), 
and intracranial parts of vertebral arteries (IPVA). The 
lateral branches of the vertebral arteries (VA), the BA, 
the anterior spinal artery, and the posterior inferior 
cerebellar artery, form four anastomotic arterial cir-
cles on the surfaces of the medulla oblongata: ventral, 
dorsal, and two lateral. The ventral arterial circle is 
formed by anastomoses of branches of the VA, BA and 
the anterior inferior cerebellar artery, the lateral ones 
by anastomoses of branches of the VA and posterior 
inferior cerebellar artery, and the dorsal one by anas-
tomoses of branches of paired posterior inferior cere-
bellar arteries.

In the publications of F. Walcker (1924), 
M. Clara (1942), B.K. Hindze (1946), K. Ulp (1959), 
E.V. Schmidt (1963), D. Luja (1973), R.M. Belenkaya 
(1979), A.V. Gorbunov (1998-2009), Yu.A. Gladilin 
(1999-2009), V.A. Kreil (2000), G.E. Trufanov (2005), 
A.V. Holin (2005), etc. typical LCrAС is detected only 
in 10-75% of people [1]. This is associated either with 
different populations of examinees (stroke patients 
and practically healthy persons), or with different re-
search methods or errors, or different statistical pop-
ulation of the analyzed groups. But the fact remains: 
despite the obvious recognition of a typical (classical) 
human LCrAС, there is no unanimity among special-
ists about the frequency of holistic LCrAС. 

The interrelation of structural and functional com-
ponents in the regulation of macro- and microhemo-
dynamics in different regions of the brain stands out 
among the poorly developed problems of cerebral cir-
culation [2]. The study of structural bases of compensa-
tory-adaptive reactions of cerebral vessels [3], in which 
the LCrAС is the main collateral collector, is a priority 
[4]. The level of LCrAС blood flow in the intact brain 
is closely related to metabolic demands, and autoreg-
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ulation maintains the constancy of cerebral perfusion 
under significant fluctuations of blood pressure and 
blood gas composition [5-7]. Adequate blood shunting 
in the brain is a favorable adaptive mechanism for the 
central nervous system [8]. Bends and branches of large 
cerebral arteries are structural adaptations to different 
hemocirculatory conditions [9]. 

Sharp ICA bends at the bifurcation level are unfa-
vorable for the impact of hydraulic shock and forma-
tion of wall defects [10-11]. But the damping role of 
intracranial ICA bends and the property of anti-flatter 
stabilization or prevention of hydrodynamic overload 
due to local increase in the effective elastic modulus of 
the arterial wall based on its muscular elements con-
tribute to several times reduction of pulse oscillations 
and their smoothing in shape, which is an important 
function of brain vessels [6, 12, 13]. In addition, cere-
bral vascular distensibility and LCrAС medial defects 
are a normal component providing a strong and mo-
bile connection of the metameres [14-15]. The damp-
ing of the pulse wave in the LCrAС area is partly due 
to the mutual neutralization of hemodynamic shocks 
coming asynchronously from the ICA and VA and the 
greater stiffness of the intracranial walls of the main 
vessel segments [6, 16]. The function of the main 
regulator of cerebral blood flow the LCrAС is able to 
perform because its structural organization allows for 
the possibility of hemodynamic equilibrium providing 
the maximum degree of adaptability to the changing 
conditions of hemocirculation. Hemodynamically 
insignificant deformities are not accompanied by im-
paired cerebral hemodynamics and functional state of 
the brain, and good functioning of the LCrAС vessels 
determines the absence of blood flow deficit and neu-
rological deficit [17, 18]. 

Hemodynamics and vascular deformities
Growth disorder is the cause of frequent variations 

in the structure of brain base vessels in the form of their 

unilateral or bilateral hypoplasia, aplasia, asymmetry, 
trifurcation, fetal shape persistence, insufficient fusion 
(doubling); vertebrobasilar system vessels have the great-
est number of variants, and the most stable are MCrA 
[18]. A study of the structure and topography of the ce-
rebral arterial bed of 156 virtually healthy individuals 
verified the following variants of LCrAC in general [19]: 

1) hypoplasia of ACrA and hypoplasia of both 
PCrA in three (1.8%) people;

2) anterior trifurcation of the internal carotid ar-
tery and curvature of the posterior cerebral artery in 
two (1.3%) people (Fig. 1);

3) deviation of PCrA and hypoplasia of PCA in 
three (1.8%) people;

4) hypoplasia of both PCA and deviation of BA in 
one (0.6%) person (Fig. 2);

5) posterior trifurcation of both ICA and hypopla-
sia of both IPVA in two (1.3%) people (Fig.3);

6) hypoplasia of both PCrA and IPVA of one side 
in two (1.3%) people (Fig. 4);

7) posterior trifurcation of the ICA and hypoplasia 
of the IPVA on one side in one (0.6%) person (Fig. 5);

8) posterior trifurcation of both ICA and bend of 
BA in six (3.9%) people;

9) hypoplasia of both PCA and hypoplasia of BA in 
three (1.8%) people;

10) hypoplasia of both PCA and both IPVA in two 
(1.3%) people (Fig. 6);

11) posterior trifurcation of ICA and hypoplasia of 
both IPVA in two (1.3%) people (Fig. 7);

12) hypoplasia of ACrA and hypoplasia of IPVA in 
five (3.2%) people;

13) hypoplasia of ACrA and deviation of BA in 
four (2.6%) people (Fig. 8);

14) hypoplasia of ACrA and tortuosity of both 
IPVA in four (2.6%) people;

15) anterior trifurcation of ICA, posterior trifurca-
tion of ICA, and S-shaped BA in three (1.8%) people 
(Fig. 9);

Figure 1. Anterior trifurcation of the internal carotid artery and PCrA curvature in patient X., 39 years old: 1 - Anterior trifurcation 
of the internal carotid artery; 2 – PCrA; 3 – MCrA; 4 – ACrA
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Figure 2. Excessive deviation of BA to the left, hypoplasia of PCA of patient B., 54 years old: 1 – ICA; 2 – PCA; 3 – MCrA; 4 – ACrA; 
5 – BA; 6 – VA; 7 – PCrA

Figure 3. Posterior trifurcation of both ICA, hypoplasia of both VA of patient X, 61 years old: 1 – ICA; 2 – PCA; 3 – VCrA; 4 – ACrA; 
5 – BA; 6 – VA; 7 – PCrA 

Figure 4. Hypoplasia of both posterior PCrA and hypoplasia of the right VA of patient G., 18 years old: 1 – ICA; 2 – PCA; 3 – MCrA; 
4 – ACrA; 5 – BA; 6 – VA; 7 – PCrA

Figure 5. Posterior trifurcation of the right ICA and hypoplasia of the right IPVA of patient X, 25 years old: 1 – posterior trifurcation 
of ICA; 2 – hypoplasia of IPVA; 3 – IPVA; 4 – ICA

Figure 6. Hypoplasia of both PCA and hypoplasia of both IPVA of patient X, 31 years old: 1 – hypoplasia of both PCA; 2 – hypoplasia 
of IPVA; 3 – BA; 4 – ICA
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16) hypoplasia of both PCA and deviation of both 
IPVA in one (0.6%) person;

17) hypoplasia of PCA and S-shaped BA in two 
(1.3%) people.

As an example, the differences visible on the cross 
section of the vessel of the basilar artery (Fig. 10, 11). 

Different structure of the same vessel with the same to-
pography is clearly observed, so it is impossible to es-
tablish unified morphological parameters of one vessel 
due to the possibility of their nonclassical structure. 

The analysis of histological sections of the brain on 
a light microscope and stereomicroscope reveals the 

Figure 7. Posterior trifurcation of ICA and hypoplasia of both IPVA of patient X, 26 years old: 1 – posterior trifurcation of ICA; 
2 – hypoplasia of both IPVA; 3 – BA

Figure 8. Hypoplasia of ACrA and deviation of BA of patient X., 58 years old: 1 – ACrA; 2 – BA

Figure 9. Anterior trifurcation of ICA; posterior trifurcation of ICA; S-shaped BA of patient X, 39 years old: 1 – anterior trifurcation 
of ICA; 2 – posterior trifurcation of ICA; 3 – BA

Figure 10. Cross-section of a normal blood vessel Figure 11. Cross-section of a blood vessel with anomalies
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layering of the nervous system and arteries that feed 
the brain [17, 18].

Simulation of complex shaped vessels
Let us consider the known vascular models that 

can be used in the first approximation when model-
ing the blood flow of the bloodstream of the cerebral 
arteries. The first publications on the mathematical 
description of the blood vessel behavior proposed to 
consider the blood vessel as a homogeneous isotropic 
thin-walled cylinder of material, the stresses in which 
obey Hooke’s law [20-22]. In these assumptions, the 
Laplace formula for thin-walled cylinders was widely 
used, on the basis of which the dependence of intra-
vascular pressure on the cylinder radius was obtained 
in [23]. Specified solutions within the framework of 
the linear theory of elasticity have also been proposed 
taking into account the finite thickness of the vessel 
walls [24-26]. Naturally, the mechanical behavior of 
the material at deformations over 15% can no longer 
be described with acceptable accuracy; these works 
assume additional restrictions on the constancy of the 
length of the blood vessel and the linear change in the 
radius as the pressure grows.

These approaches are still used, for example, for es-
timation calculations [27]. To mathematically describe 
the properties of blood vessels, a number of works ap-
ply the theory of elastic shells [28-31], in which the 
vessel is idealized as a thin shell in which axial defor-
mations and stresses are taken into account. Various 
complications of calculation models in this case allow 
taking into account, for example, large displacements 
[32] and anisotropy [33, 34]. However, such approach-
es do not give a good match even with the basic exper-
imental data reflecting the relationship between the 
internal radius of the vessel and the applied internal 
pressure [35-37].

Many other models of blood vessels have been de-
scribed, but almost all of them are based on the rep-
resentation of a blood vessel as a linear cylinder. In 
reality, judging from Figs. 1-9, in the cerebral blood 
system, such sections are only rare short elements of 
vessels varying in diameter and direction.

Cylindrical coordinates are most often used to 
construct mathematical models of cerebral vessels, 
but they are not applicable to bending vessels. The 
aim of our study is to construct a mathematical ap-
paratus that allows to adequately describe various 
types of vessels containing sections with complex ge-

ometry (bends, spirals, etc.). Of particular interest are 
U-shaped bends, examples of which can be seen in 
Figs. 1-9. In this case, it is obvious to use different co-
ordinate systems for different sections of the U-bend, 
which consists of both cylindrical sections with a 
straight form (elements 1 in mathematical surface 
12.1 in Table 1) and curvilinear sections (elements 2 in 
Figs. 13.1 and 14.1 there) [20]. Such a model makes it 
possible to simplify the type of equations to be solved, 
reduce the number of nonzero diagonals in the matrix 
of the model difference operator, increase the speed of 
convergence of the iteration process, and improve the 
accuracy of the calculation [20].

Table 1 presents model correspondences of typical 
sections of the vascular system (Figs. 12-15) and corre-
sponding mathematical surfaces (Figs. 12.1-15.1).

Thus, we propose to lead in consideration charac-
teristic sections of vessels, the use of which allows to 
pass to consideration of vessels of a complex form. For 
each of the characteristic sections, it is necessary to 
introduce an appropriate coordinate system, on the 
basis of which to obtain a mathematical description 
of the hydrodynamic processes occurring in them. 
The basis for such a proposal was the results of the 
analysis of publications [24, 26, 28-33, 35, 37] devoted 
to the study of processes in blood vessels, as well as 
[39-49] and [52, 55-59], in which the modeling of hy-
drodynamic processes in channels of complex shape 
is considered. Obviously, the characteristic sections 
introduced in consideration do not allow us to build 
a mathematical description of the whole variety of 
blood vessels presented in Fig. 1-9, so let us introduce 
more complex constructions presented in Table 1. For 
each characteristic area we have proposed a coordi-
nate system, presented in Table 2 and providing the 
possibility to build the corresponding mathematical 
description.

The introduced mathematical apparatus allows 
us to build a description of hydrodynamic processes 
occurring in vessels of complex shape. Let’s consider 
results of geometrical modeling, based on use of the 
offered mathematical apparatus presented in Table 2 
and realized in system Mathlab. Simulation results to-
gether with the corresponding fragments of the script 
are presented in Table 3. 

The mathematical support in Table 3 makes it pos-
sible to construct a system of transfer equations for 
vessels of complex shape. Table 4 presents entries of 
the transfer equations for vessels with U-shaped bends.
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Table 1
Correspondences of typical sections of the vascular system to mathematical surfaces

Typical sections of the vascular system Mathematical surfaces

Figure 12 Figure 12.1

Figure 13 Figure 13.1

Figure 14 Figure 14.1

Figure 15 Figure 15.1
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Table 2
Mathematical description of typical surfaces of vessel sections

Vessel sections Mathematical description
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Screw-shaped twisted elliptical cross-section surface
Figure 15.1

x = x(u, ν) = {b+[acos(ν)cos(θ) –dsin(ν)cos(θ)]}cos(u);
y = y(u, ν) = {b + [acos(ν)cos(θ) – dsin(ν)cos(θ)]}sin(u);

z = z(u, ν) = cu + [acos(ν)sin(θ) – dsin(ν)cos(θ)]

Here: θ – angle of twisting of the flat ellipse; p – parameter [-1,1]; u – angle in the xOy coordinate plane, counted from the Ox
coordinate axis toward the Oy axis; v - angle [0,2π]; a, b, d – given parameters.
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Table 3
Results of geometric modeling of the vessel surface

General parameters
p=0;    a=2;    b=6;    c=2;    d=1;    n=20;    m=20;    t=sqrt(b^2+c^2);

m,n – grid size; p, a, b, c, d – simulation parameters.
a1=cos(v).*cos(p*u); a2=sin(v).*sin(p*u); a3=cos(v).*sin(p*u); a4=sin(v).*cos(p*u); a5=a.*a3+(2*pi-0.5*u).*a4;

x=(b-(a.*a1-d.*a2)).*cos(u)+c.*sin(u).*a5/t;
y=(b-(a.*a1-d.*a2)).*sin(u)-c.*cos(u).*a5/t;  z=c.*u+b.*a5/t

Mathematical surfaces Changeable parameter

u=[0:2*pi/m:0.5*pi];

u=[0.5*pi:2*pi/m:1.5*pi];

u=[1.5*pi:2*pi/m:4*pi];
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Mathematical surfaces Changeable parameter

u=[0:2*pi/m:2*pi];
a5=a.*a3+(0.5*u).*a4

u=[2*pi:2*pi/m:4*pi];
a5=a.*a3+(2*pi-0.5*u).*a4

Table 4
Transfer equations for U-bend vessels
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orthogonal coordinates (ξ, η, φ) takes the form:
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Conclusion
We have convincingly shown that typical coordi-

nate systems (cylindrical, spherical, etc.) cannot be 
used for mathematical description of vessels, which 
usually have a complex shape. Mathematical descrip-
tion of vessels of complex shape should be performed 
using different coordinate systems for different char-
acteristic areas, as shown in Table 2. The totality of 
results presented in Table 4 allows performing simula-
tion of flows in vessels with complex shape.

In the case when the vessels form some system, to 
calculate the parameters of the flows it is necessary to 
use the hydrodynamic equations that allow to describe 
the branched vessels. Consideration of this issue, as 
well as modeling of changes in the internal diameters 
of vessels depending on various factors will be devoted 
to the following works. 

Acknowledgements
The authors express their deep gratitude to 

Univ.-Prof., Dr. Nikolai N. Korpan of Vienna, 
Austria, for kindly providing photographs of the 
blood vessels.

Statements and Declarations
We have not a financial, commercial, legal, or pro-

fessional relationship with other organizations, or 
with the people working with us, that could influence 
our research. 

The authors have no conflicts of interest.

Competing Interests and Funding
We have not any competing interests and funding. 

The work has no sources of funding.

.
x x x

y y y

z z z

p p p
B J p p p

p p p

  

  

  

     
 

      
      

Here: ρ – liquid density; μ – dynamic fluid viscosity; p – fluid pressure; ( , , )
( , , )

D x y xJ
D


  

 – coordinate transformation Jacobian; u, 

v, w – covariant components of the velocity vector in the Cartesian coordinate system; U, V, W – counter variant components 
of the velocity vector in the coordinate system (ξ, η, φ): U = uξx + vξy + wξz, V = uηx + vηy + wηz, W = uφx + vφy + wφz.
The first two equations are written in a conservative form derived from the equations in Cartesian coordinates using the Vivi-
en-Vinokur transform. We consider the flow in the curvilinear section of the channel. At the inlet of the channel, the mass flow 
rate is set as a boundary condition. On the solid wall of the channel, sticking conditions for velocity are set:
η = ± R 0 ≤ φ ≤ 2π : V = 0.
In order to obtain the boundary conditions for the pressure, the equations of motion with the adhesion condition on the wall 
will be transformed to the form:

   2 2 2
x y z x x x

uJ J p p p  

                     

   2 2 2
x y z y y y

vJ J p p p  

                     

   2 2 2
x y z z z z

wJ J p p p  

                     

Multiplying these equations by the derivatives ηx, ηy, ηz, respectively, and adding them, taking into account the orthogonality 
of the grid, we pass to the expression:

.x y z
u v w pJ J J J           

             
           

Successive transformations of this expression allow obtaining the value of the pressure derivative in the direction perpendicular 
to the wall:

1 .p VJ
J

   
     

This equation is used as the boundary condition for the pressure on the solid wall.
At the output of the channel (in the last block) the pressure is fixed and the soft boundary conditions of linear extrapolation are 
set for the desired values:
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Abstract
The article presents some experimental results demonstrat-
ing the suitability of using the psycho-physiological reactions 
recorded with the Cardiocode device and the Barrier-14 poly-
graph to specially selected visual stimuli in order to assess the 
degree of authenticity of vital goals chosen by a person as key 
benchmarks in the implementation of the desired future.
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Introduction
The image of the future is one of the key bench-

marks, or guidelines, for a modern person, referred to 
which he/she organizes his/her life, determines his/
her priorities, prepares and implements his/her ev-
eryday plans [3, 5, 7]. But in the formation of such a 
guideline, each of us, in addition to our own needs, 
also takes into account that effect that the achievement 
of the intended result will have on the environment 
of significance for us. Even if it is not our intention 
at all, we somehow experience an influence of a cer-
tain kind of stereotypes. As a result, there are multiple 
distortions of the proper goals themselves, and even 
what we really do not need and what we are not going 
to achieve in reality are outlined as such goals. These 
distortions and illusory goals are well known to cogni-
tive therapists as Aaron Beck’s automatic thoughts and 
Alfred Adler’s fictional finalism theory of personality 
[1, 2]. Aggravated in times of global change by anxiety 
and fear, these distortions still further disorientate a 
person [4, 8, 9, 12, 13, 15].

As we have shown earlier, in addition to rational 
assessments by a person of the subjective significance 
for him/her of the declared goals as components of the 
desired future, which are more amenable to cognitive 
distortions, instrumentally recordable psycho-physio-
logical reactions to such declarations can be success-
fully used to estimate the degree of their authenticity 
[6, 10, 11, 14, 16-19]. In particular, an affective com-
ponent of such an assessment can be estimated by 
changes in heart rate variability during the presenta-
tion of some visual stimuli collected in the form of a 
test battery, using the control questions method [10]. 
Probably, additional information about a person’s real 
preferences and the structure of his/her ideas about 
the desired future can be obtained by recording, along 
with cardiometric indicators, including data on invol-
untary electrodermal responses, blood pressure, the 
respiratory rate and depth.

Materials and Methods
In the course of testing the hypothesis formulated 

above, a total of 27 test subjects took part in the ex-
perimental part of the study. Each of the respondents, 
using sets of metaphorical associative cards, selected 
visual illustrations for the most significant purposes 
as indicators of the realization of his/her own dreams. 
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After choosing such illustrations for each of them, the 
respondents selected an antipode picture according to 
the principle of compiling semantic differentials. One 
example of such collections is shown in Figure 1 given 
herein. From these pairs, a test battery of visual stimuli 
was compiled, the responses to an alternate presenta-
tion of which were simultaneously recorded with the 
PC-assisted Cardiocode device and the PC-assisted 
Barrier-14 polygraph.

Our study included such multiple presentation of 
each stimulus, where and when:

- firstly, looking at the stimulus, the respondent 
had to say the phrase: “The most useful”;

- secondly, in response to the next stimulus, the re-
spondent had to say: “The most desirable!”;

- thirdly, the phrase was used: “The most presti-
gious.”

The selection of the above phrases was made based 
on the activation in a sequence as follows: pragmatic 
components in the respondent’s assessment system of 
the content presented to him/her as the first presenta-
tion; affective components as the second presentation; 
socially determined normative components of the as-
sessment as the third presentation.

To determine the degree of validity of the information 
received, as a preliminary test, each respondent was pre-
sented with images of terrible and nice animals in pairs. 
Examples of such images are shown in Figure 2 herein.

At the time of the appearance of each image in the 
first presentation, the respondent had to say the phrase: 
“The best”. In the second presentation, the respondent 
used the phrase: “The worst”. After each phrase, using 
the devices described above, a cardiogram, a plethys-
mogram, respiratory rate and respiration depth pa-
rameters as well as indicators of electrodermal activity 
(galvanic skin response) were recorded for 15 seconds 
according to the Ch. Féré method.

Also, to assess the validity, after the main part of 
testing, additional measurements of the same param-
eters were carried out in response to the presentation 
of toy miniatures, used for Sandplay therapy, as stim-
ulus material. Like all previously utilized test batteries, 
each positively loaded stimulus in the above set was 
combined with a negatively loaded one: a lotus sim-
ulant versus a figurine of an aggressive crocodile, an 
apple simulant versus a rubber figurine of cobra, an 
imitation of juicy ripe grapes versus an imitation of 
an unpleasant spider, etc. Examples of such pairs are 
shown in Figure 3 herein.

In the next set of measurements, the respondents 
silently examined in a thorough manner each stimu-
lus in their sequence, which the experimenter’s assis-
tant put into the test subject’s hand, free of the sen-
sors. Each time when the experimenter’s assistant 
put a stimulus into the respondent’s hand, using the 
devices described above, a cardiogram, a plethysmo-

Figure 1. Examples of metaphorical associative cards chosen by the respondents as a symbolic designation of their vital goals (top 
row) as well as metaphorical associative cards, which were considered as antipodes to the images from the top row (bottom row).
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Figure 2. Examples of nice and terrible animals used in the process of validating the information received.

Figure 3. Examples of toy miniatures used in the validation process, utilized in Sandplay therapy (in the selection, each positively 
loaded stimulus from the right column was selected as its emotional antipode toy stimulus, examples of which are shown in the 
left column).
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gram, respiration rate and depth parameters as well 
as indicators of electrodermal activity (galvanic skin 
response) were recorded for 15 seconds according to 
the Ch. Féré method.

Results and Discussion
In all respondents, without any exception, the dif-

ference between the values of the Baevsky stress index, 
determined automatically by the Cardiocode device, 
for the visual stimulus recorded upon presentation 
associated with the most significant goal, was found 
several times greater than the same indicators for the 
visual stimulus chosen as an alternative. A significant 
difference for the same stimuli was also recorded for 
those indicators that were recorded using the poly-
graph. Automatically determined by the polygraph 
Barrier-14, the length of the line of the graph of the 
change in the measured value and the area under this 
curve for all characteristics, with the exception of the 
plethysmogram, differed at least by a third. The most 
significant difference was demonstrated by the indi-
cated values for the recorded electrodermal activity 
(GSR). In that case, the difference was reported as an 
increase by a factor of 2-3 in the area under the curve, 
that describes the change in the respondent’s GSR on 
the polygram, in response to the presentation of the 
reference stimulus exceeding the respective indicators 
for the main relevant stimulus.

A similar regularity was observed for all the indi-
cated values upon presentation of the images of ter-
rible and nice animals, as well as upon presentation 
of the toy miniatures used for Sandplay therapy. This 
circumstance served as the basis for considering infor-
mation about reactions to visual representations of the 
respondents’ vital goals and to their visual alternatives 
as valid.

An important feature of the experiments was the 
fact that the maximum difference found between the 
visual display of a vital goal and its visual alternative, 
as a rule, corresponded to the place in the hierarchy of 
the goals that its author subjectively outlined for him-
self/herself. In most cases, the most significant goal 
corresponded to the maximum difference therein, and 
the least significant goal was recorded in correspon-
dence to the minimum difference.

In terms of informative value, the most valuable 
data in estimating the actual value of a particular 
goal were obtained using the Cardiocode device and 
the Barrier-14 polygraph designed to record elec-

trodermal activity (GSR). The most ambiguous and 
uninformative data were obtained on the basis of the 
calculation of plethysmograms. It should be noted 
that similar problems with recording and processing 
of plethysmograms are constantly reported by many 
polygraph experts. Therefore, in a number of modern 
polygraphs, delivered from abroad, plethysmogram 
recording is not available at all. 

The greatest difference between the indicators of 
psycho-physiological reactions for visual designation 
of the vital goals and their alternatives was found in 
the case when, in response to each stimulus present-
ed, the respondent had to say the phrase: “The most 
desirable!”. This can be explained by the fact that the 
above answer option was originally envisaged as a way 
to focus the respondents’ attention not on the prag-
matic and normative, but on the affective component 
of assessing the expected result in the future.

When choosing among their primary goals, the 
respondents gave significant preference to the possi-
bility of maintaining a strong relationship with their 
beloved in the future, maintaining health and a possi-
bility to travel. Further, in order of their importance, 
the goals were listed as follows: achievements in work, 
financial indicators of a successful future and popu-
larity, public recognition. The group of the most fre-
quently chosen components of the desired future was 
closed by a variety of hobbies and successes related to 
personal self-development. At the same time, it should 
be noted that the less impressive indicators of instru-
mental diagnostics, found in relation to the last group 
of the goals, induced initially some confusion in many 
respondents. However, upon their short-time reason-
ing, they, as a rule, have recognized that the differenc-
es revealed by the instrumental method reflect more 
accurately the hierarchy of the designated goals. 

A more detailed analysis of what the respondents 
consider as criteria, parameters and indicators of the 
implementation of the vital goals indicated with the 
help of metaphorical maps, carried out during the 
post-test conversations, revealed the following. First-
ly, for the majority of the respondents, ideas about the 
family imply establishing a sustainable partnership 
with their chosen one. In the partnership, mutual sup-
port, trust and an opportunity to “have a nice, inter-
esting time” has turned out to be the most significant. 
Children (usually no more than two) in such a family 
model are most often seen as a distant vague prospect. 
It is also noteworthy that the official legalization of 
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such relations is declared as something desirable, but 
not mandatory. Male respondents tend more often to 
follow the above option of successful marriage.

With regard to the possibility to travel as a vital goal, 
most often the respondents could not say specifically 
what they mean by that: the majority of the respondents 
could not say anything definite where exactly to travel, 
or when and how strong they want to go on a trip. They 
simply considered it sufficient for themselves to desig-
nate such a possibility in general, without specifying it. 
Therefore, all this may well be attributed to the category 
of the phenomenon of fictional finalism mentioned in 
the introduction. Recall that the phenomenon desig-
nated by A. Adler by the term “fictional finalism” con-
sists in the desire of people to set goals that are unlikely 
to be realized and the achievement of which can neither 
be verified nor confirmed. They act as some comfort-
ing fictions that help an individual to accept the “harsh” 
reality as is. In addition, such goals help maintain a per-
son’s interest in self-development, in mastering experi-
ence, knowledge, and skills that can be useful in various 
types of everyday practice (for example, learning for-
eign languages).

Similar broad and indefinite guidelines were re-
ported in the respondents when identifying the goals 
associated with maintaining health. As a rule, in this 
case, everything has been limited to the idea “not get-
ting sick”. Unfortunately, we have to state that all the 
efforts aimed at popularizing a healthy lifestyle have 
left only declarative narratives of proper nutrition and 
physical activity in the respondents’ mind without any 
parametric support for translating these slogans into 
their reasonable behavior. 

Conclusions
The conducted studies convincingly show the valid-

ity of the assumption that for the purpose of an assess-
ment of the degree of authenticity of vital goals cho-
sen by a person as his/her key guidelines for realizing 
the desired future, the instrumentally recordable psy-
cho-physiological reactions to visual representations 
of such goals can be successfully applied. It has been 
established that the most informative indicators of the 
hierarchical significance of such components of the im-
age of the desired future are the Baevsky stress index 
and the parameters of electrodermal activity (GSR). 

Discussion of this sort of results in the course of 
post-test conversations in the form of an interview, fo-
cused on them, essentially, in the shortest possible time, 

contributes to clarification of the respondent’s life posi-
tion, to an identification of the features of his/her own 
life scenario, taking into account his/her attitude to the 
desired future. In this regard, the following types of at-
titudes towards one’s future that we have discovered can 
serve as a preliminary guideline for the researcher: 

 – the illusory-optimistic attitude, which according to 
A. Adler corresponds to the dominant fictitious final-
ism based on the belief that “everything will be fine” 
as a form of compensation for an inferiority complex 
and uncertainty in one’s own viability and success;

 – pragmatic optimism, when the respondent un-
derstands how and on what signs or markers he 
identifies the achievement of the designed goals, 
what advantages of the achievements can be used 
by him/her in the future, and what should be done 
for this purpose;

 – banal submission to circumstances, manifested in 
the attitude “If something is meant to be, it shall 
be”, “nothing depends on me, therefore there is 
nothing to think about it at all”;

 – fatal pessimism, when the belief “no matter what 
you plan, it won’t work out” dominates.
Focusing the post-test conversation on the results of 

the application of the means of visual and instrumental 
cognitive science also is useful in identifying the pres-
ence or the absence in the behavior and reasoning of 
the respondent of such signs of subjectivity like:

 – activity or pronounced passivity, responsibility for 
one’s destiny or subjection to chance;

 – independence and thoughtfulness in the genera-
tion of goals or the desire to act according to cer-
tain patterns;

 – demonstration of readiness to achieve what is de-
signed;

 – willingness to negotiate with partners and poten-
tial competitors or the desire to obey other people;

 – self-organization as a choice of expedient actions 
and subordination of implemented plans to the de-
signed goals;

 – self-learning as the transformation of new experi-
ence into a tool for achieving his/her own goals;

 – ability of the respondent to involve others in the 
implementation of his/her plans.
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Abstract
The article presents the results of studying the effect of preg-
nancy on the functional state of the cardiovascular system 
in women. Their evaluation indicates that during pregnan-
cy there is a significant increase in heart rate, arterial blood 
pressure, systolic blood volume (SBV), minute blood volume 
(MBV), circulatory efficiency ratio (CER), a significant decrease 
in the total peripheral vascular resistance (TPVR), a significant 
fluctuation in both directions in the pulse pressure (PP), the 
average dynamic arterial pressure (ADAP) and the endurance 
factor (EF) in women. By the end of pregnancy, the heart rate 
increased to 89.1 beats per minute (P < 0.001), systolic blood 
pressure increased to 151.5 mm Hg (P < 0.001), diastolic pres-
sure up to 92.7 (P < 0.001), while in reference group women 
the values thereof were recorded to be 71.2 beats per minute, 
121.6 and 81.3 mm Hg, respectively. The mean values of PP and 
ADAP in the second trimester decreased to 36.5 (P < 0.02) 
and 87.9 (P < 0.01) mm Hg, respectively, and in the third tri-
mester they increased to 58.8 (P < 0.001) and 117.4 (P < 0.001), 
while in the non-pregnant women they were reported to be 
40.3 and 97.9, accordingly. SBV reached its maximum value 
of 61.1 ml (P < 0.02), in the middle period of pregnancy, and 
MBV reached 5.4 l/min (P < 0.001), and CER was recorded to 
be 5250 at the end of pregnancy, while the in women of the 
reference group they were reported to be 57.9 ml, 4.1 l/min 
and 2875, respectively. 
The mean value of TPVR in the second trimester decreased to 
1332 (P < 0.001) dyn·s·cm-5, and EF increased to 23.0 (P < 0.001), 
while in reference women they were recorded to be 1832 and 
17.7, respectively.
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The most important event in a woman’s life is pregnan-
cy, and therefore every woman seeks to fulfill this main 
duty, her instinct of motherhood. Pregnancy is a process 
during which a new life, a new cell, which turns into a hu-
man being, is born. Pregnancy is a period in a woman’s 
life during which an embryo, a fetus, develops in her body.

For every young family, the conception and birth 
of a child is a responsible step. In this connection, an 
acquisition of housing and job for most families is a 
prerequisite for this event.

Pregnancy is a process, during which a woman’s 
body adjusts to meet the needs of the fetus.

Numerous studies have established that the fetus 
develops in accordance with the changes occurring in 
the mother’s body [11].

Moreover, the condition of the fetus is important 
for the mother’s body in general. Therefore, the vi-
tal activity of the mother’s body during pregnancy is 
aimed at creating optimal conditions for the growth 
and development of the fetus [9, 10].

The first trimester of pregnancy is accompanied 
by changes in the functioning of the cardiovascular, 
the respiratory, the digestive, the nervous and the hor-
monal systems in the woman.

During pregnancy, the load on the heart, the liv-
er and the kidneys doubles, and there is an increase 
in the tension of the nervous, the endocrine and the 
immune systems. The additional load on the woman’s 
body during this period makes it necessary to adapt it 
to new living conditions.

During this period, there is a restructuring of the 
entire lifestyle, hygiene, sleep, rest, nutrition, clothing 
and muscle load.

Therefore, we can assume that during pregnancy 
there is a test of the woman’s body for strength.

For a woman planning to conceive, it is important 
to have good health and strong immunity.

An impact of negative factors does not lead to sig-
nificant changes in the environment of the fetus, since 
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the level of reserves created in the process of adapta-
tion exceeds the needs of the fetus.

Timely detection of changes in the body of a preg-
nant woman will avoid possible disorders in the devel-
opment of the fetus [14].

In this connection, the study of the state of the car-
diovascular system as the most important system in 
the body during pregnancy is significant.

Materials and methods
In order to study the functional state of the car-

diovascular system of women during pregnancy, 
we conducted research in the maternity ward at the 
Urus-Martan District Hospital.

The object of research covered 40 clinically healthy 
women, aged from 23 to 25 years. The test subjects were 
divided into four groups, 10 women in each group. The 
reference group consisted of non-pregnant women, and 
the experimental groups were divided into 3 groups de-
pending on the trimester of pregnancy.

The women were included in the experimental 
groups with their consent, taking into account the ab-
sence of contraindications for the course of pregnancy.

The functional state of the cardiovascular system 
was assessed using the heart rate, blood pressure and 
calculated indicators.

Measurements of arterial blood pressure and heart 
rate were performed using automatic tonometer OM-
RON M3 Expert.

For statistical processing of the results of the exper-
iment, the Biostatistics software was used.

Results and Discussion
The state of the cardiovascular system of women 

during pregnancy is shown in Table 1 and Figure 1 
given herein.

We can conclude that the average indicators of the 
cardiovascular system of women undergo significant 
changes during pregnancy.

Table 1
Cardiovascular system and age of women during pregnancy

Indicators Reference Trimester of pregnancy
1 2 3

HR, beats per minute 71.2±1.88 80.7±1.87*** 83.4±1.96*** 89.1±2.08****
Systolic blood pressure, mm Hg 121.6±2.10 120.1±2.14 109.0±2.45*** 151.5±2.56****
Diastolic blood pressure, mm Hg 81.3±1.75 80.2±1.65 72.5±1.72*** 92.7±1.87***
Age, year 24.1±0.28 23.8±0.20 24.4±0.22 23.4±0.22

***P < 0.01; ****P < 0.001

 
Figure 1. State of the cardiovascular system and age of women during pregnancy
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Thus, the heart rate in the first trimester is higher 
by 9.5 (P < 0.01) beats per minute, in the second tri-
mester it increases by 12.2 (P < 0.01), and in the third 
trimester by 17.9 (P < 0.001), respectively, compared 
with the values of the non-pregnant women.

The maximum blood pressure in women in the 
first trimester of pregnancy decreased by 1.5 mm 
Hg, in the second trimester it decreased by 12.6 
(P < 0.01), and in the third trimester it increased by 
29.9 (P < 0.001), as against the values of the reference 
women. In the first and second trimesters of pregnan-
cy, the average level of diastolic blood pressure is lower 
by 1.1 and 8.8 mm Hg (P < 0.01), and in the third it is 
higher by 11.4 (P < 0.001), as compared with those in 
the reference women. Our data are also confirmed by 
other researchers. According to S. Joanna [15], in the 
first trimester of pregnancy, the heart rate increases by 
5-7 beats per minute, and by the end of pregnancy it is 
higher by 15-20 beats per minute.

During pregnancy, the heart rate increases by 15-
20 beats per minute, as reported by A.A. Kikshun [12].

In the first trimester of pregnancy, the pulse in-
creases by 10-15 beats per minute; in the subsequent 
trimesters, it does not change [4, 12]. During pregnan-
cy, there is an increase in the load on the heart and 
blood vessels, which is due both to an increase in the 
amount of circulating blood and an additional circuit 
of blood circulation that feeds the fetus [14].

In the first trimester of pregnancy, there is an in-
crease in the heart rate and the volume of the heart cav-
ities [1]. In the second trimester of pregnancy, there is a 
decrease in systolic and diastolic pressure by 5-15 mm 
Hg [2]. During pregnancy, there is an increase in the 
heart rate, a decrease in blood pressure in the second 
and an increase in the third trimester by 10-15% [6].

Arterial blood pressure decreases by the middle 
of pregnancy by 5-15 mm Hg, and by the end it levels 
off with the initial level, the heart rate increases by 15-
20 beats per minute by the end of the pregnancy [13, 16].

The heart rate by the end of pregnancy increases by 
15-20 beats per minute, and blood pressure in the first 
trimester drops by 8-15 mm Hg [7].

Obviously, a significant increase in the heart rate 
and fluctuations in blood pressure during pregnancy 
are due to an enhancement in the cardiac activity and 
a drop in peripheral blood pressure due to an addi-
tional circuit of blood circulation between the moth-
er’s body and the fetus.

Other scientists operate with similar data in their 
studies. According to Belkaniya G.S. et al, in the sec-
ond trimester of pregnancy, due to a drop in periph-
eral vascular resistance caused by the uteroplacental 
circulation, there is a decrease in blood pressure by 
8-15 mm Hg, and in the third trimester there is an in-
crease therein to 10-15% [4].

We can conclude that all indicators characterizing 
the functional state of the cardiovascular system un-
dergo significant changes during pregnancy.

The average level of pulse blood pressure in the sec-
ond trimester is lower by 3.8 mm Hg (P < 0.02), and 
in the third trimester it is higher by 18.5 (P < 0.001), 
compared with the level of the reference women. The 
value of the average dynamic blood pressure in the 
second trimester decreased by 10.0 mm Hg (P < 0.01), 
and in the latter it increased by 19.5 (P < 0.001) rela-
tive to its baseline.

The value of systolic and mean dynamic blood 
pressure in women in the last trimester of pregnancy 
is higher than the physiological norm, due to an en-
hanced cardiac activity.

Table 2
Influence of pregnancy on the functional state of the cardiovascular system in women

Indicators Reference Pregnancy trimester
1 2 3

Pulse pressure (PP), mm Hg 40.3±0.47 39.9±0.78 36.5±1.25** 58.8±1.33****
Average dynamic arterial pressure (ADAP), mm Hg 97.9±1.80 97.0±1.76 87.9±1.92*** 117.4±2.13****
Systolic blood volume (SBV), ml 57.9±0.93 58.5±0.89 61.1±1.07** 60.7±1.23
Minute blood volume (MBV), l/min 4.1±0.06 4.7±0.06**** 5.1±0.10**** 5.4±0.11****
Total peripheral vascular resistance (TPVR), dyn·s·cm-5 1832±23.3 1582±20.5**** 1332±25.4**** 1660±33.3***
Circulatory efficiency ratio (CER) 2875±103.4 3228±122.4 3056±155.7 5252±210.4****
Endurance factor (EF) 17.7±0.35 20.3±0.41**** 23.0±0.67**** 15.2±0.35****

**P < 0.02; ***P < 0.01; *** P < 0.001



168 | Cardiometry | Issue 24. November 2022

The amount of blood ejected by the ventricles of the 
heart in one systole is significantly higher in the second 
trimester of pregnancy. Thus, the value of this indicator 
is higher by 3.2 ml (P < 0.02), compared with the value 
in the non-pregnant women. The systolic and minute 
blood volume is at the lower limit of the norm.

The minute volume of blood in all groups of preg-
nant women is highly significantly greater than the 
value in the reference women. Thus, the maximum 
increase in this indicator is found in the last trimes-
ter of pregnancy, and it is recorded to be 1.3 l/min 
(P < 0.001). Other researchers have obtained similar 
results in their studies.

Wolff M. and Stute P. believe that pregnancy caus-
es an increase in cardiac output by 30-40% and in the 
activity of the left ventricle [5]. Kikshun A.A. [12] re-
ports that during pregnancy there is an increase in the 
stroke volume of the heart by 30%.

According to Belkaniya G.S. et al, [4] the pregnan-
cy progression is accompanied by an increase in the 
volume of circulating blood by 40-55%.

An increase in the amount of circulating blood by 
30-45% is observed in the first trimester of pregnancy. 
The minute volume of the heart starts to increase from 
the beginning of pregnancy and reaches the highest 
value of 6-7 l/min by the middle of the last trimester 
[15]. From the fourth to the eighth week of pregnan-
cy, an increase in cardiac output appears and reaches 
its maximum value of 40-50% in the second trimester 
[1]. Cardiac output from the beginning of pregnancy 

increases by 30-40%, and the cardiac output, gradually 
increasing from the beginning of pregnancy, reaches 
its maximum (6-7 l/min) by week 28-32 [7].

During pregnancy, the volume of circulating 
blood, gradually increasing from its beginning, reach-
es its maximum (3900-4000 ml) by week 29-36 [13]. 
The level of TPVR in women is within the physiolog-
ical norm. The value of TPVR is significantly lower in 
pregnant women.

Thus, the greatest decrease in TPVR is recorded to 
be 500 dyn·s·cm-5 (P < 0.001) in the second trimester 
of pregnancy, as compared with the value of the refer-
ence women.

Our evidence data are confirmed by other scien-
tists. The process of pregnancy is accompanied by a 
decrease in the total peripheral vascular resistance due 
to an increase in functioning capillaries by 16%, an 
increase in cardiac output, and an increase in cardiac 
output by 30% [6].

The average value of the circulatory efficiency ratio 
in the test women is above the norm that indicates the 
presence of fatigue. The level of CER during pregnan-
cy gradually increases, reaching a significant differ-
ence in the third trimester.

Thus, the value of CER in women in the last tri-
mester is higher by 2377 (P < 0.001) as against the ini-
tial level.

The value of EF in the groups of examined wom-
en is higher than the norm that is an indicator of the 
weakening of the cardiovascular activity.

 
Figure 2. Functional state of the cardiovascular system in women during pregnancy
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The endurance factor during pregnancy undergoes 
significant changes in both directions. Thus, EF in the 
first trimester increased by 2.6 (P < 0.001), in the sec-
ond trimester by 5.3 (P < 0.001), and in the third tri-
mester it decreased by 2.5 (P < 0.001), compared with 
the level in the reference women.

During pregnancy, there is a significant change in the 
functional activity of the organs and the systems of the 
body [8]. The main purpose of these changes is to create 
the conditions necessary for the growth, development of 
the fetus and the normal course of the birth process.

Thus, during pregnancy, the systolic blood volume, 
the minute volume of blood and the circulatory efficiency 
ratio significantly increase, the total peripheral vascular 
resistance significantly decreases, and the pulse pressure, 
average dynamic arterial pressure and endurance factor 
undergo significant fluctuations in both directions.

Conclusions
1. In the second trimester of pregnancy, the level of 

pulse blood pressure decreases by 9.4% (P < 0.02), and 
in the third trimester it increases by 45.9% (P < 0.001), 
as compared with the values in the reference women.

2. The value of the average dynamic arterial 
pressure is lower in the second trimester by 10.2% 
(P  <  0.01), and in the third trimester it is higher by 
19.9% (P < 0.001), as against the initial level.

3. The level of systolic blood volume increases in 
the second trimester by 5.5% (P < 0.02), and in the 
latter by 4.8%, as compared with the values in the ref-
erence women.

4. Minute blood volume during pregnancy under-
goes a gradual increase, reaching a maximum increase 
of 31.7% (P < 0.001) in the last trimester of pregnancy.

5. Total peripheral vascular resistance decreases 
during pregnancy, reaching a maximum decrease of 
27.3% (P < 0.001) in the second trimester.

6. The circulatory efficiency ratio increases during 
pregnancy, reaching the largest increase of 82.7% 
(P < 0.001) in the last trimester.

7. During pregnancy, the endurance factor un-
dergoes significant fluctuations in both directions. 
Thus, its value in the second trimester is higher by 
29.9% (P < 0.001), and in the third trimester it is low-
er by 14.1% (P < 0.001), as compared with the initial 
values.
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Abstract
In our case, we report a 67-year-old male admitted with lower 
limb ischemia for angiography under vascular surgery. During 
the procedure, he exhibited a sudden change in consciousness 
level, an abnormal breathing pattern, and bradycardia associ-
ated with normal blood pressure. This case represents a rare 
and detrimental manifestation of the Cushing reflex present 
with isolated bradycardia. This case report concluded a possible 
early haemorrhagic insult on top of chronic infarction. To direct 
the patient to the appropriate course of action, they must be 
monitored in an intensive care unit and have their intracranial 
pressure continuously checked.
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Abbreviation
CT angiography = Computed tomography angiogra-

phy, MAP = Mean arterial pressure, ECG = Echocardio-
gram, CT brain = Computed tomography brain, ICP = 
Intracranial pressure IV = intravenous, CK-MB = Cre-
atine kinase-MB, CK = Creatine kinase, GCS = Glasgow 
coma score, ACLS = Advanced cardiac life support.

Introduction
Cushing’s Triad is defined as respiratory irregular-

ity, bradycardia, and hypertension. Hypertension is 
considered the most common presentation, whereas 
hypotension is rare and associated with detrimental 

consequences [1]. Originally, Cushing’s Reflex was 
first described in 1903 as acute hemodynamic changes 
in response to intracerebral haemorrhage [2, 3]. Later, 
this brain-heart interaction was studied with a signal-
ing pathway that may indicate acute brain insult [4]. 
In 1977, Dr. Fitch demonstrated that an increase in 
blood pressure was the last of the six indices related 
to increased intracranial pressure [5]. Cushing’s reflex 
is a protective mechanism and possibly a sign of fa-
tal brain insult brought during critical brain ischemia, 
which can lead to a release of catecholamines that 
increases MAP (mean arterial blood pressure) in re-
sponse to the rising intracranial pressure [6]. There is 
a paradoxical response in Cushing’s Triad as whenever 
there is a release in catecholamine, which leads to a 
rise in blood pressure, surprisingly, it is not accom-
panied by tachycardia as expected. The main feature 
is the bradycardia that reflects the vago-sympathetic 
response [7]. Cushing’s Reflex is considered a late and 
ominous phenomenon that presents before circulato-
ry failure. When brain insult occurs, brain edema is 
initiated, which progress till it compromises the brain 
blood vessel causing compression and eventually isch-
emia. The body’s response to stroke activates the sym-
pathetic nervous system, leading to a catecholamine 
flare state [8]. Peripheral vasoconstriction leads to a 
raised blood pressure level of more than 20% above 
the baseline to keep the mean arterial blood pressure 
above intracranial pressure to overcome the pressure 
gradient and maintain adequate brain perfusion [9]. 
Activation of the sympathetic nervous system and 
increased systemic blood pressure stimulate Baro-re-
ceptors in the carotid bodies. This leads to a drastic 
slowing in heart rate till bradycardia [10, 11]. Irreg-
ular breathing patterns are related to reduced brain-
stem perfusion, where the body’s autonomic functions 
are controlled and homeostasis is maintained [12]. 
Cushing’s Reflex necessitates a rapid evaluation with 
a CT brain following a discussion with the neurosur-
gical team for acute intervention with decompressive 
craniotomy [13]. The patient will require monitoring 
in an intensive care unit and continuous intracranial 
pressure monitoring to guide them to proper action 
[14, 15]. Although Cushing’s Reflex is a defense mech-
anism to save brain tissue, it is a late sign of increased 
intracranial pressure. Following the present case, the 
patient’s complete clinical presentation indicates the 
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possible cause for bradycardia is a Cushing reflex re-
lated to intracranial pressure.

Case presentation
A 67-year-old Bahraini male known case of Hy-

pertension, Diabetes, Chronic Kidney Disease, and a 
history of a stroke three years ago was admitted with 
dry gangrene in the second toe of the right foot. On 
14 January 2020, the patient underwent amputation 
of the right second metatarsal under local anaesthesia, 
proceeded by a CT angiography. On 18 January 2020, 
the patient developed a sudden drop in Glasgow coma 
score to 13/15 and an abnormal irregular breathing 
pattern. The heart rate dropped 30-40/min from a 
previous 80-90/min range. ECG showed bradycardia 
with a heart rate of 37/min with prolonged QTc 576 
msec. However, the blood pressure was maintained at 
115/59-120/60. Venous blood gases were reported as 
pH 7.32, Pco2 35.4 mmHg, Po2 24.2 mmHg, HCO3 
18 mmol, glucose 13.5 mmol, lactate 0.88 mmol/l. One 
dose of intravenous (IV) Atropine 1 mg was adminis-
trated. However, with no improvement, so dopamine 
infusion was commenced. On admission, an echo-
cardiogram (ECG) showed a normal left ventricular 
cavity, poor global systolic function, and an estimated 
ejection fraction of 20- 25%. Pulmonary artery pres-
sure was 26 mmHg. Cardiac enzymes revealed a mild 
elevation in troponin at 0.12 ng/ml. CKMB and CK 
were normal. The change in the mental status was 

thought to be attributed initially to bradycardia. How-
ever, the Cushing reflex was taken into consideration. 
CT’s brain reported a hyper-dense shadow at the left 
temporal region with a surrounding area of hypoden-
sity, dilatation of the temporal horn of the left lateral 
ventricle, and mild dilatation of the supra-tentorial 
ventricular system. The study concluded a possible 
early hemorrhagic insult on top of chronic infarction. 
The patient got a rapid drop in glass to grow the coma 
scale to 4/15 and was arrested. 

Discussion
Due to the initial absence of hypertension, Cush-

ing’s Triad, the initial impression of this patient’s bra-
dycardia was thought to be related to acute kidney 
injury and hyperkalemia. The expected potassium-in-
ducing cardiac changes in the atrium range between 
5.5 to 6 mmol/L, but this patient’s potassium level did 
not exceed 5.2 mmol/ L. The initial features of hy-
perkalemia on ECG usually involve narrowing the T 
wave, flattening the P wave, and widening the QRS 
complex. This was not evidenced on the patient’s ECG. 
In addition, the patient was not on antihypertensive or 
rate-controlling medications that could have caused 
bradycardia. Given sepsis, the pH level from the pa-
tient’s venous blood gas results does not indicate a lev-
el of acidosis critical enough to affect the heart rate. 
The patient’s bradycardia did not recover following 
two doses of atropine, as the heart rate was 45 bpm. In 

Figure 1. Abnormal Echocardiogram of the patient.
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addition, the patient’s cardiac enzymes and echocar-
diogram confirmed a reduced ejection fraction. As the 
patient had dementia, mental status did not help much 
in the assessment. The patient’s complete clinical pic-
ture indicates that the possible cause for bradycardia is 
a reflex related to intracranial pressure. The findings 
confirmed that the heart rate is not improving to atro-
pine, the change in patient interaction level, abnormal 
breathing pattern, and confirmation of the hemor-
rhagic insult on the CT brain. The presence of nor-
mal blood pressure and later hypotension caused this 
sign to be neglected in the evaluation, and the patient’s 
condition worsened. The question is: would this pa-
tient have benefited from an acute intervention such 
as a decompressive craniotomy? It has been reported 
that early neurosurgical intervention would improve 
severe traumatic brain injury outcomes in younger pa-
tients with higher GCS scores[16, 17].

The fact is that Cushing’s triad is a late response 
to an increase in intracranial pressure on the medul-
lary centres. Intracranial pressure can be monitored 
through intraventricular, intraparenchymal, subdural, 
and epidural catheters[18]. However, the decision to 
do the monitoring is based on the underlying prog-
ress. Neurosurgical guidelines recommend ICP mon-
itoring for patients with post-traumatic brain injury 
presenting with GCS of 3-8, abnormal CT brain, and 
at least one of the following criteria: age more than 40 
years, systolic blood pressure less than 90, or abnor-
mal posturing[14]. Besides this, the indication for ICP 
monitoring is not well-established in non-traumatic 
cases[18]. Generally, patients with rapid neurological 
deterioration from focal space-occupying lesions may 
benefit from surgical decompression and diffuse brain 
swelling[19]. It has been reported that patients with 
the impaired left ventricular function will consequent-
ly have lower blood pressure despite catecholamine re-
lease. Other reasons include severe sepsis and subclin-
ical adrenal insufficiency[20].

It can be concluded that Cushing’s reflex is a late 
mechanism that led the patient brain to accommo-
date the increase in intracranial pressure[6]. It may 
be a time for life-saving interventions. Hypertension 
is a common manifestation of Cushing’s reflex and 
purpose to maintain cerebral perfusion[21]. Howev-
er, hypotension is considered a rare and detrimental 
manifestation which can make Cushing Reflex less to 
be considered[22]. Normal blood pressure should not 
rule out the possibility of Cushing’s reflex, especially 

in extreme age, severe atherosclerotic disease, cardio-
myopathy, reduced ejection fraction, and cardiac out-
put[23]. Bradycardia can cause altered mental status 
due to reduced cardiac output[24]. This can be treated 
as per ACLS guidelines, and focusing on bradycardia 
alone may lead to missed brain insult [25, 26]. 
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Abstract
Introduction: The implementation of endosseous showed ex-
pected outcomes related to survival and successful oral man-
agement. Nowadays, interest in achieving an excellent esthetic 
outcome increased in implant dentistry. Dental implants’ aesthet-
ic outcomes demand understanding of fundamental biological 
principles and proficiency in various surgical procedures. Titani-
um alloys and titanium are the gold standards as a material of 
choice. Evaluate the rate of survival and fracture by dental im-
plants of one-piece zirconia with a year follow-up history. Meth-
odology: This study was based on a systematic review, carried 
out through PubMed, Embase and Medline databases consider-
ing clinical studies only from 2016–2022 published data. Results: 
Eleven articles were selected out of 1024 initially. Evaluated a to-
tal number of 658 one-piece implants, with follow-ups from 1–7 
years. The comprehensive survival and fracture rate of one-piece 
zirconia implants is 87.7 % and 4.9% after at least a year of func-
tion. Z-system Zirconia implants showed the highest fracture rate 
among other systems. Conclusion:  Zirconia dental implants are 
a promising solution to replace missing tooth/teeth, especially in 
the case of Titanium allergy, or in patients with sub-optimal soft 
tissue conditions can lead to poor esthetic results. However, more 
clinical practice is required to determine the effective implants 
with fewer complications.
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Summary Box
What is known?

• This systematic review demonstrated the impor-
tance and benefits of dental implants. 
What this study adds?

• The purpose of this systematic review is to evaluate 
the fracture and survival rate of the one-piece yt-
trium-stabilized zirconia dental implants during a 
follow-up period of at least 1 year

Introduction
The implementation of endosseous showed expected 

outcomes related to survival and successful oral man-
agement. Nowadays, interest in achieving an excellent 
esthetic outcome increased in implant dentistry. Dental 
implants’ aesthetic outcomes demand an understanding 
of fundamental biological principles and proficiency in 
various surgical procedures [1]. Titanium alloys and tita-
nium are the gold standards as a material of choice. These 
materials have shown outstanding biocompatibility and 
well-documented successful results [2]. The main draw-
back of titanium is the dark greyish appearance through 
the mucosa, especially in thin phenotype, which will im-
pair the optimum esthetic results [3]. Gingival recession 
or mucogingival deformities around dental implants can 
result in suboptimal esthetics, especially when restoring 
anterior teeth. Moreover, many studies showed that met-
als could induce autoimmune reactions and nonspecific 
immunomodulation [4]. Adverse effects were reported 
after Galvanic dental implants when they interacted with 
saliva and fluoride [5]. However, cellular sensitivity was 
reported as a result of an allergic response to titanium 
ions which are infrequent [6, 7]. An evolving technol-
ogy producing ceramic implants has been improved to 
overcome such disadvantages. Using zirconia implants 
prevents such complications and achieves a high level of 
satisfaction for patients who request metal-free implants 
[8]. The first ceramic implants were based on Aluminum 
oxide. In early 1990, these implants were no longer used 
due to their unsatisfactory biomechanical properties. 
Zirconium dioxide (zirconia) ceramics usually offered as 
an aluminium oxide substitute. It was initially employed 
for the creation of implant abutments and crowns. Zir-
conium dioxide (Zirconia) has demonstrated great bio-
compatibility, fracture resistance, and high strength. 
Compared titanium particles reduced loss of Bones and 
inflammatory response by ceramic particles [8]. Zirconia 
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materials have shown superior results in fracture stiff-
ness and bending power than other ceramics [10]. Early 
failure of ceramic implants can be caused by surface de-
fects, susceptibility to tensile stress, and shear. Strength-
en Zirconia implants have developed recently to become 
a new material for dental implementation [11]. Higher 
flexural strength and fracture resilience, yttrium-stabi-
lized tetragonal zirconia poly-crystals showed superior 
benefits over aluminum oxide for dental implants [1]. 
Zirconia (ZrO2) exhibits an allotropic nature, permit-
ting a hardening mechanism during the phase shift. As 
a result of advanced fracture strength and toughness, the 
mechanical characteristics were greatly improved [12]. 
The yttria-stabilized tetragonal zirconia polycrystalline 
substance can be a substitute for titanium when used to 
create dental implants. Mostly, zirconia implants manu-
factured are single-piece [9]. Single implants have effec-
tive tissue preservation and minimal surgical invasion, 
rapid restoration of the provisional crown as well as easy 
to implant [13]. prosthodontic elements are connected to 
one‐piece implants by cementation only [9]. One-piece 
implants must be positioned in a precise anatomical 
location to ensure the restoration’s cosmetic look [13]. 
Studies on one-piece zirconia implants that concentrat-
ed on their biocompatibility, mechanical characteristics, 
and fracture resistance showed encouraging outcomes 
for their usage in clinical studies [11, 14].

The study aimed to assess the rate of survival and 
fracture in dental implantation by using one-piece zir-
conia for a year of follow-up.

Methodology
In this review systematic way of the study was used 

by the help of PRISMA guidelines (Meta-Analyses) 
[15] considering the recommendation of Needleman 
[16]. This research was based on one-piece zirconia im-
plant an optimal alternative in replacing missing tooth/
teeth in terms of fracture and survival rate in human 
clinical studies on at least a year follow-up hypothesis. 
A Systematic Review was carried out through PubMed, 
Embase and Medline databases considering clinical 
studies only from 2016–2022 published data. The key-
words were used dental implants, zirconium oxide, yt-
tria-stabilize zirconia and polycrystals ceramic.

Inclusion:
One-piece zirconia implant, In vivo studies be-

tween until May 2022 having at least a year Follow-up 
after Implement. Prefer English language journals.

Exclusion:
Two-piece zirconia implant, The PICO analysis 

were used to refine clinical question, where PICO was:
Population: patients with missing tooth/teeth
Intervention: zirconia implants.
Comparison: none
Outcome: clinical outcome survival and fracture 

rate of implants (zirconia).
For assessing the risk of bias Cochrane Collabo-

ration’s tool was used for the quality evaluation. This 
review was using the PRISMA guideline and flow dia-
gram to lower the risk of bias. Additionally, where rel-
evant, the AMSTAR checklist was followed.

Results
The electronic database search yielded 1024 analyses 

and excluded 752 papers after title level exclusion criteria. 
Exclude 254 research based on abstract level screening. Fi-
nally, eleven articles were selected for this review (Fig.1). 

Table 1 shows the selected studies which were in-
cluded according to the study design, sample size, 
implant form, survival and fracture rates, the total 
number of implants lost, and follow-up timing. The 
11 studies selected assessed a total of 658 one-piece 
implants. Clinical studies with a follow-up time range 
of 1 to 7 years were considered low  . All the research 
included in the review evaluated one-piece zirconia 
implants .  Two studies were prospective cohort inves-
tigations, two were retrospective clinical studies, three 
were prospective clinical studies, three were prospec-
tive case series, and one was a randomised clinical tri-
al. The implant system used was The implant system 
used was Z-system, WhiteSKY, , Straumann, ZiUnite.

Description of included studies
Four studies used Z-system implants. Roehling S 

published a clinical study in 2016 to Evaluate the survival 
and success rates of 161 Z-System zirconia implants with 
different Diameters of 3.25 mm (51 implants), 4.0 mm 
(82 implants), 5.0 mm (28 implants) after 7 years of load-
ing. All implants were created before or after surgery and 
were fitted with protective stents or dentures to prevent 
early loading. The prosthetic restoration was performed 
after 3 months follow-up of an implement. In terms of 
prosthetic methods, 112 no. of implants (69.6%), 31 
implants (19.3%), and four implants (2.5%) were fixed 
with single crowns, FDP, and detachable hybrid den-
tures respectively. Because of primitive implant failure, 
the remaining 14 implants could not be repaired. Out 
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of the 161 evaluated implants, a total of 36 (22.4%) were 
missed and documented as ruins. Which was divided 
into three categories: fractures after prosthetic loading 
(n = 18; 50%), late loss loading (n = 4; 11.1%), and early 
loss before loading (n = 14; 38.9%). After seven years of 
loading, the survival percentage was around 77.3% [18]/ 
An evaluation of the clinical and prosthetic outcomes of 
zirconia implants for up to three years in function for im-
plants with various diameters was done retrospectively in 
2013. One hundred and seventy Z-System implants were 
used in this study with different diameters (3.25 mm, 
4.0 mm, 5.0 mm) and lengths (10 and 13 mm). Only 

57 of the 79 individuals who were a part of this study 
were assessed (there were 121 implants), and 22 patients 
(there were 49 implants) were not surgically examined. 
Out of 121 implants, two implants didn’t receive the fi-
nal prosthesis and remained with provisional crowns, 
and 119 received the final prosthesis (87 were restored 
with crowns, 25 with FPDs, and seven with removable 
hybrid dentures). After 3 years of follow up a total of 30 
implants were lost (13 implants Fractured after prosthet-
ic loading, 14 implants early lost before prosthetic load-
ing, and three implants late lost after prosthetic load-
ing). The 3-year cumulative survival rate based on 170 

Fig. 1: Flowchart of study selection according to the PRISMA guidelines.

Table 1
Studies included in the review.

Author/Year Type of Study Implants 
System

N Of 
Implants

Survival Rate Fracture 
Rate

Follow Up

Roehling S 2016 Retrospective Clinical Study Z-System 161 77.3% 11.2% 7 years
Gahlert M 2013 retrospective clinical study Z-System 170 82.4% 7.6% 3 years
Cannizzaro G 2010 randomized clinical trial Z-System 40 87.5% 0% 1 year
Blaschke and Volz 2006 Prospective clinical study Z-System 66 98% 1.5% 2-5 years
Kohal RJ 2013 prospective case series Zi-Unit 56 98.2% 0% 1 year
Kohal RJ 2012 prospective cohort study ZiUnite 66 95.4% 0% 1 year
Kohal RJ 2018 prospective cohort study ZiUnite 66 90.8% 0% 3 year
Michael Gahlert 2016 A prospective clinical study Straumann 44 97.6% 0% 1 year
Bormann KH 2018 A prospective clinical study Straumann 44 97.5% 0% 3 years
Borgonovo AE 2013 Prospective case series WhiteSky 35 100% 0% 4 years
Payer M 2013 prospective case series WhiteSky 20 95% 0% 2 years
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implants was approximated as 82.4%. [19] Compared 
to immediate occlusal loading, 2010 randomized clin-
ical research was conducted to see whether immediate 
non-occlusal loading of single zirconia implants could 
decrease early failures. [40] Z-System Zirconia dental 
implants at least 10 mm long and 3.25 mm wide, were 
randomized to immediate occlusal or non-occlusal load-
ing group. After implant placement full acrylic crowns 
were fabricated and provisionally cemented, Occlusion 
was carefully checked, and crowns randomized to the 
non-occlusion group were ground out from static and 
dynamic occlusion. After 4 to 5 months, implants were 
manually examined for stability check, and polyether 
material was used for impression imprinting. Within 
1-week, definitive full ceramic crowns were permanently 
cemented. Five implants failed in the 1-year follow-up, 
all failures occurred early between 10 days and 2 months 
post-loading. Four of the five failed implants were placed 
immediately after tooth removal, and three were occlusal 
inserted [20]/ The prospective clinical study was done in 
2006, 66 Z-System zirconia implants were placed in 34 
patients with a follow-up time of 2 to 5 years. Zirconia 
Implants were either protected with unique prostheses 
or splinted during 4–6 months of healing. The type of 
Final prosthesis has not been mentioned. The Survival 
rate was 98 % in the 1–2 year follow-up period. Only one 
implant shattered as a result of external trauma, and it 
was removed and histologically examined. Direct bone-
to-implants evident from the histology examination. No 
layer of fibrous tissue was found. No indications of a for-
eign body reaction were seen [21].

ZiUnite Zirconia implants system was used in three 
of the included studies. Kohal RJ in 2013 evaluated 
one-piece zirconia oral implants for three-unit fixed 
dental prosthesis replacement outcomes of clinical and 
radiological after year in prospective case series. Twen-
ty-eight patients received 56 Zi-unit zirconia implants. 
The patients were treated with one-stage implant sur-
gery, implanted directly into a fresh extraction site or in 
fully healed places, all implants were also restored pro-
visional restorations which were re-lined using acrylic 
material. After 14 weeks for the upper jaw and 6 weeks 
for the lower jaw, final impressions were obtained. A 
zirconia framework and a glass-ceramic veneering ma-
terial were created as the final prosthesis for a three-unit 
FDP made of ceramic. A dental prosthesis with three 
fixed units was cemented with glass ionomer cement. 
27 patients out of the 28 received the last FDP. Before 
ultimate restoration, one patient had only one implant 

removed. Within two weeks of placement, the implant 
became functionally active and required removal. After 
a year, the implants had a cumulative survival rate of 
98.2 percent [22]. A prospective cohort study evaluat-
ed 66 Zi-Unit Implants used in this study, the implants 
were provided in lengths of 10, 13 and 16 mm and in 
standard 4.3 mm and wide 5.0 mm diameters. Subse-
quently, all implants were temporized with an egg-shell 
provisionally, later it was relined by self-curing acryl-
ic material. After 6 weeks and 14 weeks lower jaw and 
upper jaw impressions were taken of the implants re-
spectively. All-ceramic crowns were produced and ce-
mented. Only three implants were lost before prosthet-
ic reconstruction leading to a cumulative survival rate 
of 95.4% after a year follow-up [23]. In 2018, long term 
prospective cohort study has been done on the same 
group of patients, to assess the outcomes of one‐piece 
zirconia after 3 years of follow up clinically. After that 
six posterior implants were missing, providing a cumu-
lative survival rate of 90.8% [24].

Two studies used Straumann Implants System. In 
order to assess the effectiveness of zirconium dioxide 
dental implants in single-tooth edentulous areas, in 
2016 clinical study. 44 Straumann Zirconia dental im-
plants with a standard diameter (4.1 mm) were used 
in this case study,. These implants base on ceramic are 
one-piece zirconia implants with already integrated 
abutments into the implant design, preventing a mi-
crogap between implant and abutment. The trial had 
unstated procedures of the prosthetic protocol. Lithium 
disilicate glass-ceramic or zirconium dioxide ceramic 
crowns were placed in the most, and stable crowns were 
cemented with permanent glass due to the monotype 
design of the ceramic implant. 97.6% of patients sur-
vived after one year of follow-up [25]. Only one implant 
was lost throughout the 36-month follow-up period 
before final implant loading, according to a 2018 study 
done in the same patient cohort with a 97.5 percent 
survival rate after 3 years of follow-up [26]/

In two studies, WhiteSky implants System was used. 
Prospective case series was done in 2013 by Borgonovo 
AE, to assist the survival and success standards of endos-
seous one-piece yttrium- stabilized and durable zirconia 
dental implants in 4 year follow-up period. Thirty-five 
WhiteSky implants were used. Implants was fixed fol-
lowed by the guideline of a surgical procedure attained 
by a diagnostic wax-up. Immediately later the surgery to 
precise axis and length, the abutments were prepared us-
ing double diamond burs, and water cooling. The acrylic 
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resin was used to reline temporary repairs. To lower the 
risk of failure owing to micro-movements, single im-
plants were cemented out of occlusion and stabilized to 
the neighbouring teeth using composite wings for at least 
6–8 weeks. When feasible, occlusal contacts were avoid-
ed and an interim restoration was used to link many im-
plants. Finally, implants were restored with all-ceramic 
zirconia crowns or bridges produced using CAD-CAM 
systems and cemented with glass ionomer cement. After 
48 months of follow-up, no implant failure was report-
ed with a 100% survival rate [27]. Prospective case series 
has been done by payer M, to evaluate the outcome of 
immediately provisioned single-piece zirconia implants 
after 24 months of clinical Function. Twenty WhiteS-
KY Implants with different length (10–12–14 mm) and 
width (3.5–4–4.5 mm) was used in this study. On the day 
of surgery, lithium disilicate ceramic crowns adhered to 
all implants as a temporary restoration. The temporary 
crowns were ground slightly after a 4-month without 
affecting the submucosal preimplant features. When 
the permanent restoration was built on top of the prior 
provisional, the ground, predominantly adhesively luted 
provisional was left on the single-piece implant abut-
ment and acted as an all-ceramic cap. The all-ceramic 
permanent crowns were made using conventional im-
prints made with polyether. To retain the microgap-less 
idea between the crown and single-piece implant, the fi-
nal restorations were once more luted adhesively. An im-
plant that was replacing a first upper premolar and was 
3.5 mm wide and 10 mm long was lost 4 months after it 
was placed, leaving a 95 percent overall survival rate [28]. 

Implants Survival rate:
The survival rate range from 77.3% To 100% with 

an average survival rate of 87.7%.

Implants Fracture rate:
Three studies reported implant fractures. One implant 

fractured due to external trauma in the study done by 
Blaschke and Volz 2006.21 Eighteen implants out of 161 
has been fractured after prosthetic loading in the Roeh-
ling S study.18 The final Study reported zirconia implant 
fracture is done by Gahlert M, 13 implants Fractured after 
prosthetic loading. 19 The overall Fracture rate is 4.9%.

Discussion
This systematic review evaluated clinical trials that 

looked at the survival and fracture rates of zirconia im-
plants after at least a year of usage. In contrast to prior 

reviews, which either analyzed animal research or were 
purely narrative, this analysis included only clinical tri-
als with at least a one-year observation duration. Implant 
survival and fracture rates were evaluated as one of the 
main outcomes. Regarding one-piece zirconia implants, 
with an average survival rate of 87.7% and fracture rate 
of 4.9%. When compared with the single titanium im-
plants survival rates of supported crowns were 97.2 % at 
5 years and 95.2 % at 10 years respectively. [29] Osman 
et al. compared both types of implants as abutments for 
Superimposed dentures. The comprehensive survival 
rate was 82.1 % for titanium implants and 71.2 % for 
zirconia. The low survival rate was mostly associated 
with the` implants’ one-piece design and their mod-
erately rough macro surface structure being in contact 
with the soft tissue, the unorthodox placement of the 
implants, the quick loading technique, and the flapless 
surgical technique. [30] However, Cannizzaro et al. stat-
ed a survival rate of 87.5 % after a year in several loading 
procedures (instant in occlusion or in non-occlusal con-
tact). 10 of the 40 implants underwent examination were 
put into newly created extraction sockets immediately, 
which may have lowered their implant survival rate. [20] 
When analyzing the patterns of failure of zirconia im-
plants, one-piece zirconia implants displayed a high in-
clination towards early failure. [18] A high fracture rate 
was observed at 11.2 % throughout a mean period of 5.9 
years, [18] while other studies showed a low rate of im-
plant fracture about 1.5% and 7.6%. [19,21] Blaschke et 
al. reported a single fracture caused by external trauma 
of failure. [21] The investigations on one-piece implants 
were significantly heterogeneous, which made statistical 
analysis difficult. For several reasons, the findings of this 
investigation should be regarded cautiously. First, most 
of the research used case reports with quick follow-ups 
and small sample sizes. Second, there is a significant lack 
of consistency in surgical procedures, prosthetic frame-
works, macro and micro surface features, and implant 
design. One-piece implant devices have limitations that 
should be taken into account. A key barrier to surgical 
implantation in a prosthetically driven position is the 
restricted availability of abutment angulation. Fabrica-
tion of sub-optimally positioned implants was avoided 
because of its negative impacts on the material’s physical 
and mechanical properties and the lack of knowledge 
on long-term stability. Given the initial occlusal loads 
that are delivered to the supra-gingival portion of one-
piece implants during chewing or tongue movement, a 
load-free healing period is also required for one-piece 
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implants, but this can be challenging. [14,31] One-piece 
zirconia implants had survival rates from 74 to 98 per-
cent after 12-56 months and success rates between 79.6 
and 91.6 percent after six to twelve months of use, ac-
cording to a review. [31] However, this approach could 
only use on short trials with limited observation dura-
tions. Two-piece zirconia implants were developed to 
avoid the issues with one-piece implants, but their prog-
ress has been hindered by physical qualities, and only a 
small number of medical studies have investigated the 
success and survival rates of two-piece zirconia implants. 
[2,32, 33, 36] This results in the urgent need for addi-
tional research to assess such implants. The type of fixed 
restorations evaluated was not properly disclosed in each 
study, which further limited this systematic review, as 
all chosen studies observed cemented single crowns or 
fixed dental prostheses. This was attributed to the mate-
rial’s physical restrictions, which prevented the develop-
ment of screw-retained zirconia implant-supported res-
torations. However, excessive cement is a common and 
genuine issue that has been shown to cause inflamma-
tion surrounding titanium implants. [34,35] However, 
there have never been any reports of peri-implantitis in 
connection with zirconia implants. It is unclear whether 
this is a result of zirconia ceramics’ improved biocom-
patibility or simply because there are not enough studies 
on the topic. The elevated MBL connected with zirconia 
implants was not discussed in this investigation, which 
could be the subject of a subsequent assessment.

Conclusion
Zirconia dental implants are optimal alternatives 

to substitute missing tooth/teeth particularly in cas-
es of Titanium allergy, or in patients with unfavorable 
soft tissue conditions. However more clinical findings 
are needed to determine the successful implants along 
with fewer potential complications.
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Abstract
Considered is the Atrial Septal Defect (ASD), with secundum 
ASDs being the most frequent. As known, in comparison to 
surgical approach, device closure of secundum ASD is less inva-
sive, has few post-procedural complications, reduced anaesthe-
sia risks, and has early hospital discharge. The present observa-
tional study discusses the outcome of the transcatheter closure 
of secundum ASD in Egyptian cardiac centres. The outcome 
included immediate and short-term results (up to one-year of 
intervention date).
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1. Introduction 
Atrial septal defect (ASD) represents 5-10% of all 

congenital cardiac defects in children [1], with secun-
dum ASDs being the most frequent. In comparison to 
surgical approach, device closure of secundum ASD is 
less invasive, has few post-procedural complications, 
reduced anaesthesia risks, and has early hospital dis-
charge [2]. This observational study discusses the out-
come of the transcatheter closure of secundum ASD 
in Egyptian cardiac centres. The outcome included 
immediate and short-term results (up to one-year of 
intervention date).

2. Methodology

2.1. Study population
The study population was selected from the “Al 

Orman charity” database which sponsored the tran-
scatheter procedure. A total of 338 secundum ASD 
patients who underwent percutaneous device closure 
from January 2015 to December 2018 were studied. 
The procedures were done in specialized Egyptian 
cardiac centres distributed across the country (uni-
versity and charity or regional tertiary-care hospitals). 
The inclusion criteria for the present study were: 1) 
patients who were 18 years old and younger at the time 
of cardiac catheter intervention; 2) patients who had 
ASD device closure; 3) patients who were sponsored 
by Dar Al Orman and the exclusion criteria is: 1) pa-
tients with any acquired heart diseases; 2) patients 
who had failed intervention. The data was analysed 
for immediate, short-term outcomes up to one year of 
the intervention date. 

2.2. Data collection 
The patient’s demographic and baseline data were 

retrieved from Al Orman charity databases including 
name, father name, residential address and contact 
number, gender, age (years), weight (Kg) and height 
(cm). The catheterization procedure centre site and 
the operator who did the procedure were also re-
corded. The patient family members were contacted 
by phone calls and asked questions about the patient 
clinical condition, symptoms if present, medications 
and any relevant notes and asked to send the patient 
reports by mail and other contacting tools (mainly 
Whatsapp application).



Issue 24. November 2022 | Cardiometry | 183

Our study initially included 598 patients under-
went percutaneous ASD device closure, but due to 
deficient data, 210 subjects were excluded. It is worth 
mentioning the major obstacles we have faced during 
data collection: 1) Deficient data of “Al Orman chari-
ty” database: most of the data regarding the procedures 
with the pre-and post-procedural data were collected 
from the reports available with the patients and their 
families with no backup documentation present in Al 
Orman charity database. Al Orman charity database 
data were mainly raw data about the patient name, 
age, sex, residence beside data about the procedur-
al centre and the operator physician name; 2) Some 
subjects could not be contacted by phone calls, either 
their phone number is out-of-service or they did not 
respond; 3)  Some of the subjects who responded to 
the phone call had not sent their reports; 4) Some data 
sent by the patients or their families were missing, like 
lacking the catheter procedure or the follow-up re-
ports, so we had to exclude them all from the study.

2.3. Statistical Analysis 
All findings were calculated and represented with 

help of G*Power 3 software and SPSS statistical software, 
version 24, SPSS Inc, Chicago, IL, USA. A minimum cal-
culated sample (n = 385) was required to determine an 
effect size of 0.2 in the frequency of complications (im-
mediate and short-term), with a 5% error probability and 
95% power. The Shapiro-Wilk test was used to investi-
gate the normality of the constant variables.

3. Results

3.1. Baseline characteristics
Table 1 shows the pre-procedural clinical and echo-

cardiographic data of the studied patients. 218 (56.2%) 
were females and 170 (43.8%) were males. The 
mean ± SD age was 9.67 ± 0.5 years (range from 1.5-years 
to 18-years). The mean± SD weight and height were 
29.21 ± 1.2 Kg and 120.7 ± 13.2 cm, respectively. 14 pa-
tients (3.6%) were syndromic; 10 of them had Down 
syndrome (2.6%) and 4 were undiagnosed syndromes 
(1%). All patients were assessed on an initial basis at 
outpatient clinics by transthoracic echocardiography 
(TTE). 359 subjects had a single defect (92.5%), while 
29 subjects were having two or more ASD (7.5%) with 
or without aneurysmal inter-atrial septum. The small-
est ASD size was 7 mm (usually associated with another 
small ASD), and the largest ASD size was 35 mm with a 

mean ± SD was 15.2 ± 4.9 mm. No cardiac lesions were 
documented in 352 subjects (90.7%). Twelve subjects 
had PDA (3.1%); 2 of them ligated surgically before, 6 of 
them closed transcutaneously previously, 2 closed on the 
same day of ASD closure and 2 were tiny and decided 
not to need treatment. Twelve subjects had valvular PS 
(3.1%). Four of these subjects had undergone balloon 
pulmonary valvoplasty on the same day of ASD device 
closure and the rest were mild PS and decided to do not 
to require transcutanoues treatment. Eight subjects had 
VSD (2.1%); 2 of them were closed previously via cathe-
terization and the remaining were very small restrictive 
VSDs and decided not to need treatment. Two subjects 
had mild MVP and another two had moderate TR. The 
mean of the estimated mean pulmonary artery pressure 
(mmHg) ± SD was 26.25 ± 8.2 mmHg.

Based on the pre-procedural echocardiography 
reports, the pre-procedural estimated right ventricu-
lar size was documented to be mild dilatation in 248 
subjects (63.9%), moderate dilatation in 134 subjects 
(34.6%) and severe dilatation in 6 subjects (1.5%). 

Table 1
The pre-procedural clinical and echocardiographic data

Variable Category n = 388
Sex • Females 218 (56.2%)

• Males 170 (43.8%)
Age/years • Mean ± SD 9.67 ± 0.5
Weight/kg • Mean ± SD 29.21 ± 1.2
Height/cm • Mean ± SD 120.74 ± 13.2
Syndromic • No 374 (96.4%)

• Yes
 º Down syndrome
 º Undiagnosed syndrome

14 (3.6%)
10 (2.6%)

4 (1%)
RV Dil. Echo • (Mild) I 248 (63.9%)

• (Moderate) II 134 (34.6%)
• (Severe) III 6 (1.5%)

Defect No. • 1 359 (92.5%)
•  > 1 29 (7.5%)

ASD Size/mm • Mean ± SD 15.52 ± 4.9
• Median (Range) 15 (7 - 35)

Mean PAP 
(mmHg)

• Mean ± SD 26.25 ± 8.2
• Median (Range) 25 (9 - 45)

Other Cardiac 
Lesions

• No 352 (90.7%)
• PDA 12 (3.1%)
• VSD 8 (2.1%)
• PS 12(3.1%)
• MVP 2 (0.5%)
• Moderate TR 2 (0.5%)
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Unfortunately, those estimations were not supported 
by reference measurement and were mostly based on 
eyeball assessment. The median size of the ASO device 
implanted is 18 mm (range 10-40 mm).

3.2. Outcome
Table 2 shows the procedural data and immediate 

outcomes in the studied patients. In the cath-lab, 264 
subjects (68%) were assessed by TTE and 124 subjects 
(32%) were assessed by transesophageal echocardiog-
raphy (TEE), before, during and immediately after de-
vice closure. The median device size was 18 mm (range 
between 10 to 40 mm). Amplatzer septal occluder was 
the most commonly used device in our study (in 256 
cases; 66%). The residual shunt was reported in 6 sub-
jects (1.5%) they had an IAS aneurysm with more than 
one defect. Balloon sizing was not done according to 
the recruited reports.

Procedural complications were reported in 10 sub-
jects (2.6%). Device dislodgement had occurred in 2 
subjects (0.52%). Second-degree heart block had been 
reported in 2 subjects (0.52%). A rim of hemopericar-
dium was reported in one subject (0.26%). vascular 
occlusion requiring heparin therapy occurred in one 
subject (0.26%). Post-procedural pneumonia was re-
corded in 3 subjects (0.77%).

Most of the procedure documents did not mention 
the procedure time or fluoroscopy time. No long-term 
or newly-discovered complications were documented 
during the follow-up period up to one-year post-pro-
cedure. Table 3 shows post-cath RV dilation changes 
over time. At six-month-follow-up, there was no right 
ventricular dilatation in 270 subjects (69.6%), mild 
right ventricular dilatation in 116 subjects (29.9%), 
moderate right ventricular dilatation in 2 subjects 
(0.5%) and no cases of severe right ventricular dila-
tation. At the twelve-month-follow-up, there was no 
right ventricular dilatation in 380 subjects (97.9%), 
mild right ventricular dilatation in 6 subjects (1.5%), 
moderate right ventricular dilatation in 2 subjects 
(0.5%) and no cases of severe right ventricular dila-
tation. Again, the right ventricular dilatation degree 
was also written in the follow-up echo reports with no 
documented measurement figures.

4. Discussion
388 patients were evaluated for pre-procedural and 

procedural characteristics and also acute and short-
term outcomes of transcatheter device closure up to 

one-year post-closure. Successful closure without re-
sidual shunting was achieved in 98.5% of cases. Small 
residual shunting occurred in 6 patients. Four of these 
patients had multiple defects. This agrees with Ali et 
al., (2018) who reported successful closure in 98.5% of 
patients in a study done in Upper Egypt [3].

There were 29 patients (7.5%) in our analysis with 
multiple or multifenestrated defects that have been 
closed by a single device, either a Cribriform Am-
platzer septal occluder or a large device. This is con-

Table 2
Procedural data and immediate outcome

Variable Category n = 388

Type of Echo
• TEE 124 (32%)
• TTE 264 (68%)

Device Size/
mm

• Mean ± SD 18.52 ± 5.7
• Median (Range) 18 (10 - 40)

Device type

• Amplatzer 256 (66%)
• Occulotech 58 (15%)
• Hyperion 44 (11%)
• Coccoon 18 (4.6%)
• Memopart 6 (1.5%)
• Amplatzer Cribriform 

Multifenestrated
4 (1%)

• Nit-Occlud-ASD-R 2 (0.5%)

Residual
• Yes 6 (1.5%)
• No 382 (98.5%)

Complications

• No 374 (96.4%)
• Yes

 º Device Dislodgement
 º Heart block
 º Pericardial rim
 º Vascular Occlusion requiring 
Heparin
 º Pneumonia

10 (2.6%)
2 (0.5%)
2 (0.5%)
1 (0.25%)
2 (0.5%)
3 (0.77%)

Table 3
Post-cath RV dilation changes over time

Variable Category n = 388
Baseline • (Mild) I 248 (63.9%)

• (Moderate) II 134 (34.6%)
• (Severe) III 6 (1.5%)

6-months FU • (No) 0 270 (69.6%)
• (Mild) I 116 (29.9%)
• (Moderate) II 2 (0.5%)

One-year FU • (No) 0 380 (97.9%)
• (Mild) I 6 (1.5%)
• (Moderate) II 2 (0.5%)

P-value*  < 0.001
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sistent with the findings of Hu et al., who found the 
safety and effectiveness of closing several defects with 
a single device, without any difference from dual oc-
cluders, despite the fact that the probability of residual 
shunting was higher with dual occluders [4]. Previous 
research, however, has shown that many flaws with a 
distance > 7 mm be closed using two devices [5].

According to a recent examination of the Food and 
Drug Administration Manufacturer and User Facili-
ty Device Experience (MAUDE) database, the most 
common significant consequences include device 
dislodgement and heart perforation, rupture, or ero-
sion [6, 7]. In our study device the total percentage of 
complications was 3.6 (14 subjects). All of them were 
transient and managed easily. In the two cases, the 
device had dislodged into the right ventricle (0.52%). 
It was successfully snared into the sheath, with the 
subsequent deployment of a larger one. The patients 
needed to upgrade from their original device to a big-
ger one. One of them was a 17-year-old female with a 
measured defect size of 28 mm (by TEE) closed by a 
30 mm device, which was replaced by a 34 mm device. 
The other one was a 12-year-old male with a measured 
defect size of 25 mm (by TTE) which was first closed 
by a 26 mm device, which then replaced by a 30 mm 
device. The disparity between the initial chosen size of 
the first device and the replacement device is likely to 
be related to underestimating ASD size and, in certain 
cases, expansion of the defect caused by ripping off the 
septum owing to repeated closure efforts.

In the present study, a small-amount hemoperi-
cardium was documented in one patient. It was dis-
covered immediately after the procedure (before exit 
from the cath-lab). It was thought it might be due to 
tiny wire perforation of the atrial wall rather than de-
vice erosion as the technique was carried out smoothly 
without oversizing of the implant, the device splayed 
promptly over the aortic root, the amount of pericar-
dial effusion was hemodynamically-insignificant and 
was not increasing in follow-up or causing haemoglo-
bin drop. As a result, no changes to the surgery’s ap-
proach occurred, merely a delay in patient discharge 
48 hours following the procedure.

Major conduction abnormality was recorded in 
two cases (0.52%), in the form of second-degree heart 
block (Mobitz type 2). One of them was a 16-year-old 
male with an IAS aneurysm with three fenestrations 
closed by a 35-mm Cribriform device (guided by 
TEE). The other one was a 17-year-old female with 

ASD size of 19 mm that was closed by a 22-mm Am-
platzer device (guided by TEE). The two conditions 
were treated with oral steroids and resolved on day 
2 post-procedure. A heart block occurred in two in-
dividuals (1.5%) in research done by Ali et al., (2018); 
one restored normal conduction after medical thera-
py, while another patient’s normal heart rate resolved 
the next day without medical treatment [3].

Vascular occlusion requiring heparin therapy was 
documented in 2 patients. The 2 cases were report-
ed to have lower limb swelling and pain. The duplex 
study showed venous occlusion and heparin infusion 
was given and resolution occurred within 24 hours. 
Moreover, in 3 cases pneumonia is reported without 
mentioning the suggested cause. It is thought to be an 
association with the procedure rather than an intimate 
complication to the procedure itself.

5. Limitations
The retrospective nature of the study is a major 

limitation. The poor documentation process was a 
major problem face during study, as most of the data 
regarding the procedures with the pre-, procedur-
al and post-procedural data were collected from the 
reports available from the patients and their families 
with no backup documentation present in the Al Or-
man charity database. 

6. Conclusion
Based on our study, we can conclude the follow-

ing: 1) In Egyptian centers, transcatheter closure of 
secundum ASD in children and adolescents was pos-
sible and safe, with good immediate and short-term 
results: 2) Improving the medical documentation pro-
cess is a corner-stone step to get precise and accurate 
information about our procedures as well as the pa-
tient condition and follow-up data. The digital data-
base archiving of patient data is still deficient in Egypt; 
3)  Supporting and encouraging the funding role of 
charitable organizations is important in low-income 
countries as they relief some of the economic burden 
of the medical services. 
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Abstract
Cardiovascular disease ranks first among the causes of morbid-
ity and mortality in the elderly. Given the aging of the world’s 
population, the problem is becoming increasingly relevant and 
represents a significant burden on the healthcare system. Un-
timely and inadequately treated heart diseases lead to severe 
complications and disability of patients. Despite the rich arsenal 
of diagnostic methods, in some cases there are still significant 
difficulties in making a diagnosis, establishing the cause of the 
disease and determining the extent of damage to the myocar-
dium and heart vessels. At the same time, a good orientation of 
the attending physician regarding the possibilities of diagnostic 
methods allows, in most cases, to obtain a complete picture of 
the existing cardiovascular pathology.
The aim of this work was to study modern methods for diag-
nosing cardiovascular diseases.
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Introduction
WHO data show that cardiovascular disease 

(CVD) is the leading cause of death worldwide and 
accounts for 45% of all deaths in Europe [1]. Among 

elderly residents of Moscow, acute myocardial infarc-
tion occurred (in history) in 19.5% of cases, arterial 
hypertension in 78%, and chronic heart failure (CHF) 
in 31.7% of Muscovites [2]. The trend towards increas-
ing life expectancy increases the relevance of CVD for 
the health care system and the social sphere. High 
morbidity and mortality encourage physicians and 
researchers to look for the most optimal way to diag-
nose, risk stratify and treat patients with CVD, among 
which acute coronary syndrome (ACS) and heart fail-
ure (HF) are the most problematic. The cause of ACS 
is the sudden occlusion of a coronary artery by a rup-
tured atherosclerotic plaque or thrombus, which leads 
to the development of a typical clinical picture and 
changes in the electrocardiogram. However, there are 
patients with a fuzzy clinical picture and the absence 
of characteristic signs on the ECG, which requires 
the inclusion of other diagnostic methods. Heart fail-
ure develops most often as a CVD complication in 
the absence of adequate therapy and reduced patient 
compliance with medical recommendations. Timely 
treatment of CVD can significantly slow down the de-
velopment of complications. 

The specificity and sensitivity of most diagnostic 
methods is far from 100%, and in the case of CVD this 
leads to fatal consequences. At the same time, the di-
agnostic arsenal of modern medicine has been steadily 
growing in recent years, which allows us to count on 
an increase in the frequency of correct diagnosis for 
all types of cardiovascular pathology. This article dis-
cusses the main diagnostic areas relevant for cardiac 
patients.

ECG
The ECG method was introduced into clinical 

practice about half a century ago and at first it was 
used only for diagnosing cardiac arrhythmias. Gradu-
ally, the direction developed, and today ECG makes it 
possible to diagnose any type of cardiac pathology and 
avoid diagnostic errors [3].

Interpretation of the ECG picture requires good 
qualifications from doctors of functional diagnostics. 
The expert must distinguish the true signs of the dis-
ease from artifacts. For example, an irregular baseline 
ECG may resemble atrial fibrillation. An unstable lev-
el of electric current, confusion when applying leads, 
some somatic pathology (Parkinson’s disease, tremor, 
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taking certain drugs, etc.) can lead to distortion of the 
ECG [6]. Usually, an experienced physician differenti-
ates well between random bursts and a stable clinically 
determined ECG picture.

The huge need for ECG, not only in clinical, out-
patient practice, but also in everyday life, has led to 
the need to create automatic programs for analyzing 
and interpreting ECG results. For example, the Easy 
ECG Mobile PRO program makes it possible to take 
ECGs of different durations, use voice input to reg-
ister patient information, print an ECG signal using 
a thermal printer or a regular computer printer, and 
filter the recorded ECG. The Poly-Spectrum-Mobile 
program works with a 12-channel electrocardiograph, 
which transmits information via bluetooth to a com-
puter, as this program can also be installed on a smart-
phone or tablet. The analysis and formation of a syn-
dromic ECG conclusion occurs in the cloud in about 2 
seconds. The transmission of examination results can 
be transmitted via the Internet. The CardioSoft pro-
gram analyzes not only ECG data, but also: spirome-
try and bronchodilation test; controls blood pressure; 
performs Holter monitoring [7].

In recent years, the capabilities of telemetry and 
remote syndromic ECG diagnostics and Holter 
monitoring have been tested. Automatic and medi-
cal conclusions were compared. ECG telemetry has 
demonstrated high efficiency in the diagnostics of left 
ventricular hypertrophy, MI, extrasystole, atrial fibril-
lation, and other cardiovascular pathologies [8]. A 
study of the results of remote monitoring, conducted 
on the basis of the research laboratory of the SSMU, 
with round-the-clock use of mobile ECG monitoring, 
showed that the sensitivity and specificity of such an 
ECG approached 100% in cardiac patients [9].

Ultrasound
In recent years, the ultrasound method has im-

proved significantly due to the emergence of new 
modern sensors that allow you to create sound beams 
and selectively perceive signals in all projections of 
the volume of a tissue or object. Now you can con-
stantly update the visual picture on the screen at high 
speed. This made it possible to obtain a high-quality 
three-dimensional image of the heart in almost real 
time. Because of the foregoing, this ultrasound option 
is called “live three-dimensional echocardiography” 
(live 3D-image). 3D ECHO-CG refines the informa-
tion obtained using the standard ECHO-CG method. 

In some hospitals, this is the only non-invasive way 
to obtain complete and reliable information about the 
state of the mitral, tricuspid valves, ventricular and 
atrial septal defects, and other cardiovascular pathol-
ogies [12].

Improvement in digital processing of ECHO-car-
diographic data has led to the emergence of the so-
called ECHO-CG speckle-tacking (STE). With this 
processing, each segment of the heart muscle is en-
coded with its own shade of gray. The STE evaluates 
the strains, which are the change in the length of the 
fiber relative to its (length) initial value. Strains are ex-
pressed as % of this change. The introduction of the 
STE method has significantly improved the quality 
of CVD diagnostics. An important advantage of STE 
is the possibility of differential diagnosis of left ven-
tricular (LV) hypertrophy due to hypertension and 
hypertrophic cardiomyopathy. The STE technique is 
able to effectively diagnose IHD (longitudinal strain 
analysis), CHF (decrease in myocardial strain in the 
longitudinal, radial and circular direction), the phe-
nomenon of cardiotoxicity in oncopathology, aor-
tic valve pathology (decrease in longitudinal strain), 
myocardial infarction, etc. [16].

MRI
Magnetic resonance imaging (MRI), as a method, 

entered medical practice not so long ago, but showed 
high efficiency in the diagnosis of CVD. With the help 
of MRI, it is possible to obtain objective information 
about the area and properties of the post-infarction 
myocardial scar. For this, MRI is supplemented with 
gadolinium contrast, which makes it possible to clar-
ify the boundaries between necrosis and healthy tis-
sue. End-diastolic volume (EDV), end-systolic volume 
(ESV), and annulus diameter are determined much 
more accurately by MRI than by ECHO-CG. Con-
trasting with gadolinium followed by data analysis in 4 
projections makes it possible to accurately determine 
the location and spread of the scar: this allows you to 
navigate the choice of the most appropriate treatment 
for ischemic cardiomyopathy [12].

Also, like many other instrumental methods, MRI 
makes it possible to clearly visualize the state of large 
coronary vessels. However, due to advances in tech-
nology, it is now possible to uncover the underlying 
mechanisms of microvascular disease that can lead to 
microvascular coronary disease, causing angina, MI, 
HF, and more. In the United States, microvascular dis-
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ease affects 3-4 million people and in 10-30% of them, 
invasive coronary angiography showed no signs of 
coronary artery disease [18, 19]. Since coronary mi-
crocirculation is less than the resolution achieved by 
coronary angiography, non-invasive methods for di-
agnosing microvascular disease have been proposed: 
MRI, contrast ECHO-CG and PET (positron emission 
tomography. Each method allows obtaining values   of 
myocardial blood flow at rest and under stress, which 
makes it possible to assess perfusion [15].

CT scan
Dual-channel computed tomography, otherwise 

called “minimally invasive angiography” is a promis-
ing method for diagnosing the state of coronary blood 
flow. This is a type of multislice computed tomography 
(MSCT). The technique involves segment-by-segment 
tomographic scanning using two X-ray sources, which 
are located at an angle of 90º to each other. Snapshots 
are taken every 83ms, and this makes it possible to re-
produce a high quality image even if the heart rate is 
much higher than normal. At the same time, the radia-
tion dose is reduced by 50% compared to convention-
al helical CT due to the high synchronization of the 
emitters with the patient’s cardiogram [12].

Single photon emulsion CT (SPECT) has been a 
centerpiece of clinical imaging of the cardiovascular 
system for decades. SPECT-based assessment of the 
degree of myocardial ischemia as a percentage of left 
ventricular myocardium, together with concomitant 
measurements of left ventricular function and volume, 
has been well established for the diagnosis of myocar-
dial ischemia [23]. SPECT not only has additional 
predictive value over clinical evaluation alone, but is 
also important for monitoring treatment. The current 
clinical paradigm that the degree of ischemia deter-
mines individual risk, which in turn should be used to 
make risk-based decisions about revascularization or 
optimized medical therapy, is based on a large number 
of SPECT perfusion imaging registries [24]. However, 
SPECT cannot distinguish between primary and col-
lateral flow.

PET
The reference standard for non-invasive assess-

ment of myocardial blood flow is positron emis-
sion tomography (PET, radionuclide tomography) 
with a load that allows you to quantify blood flow in 
ml / g / min. Clinically, quantification of myocardial 

blood flow by PET may help in the diagnosis of diffuse 
lesions and abnormal heart rhythms, which are asso-
ciated with an increased risk of serious adverse cardiac 
events. In actual practice, the use of PET is limited by 
its availability (including radioisotopes), cost, and ex-
posure to ionizing radiation [15, 25].

The studies showed that PET was more accu-
rate (85%) than coronary CT angiography (74%) or 
SPECT (77%) in diagnosing myocardial ischemia and 
using FFR as a reference standard. The comparative 
accuracy of PET perfusion compared to CT or MRI, 
which have higher spatial resolution, has not yet been 
determined. The extent and severity of reversible per-
fusion defects recorded by PET contain important 
prognostic information, much more valuable than 
information obtained from the analysis of traditional 
cardiovascular risk factors. Coronary blood flow re-
serve obtained by PET showed additional predictive 
value for identifying women at risk with a higher inci-
dence of non-obstructive coronary artery disease and 
potential microvascular dysfunction. Interestingly, ap-
parently normal perfusion images with uniform indi-
cator distribution can be reclassified based on diffuse-
ly blunted hyperemia of myocardial flow or coronary 
flow reserve: such patients have been shown to be at 
increased risk of future coronary events [25].

Biomarkers for cardiovascular disease
Lipid profile parameters are proven risk factors for 

CVD. Thus, at fixed values of LDL cholesterol, the risk 
of CVD increases 10 times with a decrease in HDL 
cholesterol.

CRP (C-reactive protein) is a marker of inflamma-
tion. In patients with acute heart failure, elevated CRP 
levels are associated with an increased risk of admis-
sion to the intensive care unit and in-hospital mortal-
ity. High CRP levels are associated with an increased 
risk of all-cause death (not specifically CVD death) 
and readmission for dilated cardiomyopathy.

The hydrophobic neuroendocrine peptide cates-
tatin can become a useful biomarker for some car-
diovascular diseases: myocardial infarction, arterial 
hypertension, chronic heart failure (CHF). Levels 
of catestatin increase in patients in the acute period 
of myocardial infarction and normalize only after 
3 months. In hypertension, the concentration of cat-
estatin decreases, and in chronic heart failure, its con-
tent positively correlates in accordance with the stage 
of CHF.
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In recent years, active attempts have been made to 
discover new markers of cardiovascular diseases based 
on the study of large genomic associations (GWAS), tran-
scriptomes, expression of individual key genes, non-cod-
ing RNAs, microRNAs, as well as using proteomics and 
lipidomics methods. Thus, growth and differentiation 
factor-15 (TGF-15) and soluble IL-33 receptor ST2 have 
become effective CVD biomarkers discovered using 
transcriptomic technologies. TGF-15 was elevated in 
NO-treated cardiomyocytes under oxidative stress in a 
congested left ventricle in mice with aortic stenosis and 
dilated cardiomyopathy. Elevated levels of ST2 led to myo-
cardial hypertrophy, fibrosis, development of arterial hy-
pertension, deterioration of left ventricular function.

Conclusions
A rich variety of modern diagnostic methods leads 

to an underestimation of the possibility of each of 
them. The ECG method remains relevant, which in 
most cases, with a highly qualified doctor of function-
al diagnostics, allows you to make the correct basic di-
agnosis. However, this is not enough, since a detailed 
functional assessment of cardiac activity and the state 
of large coronary and small vessels of the myocardium 
should be carried out. The most popular for assessing 
the state of the heart and its functional viability is the 
ECHO-CG method, which allows you to determine 
the degree of hypertrophy, dilatation of the left ventri-
cle, diastolic volume and other important parameters 
of cardiac activity. However, this method is not very 
suitable for determining the degree of stenosis, and 
contrast coronary angiography should be performed, 
which allows you to perfectly visualize the localiza-
tion, extent, extent of the stenotic lesion, and also de-
termine its contours. Improving the methods of MRI, 
CT, SPECT, PET, 3-D ultrasound is gradually expand-
ing their boundaries, and makes it possible to also as-
sess vascular disorders. The introduction of tests for 
cardiac markers into clinical practice makes it possible 
to assess the severity of a cardiovascular problem and 
adequately determine the risks for each patient. 
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Abstract
The article investigates possible manifestations of cognitive im-
pairment in children suffering from pancreatic dysfunction. The 
authors point out that improving blood glucose control in pa-
tients with type I diabetes mellitus is an important factor in re-
ducing cognitive impairment, especially in children. At the pres-
ent stage, the treatment of cognitive dysfunction has become 
an interdisciplinary multidisciplinary complex treatment, which 
in the future will not only improve the quality of life of patients, 
but also minimize the above-mentioned dysfunction as such.
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Introduction
Cognition is the process of obtaining new knowl-

edge by a person, the discovery of previously un-
known. Cognitive functions are involved in the act of 
cognition, by which it is customary to understand the 
most complex functions of the brain, with the help of 
which the process of rational cognition of the world 
is carried out [1]. Under certain conditions, cognitive 
disorders may occur in the human body, which lead to 
a decrease in memory, mental performance and other 

cognitive functions compared to the baseline level (in-
dividual norm).

It is believed that the underlying mechanisms of 
cognitive impairment (CI) include insulin resistance, 
inflammation, oxidative stress and neurovascular dys-
function [2]. CI is increasingly recognized as the main 
complication of diabetes and is associated with com-
plications associated with the treatment of diabetes. 
Diabetes is a group of metabolic diseases characterized 
by high blood glucose levels. In particular, the onset 
of type 1 diabetes mellitus (DM1) is relatively rapid, 
there is absolutely not enough insulin in the body, and 
ketoacidosis may occur.

Type 1 diabetes mellitus (DM1) is one of the most 
common chronic diseases diagnosed in childhood. 
Treatment of diabetes in young children is associated 
with a number of problems, as they are more prone to 
sharp fluctuations in glucose levels at a time when their 
developing brain is undergoing large-scale changes in 
the process of maturation [3]. The peculiarities of the 
formation of the main mechanisms of the nervous sys-
tem in early childhood are expressed in the fact that 
the developing brain can be especially vulnerable to 
extreme glycemic indicators, which has a long-term 
impact on its development and cognition associated 
with it. The introduction of new diabetic technologies 
can reduce these complications.

The aim of the study is to study possible manifes-
tations of cognitive impairment in children suffering 
from pancreatic dysfunction.

Materials and methods
When writing the paper, a study of sources describ-

ing in detail the mechanism and features of the devel-
opment of cognitive impairment in children and ado-
lescents suffering from diseases caused by disorders of 
the pancreas – in particular, type 1 diabetes mellitus, 
as well as works that identify areas for the develop-
ment of new diabetic technologies that can reduce the 
level of possible complications in such patients. The 
data obtained were described and systematized using 
comparative and analytical research methods.

Results
Diabetes mellitus (DM) is a heterogeneous chronic 

metabolic disorder characterized by hyperglycemia, 
which is a global epidemic public health problem [4]. 
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Premature mortality from diabetes is caused by long-
term diabetic complications, including retinopathy, 
nephropathy, peripheral vascular diseases and heart 
diseases (micro- and macrovascular diseases).

Hyperglycemia combines type 1 and type 2 dia-
betes mellitus, the two most common forms of DM, 
differing both in epidemiology and etiology. Type 1 
diabetes mellitus (DM1) most often occurs in adoles-
cence due to autoimmune destruction by beta cells of 
the pancreas, which leads to an absolute deficiency in 
insulin production. Type 2 diabetes (DM2) includes 
90-95% of cases of diabetes mellitus and is a pathol-
ogy characteristic of the elderly, as a result of insulin 
resistance, accompanied by a progressive deficiency of 
beta cells.

Epidemiological studies have shown that diabetes 
is associated with an increased risk of dementia and 
the occurrence of serious cognitive dysfunction.

The severity of cognitive deficits depends on the 
type of diabetes, the age of onset of the disease and 
concomitant diseases. Patients with early onset of the 
disease, aged 4 to 6 years, have a potential clinical-
ly significant picture of impairment of all cognitive 
functions, including intelligence and memory. On the 
contrary, children diagnosed after 6 or 7 years are as-
sociated only with changes in verbal intelligence and 
the speed of psychomotor reactions, and sometimes 
executive functions, but there are no negative changes 
in the mechanisms responsible for learning and mem-
ory [5]. For example, in a sample of patients diagnosed 
with DM1 and monitored for 18 years, there was a 
moderate long-term decline in cognitive function [6].

The process of synaptic brain development and 
the level of metabolism are most active in childhood. 
There is an increase in synapse density during early 
postnatal cortical development, followed by a discrete 
period of synaptic contraction, which usually occurs 
in adolescence [7]. During the same period, there is 
an active increase in brain volume, which by the age 
of 6 corresponds to 90% of the adult brain volume [8].

Also, before the child reaches the age of 9-10 years, 
there is an increase in the volume of gray matter, the 
volume of the cortex and the average thickness of the 
cortex, after which, due to the reduction of synapses, 
the process of their reduction begins. If we talk about 
the volume of white matter, it gradually increases in 
childhood, adolescence and even in early adulthood 
[9]. In addition, it should be noted that at the age of 
2 to 3 months and up to 4 years, the consumption of 

glucose by the brain increases sharply, this process is 
active in the first decade of life, after which it decreases 
to the level of an adult [10].

Specialists who compared the brain structure and 
neuropsychological functioning in young children 
with DM1 and a control group of the same age noted 
a change in the brain structure in children with DM1 
[11]. Another group of specialists was looking for an 
answer to the question of whether the previously de-
scribed brain and cognitive differences in children 
with DM1 persist, worsen or improve as children grow 
up to puberty, and the links with hyperglycemia were 
studied. The results showed that the total brain vol-
ume, gray and white matter volumes, as well as full-
scale verbal IQ were lower in the group with DM1 at 
the age of 6, 8, 10 and 12 years. Brain volumes and 
cognitive indicators had a negative correlation with 
glycemic control (HbA1c and glucose sensor) [12].

Evaluation of the brain structure of young people 
who were diagnosed with DM1 in childhood was also 
carried out using MRI. In addition, cognitive abilities 
were assessed in this group also through neuropsycho-
logical tests. The results of the study showed that the 
volumes of the lateral ventricles were 37% larger, and 
ventricular atrophy was more common in the group 
with early onset of DM1 compared with the group 
with late onset of DM1 [13]. Also, the results of the 
above study did not indicate that the intellectual lev-
el of young people with early diabetes is much lower 
than that of their peers who were diagnosed with di-
abetes later. It should be assumed that diabetes with 
early onset may adversely affect the development of 
the nervous system.

A study of a separate group of children suffer-
ing from DM1 by calculating the values of fraction-
al anisotropy (FA) and apparent diffusion coefficient 
(ADC) showed that all participants had significant 
changes in the values of FA and ADC in large areas of 
the brain. Such changes may be early signs of damage 
to myelin fibers or axon degeneration [14].

Another group of researchers evaluated the cor-
relates of cognitive abilities and microstructural chang-
es in WM in young children with DM1 using diffusion 
tensor imaging (DTI) compared with healthy people 
of the appropriate age and gender in the control group. 
DTI provides a quantitative assessment of the integrity 
of WM by measuring the diffusion of water molecules 
in brain tissue. The authors found that compared with 
healthy controls, children with DM1 had significantly 
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lower values of axial diffusion in the temporal and pa-
rietal regions without significant differences between 
the groups in FA and radial diffusion. They found a 
significant positive correlation between HbA1c lev-
els and structural differences in BV (measured by 
radial diffusion). A higher HbA1c value significantly 
correlated with lower overall intellectual functioning 
measured using a full-scale intelligence quotient [15].

In general, the researchers conclude that children 
and adolescents with DM1 are more likely to cope 
worse with tasks that require constant attention, fast 
data processing speed, memory and visual-spatial 
functioning, compared with their peers who do not 
suffer from diabetes. However, it is believed that de-
spite the equivalent cognitive and behavioral func-
tioning of children with DM1 and the control group 
of the same age without diabetes, young children with 
DM1 showed increased activation in the areas of ex-
ecutive control (for example, in the dorsal anterior 
cingulate cortex, lower frontal gyrus, cerebellum and 
supramarginal gyrus) during the task requiring atten-
tion. The magnitude of this increase was significantly 
correlated with the lack of deactivation of the posteri-
or node of the default mode network, which indicates 
the supposed compensatory role of brain function in 
DM1, whereby higher activation in task-related areas 
acted as compensation for DM1-related disturbances 
in the default mode network function and contribute 
to levels of behavioral performance, equivalent to the 
levels of their non-diabetic peers [16].

Discussion
Children’s patients who have been diagnosed with 

DM1 are at risk of developing hypoglycemia. Since 
children lack expressive speech skills and have cogni-
tive immaturity, they cannot always identify the first 
signs of hypoglycemia and inform adults about it.

Several studies of patients with DM1 in childhood 
have documented an association between severe hypo-
glycemia (with seizures or loss of consciousness) and 
brain changes. For example, one group of researchers 
found significant differences between young patients 
with DM1 and healthy control groups with respect 
to the total volume of gray matter or myelination of 
white matter. However, in the diabetic group, a history 
of severe hypoglycemia was associated with a small-
er volume of gray matter in the left upper temporal 
region [17]. Another group of authors concluded that 
patients with DM1 with early onset diabetes had lower 

levels of gray matter volume density associated with 
poorer glycemic control and a higher frequency of re-
peated severe hypoglycemic events [18].

Many studies have assessed the extent and nature 
of cognitive dysfunction in children with DM1 and the 
possible effects associated with severe hypoglycemia 
and poor cognitive outcomes, but the results of such 
studies have often been controversial. Thus, individ-
ual cross-sectional studies have shown that the effect 
of severe hypoglycemia on cognitive dysfunction was 
significant; however, longitudinal studies have shown 
that severe episodes of hypoglycemia were not asso-
ciated with cognitive dysfunction. Accordingly, it can 
be concluded that severe hypoglycemia may be a likely 
cause of cognitive decline in children with DM1. How-
ever, the long-term effects of severe hypoglycemia on 
cognitive dysfunction require additional confirmation.

As for hyperglycemia, there is an opinion in the 
literature that its chronic effects can also affect the 
brain of young patients. According to the authors who 
conducted the study of such patients by MRI, the re-
lationship between the variability of glycemia, espe-
cially hyperglycemia, and cognitive function is more 
pronounced in young children with earlier onset and 
longer duration of diabetes, which further emphasizes 
the vulnerability of the brain in this age group.

Also in this context, it was reported that there are 
trends in the relationship between executive function-
ing, learning, memory and hyperglycemia, suggesting 
that structural brain changes in young people with di-
abetes have a subtle but measurable effect on cogni-
tive functions already 2 years after the onset of DM1. 
These data indicate that dysregulation or variability of 
glycemia has serious consequences for young children, 
as well as for the structure and functions of the brain.

A large group of young children (aged 4 to < 10 
years) with DM1 was compared by individual special-
ists with a control group of healthy people of the same 
age [19]. The results showed that diabetes with early 
onset significantly affected the development of general 
and regional volumes of gray matter, while the differ-
ences between the groups increased over time. No-
tably, in the diabetic group, slower growth was most 
closely associated with hyperglycemia and glycemic 
variability, as measured by several indicators, includ-
ing glycated hemoglobin and extensive quarterly con-
tinuous glucose monitoring (CGM) data.

Chronic hyperglycemia can lead to the formation 
of glycation end products and their receptors, nu-
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clear factor-kB, increased oxidative stress and even 
neurodegeneration [20]. These glycemic correlations 
confirm the opinion that increased glucose variability 
can damage developing neurons and myelin in chil-
dren with DM1, and are consistent with observations 
in animal models of streptozotocin-induced diabetes, 
which demonstrate in vivo degenerative changes in 
neurons and glia, a violation of myelin sheaths and a 
decrease in myelin content in hyperglycemia.

Changes in the composition of brain sphingolipids 
(ceramides and sphingomyelin) caused by hypergly-
cemia can also provoke membrane rearrangement in 
some cell populations, which can disrupt the trans-
mission of cellular signals and cause damage to brain 
tissue. The final mechanism of the observed changes 
is multifactorial.

The development of the processes of central ner-
vous system damage in children with early diabetes 
may have a delayed, progressive and cumulative effect 
on neuropsychological outcomes and cognitive func-
tions over time. These results may be subtle in terms 
of cognition, but they are likely to be reflected in the 
future.

Extreme glycemic indices are associated with a 
deterioration in general cognition, as well as with a 
decrease in memory performance [21]. A history of 
chronic hyperglycemia turns out to be more danger-
ous than previously thought. Neurocognitive deficits 
manifest themselves in many cognitive areas, includ-
ing executive function and information processing 
speed. One study showed that variability in glucose 
levels may have a greater adverse effect on the devel-
oping brain than prolonged high or low glucose levels 
[22]. According to previous studies, there were 2 pos-
sible mechanisms by which variability in blood glu-
cose levels leads to cognitive dysfunction. Thus, it was 
found that glycemic variability is associated with in-
creased production of reactive oxygen species, which 
can damage the central nervous system [23]. Another 
mechanism has shown that fluctuating glucose levels 
can have a more toxic effect on the occurrence of ox-
idative stress than constant high glucose levels, which 
can lead to mitochondrial dysfunction and damage to 
neurons [24].

Minor brain damage can directly affect the psy-
chological and mental consequences. Impaired exec-
utive function and mental health, in turn, can affect 
patients’ commitment and their ability to adapt to the 
world around them.

As a serious and special complication of DM1, dia-
betic ketoacidosis can cause serious physical and psy-
chological damage to patients, including cognitive de-
cline. Diabetic ketoacidosis is a typical and extremely 
serious complication of severe hyperglycemia in DM1, 
which could lead to coma or death. Meanwhile, both 
hyperglycemia and diabetic ketoacidosis can affect 
cognitive functions [25].

Diabetic ketoacidosis is a high risk factor for CI 
in patients with DM1. The study reported that cogni-
tive dysfunction was associated not only with chronic 
hyperglycemia, but also with acute metabolic brain 
damage – diabetic ketoacidosis causes similar brain 
damage [26]. It is important to note that the neuroin-
flammatory reaction caused by diabetic ketoacidosis is 
of a long-term nature, which suggests that diabetic ke-
toacidosis may contribute to long-term cognitive de-
cline in patients with diabetes. Although the underly-
ing mechanisms have yet to be elucidated, as a serious 
complication of hyperglycemia, it has been suggested 
that diabetic ketoacidosis plays an important role in 
the cognitive decline associated with diabetes.

Advanced technologies have become an integral 
part of the treatment of DM1 with the potential to im-
prove glycemic parameters and their consequences, as 
well as quality of life. These include continuous sub-
cutaneous insulin delivery, glycemic control devices, 
sensory-augmented pumps, low-glucose predictive 
insulin suspension, and closed-loop systems that au-
tomate the administration of insulin depending on 
glucose levels (artificial pancreas).

The use of a glycemic control device in very young 
children is possible and reduces both the time spent in 
a state of hypoglycemia and the variability of glucose 
levels. Continuous subcutaneous insulin delivery re-
duces the incidence of severe hypoglycemia compared 
to multiple daily injections [27]. The use of a glycemic 
control device with sensory-augmented pumps can fur-
ther limit the duration and severity of hypoglycemia, 
since a number of systems can detect and in some cases 
affect the impending and prevailing low blood glucose 
levels without significantly affecting metabolic control 
and without causing diabetic ketoacidosis. [28].

Current studies of the home use of closed-loop 
insulin delivery systems “day-night” in children un-
der one year with DM1 have proven that the system 
is feasible and safe, with extended time in the range 
of target glucose levels and without associated severe 
hypoglycemia or diabetic ketoacidosis [29].
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Conclusions
Treatment of DM1 in young children is a difficult 

task for both parents and guardians. Hypoglycemia is a 
burden on the well-being of young children with DM1 
and can have a serious impact on their brain devel-
opment and cognitive functions. However, in recent 
years, several studies have reported that chronic expo-
sure to hyperglycemia and increased glucose variabil-
ity can also have significant consequences for brain 
structure and function in children with DM1. Thus, 
the improved and new technologies of insulin deliv-
ery and glucose monitoring introduced in recent years 
are aimed at increasing the flexibility of treatment and 
optimizing glycemic control, trying to ensure a “nor-
mal” life with less damage to the developing brain and 
neurocognitive function.
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Abstract
The paper discusses the features of antithrombotic therapy of 
pregnant women suffering from congenital cardiopathologies. 
Providing medical care to women suffering from cardiovascular 
diseases and carrying a child is a difficult task due to the unique 
maternal physiology, which causes profound changes in many 
organ systems. First of all, such difficulties are caused by the 
presence of the fetus, since individual approaches to the treat-
ment of cardiac diseases of the mother can have an adverse 
disease on the child. Conversely, the patient’s refusal of the nec-
essary treatment due to potential harm to the fetus is fraught 
with a bad outcome for both the mother and the child. Physio-
logical adaptation of the mother’s body during pregnancy can 
provoke cardiometabolic complications and cause thrombosis, 
the consequences of which can be fatal. Accordingly, the de-
velopment of approaches to the organization of antithrombotic 
therapy of pregnant patients with cardiopathologies can con-
tribute to improving the survival of the mother and fetus during 
pregnancy, as well as create prerequisites for a successful deliv-
ery and postpartum recovery of the woman and child.
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Introduction
Cardiac pathologies are widespread in the world 

and today are the main cause of death of people. Car-
diopathologies can be both congenital and acquired 
under the influence of a number of negative factors.

Congenital cardiopathologies are a serious predic-
tor of risk for women during pregnancy. Every year 
more and more patients with this disease reach repro-
ductive age, and cardiovascular diseases of pregnant 
women have become the most common cardiac pa-
thology during fetal gestation [1].

Blood circulation and hematological adaptation 
during pregnancy, which occur with increased met-
abolic needs, along with bleeding, pain and anxiety 
during childbirth and delivery, pose serious problems 
for the heart, lead to various complications and mor-
tality in women with congenital cardiopathologies [2].

A particular danger for women who are preparing to 
become a mother is the congenital heart defects (CHD) 
diagnosed in them; complications of such, even in the 
absence of stress on the body caused by pregnancy, can 
be arrhythmias of various nature, stroke, endocarditis, 
heart failure and pulmonary hypertension [3]. More-
over, against the background of heart defects, women 
may develop classic acquired cardiovascular diseases, 
such as coronary heart disease.

A significant part of patients diagnosed with CHD 
at various stages of life need cardiac surgical correc-
tion, as well as implantation of biological or mechan-
ical heart valves, while prosthetic valve thrombosis is 
a dangerous complication with an annual frequency 
of 0.1–6%, depending on the type of prosthesis and its 
position [4].

Thromboembolic complications (TEO) are anoth-
er complication that has a significant impact on mor-
tality and morbidity in patients with congenital car-
diopathologies [5]. However, clear recommendations 
for anticoagulant therapy in these patients are difficult 
to establish due to the heterogeneity of their popula-
tion. Accordingly, in order to reduce the risk of the 
above complications, it is necessary to carry out the 
necessary therapeutic measures to prevent thrombosis 
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in women with congenital cardiopathologies during 
pregnancy.

Materials and methods
In the process of writing the paper, theoretical and 

practical material devoted to the study of the main as-
pects of the research topic was studied, as well as the 
conclusions of clinicians offering various options for 
therapeutic approaches to reduce the risk of blood 
clots in pregnant women with a history of cardiopa-
thology were studied. The main methods used in the 
process of working with the material were the com-
parison method, the analytical method, as well as the 
induction method.

Results
The development of thrombosis in particular and 

thrombotic disease in general in a woman during preg-
nancy becomes possible due to a number of factors, the 
combination of which forms a favorable environment 
for the formation of venous and arterial blood clots. 
Low physical activity of a woman, as well as dehydra-
tion of the body due to vomiting of pregnant women, 
predetermine the conditions for the development of 
thromboembolic complications. Researchers note that 
the risk of thrombosis increases several times during 
pregnancy, and changes that support hypercoagula-
tion occur already in the first trimester [6].

Pregnancy, proceeding without pathologies, is ac-
companied by changes in the coagulation and fibrino-
lytic systems. At the same time, there is an increase in 
the level of fibrinogen, soluble fibrin, D-dimer, plas-
minogen activator inhibitors 1 and 2, and there is a 
positive result for antibodies to cardiolipin. In addi-
tion, the level of individual blood clotting factors (I, 
VII, VIII and XII) increases, while the levels of free 
protein S decrease [7]. Activated protein C is also re-
duced. In the vast majority of pregnant women, these 
levels do not change enough to cause a problem, be-
sides, these changes help prevent prenatal blood loss. 
However, they can have devastating consequences 
for women with a history or previously undiagnosed 
thrombophilia.

Fibrinogen, also known as coagulation factor I, is 
involved in the construction of a fibrin network in 
clots and platelet aggregation. The concentration of 
factor I (fibrinogen) increases in pregnant women, 
starting from about the 20th week of pregnancy, and 
reaches the level of 400 mg/100 ml. [8]

Protein S deficiency is a known cause of venous 
thrombosis. Protein S is a cofactor of protein C. The 
free form of protein S is active in disrupting the blood 
clotting cascade. During pregnancy, there is a signifi-
cant decrease in the activity of protein C and protein 
S during normal pregnancy compared to the postpar-
tum period. When factor Va is resistant to protein C 
(APC-resistance) The anticoagulant effect of protein 
C is reduced, which leads to blood clotting disorders 
and may be the cause of thrombophilia [9].

The above mechanism is extremely dangerous for 
pregnant women with congenital cardiopathologies, 
including those who at one stage or another of life 
required surgical correction and implantation of me-
chanical or biological valves. In this regard, increased 
attention of specialists should be organized to such pa-
tients from the first day of their pregnancy detection.

Prenatal interdisciplinary assessment is neces-
sary to assess the cardiovascular and obstetric risk of 
the patient, depending on one or another congenital 
cardiopathology. Obstetric assessment includes de-
termining the risk of miscarriage, premature birth, 
preeclampsia, genetic transmission and fetal compli-
cations. A care plan should be developed that defines 
obstetric and cardiological control during pregnancy, 
as well as the method of delivery.

Fetal and newborn outcomes are closely related to 
the severity of congenital cardiopathology, and predic-
tors of adverse outcomes include NYHA≥II class, ma-
ternal cyanosis, left heart obstruction, and the use of 
anticoagulants. In particular, one of the possible risks 
may be a decrease in the growth rate of the fetus. Ex-
perts believe that the use of aspirin at the beginning of 
< 16 weeks significantly reduces the frequency of fetal 
growth retardation and preeclampsia [10].

When choosing anticoagulant therapy, the risks 
and benefits for the mother and fetus should be 
weighed. Since vitamin K antagonists (VKA) freely 
penetrate the placenta, these regimens are associated 
with a significant risk of adverse events for the fetus.

Fetotoxicity includes embryopathy of warfarin in 
0.6–10% and fetopathy in 0.7–2% of pregnancies when 
it is used in the first and second/third trimester, re-
spectively. As a result, fetal warfarin syndrome (FWS) 
is manifested, which includes hypoplasia of the nasal 
cartilage, limb defects, hypoplasia with or without dot-
ted epiphyses, as well as mental retardation. There is 
also a decrease in fetal weight up to 40% to normal and 
there is a risk of neurological complications [11]
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The risk of warfarin embryopathy depends on the 
dose and time, i.e. it is especially high when exposed 
during the first trimester and when the daily dose ex-
ceeds 5 mg. It should be noted that the effect of vitamin 
K antagonists (VKA) on the fetus after the first trimes-
ter increases the risk of defects of the central nervous 
system, ocular abnormalities, probably caused by mi-
cro-hemorrhages in the tissues of neurons, and cere-
bral ventricular hemorrhages [12].

Unfractionated heparin (UH) and low molecular 
weight heparin (LMWH) are safe for the fetus because 
they are large molecules that do not penetrate the pla-
centa, unlike VKA . Direct oral anticoagulants (DOA) 
are currently contraindicated in pregnant women, 
since the available data are insufficient to exclude the 
risk of embryotoxicity.

Experts note that the frequency of preterm labor 
increases significantly to 16% in women in labor with 
congenital cardiopathology, antenatal corticosteroid 
therapy (ACT) should be considered in relation to 
individual patients between the 24th and 33rd weeks 
[13]. It reduces the frequency of respiratory distress 
syndrome, thereby improving the survival rate of pre-
mature babies.

Induction of labor should be considered at the 40th 
week of pregnancy in all women with heart disease. 
Vaginal delivery is the first choice for most patients, 
and cesarean section should be performed only for 
obstetric indications. Cesarean section should be pre-
ferred for patients admitted to labor for VKA in order 
to reduce the risk of intracranial hemorrhage of the 
fetus. It is also recommended to cancel anticoagulant 
therapy in case of urgent childbirth.

Discussion
For certain clinical situations within the frame-

work of the topic under consideration, a number of 
recommendations are presented in the literature.

Cardiac arrhythmia (CA) is a frequent compli-
cation in congenital cardiopathologies in pregnant 
women, increasing both mortality and morbidity. 
Even simple secondary defects of the atrial septum 
(DAS) are associated with an increased risk of LDC, 
which increases, in particular, with the transposition 
of the main arteries after atrial switching surgery [14].

Long-term anticoagulant therapy is recommended 
for patients with congenital cardiac pathologies when 
the risk of relapse is high. Women of childbearing age 
with moderate or complex pathology and CA on the 

background of anticoagulant therapy are not uncom-
mon, and the treatment regimen with anticoagulants 
is an important point to discuss before pregnancy.

CA may develop during pregnancy due to the al-
ready mentioned hemodynamic changes. There are 
few recommendations, but catheter ablation can be 
considered if minimal ionizing radiation is used. Di-
rect current cardioversion may be preferable to medi-
cal cardioversion in unstable patients, since it is highly 
effective and safe [15].

Pregnancy in women with Fontaine circulation 
is considered a high- and very high-risk pregnancy, 
especially in the case of pre-existing CA or reduced 
ventricular function. The risk of cardiac and obstetric 
complications in the mother, as well as complications 
in the fetus and newborn is increased: up to 8.4% - for 
the detection of CA, up to 69% – for miscarriage, up to 
50% – for postpartum bleeding and premature birth. 
The benefit-risk ratio should be assessed on an indi-
vidual basis when discussing anticoagulants in preg-
nant women with Fontaine circulation.

Pulmonary embolism and deep vein thrombosis 
occur in approximately 0.03–0.20% of all pregnan-
cies and are the cause of 3.5% of deaths in all cases 
[16]. With these pathologies, specialists recommend 
LMWH, the advantage of which, compared with UH, 
is a lower frequency of osteoporotic complications. 
Monitoring of the anticoagulant effect of LMWH 
should be carried out on an ongoing basis.

Pregnancy in patients with a mechanical heart 
valve is a high-risk situation, which reflects their as-
signment to group III according to the WHO risk 
classification [17]. Here, maternal mortality and mor-
bidity are 30-200 times higher, not only in compari-
son with pregnant women without valve prostheses, 
but also with patients with biological valve prostheses. 
The outcomes for the mother and fetus deteriorate sig-
nificantly: only 28-58% of patients have a pregnancy 
without complications, and the children are born alive. 
The presence of a mechanical heart valve is a predictor 
of events for the mother and fetus. The increased risk 
may mainly be associated with thrombosis and hem-
orrhagic complications due to difficulties in achieving 
effective anticoagulant therapy and its control.

The frequency of thromboembolic complications 
in such patients is high and occurs in 16% of cases. 
The researchers note that most valvular thrombosis 
occurred during the first trimester due to the replace-
ment of VKA with LMWH or UH. This indicates the 
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ally, the dose of LMWH is selected depending on the 
patient’s body weight. However, the renal clearance of 
LMWH increases, as well as the volume distribution, 
which requires careful monitoring and dose adjust-
ment. The initial dose adjusted for body weight often 
has to be rapidly increased by 54% during the first tri-
mester [22].

As mentioned earlier, direct oral anticoagulants 
(PPAC) are currently contraindicated during preg-
nancy. The first randomized study comparing dabiga-
tran with warfarin in non-pregnant patients with con-
genital cardiopathologies revealed a significant risk 
of thromboembolic complications. However, a recent 
pilot study evaluating rivaroxaban in low-risk patients 
found no cases of the above complications. As men-
tioned earlier, the safety and efficacy of PPAC must be 
proven in non-pregnant and consistently in pregnant 
patients before their routine use can be recommended.

In the absence of randomized studies comparing 
various strategies for reducing the risk of thrombosis 
in pregnant women with cardiopathology, several ret-
rospective studies and meta-analyses have been pub-
lished in recent years to help choose the best approach 
for each patient. Thus, researchers compared VKA 
and heparin regimens during the first trimester in a 
meta-analysis [23]. Their results showed that VKA 
regimens better protect against thrombosis and fur-
ther complications than regimens with heparin. There 
were no differences in relation to adverse outcomes 
for the fetus, which occurred, however, relatively of-
ten, in about 17-19%, with all regimens.

The researchers also determined that the combined 
risk to the mother was lowest with the VKA scheme, 
while the risk to the fetus was lowest with the LMWH 
scheme. Fetal complications occurred in 40% of cases 
when using VKA [24].

NSF regimens were associated with the highest 
mortality rate of 3.4%. Anticoagulant embryo- or fe-
topathy occurred in about 2% in the VKA group, 1.4% 
in the NG/LMWH +VKA group, but was not observed 
in the LMWH group. The latter regime was also asso-
ciated with the highest live birth rate – 92% [25].

It can be concluded that schemes with VKA pro-
tect the mother, and schemes with LMWH protect the 
fetus. The observed higher risk of thromboembolic 
complications in patients receiving LMWH should be 
considered with caution.

An important issue is the use of optimal strate-
gies for the treatment of LMWH in pregnant women 

subtherapeutic levels of heparin in the phase of transi-
tion from VKA to heparin as the main cause, and not 
pregnancy-induced hypercoagulation, which is most 
pronounced at the end of pregnancy [18]. Therefore, 
careful monitoring of the effectiveness of anticoagu-
lants in hospital settings is crucial.

An important aspect in this context is the coun-
seling of a woman before pregnancy, which should 
actually begin with the choice of a prosthesis. Since 
the effect of VKA on the fetus depends on the dose, 
some experts advocate determining the expected re-
quired dose of VKA , which can serve as a guideline 
for the patient and the doctor when choosing a valve 
prosthesis. However, the patient and the father of the 
unborn child should be informed that there is no risk-
free strategy for anticoagulant therapy. It is necessary 
to develop a treatment plan with an assessment before 
pregnancy and a strategy for each trimester, delivery 
and postpartum period, which, of course, must be 
adapted according to the development during preg-
nancy.

In recent years, two different anticoagulant therapy 
strategies have been developed for pregnant patients 
with congenital cardiopathologies: the VKA -based 
approach and the LMWH-based approach.

For historical reasons, most of the data is based on 
VKA -based schemas. As mentioned above, VKA S ef-
fectively protect against maternal complications with 
a risk of thrombosis and maternal mortality < 3% and 
< 1%, respectively; however, these low risks should be 
balanced by a significant risk of warfarin embryopathy 
and neurological complications [19].

To avoid warfarin embryopathy, it is proposed to 
replace VKA with either UH or LMWH during the 
first trimester, which increases the risk of thrombo-
embolic complications by up to 9%. LMWH is usually 
chosen, which is confirmed by a recent study [20].

The use of VKA throughout pregnancy is an alter-
native for patients who require only a low dose of VKA 
(warfarin < 5 mg, phenprocumon < 3 mg, acenocuma-
rol < 2 mg) [21]. Several studies have demonstrated 
a low incidence of thromboembolic complications 
when using this regimen. However, this strategy is still 
associated with a 20% risk of fetal loss, which does not 
depend on the dose of VKA.

The use of LMWH throughout pregnancy is an al-
ternative to the VKA scheme. LMWH does not pen-
etrate the placenta, which eliminates the risk of any 
embryopathy and reduces the risk of bleeding. Usu-
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with mechanical heart valves. The main purpose of 
anticoagulant therapy of such pregnant women is to 
prevent valve thrombosis and its fatal consequences 
for both mother and fetus. Although VKA S are con-
sidered the most effective regimen for the prevention 
of thromboembolic complications associated with 
pregnancy, they are associated with a significant risk 
of fetal complications, including embryopathy and 
miscarriage. Therefore, in most pregnant women, 
VKA S (temporarily or throughout pregnancy) are 
replaced by LMWH, which do not penetrate the pla-
centa and, therefore, do not have a direct effect on 
the fetus [26].

Due to predictable pharmacokinetics and pharma-
codynamics, routine monitoring of the effectiveness of 
LMWH is generally not considered necessary. Howev-
er, during pregnancy, a fixed dose of LMWH seems to 
be associated with an unacceptably high level of com-
plications in the mother. Therefore, under these con-
ditions, the activity of anti-Xa is measured to deter-
mine the dosage of LMWH therapy. Nevertheless, in 
pregnant women with a mechanical heart valve, both 
the target level of anti-Xa and the optimal monitoring 
schedule are still a matter of debate.

A number of studies have demonstrated that 
monitoring peak levels of anti-Xa, as recommend-
ed in current guidelines, is not a reliable indicator of 
the effectiveness of anticoagulants [27]. Despite ade-
quate targeted peak levels of anti-Xa, pregnant women 
with a mechanical heart valve may still develop valve 
thrombosis, and recent studies show the importance 
of adding routine measurements and maintaining 
minimum levels of anti-Xa to ensure adequate antico-
agulant therapy.

During pregnancy, the dose of LMWH needed to 
maintain the therapeutic level of anticoagulants may 
increase. Experts indicate that during pregnancy, 85% 
of women with a mechanical heart valve need an in-
crease in the dose [28]. Therefore, strict monitoring 
and good adherence to the treatment regimen are con-
sidered mandatory while taking anticoagulants.

A limitation of the use of LMWH for anticoagulant 
therapy during pregnancy is their renal clearance. Due 
to significant pregnancy-related changes in maternal 
physiology with an increase in renal clearance and a 
higher volume of distribution, the anticoagulant effect 
of LMWH 2 times a day in some patients may not be 
sufficient to maintain adequate minimum and peak 
levels of anti-Xa. Accordingly, since the apparent half-

life of LMWH is shorter in pregnant women, it can 
be assumed that in some patients, LMWH 3 times a 
day may be required to achieve a continuous adequate 
level of anticoagulation.

Conclusions
Thus, it can be concluded that the need for anti-

coagulant therapy during pregnancy significantly in-
creases the risk of hemorrhagic and thromboembolic 
complications in the mother, mortality and adverse 
events in the fetus, such as miscarriage or intracerebral 
hemorrhage. Patients with congenital cardiopatholo-
gies present a particularly high risk: less than 60% tol-
erate pregnancy without any complications from the 
fetus or mother.

Counseling before pregnancy is a necessary event, 
and patients, together with their partners, should par-
ticipate in decision-making on the choice of an indi-
vidual anticoagulant strategy. Also, patients with con-
genital cardiopathologies during pregnancy should be 
in specialized centers under the supervision of mul-
tidisciplinary teams of hematologists, obstetricians, 
cardiologists and anesthesiologists with experience in 
high-risk pregnancy.
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Abstract
Our article is devoted to the study of the state of the cardiovas-
cular system in female students after the use of different dos-
es of caffeine. Drinking 200 mg of coffee leads to a significant 
increase in heart rhythm and diastolic blood pressure in girls. 
The maximum values of heart rate (HR) and blood pressure are 
reached 1 hour after caffeine intake. Thus, in this case, reported 
is an increase in the heart rhythm by 12.7% (P ˂ 0.05), a rise 
in the high blood pressure by 8.8% and that in the low blood 
pressure level by 12.0% (P ˂ 0.05), as compared to the respec-
tive initial values thereof. After drinking 100 mg of coffee, there 
are no significant changes in the indicators of the cardiovascu-
lar system performance recorded: an increase in the heart rate 
after 1 hour has been reported to be 9.5%, a rise in the systolic 
blood pressure (BPs) has reached 5.0% and that in the diastolic 
one (BPd) 6.4%, as compared with the values of the reference 
group. The use of different doses of caffeine does not lead to 
significant changes in the duration of the waves and segments 
on the electrocardiogram. 3 and 6 hours after drinking coffee, 
the indicators of the cardiovascular system are gradually de-
creasing, approaching their respective initial values.
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Coffee is recognized as favorite beverage for many 
people in the world. Many countries in Latin America 
both produce and heavily consume it since it is suggest-
ed that coffee is native to the Latin America region [15].

Coffee is a big industry in this region. It is known 
that there are about 90 species found throughout the 
world which belong to the genus Coffea. 

Considering the volume of coffee produced by 65 
countries in the world, Brazil is accounted for nearly 40 
percent of the worldwide coffee production. The total 
output of coffee beans amounts to 4,5 million tons per 
year. There are about 50 countries in the world, which 
supply coffee to the global market [7].

Many of us have the habit of drinking our morning 
coffee. So, according investigations, people on Earth 
every day consume about 1600000 cups of this bev-
erage. 

There are two species of coffee which dominate in 
the coffee-drinking world: they are Arabica and Ro-
busta, which comprise 98% of the total coffee produc-
tion. Women are known to prefer Arabica because of 
having a more extensive tasting range and being softer 
and sweeter, while men like much more Robusta due 
to its harsher taste [11]. 

It is common knowledge that the benefits offered 
by coffee are attributed to its rich phytochemistry, 
which includes up to 20000 different substances and 
compounds.

Coffee contains a wide variety of organic constitu-
ents: proteins, fats, carbohydrates, acids and aromatic 
compounds [2].

The most attractive substance in the coffee com-
position is caffeine which has addictive properties [9].

So, the profiling component of coffee is caffeine, 
which is capable of enhancing the physical and mental 
performance, suppressing hypodynamia, eliminating 
fatigue and sleepiness [6]. In 1820, F. Runge isolated 
relatively pure caffeine for the first time; and in 1897 
H. Fischer first synthesized caffeine from its chemical 
components [8].

According to the reference literature data, the caf-
feine effect can last up to 6 hours, however the lev-
el of caffeine in blood peaks about one hour after its 
consumption. It can take 24 hours to completely clear 
caffeine from the bloodstream.

Coffee is not a neutral product that has developed 
a wide variety of opinions on its use. Some research-
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ers think it enhances the performance, boost memory, 
stimulate digestion and provide BMI control, while 
the other believe it makes a negative effect on the state 
of the cardiovascular system [4]. 

Due to an enhancement in excitability of the ner-
vous system, coffee stimulates the performance of the 
cardiovascular system as follows: it increases the heart 
rhythm, provides a vasoconstricting effect and accel-
erates the blood flow in the blood vessels.

Caffeine provides relief for a headache induced by 
vasodilation because of making its vasoconstricting 
effect on the brain blood vessels [5].

This alkaloid by stimulating the respiration center 
produces an increase in the breathing rate per minute 
and in the tidal volume [3].

Caffeine is considered as one of the antidepres-
sants, therefore the coffee lovers tend to show a re-
duced risk of suicide, demonstrate their resistivity to 
stress and a better adaptability, and they have lower 
mortality rates [16].

Regular coffee ingestion decreases risks of diabetes 
mellitus due to increasing the sensitivity of the organ-
ism to insulin [14].

It has been found that caffeine with its enhanced 
effect of producing some enzymes, preventing liver 
cancer and cirrhosis, is capable of counteracting these 
diseases [17].

At the same time, against the background of all the 
benefits and advantages listed above, coffee can be the 
major cause of such disorders like insomnia, stomach 
ulcer, infertility, premature delivery, function disor-
ders of the liver, the adrenal glands, abnormal clear-
ance of some mineral substances with a suppressive ef-
fect produced on the performance of all organs in the 
organism. The lethal dose of caffeine is a single dose 
of 10-20 mg [10].

The cardiovascular system is one of the most im-
portant systems in the organism, so that studies of 
the states of the cardiovascular system after the coffee 
consumption become topical.

Materials and methods
Our studies were conducted by the University’s 

Laboratories of Physiology and Anatomy of Humans 
and Animals. The subject of our study has covered 
50 female students, which have been divided into 2 
groups, 25 girls in each group.

The cardiovascular system data were measured 
both before the use of 100 and 200 mg coffee (one and 

two Arabica coffee cups, respectively) and 1, 3 and 6 
hr after the coffee consumption, employing the OM-
RON M3 Expert blood pressure machine and the Al-
ton-03 ECG recorder.

For the purpose of biometric analysis of the exper-
imental material we applied the Bio-statistics software.

Results and discussion
Table 1 and 2 supported by Figure 1 and 2 give us 

the data on the cardiovascular system performance in 
female students after the use of 100 and 200 mg caf-
feine, respectively.

Upon analyzing them, we may conclude that the 
average level of some data is above the upper limit of 
the respective physiological norm. Consumption of 
100 mg caffeine does not lead to essential changes in 
the cardiovascular system performance data.

Upon expiration of one hour after the coffee con-
gestion we recorded an increase in the heart rhythm 
by 7 beats, and after 3 and 6 hours we revealed an in-
crease therein by 4 beats and 1 beat, accordingly, as 
compared with the initial value.

The level of systolic pressure measured 1 hour af-
ter the coffee use has increased by 6 mm Hg, and that 
recorded 6 hours thereafter has returned to its initial 
value of 119 mm Hg. 

The blood diastolic pressure changes traced have 
been found to be similar to those of the systolic pres-
sure. So, the diastolic pressure value recorded 1 hour 
after the coffee use has shown an increase of 5 mm Hg, 
and 6 hours after thereof it was reported to be 1 mm 
Hg lower than the reference value of 78 mm Hg.

The durations of the ECG waves and segments 
measured 1 hour after the coffee consumption are 
slightly reduced, and upon expiration of 6 hours their 
durations are found to be close or equal to the respec-
tive reference group values.

So, a reduction in the durations of the P wave, 
the PQ, QRS and QT intervals upon expiration of 1 
hour has been recorded to be 0,005; 0,006; 0,005 and 
0,009 seconds, respectively, and after 6 hours thereof 
the durations of the atrial systole and the atrium-ven-
tricle conductivity time have reached their respective 
initial values again, while the QRS and QT durations 
have been reduced up to 0,001 below the reference 
group value.

Our analysis of the obtained data has shown that 
consumption of 200 mg caffeine induces significant 
changes in the heart rhythm and the diastolic pressure, 
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while the other studied data in the female students 
have not shown any considerable changes.

So, an increase in the heart rate and that in the 
diastolic pressure value upon expiration of 1 hour 
after the coffee use has reached 9 beats per minutes 
(P  <  0,05) and 9 mm Hg (P < 0,05), accordingly, as 
against their respective initial values.

The upper high pressure value upon expiration 
of 1 hour after the coffee consumption has become 
10  mm  Hg greater as compared with the reference, 
and 6 hours after the coffee use it has approached the 
reference group level.

The congestion of 200 mg caffeine has also not lead 
to any significant changes in the ECG parameters re-
corded in the girl students.

So, 1 hour after the use of 200 mg caffeine we ob-
serve a moderate decrease in the ECG parameters in 
the female students, and upon expiration of 6 hours 
the above parameters increase reaching the level re-
corded in the reference group. 

A reduction in the duration of the P wave reported 
1 hour after the coffee use is 0,004 seconds, a decrease 
in the PQ interval duration reaches 0,006, a reduction 
in the duration of QRS is 0,007, and the lowering of 
the QT interval has been recorded to be 0,010 seconds 
referred to the respective initial values thereof.

6 hours later, the P wave, the PQ and QT durations 
have been found to be 0,001 seconds below the initial 
values, and the QRS duration has become equal to the 
respective initial parameter.

It is evident that the significant increase in the heart 
rate in the arterial pressure values in the girl students 
after the caffeine intake takes place due to stimulation 
of the activity of the sympathetic nervous system and 
the vasomotor center in the medulla oblongata.

There is no consensus among the researchers of 
how caffeine makes its impact on the heart rate since 
it may be explained both by an increased secretion of 
adrenaline and elevated excitability of the parasympa-
thetic nerve suppressing the heart performance [21]. 

Table 1
Data on heart rate and arterial pressure in female students after the use of caffeine

Groups Coffee dose, mg
100 200

Heart rate, per 
minute

Syst. AP mm 
Hg

Diast. AP mm 
Hg

Heart rhythm, 
beats per 
minute

High blood 
pressure, mm 

Hg

Low blood 
pressure, mm 

Hg
Reference 74±2,6 119±3,2 78±2,4 71±2,2 114±3,3 75±2,1

Time expired after 
coffee use, hrs

1 81±2,9 125±3,5 83±2,7 80±2,51* 124±3,6 84±2,4*
3 78±3,5 122±4,1 80±3,3 76±3,1 119±4,2 78±3,1
6 75±3,8 119±4,4 77±3,5 72±3,3 115±4,4 75±3,2

*P ˂ 0,05

Table 2
Effect made by caffeine on ECG parameters in female students 

ECG parameters Coffee volume, mg
Reference Hours after coffee use

1 3 6
100

P, s. 0,073±0,0034 0,068±0,0037 0,070±0,0041 0,073±0,0044
PQ, s. 0,146±0,0089 0,140±0,0092 0,144±0,0098 0,146±0,0101

QRS, s. 0,088±0,0042 0,083±0,0044 0,085±0,0049 0,087±0,0052
QT, s. 0,338±0,0064 0,329±0,0067 0,334±0,0072 0,337±0,0075

200
P, s. 0,078±0,0035 0,074±0,0040 0,076±0,0040 0,077±0,0041

PQ, s. 0,155±0,0088 0,149±0,0090 0,152±0,0092 0,154±0,0093
QRS, s. 0,092±0,0052 0,085±0,0055 0,089±0,0057 0,092±0,0060
QT, s. 0,349±0,0048 0,339±0,0054 0,345±0,0059 0,348±0,0059
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Caffeine induces an enhanced performance of the 
myocardium. This results in an increase in the heart 
rhythm and arterial pressure [19]. The heart contrac-
tility boost and a greater release of glucose by the liver 
are attributed to the action of adrenaline.

According to N.A. Agadjanian [1], the excitation 
of the vasomotor center is provided by the action of 
caffeine.

This initiates the vasoconstriction in the digestive 
system and the vasodilation in the heart that makes 
possible to re-distribute blood within the organism 
and accelerate blood velocity. 

In this case, an insignificant increase in the blood 
pressure is observed. All the changes are aimed at pro-
motion of the battle of the organism against fatigue. 
Upon the caffeine effect, the coronary vessels of the 

Figure 1. Dynamics of data on the cardiovascular system performance in female students after use of 100 mg caffeine

 
Figure 2. Changes in the data on the cardiovascular system performance in female students after intake of 200 mg coffee
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heart dilate, while the cerebral blood vessel constrict 
that is the reason of taking caffeine in migraine [13].

As reported by Lovallo W.R. [et al.], the coffee con-
sumption by human individuals with low and normal 
blood pressure induce an insignificant blood pressure 
rise, and the use of coffee by human subjects with 
higher blood pressure causes a significant increase in 
their blood pressure level. Irregular coffee congestion 
is capable of raising the arterial pressure by 10 mm Hg 
[18]. The coffee lovers show a minor dependence of 
the arterial pressure on the coffee use [20].

The consumption of the coffee amount of 100 mg 
has not lead to any significant changes in the examined 
parameters, while the intake of 200 mg, upon expira-
tion of 1 hour, has resulted in the significant increase 
in the heart rhythm and the diastolic pressure value in 
the female students.

Conclusions
1. The consumption of 100 mg caffeine does not 

make any significant impact on the parameters of 
the cardiovascular system performance in the fe-
male students participated in the study.

2. Upon expiration of one hour after the use of 
200 mg coffee, observed are a significant increase 
in the heart rate and the diastolic pressure values in 
the female students.

3. The heart rate recorded 1 hour after the intake of 100 
and 200 mg caffeine increases by 9,7 and 12,7 beats 
per minute (P < 0,05), respectively, and the systol-
ic pressure by 5,0 and 8,8 mm Hg, accordingly, as 
compared with the respective initial values.

4. After the consumption of 100 and 200 mg caffeine, 
observed has been a rise in the diastolic pressure 
of 6,4 and 12,0 mm Hg, respectively (P < 0,05) as 
against the values in the reference group.

5. The durations of the ECG waves and segments 
measured within one hour after the use of different 
doses of coffee show minor reductions, and those 
traced 6 hours after the coffee intake are found to 
be close to the respective reference group values.
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Abstract
This article discusses a clinical case of the manifestation of 
MODY2 diabetes, which complicated the course of type I di-
abetes mellitus in a patient of puberty. For 9 months, the dy-
namics of the patient’s condition was monitored, who was on 
inpatient treatment in the endocrinology department of the 
State Medical Institution of the Tambov City Hospital for the 
entire period of observation. The criteria for daily monitoring 
of the patient’s clinical condition were: blood glucose and gly-
cated hemoglobin, the level of glucosuria, the concentration 
of ketone bodies in the blood and acetone in the urine. The 
patient underwent insulin therapy and infusion therapy. De-
spite the ongoing treatment, including, among other things, 
the treatment of complications of the underlying disease, by the 
6th month the patient’s condition worsened to an extremely se-
vere degree. Additional laboratory and instrumental diagnostic 
studies were conducted, including a molecular genetic study 
for diabetes typing, the results of which made it possible to 
determine the cause of the progressive course of type I dia-
betes mellitus, which was the clinical manifestation of MODY2 
diabetes with the development of insulin tolerance against the 
background of hormonal adjustment of puberty. 
The problem of timely and accurate diagnosis, and, according-
ly, correct treatment, of type I diabetes mellitus combined with 
MODY2 diabetes, remains urgent and serious, due to the difficul-
ty of interpreting differential diagnostic criteria with progressive 
type I diabetes mellitus of childhood and adolescence, which in 
turn can lead to multiple complications, including fatal exodus.
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The global trend of a scaled increase in diabe-
tes mellitus is a serious medical and social problem. 
Against the background of the wide spread of classical 
forms of diabetes mellitus, such as type 1 and type 2 
diabetes, its rarer types with specific clinical presen-
tation, course and prognosis, including MODY, are 
increasingly being diagnosed [1-3].

MODY diabetes is a heterogeneous group of ge-
netic diseases with autosomal dominant inheritance, 
characterized by impaired functioning of pancreatic 
β-cells. MODY debuts at a young age. It is diagnosed 
in 2-5% of the total number of patients with diabetes 
mellitus of all types [1,4,5].

According to world statistics, MODY occurs in 1 case 
per 10,000 adults and 1 case per 23,000 children [6].

There are several subtypes of MODY-diabetes, of 
which MODY2 is the most common in Russia. As 
of 2021, 50 cases of neonatal diabetes mellitus (1 in 
152,280) have been registered in Russia, a molecular 
genetic study has been performed, however, the prev-
alence of GCK in Russia remains largely uncertain due 
to the lack of nationwide screening for diabetes-asso-
ciated autoantibodies and limited access to molecular 
genetic testing [7-9].

MODY2 diabetes is associated with mutations in 
the glucokinase (GCK) gene. Glucokinase is a regula-
tor of maintaining glucose homeostasis at the level of 
the pancreas and liver. The consequence of the GCK 
gene mutation is a violation of glucose phosphoryla-
tion and, as a result, a failure in the regulation of in-
sulin synthesis. More than 600 mutations in the GCK 
gene have been identified [8,10-13].

MODY2 is milder than other subtypes and is char-
acterized by an asymptomatic course, moderate fast-
ing hyperglycemia, the average level of glycemia is de-
termined in the range of 5.5–8.0 mmol/l, HbA1c often 
does not exceed the upper limit of normal [8,9].
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Such features of the clinical picture in the vast major-
ity of cases lead to erroneous diagnoses, which in turn 
predetermines an incorrect treatment strategy with 
negative consequences. In view of this, only knowledge 
and a clear understanding of the etiology, pathogenetic 
mechanisms and specifics of the clinical manifestations 
of MODY will make it possible to correctly assume the 
diagnosis, verify it by molecular genetic testing, and de-
velop a competent and effective treatment strategy with 
an individual approach [6,10,14].

Case description
on September 5, 2019, a boy X, born in 2005, was 

admitted to the Department of Endocrinology of the 
State Budgetary Healthcare Institution of Children’s 
Children’s Hospital of the Republic of Uzbekistan with 
complaints of severe thirst (the amount of fluid con-
sumed per day was 5-6 liters), frequent urination, nau-
sea, repeated vomiting that did not bring relief. When 
collecting an anamnesis, he answered questions slow-
ly, was inhibited and disoriented in space. The level 
of glucose in the blood at admission was 21.3 mmol/l, 
glycated hemoglobin 6.7%, C-peptide 0.02 ng/ml, ace-
tone in the urine 960 mg/l +++. The patient’s height is 
172 cm, weight 63 kg, BMI 21.3.

Diagnosis at admission: Insulin-dependent diabe-
tes mellitus in the stage of decompensation.

Medical history. At the age of 7 years, 2 weeks af-
ter undergoing surgical treatment of varicocele under 
local anesthesia, the patient showed a decrease in ac-
tivity and constant drowsiness, frequent mood swings, 
increased thirst, frequent urination, loss of appetite. 
On May 8, 2012, the patient’s condition worsened, 
multiple vomiting began on the background of food 
or liquid intake. The boy was taken to the intensive 
care unit of the hospital on duty. Type 1 diabetes mel-
litus was diagnosed, blood sugar level at the time of 
admission was 25.1 mmol/l, C-peptide 0.02 ng/ml, 
glycated hemoglobin 8%. The patient was prescribed 
dosed insulin therapy, which included 16 IU of Ac-
trapid against the background of infusion therapy. 
After transfer to the endocrinology department, the 
patient was prescribed insulin therapy: Actrapid - 16 
IU four times and Protafan HM - 28 IU twice a day. 
Regularly, the local therapist and endocrinologist of 
the polyclinic at the place of residence carried out cor-
rection of insulin therapy with a gradual increase in 
dosage, which by the age of 13 was: Actrapid - 24 IU, 
Protafan HM - 48 IU.

Anamnesis of life. The child was born full-term, 
with a weight of 3700 grams and a height of 52 cm. 
From the first days was bottle-fed (according to the re-
sults of research by Nicolai A. Lund-Blix et al., 2017, it 
was found that the risk of developing type 1 diabetes 
is twice as high in children who are formula-fed) [6]. 
From the age of 1 year, the child suffered from chronic 
tonsillitis. At the age of 4, he underwent a tonsillectomy. 
At the age of 5 he had been ill with rubella, at the age 
of 6 he had chicken pox of a protracted course. At 6 
years after vaccination, a subscapular lipoma developed 
at the injection site, which was removed. At the age of 
7, he underwent surgical treatment of varicocele. Be-
fore each surgical intervention, the patient underwent 
a biochemical blood test, including the level of blood 
glucose and glycated hemoglobin. All indicators were 
within the reference values. Hereditary history of dia-
betes mellitus is burdened on the maternal side.

On admission on the first day of hospitalization, 
the following treatment was prescribed:

1. 450 ml of NaCL solution 0.9% IV drip (60 drops / 
min) 2 times a day, at 8:00 and at 20:00.

2. Insulin therapy in / in 15 IU of Actrapida every 
2 hours, during the infusion of NaCL - in / in, con-
tinuously using a dispenser. Subcutaneous insulin in-
jections every 4 hours, depending on food intake and 
blood glucose levels.

3. Ringer-Lock solution 400 ml for 4 hours intrave-
nously (60 drops / min), 10 ml / kg 2 times a day, in the 
morning - 400 ml, in the evening - 200 ml.

4. Antiemetic drug - Cerucal 1/2 tab / day.
5. Enterosorbent - Enterosgel (15 g per 100 mg of 

water 1 hour before meals)
Medical tests were prescribed: general urinalysis, 

complete blood count, biochemical blood test, glycat-
ed hemoglobin.

Within 3 days, the level of glucose in the blood did 
not decrease and remained within the range of 22-30 
mmol / l, after which the treatment was adjusted:

1. NaCL solution 0.9% IV drip, 80 drops / min, 350 
ml 2 times a day, at 8:00 am and 20:00 pm.

2. Insulin therapy: in / in 25 units of Actrapid using 
a dispenser with interval administration; subcutane-
ously prolonged insulin 44 IU Protafana HM.

3. Ringer-Lock solution 200 ml, for 3 hours, intra-
venously, 80 drops / min, 10 ml / kg, 2 times a day, in 
the morning - 200 ml, in the evening - 100 ml.

4. Enterosorbent - Enterosgel (20 g per 100 mg of 
water 1 hour before meals)
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The indicator of acetone in urine decreased to 
724 mg/l ++. The patient stopped vomiting and had 
a slight appetite. Against the background of increased 
thirst, polyuria was noted. The patient is lethargic, but 
the consciousness is clear.

On day 6, the blood glucose level decreased, but 
did not fall below 15.5 mmol/L. The specialists decid-
ed to transfer the patient from the intensive care unit 
to the endocrinology unit. Therapy was prescribed ac-
cording to the blood glucose level:

1. NaCL solution 0.9% IV drip 70 drops/min, 250 
ml, 1 time per day.

2. Insulin therapy: in / in 15 units of Actrapid us-
ing a dispenser with interval administration; subcuta-
neously prolonged insulin 44 IU Protafana HM and 
Actrapid 24 IU.

3. Enterosorbent - Enterosgel (20 g per 100 mg of 
water 1 hour before meals)

On the night of day 7, the patient’s condition wors-
ened, the glucose level increased to 27.9 mmol/l, ace-
tone in the urine - 824 mg/l +++, which was accom-
panied by repeated vomiting, tonic cramps of the calf 
muscles and numbness of the upper extremities, which 
indicated the development sensory diabetic neuropa-
thy. The patient was transferred to the intensive care 
unit. Treatment prescribed:

1. NaCL solution 0.9% IV drip 70 drops/min, 
400 ml, 1 time per day.

2. Insulin therapy: in / in 25 units of Actrapid us-
ing a dispenser with interval administration; subcuta-
neously prolonged insulin 20 IU Protafana HM and 
Actrapid 24 IU.

3. Vitamins of group B: B6, B2 - 2 mg 1 time per 
day, B3 - 15 mg 2 times a day in tablets, milgamma - 
2 ml (50 mg) intramuscularly once.

By day 11, the patient’s condition stabilized, blood 
glucose level was 14.8 mmol/l, acetone in urine was 186 
mg/l+. The patient was transferred to the endocrinolo-
gy department and made adjustments in the treatment:

1. NaCL solution 0.9% IV drip 65 drops/min, 
200 ml, 1 time per day

2. Insulin therapy: in / in 10 units of Actrapid using 
a dispenser with interval administration; subcutane-
ously prolonged insulin 42 IU Protafana HM and Ac-
trapid 24 IU; additionally short insulin Actrapid 12 IU 
per day for 4 injections, subject to preliminary control 
of blood glucose.

Within four days, the level of glucose in the blood 
ranged from 14.8 mmol/l to 20 mmol/l. There were no 

cramps in the calf muscles and numbness of the upper 
extremities.

On day 15, the patient’s condition worsened, the 
blood glucose level increased to 28.7 mmol/l, tonic 
cramps of the calf muscles were noted. The patient 
was urgently transferred to the intensive care unit. 
The medical consultation stated that the patient was 
tolerant to the administered insulin. It was decided to 
transfer the patient to another insulin in order to im-
prove his condition. Instead of Actrapid and Protafan 
HM, NovoRapid and Levemir were proposed. The fol-
lowing treatment was prescribed:

1. NaCL solution 0.9% IV drip 60 drops / min, 
600 ml, 2 times a day, at 10:00 in the morning and at 
19:00 in the evening.

2. Insulin therapy: IV NovoRapid 20 IU using a 
dispenser with interval administration; subcutaneous 
insulin NovoRapid at a dosage of 36 units per day and 
Levemir 30 units per day.

3. Ringer-Lock solution 400 ml for 4 hours intrave-
nously (60 drops / min), 10 ml / kg 2 times a day, in the 
morning - 400 ml, in the evening - 200 ml.

A day later, the patient was transferred to the en-
docrinology department and the treatment was sup-
plemented:

4. THROMBO ASS 100 mg/kg tablets, once a day.
5. Vitamins Doppelhertz 1 tablet a day 15 minutes 

before meals.
6. Diet number 9.
Against the background of the prescribed treat-

ment for the next two months, the patient’s condition 
was stable, there were no strong jumps in blood glu-
cose levels, it ranged from 15 to 20 mmol/l, acetone in 
the urine ranged from 56 to 432 mg/l (+ and ++). For 
prevention, the patient was added to the treatment:

1. Intravenous (IV) injectionof Berlition 600 IU of 
action in 24 mg ampoules diluted with NaCL 0.9% at 
200 mg, 60 drops per minute, for 10 days.

2. Enterosorbent Enterosgel (20 g per 100 mg of 
water 1 hour before meals).

Since the glucose level did not fall below 15 mmol/l, 
which indicated an inappropriate type of insulin, a de-
cision was made to change the type of insulin. It was 
appointed:

1. Subcutaneous insulin NovoMix at a dosage of 46 
IU per day.

2. Geninsulin R at a dosage of 18 units per day.
At the end of the 2nd month additionally ap-

pointed:
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1. Neurolepon 600 mg in 20 ml ampoules diluted 
with NaCL 0.9% IV drip (60 drops/min) at 200 mg for 
10 days.

2. Actavigin 40 mg/ml, IV.
3. Kombilipen 2 ml, 2 times a day, intramuscular 

injection.
The third, fourth and fifth months were without 

any significant changes during treatment, but blood 
glucose remained in the range of 15.5-21 mmol/l.

At the end of the 5th month, the patient began to 
complain of worsening vision in the left eye. Ophthal-
mologists diagnosed retinopathy with maculopathy. At 
the same time, the patient in the right inguinal region 
was found to have an enlarged lymph node measuring 
2.9 cm, in the left - 1.3 cm. A biopsy study was prescribed.

In the first week of the 6th month, the patient 
underwent a biopsy of the inguinal lymph nodes. 
Histological examination revealed the presence of 
Berezovsky-Sternberg cells, proliferation of lym-
phoid tissue with an increase in plasma cells, fibro-
blasts, eosinophilic and neutrophilic leukocytes, re-
sembling granulation tissue. According to the results 
of the clinical picture and biopsy, the diagnosis was 
made, Hodgkin’s disease, unspecified (ICD-10 C81.9). 
Lymphadenectomy carried out. On the background 

of surgery, the level of glucose in the blood rose to 
30 mmol/l, and acetone in the urine became sharply 
positive (1600 mg / l), ketone bodies in the blood were 
determined at the level of 713 mg%. This led to the de-
velopment of a hyperglycemic coma lasting five days. 
At the same time, sensory polyneuropathy develops. 
There was a sharp increase in blood pressure up to 
180/110 mm Hg. The level of glucose in the blood rose 
to the critical figures of 54.9 mmol/l. The morning 
dawn syndrome was revealed, which was confirmed 
by the testosterone level, which exceeded the norm by 
24 times. Based on these clinical indicators, an emer-
gency medical commission suggested that the patient 
clinically manifested MODY 2 on the background of 
type I diabetes mellitus during puberty. With this in 
mind, the treatment was adjusted.

The patient’s blood was sent for molecular genetic 
testing for diabetes typing. Within a few weeks, the re-
sult was obtained: two types of the diabetes genetic code 
were found in the patient’s genotype: DR I and MODY 2. 
With additional targeted clarification of the anamnesis, 
hereditary burden for different types of diabetes melli-
tus, including MODY (Figure 1), was established.

After resuscitation, the patient underwent insulin 
replacement with Humulin R (short-acting) and Hu-

Figure 1. Family tree of patient X, 14 years old
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mulin NPH (long-acting) to correct complicated type 
I diabetes mellitus MODY 2:

1. Insulin Humulin-R 36 IU per day.
2. Humulin-NPH 52 IU per day.
Against the background of adjusted insulin ther-

apy, the patient showed a stable improvement in his 
condition, a decrease in the level of glucose in the 
blood, ketone bodies, glucose in the urine, and the 
disappearance of neurological symptoms.

Stabilization of the patient’s condition with the 
normalization of all parameters continued until the 
end of the 8th month.

At the beginning of the 9th month, against the back-
ground of insufficient intake of carbohydrate food, the 
blood glucose level dropped to 2 mmol/l, which led to 
the development of hypoglycemic coma, and the level 

of acetone in the urine at that moment was ++ (400 
mg/l), which is not typical for this coma. The patient 
was brought out of this pathological condition quickly, 
by parenteral administration of glucose. For another 
month, the patient was in the hospital under obser-
vation to monitor the effectiveness and tolerability of 
the prescribed treatment. The outcome of this clinical 
case was favorable.

The patient was discharged with a diagnosis of:
MODY 2 combined with insulin-dependent diabe-

tes mellitus with multiple complications in the com-
pensation stage. Diabetic retinopathy, maculopathy, 
polyneuropathy (sensory form). Hodgkin’s disease, 
unspecified.

Blood glucose 6.3 mmol/l, glycated hemoglobin 
7.9%, C-peptide = 0.02 ng/ml, acetone in urine 150 mg/l.

Figure 2. Glycated hemoglobin for 36 weeks in a patient with a combination of MODY-2 and DM 1.

Figure 3. Ketone bodies in the blood for 36 weeks in a patient in combination with MODY-2 and DM 1.
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Results and Discussion
Type I diabetes becomes severe in combination 

with MODY 2. In adolescence, an increase in glycemia 
in patients with combined MODY 2 is often regarded 
as a typical exacerbation of DM I and standard insulin 
therapy is prescribed, which does not give a positive 
effect. It is this situation of late diagnosis of MODY 2 
that is described in the presented clinical case, when 
the course of DM I against the background of chang-
es in hormonal levels in the puberty period and a de-
crease in the effectiveness of endogenous insulin ac-
tion is aggravated by MODY 2. In addition, diabetes 
mellitus often affects target organs, causing the de-
velopment of acute and chronic complications. In the 
proposed clinical case, the complications recorded in 

the registry [1] as the most common were noted, such 
as diabetic polyneuropathy, retinopathy, hypertension. 
The specificity of the course of diabetes mellitus, espe-
cially when several types are combined, requires mo-
lecular genetic diagnostics to verify the diagnosis and 
clarify the MODY subtype, followed by the choice of 
treatment tactics and reducing the risk of complica-
tions [1, 15, 16].

Conclusions
Any clinical case of type I diabetes mellitus in chil-

dren and adolescents should be considered individu-
ally, taking into account the variety of clinical man-
ifestations and the possibility of combination with 
diabetes associated with a GCK gene mutation. The 

 
Figure 4. The level of glucose in the urine (glucosuria) for 36 weeks in a patient with a combination of MODY-2 and DM 1. 

 
Figure 5. Blood glucose level for 36 weeks in a patient with a combination of MODY-2 and DM 1.
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presented clinical case clearly indicates the need for 
mandatory implementation of molecular genetic test-
ing in children and adolescents to verify differential 
diagnostic criteria.
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sonal data was obtained from the patient’s legal rep-
resentatives.

Funding
None

Acknowledgements
We would like to express our gratitude to the Di-

rector of the Tambov State University named after 
G. R. Derzhavin, Mr. Voronin Nikita Igorevich, for as-
sistance in research work and support at all stages of 
publication.

References
1. Dedov II, et al. Diabetes mellitus in the Rus-

sian Federation: prevalence, morbidity, mortality, pa-
rameters of carbohydrate metabolism and the struc-
ture of hypoglycemic therapy according to the Federal 
DM Registry, status 2017. Diabetes mellitus. 2018; 
21(3): 144-159. [in Russian]

2. Sultanaliva RB, et al. Epidemiological aspects 
of diabetes mellitus in Kyrgyzstan. Bulletin of KRSU. 
2016; vol. 16 (11): 140-144. 

3. Sharofova MU, Sagdieva ShS, Yusufi SD. Dia-
betes mellitus: current state of the art. Avicenna Bulle-
tin. 2019; 1:502-12. [in Russian]

4. Brunerova L, et al. Use of oral antidiabetic 
drugs in the treatment of Maturity-Onset Diabetes 
of the Young (MODY): a minireview. Diabetes Metab 
Res Rev. 2018; 34(1):2940. 

5. Urbanová J, Brunerová L, Brož J (2018) Hid-
den MODY – looking for a Needle in a Haystack. 
Front Endocrinol (Lausanne). 2018; 9:355.

6. Ken Munene Nkonge, Dennis Karani Nkonge, 
Teresa Njeri Nkonge The epidemiology, molecular 
pathogenesis, diagnosis, and treatment of maturi-
ty-onset diabetes of the young (MODY) Clin Diabetes 
Endocrinol. 2020 Nov 4; 6(1):20. 

7. Kuraeva TL, et al. Molecular genetic and clin-
ical variants of MODY2 and MODY3 in children in 
Russia. Problems of endocrinology. 2015; 5:14-25. [in 
Russian]

8. Cherkasova YuB, et al. The combination of 
type I diabetes mellitus and diabetes associated with 
a mutation in the GCK gene. Issues of history. 2022; 
8-2:280-7. EDN AENSBB. [in Russian]

9. Zubkova NA, et al. Clinical and molecular ge-
netic characteristics of MODY1-3 cases in the Russian 
Federation identified by NGS results. Problems of en-
docrinology. 2017; 63(6): 369-78. [in Russian]

10. Ovsyannikova AK, et al. MODY in Siberia - 
molecular genetics and clinical manifestations. Diabe-
tes. 2017; 20(1): 5-12. [in Russian]

11. Kononenko IV, et al. Difficulties in diagnos-
ing diabetes mellitus type MODY2 in adults. Diabetes. 
2019; 22(4): 384-91. [in Russian]

12. Kitao N, et al. The role of glucokinase and in-
sulin receptor substrate-2 in the proliferation of pan-
creatic beta cells induced by short-term high-fat diet 
feeding in mice. Metabolism. 2018; 85: 48-58. [in Rus-
sian]

13. Jun Shirakawa, Yasuo Terauchi. Newer per-
spective on the coupling between glucose-mediated 
signaling and β-cell functionality. Endocr J. 2020; Jan 
28; 67(1):1-8.

14. Vella A, et al. Targeting hepatic glucokinase to 
treat diabetes with TTP399, a hepatoselective glucoki-
nase activator. Science translational medicine. 2019; 
11(475): eaau3441. [in Russian]

15. Carlsson A, et al. Absence of islet autoanti-
bodies and modestly raised glucose values at diabetes 
diagnosis should lead to testing for MODY: lessons 
from a 5-year pediatric Swedish National Cohort 
Study. Diabetes Care.2020; 43(1): 82–89. [in Russian]

16. Steele AM, et al. Prevalence of vascular com-
plications among patients with glucokinase mutations 
and prolonged, mild hyperglycemia. JAMA. 2014; 
311(3): 279-286. [in Russian] 

17. Voevoda MI, et al. Molekuljarnaja genetika 
MODY. Terapevticheskij arhiv. 2016; 88(4): 117-124. 
[in Russian] 



Issue 24. November 2022 | Cardiometry | 217

ORIGINAL RESEARCH Submitted: 9.10.2022; Accepted: 1.11.2022; Published online: 20.11.2022

Our experience with the results 
of surgical treatment of victims 
with concomitant injuries 
of the pelvis and femur
Khasan Azizovich Tilyakov*, Aziz Buriyevich Tilyakov,
Jasur Zafarovich Shamsiev, Fariz Komiljonovich Rabimov,
Zhasur Akhtam Ugli Rustamov, Sukhrojon Sobirovich Sattarov

Samarkand State Medical University, Uzbekistan, Samarkand, 
18 Amir Temur ko’chasi

*Corresponding author:
sammu@sammu.uz

Abstract
Hip fractures with damage to the pelvic bones are one of the 
most severe combined injuries of the musculoskeletal system. 
This article presents the results of our studies in 130 patients, 
which demonstrated that the active tactics of minimally inva-
sive methods of treatment of femoral fractures combined with 
pelvic bone fractures looks quite reasonable. In favor of early 
stabilization of fractures, such strong arguments are put for-
ward as the possibility of early activation of the patient, the 
prevention of threatening hypostatic complications. Combining 
the terms of consolidation and rehabilitation contributed to ob-
taining positive functional results, which significantly reduced 
the number of patients with severe consequences of injuries to 
the musculoskeletal system.
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Introduction
Fractures of the pelvis as part of a combined trau-

ma are the most severe musculoskeletal system in-
juries: the mortality rate, according to the literature, 
averages 40-80% [10; 13]. This rate depends on the 
combination of injuries in the combined trauma, and 
mortality is more determined by the development 
of complications than by the fracture of the pelvic 
bones [1,3,5].

The high mortality rate in unstable pelvic bone 
fractures is due to the development of traumatic shock, 
which is observed in 58.9% of patients with concom-
itant pelvic injuries. Massive intrapelvic bleeding is 
caused by the spongy structure of the pelvic bones, 
non-collapsing vessels in the bone substance, and co-
agulapathy in patients with concomitant trauma in the 
acute period [8].

Given the severity of the patients’ condition, when 
determining the treatment tactics, it is necessary to 
solve a number of tasks, on which the immediate out-
come, the probability of complications, the duration 
of the patient’s hospital stay, and the long-term results 
depend. Thus, one of the key tasks in patient treatment 
is speed and accuracy of decision making in the acute 
period of traumatic disease [7]. To solve this problem, 
we need a clear algorithm for the diagnostic and treat-
ment process, including determination of indications 
for surgical treatment depending on the severity of the 
patient’s condition, the category of concomitant trau-
ma, and the type of pelvic injuries.

The most well-known in foreign practice is 
«Damage Control» algorithm for treatment of pa-
tients with concomitant injuries, which replaced the 
«Early Total Care» treatment concept adopted in the 
1980s [5,6].

Fixation of the pelvic ring and femur in case of 
their unstable injuries is one of the basic elements of 
Advanced Trauma Life Support (ATLS) algorithm for 
treatment of severe injuries [2]. Due to the develop-
ment of marked hemodynamic disorders, pelvic and 
femoral fractures are considered to be life-threatening 
for the patient, the mortality rate in this type of injury 
reaches 50% [3,6].

Objective
To improve the results of treatment of patients with 

combined pelvic and femoral injuries taking into ac-
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count the assessment of the severity of the condition 
and the severity of the injury.

Material and methods of examination
We studied the results of treatment of 130 pa-

tients with concomitant injuries of the pelvis with 
hip fractures, which made up 15.4% of all patients 
with concomitant trauma. Male patients predom-
inated among the injured. 6% of the patients were 
aged 20-55 years. Road traffic accidents were the 
cause of injury in 89  (68.4%) patients, falls from 
height in 33 (25.3%), and accidents at home in 8 
(6.1%). Bone fractures of the pelvis and extremities 
in 81 (62,3%) cases, with injuries of internal organs 
revealed in 39 (30%) victims. Upon admission, de-
pending on the severity of the condition, the pa-
tients were mandatorily hospitalized in an antishock 
ward of the admission department, where antishock 
measures were carried out. The intensive care unit 
prevented and treated possible life-threatening com-
plications of respiratory distress syndrome, DIC syn-
drome, multiple organ failure and primary infectious 
complications. The tactics of treatment of patients 
with combined trauma at this stage consisted in re-
moving the patients from shock and maintaining 
the vital functions of the body - breathing and cir-
culation. A comprehensive examination was carried 
out, and the injured were examined by specialists. 
Depending on the localization and severity of the in-
juries, emergency surgical treatment was performed 
only on vital signs. X-ray examination of the cranial 
bones, thorax, pelvic bones and the injured limb seg-
ments was mandatory for all patients. Ultrasound of 
the thoracic cage organs was necessarily performed 
if there was suspicion of trauma in these areas. In 
case of severe craniocerebral trauma and complicat-
ed fractures of the spine, computed tomography was 
necessarily performed. Angiography was performed 
in case of suspected injury of great vessels. All exam-
inations were performed against the background of 
complete intensive therapy aimed at increasing ox-
ygen content in blood, replenishing energy expen-
ditures, maintaining breathing, restoring the volume 
of circulating blood, and maintaining the tone of 
the cardiovascular system with inotropic and vaso-
active drugs. One of the indicators that determined 
the tactics of treatment was the severity of the con-
dition of the victims, expressed in degrees of shock. 

It follows from the data presented that all the vic-
tims were delivered to the hospital in a state of shock. 
Depending on this criterion, they were distributed 
as follows. Most patients were delivered with first- 
and second-degree shock: 78 (60.8%). Third- and 
fourth-degree shock was diagnosed in 51 (39,2%) 
out of the total number of patients. 

When patients were admitted in traumatic 
shock and unstable injuries of the pelvic ring, the 
primary treatment was stabilization of the pel-
vic ring, stopping bleeding and compensation of 
blood loss from the pelvic vessels. A striking ex-
ample is osteosynthesis of the anterior pelvic ring 
with external fixation apparatus, which is an ant-
ishock operation and helps to stop bleeding in the 
first hours after injury. 

The examination was performed according to the 
clinical and diagnostic standards developed by the au-
thors. Given the overall severe condition of the vast 
majority of patients, the main goal of treatment was 
life preservation.

We developed a computer program, «Software for 
estimating the severity of state and severity of con-
comitant injuries of the pelvis and fractures of the 
femur»; patent number DGU 08846, 27.07.2020, was 
received. 

The program is designed to determine the severity 
of injuries, criteria of their stage of development, re-
vealing the intensity and duration of intrapelvic bleed-
ing. The obtained data are indicators that play one of 
the leading roles in the choice of treatment tactics, as 
well as in the evaluation of the results of surgical treat-
ment of concomitant injuries of the pelvis and femur 
fractures.

Functionality of the program: registration of the 
card of the examined patient, collection, input, stor-
age of data on the indicators of laboratory research. 
The program allows the most informative meth-
ods of mathematical analysis based on the Glasgow 
scale (GCS), heart rate (HR), blood pressure index 
(BP), respiratory rate (BFR), data on hemoglobin 
(Hb) and hematocrit (Ht), as well as the intensity 
and duration of intrapelvic bleeding (IPBH) to reli-
ably determine the severity of condition and sever-
ity of the patient.

Distribution of condition severity and injury 
scores: 6-24 points - stable condition; 25-49 points - 
borderline; 50-74 - unstable and 75-96 - critical.



Issue 24. November 2022 | Cardiometry | 219

 
Figure 1. View of the “Program for Assessing the Severity of Condition and Severity of Combined Pelvic and Femoral Fracture Injuries”.

Diagnostic and assessment program for the severity and severity of combined injuries of the pelvis and femur fractures
Severity
States

Sc
or

e Clinical and laboratory parameters Bleeding intensity index* Coeffi-
cientBP

(mm Hg)
HR

(bpm)
BFD
(min)

Hb Ht
(%)

SCG A В С

Stable 1  > 100  < 100  < 24  > 100  > 35 15  > 100 ml/h 100-200 ml/h 200-250 ml/h 1
Frontier 2 80-100 100-120 24-30 90-100 28-35 11-15  > 300 ml/h 300-500 ml/h 500-800 ml/h 2
Unstable 3 60-79  > 120 30 60-90 18-27 7-10  > 1000 ml/h 1500-2000 ml/h 1500-2500 ml/h 3
Critical 4  < 60  > 120 Dys-

pnea
 < 60  < 18  < 7  > 3000 ml/h 2000-3000 ml/h 2500-3500 ml/h 4

* Bleeding intensity index (source) - I.V. Borozda et al. «Blood loss in pelvic bone fractures»; Amur Medical Journal No.2 (26) 2019 
P.50.60.

Х = К х S
where: X - condition severity index; K - coefficient; S - sum of points (clinical and laboratory indices of the patient)
Note: The maximum severity score was 96; the minimum was 6. 

Tactics and treatment methods * (A). (A,B). (B,C1). (B,C2).
Tactics and treatment methods *

A
75-96 point

Performing only urgent (vital signs) surgical interventions for injuries to the head, chest, abdomen and 
stopping external bleeding;

Use of non-invasive external pelvic compression, as an early means of stabilizing the pelvic ring, the 
use of a pelvic bandage, which will reduce the volume of pelvic bleeding in the initial phase of intensive 
care;

For hip fractures - conservative methods of treatment (immobilization of the limb with splints or plaster 
casts).

B
50-74 point

Performing surgical interventions on urgent indications;
Skeletal traction with longitudinal traction or with double traction. Hammock pelvic girdle traction or 

transverse cross traction with spokes with thrust pads by the wings of the iliac bones;
Angioembolization is an effective way to stop retroperitoneal arterial pelvic bleeding. 

Angioembolization should be considered if hemodynamic instability persists or bleeding continues despite 
pelvic bone stabilization, aggressive hemostatic therapy and no other sudden sources of bleeding;

Hip fracture - conservative methods of treatment (immobilization of the limb with splints or plaster 
casts), until full stabilization of hemodynamics.
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Emergency surgical interventions and manipu-
lations aimed at restoring vital functions of the body 
were performed in patients with combined trauma 
against the background of intensive care without pre-
operative preparation and in patients with severity of 
state according to the scale (A 75-96 points):
1) laparotomy - for injuries of parenchymatous or-

gans accompanied by bleeding and decompensat-
ed shock (final stopping of bleeding, suture and 
ligation of vessels, suturing of wounds of the liver, 
spleen, kidney and pancreas, splenectomy and ne-
phrectomy);

2) thoracotomy - for injuries accompanied by massive 
intrapleural bleeding;

3) thoracoscopy, pleural cavity drainage - for pneu-
mo- and hemothorax;

4) tracheostomy - in injuries of facial skeleton, neck, 
accompanied by asphyxia;

5) primary surgical treatment - for wounds of var-
ious anatomical areas with damage to major ves-
sels and massive external bleeding, including open 
fractures, crush injuries and severed limb segments 
(final stopping of bleeding - suture and ligation of 
vessels, amputation).
Urgent surgical interventions and manipulations 

were performed in victims with combined trauma 
to prevent life-threatening complications, including 
subcompensation of central hemodynamics and ex-
ternal respiration, achieved by inotropic support and 
AVL, and patients with condition severity (B,C1 50-25 
points):
1) diagnostic laparoscopy;
2) laparotomy - for injuries of parenchymatous and 

hollow organs, diaphragm, retroperitoneal organs, 
bladder and urethra, not accompanied by massive 
intra-abdominal bleeding and decompensated 

shock (suturing wounds of liver, The following are 
also necessary to stop bleeding: suture and vascular 
ligation for the final stopping of bleeding;

3) thoracoscopy, pleural cavity drainage - for non-life 
threatening hemothorax and pneumothorax;

4) thoracotomy - for injuries of the chest wall ves-
sels, lung, not accompanied by massive intrapleu-
ral hemorrhage and compensated shock (with a 
blood loss rate of more than 300 ml/hour during 
3-4 hours of observation), and for lung ruptures 
accompanied by pneumo- or hemothorax, which 
cannot be treated by active drainage of the pleural 
cavity;

5) decompressive cranial trepanation and elimi-
nation of brain compression;

6) laminectomy with decompression of the spi-
nal cord and subsequent stabilization of the dam-
aged vertebrae;

7) restoration of the main blood flow in the ar-
teries at their injuries (without external bleeding), 
accompanied by increasing ischemia of the limb;

8) primary surgical treatment of wounds in vari-
ous anatomical areas, amputation of limb segments 
in case of their detachment, crush, irreversible 
ischemia and absence of massive hemorrhage;
Repositioning and stabilization of pelvic bones, 

primary osteosynthesis of open limb fractures and use 
of external fixation devices. 

Delayed surgical interventions were performed af-
ter compensation of vital body functions and severity 
of condition (C1, 2 6-25 points):
1) stabilization of the pelvic ring and acetabulum with 

the clinic’s rod apparatus for unstable injuries;
2) intramedullary osteosynthesis with pins;
3) extramedullary osteosynthesis with plates;
4) VKDO with external fixation devices;

С1
25-49 бaлл 

Surgical interventions for urgent indications;
Pelvic fixation using external fixation apparatus (external fixation of the pelvis provides rigid temporary 

stability of the pelvic ring and creates conditions for early stop of intrapelvic bleeding in hemodynamically 
unstable pelvic ring injuries);

Unstable posterior pelvic injuries are an indication for repositioning and stable internal fixation. 
Rotationally unstable or vertically unstable injuries are standard indications for surgical fracture fixation. 
Fixation of the pubic symphysis with plates is the method used for «open book» anterior fixation of 
fractures when the diastasis between the pubic bones exceeds 2.5 cm.

Stabilization of a hip fracture with external fixation devices, if conditions allow, can be performed using 
intramedullary osteosynthesis of the femur without drilling the medullary canal.

С2
6-24 бaлл

Performance of the whole range of delayed surgical interventions;
In case of pelvic injuries, taking into account indications - stabilization with external fixation apparatus, 

if there are technical and professional conditions, immersion osteosynthesis is performed for injuries of 
anterior, posterior parts of pelvis and acetabulum area; 

Intramedullary osteosynthesis of the femur, osteosynthesis with supraosseous plates, blocked 
intramedullary osteosynthesis if technically possible. 
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5) Stabilizing operations for spinal injuries;
6) thoracotomy - for ineffective drainage of the 

pleural cavity for pneumothorax (persistent col-
lapse of the lung);

7) tracheostomy in case of prolonged AV to pre-
vent purulent pulmonary complications;

8) operations for injuries of the facial skull - 
splinting the lower and upper jaws, osteosynthesis;

9) Relaparotomy - in the development of perito-
nitis, euentricity, adhesive intestinal obstruction, 
etc;

10) secondary surgical treatment of wounds, necrec-
tomy, opening and drainage of abscesses and 
phlegmon. 

The scope of care was in direct correlation with the 
presence of concomitant injuries of internal organs and 
the severity of the condition at the time of admission.

After elimination of the dominant damage from 
the organs of the abdominal and thoracic cavity and 
skull, stabilization of hemodynamic indicators, the 
question of stabilization of injuries of the pelvis and 
femur was solved. With regard to unstable pelvic bone 
fractures in the early period of traumatic disease, we 
adhere to active surgical tactics using minimally inva-
sive osteosynthesis techniques.

We use rod devices of external fixation with one-
stage stabilization and repositioning of bone frag-
ments of the pelvis and femur. It should be noted that 
the use of rod apparatuses in the treatment of this con-
tingent of patients made important adjustments in the 
complex of antishock measures and contributed to the 
prevention of complications.

Technique of applying the apparatus. The appa-
ratus is used as follows. In the patient’s back position 
under general anesthesia, closed method, channels are 
formed in the anterior superior ostium (in the supra-
vertebral area) of the iliac wing and bone screws are 
inserted into the left and right iliac bones. 

Bone screws are inserted to the depth of the 
thread. The pre-assembled structure is placed on 
the bone rods. The bone screws are inserted into the 
grooves of the bars and fixed with nuts. The verti-
cal and diagonal displacement of the pelvic halves 
is eliminated by traction along the axis of the lower 
extremities under the control of an image converter. 
By holding the pelvic supports, the pelvic bones are 
displaced in the required direction; the pelvic sup-
ports can be rotated relative to the beams and the 
threaded rods can change their position due to the 
axial hinges.

Figure 2. Formation of the canal in the anterior superior ostium (supravertebral area) and insertion of bone screws into the left 
and right iliac bone.
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This allows intraoperative elimination of dislo-
cations of the damaged structures and correction of 
articular dislocations. The angle between the beams 
is adjusted using axial joints. The uniaxial joint that 
connects the threaded rod is equipped with a serrated 
retainer. The movable spring-loaded spike designed 
to prevent spontaneous rotation of the threaded rod 
joint is moved aside, the threaded rods are rotated to 
the desired angle and the movable spring-loaded spike 
is released, it blocks the final rotation of the threaded 
rod. Bone screws are inserted into the pubic bones, se-
curing them to the threaded rod of the pubic assembly, 
on which the two bone screws are attached. Thus elim-
inate angular displacements and deviations of the pel-
vic bones from the anatomically correct position, set 
dislocations in the joints. Having achieved the desired 
position of the pelvic bones, the bolts and nuts are 
tightened, and the joints are fixed, stabilizing the posi-
tion. Using the telescopic distraction rod, the position 
of the femoral module relative to the pelvic support 
is changed, giving the desired position to the femur. 
Once the desired position is achieved, the spherical 
joint is tightened. Then we proceed to repositioning 
the bone fragments of the femur. To move the bone 
fixators and the fragments fixed in them, a frame in-

stalled with the possibility of dosed movement rela-
tive to the rings and the pelvic support is used, which 
allows for compression or distraction. The frame 
contains a strain gauge and a control unit for remote 
control, and reading the signal from the control unit 
and determining the amount of force allows control of 
compression and distraction.

The femoral model is stabilized by tightening the 
hinge nuts and traction brackets. Lateral compression 
is created by means of the threaded rods, which en-
sures stable fixation of the bone fragments and pelvic 
halves in the position of anatomical repositioning. 

In those cases where a one-stage complete reposi-
tioning was impossible due to the severity of the pa-
tient’s general condition, correction of the position of 
the fragments was performed gradually in the post-
operative period by moving the pelvic supports of the 
apparatus relative to each other, moving the femoral 
module relative to the pelvic supports, and moving the 
frame and bone fixators. Immobilization period in the 
apparatus averaged 6 to 8 weeks. 

Taking into account the severe general state in the 
majority of patients caused by traumatic shock, acute 
blood loss, injuries of internal organs and pelvic or-
gans, development of such life-threatening compli-

  

Fig.3. View of the patient in the intensive care unit (1 day after surgery).
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cations of the acute period of traumatic disease as fat 
embolism, respiratory distress syndrome, pneumonia, 
etc., the main objective of treatment of this period of 
traumatic disease was life saving. After elimination 
of the dominant damage from the abdominal and 
thoracic cavity organs and skull, and normalization 
of hemodynamic indices, the issue of stabilization of 
pelvic and femoral injuries was raised. As for unsta-
ble fractures of gas bones in the early period of trau-
matic disease, we followed active surgical tactics with 
the use of minimally invasive osteosynthesis methods; 
we used rod devices of external fixation of two mod-
ifications developed in the clinic. To stabilize type 
B and C pelvic fractures a pelvic rod apparatus and 
a spoke rod apparatus for osteosynthesis of unstable 
pelvic and femoral bone fractures were suggested. 75 
(57, We were able to perform operative stabilization of 
the pelvic ring injuries in the time period from 3 to 12 
hours after the patient’s arrival. As the final method 
of treatment was realized in 19 (14,6%) patients with 
type B injuries and in 36 (27,7%) patients with severe 
unstable type C fractures.

It should be noted that the use of a spoke-rod ap-
paratus in the treatment of pelvic bone fractures made 
important adjustments in the complex of antishock 
measures and prevention of complications, and its 
simplicity and accessibility allowed us to introduce it 
into practice more widely.

We also developed the tactics of femoral bone in-
juries treatment in combination with pelvic bone frac-
tures, which was based on the severity of the condition 
(especially) and the severity of femoral segment dam-
age. It is fundamental that all fractures of the femur 
should be stabilized in the early period of traumatic 
illness before complications develop, if there are ob-
jective conditions. The method of fixation depends on 
the severity of the patients’ condition. All our patients 
had 137 fractures of the femur. Fractures of both fe-
murs were observed in 7 patients.

Surgical interventions were carried out after the 
elimination of the dominating pathology, immedi-
ately after surgical interventions on the organs of the 
abdominal and thoracic cavities, the skull or after 
hemodynamics stabilization. Intramedullary osteo-
synthesis with pins was used in 82 (63.1%) patients 
with 13 (10%) of them under EOP control; the closed 
intramedullary osteosynthesis without bone marrow 
channel opening was performed. In 24 (18.5%) pa-
tients with closed fractures of the femur at the level of 

the lower third, a bone plate osteosynthesis was per-
formed. In 28 (21.5%) patients with severe bone tissue 
injuries we used transosseous osteosynthesis with the 
external fixation apparatus designed by us. 

The patients were divided into two groups de-
pending on the period of osteosynthesis of the hips. 
Early osteosynthesis up to 3 days was performed in 75 
(57.7%) patients of the 1st group. In 55 (42.3%) pa-
tients of Group 2, surgical intervention was performed 
at a later date.

Results 
Studying the results of treatment of multiple frac-

tures of the pelvis and femur bones showed that the re-
covery occurred in 123 (94,6%) patients. Seven (5,4%) 
patients died. Analysis of the causes of treatment out-
comes showed that massive trauma of three and more 
bone segments combined with the damage of internal 
organs (liver, spleen, intestines, etc.) was the immedi-
ate cause of death in 3 (2.3%) patients. In 2 patients 
(1.5%) the cause of death was traumatic shock caused 
by multiple fractures and blood loss. In 2 (1.5%) pa-
tients lethal outcome was related to severe cranioce-
rebral trauma.

The immediate results of treatment were studied by 
follow-up examination in 2, 4, 6 and 12 months in 87 
(66.9%) patients. Recovery occurred in 80 (96,5%) pa-
tients with concomitant injuries of the pelvis and femur. 
Fragment fusion was registered in 64 (61,5%) patients.

The long-term results of treatment were followed 
in 43 (33,1%) patients within the period from 2 to 5 
years. The results were evaluated as good, satisfactory 
and unsatisfactory.

The results were considered good if the injured 
limbs were restored completely anatomically and 
functionally, no complaints, return to the previous 
work capacity and preservation of the previous quality 
of life in the incapacitated elderly patients. Satisfactory 
results were characterized by the middle-term healing 
of fracture(s), a moderate restriction of movements in 
the adjacent joints, reduction of professional ability 
to work (down to changing a profession to the lighter 
one) and absence of permanent disability.

Unsatisfactory results included such signs as ab-
sence of consolidation (even of one of the operated 
sets) or its sharp delay, incorrectly healed fractures 
with expressed deformity and functional impairment, 
permanent disability related to injuries of musculo-
skeletal system.
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Discussion
On the basis of our multiyear work experience with 

a heavy contingent of patients with concomitant trau-
mas of the pelvis and femur in polytrauma, we have 
singled out the priorities of the main scientific direc-
tions in providing aid to the injured - the organization 
of therapeutic and diagnostic process at all stages of 
care, and its technical support in the course of treat-
ment.

In order to realize organizational and tactical as-
pects of care for the injured with pelvic and hip inju-
ries as well as to prevent various complications of the 
traumatic disease course at all stages of introduction 
of patients with polytrauma, we proposed a number of 
scientifically grounded developments; the latter have 
played a positive role in practical application on a large 
clinical material.

The most effective of them was the “Program of 
evaluation of severity of patients with concomitant in-
juries of the pelvis and fracture of the femur”, (№ DGU 
2020 1300); and others. 

Taking into account the severe contingent of pa-
tients, difficulties and sometimes impossibility to 
perform stabilization of OA injuries by traditional 
methods in the acute period of traumatic disease, we 
developed constructions for minimally invasive osteo-
synthesis of fractures, the most common in concom-
itant injuries. These are a universal bar apparatus for 
osteosynthesis of osteosynthesis of OMD injuries in 
patients with polytrauma, RF patent (№ 2758023); ap-
paratus for treatment of combined fractures of pelvis 
and femur bones, RF patent (№ 2749897); and so on. 
Implementation of organizational and tactical devel-
opments in practical healthcare of the Center and its 
branches, as well as tools for minimally invasive osteo-
synthesis of injuries of the pelvis and femur, allowed 
to revise the tactics of treatment in this category of pa-
tients, to improve the quality of care, treatment results 
and reduce mortality rates.

Conclusions
Treatment and diagnostic process in patients with 

concomitant trauma of the pelvis and femur should 
begin with determining the dominant pathology. 
Patients with combined craniocerebral trauma and 
injuries of the musculoskeletal system (68.2%) take 
the first place, followed by combined injuries of in-
ternal organs and the musculoskeletal system (19.2%) 
and multiple injuries of the musculoskeletal system 

(12.6%).The diagnosis of injuries at concomitant trau-
ma of the pelvis and femur should include clinical and 
instrumental methods of investigation. The appli-
cation of the developed algorithm allows us to avoid 
diagnostic errors and reduce the time of pathology de-
tection.The choice of treatment methods for fractures 
of the pelvis and femur bones in the acute and early 
period of traumatic disease depends on the condition 
of the victim, localization, and nature of the fracture. 
Operative interventions are performed sequentially 
after eliminating the dominant pathology in the ab-
dominal, thoracic cavities and skull. Our developed 
constructions for osteosynthesis of injuries of the long 
bones of the limbs and pelvis on the spike and rod ba-
sis decrease the volume of surgical aggression and re-
duce the duration of osteosynthesis by 3 times. 

The complex treatment of concomitant injuries of 
the pelvis and femur bones should be performed in 
the first three days from the moment of injury. It is 
advisable to perform simultaneous (by two teams) 
osteosynthesis of all injuries, especially of the femur, 
tibia and shoulder. The most effective osteosynthesis 
is immersion osteosynthesis when the condition of the 
injured is stable; when hemodynamics is unstable and 
complications develop, minimally invasive methods 
of osteosynthesis are preferred. Early osteosynthesis 
promotes normalization of hemodynamic indices. Se-
vere unstable injuries of the pelvic bones, regardless 
of the severity of the condition of the injured, should 
be stabilized within the first day after injury with rod 
and spoke-rod apparatuses.The frequency of compli-
cations (general and local purulent-septic, microcir-
culatory, trophic) was found to depend directly on the 
tactics and timing of traumatological care in patients 
with combined trauma. After early osteosynthesis the 
number of complications was 1.6 times lower than af-
ter late intervention. 

We found that 57% of patients died in the first three 
days after injury, and 43% died in the early and late pe-
riods of traumatic illness. The most frequent causes of 
death were brain damage, blood loss, and shock. The 
developed algorithms for the organization and surgi-
cal tactics of treatment of patients with combined pel-
vic and femoral trauma proved to be effective. 
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Abstract
Introduction. Prescription pattern monitoring studies (PPMS) 
are drug utilization studies with the main focus on prescribing, 
dispensing, and administering drugs. They promote appropri-
ate use of monitored drugs and reduction of abuse or mis-
use of monitored drugs. from 2019 till 2022 COVID 19 brings 
frightening situation among all individuals in worldwide and 
unexpected clinical presentations each day by day because 
of the mutation of SARS-Cov virus and the number of peo-
ple getting affected with the disease is still not completely re-
duced .the management of the COVID 19 still challenging due 
to less awareness about the treatment and poor follow up of 
guidelines and physician choice of management .thus by, we 
conducted this study to evaluate the prescription pattern and 
the adherence of ICMR guidelines 2021 and rational use of an-
tibiotics and remdicivir, tocilizumab, steroids and their outcome 
and severity of COVID 19.
Methods. Prescription data were analyzed retrospectively by 
bringing the case sheets of 100 in-patients who got admitted to 
the karpaga Vinayaka medical college from 15th Oct 2021- 15th 
march 2022 and enrolled in a specially designed case report form 
after getting the higher officials’ permission from the MRD office.
Results.  Out of 100 patients’ case sheets, a mild type of pa-
tients are affected more in the study duration and the treatment 
plan has adhered to the management protocol which is given 
by our Indian Government on 2021.
The total number of patients who received antibiotics for pro-
phylactic purposes is higher in value than for definitive pur-
poses.

Usage of remdesivir, tocilizumab, and steroids are genuine ac-
cording to the ICMR guidelines 2021 and the outcome of the 
disease gives a clue about less mortality than morbidity during 
the 6 months of the evaluation period 
Conclusion. The Prescription was written and adhered to the 
ICMR guidelines 2021 and there was a judicious use of steroids, 
remdesivir, tocilizumab, and antibiotic usage more for prophy-
lactic purposes to prevent secondary infection than definitive 
purposes who are under secondary bacterial infection that indi-
rectly gives use clue that secondary infection affected patients 
are less due to successful management.
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Prescription writing, COVID-19, Remdesivir
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INTRODUCTION 
The widespread coronavirus disease 2019 began 

with severe acute respiratory disease in December 2019 
and started in China worldwide. As of April 5, 2020, 
over 1.2 million stated cases and 69 000 deaths in above 
200 countries. India logged 44161899 affected individ-
uals with COVID 19 since the prevalent happening ac-
cording to the World Health Organization (WHO). In 
count, India stated 526730 in the month of June 2022.

More than 300 lively COVID 19 management are 
under experimental. It gives an idea about present 
proof regarding the main projected management, re-
purposed or trial, for COVID-19 and delivers a swift 
of recent clinical knowledge and treatment strategies 
for this wide-ranging coronavirus. The affected role of 
COVID-19 is problematic with respiratory conditions 
have capricious clinical presentations

Among all COVID 19 patients > 80% are affected 
with mild illness and the mortality was ranged from 5- 
27%.1 For mild group of patients suggested supportive 
management, while anti-viral drugs have been advised 
with moderate to severe infections. 2,3 Observation 
will be focused on the prescription of antimicrobial 
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agents in patients with COVID-19 despite viral ori-
gin. Various previous referral studies also evidenced, 
that almost 70% of patients received antimicrobials.4,5 

and most irrational drugs are prescribed based on the 
prescriber’s choice.

Hence, We have undertaken this research to evalu-
ate the prescription pattern and adherence of prescrip-
tion regimen as per standard guidelines by ICMR on 
100 covid 19 positive patients.

A brief review of the literature 

Authors (Year)  Place Popu-
lation 

 Key findings

MR.MADHAV,
MR.SANKARA 
BABU GORLE
2021 Ref no.10

Tertiary care 
center; Anil 
Neerukonda 
Hospital, 
Vishakapat-
nam

188 
pa-

tients 

This study indicat-
ed that the usage 
of various drugs in 
the community for 
COVID-19 was based 
on different guide-
lines and personal 
experiences of the 
physician choice. 

MR.MD. 
MARUF 
AHMED MOL-
LA ET AL, 
2021
Ref no.9

Dhaka Med-
ical College 
and Hospital 
(DMCH), 
Bangladesh

193 
pa-

tients

Prevalence of multiple 
antibiotic prescrip-
tions was high among 
severely ill COVID-19 
patients and those 
with abnormal CRP 
and d-dimer levels. 
Data regarding the 
quality of antibiotic 
prescribing were 
lacking.

MR.JAMES M. 
SANDERS 
ET AL,2020
Ref.no.2

Division of 
Infectious 
Diseases & 
Geographic 
Medicine, 
Department 
of Medicine, 
University 
of Texas 
Southwest-
ern Medical 
Center

291 
pa-

tients

The study showed 
the use of steroids, 
remdesivir, and tocili-
zumab in COVID-19 
patients. No therapies 
have been shown 
effective to date in 
COVID 19 pandemic

MR.KUEIYU 
JOSHUA LIN, 
MR. S. 
SCHNEE-
WEISS 
ET AL, 2020
Ref no.11

Brigham and 
Women’s 
Hospital, 
United 
States

158 
pa-

tients

No scales/guidelines 
are followed during 
prescription.
Careful consideration 
of disease severity 
and other determi-
nants of COVID-19 
drug use is neces-
sary for appropriate 
conduct and inter-
pretation of non-ran-
domized studies 
evaluating outcomes 
of COVID-19 treat-
ments.

Authors (Year)  Place Popu-
lation 

 Key findings

MR.MUTHIAH 
VADUGA-
NATHAN, ET 
ALL, 
Ref.no.12

United 
States (spe-
cific site is 
not men-
tioned)

58322 
pa-

tients

Demonstrated a 
surge in hydroxychlo-
roquine/chloroquine 
prescription fills, 
likely due to off-la-
bel prescriptions for 
COVID-19. prescrip-
tions of the most 
frequently used ACE 
inhibitor (lisinopril) 
and ARB (losartan) 
did not appear to 
substantially decline 
compared with other 
commonly prescribed 
medications for 
chronic conditions. 

OBJECTIVES
• To study the drug prescription pattern in covid 19 

patients
• to evaluate the adherence to ICMR guidelines 2021 

during prescription writing.

METHODOLOGY
A Cross-sectional study was done in the Depart-

ment of Pharmacology, Karpaga Vinayaga Institute of 
Medical Sciences and Research Centre, Maduranthag-
am for 6 months from 15th Oct 2021- 15th march 2022 
after obtaining ethical clearance from the institution, 
and the study was conducted on patients admitted in 
the casualty who was diagnosed as covid positive with 
RTPCR. 100 patients’ case sheets who were under in-
clusion and exclusion criteria were used for the study 
after receiving special permission from the higher of-
ficials. Inclusion criteria are In-patients with RTPCR 
positive for COVID 19 in KIMS&RC, Maduranthag-
am. Exclusion criteria are RTPCR positive with comor-
bidities and OP patients with RTPCR positive report 

We assessed the demographic parameters of ad-
mitted COVID 19 patients like age, sex, place of liv-
ing, and occupation, Drug prescription was evaluated 
using ICMR guidelines 2021, All participant’s data 
were collected in a specially designed case report form 
(CRF) from MRD of KIMS&RC and data was analyzed 
in terms of numbers and percentage for inferential sta-
tistics for which chi-square test ANOVA are used.

Enlisted the parameters in the following manner. i.e 
total number of drugs prescribed and rationale usage 
in mild, moderate, and severe categories according to 
ICMR guidelines 2021, route of administration of each 
specified drug, and more Frequent route of adminis-
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tration and rational use of corticosteroids/remdesivir/
tocilizumab/oxygen supplements, the total number of 
patients who received antibiotics for prophylactic pur-
poses and definitive purposes and to rule out morbid-
ity and mortality, the total number of hospital stays, 
HRCT score before and after admission, the outcome 
of the patient was evaluated by using a percentage of 
improvement after initiation of therapy, transfer to 
other higher centers, number of death during treat-
ment. convenient randomized sampling was used.

The sample size was calculated by the proportion 
of COVID-19 which was reported to be 2.83% by The 
Indian Express (2020) in the Chengalpet district. With 
this reference and assuming a 95% confidence inter-
val, a 5% absolute precision value, and available pop-
ulation size of 5,400 in Madhuranthagam, Tamilnadu, 
India, the minimum required sample size will be be 
be 42 ~ 50 Under the Source Details: https://indian-
express.com/article/cities/chennai/tamil-nadu- coro-
navirus-news-live-updates-Chennai-covid-19-lock-
down-DMK-MLA-live-6514314.

Outcome: Primary outcome: By evaluating the 
Prescription pattern, it helps to understand the ratio-
nale of prescription writing 

Secondary outcome: Adherence to the prescrip-
tion with ICMR guidelines 2021

Inter-departmental collaboration: Not used
Implications of the study: To evaluate the ratio-

nal prescription pattern, to train all health care pro-
viders and students, CRRI about rational guidelines, 
prescription auditing, and quality assessment during 
the accreditation process such as NABH 

OBSERVATION & RESULTS
RESULT
Table 1- statistical analysis 
Table 2-Out of 100 patients 7 were in the < 20 year 

age group, 30 were in between 20-40 year age group,51 
were in between 40-60 age group, 12 were > 60 age 
group and The commonest age group who affected in 
COVID are 40-60 age group patients.

Figure 1-Out of 100 patients 50 patients had mild, 
34 patients had moderate, and 16 patients had severe 
cases as per ICMR classification.

Table 2-shows, the use of various drugs such as 
Remdesivir, Steroids & Tocilizumab 

The total number of patients who received antibi-
otics for definitive purposes is 34 while 66 individuals 
received them for prophylactic purposes.

figure 2- shows 84 patients recovered, 4 were re-
ferred to a higher center, and 12 died due to complica-
tions of covid 19.

Table 1
Statistical analysis

S. 
No.

Name of 
variable

Scales of 
measure-

ment (Quan-
titative or 

Categorical)

Descriptive 
statistics to 

be used

Inferential 
statistics to 

be used

1 Demographic Categorical Frequency 
(%)

Chi-square

2 Severity of 
disease

Categorical Frequency 
(%)

Chi-square

3 Drugs adher-
ence to ICMR 
guidelines

Quantitative Mean ± SD t-Test 
correlation 
ANOVA

 4 Outcome of 
the disease

Categorical Frequency 
(%)

Chi-square

Table 2
Age & gender wise distribution of the patient

AGE GROUP 
IN YEARS

MALE FEMALE TOTAL

< 20 3 4 7 
20-40 21 9 30
40-60 35 16 51
> 60 9 3 12

Table 3
Specific drugs used in covid 19 patient

NAME OF THE DRUG USED PERCENTAGE 
OF THE PATIENT

REMDESEVIR 28
STEROIDS 48
TOCILIZUMAB 02

0

10

20

30

40

50

MILD MODERATE SEVERE

SEVERITY OF THE DISEASE

Figure 1. Severity of the Covid 19 disease
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DISCUSSION 
The most commonly used drug in this study was 

Corticosteroids (48%) followed by Remdesivir & 
Tocilizumab. Luis Fernando et al descriptive study 
showed commonly used drug was corticosteroids 
(66.3%) 6 . The probable reason for use of corticoste-
roids was to reduce inflammatory events & to prevent 
cytokines storm. Another indication for use of corti-
costeroids was to reduce the requirement for oxygen. 
The commonest route for all 3 drugs was – Intrave-
nous route (steroids, Remdesivir& Tocilizumab) In 
the given patient case sheet, 20 patients received more 
than 10 drugs while 80 received less than 10 drugs. As 
per the ICMR guideline, Mild covid patient receives 
on average 3-7 no of drugs, Moderate covid patient 
receives an average of 7-9 no of drugs, Severe covid 
patient receives on average 10-13 no of drugs. In our 
study, 20 patients received more than 10 drugs while 
the total number of patients in the severe category 
were16. This shows a minor deviation from the ICMR 
prescription guidelines7. In a given study, 34 patients 
received antibiotics as they were having high leucocyte 
count while 66 patients received antibiotics despite no 
evidence of infection. The most common antibiotic 
prescribed was Azithromycin and Piperacillin. A study 
conducted by Maria F Fuentes-Gonzalez8 et al showed 
that the most common antibiotics were hydroxychlo-
roquine and azithromycin (19%) while another study 
conducted by Md. Maruf Ahmed Molla et al stated 
that common antibiotics used were cephalosporins9

(i.e. ceftriaxone (53.8%), meropenem (40.9%), moxi-
floxacin (29.5%), and doxycycline (25.4%). In 70% pa-
tient of the cases, drugs were prescribed in a generic 
name while the remaining 30% of prescriptions were 
written with the brand name.

CONCLUSION
The current study concludes that most of the pre-

scriptions were adherence to the ICMR guidelines and 
there was judicious use of steroids. From the given 
study it was observed that more than 70% of health 
care providers were using standard prescription guide-
lines. There is a need to make aware and train health 
care workers about standard prescription guidelines 
and the use of standard guidelines in covid 19 patients 
to enhance the quality of drug prescription standards 
and to prevent prescription-related medication errors 
to deliver safe health care to the patients. 
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Abstract
Background: Hypertension is one of the leading causes of the 
global burden of cardiovascular diseases, stroke, renal failure 
and peripheral arterial disease (PAD). Young onset hyperten-
sion is on the rise due to various genetic and environmental 
factors like obesity, psychosocial stress, alcohol intake, seden-
tary lifestyle and a high salt diet. However, a huge fraction of 
the population remains undiagnosed or inadequately treated 
leading to cardiovascular complications. This case report shows 
the importance of identifying and treating young patients with 
hypertension even before the onset of subclinical target organ 
ischemic changes.
Methods: A thirty-year-old previously healthy woman came 
with a three-month history of progressive vision loss in both 
eyes (left more than the right), fatigue, giddiness on prolonged 
standing, low-grade fever and loss of appetite. She was found 
to have feeble pulses in the upper limb with normal pulse and 
hypertension in the lower limbs. After appropriate imaging, she 
was diagnosed as a case of Takayasu arteritis type 2B present-
ing as anterior ischemic optic neuropathy. She was started on 
immunosuppression and antihypertensive.
A thirty-six-year-old male, occasional smoker and alcoholic 
without comorbidities presented with one episode of seizures, 
oliguria and altered sensorium of 3 days duration. He was 
found to have malignant hypertension with end organ damage. 
Though initially thought of as secondary hypertension, he was 
found to have primary essential hypertension and his BP was 
controlled with appropriate medical therapy.
Conclusions: Additional efforts should be made to screen 
young individuals for hypertension and adequate blood pres-
sure control should be achieved at the earliest to avoid end-or-
gan damage. Secondary causes of hypertension should be 
ruled out while evaluating a young hypertensive and appropri-
ate therapy and lifestyle measures should be taken.
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Young hypertension, Large vessel vasculitis, Takayasu arteritis, 
Malignant hypertension, Renin angiotensin aldosterone axis, 
Acute kidney injury, Thrombotic microangiopathy
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Introduction

Case Presentation
Thirty-year-old female, P2L2 without comorbidi-

ties presented to the ER with the chief complaints of 
gradually progressive painless loss of vision in both 
eyes (left more than the right), low grade fever, fatigue, 
loss of weight and fainting episodes for 3 months du-
ration. She had no similar events in the past; family 
history was also not significant. She was referred to 
as a case of optic neuritis. On examination, she was 
febrile, had mild tachycardia, absent and feeble radi-
al, brachial and subclavian pulse on left and right arm 
respectively. Her blood pressure was not recordable on 
her left arm and 90/50 mmHg on her right arm. Her 
lower-limb blood pressure was 160/100 mmHg with 
normal peripheral pulses. She had carotid and subcla-
vian bruit on the left side. On ocular examination she 
had no perception to light and RAPD (relative afferent 
pupillary defect) on her left eye and > 3/60 vision with 
normally reacting pupil on her right eye. Intra-ocular 
pressure was normal in both the eyes. Fundus exam-
ination revealed bilateral pale optic disc with blurring 
of disc margins. Her blood parameters showed anemia 
with mild elevation of leucocytes and thrombocytes. 
Her hepatic and renal parameters also were within 
normal limits. She had an elevation of inflammatory 
markers like ESR (82 mm/hr) and CRP (32 U/L). Sus-
pecting vasculitis, Rheumatology workup was done 
and ANA, ENA profile and ANCA were negative. 
Ultrasonic evaluation of abdomen revealed normal 
size and echotexture of both the kidneys. Echocardi-
ography showed moderate aortic regurgitation, aortic 
annulus was 22 mm with adequate ejection fraction. 
Cerebrovascular Doppler revealed diffuse circumfer-
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ential occlusion of the bilateral common carotid and 
subclavian arteries. CT angiogram was done suspect-
ing large vessel arteritis and it revealed diffuse circum-
ferential thickening of left common carotid, subclavi-
an, brachial, radial and ulnar arteries extending upto 
descending thoracic aorta suggestive of Takayasu arte-
ritis type 2B [2]. 

Figure A and B. CT angiogram of upper limb 
shows circumferential long segmental narrowing with 
30% occlusion of the right subclavian artery, near to-
tal occlusion of the left subclavian and the proximal 
common carotid artery ( red arrow )with formation of 
collaterals with thin streak of contrast. 

Figure A – CT ANGIOGRAM OF UPPER LIMB

Figure B – CT AORTOGRAM

Figure C. CT angiogram of the lower limb shows 
circumferential wall thickening of the descending tho-
racic aorta upto T10 vertebra suggestive of Takayasu 
arteritis type 2 B.

Figure C – CT ANGIOGRAM OF LOWER LIMB

Figure D. Fundus examination of the left eye shows 
pale optic disc with peripapillary edema consistent 
with anterior ischemic optic neuropathy. Figure E. 
Fundus picture of the right eye shows normal disc 
with blurring of disc margins.

Figure D – FUNDUS PICTURE OF LEFT EYE

Figure E – FUNDUS PICTURE OF RIGHT EYE

An ophthalmology consult was obtained for vision 
disturbances which revealed bilateral Anterior 
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Ischemic optic neuropathy. Fundus fluorescein an-
giography revealed early hypo fluorescence followed 
by late hyper fluorescence and leak suggestive of AION 
[3]. This young woman satisfied five out of six ACR 
criteria for Takayasu arteritis and a final diagnosis of 
Takayasu arteritis type 2B presenting with AION was 
made. A rheumatology consult was obtained and she 
was given an i.v Methyl Prednisolone pulse dose of 500 
mg for 3 days after ruling out infections. Vision distur-
bance in the left eye did not improve even with steroid 
therapy. She was discharged on oral Prednisone 50mg 
OD, MMF 500mg OD, Aspirin 150 mg, Atorvastatin 20 
mg and Amlodipine 10 mg OD (for BP control).

Thirty-six-year-old male, who smokes and drinks 
alcohol occasionally with no significant past history 
presented to the ER with the complaints of seizures - 
GTCS one episode, altered sensorium and oliguria for 3 
days. On admission, his BP was 220/100 mmHg, other 
vital signs were normal and he was confused and dis-
oriented but there was no paucity of limb movements. 
Emergency CT brain was taken which was normal. 
MRI brain revealed bilateral white matter hyperinten-
sity consistent with hypertensive encephalopathy syn-
drome. Laboratory workup revealed anemia ( hemoglo-
bin - 8.2 gm%), thrombocytopenia ( platelets - 72000), 
renal failure ( Urea - 89 mg/dl and creatinine - 2.4 mg/
dl), hypokalemia ( potassium 2.45 mEq/L), metabolic 
alkalosis, elevated inflammatory markers like LDH ( 
730 U/L) and CRP ( 46 U/L), unconjugated hyperbil-
irubinemia ( Total bilirubin/ direct bilirubin - 9.3/2.6) 
with normal liver enzymes. Peripheral smear showed 
fragmented RBCs with increased reticulocytosis con-
firming our suspicion of intravascular hemolysis. Urine 
analysis showed plenty of RBCs with RBC cast and 
albuminuria. 24-hour urinary protein was 2.2g. Ultra-
sonography abdomen revealed mild asymmetry of the 
kidneys with normal echoes. The ECG showed a left 
ventricular strain pattern and Echocardiography con-
firmed the thick LV wall with grade 2 diastolic dysfunc-
tion. Fundus examination showed grade 2 hypertensive 
retinopathy. A diagnosis of malignant hypertension 
with target organ damage was made and patient started 
on antihypertensives - Intravenous labetolol bolus and 
tablet Nifedipine. In order to rule out secondary causes 
of hypertension, Serum Aldosterone to plasma renin 
activity ratio was measured which was low (Plasma Al-
dosterone Concentration - 34.4 ng/dL and Plasma Re-
nin Activity - 6 ng/ml). Voila!! A diagnosis of secondary 
hyperaldosteronism due to high plasma levels of renin 

and aldosterone was made. Suspecting renal artery ste-
nosis as a cause of asymmetrical kidneys, Renal artery 
Doppler was done but disappointingly the peak systol-
ic velocity and the Resistive index were within normal 
limits. CT of the abdomen also did not reveal any adre-
nal mass. A renal biopsy was done which showed fibrin 
thrombi with entrapped fragmented RBCs occluding 
the capillary tuft consistent with thrombotic microan-
giopathy with malignant hypertensive changes [4]. Se-
rum complements were normal and the ANA profile 
was also negative. After starting antihypertensive ther-
apy, platelet count improved and serum creatinine sta-
bilized. Though this case was suspected to be second-
ary renovascular hypertension, all of the investigations 
turned out to be negative and a final diagnosis of Pri-
mary malignant hypertension was made [5]. The pa-
tient did not require hemodialysis or plasma exchange 
and was discharged with RAAS blockers.

Figure F. CT abdomen - normal study. Figure G. 
MRI brain shows bilateral white matter hyperintensity 
suggestive of hypertensive encephalopathy.

Figure F – CT ABDOMEN

Figure G – MRI BRAIN

Discussion 
Both the case reports highlight the importance of ear-

ly screening and effective management of young hyper-
tension before the development of target organ damage 
like renal failure, retinopathy, cardiovascular disease [1]. 
Some of the common causes of young hypertension in-
clude primary hypertension, secondary causes like Renal 
parenchymal disease, Renal artery stenosis, Vasculitis 
especially Takayasu arteritis, Coarctation of aorta, Hy-
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perthyroidism, Hypothyroidism, Pheochromocytoma, 
Cushing’s, mineralocorticoid excess, obstructive sleep ap-
noea etc. Some of the predictors of secondary hyperten-
sion include age less than 30 years, resistant hypertension, 
sudden deterioration of BP control and inappropriate tar-
get organ damage. Takayasu arteritis, also known as pulse-
less disease or occlusive thromboaortopathy is character-
ized by chronic inflammation of the aorta and its major 
branches. Both Giant cell arteritis (GCA) and Takayasu 
arteritis feature panarteritis involving infiltration of in-
flammatory cells especially macrophages in response to 
an unknown antigen. Though it is an uncommon disease 
with an estimated annual incidence rate of 1.2 cases per 
million, it is relatively common in India. But, In contrast 
to Giant cell arteritis, AION as a presenting manifestation 
of Takayasu arteritis is relatively rare [6]. The common 
ocular presentation of Takayasu arteritis include Takaya-
su retinopathy, hypertensive retinopathy, ocular ischemic 
syndrome, steroid induced cataract / glaucoma [6]. Ear-
ly identification and prompt immunosuppression could 
have saved the vision of the patient [3].

The second case report was a diagnostic challenge. 
Patient presented with hypertensive encephalopathy, re-
nal failure and thrombotic microangiopathy. The initial 
laboratory workup made us think of a secondary cause of 
hypertension but the patient improved promptly with an-
tihypertensive therapy without needing plasma exchange 
or immunosuppression thereby ruling out Thrombotic 
thrombocytopenia purpura / hemolytic uremic syndrome. 
Since we ruled out Renal artery stenosis, Pheochromocy-
toma and other renin secreting tumors, a diagnosis of pri-
mary malignant hypertension with inappropriate activa-
tion of the renin-angiotensin-aldosterone system (RAAS) 
was made, thus proving that kidneys are not only the cause 
but also the target of hypertension. Though more than 
80% of hypertensive patients have primary/ essential hy-
pertension without an identifiable cause, excess RAAS ac-
tivity has been implicated in the pathogenesis of essential 
hypertension [5]. In our case, better BP control improved 
the renal outcome of the patient drastically.

Conclusion 
Most hypertensive patients below the age of 40 years 

are not aware of their condition and are diagnosed only 
when they present to the ER with complications [1]. In 
the initial evaluation of young hypertension look for oth-
er cardiovascular risk factors like metabolic syndrome, 
screen for secondary causes of hypertension by measur-
ing renal function, thyroid function, microalbuminuria, 

ECG, assess for end-organ damage and decide the poten-
tial for intervention [7]. While starting therapy, appro-
priate lifestyle changes (weight reduction, salt restricted 
diet, moderation of alcohol consumption and physical 
exercise) should be encouraged [1]. The lifestyle mod-
ification strategies and the drug therapy we prescribe 
should address all of the risk factors for cardiovascular 
complications and not only hypertension. Antihyperten-
sive therapy should be individualized to the patient’s need 
and proper education of the patient and family about the 
importance of compliance and follow up must be given.
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Abstract
INTRODUCTION: Disease of the coronary artery is pivotal and 
accounts to high incidence of morbidity and mortality world 
over. Research have shown its impact on the economy which is 
a concern in the third world countries like India. The main cause 
of coronary artery disease is development of atherosclerosis, a 
cascade of chronic inflammation of the arteries. Abnormal con-
centration of non-HDL-C have evidenced in predisposing to 
CAD. The lipoproteins subtypes excluding HDL, which includes 
LDL, IDL, VLDL and chylomicrons are described as non-HDL-C. 
With this background our study aimed to analyse the concen-
tration of non-HDL-C among adult patients attending a rural 
tertiary care hospital Chengalpattu district. METHODOLOGY: 
The research was conducted to analyse the concentration of 
non-HDL-C in adult patients attending tertiary care hospital, 
rural area, Chengalpattu district. The cross-sectional study was 
conducted in the central clinical laboratory at a rural tertiary 
care hospital, Chengalpattu district, six months data was collect-
ed from December 2021 to May 2022. Data from 336 patients 
were evaluated. The formula for calculating non-HDL-C con-
centration is: non-HDL cholesterol concentration(mg/dl) = Total 
cholesterol concentration – HDL cholesterol concentration. The 
biological reference range of non-HDL-C is ≤ 130 mg/ dl. RE-
SULT: The Study found an association between diabetes and 
levels of Non-HDL-C (χ2 = 6.571, P = 0.010). Participants with 
hypertension had higher levels of Non-HDL-C (χ2 = 20.515, P 
= 0.0001). CONCLUSION: The research concluded high associ-

ation of non-HDL cholesterol concentration with disease of the 
cardiovascular system. It was also found that participants with 
Diabetes mellitus along with Hypertension had higher con-
centration of non-HDL-C. Recent guidelines have stressed the 
importance of stringent target in lipid levels in high risk popu-
lation. The analysis of non-HDL-C level is easy, convenient and 
economical, it should be prescribed for all high-risk patients 
especially in diabetes and hypertensives. Physicians should add 
non-HDL-Cas a routine parameter in lipid profile. 
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Introduction
Disease of the coronary artery plays an important 

role for higher incidence of morbidity and mortality 
world over. Research have shown its impact on the 
economy which is a concern in the third world coun-
tries like India (1). According to WHO cause of death, 
over 17 million deaths were because of cardiovascu-
lar disease in 2004 worldwide (2). The main cause 
of coronary artery disease is development of athero-
sclerosis, a cascade of chronic inflammation in arter-
ies. Impaired tissue perfusion and ischemia is due to 
pathological remodelling of vascular walls and ath-
erosclerotic plaques formation. Numerous researches 
have stated that cholesterol plays a major role in the 
pathology of atherosclerotic plaque, hence increased 
cholesterol is said to be essential in the sequelae of 
atherosclerosis along with other life style factor (3,4) 
like obesity, alcohol, smoking, hypertension, dyslipi-
daemia and diabetes mellitus.

Higher levels of non-HDL-C has evidenced to pre-
dispose to CAD. The lipoproteins subtypes excluding 
HDL, which includes LDL, IDL, VLDL and chylomi-
crons are described as non-HDL-C (5). Researchers 
have identified an increase in non-HDL-C levels even 
by one milligram per decilitre accelerates the disease 
mortality by 5%, which is caused due to cardiovascular 
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sequelae and so a good predictive indicator. With this 
background our study aimed to analyse the concentra-
tion of non-HDL-C among adult patients attending a 
rural tertiary care hospital, Chengalpattu district.

Methodology
The research analysed the concentration of non-

HDL-C in adult patients attending tertiary care hos-
pital, rural area, Chengalpattu district. The cross-sec-
tional study was conducted in the central clinical 
laboratory at a rural tertiary care hospital, Chengal-
pattu district, six months data was collected from De-
cember 2021 to May 2022

Data from 336 patients were evaluated. The inclu-
sion criteria were individuals > 18 years of age and 
the exclusion criteria was age < 18 years. The prima-
ry variables included in this study are non-HDL cho-
lesterol levels in accordance to age and gender. It also 
includes co-morbidity conditions like Diabetes and 
Hypertension. The Lipid profile were analysed in VI-
TROS 250 Dry chemistry analyser. The formula for 
calculating non-HDL-C concentration is: non-HDL 
cholesterol concentration(mg/dl) = Total cholesterol 
concentration – HDL cholesterol concentration. The 
biological reference range of non-HDL-C is ≤ 130 mg/ 
dl (6). The results were tabulated and interpreted.

Result
Data from 336 patients were collected and ana-

lysed, the frequency for demographic variables have 
been plotted in table 1. The relationship in regard to 
non-HDL-C with demographic variables and co-mor-
bidities have been plotted in table 2. Figure 1 shows 
frequency of age wise distribution among demograph-
ic variables. Figure 2 shows frequency of gender wise 
distribution among demographic variables. Figure 3 
shows the relationship in regard to non-HDL-C with 
Diabetes mellitus plotted in Bar diagram. Figure 4 
shows The relationship in regard to non-HDL-C with 
Hypertension.

Statistical significance test was applied for the 
above variables. The Study found an association 
between diabetes and non-HDL-C concentration 
(χ2 = 6.571, P = 0.010). Participants with hypertension 
had abnormal non-HDL-C concentration (χ2 = 20.515, 
P  =  0.0001). Patients with diabetes mellitus and hy-
pertension had elevated non-HDL-C concentration. 
The significance was less when considering non-HDL 
cholesterol with age and gender. Non-HDL cholesterol 

Table 1
Frequency for Demographical variables

Variables N %

Gender

Male 212 63.1

Female 124 36.9

Age

Less than 45 150 44.6

More than 45 186 55.4

Diabetes   

Yes 98 29.2

No 238 70.8

Hypertension

Yes 35 10.4

No 301 89.6

Non- HDL

Normal 160 47.6

Abnormal 176 52.4

Total 336 100

Table 2
The association between Non – HDL and Demographical vari-
ables with Comorbidities

Vari-
ables

Categories Non - HDL χ2 P- Val-
ues

Normal Abnor-
mal

N = 160 
(%)

N = 176 
(%)

Gender
Male 101 

(47.64)
111 

(52.35)
0.000 0.991

Female 59 
(47.58)

65 
(52.41)

Age
Less than 45 67 

(44.67)
83 

(55.33) 0.947 0.331
More than 45 93 (50) 93 (50)

Diabe-
tes

Yes 36 
(36.73)

62 
(63.26)

6.571 0.010*
No 124 

(52.10)
114 

(47.89)

Hyper-
tension

Yes 4 
(11.42)

31 
(88.57)

20.515 0.000**
No 156 

(51.82)
145 

(48.17)

** Highly Significant at 5% level
* Significant at 5% level



Issue 24. November 2022 | Cardiometry | 237

levels can be assessed for cardiovascular risk stratifica-
tion, across all adults and in both sexes.

Discussion
The concentration of non-HDL-C represents li-

poproteins which are atherogenic. Therefore, non-
HDL-C treatment becomes important in the manage-
ment for dyslipidaemia than controlling only LDL-C. 
With this background non-HDL-C concentration was 
used for treating persons alongside increased choles-
terol levels. The target level in the treatment was kept 
at 30 milligram per decilitre for non-HDL-C above the 
intended LDL-C levels. For instance, if the intended 
level for LDL-C is ≤ 100 milligram per decilitre, then 
the levels the non-HDL-C should be ≤ 130 milligram 
per decilitre. A 2008 consensus for calculating Non-
HDL cholesterol was given by both American Dia-
betes as well as American College of Cardiology (7), 
while no cut off value for triglyceride was defined.

The significant role by non-HDL-C is due to vari-
ous reasons. The concentration of non-HDL-C is the 
aggregate of all different lipoprotein forms which are 
atherogenic, which includes chylomicrons LDL, IDL 
and VLDL. Non-HDL-C concentration is analysed as 
non-HDL-C concentration = Total cholesterol concen-
tration minus HDL cholesterol concentration derived 
from the regular lipid profile and this does not add to 
any additional cost to patients. Patients in non-fasting 
state can also do the test, in contrast measurements 
of LDL cholesterol needs the patient to be in fasting. 
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45%More than 45

55%

Age Wise Distribution

Figure 1: Frequency of Age wise distribution among demo-
graphic variables
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Figure 3: Bar diagram shows the relationship in regard to non-
HDL-C with Diabetes mellitus

Figure 4: Bar diagram shows the relationship in regard to non-
HDL-C with Hypertension
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Patients who are hospitalised are benefited as they 
cannot be in fasting state often. Analysing of apo B 
levels and LDL-C is expensive and is not standardized. 
The cost effectiveness of non-HDL-C and use of the 
test in both fasting and non-fasting lipid profile has 
been emphasised in various guidelines. More over the 
economic expenses involved in the apo B, LDL-C and 
LDL phenotype (A or B) makes Non-HDL-C more 
preferred. The concentration of non-HDL-C, Apo B 
including LDL-C have been pivotal in predicting CAD 
in patient population (8,9) Increased non-HDL-C 
concentration can be treated with modification in life 
style and drugs which lower the lipid levels available in 
the market (niacin, fibrates and statins).

Atherogenic dyslipidaemia may result in increased 
risk of cardiovascular complications in future (10-
14). The association of abnormal levels in lipid profile 
and its associated risk in development of cardiovas-
cular disease is more common among diabetes mel-
litus and hypertensive patients (15). Achievement of 
target in lipid levels has been emphasised in the cur-
rent guideline as highly vulnerable for CAD (16- 22). 
Non-HDL-C has proved as potent marker in vascular 
events (23). Achieving normal range of non-HDL-C 
target is been difficult even in patients achieving nor-
mal LDL levels (24-25).

A study by Liu et al concluded that non-HDL-C is 
a very important predictor of Coronary heart disease 
mortality in diabetes patients than with LDL cholester-
ol and so must give more preference towards the thera-
peutic target for reducing risk in diabetic patients (26)

Nasser M Al - Daghri et al, focused in comparing 
and determining non-HDL-C concentration impact 
with lipid profile parameters, among diabetic and 
non-diabetic adults in predicting coronary heart dis-
ease in Saudi. It also enumerated the analysis of non-
HDL-C as highly reliable and practical target for lipid 
lowering levels among Saudi population (27). Grundy, 
reported that evidence in regards to high non-HDL-C 
concentration compared to other lipid parameters. He 
reiterated that it should be the primary target in dyslipi-
daemia management (28). Lipid profiles done routinely 
do not report non-HDL-C concentration, addition of 
non-HDL-C concentration in regular lipid profile pan-
els will help in achieving lipid lowering targets. (29).

Conclusion
Our research concluded the high association of 

non-HDL-C concentration and diseases of cardio-

vascular system. It was also found that patients with 
both Diabetes mellitus and Hypertension have ab-
normal concentration of non-HDL-C. Recent guide-
lines had stressed the importance of stringent target 
in lipid levels in high risk population. Non-HDL-C is 
evident sensitive marker in predicting cardiovascular 
risk. Despite achieving normal LDL levels, maintain-
ing non-HDL cholesterol target is poor. The analysis 
of non-HDL-C level is easy, convenient and econom-
ical, it should be prescribed for all high-risk patients 
especially in diabetes and hypertensives. Physicians 
should add Non-HDL cholesterol while requesting for 
a routine lipid profile.
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Abstract
Acute aortic syndrome is a severe and potentially fatal aortic 
condition. Aortic dissection is due to the tear of the intimal lay-
er, either circumferential or transverse. Primary intimal rip or a 
medial haemorrhage that dissects into the intima may be the 
initiating event. Peak incidence occurs in the sixth to seventh 
decades. Pain that appears out of nowhere. Among its many 
manifestations, acute aortic syndrome can look like myocardial 
ischemia. The patient presented to the E.R with complaints of 
chest pain which is of sudden onset and ECG reveals ST seg-
ment elevation which can be difficult to differentiate from MI 
and acute aortic dissection. In this case report, we will be pre-
senting a case with chest pain who was initially suspected to 
have had a myocardial infarction instead of an AAD.

Keywords
Myocardial ischemia, Acute aortic dissection, Echo-cardiogra-
phy, Intramural hematoma, CT imaging. 
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INTRODUCTION
The classification of acute aortic syndrome is high-

ly contentious and can be very challenging to diagnose 
[1]. Acute aortic dissection is a rapidly progressing and 
life-threatening aortic illness in which 40% of patients 
pass away before reaching the health care facility. The 
in-hospital mortality rates are around 1-2% every 
hour for those who make it to the health care facility.

[1]. 5-20% of patients with acute aortic syndrome or 
AAD who are admitted to the health care facility are 
diagnosed to have intramural hematomas [2]. Patients 
with AAD are frequently misdiagnosed, such as those 
for gastrointestinal disorders, cerebrovascular acci-
dents, and acute coronary syndrome. Despite recent 
developments in medical diagnostic technology, it can 
be challenging to make a prompt and correct diagno-
sis of AAD due to the vast range of clinical presenta-
tions and problems linked to this diagnosis [11].

CASE REPORT
A male pt’ of age 65yrs came with severe chest pain 

which is of sudden onset. Pain is radiating towards left 
shoulder accompanied by difficulty in breathing. ECG 
was taken. It showed ST elevations, biphasic T waves in 
V1 to V4 leads. VITALS are recorded, Blood pressure 
is140/90mm of hg, Pulse rate is 62 bpm. Cardiac cath-
eterization revealed no infarcts and it is normal. Trans 
thoracic Echocardiography revealed aortic dissection. 
CT scan was done. It revealed an acute Intramural he-
matoma and aortic dissection [Stanford type B].

Figure-1: An aortic hiatus-extending crescentic high attenuation 
is visible on a CT scan of the descending aortic arch.
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COURSE
For blood pressure control, the patient was given 

an IV infusion of labetalol. After 24 hours, a review 
CT scan revealed a decrease in intramural hematoma.
The patient’s symptoms improved. After the hyperten-
sion is controlled the patient is put on oral anti-hyper-
tensive drugs containing ACEI & Beta-blockers. 

OUTCOME
After the pt’ is free of symptoms he was discharged 

with close follow-up. Uncomplicated IM present along 
the descending aorta is managed medically in ICU 
with vitals monitored and with analgesics

DISCUSSION
According to estimates, there are 5 to 30 occurrenc-

es of acute aortic syndrome one per million persons in 
the US each year, accounting for around 2000 new cases 
each year [4]. Hypertension, atherosclerosis, preexist-
ing aneurysms, and Marfan syndrome are risk factors 
for AAD [1-3]. Spontaneous resolution is seen in less 
than 10 percent of the patients, progression to dissec-
tion is seen in 16-47 percent of the patients [6].The av-
erage age of the patients ranges between 58years and 
71years [6]. Acute aortic syndrome, which also includes 
aortic rupture, IM, penetrating aortic ulcer, and AAD. 
It is defined as seperation medial layer of the aorta wall 
brought on by a tear in intimal layer. Aortic dissections 
are categorised by The DeBakey and Stanford classifica-
tions. According to the Stanford system, dissections of 
ascending aorta fall under type A, regardless of where 
the initial intimal tearing was present. Type B covers 
all other dissections.Risk factors for AAD include high 
blood pressure, atherosclerosis, known aneurysms, 
Marfan syndrome, Loeys deitz syndrome, and Ehler 
Danlos syndrome. More often than the descending 
aorta, the ascending aorta is dissected. A medial layer 
of the aorta wall haemorrhage known as an intramu-
ral hematoma lacks intimal injury. Patients with IM are 
typically between the ages of 50 and 60; they frequently 
have an aortic aneurysm, severe atherosclerotic disease, 
and Marfan syndrome. Between 5 and 20% of patients 
with AAS or AAD who are admitted to the hospital are 
thought to have an intramural hematoma. [10]

Clinical predictors for delayed or inappropriate 
initial diagnosis of type A acute aortic dissection in 
the emergency room [7]

The diagnosis of acute aortic dissection is not quick as 
others because it has symptoms that are common and can 

be confused with ACS, G.I diseases such as cholecystitis 
or pancreatitis, diseases of musculoskeletal system, and 
diseases of respiratory system. The most accurate way to 
diagnose an intramural hematoma is still with CT and 
MRI scans. Most emergency rooms can do a CT scan with 
intravenous contrast . It has a sensitivity of 95 percent and 
specificity ranging from 85–100 percent. [3,5] An MRI 
scan has a sensitivity and specificity which is 100 percent. 
The best way to detect an intramural hematoma is with 
a non-enhanced computed tomography scan, which the 
patient’s results demonstrate to be a hyperattenuating 
crescentic thickening in the aorta wall. The severity of the 
condition is what determines the type of treatment once 
it has been discovered. As a surgical emergency, acute as-
cending aortic dissections are treated. On the other hand, 
IM that is restricted to the descending aorta is treated 
medically. However, endovascular method can be used 
to treat situations where there is a significant danger of 
end organ failure or continuing bleeding into the retro-
peritoneal space or pleural space.Medical care should 
be provided for acute, uncomplicated type B dissection, 
which includes ICU monitoring, sufficient SBP control at 
100 and below 120 mmHg[8], and pain management. Es-
molol, metoprolol, or labetalol are preferred beta-adren-
ergic antagonists, however sodium nitroprusside-based 
vasodilators and calcium channel blockers are also rec-
ommended. [9]. Because it has the ability to block both 
alpha and beta adrenergic receptors, a beta blocker called 
intravenous labetalol infusion is employed in the example 
above to lower blood pressure. With a beta blocker and a 
ccb or ACEI, long-term therapy involves long-term con-
trol of HTN and should be administered on an as-needed 
basis every 6 to 12 months.

CONCLUSION
A good clinical knowledge and prompt identifica-

tion is required to avoid the severe consequences of 
acute aortic syndrome. In cases of chest pain, it is wise 
to rule out acute aortic dissection. Even in the pres-
ence of characteristic E.C.G abnormalities for acute 
myocardial infarction, the clinicians should rule out 
aortic dissection as one of the differential clinical di-
agnoses for acute onset chest pain.

a)Acute aortic syndrome (AAS) and, in a few rare in-
stances, acute coronary syndrome (ACS) might coexist. 
b) Marfan syndrome or another connective tissue disor-
der , Previous aortic manipulation, known aortic valve 
disease, known thoracic aortic aneurysm, and family his-
tory of aortic disease (including cardiac surgery).
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Abstract
Innovative and effective therapeutic approaches for diabetes 
such as islet cell transplantation are much needed as diabetes 
increases the risk of heart failure. In India, the success rate of 
human clinical islet transplantation (allo-or auto-) mandates 
sufficiency of functional islets from the pancreas of either 
brain-dead or chronic pancreatitis donors. Human islet trans-
plantation outcome is significantly affected by collagenases, 
which decides the yield and quality of isolated pancreatic islet 
cells. Comparison of collagenase blends carried out in a few 
islet transplantation centers yields conflicting results for islet 
quantity and quality. Therefore, we have researched on the 
right blend of enzymes to achieve an efficient pancreatic islet 
release, first-ever in Indian population. Our prospective ap-
proach evaluated the outcome of islet isolations performed 
in humans with three different collagenases, namely Serva 
Collagenase NB1, Roche Liberase and Vitacyte supplemented 
with Neutral Protease NB. Eight brain-dead humans served 

as organ donors for pancreatic islet isolation. We modified 
the islet isolation method to test these three new enzymes 
using the traditional split pancreas methodology. The islet 
isolation outcomes were compared for morphological differ-
ences, yield, and viability. This was correlated statistically with 
the donor characteristics using graph-pad prism analysis. Is-
let yield was substantial in all the three enzyme blends. But 
post-purification of islets in the Indian population, we found 
that the yield was better in Serva collagenase NB1 compared 
to Vitacyte and Roche liberase. For every gram of pancreas, 
the islet yield, proportion and morphology of islet cells (both 
free and intact) were higher in Serva collagenase compared to 
the other two enzyme blends. 
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Introduction
Type 1 diabetics, mainly adolescent and young adults 

exhibit diastolic dysfunction, a potential early marker of 
heart failure. Innovative and effective therapeutic ap-
proaches for diabetes such as islet cell transplantation is 
much need as diabetes doubles the risk of heart failure 
in men, and in women it is up to five times. Diabetics 
present a 40% higher mortality and risk of hospital-
ization from heart failure compared to non-diabetics. 
A one percent increase in glycosylated haemoglobin/
HbA1c can cause an incidence ratio of 3.15 (p < 0.01) 
for congestive heart failure Gomez-Perez [3]. In type 1 
diabetics, islet cell transplantation seems to be a promis-
ing therapeutic option as it has the potential to regular-
ize the pathologic changes in the metabolism of proteins 
and lipids, alongside restoring their euglycemia. Islet 
cell transplantation is the “need of the hour “as it can 
lessen the progression of nephropathy, retinopathy, and 



244 | Cardiometry | Issue 24. November 2022

cardiovascular diseases in type 1 diabetics. In type 1 di-
abetics, who are usually prone to being unaware of their 
hypoglycemic episodes, islet transplantation proves to 
be a minimally invasive procedure to cure their hypo-
glycemia. [2, 3]. The broader application of islet trans-
plantation in a clinical setting, however, suffers from a 
major obstacle as complexity in isolating sufficient islet 
mass from the pancreas of a single donor. Variations in 
donors and an inferior quality of pancreas are signifi-
cant contributors to the inconsistency in islet isolation 
outcomes. Apart from this, consistency amongst every 
enzyme batch is also notably vital for isolation success. 
Islet release from within the acinar pancreatic tissue ne-
cessitates the synergistic interplay between collagenase 
and neutral protease (NP) or thermolysin, which de-
grades the pancreatic collagen structures during organ 
digestion. In India, it must attempt to bring islet trans-
plantation to clinical practice. To achieve this, standard-
ization of the digestion protocol plays a very crucial role 
in the isolation of viable and functional islets. [4-6]

Pancreatic islet isolation in humans details a pro-
cess wherein the pancreatic exocrine matrix is digest-
ed completely without dispersing the individual cells 
within the endocrine cell cluster. This is a unique aim 
in the arena of tissue separation and holds the chal-
lenge of islet isolation to balance two opposing prior-
ities. Islet isolation’s characterization and production 
of enzyme blends has witnessed significant progress, 
yet there is scope and requirement for improvising 
many of its other aspects. [6-8]. Two decades of the 
recent past have observed islet isolation work; despite 
this, routine production of a consistent and standard-
ized enzyme blend is yet to be realized. Knowledge 
paucity regarding the pancreatic extracellular matrix’ 
structure and the synergistic interplay between vari-
ous blends of collagenases during extracellular matrix 
degradation consequently impact the successful out-
come of islet isolation in humans. For human pancre-
atic islet transplantation in a clinical setting, the islet 
cell’s yield and quality are determined by tissue dis-
sociation enzymes. Tissue dissociation enzymes are 
the crucial reagents of this procedure. Therefore, this 
procedure emphasizes recommending laboratories 
to formulate acceptance criteria for enzymes used in 
manufacturing islet products, which eventually find 
use in transplantation. Currently, most of the labora-
tories establish their selection of personal experience 
since biochemical assays aren’t satisfactorily predictive 
of success in the isolation procedure of islets. [8-10]

Our study began to explore in the Indian popu-
lation the association between different collagenases 
and neutral proteases in order to describe their syner-
gistic interaction prospectively. We hypothesized that 
each collagenase has a different activity, and that it 
doesn’t act alone without the help of neutral proteases. 
It was evident from our study that neutral proteases 
could compensate for collagenase’s reduced activity to 
isolate human pancreatic islets in significant amounts. 
This approach of relating the outcome of an enzyme’s 
biochemical analysis with its corresponding effective-
ness in human islet isolation is definitely progressive 
in addressing the challenge of improved control in 
the islet manufacturing process. Our current research 
work also discusses the challenges of pancreatic enzy-
matic digestion and the yield of islet cells from three 
different enzymes during human islet isolation from 
the Indian population.

Materials and Methods 
We retrieved pancreata on obtaining research 

consent and ethical approval from Apollo Hospital 
[AMH002-04/18] and Velammal Medical College and 
Hospital [VMCIEC/01-2021]. We designed the proto-
cols according to the guiding principles approved by 
the Indian Council of Medical Research without affect-
ing the Indian organ procurement program. All donor 
families gave their consent for the use of pancreas for 
research that was done within 26 months. On attain-
ing legal consent, nine pancreata were obtained using 
a protocol identical to that of whole-organ pancreas 
transplantation. The protocol comprised an en bloc 
dissection with the “no-touch” technique and hypo-
thermic in situ vascular perfusion with the University 
of Wisconsin (UW) solution. It carefully handled this 
to avert elevated portal pressure. The pancreas’ surface 
cooling was attained with the help of ice slush at 4°C. 
Surgeons took the pancreas for biopsy related studies 
and the remaining were given for islet isolation. After 
procurement from the donor hospital, we sent the pan-
creases to the islet isolation laboratory in the cold Uni-
versity of Wisconsin (UW) solution or histidine trypto-
phan ketoglutarate (HTK), maintaining a cold ischemia 
time between 06:40 hours to 18:10 hours. 

Different Enzyme Products 
and their Variability

To assess the enzyme products for their variabili-
ty and performance, we used three different enzymes 
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Serva NB1 Collagenase, Roche Liberase, and Vitacyte, 
and determined the islet yield from nine consecutive 
islet-isolation procedures. The characteristics of donor 
pancreata processed using Serva NB1 Collagenase did 
not show any difference in comparison with Liberase 
HI or Vitacyte. Age, BMI, causes of death, pancreas 
weight, and total cold ischemic time were the same for 
all the enzymes as samples were divided equally.

Islet Isolation using different enzyme blends
We have compared three different enzyme blends 

for islet isolation. And the method that we have devel-
oped for this duly considers all the norms and regula-
tions, so that it can be relevantly modified and adapt-
ed as a clinical protocol in a GMP facility. From the 
procured pancreas, once the connective tissue, blood 
vessels, and fat are removed, it gets washed in a cock-
tail of antibiotics without much delay. After this, it is 
weighed and dissected equally into 3 portions. Each 
of the enzymes, namely collagenases (Serva, GMP 
grade, Heidelberg, Germany), (liberase MTF; Roche 
Diagnostics Corporation, Mannheim, Germany, Vita-
cyte, Indianapolis, USA), was blended along with neu-
tral proteases, which were freshly dissolved in HBSS 
(Mediatech-Cellgro, Inc., Manassas, VA, USA). After 
pre-warming at 28 to 30°C, the enzyme infusion was 
done at 37ºC.

After this, the next step was to transfer the pancre-
as to the Ricordi digestion chamber, which contains a 
circulating solution with the same enzyme blend. Si-
multaneously, manual shaking was also done to initiate 
the mechanical disruption of pancreatic tissue. [11, 12]. 
The efficacy of digestion of the pancreatic tissue was 
monitored by obtaining samples every five minutes. 
For analysis, a solution of HBSS containing Dithizone 
(DTZ), a dye, was used, in which the samples were sus-
pended. Islets from the sample picked up red colour 
in response to this dye, and thus it was useful in dis-
tinguishing islets from unlabeled exocrine and ductal 
tissue. [13, 14] When stand-alone islets from exocrine 
tissue were noticeable, enzyme activity was terminat-
ed by the addition of ice-cold human serum albumin 
(HSA) or HBSS. It then centrifuged twice the samples 
at 1200rpm at 4°C for 5 minutes. The supernatant was 
discarded, and we took the pellet for purification using 
the discontinuous ficoll gradient method. Depending 
on the pellet size, gradient mixtures were prepared. The 
islet solution was mixed initially with the high-densi-
ty gradient [1.119] and then slowly, the medium and 

low-density gradients were layered carefully [1.083 and 
1.077]. It was then centrifuged at 2400rpm for 20 min-
utes at 4°C. At the interphase, it separated the islets. The 
islets were collected in a fresh tube. [15, 16].

Quantification of islets and their quality 
control testing

To determine the islet yield, we employed a direct 
count of the DTZ-stained islets, and converted var-
ied islet sizes uniformly into islet equivalent numbers 
(IEQ) [10, 13]. An islet equivalent is synonymous with 
an islet volume of 150 μm in diameter. To assess via-
bility, we used the trypan blue exclusion assay. Isolated 
pancreatic islet cells’ mitochondrial respiration was 
measured using the MTT assay (15). Islet cell sam-
ples and also samples of the procurement fluid, which 
preserves pancreas until isolation, were assessed for 
microbiological contamination using Gram stain and 
sterility culture.

Statistics analysis
Graph-pad prism (Version 6) was chosen for the 

entire statistical analysis. Data were expressed as mean 
standard deviation (STD), and it performed a Pearson 
correlation between the variables measured.

Results
Donor characteristics of three different enzyme 

groups included in the study are presented in [Ta-
ble  1]. It was noted that a comparison between the 
three enzyme groups regarding clinical characteristics 
including age, sex, body mass index, hemoglobin A1c, 
duration of hospital stay, and causes of death, pancreas 
weight and cold ischemia time revealed similar results.

Table 1
Demographic and clinical characteristics of donors 
S.No Factors Variable

1 Age (yrs) 33 ± 14
2 Gender (M/F) 5 / 4
3 Height (cms) 168.78 ± 3.49
4 Weight (kg) 72.22 ± 9.13
5 BMI 25.51 ± 3.24
6 Diabetic/Non-diabetic 5 / 4
7 HBA1C 5.80 ± 0.80
8 Cold Ischemic time (hrs) 13.24 ± 5.37
9 Hospital stay (in days) 2.0 ± 0.5
10 Cause of death Head trauma

All data represented as mean ± standard deviation (SD)
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Islet Isolation outcome 
on 3 different enzymes

Our results showed that for all three enzymes there 
was no significant change in digestion variables, in-
cluding recirculation time, packed tissue volume, 
proportion of undigested tissue, and trapped islets. 
Amongst the groups, variability was noted in viabil-
ity, total islet yield, and yield per gram of trimmed 
pancreatic tissue. [Table 2]. It was interesting to note 
the percentage of free islets at the end of twenty-five 
minutes of the digestion process varied [Figures 1, 
2 and 3]. The viability of islet cells after purification 
was higher in Serva Collagenase and Vitacyte than in 
Roche collagenase [Figure 4].

Table 2
Islet Isolation Outcomes 

S.No Islet Pa-
rameters Serva Roche Vitacyte

1 Viability % 80.59 ± 14.12 68.16 ± 9.79 78.14 ± 13.21
2 Total islet 

yield (in 
million)

14.63 ± 7.67 7.28 ± 4.53 7.80 ± 3.23 

3 Islet yield 
per gram 
of tissue 
(in million)

1.47 ± 0.35 0.77 ± 0.21 0.85 ± 0.30 

All data represented as mean ± standard deviation (SD)

Figure 1 

Figure 2 

Figure 3

Figure: DTZ staining of islets at the end of 25min-
utes of digestion using Serva (Figure 1), Roche (Fig-
ure 2), Vitacyte (Figure 3).

Figure 4: Viability % of islet cells post purification using 3 differ-
ent enzymes.

Inter-Relationship between Enzymes 
used and the clinical parameters 
that reflects on the Islet yield

Enzymes used for isolation play an important 
role in the effective isolation process. Clinical pa-
rameters also have a positive or negative influence 
on the islet yield. In our study, we found that all the 
3 enzymes correlated negatively with cold ischemic 
time, thereby affecting the islet yield. The mean 
HBA1C in diabetic samples was only 5.80 0.80, 
which had no effect on islet yield or its correla-
tion with the use of all three enzymes. There was 
a positive correlation for the use of Serva collage-
nase, Roche collagenase, and Vitacyte enzymes for 
the BMI and age to the total yield of the islet pop-
ulation. Though there was a correlation, it was not 
statistically significant because of the lesser sample 
size [Tables 3, 4, and 5].
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Table 3
Pearson correlation analysis of viability % of islet cells isolated 
using Serva collagenase.

S.No Donor Characteristics Viability % (Serva)
r value p values

1 Cold Ischemic time (hrs) -0.1988 0.6081
2 HbA1c 0.3677 0.3303
3 BMI 0.1941 0.6168
4 Age 0.4669 0.2051

Table 4
Pearson correlation analysis of viability % of islet cells isolated 
using Roche collagenase.

S.No Donor Characteristics Viability % (Roche)
r value p values

1 Cold Ischemic time (hrs) -0.1723 0.6576
2 HbA1c 0.3577 0.3446
3 BMI 0.2643 0.492
4 Age 0.5254 0.1463

Table 5
Pearson correlation analysis of viability % of islet cells isolated 
using Vitacyte collagenase.

S.No Donor Characteristics Viability % (Vitacyte)
r value p values

1 Cold Ischemic time (hrs) -0.2544 0.5088
2 HbA1c 0.4028 0.2824
3 BMI 0.153 0.6944
4 Age 0.3842 0.3072

Discussion
Diabetes is a risk factor for heart failure. Islet cell 

transplantation is emerging as a promising therapeutic 
option for type 1 diabetes [1]. In India, the success rate 
of human clinical islet transplantation (allo-or auto-) 
mandates sufficiency of functional islets from the pan-
creas of either brain-dead or chronic pancreatitis do-
nors. The islet transplantation outcome is significantly 
affected by collagenases, as they are vital reagents in 
deciding the yield and the quality of isolated pancreat-
ic islet cells in humans. From our study, we believe that 
there are multiple factors that affect the outcome of 
human islet isolation. Thus, it adds to the complexity 
of conclusively quantifying the influence of individ-
ual enzymes on pancreatic digestion. Animal studies 
(with rodent pancreases) have reported the feasibility 
of controlling variables [17, 18], but with human do-
nors, the prospective approach would necessitate nu-

merous pancreases to achieve statistically significant 
data. And this prospective approach is beyond reach if 
there is a scarcity of pancreases from human donors, 
as these are the requisites for clinical whole pancreas 
and islet transplant programs. [19, 20].

Our research study is the first-of-its-kind to elic-
it the impact of three different enzymes in the Indian 
population and on the islet outcome parameters from 
donor pancreata. Our study reveals that factors in-
cluding enzyme brand, digestion method and its dura-
tion crucially affected the islet products’ quantity and 
quality, and also the time gap between each islet isola-
tion process. The Enzyme brand vitally determines the 
outcome of post-purified islet products quantitatively 
as well as qualitatively.

Currently, the standards and protocols set by Ricor-
di et al. (1988) are used by almost all the centres to suit 
their population or lab standards. Each centre has come 
up with a modified protocol either in the usage of me-
dia or procedures or the various reagents used in the 
culture media, and this has led to improved isolation 
protocols. [21]. It is difficult to obtain the islet yield of 
1 to 3 million from different donors consistently [22, 
23]. The current scenario is, scientists are able to get the 
yield suitable for clinical transplantation in fewer than 
45% of pancreas isolations from human donors [24]. 
The yield and quality of islets are primarily influenced 
by donor variables and the quality of tissue digestion 
enzymes. [25] Having said this, it is essential to stan-
dardize all the procedures of human islet isolation in 
order to achieve reproducible production of adequate, 
good-quality islets, which would ultimately prove suc-
cessful in clinical transplantation. [21, 26]

Enzymatic digestion of the pancreas is a mechani-
cally enhanced, critical procedure of islet isolation, as 
it favours the dissociation of islet cells and their re-
lease from the acinar tissue. [27,28] The result of our 
experiment stated that Serva collagenase was relative-
ly more effective than the Vitacyte and Roche colla-
genase in releasing the free islets within 25 minutes 
from the start of the enzyme ingestion process. A few 
studies that aimed at identifying the most suitable di-
gestion enzyme for islet isolation were inconclusive 
owing to pitfalls like usage of different enzyme batches 
and varied isolation protocols. [29–34]. As a result, it 
compelled numerous laboratories to base their selec-
tion on personal experience.

A successful isolation process relies on an enzyme 
blend’s efficacy, which impacts the post-transplant 
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function after human islet allotransplantation. This 
has been successfully demonstrated by 400 or more 
islet isolations in humans [35]. Therefore, selecting a 
suitable enzyme blend is a crucial requisite in the islet 
isolation procedure. We aimed at improving islet isola-
tion in the Indian population and studied the action of 
three different enzymes, namely Liberase MTF, Vita-
cyte, and Serva NB1collagenase. Though our findings 
revealed that the success rates of all the three enzymes 
were alike, a lot more comparisons are pending to de-
cide on the optimal enzyme that can maximize the 
yield and quality of islet cells to qualify for the level of 
clinical transplantation in humans [36].

We evaluated three distinct digestion enzymes for 
their efficacy in the islet isolation process. Similar 
studies have implied Serva-NB1 as superior to liberase 
in yield and endocrine function of post-purified islet 
products [39–41]. Nonetheless, the 2007 GMP guide-
lines prohibit the use of liberase HI for islet isolation in 
clinical transplantation; as a result, research outcomes 
eliciting liberase HI should be carefully scrutinized 
before being used in islet isolation. In comparison to 
these trials and published data, our findings have sig-
nificantly answered questions about the enzymes that 
can achieve a successful yield. However, a large-scale 
comparison with a substantial sample size can bring us 
closer to a definitive conclusion.

The time point of each islet-processing step should be 
recorded accurately, as it is significant in reviewing the 
quality of the islet isolation process. Our research study 
emphasizes the significance of the right time points for 
every isolation step, including trimming time, enzyme 
perfusion time, cold ischemic time, digestion time, and 
dilution time, which vitally optimizes the outcome of 
islet isolation. Therefore, to improve the islet isolation 
outcome, we should focus on factors like reducing the 
manufacturing timeline, employing experienced opera-
tors, and maintaining an ice-cold environment for pan-
creata as long as possible during the procedure. These 
standards can apply to every step of islet isolation that 
remarkably correlates with the quantity-and quality-re-
lated parameters of the final islet products.

Our study outcome needs to be evaluated for the 
following limitations: First, unlike multicenter stud-
ies [37, 41], ours, being a single-center study, has the 
disadvantage of having a limited case count. Secondly, 
the quantity of tissue used for the islet isolation yield 
was different every time depending on what the sur-
geons provided for us. However, let’s not overlook the 

advantages, which include comprehensively consistent 
data collection and reduced inter-observer variability 
in islet counting or processing. Though constrained by 
sample size, forthcoming research can superimpose 
with a larger case count our research findings.

Globally, there is an increase in the prevalence of 
diabetes mellitus, a complex metabolic syndrome that 
results in issues with chronic hyperglycemia character-
ized by practically all the body’s organs [42]. Rigorous 
treatments like pancreatic transplantation are required 
for diabetes-related issues like retinopathy, nephrop-
athy, and neuropathy, which may benefit patients in 
the long term [43]. Ninety percent of all pancreatic 
malignancies are pancreatic ductal adenocarcinomas, 
which are the most common kind of pancreatic can-
cer (PDAC). With a less than 8% overall survival rate, 
PDAC is currently the fourth most common cause of 
cancer death worldwide [44]. The human pancreatic 
islet isolation technique is a novel and successful treat-
ment for diabetes and other conditions, similar to islet 
cell transplantation.

To summarize, ours is the first comparative study 
to elicit the effectiveness of three distinct digestion en-
zymes on islet isolation outcomes in the Indian popu-
lation. This study has also shown the potency of islet 
survival, viability, and morphological integrity, which 
depend on the right choice of enzyme blends. We con-
clude that though the quality of the donor pancreas 
directly relates to islet isolation outcome, equally im-
portant is islet manufacturing as it is complex and a 
technically demanding task, affecting the islet yield. 
Using the right donor pancreata is necessary to spot 
precise technical problems in the isolation of islets. 
Thus, we conclude parameters like timeline for every 
isolation step, standardized enzyme brand, and the 
handling of mechanical enzyme perfusion needs to be 
optimized to improve islet isolation outcomes.

Conclusion
Despite significant technological advances in is-

let isolation from human donors, recovering islets in 
the pancreas has proven to be a laborious task for 
all established centers. Our analysis of the human 
pancreas in the Indian population suggests that, for 
islet isolation, the digestion enzymes, namely, Ser-
va Collagenase NB1, Roche Liberase, and Vitacyte, 
yielded good islet outcomes, and all the three were 
comparable. However, Serva Collagenase NB1 was 
notably associated with an improved yield, viability, 
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and morphology when compared to the other two 
enzyme blends. Future research should focus on en-
zyme technology, which will enhance the possibility 
of optimal islet release with “tailor-made” enzyme 
blends that would suit individual donor pancreas for 
their specific characteristics. Innovative strategies 
such as these would improve post-transplant func-
tion by beneficially improving islet isolation efficien-
cy, recovery, and viability.
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Abstract:
Background: Idiopathic inflammatory myopathies (IIM) are 
a class of long-lasting autoimmune diseases that typically af-
fect the proximal muscles. Dermatomyositis (DM), polymyositis 
(PM), necrotizing autoimmune myopathy (NAM), and sporadic 
inclusion body myositis are the most prevalent kinds. Patients 
usually have subacute to chronic proximal weakness, which 
presents as difficulty getting out of a chair, getting up the stairs, 
lifting objects, and brushing their hair. They are distinguished 
by their clinical presentation, which includes muscular and ex-
tramuscular signs. Elevated serum creatine kinase (CK) levels 
and myositis-specific antibodies may help distinguish clinical 
phenotypes and confirm the diagnosis. Biopsy of the muscle, 
on the other hand, is still the gold standard for determining the 
cause of the problem. These disorders may be cured with prop-
er diagnosis and treatment. The treatment’s goals are to reduce 
inflammation, restore muscle performance, and alleviate pain. 
Methods: 36-year-old man K/C/O dermatomyositis came 
complaints of redness swelling in the right eye for 3 months, 
dysphagia, easy fatiguability. Patient was neither hypertensive 
nor diabetic.
Results: This case describes the severity of NXP2 autoantibody 
and a potential to be life threatening. Patient was started with 
immunoglobulins, monoclonal antibodies. After which patient 
improved from his present condition.
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INTRODUCTION
Dermatomyositis (DM) is a systemic disease that caus-

es proximal muscle weakness and a variety of cutaneous 
symptoms [1]. Several autoantibodies, each with a differ-
ent clinical presentation, have been related to the disease, 
including one against nuclear matrix protein 2. (NXP-2) 
[2]. Symptoms of the NXP-2 autoantibody include severe 
muscle weakness, calcinosis, dysphagia, and peripheral 
oedema [3]. This is the case report of a 36-year-old man 
who has NXP-2 antibody positive dermatomyositis.

CASE REPORT
A 36-year-old male came with the complaints of 

Redness of right eye for 3 months, Easy fatigability for 
2 months, Anasarca for 2 weeks, Weight gain of 8 kg in 
2 months, Dysphagia to solids > liquids.

K/C/O dermatomyositis for 1 year and patient was 
COVID-19 positive in June 2021 after which his con-
dition flared up. Patient had no other comorbidities. 
No significant family history

On examination
B/L proximal muscles power – 3/5, Neck muscle 

weakness (+), Pharyngeal muscle weakness (+), Nasal 
twang voice (+), Gag reflex absent

Figure 1: Rashes over the neck

Figure 2: Redness and swelling in the right eye
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Figure 3: Pigmentation over the arm

Investigations
Table 1
investigations of the case

S.NO. ANTIBODY RESULT
1. PL-7 Strong positive (169)
2. RO-52 Strong positive (127)

S.NO. ANTIBODY RESULT
3. NXP2 Strong positive (116)
4. SRP Positive (16)
5. PL-12 Positive (10)
6. JO-1 Strong positive (156)
7. ANA Negative
8. CPK 1017 U/L
9. LDH 1854 
10. Aldolase 92 U/L
11. ALT 152 
12. AST 165
13. Anti-myositis antibody Positive
14. Urine myoglobin Positive 

Leopard skin appearance in PET-CT (Malignancy 
ruled out), EMG – Myopathic pattern, T2 MRI thighs 
– Hyperintensities in striated muscles

Figure 4: PET-CT of the patient.
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The patient was started on Inj. Rituximab 500 mg 
(4 cycles), IV Immunoglobulin 1g/kg x 5 days, Tab. 
Tacrolimus 0.5 mg/day, Mycophenolate Mofetil 2 g/
day, Inj. Methylprednisolone 500 mg IV x 3 days, 
Ryle’s tube feeding

Post treatment: patient improved significantly. The 
repeat investigations after treatment showed: 

CPK – 156 U/L LDH – 198
Muscle weakness improved post treatment, Dys-

phagia improved. 

Figure 5: patient post treatment

DISCUSSION
Auto-antibodies against NXP2 are detected in 18% 

to 25% cases of juvenile polymyositis/ dermatomyo-
sitis and in only 1% of adult cases [4]. This form of 
PM/DM is characterized by accompanying calcinosis 
and particularly severe and chronic disease courses 
[5]. In adults the disease may be carcinoma-associated 
(breast, uterine or pancreatic carcinoma) [6][7]. Pa-
tients with dermatomyositis who have anti-NXP2 au-
toantibodies have greater myalgias, higher severity of 
weakness, and a higher prevalence of dysphagia than 
those who do not have these autoantibodies [8][9].
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Abstract
Aim And Objective: The study objective is to know the ana-
tomical variations of “right coronary artery” through dissection 
method and to know its clinical significance. 
Materials And Methods: In this study, 45 heart samples were 
implied and approx 30 hearts were calmed from Anatomy 
Department of “SRM Medical College”. 15 hearts are calmed 
from the anatomy department of “Sri Ramachandra medical 
college”. “The right coronary arteries” were observed as well 
as dissected for its normal anatomy and for any variations, and 
observations were noted out.
Results: The present study shows that during dissection of 
“right coronary artery”, the “coronary ostium” was examined 
in all the sample inside the “anterior aortic sinus”, in that 9 
sample presents different ostium for “right conus artery” and 1 
specimen presents a several ostium for “SA nodal artery” in the 
same sinus, right marginal artery was present in all specimen 
with average length of 7.36cms.And with respect to PIV branch, 
the coronary dominance in right - 75.56%, left – 13.3% and co 
dominance - 11.11%.
Conclusion: In view of this detailed study, I would like to con-
clude that the noted variations of this artery would be of effective 
use to the interventional along with “cardiologist plus radiolo-
gist” to destine the abnormalities to provide excellent maintainer 
about “cardiac diseases” and interventional procedures. 
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Introduction
The coronary arteries as the name suggests forms 

an inverted crown around the heart and supplies it. 
They are two in numbers, “left and right coronary ar-
teries”arriving from the anterior along with “left pos-
terior aortic sinus”. Variations in these arteries were 
known so early since sixteenth centaury by Fallopius 
(1562)[1]

. As the “Coronary artery” disease stood as 
common reason of heart diseases as well as the notable 
important reason of death in developed and industri-
alized countries Parks (2005) [2], it is imperative to have 
a sound knowledge in the anatomy and morph metric 
variations of these arteries. Also the advances in cor-
onary surgeries, selective coronary arteriography, and 
newer investigation techniques in bypass surgery like 
“electrocardiographically (ECG)-gated multidetector” 
the modern patterns of revascularization as well as 
row computed tomography (cardiac CT) require a full 
coronary circulation knowledge.

Materials And Methods
This is a cross sectional study and method used 

is manual dissection method. The total samples used 
for this study were 45, collected from the department 
of Anatomy at “S.R.M Medical College”, Potheri and 
Sri Ramachandra Medical College, Porur and the to-
tal duration of the study is 2 years. The samples were 
gathered from the department unescorted by basis on 
sex, and age, socio-economic status, together with re-
ligion, educational or pathology .These samples were 
preserved together with numbered in 10% formal-
dehyde solution. The “visceral pericardium” was re-
moved along with the coronary arteries were dissect-
ed. The “Right coronary artery (RCA)” was dissected 
at the subepicardial level, its branching pattern, domi-
nance and variations were noted. Morphometric find-
ings were taken with the help of a thread and metric 
scale. 

Ethical clearance number : 298/IEC/2012
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Observations
The following observations were made during the 

dissection of right coronary artery and were noted:

A. Location Of Right Coronary Ostium
The “right coronary ostium” is seen in all the specimen 

in and at the “right anterior aortic sinus” with respect to 
sinotubular junction (Figure. 1). In one out of 45 speci-
men, multiple ostium was seen in the sinus (Figure. 2). 

Figure. 1: Right Coronary Ostium In The “Right Anterior Aortic 
Sinus”

Figure 2: Multiple Ostium In The “Anterior Aortic Sinus”

(A.a)Ostium Level with Respect to “Sino Tubular 
Junction” 

Around 38 (84.4%) hearts “right coronary ostium” 
placed basically below of 

“STJ”, in 7 (15.5%) hearts the ostium was found at 
sinotubular junction (Figure. 3) (table 1). 
Table 1
Ostium level with respect to “sino tubular junction”

frequency of position No of specimen (%) 
Placed the STJ below portion 38 (84.4%) 

At the level of STJ 7 (15.5%) 

TOTAL: 45 (100%) 
*STJ – sinotubular junction

Figure 3: Ostium Level With Respect To “Sino Tubular Junction” 

B.“Right conus artery” 
The “right conus artery (RCOA)” was show in all 

samples, In 36 (80%) specimens the “right conus ar-
tery”occur originating at “right coronary artery” as the 
first limb, in 9 (20%) specimen it arises originating 
at the “anterior aortic sinus” / “right coronary sinus” 
originating at a different ostium where it is signed 
the “third coronary artery”(Figure. 4) (table 2). In 
the later two specimens showed several ostia inside 
the “aortic sinus”. The length of the right conus artery 
ranges from 2.5 cms to 9.4 cms with a mean length of 
4.95 cms and STD ±1.46. 

Figure 4: Separate Ostium For Right Conus Artery:

Table 2
Origin of the “ Right Conus Artery” 

Origin of “conus artery” No of specimen (%) 
originating at the RCA 36 (80%) 

From the anterior aortic sinus 9 (20%) 
Total 45 (100%) 

*RCA – Right coronary artery 

C.Sino Atrial (SA) Nodal Artery :
In the present study, 20 (44.4%) specimen shows 

RCA origin and 20 (44.4%)shows LCX origin and 
4  (8.88%) specimen shows SA Nodal artery arising 
from both arteries (Figure. 5), one specimen (2.22%) 
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has a separate ostium for this artery in the anterior 
aortic sinus (table 3).. The mean length of the SA nod-
al artery is 2.01 with a STD ±0.82. 

*LCA – left Circumflex Artery

 
Figure 5: Origin of “SA Nodal Artery (SANA)” from both “Cor-
onary Arteries”:

Table 3
Origin of “Sino Atrial nodal Artery” (SANA) 

Origin No of specimen (%) 
RCA 20 (44.44%) 
LCX 20 (44.44%) 
Both 4 (8.88%) 

Separate ostium in RCA 1 (2.22%) 
 Total 45(100%) 

*RCA –“right coronary artery” *LCX –“left circumflex artery”

D. “Right Marginal Artery”
The “right marginal artery” was show in all 45 sam-

ples. In all specimens it runs along the inferior border 
of the heart with an average length of 7.36 cms with a 
STD ± 1.27. No specific variations have been noted in 
this artery except In one specimen it arises higher up 
in the middle of the first segment of RCA (Figure. 6). 
 

Figure 6: Higher Origin of Marginal Artery From RCA

E. Atrioventricular (AV) Nodal Artery:
It arises from RCA in 29 (64.4%)specimens and 

from left coronary artery in 16 (35.56%) specimens 
with an average length of 1.25cms. The resource of the 
“atrioventricular nodal artery” isshowed below in tab-
ulate shape (table no 4). 
Table 4
Origin of “Atrioventricular Nodal Artery” 

Origin of “AV nodal artery” Frequency 
From the RCA 29 (64.4%) 

originating at the LCA 16 (35.56%) 
Total 45(100%) 

*AV- “atrioventricular” *RCA- “right coronary artery” *LCA- “left 
coronary artery”

F. “Posterior Interventricular Artery”
The “posterior interventricular artery”occurs from 

RCA in 34 (75.56%) specimens (Figure. 7) and from 
the LCA in 6 (13.33%) (Figure. 8) specimens with an 
average length of 5.95 and STD ±2.0. “Posterior inter-
ventricular artery”s parallel branches from both were 
mentioned in 5 (11.11%) samples studied (table 5).

*PIV - posterior interventricular artery 
Table 5
Origin of Posterior Interventricular Artery (PIV) Artery 

Origin of PIVA No of specimen 
From RCA 34 (75.56%) 
From LCX 6 (13.33%) 

From both RCA and LCX 5 (11.11%) 
Total 45 (100%) 

*PIVA - posterior interventricular artery *RCA- “right coronary 
artery” *LCX- “left circumflex artery”

Figure 7: Origin of PIV branch from RCA 
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Figure 8: Origin of PIV branch from LCA

G.Point of Termination 
of Right Coronary Artery 

In 20 (44.44%) specimens, the RCA extracted 
among left border as well as crux. In 3 (6.67%) sam-
ples it ended the“right margin”. Moreover, In 2(4.44%) 
samples that concluded among the“right margins” 
along with the “crux”. In 14 (31.11%)samples it ended 
at crux, as well as In 5(11.11%) samples it climbed to 
border which situated in left side (table 6).. 

Table 6
Coronary Dominance 

Dominance No of specimen 
Right dominance 34 (75.56%) 
Left dominance 6 (13.3%) 

Balanced 5 (11.11%) 
Total 45 (100%) 

H. Dominant Circulation or Coronary Dom-
inance:

The origin of “posterior inter ventricular (PIV)” 
branch find the “dominant circulation”. In the present 
study 34 (75.56%) specimen shows right dominance 
where posterior interventricular artery (PIVA) is given 
by RCA and 6 (13.3%) specimen shows left dominance 
where PIVA is from LCA and in 5 (11.11%) specimen 
shows balanced circulation or co dominance (table 6) 
where branches from both right and left coronary ar-
teries can be seen in the posterior interventricular sul-
cus supplying the interventricular septum (Fig. 9). 

*RCA-“ right coronary artery” *LCA-“ left coro-
nary artery”

Figure 9 & 1 0: Shows Both Anterior and Posterior Interventric-
ular Arteries in the PIVS

I.Anomalous Right Coronary Artery:
There is no anomalous origin of “right coronary 

artery” either from the “left posterior aortic sinus” or 
“right posterior (non-coronary) sinus” in the present 
study. 

Discussion

A. Position of Ostium:
“Right coronary ostium” of all the hearts was seen 

in the “anterior aortic sinus (right aortic sinus)” in the 
present study and no anomalous ostiums were found 
during the study. Geoffrey Yanes Bowden et al., (2009)
[3] reported a case of RCA’s “anomalous origin”origi-
nating at the left main, with “malignant interarterial” 
course. Carla Almeida et al.,(2012)[4] described anom-
alous origin’s both cases of the RCA in the “left cor-
onary sinus” coursing between PA together with the 
aorta. 
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(A.a). Ostium Stage With Respect To “Sino Tu-
bular Junction”: The ostium stage is major in pa-
tients who are underfed to “coronary arteriograph-
ic” studies. In this case, the 84.4 % “right coronary 
ostium” was situated “sino tubular junction” along 
with around 15.5% ws located in the hearts. How-
ever, after doing the examination “right coronary 
ostium” could not find above “sino tabular junc-
tion”. This “ostial dislocation” is described “Higher 
take off ” by Thompson and spring (1973)[5] and it 
was detected as rason of sudden death, Rajanis-
ingh (2013)[6] found that the RCA had high origin 
(“anomalously located ostium”) in the anterior as-
pect of ascending aorta calculating 3 cm upper its 
origin or root. 

B. “Right Conus Artery”:
The “conus artery” is the highest as well as first 

branch of RCA in its first section. thatattaches with 
the “left conus artery” branch of “left anterior” “de-
scending artery” infront of the out flow tract of the 
right ventricle and forms an “vascular anastamotic” 
ring described “Annulus Of Vieussens” (1796)[7]

(Fig.11). The value of its ring is that it acts as a “col-
lateral circulation”s resource in patients with “left 
anterior descending artery occlusion”. Shilpabhimal-
li et al., (2011)[8] found that in 95% of the specimens 
studied, the conus artery arise fromRCA. In 5% of the 
specimens the third coronary artery was observed. 
In present study, “right conus artery” arise as a “right 
coronary artery”’s branch in 80% of hearts, and from a 
different ostiumin hearts approx 20%. Hence the ori-
gin of third coronary artery is higher when compared 
to the previous study (table 7). The importance of 
the presence of third coronary artery requires special 
catheter’susage, since they are not fuzziness the time 
of routine angiography. 

Table 7
Aortic Origin of Right Conus Artery/ 
Third Coronary Artery 

NAME OF THE AUTHOR TCA % 
Banchi (1904) 33% 

Schlesinger et.al., (1949) 51% 
Choi YH (1994) 52.4% 

Ivan Stankovic (2004) 34.8% 
Shilpabhimalli (2011) 5% 

Present study 20% 
*TCA - third coronary artery 

 

Figure 11: Annulus of Vieussans

C. Sino Atrial Nodal Artery:
According to Kyriakidiset.al., (1983)[9]SA nod-

al artery arises from the RCA in 59% of specimens, 
from the LCX in 38% and from both with a dual blood 
supply in 3 %.In a study by James (1977) [10]The “SA 
nodal artery” occurs more in human hearts than RCA 
proximal parts.. Koch (1909) [11] had discovered the 
“SA nodal artery” fully resulting from “bronchial ar-
tery”. The recent study, the “sino atrial nodal artery” 
arises from a several ostium of anterior aortic sinus 
seen which had not been found in the previous stud-
ies except for Anjali (2012) [12]. Also the origin of SA 
nodal artery from both RCA and LCA is higher in the 
present study when compared to others.

Table 8
Comparison of Present Study with the Previous Studies 

AUTHOR FROM 
RCA 

FROM 
LCA 

FROM 
BOTH 

FROM 
SEPARATE 
OSTIUM 

Kyriakidiset.al., 
(1983)9

59% 38% 3% 

ShilpaBhimalli (2011)8 66.6% 25% 3.3% 
Anjali S (2012)12 90% 10% - 2.22% 
Present study 44.4% 44.4% 8.8% 2.22% 

“RCA- right coronary artery” “LCA- left coronary artery”

D. “Right Marginal Artery”
The “right marginal artery” was consistently showed 

in all the samples dissected with an average length of 
7.36cms. In one specimen right marginal artery arises 
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higher up in the middle of the first segment of RCA, 
in another specimen the RCA terminates at the level 
of inferior border into 4 branches, to supply that area. 

E. Atrio Ventricular Nodal Artery
James (1961)[13]has studied that the AV nodal ar-

tery conducts with the great “auricular anastomat-
ic artery” of Kugel[14]. Reemtsma et.al, (1961)[15] has 
mentioned in his study that the “AV nodal artery” 
may be damaged during the ostium primum’s closure 
defect. Current study states the AV nodal artery arises 
from RCA in 64.4%, from the LCA in 35.5%. 

It is seen that AV nodal artery arise from both RCA 
and LCA in studies by Anjali S (2012)[12], and also it 
has been absent from both the arteries in a study by 
Shilpa Bhimalli (2011)[8], These kind of variations 
have not been seen in the present study. 

F. Posterior Interventricular Artery
According to James (1961)[13] 90% out of 106 spec-

imens, the PIVA is the terminal branch of RCA. Gray 
(1999), states that the PIVA is a branch from RCA in 
90% and from LCX in 10%. 

PIV derives out from the“right coronary artery” in 
75.5% and from LCX in 13.33% in the current study. 
Gray (1999)[16] says in 70% the PIVA is a single branch, 
as well as bounded either to the left, right, bilaterally 
through “parallel branches” which occur from the “right 
coronary artery” also been mentioned. Reul (1984)[17] re-
ported the presence of two PIVA one which come from 
the “right coronary artery” along with another from the 
left. No such vessels were discovered in the recent study. 

G. Termination Point of PIVA 
in “Posterior Interventricular Sulcus”

In this study, the PIVA concluded inside the sec-
tion of distal which situated“one-third” of the “PIV 
sulcus” in 25%, and upto apex 36%, (table 8). 

Table 9
Level of termination of PIV artery

Level of termination No of specimen 
Upto apex of the PIV sulcus 16 (35.56%) 

Upto distal one third 11(24.44%) 
Upto middle one third 8 (17.78%) 

Upto proximal one third 5 (11.11%) 
Parallel branches from both 
RCA and Circumflex arteries 

5 (11.11%) 

Total 45 (100%) 

*PIV - posterior interventricular *RCA- right coronary artery 

H. Termination Point 
Of Right Coronary Arter

Gray (1999)[16], mentioned that RCA terminates 
at the left side border in 20% of the samples. In the 
study by James (1961)[13], the RCA terminated at the 
left border in 18%. 

In this study, theRCA terminates mostly belonged 
among left border as well as crux in 44.4% , at the mar-
gin which is situated in 6.67%, among crux along with 
right margin in 4.4%, at 33.3% crux, and reached the 
left border in 11%.

I. Dominant circulation / 
Coronary Dominance

The dominant artery is generally the right (60%) 
Henry Gray (1999)[16]. Choi YH (1994)[18] mentioned 
that in a study of 1012 Korean adults, he found right 
dominance in 895 cases(88.4%), left dominance in 
44 cases (4.3%), and balanced dominance in 73 cas-
es (7.2%). In another study done by Cavalcanti (1995)
[19]he observed 88.18% right dominance of samples 
along with “left dominance” in 11.82% of specimens. 
In this study by ShilpaBhimalli (2011)[8] 66% of the 
specimens showed right dominance and 23.3% of the 
specimens showed left dominance and 16.6% shows 
co dominance which is more than that of the pres-
ent study (table 9). In the present study the coronary 
dominance and its comparison with other studies 
have been tabulated as follows: 
Table 10
Coronary Dominance Pattern According To Different Authors 

Author Right % Left% Co-dominance 
% 

James (1961)13 90 10 Within the 10% 
Choi YH (1994)17 88.4% 4.3% 7.2% 
Shilpabhimalli (2011)8 60 23.33 16.66 
Present study 75.56 13.33 11.11 

Conclusion
Anomalous coronary’s angiographic recognition is 

prior to surgery related to cardiac is significant. failure 
to accept them can reason an inappropriate patterns 
as well as may help to complication along with misdi-
agnosis such as ligation related to accidental. “Anom-
alous artery’s” in advent incision to ample vessel the 
time period “cardiopulmonary bypass” may final in an 
adequate “myocardial infarction”. In the current study, 
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the “right coronary ostium” was consistently represent 
in the “right anterior aortic sinus” and RCA runs in 
the AV groove with all its branches, incidence of third 
coronary artery 20% which is higher and significant in 
the present study. Also in 2.22% sino atrial artery aris-
es from a separate ostium from the sinus of valsalva 
which was not seen in the previous studies, 

Hence, I would like to conclude that knowledge of 
these variations are would be of great use to cardiolo-
gist and interventional radiologist to predefine the ab-
normalities for better management in coronary artery 
diseases. 
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Abstract
Background: Prevalence of non-alcoholic fatty liver disease (NA-
FLD) is rising on a large scale and it has been linked to the metabolic 
syndrome. Women with polycystic ovaries frequently have symp-
toms of metabolic syndrome due to insulin resistance and obesity. 
Aim & Objectives: To determine the prevalence of NAFLD and 
metabolic syndrome in PCOS women who are thin, overweight, 
obese and also to assess the relationship between NAFLD and the 
different aspects of the metabolic syndrome, serum ferritin levels, 
liver enzymes and thyroid status. Materials and Methods: In this 
case-control study, 34 PCOS females and 34 age-matched, seem-
ingly healthy female controls without a history of irregular menstru-
ation were compared. Data were analysed using SPSS 25.0 software. 
Results: A higher percentage of PCOS patients were between the 
ages of 20-25 years. Majority of them were overweight and obese. 
Nearly 35% (12/34) of women with PCOS have been identified with 
metabolic syndrome and 47% (16/34) of them were found to have 
NAFLD. Among the PCOS women with NAFLD, 68.75% also had 
features of metabolic syndrome. Hepatic steatosis was present in 
91.66 % of PCOS women with metabolic syndrome. Conclusion: 
We can infer from our results that an increasing number of younger 
overweight, obese women with PCOS are developing NAFLD which 
predisposes them to development of Non alcoholic staeatohepati-
tis ( NASH) which may progress onto fibrosis of liver. Screening for 
NAFLD among PCOS women and promotion of healthy lifestyle can 
help to minimize risk of liver disease.
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INTRODUCTION
All across the world, non-alcoholic fatty liver dis-

ease, which can develop into chronic liver disease, is 
prevalent. [1]. Non-alcoholic steatohepatitis (NASH) is 
the progressive stage of NAFLD that can result in liver 
cirrhosis [2]. According to reports, India has a 9–53% 
prevalence of NAFLD. [1]. The contemporary epidem-
ics of unhealthy dietary patterns, obesity and sedentary 
lifestyle are some of the reasons for the rising incidence 
of NAFLD [3]. Hence the risk of cardiovascular mor-
tality is very high among NAFLD patients. Therefore, 
the core component of any NAFLD therapy plan for pa-
tients includes lifestyle changes that emphasise on exer-
cise, weight loss and improved insulin sensitivity. [4].

It has frequently been noted that polycystic ovar-
ian syndrome (PCOS) increases the risk of NAFLD/
NASH development. A correlation between PCOS 
and non-alcoholic fatty liver disease has also been 
shown by studies (NAFLD). An estimated prevalence 
of NAFLD within the PCOS population is between 
15% to 55%, according to the diagnostic index that is 
frequently used to diagnose NAFLD and PCOS. [2].

Both metabolic syndrome (MS) and non-alcoholic 
fatty liver disease (NAFLD) have grown to be signifi-
cant health problems that necessitate early detection 
and treatment in the majority of nations. [5]. NAFLD, 
which is defined as the presence of an accumulation of 
less than 5% deposition of triglycerides in the liver is 
considered to be the hepatic manifestation of MS. [6]. 
At least one feature of MS is seen in 90% of patients 
with NAFLD, whereas three or more components of 
MS are seen in 33% of NAFLD patients.

Hepatic steatosis and elevated serum ferritin are 
linked to non-alcoholic fatty liver disease (NAFLD), 
which is frequently associated with elevated serum 
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ferritin. [7]. Elevated liver enzymes mainly the ami-
notransferases have also found to be associated with 
NAFLD [8]. Various studies support the occurrence 
of hypothyroidism as a risk factor for NAFLD [9]. 
It is evident that the risk of NAFLD is increased by 
the presence of hypothyroidism alone, regardless of 
other metabolic risk factors that cause NAFLD. [10]. 
This study has been planned in order to understand 
how NAFLD and metabolic syndrome relate to serum 
ferritin levels, liver enzymes and thyroid hormones 
among lean, overweight and obese PCOS women.

MATERIALS AND METHOD
The study group consisted of patients with estab-

lished PCOS [11] between the ages of 20 and 40 years 
old who were attending the Obstetrics and Gynecol-
ogy department at SRM Medical College Hospital 
and Research Centre, Kattankulathur, Kanchipuram, 
Chennai, Tamil Nadu, India. Apparently healthy,age 
matched females with no history of menstrual ir-
regularity attending the Master Health Check-up 
programme of SRM Medical College Hospital and 
Research Centre, Kattankulathur, Kanchipuram, 
Chennai, Tamil Nadu, India belonged to the control 
group. Each group consisted of 34 participants.

The sample size was calculated based on findings 
of Faranak Sharifi et al [12]
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Whereas, n = sample size, Zα = (2.576) 99% confi-
dence interval, Z1-β = (1.28) 90% power of the study, 
SD = (17.95) is the mean of SD 1 and SD 2, d = (16.9) 
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Patients with history of alcohol intake, symptoms of 

kidney disease, liver disease, autoimmune disease, histo-
ry of any acute inflammation, cardiovascular disease and 
other endocrinopathies were excluded from participation.

Following 8 to 10 hours of overnight fasting, un-
der sterile precautions, 5ml of venous blood sample 

was collected in sodium fluoride, EDTA and plain 
vacutainers from all the participants. The IFCC meth-
od was used to analyse glucose, lipid profile, TIBC, 
iron and LFT. CRP analysis was performed by Immu-
noturbidimetry method using Beckman Coulter auto 
analyser. The analysis of HbA1c by HPLC method 
was carried out using BIORAD D10. TSH and ferri-
tin were estimated by enhanced chemiluminescence 
method using VITROS Immunoanalyser.

Lean, overweight and obese PCOS patients were 
separated into 3 groups based on their BMI. [13].,

Metabolic syndrome was determined to be present 
in PCOS individuals if 3 or more of the following fac-
tors were present: BMI of more than 27kg/m2, Fast-
ing blood glucose more than 110 mg/dl, Triglycerides 
greater than 150mg/dl, HDL-C lesser than 50mg/dl, 
Blood pressure ≥140/90 mm/Hg [14]

Hepatic steatosis index (HSI) has been calculated 
in PCOS women using the equation:

Hepatic steatosis index = 8 x Alanine transaminase 
/Aspartate transaminase + Body mass index (+2 if 
type 2 diabetes and +2 if female) 

HSI values below 30 indicate negative diagnosis for 
NAFLD and HSI values of 36 and above indicate posi-
tive diagnosis for NAFLD [15].

Approval was obtained from the Institutional Eth-
ics Committee (IEC no: 2865/IEC/2021) to carry out 
the research project. 

Analysis of parametric and non-parametric data 
was performed using SPSS version 25.0 software. In-
dependent students ‘t’ test and ANOVA were used to 
compare the mean levels of various analysed biochem-
ical parameters between the groups. Using Pearson’s 
correlation equation, the PCOS variables’ correlation 
coefficient was evaluated. Statistical significance is 
shown by a P-value of 0.05 or lower.

RESULTS
Among the 34 patients with PCOS, the mean age 

was found to be 24.7±3.9 years. To study the effect of 
age on PCOS, we grouped the PCOS participants into 
four age groups as follows (20-25), (26-30), (31-35) and 
(36-40) years and observed that a higher percentage of 
PCOS patients are between the ages of 20-25 years. 

Among the thirty four PCOS women, the preva-
lence of NAFLD was found to be 47% (16/34). Among 
them 62.5% ( 10/16 ) were obese and 37.5% ( 6/16 ) 
were overweight . None of the lean PCOS women had 
NAFLD.
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Among the thirty four women with PCOS, 35% 
(12/34) of patients have been identified with metabol-
ic syndrome, of whom 50% (6/12) were overweight 

and 50% (6/12) were obese. None of the lean PCOS 
women had MS.

(Fig 1) : Distribution of age in PCOS women

(Fig 2): Prevalence and distribution of NAFLD among PCOS women

(Fig 3): Metabolic syndrome prevalence and distribution in PCOS.
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Table 1
Anthropometric and biochemical parameters of the 3 PCOS groups and the control group was analysed using ANOVA. The levels 
of body mass index, TGL, CRP, ALT, ALP and HSI differed in a statistically significant manner among the various groups.

Parameters Study Population p value
Control
n = 34

Lean
n = 8

Overweight
n = 16

Obese
n = 10

BMI(kg/m2) 23.97 ± 3.41 21.77 ± 2.85 26.8 ± 1.04 35.65 ± 6.33  < 0.0001***
Ferritin (ng/ml) 15.34 ±11.68 20.08 ±18.58 21.42 ± 21.75 30.44 ± 23.31 0.11
Fasting Plasma Glucose (mg/dl) 96.47 ± 5.11 98.75 ± 7.24 98.06 ± 5.98 98.3 ± 6.03 0.61
T.Cholesterol (mg/dl) 159.52±25.15 170.37±25.21 169.5 ± 31.76 183.6 ± 33.09 0.11
TGL (mg/dl) 83.38 ± 46.94 64.75 ± 15.65 98.06 ± 45 130.7 ± 46.98 0.01*
HDL-C(mg/dl) 47.17 ± 9.28 52.75 ± 11.82 44.43 ± 8.77 44.6 ± 11.87 0.23
LDL-C (mg/dl) 110.2 ± 20.51 119.12±23.01 121.56 ±30.57 133.9 ± 24.9 0.05
TIBC (μg/dL) 388.08 ±65.47 367.62±53.14 384.12 ± 48.5 406.8 ± 41.89 0.54
Iron (μg/dl) 56.41 ± 30.86 67.12 ± 36.14 69.12 ± 32.99 60.3 ± 38.11 0.59
HbA1c (%) 5.29 ± 0.31 5.31 ± 0.45 5.29 ± 0.16 5.44 ± 0.32 0.59
CRP (mg/dl) 0.91 ± 2.05 1.8 ± 3.75 2.55 ± 3.53 5.9 ± 4.98 0.001**
Aspartate transaminase (IU/L) 21.2 ± 10.02 21.87 ± 4.54 23 ± 7.62 34.8 ± 30.03 0.06
Alanine transaminase (IU/L) 16.23 ± 11.39 19.5 ± 11.83 23.81 ± 19.81 45.1 ± 52.14 0.01*
Alkaline phosphatase (IU/L) 75.02 ± 16.65 73.5 ± 14.5 71.25 ± 22.97 98.7 ± 33.7 0.01*
TSH (μIU/ml) 2.22 ± 1.02 3.03 ± 1.06 2.77 ± 1 2.99 ± 1.18 0.06
HSI 31.91 ± 4.33 30.63 ± 3.15 36.9 ± 6.81 46.84 ± 8.35  < 0.0001***

Table 2
Pearson’s Correlation analysis of HSI with BMI and biochemical parameters in PCOS subjects (n = 34)

HSI positively correlated with BMI, ferritin, TC, TGL, LDL-C, TIBC, HbA1c, CRP, AST and ALT and negatively correlated with fasting 
plasma glucose, HDL-C, iron, ALP and TSH. 

Correlation of HSI with r value
BMI (kg/m2) 0.77
Ferritin (ng/ml) 0.19
Fasting Plasma Glucose (mg/dl) -0.05
TC (mg / dl) 0.01
TGL (mg / dl) 0.47
HDL-C (mg / dl) -0.44
LDL-C (mg / dl) 0.15
Iron (μg/dl) -0.17
TIBC (μg/dl) 0.4
HbA1c (%) 0.21
CRP (mg/L) 0.15
Aspartate transaminase (IU/L) 0.31
Alanine transaminase (IU/L) 0.6
Alkaline phosphatase (IU/L) -0.09
TSH (μIU/ml) -0.11

Table 3
Student ‘t’ test between PCOS patients with and without NAFLD
The levels of BMI, TGL, TIBC, ALT and HSI between the two groups showed a statistically significant difference. 

PARAMETERS NAFLD
Mean ± SD (n = 16)

Non-NAFLD
Mean ± SD (n = 18)

p value

BMI (Kg/m2) 32.51 ± 6.47 24.4 ± 3.1  < 0.0001***
Ferritin (ng/ml) 31.23 ± 26.53 17.71 ± 13.63 0.06

Fasting Plasma Glucose (mg/dl) 97.87 ± 6.51 98.66 ± 5.91 0.71
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PARAMETERS NAFLD
Mean ± SD (n = 16)

Non-NAFLD
Mean ± SD (n = 18)

p value

T.Cholesterol (mg/dl) 180.87 ± 32.88 167.61 ± 27.73 0.21
TGL (mg/dl) 129.62 ± 50.37 73.33 ± 19.53  < 0.0001***

HDL-C (mg/dl) 43.37 ± 10.25 49.16 ± 10.72 0.11
LDL-C (mg/dl) 132.06 ± 27.81 118 ± 25.76 0.13
TIBC (μg/dl) 412.12 ± 42.63 364.5 ± 43 0.003**
Iron (μg/dl) 64.87 ± 38.97 67.11 ± 30.88 0.85
HbA1c (%) 5.4 ± 0.26 5.2 ± 0.31 0.23
CRP (mg/L) 3.95 ± 4.68 2.84 ± 3.95 0.46

Aspartate transaminase (IU/L) 32.18 ± 24.31 20.88 ± 3.75 0.06
Alanine transaminase (IU/L) 43.25 ± 43.06 16.44 ± 8.36 0.01*
Alkaline phosphatase (IU/L) 85.37 ± 35.46 74.94 ± 16.95 0.27

TSH (μIU/ml) 2.74 ± 1.25 3,04 ± 0.83 0.42
HSI 44.85 ± 8.97 32.57 ± 2.86  < 0.0001***

Table 4
Pearson’s correlation analysis of HSI with BMI and biochemical parameters in PCOS women with NAFLD.
HSI positively correlated with BMI, fasting plasma glucose, triglyceride, TIBC, HbA1c, CRP, AST and ALT; negatively correlated with 
ferritin, total cholesterol, HDL-C,LDL-C, iron, ALP and TSH

Correlation of HSI with r value
BMI (kg/m2) 0.582766
Ferritin (ng/ml) -0.05605
Fasting Plasma Glucose (mg/dl) 0.03949
TC (mg / dl) -0.22377
TGL (mg / dl) 0.07078
HDL-C (mg / dl) -0.44082
LDL-C (mg / dl) -0.03119
TIBC (μg/dl) 0.25261
Iron (μg/dl) -0.36112
HbA1c (%) 0.18392
CRP (mg/L) 0.07128
Aspartate transaminase (IU/L) 0.14629
Alanine transaminase (IU/L) 0.511912
Alkaline phosphatase (IU/L) -0.38709
TSH (μIU/ml) -0.06584

Table 5
Student ‘t’ test comparison in PCOS women with and without presence of Metabolic syndrome.
The levels of BMI, TGL, TIBC and HSI were statistically significant between the two groups.

PARAMETERS With MS
Mean ± SD 

n = 12

Without MS
Mean ± SD

n = 22

p value

BMI (Kg/m2) 32.88 ± 7.36 25.68 ± 4.08 0.001**
Ferritin (ng/ml) 26.82 ± 24.72 22.57 ± 20.00 0.590
Fasting Plasma Glucose (mg/dl) 97.83 ± 6.08 98.54 ± 6.26 0.751
T.Cholesterol (mg/dl) 181.16 ± 34.53 169.86 ± 28.18 0.310
TGL (mg/dl) 144.25 ± 47.49 75.59 ± 21.79  < 0.0001***
HDL-C (mg/dl) 42.25 ± 10.66 48.72 ± 10.32 0.094
LDL-C (mg/dl) 132.33 ± 29.57 120.40 ± 25.67 0.229
TIBC (μg/dl) 416.50 ± 34.57 370.77±48.06 0.007**
Iron (μg/dl) 59.66 ± 29.52 69.54 ± 36.96 0.432



Issue 24. November 2022 | Cardiometry | 267

DISCUSSION
The presence of less than 5% triglyceride build-up 

in the liver is known as NAFLD,g regarded as the he-
patic manifestation of metabolic syndrome. [6]. In this 
study, the prevalence of metabolic syndrome and NA-
FLD among the PCOS women was found to be 35% 
and 47% respectively. We observed that among the 
PCOS women with NAFLD, 68.75% also had features 
of metabolic syndrome. Hepatic steatosis was present 
in 91.66 % of PCOS women with metabolic syndrome.

Metabolic syndrome is observed to affect around 
46.2% of Indian women with PCOS [16].Studies have re-
vealed that women with PCOS are more likely to acquire 
NAFLD than women without PCOS. [17]. Mohamed 
Shengir et al has reported that South Asian women with 
PCOS had a 39.6% prevalence of NAFLD, which is high-
er than the prevalence of NAFLD reported for the gen-
eral population ( 25%) [18]. According to Romanowski 
et al, NAFLD was identified in 23.8% of the PCOS pa-
tients[19]. We have found that the PCOS-positive wom-
en in the current study have a greater prevalence of NA-
FLD as compared to these observations.

Zhahid Hassan et al noticed that 63.7% of women 
with NAFLD had metabolic syndrome [20]. Studies 
among Asian population have shown NAFLD to be 
prevalent in 64% in patients with metabolic syndrome 
[21]. Our research shows that PCOS women with met-
abolic syndrome-related symptoms had a higher fre-
quency of NAFLD.

The Hepatic Steatosis Index can be used to op-
timize the management of NAFLD.  HSI can help to 
identify individuals who will benefit from ultrasound 
screening. Hepatic steatosis index of less than 30.0, in-
dicates that the subject is unlikely to have NAFLD. On 
the other hand, a Hepatic Steatosis Index of more than 
36.0, indicates presence of NAFLD [14].

In our study among the PCOS women, we found 
that HSI showed a positive correlation with BMI, fer-

ritin, TC, TGL, LDL-C, TIBC, HbA1c, CRP, transam-
inases and a negative correlation with fasting plasma 
glucose, HDL-C, iron, ALP and TSH.

On analysing the corelation of HSI with the various 
parameters among the PCOS women with NAFLD , 
HSI positively correlated with BMI, fasting plasma 
glucose, triglyceride, TIBC, HbA1c, CRP and trans-
aminases and negatively correlated with ferritin, total 
cholesterol, HDL-C, LDL-C, iron, ALP and TSH.

On comparing PCOS women with controls, PCOS 
women with and without NAFLD and PCOS wom-
en with and without metabolic syndrome, both BMI 
and triglycerides show significant increases. Thus, the 
presence of obesity and hypertriglyceridemia predis-
poses PCOS women to the development of NAFLD. 
Similar correlations between NAFLD and rising BMI 
have been widely established. [22,23].

Hyperferritinemia is a frequently encountered lab-
oratory finding in patients with NAFLD [24]. It was 
discovered that serum ferritin levels were linked to 
both hepatic steatosis and fibrosis in the Korean pop-
ulation [25]. Serum ferritin was found to be a reliable 
predictor of the development of NAFLD in the study 
by Junfeng Zhang et al., with a sensitivity and speci-
ficity of 60.0% and 77.9%, respectively. [26].Our study 
findings did not reveal significant associations of fer-
ritin with NAFLD.

Research has revealed an association of hypothyroid-
ism with NAFLD [27]. NAFLD can develop as a result of 
hypothyroidism and is marked by a decrease in thyroid 
hormones and an increase in thyroid stimulating hor-
mone (TSH) [28]. But according to our findings, there 
is a negative link between HSI and TSH levels in PCOS 
women with NAFLD and there is no appreciable differ-
ence in TSH levels between PCOS women with NAFLD 
and those who do not have any signs of the disease.

When compared to PCOS women without NA-
FLD, individuals in our research who had NAFLD 

PARAMETERS With MS
Mean ± SD 

n = 12

Without MS
Mean ± SD

n = 22

p value

HbA1c (%) 5.43 ± 0.23 5.29 ± 0.32 0.188
CRP (mg/L) 3.36 ± 4.86 3.36 ± 4.05 0.998
Aspartate transaminase (IU/L) 33.58 ± 27.51 22.18 ± 6.37 0.070
Alanine transaminase (IU/L) 41.75 ± 43.94 22.13 ± 22.73 0.094
Alkaline phosphatase (IU/L) 81.58 ± 38.24 78.9 ± 20.15 0.79
TSH (μIU/ml) 2.85 ± 1.19 2.92 ± 0.98 0.84
HSI 44.65 ± 9.5 34.91± 6.52 0.001**
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had considerably higher ALT levels. Elevated ami-
notransferase levels were thought to be independent 
predictors for the onset of liver fibrosis in the study by 
Fatemeh Hadizadeh etal [29]. At the same time , up to 
25% of NAFLD patients and 19% of those with NASH 
have ALT readings that are within normal range. [30]. 
We have also observed that in our study that 56 % of 
PCOS women with NAFLD had ALT levels within 
normal range. Therefore, more research is needed to 
determine the usefulness of ALT readings in the clini-
cal diagnosis of NAFLD and NASH.

Among the PCOS women with features of both 
NAFLD and metabolic syndrome (32%; 11/34) the 
BMI ranged from 26 Kg/m2 to 51.7 Kg/m2, fasting 
plasma glucose ranged from 89 mg/dl to 106 mg/dl, 
triglycerides from 61 mg/dl to 208 mg/dl, HDL-C 
from 23 mg/dl to 64mg/dl and ALT from 12 U/L to 
165 IU/L.

 Thus our findings indicate that NAFLD could be 
the hepatic manifestation of MS which is commonly 
encountered in PCOS patients [2].

We have observed that the lean PCOS women par-
ticipants did not have either NAFLD or MS thus indi-
cating the importance of prevention of overweight and 
obesity. Similarly PCOS was less frequently observed 
among lean as compared to obese women [31]. On the 
other hand, Gambarin-Gelwan et al. found that 39% 
of lean PCOS patients had NAFLD, indicating that the 
PCOS state itself may carry a separate risk for the devel-
opment of the NAFLD that is unrelated to obesity. [32].

Even though the inclusion criteria allowed for up 
to 40 years of age, the majority of the PCOS wom-
en in the current study were in the 20–25 age range. 
Other researchers too have noticed that NAFLD was 
frequently associated with PCOS in women of repro-
ductive age group who were being evaluated for liver 
diseases [33].

We can infer from our results that an increasing 
number of younger, overweight obese women with 
PCOS are developing NAFLD which predisposes 
them to development of NASH which may progress 
onto fibrosis of liver.

Though it is generally observed that lipid accumula-
tion in liver increases with age, PCOS women seem to 
have an accelerated lipid accumulation in the liver at an 
younger age which predisposes them to development of 
liver related diseases much at a much earlier age itself.

The symptoms of PCOS including the overall risk 
of developing long-term health concerns can be con-

siderably improved in overweight women by decreas-
ing body weight. There is strong evidence that com-
bining exercise and calorie restriction with lifestyle 
changes can help people with NAFLD reduce their 
hepatic fat burden. [34].

The cross-sectional design and smaller sample size 
are the limiting factors of this study. BMI was em-
ployed to detect the existence of metabolic syndrome 
instead of waist circumference. Another disadvantage 
is the unavailability of abdominal ultrasound findings.

CONCLUSION
A higher percentage of PCOS patients were be-

tween the ages of 20-25 years. Majority of them were 
overweight and obese. Thirty five percentage of wom-
en with PCOS have been identified with metabol-
ic syndrome and 47% were found to have NAFLD. 
Among the PCOS women with NAFLD, 68.75% also 
had features of metabolic syndrome. Hepatic steatosis 
was present in 91.66 % of PCOS women with metabol-
ic syndrome. Comparing PCOS women with controls, 
PCOS women with and without NAFLD and PCOS 
women with and without metabolic syndrome reveals 
significant increases in both BMI and triglycerides. 
We can infer from our results that an increasing num-
ber of younger, overweight obese women with PCOS 
are developing NAFLD which predisposes them to de-
velopment of NASH which may progress onto fibrosis 
of liver. Screening for NAFLD among PCOS women 
and promotion of healthy lifestyle can help to mini-
mize risk of liver disease.
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Abstract
This article is based on a comparison of various time-frequency 
analysis techniques for reducing noise in an ECG signal. Noise 
continuously degrades the quality of the ECG signal. Due to the 
ECG signal’s time-varying nature, ECG noise reduction is ex-
tremely challenging. The diagnosis of heart disorders requires 
an ECG signal of high quality. This study presents a survey of 
several techniques and noise types that can distort the ECG sig-
nal. The signal is denoised using effective denoising techniques 
such as the Wavelet Transform, Empirical Mode Decomposition 
(EMD), Empirical Wavelet Transform (EWT), Short Time Fourier 
Transform (STFT), Ensemble and Empirical Mode Decomposi-
tion (EEMD). Compared to previous de-noising approaches, the 
EWT de-noising methodology is more effective and has a lower 
computing complexity.
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1. Introduction
An illustration of how the human heart functions is 

provided by the electrocardiogram (ECG). ECG signals 
typically vary from 0.05 to 100 Hz in frequency and 1 
to 10 mV in dynamic range. The electrocardiogram 
(ECG) is only a voltmeter that attaches up to 12 distinct 
leads (electrodes) to the chest, arms, and legs of the pa-

tient. A distinct waveform with the same shape will be 
recorded by each sensor separately. The letters P, Q, R, 
S, and T are used to identify the five peaks and valleys 
that make up the ECG signal. Figure 1 illustrates the 
ECG signal’s additional U wave, which has a very low 
amplitude or is absent even more frequently. The ECG, 
which also shows that blood is flowing to the heart 
muscle, can quantify the heartbeat’s rhythm and tempo. 
ECG is a signal that is not stationary and is influenced 
by different disturbances, including interference from 
power lines, baseline drift, electrode contact, and EMG 
during acquisition and transmission of signal. One of 
the applications of time-frequency analysis is denoising 
[1-2]. Various denoising strategies are covered in this 
paper along with analyses of various noises. The fol-
lowing sections are structured as follows. Section 2 con-
tains various disturbances in the ECG signals. Section 
3 presents several ECG signal denoising methods, and 
conclusion & future scope are presented in section 4.

Figure 1 Normal ECG waveform

2. ECG signal Interference 
Different types of disturbances can contaminate 

the ECG signal, including electrosurgical noise, in-
strumentation noise produced by electronic instru-
ments, motion artefacts, muscle contraction, base line 
drift, and interference from power lines.

Power line interference
Electromagnetic interference from power lines is 

the main cause of the interference. Electrical fields 
produced by surrounding devices, stray alternating 
current fields caused by wire loops, and improper 
grounding of either the patient or the ECG machine. 
The ECG machine’s input circuits are subjected to 
50 Hz impulses from the electrical apparatus.
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Baseline Wander
The ECG signal contains a low-frequency noise 

element called baseline wander. The main causes of 
this include breathing and movement of the body. 
Frequency of baseline wander is higher than 1Hz. The 
identification and analysis of the peak are complicated 
by this Baseline drift.

Noise from Electrode Contact
When the electrode loses touch with the skin, elec-

trode contact noise results, essentially separating the 
individual from the measurement apparatus. The du-
ration of this type of noise is 1second. 

Motion Artifacts
Patient movement will result in variations in elec-

trode skin impedance during the recording of the 
ECG. The magnitude of this noise is 500% greater 
than the ECG’s peak-to-peak amplitude and lasts for 
100-500 milliseconds.

Instrumentation Noise
Electrical devices make this type of noise as part of 

the ECG acquisition system. Along with the electri-
cal apparatus used for ECG capture, auxiliary sources 
such electrode probes, ADC converters and power ca-
bles also play a role.

3. Denoising techniques

Fourier Transform:
A signal is divided into constituent sinusoids with 

various frequencies using the Fourier analysis. Fouri-
er analysis can also be thought of as a mathematical 
method for changing the perspective on the signal 
from one that is time-based to one that is frequen-
cy-based. When Fourier analysis is transformed into a 
frequency domain, time information is lost. When ex-
amining a signal’s Fourier form, one cannot precisely 
determine when a specific occurrence happened.

Short-Time Fourier Transform: 
Time-frequency analysis is the most typical usage 

of Short-Time Fourier Transform (STFT). By using 
STFT, a signal is converted into a two-dimensional 
frequency and time function. A fixed-width window 
function is chosen in STFT, and this window then 
slides across the entire signal. The signal inside the 
window is constant in this instance [3]. The signal 

x(t)’s inner product is then calculated inside the win-
dow. The disadvantage is that, when selecting a spe-
cific size window, the same size window is applied for 
all frequencies. The windowing of a signal in the Short 
Time Fourier transform is explained in Figure 2.

                 a                                                         b

Figure 2 (a) Signal Windowing (b) STFT Time Frequency reso-
lution 

Good time resolution is provided with a small 
window, but weak frequency resolution, in contrast 
to a wide window. Using the multi-resolution anal-
ysis-based wavelet transform, the STFT’s resolution 
problem is resolved.

Wavelet Transform
Similar to the STFT, Not all spectral components 

are resolved evenly. High frequencies have strong 
time resolution and poor frequency resolution when 
utilizing a multi-resolution analysis, whereas low fre-
quencies have good frequency resolution and bad time 
resolution. This idea is crucial for the signal, which 
consists primarily of low frequency components and 
briefly of relatively components of high frequency in 
the middle. Figure 3 illustrates how to evaluate time 
and frequency resolutions when using the wavelet 
transform approach.

                  a                                                   b

Figure 3 a) Resolution of Time and Frequency via Wavelet 
Transform. b) Analysis of Multi-resolution

Signals can be analyzed using the wavelet trans-
form as a linear combination of the mother wavelet 
and the sum of the wavelet coefficients, which does 
not add any extra information to the original signal 
[4-5]. However, signal denoising greatly depends on 
the choice of an appropriate wavelet function and 
thresholding technique.
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Empirical Mode Decomposition
Huang. established a Technique called Empirical 

Mode Decomposition (EMD), an adaptive T-F anal-
ysis approach for breaking down a non-stationary 
and nonlinear signal into a predetermined number 
frequency components. In order to build a “time-fre-
quency-energy” representation of the data based on 
the generated Intrinsic Mode Functions (IMFs) that 
the EMD creates from the data, there is a need for Hil-
bert spectral analysis. The time series is divided into 
a superposition of components with clearly specified 
instantaneous frequencies using IMFs.

By using sifting process, A group of intrinsic mode 
functions are created from the original signal [6-7]. The 
frequency of the IMF components that are separated 
first is highest, and the frequency of those that are sep-
arated last is lowest. The final element is having a single 
extreme point. Any two IMF are independent, there is 
some symmetry between the top and lower envelope 
curves and the time axis. The formula for a noisy signal, 
x(t), is x(t) = y(t) + n(t), where the noise-free signal is 
denoted by y(t) and the additive noise is denoted by n(t). 
An IMF is a function that meets the two requirements: 
zero-crossings and extrema are identical in number or 
differ by one, and the second requirement is that the 
upper and lower envelopes’ average value must always 
be zero across the whole data set [8]. From higher-fre-
quency bands (initial IMFs) to lower-frequency bands 
(last IMFs), each IMF in this decomposition represents 
a specific frequency band of the input signal x [9].

Sifting process
The description of the sifting process as follows:

• The original signal’s local maxima and minima 
points are first identified.

• The lower envelope and upper envelope are formed 
from the respective local minima and local maxi-
ma using the cubic spline method.

• The mean value m1 is calculated by averaging the 
upper and lower envelopes. The first intrinsic mode 
function component h1(t) is then created by subtract-
ing this mean value m1 from the original signal x(t). 

 h1(t) = x(t) – m1  (1)

• The sifting procedure described in the preceding 
steps is repeated on the current difference signal 
(h1(t)) if this difference h1(t) is not an IMF.

h11(t) = h1(t) – m11  (2)

The average of h1’s upper and lower envelope val-
ues is m11.

If after kth term h1k becomes an IMF, i.e., 

h1k(t) = h1(k–1)(t) – m1k  (3)

The first residual component, r1, is produced from 
the original signal after the IMF1 component has been 
removed.

 r1(t) = x(t) – c1(t) (4) 

• The next IMF is then calculated using the residual 
component r1(t), which is saved as new data and 
put through the same procedure as before.

 r2(t) = r1(t) – c2(t)  (5)

 rN(t) = r(N–1)(t) – cN(t)  (6)

• as long as the final residual component doesn’t 
become a monotone function, the procedure is re-
peated until no more IMF can be recovered.

• It is possible to obtain the EMD of the original sig-
nal and to express it as

  
  1

( ) ( )N
n nn

x t C t r t   (7) 

The method of breaking down the ECG signal into 
IMFs is shown by the tree in Figure 4.

Figure 4 Decomposing a signal into IMFs

Mode mixing is defined as the regular occurrence 
of an IMF that either consists of signals with diverse 
scales or with the same scale but appearing in various 
IMFs and stop criteria are significant downsides of this 
approach [10-14]. EMD is a highly effective technique. 
However, a weak grasp of mathematics. The process of 
EMD is slow and complex.
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Ensemble Empirical Mode Decomposition
The data analysis technique known as Ensemble 

Empirical Mode Decomposition (EEMD) significant-
ly outperforms the EMD technique. This approach has 
been suggested as a solution to the mode mixing issue 
with the EMD technique. By repeatedly performing the 
decomposition operations, the EMD approach enables 
the delivery of all solutions that yield the genuine IMF.

The ensemble mean is a popular method for in-
creasing accuracy when data from various observations 
with varied levels of noise are combined. It is presump-
tively true that the white noise applied to the single 
data set corresponds to the probable random noise that 
would be present during the measurement process. The 
EEMD technique involves the following steps:

Boost the signal being investigated in Step 1 with 
white noise. with a predetermined noise amplitude.

Step 2: Decompose the newly generated signal us-
ing the EMD approach.

Step 3: Re-do the signal decomposition described 
above using different white noise, with the extra white 
noise’s amplitude fixed.

Step 4: As the last step, determine the ensemble 
means of the decomposition outcomes.

A residue and a small number of intrinsic mode 
functions (IMFs) are created from the signal’s decom-
position.

When using this EEMD approach, the extra noise’s 
amplitude and number must be chosen. In addition, 
compared to the EMD, the computation time is rela-
tively long.

Empirical Wavelet Transform:
Empirical Wavelet Transform (EWT) is a brand-

new technique for breaking down a signal into various 
modes. This approach’s lack of theory is its primary 
flaw, despite the fact that its versatility appears to be 
advantageous for many applications. To extract the 
many modes of a signal, it is essential to build an effi-
cient wavelet filter bank. [15-16]. 

The EWT approach has two key components: (i) 
segmenting the signal’s spectrum; and (ii) Building the 
empirical wavelets and processing each segment of the 
signal with them.

Process of EWT
Step 1: Proceed with an ECG signal. 
Step 2: Apply certain Noise and consider this as the 

input signal. 

Step 3: Using the Fourier Transform, determine the 
signal’s spectrum. 

Step 4: Find out all the local maxima’s and all mid 
points between adjacent local maxima’s. 

Step 5: To segment the spectrum, first find the 
boundaries.

Step 6: Create empirical wavelets, then break the 
signal down into its component parts.

The calculation of Mean Square Error is shown in 
the equation 8.
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N  
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Mean Square Error (MSE) is displayed in Table 1 
at  different SNR levels for different denoising tech-
niques.

Table 1 
Comparison of MSE achieved using various denoising methods
SNR (dB) MSE

STFT DWT EMD EEMD EWT
-10 0.388 0.1046 0.0928 0.0749 0.02
-5 0.253 0.0389 0.0291 0.0274 0.025
0 0.024 0.0138 0.0086 0.0080 0.0024
5 0.009 0.0071 0.0044 0.0042 0.0023
10 0.0392 0.0038 0.0033 0.003 0.0022

A new technique called EWT works similarly to 
EMD [17]. The reference paper [18] described how 
EWT is utilized to get rid of power line interference and 
baseline wander interference, which impact the ECG sig-
nal since EMD is a lengthy and complicated operation. 
EWT has two limitations: the need to define the number 
of modes and improper spectrum segmentation. Inte-
grated approaches can be suggested [19-20] in order to 
prevent the incorrect segmentation in the EWT method. 

4. Conclusion and future scope
This survey provides a comparison of signal denois-

ing methods conducted by various researchers. Fourier 
transform is inappropriate for an ECG signal because it 
is a non-stationary signal. Although the Wavelet Trans-
form is a very valuable tool for signal analysis, howev-
er since the same fundamental wavelet is used for all 
of the data in the signal, certain high frequency noise 
cannot be completely eliminated from the ECG signal. 
An adaptive time-frequency data processing method 
known as EMD can overcome the non-adaptiveness of 
the wavelet transform approach by eliminating the high 
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frequency noise. EWT gives smallest MSE than the oth-
er techniques and computation time is significantly re-
duced. In order to prevent the EWT method’s incorrect 
segmentation, integrated methods can be proposed. 
The combination of two techniques suggests that it will 
be more effective to examine the ECG signal.
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Abstract
The early behaviors leading to the development of cardiovascu-
lar diseases (CVDs) begin in childhood and persist throughout 
adulthood, even though these conditions often manifest in mid-
life or later. In India, it is believed that 40% of deaths are due to 
CVD. Unless the younger generation is informed about CVD, the 
risk factor for acquiring the condition, and is not prepared to deal 
with it, CVD will continue to be the primary cause of mortality for 
them. People who are more knowledgeable about health may 
engage in healthy habits more often than people who are less 
educated. Studies assessing the familiarity of Indian university 
students with CVD risk factors are sadly limited. The purpose of 
this study was to assess the students’ knowledge about CVD. For 
data analysis, descriptive or inferential statistics were employed. 
In the sample, the mean scores was 73.33% out of 100% accu-
rate. The results of the data analysis showed that the general 
level of understanding of CVD risk factors was just fair. Our study 
shows that college students do not view CVDs as a significant 
danger, which may lead to poor preventive measures and un-
favorable patient outcomes. More extensive and successful ed-
ucational interventions are urgently needed, and they must take 
into account the perspectives, attitudes, and skills of the people 
they are intended for. College students need to be made more 
aware of heart disease in order to boost prevention efforts and 
embrace healthy lifestyles. In the future, this paper will provide 
awareness about heart disease and risk factors.
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1. INTRODUCTION
Heart disease is the number one killer and it also 

contributes significantly to the damage. The chanc-
es of developing heart disease can be increased by 
various factors. They are referred to as risk factors 
and some of them are within your control, while 
others are outside of it. People’s chances of develop-
ing heart disease can be reduced by knowing more 
about them [1], [2]observational, and genetic studies 
support a causal role of lipoprotein(a. An estimated 
12 million people each year pass away from cardio-
vascular diseases (CVD), primarily in developing 
nations (World Health Organization). As the burden 
of CVD increases, coronary heart disease (CHD) is 
becoming the principal factor driving cardiac sur-
gery globally [3], [4]whereas ‘NAD+’ and ‘NADH’ 
refers to oxidized and reduced forms, respective-
ly. NAD+/NADH ratio is essential for maintaining 
cellular reduction–oxidation (redox. Experimental 
studies demonstrating that coronary artery constric-
tion reduces coronary blood flow led to the current 
knowledge of the pathophysiological foundation of 
myocardial ischemia. Understanding these complex 
disease processes can help healthcare workers better 
identify, treat, and prevent CVD. This paper exam-
ines coronary artery bypass graft surgery’s probable 
negative effects as well as the origins of CHD and its 
risk factors (CABG) [5].

1.1. Coronary Artery Anatomy
The triple layers are composed of coronary arteries 

through the tunica adventitia, tunica intima and tu-
nica. The endothelium or the sub-endothelial layer of 
connective tissue, which serves as a barrier between 
the blood and the artery, creates the tunica intima, the 
artery’s innermost layer. Bands of collagen and elastic 
fibers make up the majority of the tunica adventitia. 
Collagen fibers help regulate vessel volume and pro-
vide a strong sheath to the artery. By contracting or 
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relaxing vascular smooth muscle cells, the tunica me-
dium, which is composed of layers of vascular smooth 
muscle cells scattered in a network of connective tis-
sue, serves as the major mechanism for vasoconstric-
tion or vasodilation of arterioles [6]such a strategy is 
not without liabilities. Specifically, the risk of hypogly-
cemia and its consequences remain an omnipresent 
threat with such approaches. The advent of the CVOT 
(Cardiovascular Outcomes Trials.

1.2. A cardiovascular Condition
CHD has an effect on the coronary arteries, which 

carry oxygenated blood to the heart muscle. Stenosis, 
a disease associated with CHD, is brought on by ath-
erosclerotic plaques in the coronary arteries. Blood 
is supplied to the right and left sides of the heart, re-
spectively, through the right and left coronary arter-
ies [7]. Each coronary artery is further divided into 
additional arteries, each of which is responsible for 
supplying oxygen-rich blood to a specific area of the 
heart muscle. It is possible for these artery segments to 
develop stenosis, which will reduce blood flow or per-
haps damage the heart muscle and lead to myocardial 
infarction [8].

1.3. Risk Factor for Coronary Artery Disease
Age, male sex, or family history are three unalter-

able risk factors for CHD. These risk factors have been 
distinguished from those that are controllable. Obe-
sity, diabetes, hypertension, sedentary behavior, high 
cholesterol, and smoking are among the risk factors 
that may be altered by dietary and medical adjust-
ments, according to the “American Heart Association” 
(AHA).

The determinants of heart disease that I cannot al-
ter:
• Age: Age raises the likelihood of having heart dis-

ease. Over 44 and 54, respectively, both men and 
women are at increased risk.

• Gender: Likelihood factors may affect women dif-
ferently than they do males in terms of their risk 
of acquiring heart disease. For instance, estro-
gen may somewhat protect women from oxida-
tive stress, but diabetes greatly increases women’s 
chance of developing heart disease in comparison 
to males.

• Family background: A person’s risk increases when 
they have a close relative who had heart disease 
when they were young.

1.4. Preventive Measurement 
for Heart Related Disease

Heart specialists often discuss one of three forms 
of prevention: secondary, primary, as well as primor-
dial prevention. Similar components are present in all 
three, but their beginning points and results differ.

1.4.1. Primary prevention
A person must not have already experienced a 

heart attack or stroke, has not required angioplasty 
or any other type of surgery, or has received any oth-
er form of heart disease considered to be at risk for 
developing it. This is the main goal of preventative 
measures. The target market for primary prevention 
includes typically those who already have heart dis-
ease risk factors, such as high blood pressure or high 
cholesterol. Primary prevention emphasizes reducing 
these risk factors by making healthy lifestyle chang-
es and, if necessary, pharmacological therapy similar 
to secondary prevention. Although endothelial dys-
function, atherosclerotic, or inflammation have been 
present, for the most part, the presence of irreversible, 
dangerous cardiovascular risk indicators suggests oth-
erwise [9].

1.4.2. Secondary prevention
These initiatives begin following a heart attack, by-

pass surgery, stroke, angioplasty, or the onset of an-
other cardiac condition. It involves quitting smoking, 
losing weight if required, increasing exercise, and fol-
lowing a healthy diet in addition to taking medications 
like aspirin or a statin to lower cholesterol. Contrary 
to what the term would suggest, secondary prevention 
does not involve locking the barn door after the horse 
has departed. Through these measures, heart disease 
development, a second heart attack or stroke, and 
early death can be prevented. Although it may seem 
obvious, second heart attacks are the leading cause of 
death for people who survive the first attack.

1.4.3. Primordial prevention
Primordial refers to something that was there be-

fore everything else. Focusing on preventing the onset 
of atherosclerosis, inflammation, or endothelial dys-
function can help reduce risk factors that include being 
overweight, high blood pressure, or having too much 
cholesterol. Although this was seldom stated before, 
the American Heart Association’s definition of overall 
heart health as well as programs to help people achieve 
it now places a strong emphasis on early prevention. 
The sooner you can start doing it, ideally from infancy 
on, the more likely you are to be successful and protect 
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yourself from heart disease. Primordial prevention is 
precisely what its name says [10]which encompass the 
economic, social, environmental, and psychosocial 
factors that influence health, play a significant role in 
the development of cardiovascular disease (CVD.

1.4.3.1. Keep Your Blood Pressure Under Control
Heart disease has a high risk factor associated with 

high blood pressure. People should generally get their 
blood pressure tested once a year or more frequently if 
they have high blood pressure. Change your way of life 
to lower or prevent “high blood pressure”.

1.4.3.2. Maintain Normal Cholesterol and Triglycer-
ide Levels

The human risk of heart attack and coronary artery 
disease might rise due to arterial narrowing caused by 
high cholesterol levels. By altering their way of life 
and, if required, by taking drugs, people can reduce 
their cholesterol. Fatty oils are a different form of fat 
that may be found in the blood. High amounts of fatty 
substances may also increase the risk of “coronary dis-
ease”, particularly in women [11].

1.4.3.3. Maintaining a Healthy Weight
In the event that a person is obese or overweight, 

their risk of developing coronary disease may increase. 
This is mostly due to their connections to additional 
risk factors for cardiovascular sickness like excessive 
fatty oil levels, high blood pressure, or increased cho-
lesterol. These hazards might be reduced by maintain-
ing a healthy weight.

1.4.3.4. Adopt a Balanced Diet
Use snacks with little salt and little saturated fat. 

Frequently consume whole grains, fresh fruit, and 
veggies. A meal plan called the scramble diet can help 
you reduce your blood pressure or cholesterol, two 
variables that can reduce your chance of getting heart 
disease [12], [13]. Regular exercise In addition to im-
proving circulation and heart health, exercise offers 
many other benefits. Along with helping you maintain 
a healthy weight, it can also lower your blood pressure 
and cholesterol. All of these can reduce your chance of 
developing heart disease.

1.4.3.5. Drink with moderation and Avoid smoking
Alcohol addiction can cause blood pressure to rise. 

There are more calories available, which might result 
in weight gain. Both of these variables raise the possi-
bility that someone may get heart disease. Men should 
limit their daily alcohol consumption to two, while 
women should limit it to one. Smoking raises blood 
pressure and raises the possibility of a heart attack 

or stroke. If you don’t currently smoke, refrain from 
starting. If you smoke, giving it up will lower your risk 
of getting heart disease. Your medical expert can pro-
vide guidance on the best way for individuals to stop 
smoking.

1.4.3.6. Stress management
There are various connections between stress and 

heart disease. It could cause a rise in blood pressure. 
Heart attacks can occur as a result of extreme stress. 
Unhealthy stress-relieving behaviors like excessive 
drinking binge eating, or smoking are also bad for 
your heart. Exercise, music, meditation, as well as fo-
cusing on something soothing or calming are some 
activities that people may undertake to alleviate stress.

1.4.3.7. Control Diabetes
Diabetic heart disease is more likely to affect those 

with diabetes. This is due to the fact that diabetes, 
which results in persistently high blood sugar levels, 
can affect your blood vessels and the nerves that con-
trol your heart and circulatory system. Therefore, it’s 
essential to have your diabetes examined and to take 
care of it if you do.

1.4.3.8. Make Sure You Receive Adequate Rest
If you don’t get enough sleep, people are more like-

ly to acquire diabetes, obesity, as well as high blood 
pressure. These three things might increase your risk 
of having heart disease. The average adult needs 7 to 
8 hours of sleep every night. Make sure you follow a 
consistent sleeping routine. Speak to a doctor if you 
frequently experience sleep issues. Everyone knows 
that heart disease is very harmful and life-threatening, 
so people should be aware of heart disease. In this pa-
per the author discussed heart disease and its preven-
tion, also conducted an online survey among medical 
students of different departments of different univer-
sities to check the awareness of students about heart 
disease, and further according to respondent data an-
alyzed and the result was given accordingly.

2. LITERATURE REVIEW
Somnath Mukhopadhyay et al. studied the aware-

ness of cardiovascular diseases risk factor among med-
ical students. 433 students participated in the study. 
The “Perceived Stress Scale” (PSS) was employed to 
measure mental stress levels, while the International 
Physical Activity Questionnaire-long form was used 
to the measure physical activity. The “waist-to-height 
ratio” was calculated (WHtR). As a surrogate for the 
risk of CVD, the total cholesterol to high-density lipo-
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protein ratio was calculated. Women made up 39.34% 
of the participants, and 68.67% of the students were 
enrolled in junior courses. Only 30.00% exercised little 
compared to 22.5 percent who had high PSS. People 
reported smoking 29.4% of the time and drinking of-
ten 21.0% of the time. The CVD risk ratio was found 
to be high at 14.33%. Except for diabetes, most risk 
factors were more common in juniors [14].

Kanimozhi Sadasivam et al. studied about Under-
standing of risk factors for cardiovascular diseases 
among medical students. An anonymous, pretested, 
self-administered survey was given out to 154 med-
ical students as part of an exploratory cross-sec-
tional study. The questionnaire was created with the 
detection of CVD and related risk factors as its ma-
jor themes. It consists of 30 multiple-choice ques-
tions. Result: The majority of students recognized 
the following “heart disease risk factor” dyslipidemia 
(96.9%), high blood pressure (92.9%), diabetes (82.5), 
obesity (94.1%), smoking (84.5%), age (81.7%), male 
sex (80.5%), lack of exercise (73.8%), or family history 
(63.6 percent). These results suggest that few aspects 
of current medical education need to be changed. For 
medical students to have a solid understanding of 
CVD, it is advised that the core medical curriculum 
be changed, beginning with the fundamental medical 
sciences [15].

Xiao-Yan Gao et al. studied the worst illness and 
one of the main causes of mortality worldwide is heart 
disease. The medical field is heavily reliant on ma-
chine learning. Ensemble learning techniques are used 
in this work to increase the precision of heart disease 
prediction. In order to choose important features from 
a dataset, extraction methods with the characteristics 
of “principal component analysis” (PCA) or “linear 
discriminant analysis” (LDA) are utilized. Compar-
ing machine learning algorithms or ensemble learn-
ing approaches uses a few specific properties. Models 
are evaluated using a variety of techniques, including 
accuracy, F-measure, recall, precision, and ROC. The 
outcomes demonstrate that the decision tree and bag-
ging ensemble learning approach produced the great-
est results [16].

Uday Kiran Bhalge et al. studied about Evaluation 
of 1st-year medical student’s knowledge of the risk fac-
tors for cardiovascular illnesses. From December 2017 
to May 2018, 136 first-year medical student from the 
“Medical College in Latur”, Maharashtra, participated 
in cross-sectional research. The research participants’ 

knowledge of risk factors for cardiovascular illnesses, 
including food, physical activity, smoking, and alco-
hol intake, was assessed using a self-administered, 
pre-tested structured questionnaire. 136 first-year 
healthcare students between both the ages of 18 and 
23 took part in the study. High-fat diets, excessive sug-
ar intake, smoking, and alcohol use are all risk factors 
for heart diseases. The risk factors for cardiovascular 
disease are well known to first-year medical students 
[17]. Above all researcher do the survey on cardiovas-
cular disease and gave the result accordingly, but due 
to some limitation they did gave proper outcome of 
their study. But this is the online survey, so the data is 
accurate and provide the result as per the survey. 

Research Questions:
• What diseases are caused by heart disease?
• What are the preventive step of cardiovascular dis-

ease? 

3. METHODOLOGY

3.1. Design
This descriptive cross-sectional study, which as-

sessed Indians’ awareness of the risk factors for cardio-
vascular disease, used a stratified sample technique. 
An Indian university student’s online survey was 
used to perform this study. The participants self-ad-
ministered the “Heart Disease Fact Questionnaire” 
(HDFQ). The survey was put to the test. Before the 
poll, the public’s agreement was gathered orally, and 
the study received ethical approval from several plac-
es’ ethics committees. 

3.2. Sample
This is a questionnaire-based online survey 

through google forms, in this survey author collect 
different university, and take random student which 
is studying in their 3rd year, 4th year, and final year stu-
dent of different courses such as Midwifery, Medical 
laboratory, Pharmacy, Physiotherapy, Dentistry, Den-
tistry, Nursing. In this survey sample size was 300, a 
student from different universities in India from dif-
ferent places. The student who has CVD were exclud-
ed from this survey.

3.3. Data Collection
The leading causes of the death and a consider-

able contributor to the harm is heart disease. Several 
variables might raise the risk of having heart disease. 
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They’re referred to as risk factors. Some of them are 
under your control, while others are outside of it. Your 
chance of developing heart disease can be reduced by 
learning more about them. In this paper, the author 
has collected data from students from different de-
partments of different universities in India. The data 
were analyzed according to the respondent and exam-
ined how many students were aware of heart disease.

4. RESULTS AND DISCUSSION 

4.1. Data analysis
Evaluating the level of heart disease understanding. 

The self-administered survey was distributed to 300 
college students, both male and female; 300 agreed to 
participate, filled it out, and returned it, yielding a re-
sponse rate of 99.99 percent. Table 1 provides a sum-
mary of the participants’ general characteristics or 
socio-demographic data. Most respondents are single, 
and the average age of the answers is 20. All of the oth-
er responders are married. The nursing department 
accounted for 65 (21.66%), midwifery for 35 (11.66%), 
pharmacy for 63 (21.0%), the medical laboratory for 
55 (18.33%), physiotherapy for 15 (5.00%), radiogra-
phy for 22 (7.33%), and dentistry for 45 (15.00%). Out 

of these individuals, 195 (or 65.0%) were women and 
105 (or 35.0%) men. A total of 145 students (48.33%), 
115 (38.33%), and 40 (13.333%) were in their third, 
fourth, and fifth years, respectively.

Table 2 shows the percentages of correct answers 
for each specific question on knowledge of cardiac 
problems. The response to the question Do you think 

Table 1
Illustrate the Participant’s Socio-demographic Information in 
the Research.

Variables n = 300 Percentage
SEX
Female 195 65%
Male 105 35%
Age Groups 
20 years less and old 155 51.66%
21-year to 25 Year 128 42.66%
25 years old and more 17 5.66%
Major Study 
Midwifery 35 11.66%
Medical laboratory 55 18.33%
Pharmacy 63 21%
Nursing 65 21.66%
Physiotherapy 15 5%
Dentistry 45 15%
Radiography 22 7.33%
 Year of Academic 
3rd 145 48.33%
4th 115 38.33%
5th 40 13.33%

Table 2
Students’ Understanding of the Risk Factors for Cardiovascular 
Diseases.

Statement Percentage
True False Don’t 

Know
If your family has a history 
of coronary artery disease, 
you are more likely to get the 
condition yourself.

175 
(58.33)

50 
(16.66)

75 
(25)

Lowering blood pressure 
lowers a person’s risk of 
developing heart disease.

225 
(75.00)

52 
(17.33)

23 
(7.66)

Your risk of having heart 
disease increases if you have 
high levels of good cholesterol

85 
(28.33)

55 
(18.33)

160 
(53.33)

Controlling blood sugar levels 
helps diabetics reduce the risk 
of coronary heart disease.

178 
(59.33)

75 (25) 47 
(15.66)

A person’s chance of acquiring 
heart disease will be decreased 
by regular exercise.

208 
(69.33)

62 
(20.66)

30 
(10.00)

Do you believe that the 
development of coronary 
heart disease is influenced by 
obesity?

250 
(83.33)

40 
(13.33)

10 
(3.33)

Cardiovascular illnesses include 
coronary heart disease.

270 
(90.00)

25 
(8.33)

5 
(1.66)

Blood cholesterol levels are not 
affected by eating fatty meals.

156 
(52.00)

42 
(14.00)

102 
(34)

Do you think smoking habits 
have an impact on the onset of 
coronary heart disease?

230 
(76.66)

36 
(12.00)

34 
(11.00)

When it comes to the 
effectiveness of therapy for 
acute myocardial infarction, 
timing is irrelevant.

116 
(55.33)

104 
(34.)

80 
(26.66)

Do you believe that stress has 
an impact on how a coronary 
heart disease develops?

220 
(73.33)

55 
(18.33)

25 
(8.33)

Did you know that 
atherosclerosis is a type of 
heart disease?

205 
(68.33)

55 
(18.33)

40 
(13.33)

If people have high levels of 
bad cholesterol, they are at risk 
of heart disease.

186 
(62.0)

70 
(23.33)

44 
(14.66)

A person’s chance of 
developing coronary heart 
disease increases with age.

225 
(75.00)

45 
(15.00)

25 
(8.33)
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that obesity affects how coronary heart disease devel-
ops? The statement Coronary heart disease is a kind 
of cardiovascular illness had the greatest proportion 
of correct responses (92.66%, 278). Out of 250, (83.33 
percent). Although eating fatty meals has no effect on 
blood cholesterol levels, 53.3 percent of the 102 re-
spondents correctly identified the claim that having 
high levels of HDL, or “good cholesterol,” puts you 
at higher risk of heart disease (160). Despite the fact 
that just 62.0 percent (186) of respondents chose True, 
230 participants, or 76.66 percent, chose the statement 
“Cigarette use as a risk factor for CVD,” meaning that 
if your bad cholesterol is high, people are at risk for 
heart disease. 

“Heart disease, cerebrovascular disease, rheumat-
ic heart disease”, or a variety of other conditions fall 
under the umbrella term of cardiovascular diseases 
(CVDs). According to data, CVDs, including those in 
India, are the main cause of mortality worldwide. The 
disease can be averted by increasing public awareness 
of the causes or risk factors of CVD, which are typi-
cally reversible and controlled at an early stage. Lack 
of understanding may result in negative attitudes and 
sloppy adoption of healthy practices. This demon-
strates the lack of understanding among Indian college 
students. The results of this study agreed with those of 
previous studies conducted throughout the world on 
university students and the general public.

Significant CVD risk factors includes smoking, 
obesity, “high blood pressure”, raised cholesterol, or el-
evated glucose level were found to be known by more 
than half of the students. The results of studies done 
in India, which revealed that over half of the popula-
tion was exposed to the majority of CVD risk factors, 
support this. Smoking is a significant contributor to 
CVD and accounts for approximately 10% of all car-
diovascular deaths globally. Adults who are exposed to 
secondhand smoke have a 25 to 30 percent increased 
chance of developing coronary heart disease. Few of 
our participants knew that smoking increases the risk 
of cardiovascular disease, in line with previous re-
search. Even though the link between stress and CVD 
is unclear, our survey participants believed that stress 
is a significant CVD risk factor. The study’s findings 
are in line with those of earlier research that identified 
stress as one of the main factors contributing to CVD. 
According to a survey, 73.33 percent of participants 
said that one strategy to prevent or lower the develop-
ment of heart disease was by minimizing stress.

People who are more knowledgeable about health 
may engage in healthy habits more frequently than 
those who are less educated. There are presently no 
studies describing the familiarity of Indian nursing 
college students with CVD risk factors. Therefore, it is 
crucial to evaluate college students’ knowledge of and 
attitudes about the main risk factors for cardiovascu-
lar illnesses. The study’s findings may be helpful in 
identifying areas that need greater education, such as 
knowledge gaps, frequent misconceptions, and harm-
ful behaviors. Last but not least, this would encourage 
development of the current and upcoming program 
dedicated to educating college students about CVD.

5. CONCLUSION
In conclusion, modern medicines are frequently 

offered if coronary events present themselves, and our 
awareness of CHD has evolved swiftly. Even though 
cardiac surgery has advanced, several postoperative is-
sues might occur. Understanding the different effects 
that general anesthesia, surgery, or patient-related fac-
tors have on the respiratory system is essential since 
these problems can linger into the postoperative peri-
od or constitute the root of problems. These problems 
might worsen a patient’s quality of life or even cause 
death.

According to conventional wisdom, college stu-
dents should be in excellent health given their age and 
degree of physical activity. The research participants 
frequently lack knowledge of CVD risk factors or en-
gage in unhealthy behaviors. Lack of understanding 
may result in negative attitudes and sloppy adoption of 
healthy practices. Children may later develop cardiac 
problems as a result of these behaviors. To dispel the 
myth that college students are healthy or encourage 
them to choose or maintain a healthy lifestyle, nurs-
es, health educators, and other primary care physi-
cians working with college populations are required. 
However, if initiatives are taken to encourage health 
from a young age, they can enhance teenagers’ quality 
of life and reduce the financial burden these disorders 
have on society. Healthcare educators, nurses, as well 
as other healthcare professionals dealing with college 
populations, should thus base their best practices on 
assessments of the level of understanding of CVD risk 
factors. More extensive and successful educational in-
terventions are urgently needed, and they must take 
into account the perspectives, attitudes, and skills of 
the people they are intended for. College students 



282 | Cardiometry | Issue 24. November 2022

need to be made more aware of heart disease to boost 
prevention efforts and embrace healthy lifestyles. This 
paper will raise awareness of heart disease risk factors 
in the future.
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Abstract
Many efforts have been undertaken to develop a successful 
vaccine to contain the catastrophe since the COVID-19 out-
break. Early in December 2020, the SARS-CoV-2 vaccine pro-
gram was initiated, and it significantly reduced transmission and 
mortality. However, there are cases of cardiac complications like 
myocarditis that have been encountered in several individuals 
after administrating the COVID-19 vaccine. Therefore, this pres-
ent work aims to describe four cases of Myocarditis in the ex-
isting literature review. A literature search was carried out using 
Scopus, Science Direct, PubMed, and other renowned databas-
es for high-quality recent individualized case reports of indi-
viduals having myocarditis after receiving the vaccine, research 
papers, case series, and review articles with no language restric-
tion. The findings from the four cases and rigorous literature 
review revealed that myocarditis is one of the adverse reactions 
after COVID-19 vaccination which comes with initial symptoms 
of chest pain and fever which can further execrate if ignored. 
However, the use of symptomatic relief and anti-inflammatory 
non-steroidal drugs have4 been noted to be effective in man-
aging myocarditis induced by COVID-19 Vaccinations.
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1. INTRODUCTION 
In Wuhan, China, the “Severe Acute Respirato-

ry Syndrome Coronavirus 2 (SARS-CoV-2)” that 
is the cause of the “Coronavirus Disease of 2019 
(COVID-19)” initially emerged. The “World Health 
Organization (WHO)” formally classified it as an out-
break in March 2020. All 50 states in the US have been 
affected by the pandemic as of 2020, which has caused 
18,500 deaths and over 490,000 cases. The number of 
infected individuals has reached over a million. While 
lung and other respiratory system-related complica-
tions have received a lot of attention, emergency clini-
cians must be mindful of cardiovascular complications 
as well, since they can play a vital part in the mortality 
rate of the disease. Patients having acute COVID-19 
infection can appear with a wide range of cardiac pre-
sentations: a few patients show no symptoms but also 
have abnormal cardiovascular test results (such as 
asymptomatic cardiac arrhythmias, abnormalities on 
cardiac imaging, or elevated serum cardiac troponin), 
or a few patients do not have any sign when others 
show clinical symptoms of cardiac issues. Myocardi-
al damage, cardiac arrhythmias, cardiogenic shock, 
Heart failure (HF), myocarditis, pericarditis, and sud-
den cardiac arrest are all examples of cardiac com-
plications. In patients having COVID-19, symptoms 
and signs of cardiac complications can result from the 
acute progression of the COVID-19 disease [1]–[4].

The body system involved in respiration is the pre-
liminary site of infections for SARS-CoV-2, which can 
cause a range of clinical manifestations, going from 
common “asymptomatic subclinical infection” to se-
vere “acute respiratory distress syndrome (ARDS)”, 
that further necessitates ventilators and admittance to 
the “intensive care unit (ICU)” [5], [6]. It has been well 
noted that pulmonary complications are the largest 
cause of death because of COVID-19, however, cardio-
vascular complications, such as 1) myocarditis, 2) en-
dothelial dysfunction, 3) dysautonomia, 4) acute myo-
cardial injury, 5) thrombotic events 6) arrhythmias and 
7) cardiac fibrosis can also provide a significant contri-
bution in the deaths of COVID-19. There is still much 
to know about the pathophysiology of cardiac mani-
festations in patients having COVID-19. The knowl-
edge of heart-related manifestations of “COVID-19” 
is constrained due to a lack of histological data that 
is sufficient to fully assess cardiac pathologies, par-
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ticularly in conditions like myocarditis where a histo-
logical investigation is a need for the diagnosis. Ad-
ditionally, existing COVID-19 therapies may have an 
impact on the cardiovascular system. Additionally, the 
existence of cardiovascular manifestations may affect 
how severe COVID-19 is, and underlying cardiovas-
cular diseases can worsen mortality. Therefore, better 
patient care and management could result from better 
knowledge of the processes behind COVID-19-me-
diated cardiovascular disease. Apart from the cardiac 
complications during COVID-19 infection, there have 
been several cases reporting the cardiac complication 
after COVID-19 vaccination which is one of the main 
case causes of concern in context with human subjects 
of the SARS CoV-2 vaccines. Myocardial infarction, 
heart failure, myocarditis, and pericarditis are among 
the most observed cardiac clinical symptoms after ad-
ministrating the COVID-19 vaccine especially when 
an individual is given the COVID-19 mRNA vaccine. 
Hence, giving an alarm to the manufacturers and the 
scientist working on the vaccine production, we have 
reviewed four case studies reporting clinical symp-

toms after giving the first, second, or another booster 
dose of the COVID-19 vaccine[7], [8]. 

2. METHODOLOGY
To find publications documenting the prevalence 

of myocarditis following the COVID-19 vaccine, da-
tabases including “Scopus”, “Science Direct”, “Google 
scholar”, and “PubMed” has been searched from the 
latest studies from 2018 to Aug 2022. Manual screen-
ing from 20 pages of google scholar has also been car-
ried out to search for other important and appropriate 
papers and then inspected manually. Data mining was 
then performed using selected keywords including, 
SARS-CoV-2, COVID-19, Corona Virus, Myocarditis, 
Vaccine-induced myocarditis, cardiac complications, 
pericarditis, and Pfizer BioNTech and the combination 
of the above keyword were used to find and sought on 
the case studies and case series documenting the car-
diac complications induced from COVID-19 vaccine. 
Below is the block diagram representing the method-
ology of the present work. Figure 1 details the meth-
odology used to carry out the study. 

Figure 1: Illustrating the Block Diagram of Methodology used to carry out the Study.
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2.1. Eligibility criteria
The search for relevant publications published be-

tween 2018 and August 2022 was conducted in the 
literature. There were no language limitations and 
all relevant case series and case reports were includ-
ed. Patients with COVID-19 vaccine with or without 
SARS-CoV2 infection that reported cardiac compli-
cations met the eligibility requirements for this preset 
work. Review papers, other research papers and com-
mentaries were also included in this study.

2.2. Study selection
Any duplicate studies were eliminated, and all re-

search found through manual searches were included. 
The abstracts and titles of the records were initially 
screened to weed out those that were not relevant to 
the objective of the study. After screening out based 
on the abstract and title, the remaining papers were 
reviewed in accordance with the set exclusion and in-
clusion criteria. 

2.3. Data Extraction
Manual retrieval of the data from selected research 

studies was then performed. For every record or pa-
per, below details are extracted manually such as the 
basic information about the study, including title, DOI 
which is short form of a digital object identifier, name 
of the first author, and other details of the case studies 
like age of the presented case, previous medical his-
tory, the symptoms on presentation, physical exam-
ination findings and advanced laboratory findings, 
endomyocardial biopsy (EMB) findings, echocardio-
gram findings, electrocardiogram findings (ECG), 
in-hospital treatment, other health complication, and 
outcomes.

3. CASE REPORTS

CASE 1
A 23-year-old male with no history of CVD or oth-

er preexisting complications presented to the emer-
gency area three days after taking the 2nd dosage of 
mRNA vaccine(Pfizer-BioNTech BNT16B2b2) with 
chest pain and fever but no respiratory problems. It is 
also worth noting that he was all updated with his vac-
cines including influenza shot which was not result-
ed in any kind of adverse reactions. Negative results 
were also found for different kind of COVID-19tests 
including PCR and SARS-CoV-2 antigen. 

After getting admitted to the emergency depart-
ment, Physical examination finding were: pulse, ox-
ygen saturation, 96%, 18 breaths/min; blood pres-
sure, 83 beats/min; respiratory rate, 106/70 mmHg; 
on room air and body temperature, 37.8°C. Raised 
“C-reactive protein: 10.16 mg/dL (normal value: 
≤0.1  mg/dL)” “troponin I levels: 4,550 pg/mL (ref-
erence value: ≤24)”, and were revealed in the initial 
blood samples. Hematology analysis was also per-
formed which revealed his WBC (White blood cell) 
count to be normal at 8,600/μL whereas the normal 
values were ≤9,600/μ in the absence of eosinophilia. 
Further, Electrocardiography (ECG) was carried out 
which revealed a slight ST elevation which suggested 
potential myocarditis. 

EMB sample light microscopy revealed a minor de-
gree of inflammatory cell infiltration, predominantly 
comprised of mono-nuclear cells. In addition to that, 
cardiac “magnetic resonance imaging (MRI)” showed 
late enhancement of gadolinium that is indicative of 
acute myocarditis mainly in the infero-lateral walls of 
subepicardial and mid-myocardial areas. These results 
were consistent with acute myocarditis and indicative 
of myocardial edema as well as pericardial inflamma-
tion. After being admitted, he received treatment with 
an NSAID. His blood “creatine kinase” and “troponin 
I” levels (CK-MB) on the second day of his admission 
both were elevated (8,699 pg/mL for troponin I and 
13.7 U/L for CK-MB, respectively; the normal range 
is 10 U/L). On the fifth day after hospitalization, the 
ECG demonstrated normalization of the wall motion, 
and the following findings of the laboratory were al-
most normalized: CRP, 0.61 mg/dL “CK-MB”, tropo-
nin I, 174 pg/mL. Along with the elimination of his 
symptoms, levels of his troponin and ECG reverted to 
just about normal and he was ultimately released from 
the hospital on the sixth day [9].

CASE 2
Immediate, intense chest discomfort that was al-

tered by breathing and posture and was not accom-
panied by dyspnea or palpitations was experienced by 
a Caucasian man who is 19-year-old, had no cardio-
vascular risk factors and prior medical history. The 
patient had already administered his 2nd dosage of the 
Pfizer vaccine three days prior. As he presented to the 
department, he displayed symptoms of influenza-like 
illness, including asthenia, or headache on the first day 
after the vaccine.
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CRP was somewhat elevated above 50mg/ml (nor-
mal level: 6 mg/L). “Hemogram” results were normal. 
Creatinine phosphokinase was 399 UI/L at arrival 
compared to a reference level of 300 UI/L for Hs-tro-
ponin T, which was high at 600 ng/mL. At 270 ng/mL, 
NT pro-BNP was only slightly raised compared to the 
reference level of 125 pg/mL. 

Testing for the influenza RT-PCR and PCR of 
COVID-19 were negative. The possible tool for con-
firmation of myocarditis after EMB, “Cardiac mag-
netic resonance imaging (CMR)” revealed “lateral 
sub-epicardial high signal intensity (SI)” and myocar-
dial wall edema in the “LV myocardium on T2 short 
tau inversion recovery image”, confirming myocardi-
tis. Additionally, the “middle to apical lateral LV seg-
ments” showed a sub-epicardial late gadolinium en-
hancement which was also noted in the case 1. A total 
of 2 of 3 Criteria of Lake Louise tissue for diagnosis of 
myocarditis were met by these observations. The pa-
tient had a normal ECG and echocardiogram during 
the one-month evaluation and further follow up, and 
no symptoms were present [10].

CASE 3
A 33-year-old man who had previously been in 

good health arrived to the emergency room reporting 
of recently developing substernal chest discomfort. 
The Janssen Ad26.COV2S vaccine had been given 
to him two days earlier. His chills and myalgias first 
disappeared 24 hours following the vaccine. What 
followed was a prolonged retrosternal, non-radiating 
chest ache, and non-exertional. The pain was deter-
mined to be positional, exertional, and not pleuritic. 
He had a remarkable previous medical history for ob-
structive sleep apnea and asthma, but no well-known 
heart history.

The electrocardiogram (ECG) revealed a sinus 
rhythm with regular times. Readings in the lab were re-
markable for “High-sensitivity troponin T” which was 
found to be 0.041 ng/mL (reference value: 0.014 ng/
mL). The CRP was revealed elevated to 40.4  mg/L 
(normal value, 3.0 mg/L), differential CBC was found 
to be normal level, and both were within the normal 
range. Troponin reached its highest level of 10.2 ng/
mL throughout the course of 24 hours. In the left ven-
tricle, where the scar is 2 % in size, a tiny focal area 
of myocarditis was seen using gadolinium-enhanced 
CMR imaging. No hypokinesis was observed, and 
overall left ventricular systolic performance was nor-

mal. Because of the high temporal correlation, myo-
carditis was considered to be a result of the vaccine 
that was given [11]. 

CASE 4
A 16-year-old male who had previously been in 

good condition arrived at the emergency department 
(ED) complaining of 36 hours of stabbing, acute chest 
discomfort. About 60 hours before his presentation, 
the patient had his second dosage of the “Pfizer” vac-
cine. The patient experienced myalgias and tactile 
fevers around 12 hours after the vaccine, which went 
away in a day. A day after taking the vaccination, the 
patient subsequently had sudden, severe midsternal 
chest pain.

When the patient arrived at the emergency depart-
ment, his clinical findings of symptoms and signs in-
volved a BP of 112/70 mmHg, an HR of 80 bpm, a RR of 
18, a temperature of 37.5 °C, and a pulse oximetry read-
ing of 98 % on room air. Cardiovascular and respiratory 
tests were both normal during the physical examina-
tion. On electrocardiogram (ECG), generalized ST el-
evation was seen in V-2 to V-6 and I and a VL, along 
with normal sinus rhythm. Troponin T was increased 
to a level of 1,018 ng/L, creatinine kinase increased to 
a level of 699 U/L, and CK-MB to a level of 47.7 g/L 
in laboratory findings. At 111 pg/mL, the “B-type na-
triuretic peptide” was only slightly bitted over typical. 
When compared to the rest of his complete metabolic 
panel, his creatinine level was raised to 1.17.

Rapid SARS CoV-2 and influenza tests revealed 
negative outcomes. He was then diagnosed with 
myo-pericarditis(suspected) and hospitalized in ICU 
because of the risk of cardiac shock and collapses that 
necessitated tracking and monitoring systems of his 
physiological parameters while a workup and treat-
ment were performed. The CT angiography showed 
mild sub-epicardial hyper-enhancement on the lateral 
wall, which is indicative of myocarditis. Additional-
ly, it was discovered that he had an accidental benign 
coronary artery abnormality that was thought to be 
unconnected to his disease. CMR imaging revealed 
“morphology”, “normal biventricular volumes”, and 
“systolic function”. The presence of “myocardial fibro-
sis” symptoms, “myocardial fibrosis”, and a little “peri-
cardial effusion” that may have been caused by myo-
pericarditis were present, though.

Ibuprofen for symptom relief and the cure of chest 
pain was given to the patient along with a four-dose 
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intravenous immunoglobulin series. Other than that, 
he didn’t require any more treatments during his hos-
pitalization or any supporting measures for his heart 
or lungs. On day three in the hospital, his ECG indi-
cated that the ST elevation had resolved. On the sixth 
day in the hospital, he was released with a troponin 

level of 45ng/L—down from 1,693ng/L—and a down-
ward trend (Figure 2). He was sent back to the house 
with just a prescription of ibuprofen and famotidine 
for seven days and a follow-up visit with pediatric car-
diology for two weeks [12]. An overview of the find-
ings from four detailed cases is given in Table 1.

Figure 2: Illustrating the electrocardiograph of the 4 detailed cases of Myocarditis after COVID-19 vaccinations.

Table 1
Overview of clinical, laboratory, and imaging data of the four cases.

CASE 4

Kelsey McLean

16

Male

Pfizer-BioNTech

2.5 days

None

Sharp/stabbing chest 
pain

Temp; 37.5°C
HR; 80 Beats/min
BP; 112/70 mmHg

RR; 18 br/min

7 days

CASE 3

Imran Sulenmankhil

33

Male

Janssen Ad26.COV2·S

2 Days

Asthma, Obstructive 
sleep apnea, No cardi-

ac history

Acute onset substernal 
chest pain

Not Specified

-

CASE 2

Schmitt Paul

19

Male

Pfizer-BioNTech

3 Days

None

Acute sharp chest 
pain

Normal temperature 
with Normal Heart 
rate Others; Not 

Specified

1 Month

CASE 1

Takashi Nagasaka[9]

23

Male

Pfizer-BioNTech

3 Days

None

Fever, chest pain

Temp; 37.8°C .
BP; 106/70 mmHg

RR; 18 br/min

7 Days

DETAILS

First Author

Age

Sex

Vaccine

Time from vaccination to 
Presentation

Preexisting Relevant 
Conditions

Presenting Symptoms

Physical Examination 
Findings

Time from Admission to 
Discharge or normaliza-
tion of symptoms
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4. DISCUSSION AND LITERATURE 
REVIEW

Heart inflammation known as myocarditis is char-
acterized by myocardial damage without inflammato-
ry infiltrates and ischemic etiology. Acute myocarditis 
following COVID-19 vaccines was the clinical diag-
nosis for the above-presented cases. The diagnosis of 
Myocarditis in the above cases was made through 
EMB, cardiac MRI, or troponin levels [13]–[16]. Ad-
ditionally, adverse reactions to the vaccine have been 
documented in some earlier studies. Numerous case 
reports published recently suggest that the COVID-19 
vaccine may act as a myocarditis trigger. The real in-
cidence of myocarditis cannot be accurately estimated 
because of differences in diagnostic criteria and case 
reporting. Given the decreased overall prevalence of 
endomyocardial biopsies in COVID-19 patients, the 
identification of myocarditis depends more largely on 
indications of CMR and myocardial damage in addi-
tion to clinical manifestations to meet the definition of 
myocarditis given by the CDC [17]–[19].

Myocardial injury, as evidenced by increased 
blood cardiac troponin levels, has been documented 
in up to 36% of individuals hospitalized with severe 
COVID-19 infection [20]–[22]. Yet, even in severe 
cases of myocarditis that are not related to COVID-19 
and its vaccination, normal serum troponin levels 
have been recorded, restricting the use of troponin 
levels as a primary diagnostic criterion for myocardi-
tis. The criterion for myocarditis diagnosis continues 
to be an endomyocardial biopsy (EMB) or direct his-
tological examination. Myocyte injury or damage in 
the presence of inflammatory infiltrates is the overall 
definition of myocarditis according to the Dallas cri-
teria. The incidence of myocarditis is predicted to be 
significantly lower than that of the reported incidence 
of myocardial injury based on scant histopathology 
research in severe COVID-19 infections [23]. 

In April 2021, a few rare examples of Israeli young 
men who developed myocarditis just after being giv-
en the “Pfizer-BioNTech mRNA” vaccine for “SARS-
CoV-2” were first reported by international news net-
works. Since that time, several observational studies 
from the Europe, Asia, the Middle East, and North 
America have shown a connection between the mRNA 
vaccine and a transiently higher risk of myocarditis.

What is the molecular basis connecting the SARS-
CoV2 vaccine to this uncommon pericarditis and 
acute myocarditis cases? In addition to that, are there 

any effects of vaccine-induced myocarditis that are 
long-term in nature? Even though the effects of myo-
carditis and pericarditis that are long-term in nature, 
and associated with the vaccine are unknown, the ex-
isting understanding of the short-term clinical trajec-
tories is comforting. After receiving the mRNA vac-
cine, the clinical manifestations of myocarditis have 
mostly been mild, and only a small number of patients 
have needed intensive care [24], [25]. However, one 
case series of adolescent patients revealed that radio-
graphic abnormalities persisted during follow-up ex-
aminations, which might be worrying. 

However, the individuals that were monitored had 
excellent clinical results, indicating that there was little 
chronic morbidity related to vaccine-associated myo-
carditis. However, it is essential to constantly monitor 
such patient groups for any increase in the number of 
sudden cardiac death, heart failure, or associated car-
diac problems.

Although CMR is recommended for patients with 
normal coronary arteries, acute chest pain, and a re-
cent systemic viral infection, the majority of cases did 
not receive the experiment despite showing signs of 
myocarditis on ECG, serology, and echocardiogram 
due to the challenges of getting the scan during an in-
fectious disease outbreak. For COVID-19 vaccine-as-
sociated myocarditis patients, there are currently no 
long-term outcome statistics available. The CDC has 
launched intensive follow-up monitoring in young 
adults and adolescents to evaluate cardiac outcomes at 
3 to 6 months as well as health and functional status.

As per the above reports and the review of exist-
ing literature, it can be seen that men are more prone 
to develop myocarditis post-COVID-19 vaccination 
than women. This suggests that the development of 
myocarditis associated with COVID-19 is sex more 
sex-dependent, therefore highlighting the need for the 
male community to take more and more precautions 
15 days after COVID-19 vaccinations. In addition to 
that, it has also been observed that the Pfizer-BioN-
Tech vaccine resulted in more cases of vaccine-in-
duced myocarditis than other vaccines. However, nor-
malization of the statement is still not possible because 
of the limitations of the study that has been used in 
the present work. Sharp chain pain and stubbing were 
found to be the most presenting symptoms in cases 
with probable vaccination-induced myocarditis and 
the most common duration after taking vaccination 
and the development of chain was found to be 3-5days. 
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To conclude, noting the findings of vital signs and oth-
er laboratory tests, Myocarditis can be considered one 
of the adverse reactions to the vaccine suggesting the 
need to recall and validate the effectiveness and safety 
of the COVID-19 vaccination regardless of the man-
ufacturer.

In addition to the above observation and findings, 
we can further conclude that myocarditis, an adverse 
reaction can further be managed by a close follow 
upon male individuals having COVID-19 vaccination. 
The most commonly used drugs to treat myocarditis 
are restricted to symptomatic treatments and other 
range of anti-inflammatory drugs. 

5. CONCLUSION
Myocarditis may be an extremely unusual conse-

quence following SARS-CoV-2 immunization. The in-
stances mentioned herein had a moderate clinical course. 
The diagnostic procedures followed current recommen-
dations and confirmed the suspicion of cardiac involve-
ment. Based on what is now known, the advantages of 
vaccination exceed the hazards. As a result, widespread 
immunization is advised. Nonetheless, we encourage 
more research into the negative consequences of the new 
technology for the mRNA vaccine, which might be em-
ployed for the majority of vaccinations in the future. 
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Abstract
Hypertension is the primary worldwide cause of cardiovascular 
disease and early death. Because of the extensive use of an-
ti-hypertensive treatments during the past 40 years, the mean 
blood pressure (BP) over the world has either decreased dra-
matically or remained constant. Contrastingly, hypertension has 
increased in prevalence, especially in low- and middle-income 
countries. There is evidence of decreasing the incidence rate of 
hypertension however, it has been noted that there are more 
and more side effects that are being discovered associated with 
high-cost chemical treatments. Therefore, Phyto-based tradi-
tional medicine is now being investigated for its safety and low-
cost characteristics. One of the main phyto-based treatments 
for hypertension is Hibiscus sabdariffa, which has been used 
by different countries. However, a comprehensive approach for 
evaluating the efficacy of this plant, its extracts, and beverages 
is still lacking. Therefore, this study aims to provide a review 
and compilation of the clinical trials and animal studies doc-
umenting and evaluating the effectiveness of H. sabdariffa for 
the effective management of hypertension in individuals with 
low to severe hypertension issues. Thus, this study can pave the 
pathway for future research to focus on the limitations that are 
confronting harnessing the full potential of Hibiscus sabdariffa. 
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1. INTRODUCTION 
The global public health problem of hypertension 

is important as several diseases, such as chronic kid-
ney disease, ischemic heart, cerebrovascular disease, 
and others have been linked to hypertension. The 
worldwide rise in fatalities and disability-adjusted life 
years are also attributed to hypertension. Adult hyper-
tension was present in 31.1% of the population, with 
countries that are still developing, bearing a major 
burden. Furthermore, hypertension affects 26.6% of 
Iran’s population. It should be highlighted that man-
aging hypertension individuals is a greater challenge 
for healthcare systems in the developing world due to 
inadequate treatment and misinformation [1], [2]. 

The accessibility and accuracy of blood Pressure in-
formation from demographic investigations through-
out the world are crucial for the accurate calculation of 
worldwide BP values and the prevalence of hyperten-
sion. The accuracy of prevalence estimates can be influ-
enced by a variety of variables, including the predictive 
value of populations which has been incorporated for 
the study (e.g., response rates and sampling techniques), 
BP measurement techniques (e.g., calibration of appro-
priate blood pressure cuff size, BP measuring devices, 
and preparation of participants), and a multitude of BP 
measurements [3], [4]. In many countries, blood pres-
sure experiments based on population have not been 
carried out or Blood pressure pieces of information are 
not publicly available. Additionally, there are significant 
regional variations in the quantity of research and the 
caliber of the data that is accessible.

As a result, BP projections for certain nations are 
dependent solely on modeling from many pooling 
studies. This is especially evident in Sub-Saharan Af-
rica, where BP data are scarce. To correctly quantify 
the global burden of hypertension, population-based 
studies with high-quality, that reliably measure blood 
pressure in all countries in the world, are necessary.

Although the rate of hypertension has already been 
widely recorded in many parts of the world, no data 
has been assembled on its prevalence and total bur-
den globally. For logical planning of health care and as 
a primary source of information, precise estimations 



292 | Cardiometry | Issue 24. November 2022

of the prevalence of this condition across the globe 
are crucial. Assessment of the suffering caused by hy-
pertension would enable adequate prioritization and 
funding of its prevention and management by inter-
national public health policymakers. As per the data 
of WHO, the prevalence of Hypertension has been es-
timated at 23% in Europe, 26% in Eastern Mediterra-
nean, 25% in South East Asia, 19% in Western Pacific, 
27% in Africa, and 18% in America as illustrated in 
Figure 1 below.

27%

18%

19%
25%

26%

23%

Africa Americas

Western Pacific South East Asia

Eastern Mediterranean Europe
Figure 1: Illustrating the Prevalence of Hypertension by Coun-
tries by World Health Organization

Herbs including green and black tea, sour tea, 
Chinese herbal medicine, onion, garlic, and Hibiscus 
sabdariffa were suggested by tradition. Research has 
shown the therapeutic benefits of several of these 
treatments [5], [6]. The latter, which serves as our in-
vestigational agent, is a plant that includes minerals, 
fatty acids, flavonoids, vitamins, and proteins. Accord-
ing to studies, this plant possesses qualities that in-
clude antibacterial, anticancer, anti-oxidative, hepato- 
and nephroprotective, anti-diabetic, anti-cholesterol, 
diuretic, and anti-hypertensive. Despite the extensive 
use of this alternative medicine by individuals, there 
is little data and understanding regarding its effec-
tiveness in treating a variety of diseases. Therefore, it 
would appear to be required to get more information 
about this plant and to carry out a study based on data 
and evidence. Hence, the present paper discusses the 
H. sabdariffa effectiveness for treating the issue of hy-
pertension both in human as well as animal models 
[7], [8].

This paper comprises a total of five sections in 
which, the first section provides an overview of the 
topic and the face of the review study, followed by the 
second section involving the methodology of the re-
view study. In the third section, the effectiveness of H. 
sabdariffa is discussed with 

2. METHODOLOGY
The information of this review study is obtained 

from electronic database searches on Scopus, PubMed, 
Research gate, Google Scholar and Science Direct. To 
carry out the review combinations of keywords were 
used that are followed: H. sabdariffa, Hypertension, 
Blood Pressure, and others. Only studies involving 
human individuals and animal models studies are in-
cluded with the exclusion of other documents. Records 
with languages other than English were also discard-
ed. In addition to that initial screening of the abstract 
and title was also performed to get relevant records for 
the study. Figure 2 below provides the complete design 
of the methodology used to carry out the review study.

3. LITERATURE REVIEW

3.1. Hypertension and H. sabdariffa
One of the «silent killers» is hypertension. Al-

though hypertension may not show any symptoms or 
warning indications, the majority of people with the 
condition are uninformed of the problem. Blood pres-
sure must always be monitored frequently due to this 
reason. Early-morning nosebleeds, headaches, abnor-
mal heart rates, changes in eyesight, and ears buzzing 
are just a few of the symptoms that might emerge. 
Vomiting, Nausea, Fatigue, dizziness, anxiety, chest 
discomfort, and stiff muscles are all symptoms of se-
vere hypertension.

Table 1
Enlisting the Different Categories of Blood Pressure (Systolic 
and Diastolic Pressure).

Blood Pressure Category Systolic Diastolic
Normal  > 120  > 80
Elevated 120-129  > 80
High Blood Pressure 
(Hypertension) Stage 1 130-139 80-89

High Blood Pressure 
(Hypertension) Stage 2 140 or > 140 90 or > 90

Hypertensive Crisis  > 180  > 120

Hibiscus sabdariffa is one of the mostly employed 
traditional medicine to treat hypertension. In English, 
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«roselle» or «red sorrel», and «Arabic», «karkadeh», 
Hibiscus sabdariffa L. is the plant that falls in the fam-
ily “Malvaceae” and is frequently grown in West and 
Central Africa, Southeast Asia, and other regions. The 
plant is an erect annual herb belonging to the Malva-
ceae family, and Ross has detailed its botanical charac-
teristics. Globally, people are drinking the cup-shaped, 
thick, crimson, and meaty calyces of flowers both cold 
and hot (sour tea). Below is the pictorial representa-
tion of the flower Hibiscus sabdariffa in Figure 3 and 
its major constituents in Figure 4.

 
Figure 3: A Pictorial Representation of Hibiscus sabdariffa flower.

Figure 4: Illustrating the Major Chemical Compounds Present in 
Hibiscus sabdariffa.

3.2. Human Studies
As the pharmacological properties of “Hibiscus 

sabdariffa” are now being investigated increasingly, 
clinical trials are also being conducted to assess and 
validate the claims of its therapeutic efficacy. 

Khosravi et al. in a clinical trial evaluated the an-
ti-hypertensive efficacy of “black tea (BT)” infusion 
with “sour tea (ST; Hibiscus sabdariffa)”. The patients 
were divided into BT and ST groups randomly and in-
structed to consume BT and ST infusions twice daily 

Figure 2: Illustrating the Methodology Used to Carry Out the Present Review Study.
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for one month which was then evaluated at a period of 
15-day difference. The results of their study revealed 
a considerable decrease in the mean systolic pressure 
followed by 1 month of administration. This implies 
that ST infusion intake has a favorable influence on 
the blood pressure of patients having type II diabetes 
who have moderate hypertension levels [9]. 

Another recent clinical trial conducted by Mckay 
et al. involved a total of sixty-five pre-hypertensive 
and adults aged 30 to 70 years having mild hyperten-
sion who were not consuming treatments to lower the 
blood pressure were given either i) 3× 240 mL servings 
of “hibiscus tea” or a “placebo” every day for six weeks. 
At baseline and every week, the measurement of blood 
pressure was performed using a standard technique. 
The results of their study revealed that hibiscus tea re-
duced systolic blood pressure at six weeks [10].

Herrera-Arellano et al. investigated individuals of 
the 25-61 years of age group with both sex males as 
well as females daily treated for 28 days with 10 mg 
of Lisinopril, dried extracts of “H. sabdariffa calyxes 
(HsHMP)”, 250mg of total anthocyanins. The results 
of their study demonstrated that there was 100% of 
safety and tolerability in the experimental group with 
therapeutic efficacy of 65.12% as the BP reduced from 
146 to 129 mm Hg [11].

Serban et al. conducted a thorough literature search 
and analysis of the relevant RCTs to determine wheth-
er H. sabdariffa could have anti-hypertensive prop-
erties. H. sabdariffa supplement showed a substantial 
reduction in both SBP, as revealed by the fixed-effect 
meta-regression [12]. 

Majid Jalalyazdi examined the anti-hypertensive 
effects of “sour tea”, on hypertension in stage one. Hy-
pertension of stage I in the participant subjects was 
confirmed by a cardiology expert. The participants 
were separated into a total of two groups. For one 
month, the case group was given two standard cups 
each morning and the other one is given a placebo. 
Both groups saw a substantial drop in systolic blood 
pressure, while the case group experienced a consid-
erably greater mean drop in both SBP and DBP [13].

3.3. Animal Models
Onyenekwe et al. evaluated the LD50 of the extracts 

from roselle calyx and its effects on hypertension. 
They found that over 5000 mg kg-1 was LD50. The 
study revealed that in spontaneously normotensive 
and hypertensive Wistar-Kyoto rats, the infusion was 

shown to considerably (p 0 05) reduce both SBP and 
DBP at evaluated dosages of 500 and the second 1000 
mg/kg-1 body weight. They also found that weight 
was favorably connected with the drop in blood pres-
sure for both groups [14].

Ugwu et al. hypothesized that anthocyanins might 
reduce salt-induced hypertension in rats by inhibiting 
renin-angiotensin-aldosterone system components 
(RAAS). The rats were given 8% sodium chloride in 
their diet for a total of 6 weeks to develop hypertension. 
The results of their study revealed that anthocyanins 
lowered heart rate and blood pressure in hypertensive. 
The drop in blood pressure caused by anthocyanins 
was related to a decrease in plasma aldosterone and 
serum ACE in hypertensive rats [15]. 

4. DISCUSSION
At least 45% of deaths from cardiovascular disease 

and 51% of deaths from stroke are caused by hyperten-
sion. The concern of renal failure, stroke, stroke, heart 
disease, early mortality, and disability is increased in 
part by hypertension. Long-term untreated hyperten-
sion can result in significant problems, most of which 
will require expensive interventions to be resolved and 
managed. These treatments, which are expensive for 
both individuals and governments, reportedly include 
carotid artery surgery, cardiac bypass surgery, and di-
alysis. 

A range of drug routines have also been proven to 
show positive effects in reducing blood pressure, how-
ever, the negative consequences of long-term use of 
such drugs are apparent. Scientists have been focusing 
on examining the effects of various herbal compounds 
and products on treating hypertension, as per a cur-
rent trend in the utilization of traditional and herbal 
treatments. According to recent studies reviewed, hi-
biscus (H. sabdariffa) tea can decrease blood pressure 
just as effectively as some common anti-hypertensive 
treatments. The basic mechanism of action of H. sab-
dariffa is provided in Figure 5 below.

According to the results of the current clinical inves-
tigation, sour tea can reduce blood pressure in hyper-
tension patients. After a month, the blood pressure in 
the control case also dropped, which may have been a 
result of non-medical recommendations including los-
ing weight, following the DASH diet, boosting potas-
sium and decreasing salt intake, as well as engaging in 
aerobic activity. The primary disadvantage to the con-
cept of using H. sabdariffa as an agent to lower blood 
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pressure. It has been found that different therapeutic 
doses can produce positive effects on sour tea. One of 
the earliest investigations on how H. sabdariffa affects 
blood pressure was carried out by Haji Faraji et al [5]. 

Apart from the encouraging results of H. sabdariffa
in risk modulation, Factors related to metabolic syn-
drome, as well as its safety and toxicological implica-
tions, must be considered. There are several products 
available on the market that include Hibiscus sabdar-
iffa, which can contribute to up to half of the total 
composition and is widely used as a core compound of 
herbal tea. “Roselle” tea is a popular dietary product in 
several regions of the world, with the assumption that 
it is healthy and natural, with some possible health ad-
vantages. Yet, due to the risk of the botanicals reacting 
with the synthetic treatments, the natural substance 

could not be suitable for medicated patients or suscep-
tible populations (pregnant women and children). 

Medicinal Herb and Synthetic drug interactions 
happen when the pharmacokinetic profiles of one or 
both products are dramatically changed by their co-ad-
ministration, which causes a rise in adverse effects, cy-
totoxicity, or therapeutic failure. Hydrochlorothiazide, 
diclofenac, acetaminophen, and were eliminated less 
often after taking water extracts of H. sabdariffa. John-
son et al., however, found that the inhibition activity of 
roselle extract on cytochrome P450 might not always 
result in substantial medicinal herb and synthetic drug 
interactions in their in vitro studies. The appropriate 
use of different extracts of Hibiscus sabdariffa while 
taking other medicines also calls for more clinical re-
search in this area [16]. 

Figure 5: Illustrating the Basic Representation of Hibiscus sabdariffa use for Reducing Hypertension Governed by Different Mech-
anisms of Action of Active compounds.
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The low level of the toxic effect of H. sabdariffa was 
documented in a few pre-clinical trials. According to 
Akindahunsi and Olaleye, a healthy dosage level is be-
tween 150 and 180 mg/kg per day. They also found 
that using a greater amount over an extended period 
can damage the liver, whereas a smaller dose has a less 
severe effect. According to their research, 15 doses 
of 250 mg/kg extract drastically increased the levels 
of aspartate “aminotransferase (AST)”, “alanine ami-
notransferase (ALT)”, and “albumin” in the serum of 
Wistar albino rats [17]. 

5. CONCLUSION
Hibiscus is safe and, unlike the other blood-pres-

sure medications, has few adverse effects. The majority 
of the studies found in the literature by the reviewers 
have been either underpowered or inconclusive. All of 
these findings suggest that larger samples be used in fu-
ture research to correctly determine the effects of “H. 
sabdariffa” on the blood pressure of individuals having 
hypertension. In addition to that there are also toxico-
logical and safety issues concerning the use of “Hibis-
cus sabdariffa” for the treatment of a variety of ailments 
particularly when it comes to the treatment of hyper-
tension which is now becoming an increasing burden 
on global health. Therefore, more detailed studies ad-
dressing the safety and toxicity are required before in-
corporating Phyto-based medication in treatment.
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Abstract
Diabetes mellitus (DM) is becoming more common because 
of the modern lifestyle. The two primary causes of mortality 
and disability among people are “diabetes mellitus (DM)” and 
“cardiovascular disease (CVD)”, which are linked closely. Diabe-
tes mellitus is on the increase, it is quickly becoming one of 
the world’s most devastating and costly chronic diseases. Heart 
disease is the leading cause of mortality in diabetes and it has 
shown to have a significantly association with diabetes. Diabetic 
patients are more likely to have cardiovascular events due to 
the prevalence of CV diseases such as obesity, hypertension, 
and dyslipidemia. In addition, this study discusses the debat-
ed benefits of monitoring for subclinical atherosclerosis in as-
ymptomatic individuals. Investigate on the connection between 
suboptimal glycemic management, and insulin resistance indi-
cators, as possible variables connecting diabetes and cardio-
vascular disease is also done in this study. With this study it 
was reported that there is very little information is present on 
the early medication for treatment of the subclinical athero-
sclerosis in diabetics who are asymptomatic. The present study 
concluded that there is an urgent need for advanced research 
strategies to reduce the weight loss and overcome the obesity 
to reduce the prevalence of cardiovascular diseases.
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INTRODUCTION
Among adults with diabetes, according to the 

WHO, “cardiovascular disease (CVD)” is the largest 
global reason of death and disability [1]. Generally, the 
incidence of CVD is higher among those diagnosed 
with diabetes compared to individuals who do not 
have diabetes, and also the risk of CVD steadily rises 
with growing fasting plasma glucose levels, even before 
levels adequate for a diabetes diagnosis. It is well rec-
ognized that the prevalence of diabetes mellitus (DM) 
is on the rise. There have been a staggering 382 million 
cases of diabetes mellitus worldwide in 2014, up from 
30 million in 1985, and all indications are that this 
number will continue to rise. The International Dia-
betes Federation predicts that by 2035, 592 million, or 
almost 10% of the population, will have DM [2].

In a healthy body, insulin coordinates metabolic 
processes involving carbohydrates, proteins, and fats 
to keep glucose levels stable. Insulin resistance is char-
acterized by a decrease of sensitivity to some aspects 
of insulin activity and significant effects on the liver, 
muscle, and fat; preferred for glucose and lipid metab-
olism, for example, preserving insulin’s ability to con-
trol the sodium in the renal tubules. Many fat persons 
escape type 2 diabetes owing to an abnormal B-cell 
response, and also the role of adipose tissue in these 
relationships has just lately been recognized. If there 
is a decrease in insulin-mediated glucose transport, 
the digestive system must compensate by hypersecret-
ing insulin to control homeostasis. If this endocrine 
pancreatic reaction is insufficient, glucose intolerance 
develops [3].

Vascular problems are connected to diabetes on 
both the macro- and micro-scales. Vascular compli-
cations in diabetes are caused in part by persistent 
hyperglycemia and insulin resistance, which raise “ad-
vanced glycation end products (AGE)” synthesis and 
stimulation of the AGE- “receptors for “advanced gly-
cation end products (RAGE)” axis, “oxidative stress”, 
and inflammatory. Although miRNAs were formerly 
thought to have no part in diabetic vasculopathy, new 
research shows otherwise. Figure 1 shows how hyper-
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tension is an important risk factor for the emergence 
of vascular problems in diabetic individuals. Vascular 
impairment and damage are hallmarks of hyperten-
sion [4].

Diabetes and cardiovascular disease (CVD) have 
been linked in several studies. Heart disease and dia-
betes are leading causes of death and disability in in-
dividuals. In the United States, persons with diabetes 
die at a rate 1.7 times higher than those without the 
disease due to cardiovascular disease. The primary 
reasons for death for adults with diabetes ( > 18 years) 
are myocardial infarction (MI) and stroke. Diabetic 
women and men are at greater risk of dying from heart 
disease. Having cardiovascular disease increases your 
chance of dying by a factor of 1.5 to 3 for those with 
diabetes compared to those without diabetes, based on 
gender [5]. 

The increasing incidence and financial burden 
of DM make effective management and treatment 
all the more crucial. Patients with DM should have 
a decreased chance of cardiovascular disease as the 
main objective of diabetes management since in this 
population, CVD is the main cause of mortality and 
disability. Therefore, preventing CVD and controlling 
DM is a challenge due to the complexity and multi-
dimensionality of the interactions between the two 
conditions. DM and T2DM patients often suffer from 
obesity, hypertension, and dyslipidemia specifically 
and pose a threat to the cardiovascular system. Sev-
eral factors have been related to CVD in people with 
DM. These include oxidative stress, enhanced coagu-
lability, endothelial dysfunction, and peripheral neu-
ropathy [6].

2. LITERATURE REVIEW 
There is an increased risk of cardiovascular events 

and coronary artery disease in those who had both 
diabetes type 2 and cardiac disease, according to re-
search by Annemarie Becker et al., who also looked 
at whether or not the effect was different for men and 
women. In population-based cohort analysis, the au-
thor compared 208 diabetics’ 10-year risk of cardiovas-
cular events and 2253 non-diabetics. The correlation 
between T2DM and CVD was considerably affected 
by gender (p = 0.04). In males with diabetes but no 
history of cardiovascular illness, those with a history 
of cardiovascular illness but who did not have diabe-
tes had a much decreased cardiovascular risk. Diabetic 
women who have no history of cardiovascular illness 
were exposed to the same probability as those with-
out diabetes in the context of preexisting heart diseas-
es (RR = 1.0; 0.6–1.7; P < 0.05 for gender differences 
and diabetes risk). The author concluded that the risk 
was the same for females with diabetes but no history 
of cardiovascular disease or heart attacks as women 
without diabetes and prior coronary heart disease. In 
males, the prior cardiovascular disease increased the 
risk [7].

Manar M. Nabolsi examined males with type 2 di-
abetes in Jordan on their disease control, cardiovas-
cular disease (CVD risk, and healthcare management 
techniques. 13 type 2 diabetic males were recruited 
using a qualitative descriptive methodology. In-depth 
semi-structured questionnaires were used to gather 
data during February and April 2019. The data anal-
ysis identified four aspects: diabetes management 
perspectives, cardiovascular disease risk, living with 

Figure 1: Mechanisms of vascular predisposition to cardiovascular disease in diabetes and hypertension.
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illness-imposed limits, and informational validation. 
According to the findings, perceptions and actual 
sickness control do not correspond. It is critical to 
evaluate diabetic patients’ clinical treatment and CVD 
issues. Couples should get culturally and gender-sen-
sitive health guidance and education [8].

Thuraya A. Alaidarous et al. conducted a study to 
look at the link between the level of vitamin D and 
the risk of heart disease (CVD) in Saudi patients, tak-
ing into account both glycemic management and the 
length of time they have had T2D. Saudi Arabia’s King 
Faisal Specialist Hospital served as the study’s pri-
mary site for the case-control analysis. Patients with 
confirmed T2D ranged in age from 20-60, while the 
control group comprised 25 people without diabetes. 
In this study, the duration of T2D was shown to be a 
significant predictor of vitamin D insufficiency. When 
looking at vitamin D deficiency as a whole, the chanc-
es decrease with illness duration (OR = 0.05, 95% CI 
= 0.01-0.29). Vitamin D and hemoglobin A1C levels 
were shown to not correlate. The author concluded 
that Vitamin D insufficiency correlates with diabetes 
duration, not glycemic management. Glycemic un-
control may increase CVD risk in recently diagnosed 
and elderly type 2 diabetics [9].

Kai Lu et al. conducted research to study how air 
pollution has been linked to an increase in cardio-
vascular disease mortality and morbidity. This study 
chooses 6 pollution factors mandated by air quality 
standards, collects Shanghai’s air quality monitoring 
data between 2014 and 2017, as well as the case of 
emergencies data of coronary heart disease at a tertia-
ry hospital within the city during that time, and runs 
the appropriate analysis to delve into the varying air 
quality environments, attributes, and also the connec-
tion between pollutants and cardiovascular disease 
consults. There is a correlation between the influx and 
flow of main air pollutants over the seasons and the 
occurrence of cardiovascular disease, as shown by the 
data [10].

Piotr Bartnicki et al. conducted in a study to de-
termine whether continuous erythropoietin receptor 
activator (CERA) therapy has any effect on CVD risk 
factors, left ventricular shape, or function in patients 
with chronic kidney disease (CKD). Twenty-five CKD 
patients were sampled during CERA treatment, along 
with twenty healthy controls. The author analyzed 
inflammatory indicators present in serum samples. 
Compared to healthy controls, CKD patients showed 

considerably higher levels of indicators and echo-
cardiographic measures describing the anatomy of 
the left ventricle, but significantly lower levels of left 
ventricular ejection fraction. The author concluded 
that the findings show that CKD patients had consid-
erably higher levels of chosen biomarkers associated 
with cardiovascular risk when compared to controls. 
Among the benefits of CERA therapy for these indi-
viduals are an anti-inflammatory effect, a reduction in 
endothelial dysfunction, and also an enhancement of 
left ventricular function [11].

3. DISCUSSION
Managing and bringing diabetes under control is 

crucial as its prevalence and economic toll continue 
to rise with its other negative consequences. Because 
CVD is the leading cause of mortality and disability in 
persons with diabetes, improving their cardiovascular 
risks should be the primary focus of management. The 
management of diabetes and CVD occurrences are 
connected, but the intricate and continual strength of 
the relationship between the two is a challenge in and 
of itself (cardiovascular). Common CV risk factors 
in DM patients include dyslipidemia, hypertension, 
and obesity. Furthermore, studies have shown that 
several risk variables, such as neuropathy, endotheli-
al dysfunction, coagulation enhancement, and oxida-
tive stress, typically coexist in diabetes patients, all of 
which contribute to the progression of CVD. Diabetes 
patients may be a substantial audience to enlighten 
about the importance of preventing cardiovascular 
risks. How a patient feels about his or her risk for car-
diovascular disease may have a major impact on his or 
her capacity for self-management. 

People with diabetes who have trouble keeping 
their metabolism in check often suffer from microvas-
cular and macrovascular problems that place a heavy 
financial and emotional strain on them and their com-
munities. Medical expenses and other expenditures, 
like lost productivity due to illness and death brought 
on by diabetes, add up to a substantial sum.

3.1. The Importance of Glycemic Control:
There have been several clinical studies over the 

last several decades looking at the impact of the med-
ical intervention of hyperglycemia on lowering car-
diovascular risk, with varying outcomes for both T2D 
and T1D. Variations in outcomes may be attributed, 
at least in part, to variations in the clinical features of 
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the populations investigated with regards to the car-
diovascular disease (CVD) prevalence, diabetic back-
ground, kind and duration of intense treatment, and 
results expected. Extensive hyperglycemia manage-
ment in the first five years of disease was associated 
with a reduced risk of cardiovascular complications 
in the “United Kingdom Prospective Diabetes Study 
(UKPDS)” over conventional therapy in clinically di-
agnosed T2D patients. This impact continued even 
after 5 years of ongoing follow-up, in which the previ-
ously observed variations in glycemic control among 
groups had been eliminated. Three additional signif-
icant clinical studies including people with T2D did 
not find similar results [12].

“Epidemiological of Diabetes Interventions and 
Complications (EDIC)” and the “Diabetes Control 
and Complications Trial (DCCT)” reported that pa-
tients with type 1 diabetes whose blood sugar levels 
were continuously controlled for 17 years, had a de-
creased risk of developing cardiovascular disease. 
After undergoing intensive treatment for roughly 6.5 
years, patients were followed-up on and monitored 
for a further ten years. Although the intensive treat-
ment group maintained the strict glycemic control 
defined by a glycated hemoglobin level of 7% during 
monitoring, they nevertheless had a 42% reduction in 
any cardiovascular event [13]. Epigenetic, genetic, and 
cell-signaling abnormalities in interconnected meta-
bolic and inflammatory pathways are associated with 

the etiology of CVD in diabetes. External conditions 
include excessive calorie intake, smoking, glucone-
ogenesis end-products, hypoglycemia toxicity, and 
certain drugs that may cause metabolic abnormalities 
(particularly in the endothelium, liver, skeletal muscle, 
and cells). Chronic diseases including cardiovascular 
disease (CVD) and type 2 diabetes Mellitus might oc-
cur in people in their unique ways depending on their 
biological capacities and environmental cues [14].

It is hypothesized that a process called “metabol-
ic memory” is responsible for this early defense. The 
word “memory” alludes to the fact that target organs 
retain information about the early glycemic exposure 
environment, which may lead to either severely harm-
ful or protective consequences in the future. Endo-
thelial dysfunction, Oxidative stress, and low-grade 
inflammation are the outcomes of the processes that 
are engaged in this process, and it seems that these 
mechanisms are responsible for epigenetic modifica-
tions as well as intracellular metabolic changes shown 
in Figure 2 [14]. 

3.2. Diseases Of The Heart 
And Heart Risk Factors:

3.2.1. Obesity
Obesity is a common problem for people with di-

abetes, especially those with type 2 DM, and is asso-
ciated with a greater risk of cardiovascular disease. It 

Figure 2: Displays the Processes at Play in the Development of Cardiovascular Disease in Diabetics.
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has been hypothesized that persistent low-grade in-
flammation has a role in the onset of hyperglycemia in 
many people, including overweight, and cardiovascu-
lar problems. Common examples of such conditions 
are diabetes mellitus, hypertension, excessive-high 
cholesterol, insomnia, joint pain, and heart and brain 
difficulties linked to inactivity, obesity is becoming a 
serious public health concern, and its incidence is also 
rising globally. Low-grade inflammation is linked to 
obesity and visceral fat deposition, both of which con-
tribute to the pathophysiology of diabetes, which in 
turn is linked to a considerable increase in morbidity 
and death from cardiovascular disease (CVD) [15].

Endothelial dysfunction, myocardial infarction 
(MI), and cardiomyopathy (CMP) are all possible out-
comes of chronic overexpression of these cytokines. 
There is evidence an increase in “C-reactive protein 
(CRP)” levels is associated with inflammation in diabe-
tes patients have a role in the impairment of their blood 
vessels’ permeability. Vascular compliance relies heavily 
on nitric oxide (NO) and prostacyclin, CRP has been 
proven in many studies to suppress endothelial cell pro-
duction of these molecules. Increased CRP causes cor-
onary artery walls to take in more oxidized “low-den-
sity lipoprotein (LDL)”, and this has been linked to 
endothelial dysfunction and the formation of athero-
sclerotic lesions [16]. The prevalence of diabetes has 
been found to decrease in several studies when patients 
undergo nonpharmacologic therapy, make changes to 
their lifestyle, and/or lose weight. The risk of develop-
ing diabetes may be reduced by 58% by strict food and 
exercise routines alone, according to findings from the 
“Finish Diabetes Prevention Study Group”. To lower 
their chance of acquiring diabetes by 58% compared 
to a placebo group, participants in the Diabetes Pre-
vention Program (DPP) were expected to make major 
adjustments to their lives during the program and this 
reduction persisted at 34% after 10 years of follow-up. 
Combating the epidemic of obesity will need concerted 
efforts to encourage healthier lifestyles [17].

3.2.2. Dyslipidemia
Type 2 diabetics are at a higher risk for develop-

ing dyslipidemia. The increased production of free 
fatty acids by insulin-resistant fat cells is one putative 
mechanism at play here. Triglyceride formation is 
boosted by free fatty acid abundance, which in turn 
increases ApoB and VLDL cholesterol release. Having 
high levels of both ApoB and “very low-density lipo-

protein (VLDL)” raises the risk of cardiovascular dis-
ease [18]. Even though T1D individuals are young and 
seldom display lipid abnormalities, the atherogenic 
profile seen in this disease can be generated by factors 
more than only elevated lipids; hyperglycemia plays a 
significant role as well. This was shown in an explor-
atory program, that discovered that hyperlipidemia 
and hyperglycemia both induce distinct phases of ath-
erosclerosis development in diabetes. This work shows 
that strict glycemic control with insulin reversed the 
progress of atherosclerosis in mice, proving that dia-
betes-related dyslipidemia is insufficient to produce 
an atherosclerosis lesion [19].

However, if the management of dyslipidemia is 
delayed, it could not be successful in preventing the 
advancement of atherosclerosis, even though lowering 
LDL cholesterol has provided sufficient and proven 
data on lowering the cardiovascular risk in T2D. 1,255 
people with type 2 diabetes and ESKI were tracked 
for four years as part of the Atorvastatin 20 mg/day 
or placebo Deutsche Diabetes Dialyze Study (4D), the 
involvement did not lead to a significant decrease in 
cardiovascular events when tried compared to a pla-
cebo [20].

3.2.3. Hypertension
People with T1DM and T2DM have significantly 

higher rates of hypertension (30% and 60%, accord-
ingly). Diabetic nephropathy (DN) is intimately asso-
ciated with hypertension in diabetic people. Hypergly-
cemia in DN causes a cascade of events that includes 
the release of growth regulators, humoral mediators, 
and cytokines from renal cells. Systemic alterations in 
the glomeruli of diabetic patients, often attributable to 
the production of these variables, include hyaline arte-
riolosclerosis (mostly affecting the efferent arteriole), 
enhanced cell growth in glomerular basement mem-
brane permeability, and the extracellular matrix [21]. 
Microvascular problems (nephropathy and retinop-
athy) and macrovascular consequences (myocardial 
infarction and stroke) are more likely to occur when 
both diseases are present. Hypertension therapy that 
is both aggressive and consistent may slow the devel-
opment of these problems.

Prevention of CVD and slowing the worsening of 
kidney impairment and diabetic retinopathy are the 
goals of hypertension therapy for diabetic individuals. 
The UKPDS suggests that hypertension management 
is more important than glucose control for type 2 di-
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abetic individuals. Several types of antihypertensive 
drugs are available for use in pharmacological treat-
ment. Diuretics, “angiotensin-converting enzyme 
inhibitors”, “angiotensin II antagonists”, “beta-block-
ers”, “calcium-channel blockers”, alpha-blockers, and 
different combinations are some of the medications 
prescribed to treat hypertension. Oftentimes, the ther-
apeutic objectives may only be reached by combining 
two or even three different medications [22].

3.2.4. Diabetic cardiomyopathy
Rather than only causing CMP through coronary 

atherosclerosis and hypertension, DM seems to pro-
mote its development directly. Modifications to LV 
architecture and cardiac function due to diabetes have 
been demonstrated by several noninvasive studies. In 
particular, the LV mass and cardiac mass of people with 
diabetes are greater than those of those without diabe-
tes. There may be hypertrophic effects on cardiomyo-
cytes from the elevated secretion of cytokines by adi-
pocytes, including leptin and resistin. People with type 
2 diabetes tend to develop larger than 75th-percentile 
left ventricular masses, even after controlling for other 
factors, according to research conducted on a popula-
tion of mixed racial and cultural backgrounds. Diabet-
ic patients also often have somewhat reduced diastolic 
functioning compared to healthy controls [23].

3.2.5. Cardiovascular autonomic neuropathy 
(CAN)

People with diabetes mellitus (DM) often have 
cardiovascular autonomic neuropathy (CAN), which 
raises the probability of dying from heart illness 
during the next five years. Indications of CAN in-
clude tachycardia at rest, hypotension on standing, 
intolerance to exercise, abnormal vasomotor regula-
tion of the coronary arteries, prolonged QT interval, 
and instability during surgery. Renal failure, stroke, 
cardiovascular disease, and sudden cardiac death are 
among the heightened risks associated with CAN [24]. 
In both T1D and T2D, CAN is a potent predictor of 
cardiovascular danger. Dysfunction of the ANS is like-
ly involved in the development and advancement of 
CAN since it. Higher rates of CAN and CVDs are seen 
in diabetic patients because of the disease’s association 
with age and inadequate blood glucose control.

In patients with diabetes, the development of CAN 
is a frequent complication that raises their risk of car-
diovascular-related death and mortality. Diabetes gen-

erally causes neurological impairment, which increas-
es the risk of ventricular fibrillation and sudden death. 
Other conditions that have a higher risk during and 
after surgery include silent myocardial ischemia, dia-
betic cardiomyopathy, strokes, and cardiovascular in-
stability. Resting tachycardia, tight muscles, low blood 
pressure in response to standing, and problems with 
blood pressure regulation have all been identified as 
clinical symptoms of CAN. 

3.3. Detection of Preclinical Atherosclerosis:
There is much debate about whether or not asymp-

tomatic diabetic individuals should undergo screening 
for the identification of subclinical atherosclerosis. No 
prospective trials have shown its efficacy and altered 
the course of disease in these individuals. Variability 
in coronary event rates across studies is a key draw-
back to regular screening for subclinical atherosclero-
sis. In diabetic populations, the common occurrence 
of silent myocardial ischemia (SMI) ranges from 12% 
to over 57%, depending on the study. Whether or not 
asymptomatic people with type 2 diabetes should un-
dergo revascularization remains a contentious issue. 
The decrease in cardiovascular events and deaths 
among individuals was not statistically different 
from zero treated with instant revascularization and 
all those having to undertake treatment plans in the 
“Bypass Angioplasty Revascularization Investigation 2 
Diabetes Trial (BARI 2D)”. 

4. CONCLUSION
One’s risk of cardiovascular disease is amplified by 

having both diabetes and hypertension. Hypertension 
and its associated vascular remodeling and dysfunc-
tion are all influenced by oxidative stress, inflamma-
tion, and fibrosis, which also contribute to the compli-
cations of microvascular and macrovascular diabetes. 
When comorbidities are managed, the severity of dia-
betes’ microvascular and macrovascular consequences 
could be reduced, particularly hypertension, and the 
focus of efforts to enhance vascular health. Increased 
cardiovascular risk has been linked to diabetes, al-
though the processes by which this may occur are not 
well known as of yet. Evidence suggests a correlation 
between diabetes and cardiovascular disease, it has 
been proposed that this is due to a gene-environment 
interaction, is due to a connection between hypergly-
cemia and epigenetic variables through several sorts 
of responses. More research is required to discover the 
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optimal treatment approach for weight loss and also 
the amount of weight loss required to get cardiovas-
cular health advantages. Finally, it will be important to 
keep an eye on the new blood pressure standards go-
ing ahead, especially for those over the age of 60 who 
have been reclassified as having a higher systolic BP 
threshold.
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Abstract
The problem of heart failure gradually increasing now a day, 
Heart failure occurs when the heart is unable to produce 
enough oxygen-rich blood to fulfil the body’s needs. Heart fail-
ure does not necessarily indicate that your heart has stopped 
beating or is about to do so soon. But if people’s organs don’t 
get enough blood flow, they can’t function properly, which can 
lead to bigger problems. This study aims to raise awareness of 
heart failure as an important global health problem. People, 
who suffer a heart attack, as well as their families and caregiv-
ers, are greatly burdened by it. Additionally, it places a heavy 
burden on health care systems and society at large. This bur-
den must be reduced by substantially spending on research, 
educating the public, and enhancing the health care system to 
enable early diagnosis and initiation of appropriate treatment 
that can enhance prognosis or quality of life. In the future, this 
paper will aware people of heart failure and how to control 
heart failure rate. 
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1. INTRODUCTION
Treating heart failure must be a high global health 

priority since it can be deadly. Globally, around 26 
million individuals are affected by heart failure. They 
have a grim prognosis and have poorer survival rates 
than cancers of the breast, prostate, or bowel. Due to 
heart failure, patients, carers, and the healthcare sys-
tem are all under a lot of strain. Due to an aging popu-
lation, harmful lifestyle changes, as well as an increase 
in general stamina for those who experience cardio-
vascular breakdown as an end stage of another disease, 
it is anticipated that particular therapy the demand for 
care administration will increase significantly. Clear 
legislative measures that prioritize heart failure pre-
vention or promote equitable access to healthcare are 
required to lessen the strain on healthcare systems 
[1], [2]. Despite the costs that heart failure places on 
society, little is known about the condition. Numer-
ous early deaths ensue as a result. This is even though 
a healthy lifestyle can lower risk and the majority of 
heart failure types are avoidable. Premature deaths 
might be avoided even after heart failure has been es-
tablished if individuals were educated to identify the 
signs and seek treatment right away. Public education 
programs emphasizing these ideas have the power to 
significantly enhance the results for heart failure pa-
tients or, ultimately, to save lives [3], [4]. 

Improved outcomes for heart failure patients are 
also linked to adherence to clinical practice standards. 
However, the degree to which doctors adhere to sugges-
tions from guidelines varies significantly across several 
nations. To increase equality of treatment, the use of 
performance estimates or motivators from neighbour-
ing medical clinics should be encouraged States should 
support the research required to put together a perfor-
mance evaluation evidence baseline that demonstrates 
better patient outcomes. Ongoing research is essential 
if individuals wish to address unmet needs in treating 
patients with heart failure [5], [6]. Patients with certain 
forms of heart failure for which existing medications 
only treat the symptoms rather than the underlying 
cause need new therapeutics. In countries with emerg-
ing economies, more accessible treatments are neces-
sary. Coordinated multinational research focusing on 
the causes as well as therapies of heart failure interna-
tionally may be beneficial to tens of millions of people. 
It may be possible to save lives by improving prevention 
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and treatment via policy changes. To affect change, it is 
imperative to confront the problem of heart failure on a 
worldwide scale. Heart failure is a common CVD con-
dition that is neither readily treated. When the heart 
cannot pump enough blood via the arteries or cannot 
fill up with adequate blood, heart failure results. Heart 
failure is either systolic or has a low ejection fraction 
as opposed to heart failure which is diastolic or has a 
maintained ejection fraction. This makes it challenging 
for the body’s vital organs, such as the kidneys, muscles, 
and brain, to function effectively [7], [8].

Making the prevention of illness and death from 
heart failure a top health goal is necessary. Even though 
a growing number of individuals are developing heart 
failure and passing away from it, few members of the 
public, legislators, and even some medical experts are 
aware of the illness. Although there is no known treat-
ment for heart failure, the majority of patients can get 
appropriate care to increase their quality of life or sur-
vival. It is the job of policymakers to make sure that 
most individuals can take advantage of the current 
strategies for heart failure long-term management, di-
agnosis, or treatment. In addition, research in fields 
with pressing unmet needs should be encouraged. To 
find the best solutions to heart failure issues in various 
global regions and to implement the essential process-
es regularly, a global plan is required [9], [10].

1.1. Heart Failure Causes
Coronary heart disease and high blood pressure 

are the two primary causes of heart failure. Due to the 
accumulation of plaque (atherosclerosis) in the arter-
ies inside the heart due to coronary heart disease, it 
is more difficult to supply blood to the heart muscle. 
They contribute to around 70% of heart failure when 
combined. Heart failure can also be brought on by 
heart valve disease, an irregular heartbeat, and con-
genital heart problems. Diabetes, chronic obstructive 
lung disease, high cholesterol, or chronic kidney dis-
ease are a few other illnesses or medical risk factors 
that are important. These include behavioural risk 
factors like poor diet, smoking, obesity, drinking too 
much alcohol, as well as living a sedentary lifestyle. All 
of the aforementioned risk factor increase the likeli-
hood of heart failure or its effects [11], [12].

1.2. Clinical Manifestations: 
Ankle edema, exhaustion, weariness, and shortness 

of breath are common signs of heart failure. Heart failure 

patients’ sleep patterns and cognitive abilities may also 
be affected. The illness is debilitating and upsetting, and 
it may significantly lower a patient’s and their family’s 
quality of life. Heart failure typically develops over time 
and presents with vague or difficult symptoms. A per-
son must stop ascending stairs if they have unexpected 
shortness of breath, water retention in their lower legs, or 
exhaustion that cannot be explained by a change in their 
environment, such as being in a warm environment.

If these sign appear, the patient must visit their 
primary practitioner very away. The likelihood of ef-
fective therapy increases with the time after diagnosis 
of heart failure. General practitioners must promptly 
send patients to cardiologists for echocardiography if 
they even have the remotest suspicion that they may 
have HF based on their clinical history, symptoms, 
and signs and if blood tests or electrocardiograms 
cannot rule it out. Since heart failure could be difficult 
to recognize and a number of its symptoms may be 
caused by a variety of other conditions, such referral 
typically does not occur. Figure 1 shows the percent-
age of deaths caused by heart failure.
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Figure 1: Illustrate the Increasing Rate of Death Due to Heart 
Failure. 

2. LITERATURE REVIEW
Gautam V. Ramani, et al. studied the contempo-

rary diagnosis or management of chronic heart. Fail-
ure. According to the author, avoiding new cases of left 
ventricular dysfunction depends on controlling risk 
factors through strict blood pressure management and 
primary prevention of coronary artery disease. Ideal 
CHF care includes managing hospitalizations for de-
compensation, target-portion titrating clinical thera-
py, and identifying proof of or destroying linked con-
dition precipitants. The etiological aggregate, which 
recalls an extending of the QRS length for electrocar-
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diography, is frequently used to distinguish patients 
who would benefit from an implantable cardiovert-
er-defibrillator position as a safety measure regardless 
of heart resynchronization therapy from those who 
are at increased risk of creating cardiovascular break-
down and unexpected passing [13]. 

Aref Albakri studied higher output of Heart Failure 
(HF). The clinical disease known as heart failure (HF) 
is often associated with reduced or normal cardiac out-
comes and increased basic vascular obstruction. These 
individuals display a pathological symptom called 
diminished seminal vascular perforation. Because 
of the lack of access to proven drugs, these patients 
with poor cardiac yield should receive evidence-based 
treatment for HF. Several studies have shown indi-
cations that various long-acting HF medications, in-
cluding such vasodilators or inotropes, might well be 
potentially detrimental to people with high-yield HF, 
despite the absence of clinical early data. These results 
demonstrate the clinical requirement for comprehen-
sive understanding of both the etiology, as well as clin-
ical development, of high-output HF [14]. 

Matteo Beltrami et al. studied Patients with HF or 
concurrent “chronic kidney disease” (CKD) are under-
represented in clinical trials large studies may remove 
participants with more severe estimations of glomer-
ular filtration rate decline. The majority of the data in 
this circumstance are accounted for by post hoc analysis 
and retrospective investigations. Therefore, there are no 
particular trials examining the long-term consequenc-
es of the conventional medications often used in HF in 
patients with severe CKD. Due to current worries that 
might change the practical approach to conventional 
therapy, doctors are usually reluctant to prescribe and 
titrate some medications that work on the sympathet-
ic activity, the renin-angiotensin-aldosterone system, 
as well as other systems in this situation. Due to these 
drugs’ beneficial hormonal or circulatory effects, people 
with renal failure can use them for a long time without 
harm. They examined the greatest studies presenting 
data on patients with HF and concomitant CKD in this 
evaluation, while also offering a workable step-by-step 
approach to prevent renal and cardiac problems [15].

3. DISCUSSION

3.1. Diagnosis:
Echocardiography is the most widely used and 

trustworthy technique for assessing heart function, 

including the detection of possible heart muscle injury 
and potential heart valve problems. An ECG can iden-
tify cardiac muscle thickening as well as ventricular 
hypertrophy. The heart’s capacity to function during 
exercise may be assessed using an ECG test. In some 
circumstances, a chest X-ray is necessary to show lung 
fluid. To monitor ventricular function, evaluate the 
valves, and maybe identify the underlying cause of 
heart failures (HF), such as ischemia, non-ischemia, 
or infiltrative disease, cardiovascular magnetic reso-
nance imaging can be employed (CMR). With cardiac 
CT, more people are ruling out “coronary artery dis-
ease”. Additionally, the biomarker NT-proBNP can be 
used to evaluate whether shortness of breath is mostly 
brought on by non-cardiac causes or is a sign of heart 
failure. Cardiac catheterization is only used to look 
into coronary artery disease, but it can also be used to 
measure lung pressures, calculate pulmonary vascular 
resistance, and evaluate the left and right ventricles’ 
functionality [16], [17].

Heart failure might further impair the heart’s ca-
pacity to pump blood if it is not identified early and 
treated with the proper medicine. A person with heart 
failure may go from a stage when they only feel the 
effects during strenuous physical activity to a stage 
where they are bedridden. Complications, such as 
worsening renal function or arrhythmia, are more 
likely to happen if the condition is advanced. Current 
treatments aim to prevent or at least postpone the ef-
fects of heart disease. The sooner you make a decision, 
the higher your chances of success. Treatment for peo-
ple with cardiovascular breakdown aims to improve 
both their current and future quality of life. There are 
therefore four alternative therapies used in medicine, 
depending on the time of discovery and the severity of 
the disease:
• It’s crucial to identify and address the underlying 

causes; two examples include controlling high 
blood pressure and replacing worn-out heart 
valves.

• Addressing the risk factors by combining the 
recommended lifestyle changes, such as dietary 
changes and stopping smoking, with exercise as a 
form of therapy.

• The start of preventative medical therapy, includ-
ing the usage of the “ACE inhibitors”, ARBs, diuret-
ics, beta-blockers, or mineralocorticoid inhibitors, 
is the backbone of treatment for individuals with 
HF or a poor ejection fractions. 
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• Treatment with valsartan/ sacubitril is advised 
above ACE/ARB for individuals who continue to 
have symptoms despite receiving the best medical 
care possible. For persons with heart failure or an 
intact ejection fraction, there is currently no effec-
tive therapy instead, attempts are made to treat the 
underlying condition and manage symptoms.

• Specialized implanted medical equipment, includ-
ing pacemakers, “cardiac resynchronization thera-
py”, “implantable cardioverter defibrillators”.
If the patient has advanced heart failure but all 

of the aforementioned therapies have failed, a heart 
transplant as well as, if transplantation is not an op-
tion, the installation of a mechanical pump to assist 
the heart, may be required. Heart failure has a tremen-
dous negative impact on people’s lives. As the illness 
develops, activities that were once ordinary parts of a 
daily schedule, such as using the stairs, finishing up 
household tasks like cleaning, going to the store, or 
even just putting on clothing, become more challeng-
ing to perform. Patients are becoming more and more 
socially isolated as a result of their inability to partici-
pate in activities or make acquaintances. Additionally, 
family connections may suffer as they depend more 
and more on caretakers. These symptoms and limits 
can also affect productivity and the ability to maintain 
employment for persons who are of working age.

According to the 2017 Critical Thoughts-Based 
Partner study with a ten-year follow-up study con-
ducted in Scotland, people with cardiac breakdown 
experienced worse personal satisfaction than those 
who had multiple malformations. A more active way 
of life, a balanced diet rich in fruits and veggies as 
well as low in salt or saturated fat, may improve qual-
ity of life, particularly in the early years. However, it 
can be challenging for patients to start and maintain 
these lifestyle modifications over time. Lastly, there 
is poor drug compliance. To increase their patients’ 
life expectancy and ensure that they have a high 
quality of life, doctors must ensure that their patients 
understand the importance of adhering to their 
therapy, which includes taking their medications as 
prescribed, changing their diet, as well as exercising 
frequently [18].

The signs of heart failure, including such short-
ness of breath with physical or mental exertion and 
swelling ankles as well as lower legs, should be rec-
ognized by patients, but they must also seek medical 
attention as soon as is reasonably possible. Addi-

tionally, greater training is needed to recognize hazy 
symptoms for general practitioners, pharmacists, 
and community nurses. An ECG or blood test must 
be initiated when heart failure may be a possibility. If 
the ECG or blood test findings cannot rule out heart 
failure, the patient should be referred to a cardiol-
ogist who will use echocardiography to check heart 
function or determine the diagnosis. Early therapy 
is crucial for improving prognosis, reducing symp-
toms, and stopping additional organ damage. Hos-
pitalized patients with “coronary artery disease” or 
acute “heart failure” require the appropriate post-
acute treatment to delay the emergence of “chronic 
heart failure”. This involves self-management, online 
monitoring, or necessary yet timely interventions. 
To support patients with heart failure, a multidisci-
plinary team may be required. The goal of this group, 
which also includes a cardiologist, is to help patients 
adopt and maintain a healthy lifestyle, including 
adopting healthy weight-control plans, engaging in 
physical activity, and quitting smoking, depending 
on their circumstances. Including customized as 
well. Requirements, as well as strengthening their 
coping mechanisms with the enormous life changes 
brought on by their condition. The general practi-
tioner should ensure that the patient works close-
ly with a cardiologist, a cardiovascular breakdown 
nurse who has received specialized training, as well 
as other clinical specialists such as a respiratory spe-
cialist, nephrologist, endocrinologist, as well as a 
physician. There are relations, which are shown in 
Figure 2.

Potential 
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plantation
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Inotropic 
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Treatment of 
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Figure 2. Illustrate the Treatment options for people with End-
Stage Heart Failure (ESHF). 
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3.2. Improved Methods for Making Medical 
Decisions in Heart Failure are the Diagnosis

Blood tests can help exclude a heart failure diag-
nosis, but they cannot conclusively determine wheth-
er people have the condition. Therefore, diagnosis is 
still difficult and is dependent on a skilled healthcare 
professional’s clinical judgment. A novel sensitive and 
specific blood test may improve the speed, simplicity, 
and accuracy of the diagnosis of heart failure. Numer-
ous people might potentially be examined for early 
indications of heart failure with an appropriate blood 
test. Basic scientific studies to identify the molecular 
markers of various forms of heart failure in the blood 
require ongoing support.

In the future, patients who require treatment the 
most urgently might be identified using statistical 
techniques called risk stratification. Patients with 
extremely high or considerably reduced level of oxy-
gen in blood, “poor renal function”, or even a history 
of “coronary heart disease” who are admitted to the 
hospital run a large risk of passing away from heart 
failure. None of these factors can be properly assessed 
on its own to determine a patient’s treatment. By com-
bining multiple factors into a statistical model, risk 
stratification creates an outline of the patient’s most 
appropriate options for follow-up or therapy. Allowing 
high-risk patients to choose intensive care in a hospi-
tal setting, while other patients can be safely released 
or treated as outpatients, could increase efficiency.

For many heart failure patients, new treatment al-
ternatives are required. “Modern heart failure” med-
ications do not often increase the life expectancy of 
roughly 50% of patients, despite the fact that symp-
toms can typically be managed. Innovative treat-
ment is required for patients with sustained ejection 
fraction who have acute cardiac failure, “progressive 
heart failure”, or “specific heart muscle defects”. This 
demonstrates how crucial it is for governments to 
support worldwide scientific cooperation in order to 
further our knowledge of how HF manifests or how it 
might be avoided. In addition, a substantial market in 
the developing world’s economy need more inexpen-
sive medications.

Sudden cardiac failure Patients with “acute heart 
failure” (AHF) frequently require emergency hospi-
talization since their symptoms quickly deteriorate. 
Despite continued research, acute heart failure treat-
ments have largely not altered much over the previous 
20 years. The only available options are medications 

that increase urine production or dilate blood vessels 
to treat shortness of breath and minimize fluid reten-
tion. Only the sickest patients, those whose oxygen 
supply to important organs is critically low, are rou-
tinely given drugs that directly affect the heart muscle 
to boost the power of contractions. Due to the sub-
stantial risk of mortality after leaving the hospital, nei-
ther of these medications alters the underlying causes 
of heart failure. Businesses and governments should 
continue to promote the discovery of novel drugs for 
treating AHF despite the challenges of conducting 
clinical trials in an emergency. 

3.3. Persistent Heart Failure:
A weak heart’s attempts to maintain function by 

adaptive remodelling changes inside the heart muscle 
firstly keep the heart beating, however over time they 
lead to a vicious cycle of heart failure as the heart be-
comes increasingly dysfunctional. Recurrent episodes 
of AHF, all of which can be deadly, necessitate hospital 
hospitalization for those in this dreadful stage of the 
disease. There is currently nothing that can be done 
to stop patients with worsening “Heart failure with 
the preserved ejection fraction” (HFPEF) from get-
ting worse. Before now, clinical research has mostly 
focused on treating heart failure outside of hospitals 
or during a single hospital stay. Because of special 
characteristics of the patients with severe heart failure, 
clinical investigations must last longer than a single 
hospital stay. The promotion of such research would 
result in evidence supporting the use of both innova-
tive and currently available treatment approaches in 
this group of especially sensitive people.

A global poll found that patient self-care must be 
improved. Most patients said they took their medi-
cine as directed, but few said they kept track of their 
weight or exercised frequently. Education initiatives 
should be prioritized, but they must be careful-
ly planned because people who are more informed 
about heart failure are reportedly more inclined to 
put off getting treatment. This may be an indication 
of misplaced hope and a failure to comprehend that 
treating heart failure symptoms does not halt the dis-
ease’s development. It’s important to give consider-
able thought to the mode of instruction. Simple yet 
precise messages might be sent through short video 
clips, text messaging, and social media. With an esti-
mated 6 billion people already owning a cell phone, 
technology may offer a crucial means of reaching 
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the isolated and socioeconomically underprivileged. 
Teaching individuals how to assist a spouse, relative, 
or friend who is suffering with heart failure is anoth-
er aspect of promoting self-care. Compared to pa-
tients who are socially isolated, individuals who get 
assistance are more likely to participate in self-care 
activities. It highlights the necessity of enhancing 
neighbourhood assistance for patients who are so-
cioeconomically vulnerable as well as lone patients. 
The management of long-term care should involve 
persons with heart failure as well as those who care 
for them, therefore policymakers should appropriate 
funding for their education and support.

Target population, intervention design, communi-
cation style, and intensity were the only four domains 
that made up the original model that the AHA Writing 
Group put out. Six domains were included in the fi-
nal AHA taxonomy, each of which has several subdo-
mains, which are shown in Figure 3: 
• Patient population.
• Recipient. 
• Methods of communication.
• Clinical outcomes. 
• Intensity and complexity.
• Delivery personnel.

The conceptual model of DM components put out 
by the writing group was later improved via inductive 
analysis. To compress and synthesize the specifics of 
the DM procedures, this analytical method entailed 
carefully going over published papers. A conceptual 
model of DM was put out and later improved as pro-
gram elements that the model’s first suggested version 
lacked was discovered.

4. CONCLUSION
Over the past three decades, there has been a 

dramatic decline in cardiovascular disease-related 
mortality as a result of effective preventative and 
treatment measures. Heart failure is expected to be-
come more common as Europe’s population ages and 
co-morbid conditions including obesity, diabetes, 
hypertension, and renal illness become more com-
mon. Effective measures must be made to reduce the 
burden that heart failure takes on people, their oc-
cupations, and organizations like the healthcare sys-
tem. This burden must be reduced by making large 
investments in research, informing the community, 
or enhancing the health care system in order to en-
able accurate diagnosis as well as the beginning of 
correct therapy that can enhance prognosis as well 
as quality of life. Future readers of this material will 
be informed about heart failure and how to lower the 
rate of heart failure.
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Abstract
Obesity greatly affects the development of atherosclerosis and 
coronary artery disorders. The heart’s structure and function 
are both affected due to obesity, which may cause a variety 
of health problems. The consequences of obesity on the car-
diovascular system were examined in this research. The pres-
ent research recruited 100 participants which were statistically 
analyzed using the SPSS tool and Likert Scale. Using a stan-
dardized questionnaire, data were gathered on variables such 
as demographics, food, exercise, substance use, smoking, and 
drinking habits. It was found that except for the age group, 
where it was hypothesized that vegetarianism would have a 
positive correlation with age (r = 0.857, p < 0.005), and where 
it was hypothesized that cycling would have a strong positive 
correlation with weight lifting (r = 0.699, p < 0.005). As a result, 
the conclusion that was reached was that age range has a fa-
vorable correlation with vegetarian and physical activity cycling 
has a correlation with weight lifting. 
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1. INTRODUCTION
Obesity and overweightness have been socially 

stigmatized since around the middle of the twentieth 
century. Nonetheless, their existence was acknowl-
edged as an illness. Obesity is pervasive and difficult to 
eliminate because it is influenced by genetics and the 
surrounding environment, along with by higher-level 
neural representations of food processing in response 
to stimulation, learning, reward, and reinforcement 
[1]. As a consequence, people eat more than usual 
and acquire weight [2]. Alterations in the production 
of gut hormones and food intake-related peptides, as 
well as low-grade inflammation and dysregulation of 
adipokine secretion, hypoxia, and oxidative stress, are 
all linked to adipose tissue disorders. Diabetic, cardio-
vascular disease (CVD), malignancy, depression, in-
fertility, asthma, and musculoskeletal issues are only 
some of the illnesses linked to these disturbances [3].

Obesity, which is defined as having a body mass 
index (BMI) of 30 or higher or higher, has become a 
worldwide pandemic that poses a significant threat 
to public health. Overweight or obese persons are 
becoming more prevalent, making it a serious public 
health concern. Since 1975, the percentage of obese 
men and women has increased from less than 3% and 
6%, respectively, to 11% and 15%, in 2016 [4]. Several 
factors contribute to the pathophysiology of obesity, 
factors such as increased food calorie density, fewer 
opportunities for physical activity, and abnormalities 
in the brain’s endocrine system [5].

To calculate an individual’s BMI, divided their 
weight in kilograms by the square of their height in 
meters. Weight gain rather than fat gain is what the 
body mass index (BMI) assesses, hence it should be 
regarded as a proxy measure of body fat. Dual-energy 
X-ray absorptiometry and underwater weighing are 
two examples of direct measures of body fat, although 
studies reveal that BMI is also correlated with both 
methods. Remember that there are BMI thresholds 
that should not be crossed. Several factors, such as 
but not restricted to age, sex, nationality, and physical 
strength, may influence the connection between BMI 
and fatness [6]. Overweight people, especially those 
with excess fat stored in their midsections, have a 
higher risk of dying from or being hospitalized for car-
diovascular disease (CVD). Studies have shown that 
being overweight in the midsection raises one’s chance 
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of developing cardiovascular disease in several places 
in the world. In addition to higher levels of fibrinogen 
and C-reactive protein, obesity is linked to hyperten-
sion, dyslipidemia, hyperglycemia, insulin sensitivity, 
and other risk factors for coronary heart disease [7].

Atrial fibrillation has the greatest clinical relevance 
to heart arrhythmias. It now affects 1-2% of the adult 
world population, and also its prevalence and inci-
dence are both on the rise. About a third of all arrhyth-
mia-related hospitalizations are brought on by atrial 
fibrillation, which in turn greatly raises illness, mor-
tality, and healthcare costs. More than 6 million peo-
ple in Europe have this arrhythmia, and that figure is 
expected to grow over the next 50 years [8]. Numerous 
research has shown the link between being overweight 
and experiencing atrial fibrillation. The incidence of 
atrial fibrillation is 1.52 times more likely in the obese 
than in the normal-weight population.

Diabetes and atherosclerosis of the coronary arter-
ies go hand in hand in those who are overweight. Ath-
erosclerosis develops in young people decades before 
coronary artery disease becomes noticeable, according 
to recent research. Higher BMI levels are associated 
with more frequent and advanced atherosclerotic vas-
cular lesions in patients compared to normal-weight 
participants. Longitudinal studies suggest that being 
overweight for at least two decades is a significant 

predictor of developing coronary artery disease. Fig-
ure 1 shows that even a modest weight gain of 10 ki-
lograms increases one’s chance of getting heart disease 
by 12%, and that increases both systolic and diastolic 
blood pressure by 3 and 2.3 millimeters of mercury, 
correspondingly. Moreover, among young people and 
NSTEMI (non-ST elevation myocardial infarction), 
obesity is a greater risk than smoking. When body 
mass index (BMI) is high, NSTEMI often occurs with-
in a year [9].

Multiple studies have shown an association be-
tween being overweight and dying unexpectedly of 
cardiac causes. Obesity is a risk factor for ventricular 
arrhythmias, along with other variables. Obese peo-
ple’s ventricular myocardium goes through structural 
remodeling, which causes left ventricular hypertrophy 
and both systolic and diastolic disorder that goes along 
with it. Metabolic abnormalities include myocardial 
hypertrophy, fibrosis, regional myocardial disarray, 
and a rise in epicardial fat volume [10].

2. LITERATURE REVIEW
Jagannath S. Shete and Anjali V. Wagh stated in 

their study that the author examines obesity prevalence 
and risk factors. The research aimed to quantify obesi-
ty prevalence and risk factors among eleven to sixteen 
year-olds. The research included 207 adolescents from 

Figure 1: Displays the underlying process that causes coronary artery disease in obese individuals.
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chosen schools. Questionnaire regarding demograph-
ics, physical activity, junk food consumption, etc. Scales 
measured height and weight. Microsoft Excel and SPSS 
version 16 were used to examine the data. There were 
more males than females taking part (59.1% vs. 58.9%). 
67% of students were in the teenage range. Results 
showed that 46.9% of kids were underweight, whereas 
8.7% were overweight. In this study, 77.3% of people 
reported regularly eating junk food. The author stated 
that adolescents require health education on food and 
exercise to avoid obesity and its effects [11].

Raman K. Marwaha et al. conducted a study to cal-
culate the percentile charts based on age, gender, and 
socioeconomic position checking schoolchildren’s 
height, weight, and body mass index (BMI) in Delhi. 
Analyzing a sample of a population from all children’s 
height, weight, and other anthropometric measure-
ments from various parts of Delhi. When comparing 
the LSES and USES, Statistically, the average height 
and average weight differ, in weight, and BMI of the 
two groups. Children in the USES had a prevalence 
of overweight and obesity of 16.75% among males 
and 19.01% among girls. The author claims there is a 
significant difference in anthropometric parameters 
between children from USES and LSES, with a great-
er frequency of overweight and obesity among USES 
youngsters [12].

Li Yang et al. discussed in their study that Predict-
ing CVD is an effective control measure. From a total 
of 101056 individuals, 29930 high-risk CVD patients 
were identified in 2014, and they had regular EHR 
monitoring. Nearly 30 factors, including gender, ad-
vanced age, economic status, smoking, drinking, being 
overweight, having an abnormal circumference of the 
waist, aberrant levels of cholesterol or low-density li-
poprotein, fasting blood sugar fluctuations, and many 
other risk factors have all been linked to cardiovascu-
lar disease. The methods of multivariate regression 
modeling, classification and regression trees (CART), 
Nave Bayes, bagged trees, and Random Forest was em-
ployed to develop a predictive model. A multivariate 
regression model (AUC = 0.7143) was employed to 
evaluate performance. Random Forest outperformed 
the benchmark with an AUC of 0.787. We developed 
a 3-year CVD prediction model. It was constructed 
using the Random Forest method using data from a 
large, high-risk community of people living in eastern 
China with cardiovascular disease, providing a stan-
dard for CVD prediction and therapy in China [13].

Asri Maharani et al. conducted a study that Low- 
and middle-income nations, particularly Indonesia, 
bear the brunt of CVD. Indonesia’s cardiovascular 
health remains unknown. This research intended to 
evaluate CVD risk in Indonesia. The author conduct-
ed screening in eight communities in both years 2016 
and 2017 took place at the Malang District of East Java 
Province, Indonesia, for cardiovascular risk factors. 
Age, sex, hypertension, diabetic condition, and smok-
ing were used to create 10-year cardiovascular risk 
ratings. 6,455 (29.2%) of 22,093 participants had ele-
vated heart disease, stroke, or another atherosclerotic 
condition; a 10-year risk for CVD of at least 30%; a 10-
year risk of CVD of 10%-29% related to blood pres-
sure systolic > 140 mmHg; these are all examples of 
cardiovascular risk. It was shown that the prevalence 
of persons at high risk for cardiovascular disease was 
highest in urban regions (31.6%), followed by semi-ur-
ban (28.7%), and then rural (26.2%). High-CVD-risk 
respondents were least likely to be using blood pres-
sure and statin medications, at just 11% and 1%, re-
spectively. High cardiovascular risk is widespread in 
Indonesian adults 40, while preventative therapy is 
low. Urban and rural regions should prioritize popula-
tion-based and clinical CVD prevention [14].

Luma Akil and H. Anwar Ahmad Obesity contrib-
ute to CVD in both mortality and morbidity. Regres-
sion analysis and neural network simulations for obe-
sity and HBP are used to investigate the associations 
between BMI and CVD and HBP in the states of Mis-
sissippi, Alabama, Louisiana, Tennessee, and Colora-
do. Between 2005 and 2009, BRFSS data were analyzed 
to determine the correlation between obesity and the 
incidence of heart disease, stroke, and high blood 
pressure. The correlation coefficient (R2) between 
obesity and MI was 0.067, between obesity and stroke, 
0.462, and between obesity and hypertension, 0.811. 
Statewide, Mississippi has the highest rates of obesity, 
cardiovascular disease, and high blood pressure, while 
Colorado has the lowest. Abstaining a healthy weight 
lowers the risk of cardiovascular disease [15].

3. METHODOLOGY

3.1. Design
In the current study, quantitative research was con-

ducted to investigate the impact that obesity has on 
the cardiovascular system, as well as to identify the 
factors involved and the relationships between them. 
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In the course of this study, many primary methods for 
data collection were implemented. As can be seen in 
Figure 2, the primary instrument for data collection in 
this investigation is a combination of questionnaires 
and also the Likert scale.

Recognized articles 
from a wide range of 

sources
Screening processes 
must be carried out.

It is vital to review a 
wide range of articles in 
order to remove those 
that are insufficient.

The remaining articles 
are reviewed to 
determine their 
applicability.

The articles are 
reviewed, and 

qualitative insights are 
presented.

Figure 2: Illustrate the Steps of Impact of Obesity on the Car-
diovascular System.

3.2. Sample and Instruments:
100 persons would serve as the sample size for this 

research. To get the main data for this study, the re-
searchers used a variety of methods to communicate 
with the participants. A thorough, well-organized 
survey was sent to every participant. Information was 
entered into an Excel spreadsheet and then analyzed 
using SPSS and a Likert scale. We used descriptive sta-
tistics to determine the average, standard deviation, 
and other measures of central tendency for all of the 
variables. We used bivariate analysis to look for links 
between age, physical activities, lifestyle factors, diet, 
and the habits which are responsible for obesity. The 
degree of significance utilized was P less than 0.05. 

IBM SPSS Statistics, formerly known as SPSS (Sta-
tistical Package for the Social Sciences), is a program 
for analyzing statistical data. Descriptive and bivari-
ate statistical, numerical result predictions, and group 
identification predictions are all available in SPSS for 
data analysis. The platform also includes tools for data 
visualization, direct marketing, and transformation. 
The software’s primary view of publicly available data 
resembles a spreadsheet. It’s a collection of applica-
tions for analyzing social science research data. SPSS 
provides a rapid visual modeling environment for 
models of any complexity. SPSS data is put to good use 
in a wide variety of fields, such as but not limited to 
survey creation, data mining, market analysis, etc.

One frequent kind of questionnaire used in re-
search is the Likert scale, which is a type of psycho-
metric scale. Although there are a variety of grading 
scales, Likert scales are the most common and thus 
most often employed technique for scaling answers in 
survey research. Most importantly, Likert Scale ques-

tions are straightforward to comprehend since they 
follow a standardized way of data collection. When 
working with numbers, it’s simple to extrapolate find-
ings, write reports, and create charts and graphs from 
the replies.

3.3. Data Collection:
The article data included Identifiers for the pa-

tients as well as relevant research outcomes. The num-
ber of people in the population who were screened, 
their gender, the age range they fell into, and a vari-
ety of other demographic variables were all collected 
throughout this study. The essential information on 
sociodemographic factors Age range in Table 1, di-
etary patterns (Eating Junk food, Vegetarian, Sugar in-
take) in (Table 7, 8, 9 and 10) physical activity (cycling 
weight lifting and swimming) in (Table 2, 3, and 4), 
the background of smoking, alcohol intake in Table 5 
and 6, and weight association in (Table 11 ) other top-
ics was gleaned from respondents by having an inter-
viewer fill out a semi-structured questionnaire. 

Table 1
Displays the Age range Association factor with obesity. 

Age Range
Percent Frequency Cumulative 

Percent
Valid 40-50 54.0 54 54.0

50-60 21.0 21 75.0
60-70 25.0 25 100.0
Total 100.0 100

Table 2
Displays the Cycling Association factor with obesity

Cycling
Percent Frequency Cumulative 

Percent
Valid Yes 44.0 44 44.0

No 56.0 56 100.0
Total 100 100.0

Table 3
Displays the Weight lifting Association factor with obesity.

Weight lifting
Percent Frequency Cumulative 

Percent
Valid Yes 47.0 47 47.0

No 53.0 53 100.0
Total 100.0 100
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Table 4
Displays the Swimming Association factor with obesity.

Swimming
Percent Frequency Cumulative 

Percent
Valid Yes 43.0 43 43.0

No 57.0 57 100.0
Total 100 100

Table 5
Displays the Smoking Association factor with obesity

Smoking
Percent Frequency Cumulative 

Percent
Valid Yes 68.0 68 68.0

No 32.0 32 100.0
Total 100.0 100

Table 6
Displays the Alcohol Association factor with obesity

Alcohol
Percent Frequency Cumulative 

Percent
Valid Yes 53.0 53 53.0

No 47.0 47 100.0
Total 100.0 100

Table 7
Displays the Eating Junk Food Association factor with obesity

Eating Junk Food
Percent Frequency Cumulative 

Percent
Valid Yes 46.0 46 46.0

No 54.0 54 100.0
Total 100.0 100

Table 8
Displays the Vegetarian Association factor with obesity

Vegetarian
Percent Frequency Cumulative 

Percent
Valid Yes 56.0 56 56.0

No 44.0 44 100.0
Total 100.0 100

Table 9
Displays the 2–3 teaspoons/day Association factor with obesity

2–3 teaspoons/day
Percent Frequency Cumulative 

Percent
Valid Yes 64.0 64 64.0

No 36.0 36 100.0
Total 100.0 100

Table 10
Displays the 3-4 teaspoons/day Association factor with obesity

3-4 teaspoons/day
Percent Frequency Cumulative 

Percent
Valid Yes 65.0 65 65.0

No 35.0 35 100.0
Total 100.0 100

Table 11
Displays the Weight Association factor with obesity

Weight
Percent Frequency Cumulative 

Percent
Valid 40-50 33.0 33 33.0

50-60 44.0 44 77.0
Above 60 23.0 23 100.0

Total 100.0 100

3.4. Data Analysis
Pearson’s Correlation Coefficient (r) is shown in Table 

12 below to examine Obesity in the Cardiovascular Sys-
tem. It was studied that between the age range and the 
vegetarian dietary pattern, there was a considerable asso-
ciation that was statistically significant in a positive direc-
tion, and cycling is positively correlated with weight lifting 
whereas the other factors were not significantly associated. 

4. RESULTS AND DISCUSSION
The age range was correlated with other variables 

using the Pearson product-moment correlation, Phys-

ical Activities (cycling, swimming, weight lifting, etc.), 
Sugar Intake (2–3 teaspoons/day, 3-4 teaspoons/day), 
Dietary Habits (Smoking, Alcohol consumption, Eat-
ing Junk food, Vegetarian) and Weight. Pearson’s Cor-
relation Coefficient (r) is shown in Table 12 below to 
analyze the correlation between the variables. There 
was a strong, positively statistically significant correla-
tion between the age range and Vegetarian dietary hab-
its (r = .857, p < 0.005) whereas the other factors like 
Physical Activities (cycling, swimming, weight lifting, 
etc.), Sugar Intake (2–3 teaspoons/day, 3-4 teaspoons/
day), Dietary Habits (Smoking, Alcohol consumption, 
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Eating Junk food) and weight was not significantly as-
sociated with age range. There was a strong, positively 
statistically significant correlation between cycling and 
Weight lifting (r = .699, p < 0.005) whereas the other 
factors like Age range, Sugar Intake (2–3 teaspoons/
day, 3-4 teaspoons/day), Dietary Habits (Smoking, Al-
cohol consumption, Eating Junk food) and weight was 
not significantly associated with cycling. 

5. CONCLUSION 
In conclusion, obesity is a chronic metabolic illness 

that has been linked to cardiovascular disease as well 
as increased mortality and morbidity. It is connected 
to a variety of elements as well as health problems. 
The frequency with which one consumes a diet that 
is rich in a variety of foods, the frequency with which 
one consumes foods made with refined flour, the type 

of oil that is most frequently used for cooking, the fre-
quency with which one consumes fried foods, and the 
frequency with which one engages in insufficient exer-
cise is one of the main causes of obesity.
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Abstract
Cardiovascular diseases (CVD) are a collective term for issues 
with the heart, blood vessels, and other organs. High blood 
pressure, diabetes, smoking, excessive fat, obesity, or inactivity 
are the primary risk factors. The research shows that 30–40% of 
all fatalities are caused by cardiovascular illnesses, while there 
is limited information on the frequency of heart disease in In-
dia. Cross-sectional research looked at how stress affected the 
cardiovascular system. The SPSS program and Likert Scale were 
used in the current study to gather 100 participants. The au-
thor acquired information about demographics, diet, alcohol 
use, smoking, as well as drinking habits using a standardized 
questionnaire. The finding shows Stress and cardiovascular dis-
ease were strongly positively statistically correlated (r = 000, p 
< 0.005), and alcohol use and CVD were also highly statistically 
correlated (r = 00.1, p < 0.005). According to the result, stress 
and alcohol consumption is positively correlated with cardio-
vascular disease. The main goal of this paper is to analyze the 
risk factor of CVD among adults in rural areas in India. In the 
future, this paper will make the reader aware of health factors 
that can reduce the risk of heart disease. 
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1. INTRODUCTION
Heart and blood vessel problems collectively 

known as cardiovascular diseases (CVD) include cere-
brovascular illnesses, “deep vein thrombosis, coronary 
heart disease, deep vein thrombosis,” pulmonary em-
bolism, and other heart-related conditions (WHO, 
2014). The risk factors for cardiovascular illnesses are 
classified by National Heart Institute (NHI) into two 
categories: significant contributing factors and minor 
contributing factors [1]. Obesity, high blood pressure, 
smoking, a high-fat diet, diabetes, and inactivity are 
the key risk factors. Stress brought on by worry, the use 
of sex hormones, birth control pills, as well as alcohol 
use is among the minor risk factors. The biggest cause 
of death worldwide is cardiovascular disease, which is 
responsible for an increasing number of fatalities each 
year (WHO, 2014). According to WHO data, there 
are seventeen million CVD-related fatalities per year, 
and by the end of 2030, this number is projected to 
increase to twenty-three million [2]. Cardiovascular 
illnesses are the main cause of morbidity and death in 
India [3]. The prevalence of the cardiovascular disease 
is low; in India, cardiovascular illnesses account for 
35–45% of all fatalities.

Men are also affected by this condition, in addi-
tion to women. Men and women both have an equal 
chance of developing cardiovascular illnesses, accord-
ing to research. Every young person and an adult must 
be aware of the risk factors for CVDs [4], [5]. A study 
revealed that the risk of cardiovascular illness was 
rising in the population of young individuals [6], [7]. 
The main risk factors in this study that can be changed 
were smoking, physical inactivity, eating poorly, hav-
ing high cholesterol, or stress. Lack of physical exer-
cise, excessive sugar consumption, obesity, family his-
tory, and stress are all risk factors for cardiovascular 
illnesses, but research from Delhi, India, found that 
awareness of these variables is low [7], [8].

A survey found that smoking shisha is very com-
mon among young adult Hindustani students. Physical 
inactivity is another risk factor that may be changed. 
The phrase “sedentarism” is another name for physi-
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cal inactivity. It is caused by a lack of exercise (WHO, 
2011). Consuming fast food and drinking fizzy bev-
erages might be harmful to your health. About 12% 
of Indians have excessive cholesterol levels, which is 
largely attributable to junk eating [9]–[11]. The mi-
nuscule risk factor is stress. Stress, as per research, is 
tension and anxiety brought on by bodily elements 
that are not in a steady range.

Prior risk-factor research has tended to concentrate 
on young and middle-aged persons, and findings from 
these studies are typically extended to older adults. In 
the same areas of rural central India thirty years ear-
lier, researchers had conducted CVD risk factor prev-
alence studies in young adults, but the prevalence of 
either hypertension or evident coronary artery dis-
ease was minimal. It is probable that as time goes on 
and rural residents’ lifestyles change, more villagers 
may have developed CVD risk factors. Furthermore, 
nothing is known about how common risk factors are 
among older people living in rural areas. 

2. LITERATURE REVIEW
Rajnish Joshi et al. studied cardiovascular risk 

factors that are prevalent in the elderly rural popula-
tion. The majority of risk factor surveys have mostly 
focused on persons in their 20s and 30s. In rural In-
dia, they looked at the prevalence of CVD risk factors 
among senior persons (60 years of age or more). They 
examined how risk variables were distributed between 
men and women. The prevalence of smoking was 
10.6% (95% CI 9.4-11.7), the use of smokeless tobac-
co was 50.7% (95.00% CI 48.1-52.7), or hypertension 
was 46.3% (95% CI 44.3-48.4) among the 2424 senior 
participants in the study (51.0% women, mean age 
66). Only 10.2% of the patients had high blood pres-
sure before the study; the rest 36.2% had high blood 
pressure that was discovered. Reduced cigarette use, 
early hypertension identification, and appropriate hy-
pertension management should be the main goals of 
strategies to lower the risk of cardiovascular diseases 
in the elderly [12].

Prabhdeep Kaur et al. studied cardiovascular dis-
ease hazard factors in rural South India. An estimat-
ed one-third of all fatalities in India were attributable 
to cardiovascular diseases (CVD). To ascertain the 
prevalence of CVD or the relationship between rec-
ognized risk factors as well as incident CVD in the 
rural population of South India, cohort research was 
carried out. Self-reported diabetes, alcohol consump-

tion, hypertension, and central obesity were examined 
as risk factors. Speaking about the high prevalence 
of lethal cardiovascular disease (CVD), they stressed 
the significance of characteristics like central obesity, 
smoking, hypertension, or self-reported diabetes as 
risk factors for the condition. It is important to deploy 
low-cost treatments in primary care settings, such as 
stopping smoking and controlling diabetes or hyper-
tension [13]. 

Sudha Ramachandra Rao et al. studied about treat-
ment or management of hypertension in a rural Tamil 
Nadu cohort in Thiruvallur. Low rates of diagnosis and 
treatment for hypertension in India are a public health 
concern. In the Thiruvallur district of Tamil Nadu, In-
dia, they resurveyed 1284 hypertensives who had been 
recognized in the cohort’s baseline survey. Calculat-
ing the proportion of patients using the medication, 
managing their hypertension, and changing their life-
style at follow-up was the objective. Only 19.9% of pa-
tients took any medication, whereas 45.3% of patients 
kept their blood pressure under control. There were 
256 patients, 179 (69.9%) of whom were taking only 
one medicine, 71 (27.6%), two, and six (2.4%), three. 
49.7% of the patients said they cut back on their salt 
use. The healthcare systems need to be improved to 
successfully treat hypertension or encourage patient 
participation in long-term care [14].

Animesh Gupta studied cardiovascular risk fac-
tors that are common among persons in rural areas. 
Cardiovascular disease (CVD) has grown to be a sig-
nificant people health issue and one of the main caus-
es of death in both emerging and industrialized na-
tions. Several CVD risk factors have been found, and 
they may typically be split into groups of modifiable 
and non-modifiable risk factors. This study sought 
to determine the proportion of rural residents who 
were at risk for CVD. Adults in Mangalore partici-
pated in a cross-sectional study that was conducted 
in the community. An anthropometric assessment, 
general physical examination, and comparison with 
standards of measurement were done. For lab anal-
ysis, a sample of fasting blood was collected. Adults 
were more likely to be obese, have hypertension, eat 
meat rather than a vegetarian diet, but have high lev-
els of low-density lipoproteins, all of which are im-
portant CVD risk factors. A sedentary lifestyle, obe-
sity, hypertension, or diabetes are the most prevalent 
modifiable cardiovascular risk factors among adults 
in rural areas [15].
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Research Question:
• What level of understanding does the rural popu-

lation have about the risk factors for cardiovascular 
disease that may be changed?

• What are the rural community’s preventative mea-
sures for cardiovascular disease risk factors that 
can be changed?

3. METHODOLOGY 

3.1. Design
This research was conducted in Delhi city, which 

is the capital of India, and the research was descrip-
tive and cross-sectional. To understand the distri-
bution of CVD risk factors among adult people in 
rural India, the author designed this study. In the 
current study, quantitative research techniques were 
employed to evaluate the effects of obesity on the 
cardiovascular system along with highlighting the 
contributing components and their interrelation-
ships. Numerous basic techniques of data collecting 
were used during the duration of this investigation. 
Figure 1 Model provides a logical framework for ex-
amining the needs for self-managing CVD and its 
modifiable risk factors. 

Figure 1: Model Serves as a Logical Framework for Analyzing 
the Demands for Self-Managing CVD as well as Its Modifiable 
Risk Factors.

3.2. Sample and Instrument
The people of Delhi were the target population 

and the convenient sampling technique was used. 
The sample was 100. For this study, an appropriate 
questionnaire was utilized to collect information and 
provide answers to the research topics. The sample 
size for this study will be 100 people. The researchers 
spoke with the participants using several approaches 
to collect the essential data for this study. Each par-
ticipant received a comprehensive survey that was 
arranged neatly. The data were evaluated using SPSS 
and a Likert scale after being input into an Excel 
spreadsheet. 

The average, standard deviation, as well as oth-
er central tendency measurements for each variable, 
were calculated by the author using descriptive sta-
tistics. The author investigated the relationships be-
tween age, employment status, education level, and 
cardiovascular using bivariate analysis. The signifi-
cance threshold was set at P < 0.05. The Likert scale, 
a form of psychometric scale, is a common question-
naire type used in research. Although there are other 
types of rating scales, Likert scales are the most widely 
used and, hence, the most accessible method for sizing 
responses in survey research. Most significantly, be-
cause they use a standardized method of data collect-
ing, Likert Scale questions are simple to understand. 
It is straightforward to extrapolate results, generate 
reports, and construct charts and graphs while dealing 
with numbers.

3.3. Data collection
It was necessary to get an official letter of ap-

proval before the research could start. Participants 
verbally agreed to participate. Before beginning the 
research at the home level, the respondents were 
verbally informed of the study’s goal. The paper 
data includes people identifiers as well as pertinent 
study findings. Throughout this study, data on the 
population’s screening rate, participants’ age range, 
and several other demographic factors were gath-
ered. An interviewer-administered a semi-struc-
tured questionnaire to participants to collect the 
necessary data on socio-demographic character-
istics, dietary habits, physical activity, history of 
smoking, alcohol consumption, and other issues. 
The analysis of risk factors of cardiovascular dis-
ease is shown in Table 1. 
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Table 1
Illustrate the Demographics, Physical Activity, 
and Diseases Faced by Respondents.

Percent Frequency

Age Range 20 to 25 22 22

25 to 30 40 40

Above 30 38 38

Running Yes 33 33

No 67 67

Swimming Yes 60 60

No 40 40

Walking Yes 62 62

No 38 38

Fitness Class (Gym) Yes 62 62

No 38 38

Smoking Yes 46 46

No 54 54

Tobacco 
Consumption

Yes 30 30

No 70 70

Alcohol Yes 58 58

No 42 42

Fatty Food 
Consumption

Yes 41 41

No 59 59

Stress Yes 59 59

No 41 41

Anxiety Yes 36 36

No 64 64

Cardiovascular 
Diseases

Heart failure 62 62

Stroke 38 38

3.4. Data Analysis
The SPSS program was used to analyze the data 

in this study. Table 2 displays the Pearson’s Correla-
tion Coefficient (r) for Stress in the Cardiovascular 
System. Walking is positively correlated with fitness, 
whereas the other factors were not statistically sig-
nificantly associated, however, there was a strong 
positive association between age range, behavioral, 
or health-related difficulties, according to the re-
search.

4. RESULT AND DISCUSSION
In India, cardiovascular diseases (CVD) account 

for the majority of adult fatalities, and prominent 
risk factors include cigarette use, high blood pres-
sure, diabetes, inactivity, and alcohol intake. Most 
risk factor surveys have centered their attention on 
persons in their 20s or 30s. The occurrence of CVD 
risk factor among persons in rural India was stud-
ied by the author. Table 13 illustrates “Pearson’s Cor-
relation Coefficient” (r), which is used to determine 
how closely the variables are correlated. There was a 
strong, positively statistically significant correlation 
between Stress and Cardiovascular disease (r = 000, 
p < 0.005), and a strong, positively statistically signif-
icant correlation between alcohol and CVD (r = 00.1, 
p < 0.005), whereas the other factors like Physical 
Activities such as walking, swimming, fitness class, 
Running and Behavioral problems such as Smok-
ing, Tobacco consumption, fatty food consumption, 
and others was not significantly associated with age 
range.

5. CONCLUSION
In conclusion, younger people in rural India 

have a significant prevalence of cardiovascular risk 
factors, which is comparable to previous recent es-
timates and explainable by known risk-factor pro-
cesses. To support these findings, comparable es-
timates from the senior populations of other areas 
are required. Even in rural India, it is essential to 
develop and put into practice measures to lower the 
risk of CVD among adults, with an emphasis on al-
cohol and tobacco consumption. Reduced smoking 
use, early high blood pressure identification, and 
appropriate hypertension management should be 
the main goals of strategies to lower the risk of car-
diovascular diseases in adults. The findings show 
a favorable correlation between stress and alcohol 
use and cardiovascular disease. The primary goal 
of this study is to examine the risk factors for CVD 
in persons living in rural areas of India. This study 
will become aware of health variables that can lower 
their risk of heart disease as a result of reading this 
article in the future.
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Abstract
Children could be particularly susceptible to the negative im-
pacts of passive smoking on their cardiovascular health because 
of their underdeveloped physiological functions. Over 30% of 
coronary heart disease (CHD) mortality is attributable to either 
active smoking or exposure to passive smoke. While the specific 
causes of cardiovascular disease remain unknown, for a long 
time, people have understood that smoking has an impact that 
is harmful to the function of the endothelium. The purpose of 
this research was to report on the levels of knowledge among 
never-smokers about the dangers of secondhand smoke. A to-
tal of 50 participants were surveyed using a Likert scale and 
SPSS for this research. We used a standardized questionnaire 
to collect information on demographics, location, risk factors 
for cardiovascular disease (CVD), lifestyle, and physical activi-
ty levels among those exposed to secondhand smoke. Using 
the mentioned Scales and correlation analysis it was found that 
sleep quality is strongly positively associated with hypertension 
(r = 0.90 p < 0.005), and physical activity swimming is strong-
ly positively associated with (r = 0.87, p < 0.005) is strongly 
positively associated. The author concluded that respondents 
were most knowledgeable about the risks of passive smoking to 
lung cancer, asthma attacks in adults and children, and preterm 
births in the obstetric population.
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1. INTRODUCTION
Increases in both the prevalence and incidence of 

heart failure (HF) have been attributed to the signif-
icant global expansion in the number of elderly peo-
ple. Heart failure is a disorder that develops with time 
and is chronic that is linked with high morbidity and 
death rates as well as significant medical expenses as 
a result of repeated readmission rates to the hospital 
[1]. Furthermore, HF is still linked to severe outcomes 
and poor prognosis, despite advances in medical and 
technology treatment. As a result, preventing HF in 
community populations is a major concern for pub-
lic health on a local, national, and international scale. 
Successful prevention requires the early detection of 
relevant risk factors. Understanding the prevalence 
and potential risk factors for HF is crucial [2].

Cancer, “chronic obstructive pulmonary dis-
ease (COPD)”, Diabetes, and cardiovascular disease 
(CVD), are the four main non-communicable diseases 
(NCDs) that affect people all over the globe. These ill-
nesses were named by the World Health Organization 
(WHO). 15 million people between both the ages of 
30 and 69 succumb each year to non-communicable 
illnesses. More than 80 percent of these “premature” 
deaths take place in middle- and low-income nations, 
illustrating a significant obstacle in the area of public 
health [3].

The four main changeable behavior risk factors for 
the start of NCDs are tobacco use, poor diet, inade-
quate activity, and hazardous alcohol use. Age, gen-
der, smoking, obesity, dyslipidemia, lack of physical 
activity, high blood pressure, cardiovascular disease, 
risk factors include age, family history, and a history 
of high blood pressure or Type 2 Diabetes [4]. The re-
search on the causes of coronary artery disease (CAD) 
has mostly come from European and North Ameri-
can studies, and there is currently a paucity of data on 
the perceived significance of these lifestyle factors in 
south Asian populations [5].
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Smokeless tobacco and low-tar cigarettes have 
been associated with a higher chance of cardiovascular 
problems as well. The risk of developing atherosclerot-
ic cardiovascular disease (ASCVD) is raised by 30% 
even among nonsmokers, which is only slightly less 
than the 80% increase seen in active smokers. Because 
of the Framingham study, epidemiologic research has 
sought to identify high-risk individuals for potential 
cardiovascular events to implement preventative mea-
sures [6]contributing to about 1 in 3 cancer deaths 
annually. Whereas detrimental effects of smoking are 
well recognized, the harms of continued smoking after 
a cancer diagnosis are undervalued (1. According to 
Figure 1, this statistic provides the proportion of risk 
variables for ischemic heart disease that was present in 
India in 2016, broken down by gender. Ischemic heart 
disease was shown to be the largest contributing risk 
factor of dietary hazards among both men and women 
over the studied period, with respective percentages of 
71.5 and 68.9 for men and women accordingly.

Carbonyls and particulate particles are only two of 
the many components of passive smoking and have 
been shown to have significant harmful effects on the 
cardiovascular system. This is particularly true in the 
context of secondhand smoke. In addition, Frey et al. 
[7], demonstrated that even brief exposure to second-
hand smoke, such as thirty minutes, in an environ-
ment where smoking is allowed can harm endothelial 

function causing an increase in the probability of ex-
periencing a heart attack and needing hospitalization 
[8]. Inclusion criteria for this research were partici-
pants who were permitted to smoke in the study area. 
Twenty-plus studies on isolated subjects have linked 
passive smoking to adverse outcomes, and recent 
meta-analyses have demonstrated there is a dose-re-
sponse relationship between aspirin and a 20%-30% 
increased risk of stroke [9].

1.1. The Link Between Smoking 
and the Heart Disease:

Epidemiologic research supports a connection be-
tween smoking and CVD, although the specific pro-
cesses responsible for this relationship remain unclear. 
Numerous chemicals, some bound to aerosol particles 
and others floating freely in the gas phase, make up 
cigarette smoke, more so than any other risk factor 
for cardiovascular disease. At least 72 known carcin-
ogens are among the more than 7,000 chemical com-
pounds included in cigarette smoke. Chemical toxicity 
was investigated by Fowles et al. [10]; they discovered 
associations between exposure to 1, 3-butadiene, cya-
nide, arsenic, cresols, and many forms of cancer and 
cardiovascular disease. Smoking cigarettes has long 
been recognized as a major risk factor for cardiovas-
cular disease. One’s chance of developing cardiovascu-
lar disease is heightened by being around secondhand 
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smoke, according to a variety of studies. The majority 
of these reports have emphasized the hazards of passive 
smoking on nonsmokers who live with smokers how-
ever, some have also taken into account secondhand 
smoke in the workplace. Meta-analyses of case-control 
and cohort studies investigating the influence of liv-
ing with a smoker on risks amongst non-smokers have 
generally found an increased elevated risk of around 
one-fourth with minor hints of publishing bias.

An indirect biomarker of nicotine exposure, co-
tinine is a nicotine metabolite that may be measured 
in the blood. There is no evidence in the literature 
suggesting a link between the level of cotinine in 
the blood of nonsmokers and the chance of CHD or 
stroke. Contrary to popular belief, however, cotinine 
levels are associated with high CHD incidence. The 
author has investigated the links between smoking 
and the occurrence of CVD from two perspectives: 
the frequency with which people smoke and also the 
intensity with which they smoke.

2. LITERATURE REVIEW
Shiyi Cao et al. stated in their study that to syn-

thesize existing epidemiological research to discover 
the health consequences of secondhand smoking up 
until January 2015, specifically, researchers searched 
PubMed”, “Embase”, “Web Science”, and “Scopus” for 
meta-analyses. The author incorporates extensive 
studies that explored the link between secondhand 
smoking and many diseases. Summaries of quantita-
tive research on the effects of secondhand smoking 
on health were compiled. There were 16 meta-analy-
ses analyzed, which included 130 prospective studies, 
159 medical studies, and 161 cross-sectional research. 
Passive smoking is not connected with 8 illnesses or 
health issues, but considerably raises the likelihood 
for 11, Streptococcus pneumonia carriage “(OR 1.66; 
95% CI 1.33)”, Neisseria meningitides carriage “(OR 
1.68; 95% CI 1.19-2.36)”, are all instances invasive me-
ningococcal illness in children and “(OR 2.18; 95% CI 
1.63-2.9)”. The author concluded that descriptive epi-
demiological data implies passive smoking increases 
the risk of numerous illnesses, including childhood 
disorders and malignancies [11].

Onoja Matthew Akpa et al. stated in their study that 
cardiovascular disease prevalence shows hyperten-
sion’s public health importance. It’s unclear whether 
passive smoking exposure (PSE) causes hypertension. 
Their study examined if PSE was linked to hyperten-

sion in U.S. adults over 18. Results of the association 
between PSE and hypertension were investigated in a 
sample of 3067 participants from the “National Health 
and Nutrition Examination Survey” (adjusted for co-
variates). Respondents averaged 46.5 17.9 years. 23.7% 
of respondents had PSE and 32.6% were hypertensive 
(14.3%). PSE participants had a modified probability 
of hypertension of 1.038 (1.037, 1.040), P < 0.0001. In 
conclusion among women, younger people, and the el-
derly, PSE was shown to increase the risk of hyperten-
sion independently. An ethnically diverse longitudinal 
cohort might shed light on the question of causation 
and bolster the case for effective treatments [12].

Lucy E. Stirland et al. stated in a study that de-
mentia risk increases with smoking, however, the 
consequences of passive smoking are less certain. The 
study’s authors were curious about any possible as-
sociation between secondhand smoke and cognitive 
decline. The author searched for relevant articles in 
many electronic databases, including MEDLINE, Sco-
pus, CINAHL Plus, Web of Science, Cochrane, EM-
BASE, and PsycINFO. Researchers looked at the link 
between secondhand smoke and memory loss and de-
mentia. After filtering the 1,425 results identified, only 
nine studies using a variety of methods matched the 
inclusion criterion. From a total of eight studies, only 
minor correlations were found a correlation between 
secondhand smoke and cognitive decline. Carotid ar-
tery stenosis was linked to this condition in just one 
study. The quality of the articles ranged from poor to 
excellent, with just two exceptions. Passive smoking 
has been linked to a higher risk of cognitive impair-
ment and dementia, but the data connecting the two is 
scant and anecdotal at best. However, the studies used 
a wide variety of methodologies, and their quality var-
ied widely [13].

Tahira Zubair et al. stated in their study that to as-
certain whether or not secondhand smoke exposure 
contributes to the development of COPD stands for 
chronic bronchitis and emphysema. The data for this 
research was gathered from October 2015 to March 
2016, making it a cross-sectional study at Dow Uni-
versity Hospital, Karachi. Participants denied history 
or smoking habits and contact with bio-mass fuel. The 
participants were 15-64-year-old hospital employees, 
professors, and medical students. Each patient had 
pulmonary function testing by spirometer after filling 
out a questionnaire form assessing COPD symptoms 
and second-hand smoke exposure. The data were an-
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alyzed by using SPSS 20. 63.84% of 307 individuals 
were addicted to passive smoking at home, at work, 
or even both, and 12.24% had COPD, identified by 
pulmonary function. Stage I was found in 5 individu-
als (20.8%), Stage II in 9 patients (37.5%), Stage III in 
8 patients (33.3%), and Stage IV in 2 patients (8.3%). 
Passive smoke density over duration was associated 
with COPD (p0.05). The author concludes that non-
smokers are susceptible to COPD [14].

Research by Marek Milcarz et al. aimed to deter-
mine how well socially disadvantaged Poles under-
stand the risks of passive and active smoking, as well as 
the impacts of secondhand smoke (ETS). Participants 
ranged in age from 18 to 59 and were all regular users 
of Piotrkowski district’s social care organizations. The 
vast majority of the sample (92%), knew that smoking 
may increase one’s risk of developing lung cancer and 
other severe illnesses. In contrast, only 69.4 percent 
were aware of the link between ETS and health risks, 
and only 57.1 percent were aware of the link the car-
diovascular disease and stroke hazards in connection 
to smoking and ETS, respectively. In conclusion, the 
risks of both active and passive smoking need to be 
better communicated to economically disadvantaged 
communities [15]who used aid services from local so-
cial care institutions in Piotrkowski district. Majority 
of the participants were aware of the fact that smoking 
may cause serious diseases and lung cancer (92%.

3. METHODOLOGY

3.1. Design
The current study employed quantitative ap-

proaches to explore the connection between smoking 
and elevated heart rate and blood pressure, in addition 
to determining the contributing components and their 
interrelationships. Numerous primary data sourc-
es were used throughout this investigation. Figure 2 
shows that questionnaires and the Likert scale were 
used as the major data collecting tool in this study. 
Each research variable was given a descriptive statis-
tic. Participant socio-demographics were added as a 
variable.

3.2. Sample and Instruments:
In this study, a sample size of 50 people would be 

used. The researchers interacted with the participants 
in this study in different ways to get the necessary in-
formation. Each respondent was given a link to a com-

prehensive, well-structured survey. Survey responses 
were ranked using a Likert scale, and then the raw data 
were analyzed in Excel before being sent to SPSS for 
further analysis. We calculated the mean, standard de-
viation, and other central tendency indicators for each 
of the variables using descriptive statistics. Bivariate 
analysis was performed to examine the associations 
between age, gender, education, marital status, occu-
pation, and weight. To determine statistical signifi-
cance, we utilized a value of P < 0.05.

Respondents to a survey or poll may express their 
opinions on a topic by selecting the response that most 
closely reflects their own. One’s level of agreement or 
disagreement with a given topic or statement may be 
used as a proxy for their overall disposition. One of 
the most common ways to gauge public opinion is via 
the use of Likert scale questions, which are a kind of 
closed inquiry. To gauge one’s thoughts, feelings, and 
opinions, gauge a person’s personality, they conduct 
psychometric testing. Each question has a series of 
statements, and answers are asked to indicate how 
strongly they agree or disagree with the statements. 
With Likert Scale questions, a scale of 0-10 is typical, 
however shorter scales are conceivable. Likert Scale 
inquiries employ an easy-to-understand global style 
of data collection. Conclusions, analyses, results, and 
graphs may be easily derived from quantitative data. 
Because Likert Scale inquiries utilize a scale, individ-
uals may be neutral if they wish. After receiving all 
comments, analyzing them is straightforward.

Articles identified 
through electronic 

database search 
Screening of Articles 
must be carried out 

The articles are 
reviewed, and qualitative 

insights are presented

50 people responded to 
a questionnaire as part 
of a survey research to 

further evaluate its 
statistical validity

The SPSS tool is used to 
analyze the data..

Figure 2: Demonstrates the Flow Diagram of the Participants 
and Also the Criteria for Exclusion.
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IBM offers a statistical analysis application called 
SPSS (Statistical Product for the Social Sciences). 
SPSS is a visualization tool that allows for quick 
model development of varied complexity. SPSS is be-
coming more and more popular for modeling in the 
fields of computing and AI. As a tool in the social 
sciences, it is used by those in the fields of market 
research, medicine, surveys, marketing, and educa-
tion. Methods of statistical analysis that do not rely 
on normal distributions include: non-parametric 
tests; descriptive statistics; tests of scale reliability; 
tests of mean and variance; tests of differences, and 
even drawing are just some of the analyses that may 
be carried out using SPSS. Data analysts can bene-
fit from SPSS Support by using the software to ex-
amine and compare multiple data sets, as well as to 
test hypotheses about the relationship between inde-
pendent and dependent variables using tests like the 
analysis of variance (ANOVA), t-test (T-test), and 
multivariate analysis of variance (MANOVA) and 
regression analysis.

3.3. Data Collection
Some of the questions in the questionnaire probed 

respondents’ familiarity with the general and partic-
ular health consequences of passive smoke from cig-
arettes on adults, children, and also the entire popu-
lation, while others probed respondents’ familiarity 
with sociodemographic characteristics. It was made 
up of yes/no questions designed to elicit quick re-
sponses from the respondents. It has been stated that 
questionnaires, data coding, documentation, and just 
a procedure manual were used in the data collecting 
process. The study findings were included in the re-
search data. All sorts of demographic information are 
displayed in Table 1, including the proportion of the 
population, tested, participants’ gender, location, and 
many more factors were gathered for this research. 
Respondents were interviewed using physical activity 
(cycling, swimming, and gym) in, Body mass index, 
Blood Pressure (High, Normal, and Low), Lifestyle 
Factors (smoking, alcohol consumption, and sleep 
quality), and some risk factors which increase the 
chances of cardiovascular disease (Diabetes, Hyper-
tension, and Hyperlipidemia). 

3.4. Data Analysis:
The program known as International Business 

Machines Corporation’s IBM’s Social Science Anal-

ysis Software (SPSS) Version 21 was used to process 
the data. To analyze the impact of passive smoking on 
people’s cardiovascular activity, we may look at Pear-
son’s Correlation Coefficient (r), which is shown in 
Table 2. Alternative measures of central tendency were 
used in the study of the data. Sleep quality is strongly 
positively associated with hypertension, and there is 
a statistically significant positive relationship between 
physical activity swimming variables, and the cycling 
variable. However, the other factors were not signifi-
cantly associated.

Table 1
Displaying the Percentage of Demographic Details and Diseas-
es Reported in Respondents. 

Variable Percent Frequency

Gender
Women 42 21

Men 58 29

Location
Urban 42 21

Rural 58 21

Blood Pressure

Normal 38 10

High 40 20

Low 22 11

Body Mass Index

46 23 46

40 20 40

14 7 14

Swimming
Yes 30 60

No 20 40

Cycling
Yes 60 30

No 50 20

Gym
Yes 58 29

No 42 21

Sleep Quality
Yes 54 54

No 46 46

Alcohol
Yes 56 28

No 44 22

Smoking
Yes 56 28

No 44 22

Diabetes
Yes 56 28

No 44 22

Hypertension
Yes 54 27

No 46 23

Hyperlipidaemia
Yes 54 27

No 46 23
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4. RESULTS AND DISCUSSION
The statistical link between adults’ knowledge of the 

overall health impacts of secondhand smoke exposure 
and their exposure status was statistically significant on 
bivariate analysis. Sociodemographic variables, includ-
ing gender (male and female) and geographic region 
(urban and rural), were correlated using the Pearson 
product-moment correlation. Sporting Events (cycling, 
swimming, and Gyming). Smoking, poor diet quality, 
and excessive alcohol use are only a few of the lifestyle 
variables linked to an elevated risk of cardiovascular 
disease, along with high blood pressure, normal blood 
pressure, a normal or “low body mass index”, as well as 
a body mass index of 30 or more (Diabetes, Hyperten-

sion, and Hyperlipidemia). Pearson’s Correlation Coef-
ficient (r) is shown in Table 2 to analyze the connections 
between the factors. The quality of sleep and its associ-
ation with risk factors was large and statistically signif-
icant (Hypertension), which are responsible for raising 
the risk of CVD. (r = 0.90, p < 0.005), however other 
variables such as Physical Activities (cycling, swim-
ming, Gyming), Lifestyle factors (Smoking, Alcohol 
intake,) Blood pressure, and Body mass index were not 
significantly related. Swimming and Gyming had a sub-
stantial, statistically significant link (r = 0.87, p < 0.005), 
although other characteristics such as gender, lifestyle 
factors (smoking, use of alcohol,) blood pressure, and 
body mass index were not significantly associated.

Table 2
Displays the Correlation Analysis of Cardiovascular Activity among the persons living in a Passive Smoking Environment.

Correlations
Swim-
ming

Cycling Sleep 
Quality

Hyper-
tension

Gender Loca-
tion

Blood 
Pres-
sure

Body 
Mass 
Index

Gym-
ing

Alco-
hol

Smok-
ing

Diabe-
tes

Hy-
perlip-
idemia

Swim-
ming

r 1
P

Cycling r 0.89** 1
P 0.000

Sleep 
Quality

r 0.066 0.066 1
P 0.651 0.651

Hyper-
tension

r 0.066 0.066 1.000** 1
P 0.651 0.651 0.000

Gender r 0.132 0.132 -0.216 -0.216 1
P 0.360 0.360 0.131 0.131

Location r 0.050 0.050 0.190 0.190 0.015 1
P 0.732 0.732 0.186 0.186 0.919

Blood 
Pressure

r -0.021 -0.021 -0.045 -0.045 0.041 0.147 1
P 0.883 0.883 0.756 0.756 0.776 0.308

Body 
Mass 
Index

r 0.081 0.081 -0.036 -0.036 0.099 0.041 -0.107 1
P 0.576 0.576 0.802 0.802 0.495 0.776 0.462

Gyming r 0.132 0.132 -0.216 -0.216 1.000** 0.015 0.041 0.099 1
P 0.360 0.360 0.131 0.131 0.000 0.919 0.776 0.495

Alcohol r 0.510** 0.510** 0.071 0.071 0.307* -0.020 0.103 0.402** 0.307* 1
P 0.000 0.000 0.623 0.623 0.030 0.893 0.477 0.004 0.030

Smoking r -0.066 -0.066 0.395** 0.395** -0.183 0.225 0.208 -0.112 -0.183 -0.055 1
P 0.650 0.650 0.005 0.005 0.204 0.116 0.147 0.439 0.204 0.703

Diabetes r 0.099 0.099 -0.171 -0.171 0.470** 0.062 0.050 -0.226 0.470** -0.055 0.107 1
P 0.495 0.495 0.234 0.234 0.001 0.669 0.728 0.114 0.001 0.703 0.459

Hyper-
lipidemia

r 0.066 0.066 0.034 0.034 -0.135 0.353* 0.321* 0.077 -0.135 -0.171 0.314* 0.071 1
P 0.651 0.651 0.816 0.816 0.350 0.012 0.023 0.593 0.350 0.234 0.027 0.623

**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
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5. CONCLUSION
The results of this study show that being exposed to 

secondhand smoke considerably increases one’s chance 
of developing several illnesses and health issues, includ-
ing disorders in youngsters. As smoking has negative 
effects on both the smoker and their immediate sur-
roundings, stricter anti-smoking laws need to be draft-
ed and put into place. The majority of these reports 
have emphasized the hazards of passive smoking. The 
number of Pack-years a person has logged is a major 
factor in determining their risk of getting cardiovascu-
lar disease as a result of smoking. To add insult to inju-
ry, studies have shown that the health risks associated 
with smoking one less cigarette per day over a longer 
period are equivalent to those associated with smoking 
one more cigarette per day over a shorter period. All 
of these results highlight the need to reduce smoking 
rates by encouraging people to stop. Smoking nega-
tively impacts glucose tolerance and HDL cholesterol 
levels, which raises the risk of developing chronic heart 
illnesses and acute atherothrombotic events including 
stroke and myocardial infarction.

References
1. G. Savarese and L. H. Lund, “Global Public 

Health Burden of Heart Failure,” Card. Fail. Rev., vol. 
03, no. 01, p. 7, 2017, doi: 10.15420/cfr.2016:25:2.

2. C. L. Avery et al., “The Population Burden of 
Heart Failure Attributable to Modifiable Risk Factors,” 
J. Am. Coll. Cardiol., vol. 60, no. 17, pp. 1640–1646, 
Oct. 2012, doi: 10.1016/j.jacc.2012.07.022.

3. E. Sugawara and H. Nikaido, “Properties of 
AdeABC and AdeIJK efflux systems of Acinetobacter 
baumannii compared with those of the AcrAB-TolC 
system of Escherichia coli.,” Antimicrob. Agents 
Chemother., vol. 58, no. 12, pp. 7250–7, Dec. 2014, 
doi: 10.1128/AAC.03728-14.

4. F. He et al., “Passive Smoking Exposure in 
Living Environments Reduces Cognitive Function: A 
Prospective Cohort Study in Older Adults,” Int. J. En-
viron. Res. Public Health, vol. 17, no. 4, p. 1402, Feb. 
2020, doi: 10.3390/ijerph17041402.

5. S. E. Inzucchi et al., “Erratum to: Management 
of hyperglycaemia in type 2 diabetes: a patient-cen-
tered approach. Position statement of the American 
Diabetes Association (ADA) and the European As-
sociation for the Study of Diabetes (EASD),” Diabe-
tologia, vol. 56, no. 3, pp. 680–680, Mar. 2013, doi: 
10.1007/s00125-012-2785-9.

6. J. Jassem, “ES20.01 Tobacco Cessation After 
Cancer Diagnosis: Declaration from IASLC,” J. Tho-
rac. Oncol., vol. 14, no. 10, p. S61, Oct. 2019, doi: 
10.1016/j.jtho.2019.08.161.

7. P. F. Frey et al., “The Exposure-Dependent 
Effects of Aged Secondhand Smoke on Endothelial 
Function,” J. Am. Coll. Cardiol., vol. 59, no. 21, pp. 
1908–1913, May 2012, doi: 10.1016/j.jacc.2012.02.025.

8. K.-J. Min, J.-K. Lee, K. A. So, and M. K. Kim, 
“Association Between Passive Smoking and the Risk of 
Cervical Intraepithelial Neoplasia 1 in Korean Wom-
en,” J. Epidemiol., vol. 28, no. 1, pp. 48–53, 2018, doi: 
10.2188/jea.JE20160118.

9. I. P. Oono, D. F. Mackay, and J. P. Pell, “Me-
ta-analysis of the association between secondhand 
smoke exposure and stroke,” J. Public Health (Bang-
kok)., vol. 33, no. 4, pp. 496–502, Dec. 2011, doi: 
10.1093/pubmed/fdr025.

10. J. Fowles, “Application of toxicological risk 
assessment principles to the chemical constituents of 
cigarette smoke,” Tob. Control, vol. 12, no. 4, pp. 424–
430, Dec. 2003, doi: 10.1136/tc.12.4.424.

11. S. Cao, C. Yang, Y. Gan, and Z. Lu, “The Health 
Effects of Passive Smoking: An Overview of Systemat-
ic Reviews Based on Observational Epidemiological 
Evidence,” PLoS One, vol. 10, no. 10, p. e0139907, Oct. 
2015, doi: 10.1371/journal.pone.0139907.

12. O. M. Akpa, A. P. Okekunle, J. O. Asowata, and 
B. Adedokun, “Passive smoking exposure and the risk 
of hypertension among non-smoking adults: the 2015–
2016 NHANES data,” Clin. Hypertens., vol. 27, no. 1, p. 
1, Dec. 2021, doi: 10.1186/s40885-020-00159-7.

13. L. E. Stirland, C. I. O’Shea, and T. C. Russ, 
“Passive smoking as a risk factor for dementia and cog-
nitive impairment: systematic review of observational 
studies,” Int. Psychogeriatrics, vol. 30, no. 8, pp. 1177–
1187, Aug. 2018, doi: 10.1017/S1041610217002824.

14. T. Zubair, A. Abbasi, O. A. Khan, and E. Amer, 
“Role of passive smoking in non-smoking related 
chronic obstructive pulmonary disease.,” J. Pak. Med. 
Assoc., vol. 68, no. 9, pp. 1310–1315, Sep. 2018.

15. M. Milcarz, K. Polanska, L. Bak-Roman-
iszyn, and D. Kaleta, “Tobacco Health Risk Aware-
ness among Socially Disadvantaged People—A Cru-
cial Tool for Smoking Cessation,” Int. J. Environ. Res. 
Public Health, vol. 15, no. 10, p. 2244, Oct. 2018, doi: 
10.3390/ijerph15102244.



Issue 24. November 2022 | Cardiometry | 333

ORIGINAL RESEARCH Submitted: 28.09.2022; Accepted: 16.10.2022; Published online: 20.11.2022

Assessment of Yoga Benefits 
for Better Cardiac Health 
among the Patients of Coronary 
Artery Disease and 
Myocardial Infarction
Dhwani Upadhyay1*, Durgesh Wadhwa2, Renuka Jyothi.S3

1Department of Life Science, Faculty of Applied Science, Parul 
University, Vadodara, Gujarat, India
2Department of Chemistry, Sanskriti University, Mathura, Uttar 
Pradesh, India
3Department of Life Science, School of Sciences, B-II, Jain 
(Deemed to be University),JC Road, Bangalore-560027.

*Corresponding author: 
dhwani.upadhyay82123@paruluniversity.ac.in

Abstract
The practice of “Yoga” is increasingly attracting popularity all over 
the world because of its many therapeutic properties as well as 
other benefits such as safety and ease of practicing. There is a 
growing body of evidence that it has health benefits, particu-
larly for the cardiovascular system. Yet, there is a great deal of 
confusion around the term “Yoga” in various research because it 
includes multiple diverse activities. As there are relatively scarce 
studies documenting the effect of Yoga as a preventative mea-
sure for coronary artery diseases and Myocardial Infarction 
(MI), therefore this study attempts to provide a comprehensive 
approach by combining recent research studies and random-
ized clinical trials. The present study uses an electronic data-
base search using various databases like Science Direct, Scopus, 
PubMed, and Google Scholar to retrieve the relevant records to 
find the link between Yoga and its beneficial impacts on coronary 
artery disease and MI. However, the heterogeneity of studies as 
well as other limitations like sample size and limited randomized 
clinical trial prevents the generalization of the promising findings 
that need to be addressed for reaping the practice of Yoga. 
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1. INTRODUCTION
Yoga is said to have a wealth of mental and physical 

techniques that can be utilized to actively support both 
physical and mental well-being. It is a long-standing 
practice that dates back to the earliest central Asian 
civilizations. Its significance can be found in several 
cultural beliefs from other countries. It developed and 
flourished as a dynamic way of life and spiritual prac-
tice in India. Since high levels of physical activity are 
crucial for reducing obesity and CVD, the popularity 
of yoga as a form of exercise suggests that it might be a 
significant intervention for both primary and second-
ary CVD prevention [1]–[3].

Globally, “cardiovascular disease (CVD)” is the 
number one cause of death and disabilities (WHO 
2011). CVDs are responsible for around 29.6% of all 
fatalities worldwide (WHO 2003). Coronary heart dis-
ease and stroke each account for 88,000 and 43,000 fa-
talities, respectively, in the United Kingdom each year 
(BHF 2012). In the US, cardiovascular disease (CVD) 
caused 35% of all fatalities in 2010, comparable to 48% 
in Greece, 15% in Ethiopia, 31% in Denmark, 30% 
in Costa Rica, 26% in Mexico, 45% in Germany, 32% 
in Japan, and 38% in China (WHO 2011a). By 2030, 
CVDs are predicted to cause around 23.6 million 
deaths. As per the federal data 2015, cardiovascular 
disease tops the list of the causes of highest mortality 
in the U.S as illustrated in Figure 1 where the share of 
heart disease is 23.4%, 22% share of cancer, 5.7% for 
chronic lower respiratory disease followed by stroke, 
accidents, diabetes, Alzheimer’s disease, Flu; Pneumo-
nia, kidney-related disease and the least share of sui-
cide [4]. Figure 2 illustrates the prevalence of CVDs as 
per ethnicity and gender in the U.S. population from 
2015-2018 [5]–[8].

A significant contributing factor to CVDs has been 
identified as the stressors of modern life. Yoga could im-
prove general health, especially cardiac health, in pop-
ulation densities that are subjected to significant psy-
chological stress. A lot of research studies have shown 
that practicing yoga can greatly decrease the chance of 
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developing cardiovascular disease (CVD) among those 
who also smoke, have type 2 diabetes, high blood pres-
sure, and have an aberrant lipid profile [9] - [11].

High levels of exercise have now been demonstrat-
ed to be extremely important in reducing diabetes, 
obesity, and CVD. Yoga therefore may help with the 
prevention of CVD because some forms, particularly 
Hatha yoga, are regarded as forms of exercise. Exer-
cise has been proven to be effective when incorporated 
into primary and secondary prevention and treatment 
because evidence shows that it can reduce the chance 
of dying from CVD. Hence, this study aims to review 
the impacts of yoga on preventing and managing car-
diovascular diseases.

2. LITERATURE REVIEW

2.1. Myocardial Infarction
The condition known as “Myocardial infarction 

(MI)”, also termed a “heart attack,” is caused by com-
plete or partial blockage of the blood flow to the myo-
cardium. MI may either be “silent” and remain un-
detected or it can be a disastrous event that results in 
hemodynamic deterioration and sudden death. Coro-
nary artery disease stands as the main cause of mortal-
ity in the US and is also the main factor in the majority 
of myocardial infarctions. The myocardium is deprived 
of oxygen when coronary arteries are blocked. Myocar-
dial necrosis and cell death might occur if the myocar-
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Figure 1: Illustrating the Number of Deaths in the U.S from Different Causes; American Heart Association News, 2015.
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dium is continuously deprived of oxygen. In addition to 
stiffness in the chest, individuals could also complain of 
difficulty in their shoulder, neck, jaw, or arm. Numer-
ous research studies support the positive effects of yoga 
practice in the treatment of MI.

An investigation performed by Prabhakaran et 
al. evaluated the effect of care based on Yoga on the 
major events of cardiovascular diseases and related 
conditions using a total of 3,959 patients with acute 
MI. The primary outcomes of their investigation were 
self-rated health and the incidence of a major cardio-
vascular event. The study’s findings demonstrated a 
considerable improvement in participants receiving 
Yoga-based treatment. However, there is still a lack in 
the study as the study was unable to see the statistical 
power [12].

Chattopadhyay et al. conducted a review of the 
literature and personal interview with yoga practi-
tioners, CR practitioners, and post-MI patients to 
systematically recognize and select suitable relaxation 
exercises, breathing exercises, yoga poses, and lifestyle 
modifications that could be incorporated into a tradi-
tional CR framework. An individual yoga instructor 
with basic training was hired to administer a four-
phase Cardiac rehabilitation (Yoga-CaRe) program. 
Their findings indicate the progress of a revolutionary 
Cardiac rehabilitation program based on Yoga, which 
has the possibility of offering a scaleable CR solution 
for India as well as a different CR option for the rest of 
the world [13]. 

Christa et al. performed a randomized controlled 
trial with two parallel groups in an Indian tertiary care 
hospital. They carried out the randomized clinical tri-
al using a total of 79 patients and heart rate variabili-
ty was used as a measure for analysis. The HRV time 
domain indices showed no significant between-group 
variations. Frequency domain indices revealed sub-
stantial HF power (absolute) and total power (nu) 
differences between the yoga group and the control 
group [14].

2.2. Coronary Artery Disease
Coronary artery disease refers to a condition that 

involves the major coronary arteries which run paral-
lel to the surface of the heart. The microscopic arteries 
of the heart muscles are impacted by the coronary mi-
crovascular disease, another form of a heart condition. 
Many women than males have coronary microvascu-
lar disease. Depending on the kind, there are several 

causes of coronary heart disease. The waxy substance 
cholesterol, which accumulates within the lining of the 
coronary arteries to create plaque, is a common con-
tributor to coronary artery disease. The major arteries 
of the heart might either partially or completely get 
blocked by this accumulation. When the microscopic 
blood arteries in the heart are not operating correctly, 
coronary microvascular dysfunction results. A heart-
healthy lifestyle can stop the majority of people from 
developing coronary heart disease.

In a study carried out by Chhajer et al., clinical eval-
uation was completed using the “Saaol safety wheel 
(SSW)” as a comprehensive tool, and yoga-based life-
style modification counseling was administered to 
study subjects. According to the findings of their re-
search, 98% of participants in the study had consider-
able improvements in their clinical results (BMI, lipid 
parameters, blood pressure) after strict adherence to 
lifestyle modification counseling components based 
on Yoga and the SSW, and cardiac patients had a lower 
heart attack risk and cardiovascular events [15].

Another research by Fakharirad et al. examined the 
effects of the combination of rehabilitation and yoga 
for a total of 8 weeks on cortisol and salivary levels of 
alpha-amylase in individuals who had had coronary 
artery bypass grafting. In their study, they used a t-test 
to carry out the analysis. The results of their study re-
vealed that despite the standalone beneficial effect of 
rehabilitation when it is combined with Yoga gives an 
additional and synergistic value that can further help 
in the prevention of cardiovascular disease [16].

Tillin et al. carried out a clinical trial on the pop-
ulation of 35-80 years in the United Kingdom with a 
sample size of 40/40 and a mean age of 57.4 ± 3.3/56.9 
± 3.1. In their study, they used Yoga as in treatment 
group and usual care as a control for a total duration 
of 3 months. The results of their study revealed no sig-
nificant improvement caused by Yoga [17].

3. METHODOLOGY
The intensive review study is carried out with the 

help of an electronic database search using databas-
es such as “Scopus”, “Science Direct”, “PubMed”, “Re-
search Gate, and Google Scholar. A combination of 
various specific keywords was employed to retrieve 
the relevant records including Cardiovascular Diseas-
es, CVD Risk factors, Physical exercise, Physical ac-
tivity, and Yoga. Below is the complete design used to 
carry out the review study as illustrated in Figure 3.
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4. DISCUSSION
There are still more than 610 000 deaths per year 

that are related to heart disease, notwithstanding the 
decline in mortality rates over the past few decades. 
Cardiac rehabilitation is a comprehensive program 
that combines modification of risk factor, patient ed-
ucation, exercise instruction and stress management 
that is specifically adapted to the needs of each patient. 
Because of its mind-body and holistic strategy, to low-
ering stress, positively altering CV risk factors, and 
enhancing the overall feeling of individual well-be-
ing, yoga is a possibly precious sidearm in the cannon 
of Cardiac rehabilitation programs. Figure 4 shows a 
conceptual framework for complete Cardiac rehabili-
tation that incorporates yoga.

The conscious movement of the body during 
yoga leads to a state of mental calm, which has im-
mediate physical advantages. A condition of “restful 
awareness” of the body is achieved by well-executed 
postures. Skeletal muscles are properly toned with reg-
ular and appropriate stretching. Yoga controls and en-
hances the quality and rhythmicity of breathing since 
breathing regulation is controlled by both the un-
conscious and conscious mind. Because breathing is 
necessary for the diffusion and distribution of oxygen 
in the body, controlling it enhances health, memory, 
activities, and life by improving how well tissues are 
oxygenated.
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Figure 4: Illustrating the Conceptual Framework and Compo-
nents Involved in Cardiac Rehabilitation Framework.

There are significant studies documenting the ben-
efit of Yoga for the management of cardiovascular dis-
eases, especially in the case of MIand Coronary artery 
Disease. Yet, there is a lack of studies identifying the 
specific type of Yoga and its degree of effectiveness. 
The types of Yoga are illustrated in Figure 5 below.

4.1. Challenges in Incorporating Yoga in 
Cardiac Rehabilitation

Yoga integration into CR is not standardized, despite 
its potential benefits. This problem is mostly caused by 
the overall lack of standards for best practices in guid-

Figure 3: Illustrating the Methodology Used to Carry out the Review Study.
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ing patients and programs through this multifaceted, 
mind-body discipline, which can seem intimidating 
and may be influenced by the presence of cardiovascu-
lar disease. It is impossible to exaggerate how important 
this comprehensive approach is to patients and staff, 
not just as a replacement for exercise. Additionally, the 
efficacy of this intervention depends on the yoga style 
and intensity that is chosen, the identification of the in-
structors, and the particular yoga intervention compo-
nents such as modifications based on home program-
ming, patient characteristics, dose & delivery. Some of 
the limitations of Yoga and its studies on cardiovascular 
health are listed below as illustrated in Figure 6:
• Outcome data is scant
• Small sample size
• Heterogenous nature of Yoga
• No uniform definition
• Short term follow-up
• Limited RCTs

4.1.1. Negative Effects 
Yoga, like any kind of therapy, has the potential 

to have negative side effects, particularly when per-
formed improperly, without proper teaching, or in 
extreme forms. The most crucial aspect of practic-
ing yoga is picking the proper form and adapting it 
to each person’s needs and limits; for instance, Hatha 
yoga should be practiced in certain sequences to avoid 
causing nausea, vomiting, and stomach pain. If phys-

ically demanding yoga techniques are practiced with-
out sufficient supervision, adverse effects on the mus-
culoskeletal system are also conceivable. 

Despite these restrictions, the majority of research 
examining the safety of yoga has shown very low rates 
of unfavorable outcomes. For example, following neck 
manipulations during yoga practice, a patient had verte-
bral artery occlusion. Exercises that bend the neck while 
standing on the shoulders should be undertaken by pa-
tients who have hypertension or CHD to prevent neck 
arterial damage. Additionally, these patients shouldn’t do 
inverted poses (shoulder stand and headstand). Exercises 
that induce pain or strain should be avoided by patients 
who have heart or lung problems. The two treatments 
should be used for a complimentary effect, and also most 
significantly, patients with any disease must not depend 
on yoga practice in place of traditional clinical practice.

4.1.2. Bias
Numerous studies have incorporated different aspects 

of lifestyle change, including low-fat diets, low-calorie, 
smoking cessation programs, and stress management 
techniques. The impact of lifestyle changes on lipid levels, 
vascular tone, and general health is well known. It is im-
possible to determine from this research if yoga practice 
enhances the results of lifestyle modification. There is also 
publication bias, where studies that demonstrate a ther-
apeutic benefit are more likely to be submitted for pub-
lication and to be accepted than those that demonstrate 

Types of Yoga

Raja 

Hatha

Janana

Mantra

Karma

Bhakti

Figure 5: Illustrating the different Types of Yoga; Raja, Hatha, 
Jnana, Mantra, Karma, and Bhakti.

Scant Outcome Data
Small Sample Size
Heterogenous Nature of Yoga
No Uniform Definition
Limited Randomized Controlled Trials

Figure 6: Illustrating the Different Limitations of Studies Docu-
menting and Evaluating the Beneficial Effects of Yoga on Car-
diovascular Health.
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pp. 1551–1561, 2020, doi: 10.1016/j.jacc.2020.01.050.

13. K. Chattopadhyay et al., “Development of a 
Yoga-Based Cardiac Rehabilitation (Yoga-CaRe) Pro-
gramme for Secondary Prevention of Myocardial In-
farction,” Evidence-based Complement. Altern. Med., 
2019, doi: 10.1155/2019/7470184.

14. E. Christa et al., “Effect of Yoga-Based Car-
diac Rehabilitation on Heart Rate Variability: Ran-
domized Controlled Trial in Patients Post-MI,” Int. 
J. Yoga Therap., vol. 29, no. 1, pp. 43–50, 2019, doi: 
10.17761/2019-00019.

15. B. Chhajer, V. Singh, G. Kumari, and M. Lohmor, 
“Effect of yoga based lifestyle intervention on coronary 
artery disease patients,” Biomed. Pharmacol. J., vol. 11, 
no. 3, pp. 1275–1289, 2018, doi: 10.13005/bpj/1489.

16. F. Fakharirad, F. Ghazalian, H. Nikbakht, S. 
Lotfian, and A. Nikpajouh, “The effect of 8 weeks of 
combined yoga and rehabilitation training on salivary 
levels of alpha-amylase and cortisol in patients after 
coronary artery bypass grafting,” Res. Cardiovasc. 
Med., 2020, doi: 10.4103/rcm.rcm_4_20.

17. T. Tillin et al., “Yoga and Cardiovascular 
Health Trial (YACHT): a UK-based randomised 
mechanistic study of a yoga intervention plus usual 
care versus usual care alone following an acute coro-
nary event,” BMJ Open, vol. 9, no. 11, p. e030119, Nov. 
2019, doi: 10.1136/bmjopen-2019-030119.

no therapeutic benefit. The absence of a proper control 
group in clinical studies must also be addressed. When 
doing yoga and meditation, patients are aware of it.

5. CONCLUSION
Yoga is an example of a mind-body practice that 

combines steady physical movement. Exercises like yoga 
have shown to be extremely beneficial for both the mind 
and body which is evident for cardiovascular health. It is 
possible that doing yoga activates various processes that 
have positive health effects on the heart and heart condi-
tions. This is demonstrated by the above-discussed liter-
ature linked to yoga practice and its beneficial impact on 
CVD patients. However, to unequivocally demonstrate 
the benefits of yoga and establish its position in the cur-
rent CV prevention and CR landscape, large-scale, care-
fully planned, randomized control trials in a variety of 
patient populations that assess long-term clinical effects 
are unquestionably required.
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Abstract
Heart failure is a significant public health problem and it is one 
of the most prevalent reasons for being admitted to the hospi-
tal. It mostly affects the elderly, and with rising life expectancy 
and better management of chronic medical diseases, the pa-
tient population with heart failure is predicted to rise. As there 
are many side effects of existing drug interventions that are 
being used to manage the heart failure issue, the surge to ex-
plore alternative traditional medicine has regained all interest. 
Therefore, this study aims to identify a potential inhibitor of a 
novel target for heart failure “caspase-3” which plays an im-
portant role in the failing of the heart using a computational 
approach of molecular docking. The study explores the target-
ing ability of chicoric acid which is one of the phytocompound 
presented in various botanical sources having cardioprotective 
nature. The results of the study revealed a negative binding af-
finity of -15.46Kcal/mol which is promising for the development 
of alternative treatment or an adjunct for effective heart failure 
management. 
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1. INTRODUCTION
The aging of populations, distribution of diseases, 

the frequency of risk factors for non-communicable 
diseases, causes of death, mortality, life expectancy, 
and socio-demographic variables are all changing 
worldwide. The leading cause of morbidity and mor-
tality globally is  cardiovascular disease (CVD) [1], 
[2]. The term «cardiovascular disease» (CVD) refers 
to a variety of disease conditions that affect the heart. 
CVD is frequently misunderstood to be a single dis-
ease. The heart, blood vessels, and cardiac muscle are 
all affected by several serious diseases rather than just 
one. Rheumatic heart disease, stroke, coronary heart 
disease, angina, and other conditions are examples of 
these diseases. These diseases cause hundreds of thou-
sands of deaths each year. An estimated percentage 
of deaths due to different cardiovascular diseases in 
2016, is illustrated in Figures 1 [3]–[5]. 

43%

17%

18%

3%

10%

9%

Coronary Heart Disease Stroke

Other Arteries Disease

High Blood Pressure Heart Failure

Figure 1: Illustrating Estimated Deaths due to Different Cardio-
vascular Diseases; 2016.

The most common clinical manifestation of CVDs 
in their advanced stages is heart failure, which can 
develop when the capacity of the ventricle to pump 
blood is compromised. Myocardial infarction, vari-
ous ischemic heart conditions, valvular heart disease, 
hypertension, and cardiomyopathy are some of the 
fundamental causes of heart failure [6], [7]. Despite 
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accounting for only 17% of deaths, it accounts for a 
major burden on healthcare resources for its manage-
ment and prevention. In addition to the higher surviv-
al rate following myocardial infarction, patients with 
cardiovascular risk factors including diabetes mellitus, 
obesity, hyperlipidemia, and arterial hypertension, are 
becoming more common, which is contributing to the 
rising prevalence of heart failure [7]. 

Heart failure is seen as a progressive condition that 
begins with an index event. Myocardial infarction, 
viral infection, severe arrhythmia, prolonged hyper-
tension, high level of stress, or hereditary disease are 
all examples of index events. Finally, the index event 
causes cardiomyocyte damage, leading to loss of func-
tion or failure in cardiac pumping. Heart failure is 
an unquestionably serious public health and clinical 
issue. Despite recent advancements in treating heart 
failure and related underlying diseases, it remains a 
very frequent and fatal disorder due to rising life ex-
pectancy throughout cultures [8].

Cardiomyocyte loss is one of the important hall-
marks in the progression of milestones and the devel-
opment of heart failure. The heart cannot maintain 
effective contraction with fewer myocytes. In failing 
hearts in both human patients and animal models, 
apoptosis is one of the main processes driving cardio-
myocyte loss [9]. Although the fundamental reason 
and pathophysiology significance of apoptosis are un-
known, anti-apoptosis has therefore been put out as a 
thought-provoking new paradigm for both preventa-
tive and treatment interventions for heart failure [10]. 
By promoting the breakdown of myofibrillar proteins, 
caspases accelerate the gradual loss of contractile func-
tion in heart failure. Selective suppression of caspase-3 
proteolytic activities may provide an appealing strat-
egy for preventing or reversing heart failure. Many 
drug interventions such as diuretics, ACE inhibitors, 
and β-adrenergic receptor blockers are all employed 
to treat and manage the consequence of heart failure. 
However, some side effects become barriers to their 
use and ineffective management [11], [12]. Therefore, 
the compounds are now being explored from natural 
sources, especially of plant origin which can further 
help in the development of drugs effective in prevent-
ing heart failure [13]. 

This present study aims at identifying possible 
photoinhibition against caspase-3 which can further 
help in managing the burden of heart failure in a pop-
ulation with increasing life expectancy.

2. LITERATURE REVIEW
In a study carried out by Kumar et al., Terminalia 

arjuna was evaluated for its phytochemicals as cardi-
oprotective nature for cardiovascular diseases. They 
retrieved the 3D structure of different target proteins 
responsible for the development of cardiovascular dis-
eases including chronic heart failure and performed 
docking of a total of 19 phytocompounds. The results 
of their study revealed that the compound the causu-
arinin demonstrated the promising negative energy of 
-24.0kcal/mol which is promising to develop an alter-
native medicine against heart failure [14].

Nurhafsyah et al. investigated natural compounds 
for effective neprilysin inhibitors as an adjunct for the 
treatment of CHF. In their study, they used PubChem 
and RCSB PDB for the retrieval of protein and stan-
dard ligand structure. The structure of the Indonesian 
test compound was taken from an herbal database. 
The results of their study revealed that the herbal 
compound NSC93241 (-7.07 ± 0.05 Kcal/mol) had 
comparable and even more binding affinity against 
NEP when compared to the standard drug sacubitril 
((-6.73 ± 0.06 Kcal/mol) [15]structure of NEP was ob-
tained from Protein Data Bank (5JMY.

Huang et al. carried out a herbal formulation 
known as QiShenYiQi which has shown to effective 
against “Heart failure with preserved ejection fraction 
(HFpEF)”. The study evaluating the effects of devel-
oped herbal products is carried out on mice models, 
the results of which are studied in terms of hemody-
namics, echocardiography, leukocyte infiltration, and 
oxidation stress. The results of their study revealed 
that the developed herbal formulation was able to in-
hibit “microvascular endothelial inflammation” and 
activate the “NO-cGMP-PKG pathway” [16].

3. METHODOLOGY

3.1. Design
To identify the possible and effective ligand struc-

ture to manage heart failure with alternative medicine 
a data mining and thorough review of existing litera-
ture was carried out. The present study uses a compu-
tational approach and docking process to explore the 
targeting ability of selected ligands and target proteins. 
After performing data mining and an intensive review 
of the literature revealed caspase-3 as a potential target 
protein for heart failure and Chicoric acid as an inhib-
itor. To carry out the study the protein and compound 
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were retrieved from respective database which was 
then prepared for docking and the docking was per-
formed using Autodock4 followed by the visualization 
of the complex by a separate tool called BIOVIA Drug 
Discovery Studio (Figure 2).

3.2. Instrumentation
To retrieve the structures of protein and ligand, 

RCSB: PDB and PubChem database are used. The “Re-
search Collaboratory for Structural Bioinformatics” is 
the elaborated form of RCSB whereas the Protein Data 
bank is an elaborated form of PDB (http://rcsb.org). 
It is the center for the worldwide PDB repository and 
provides PDB data available for free for all researchers 
which can include various medical professionals, and 

beyond. It serves as a repository for the 3D structural 
information of major biological molecules like nucleic 
acids as well as proteins. The data, often collected by 
NMR spectroscopy, or, increasingly, cryo-electron mi-
croscopy, X-ray crystallography is contributed by bio-
chemists and biologists from throughout the world.

PubChem is a compendium of chemical com-
pounds and associated biological assay activities. The 
system is overseen by the “NCBI” which stands for 
“National Center for Biotechnology Information”, a 
division of the National Library of Medicine, which it-
self is part of the National Institutes of Health in the 
United States (NIH). PubChem is available for free via 
a web interface. Millions of chemical structures and de-
scriptive information are freely available for download 

Figure 2: Illustrating the Methodology Used to Carry Out the Docking Process.
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through FTP. PubChem contains a variety of substance 
descriptions as well as small compounds with less than 
100 atoms and 1,000 bonds. Over 80 database providers 
contribute to the ever-expanding PubChem database.

For the molecular docking process, Autodock4 was 
used which is one of the most cited software in the re-
search community. The software analyzes receptor-li-
gand interactions and predicts how a compound or a 
ligand will bind to a protein or a receptor in a living 
biological system by providing docked log file which is 
then analyzed by the use of a visualization application 
called BIOVIA drug discovery studio.

3.3. Collection and Preparation of Sample

3.3.1. Ligand Collection and Preparation
The ligand molecule is retrieved for PubChem in. 

XML format which was then converted into .pdb for-
mat using a simple tool called open babel GUI which is 
freely available and easily accessible. The compound was 
exported to the Autodock tool for further preparation. 
After carrying out the ligand preparation, the ligand was 
then saved in the format of .pdbqt which is a must to car-
ry out a further process of docking. The structure of the 
ligand molecule is provided in Figure 3 below.

Figure 3: Illustrating the ball and Stick Structure of Chicoric acid; 
Grey Balls Represents Carbon, Red Represents Oxygen and 
White Represents Hydrogen Molecules.

3.3.2. Protein collection and Preparation
The structure of the protein caspase-3 with PDB 

ID: 3H0E was obtained in .pdb format from RCSB 
PDB which was then pruned to eliminate the attached 
ligand molecule as well as the water molecule. The 
molecule was then exported to Autodock where fur-
ther preparation was carried out with the addition of 
polar hydrogens to make the docking process efficient, 
The protein molecule was then saved in .pdbqt format 
for further docking process. The 3-D structure of the 
protein is illustrated in Figure 4 below.

Figure 4: Illustrating the three-dimensional Structure of Protein 
Where the Magenta Color Represents the Beta-pleated sheet 
and Cyan Colored Helical Structures Represent the Alpha-he-
lices.

3.4. Data Collection
Docking of protein and selected ligand is per-

formed to generate several confirmations and po-
sitions for effective binding of protein and ligand to 
form the complex. To perform the docking process, 
first, the auto grid was run by using the .gpf file which 
was then followed by running autodock4 using the 
.dpf file. The docking was performed by making a pro-
tein or the macromolecule as rigid and ligand as flexi-
ble. The autodock tool was used to obtain the binding 
energy of different docked confirmations in the DLG 
file. The confirmation with the most negative binding 
energy was used to show the interaction as illustrated 
in Figure 5 which was followed by a writing complex.

Figure 5: Illustrating the Interaction of Docked Protein and Li-
gand Complex.
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pdbqt file which was then used to proceed with the 
visualization and analysis process. 

3.5. Data Analysis 
The analysis complex formed with the most nega-

tive binding energy was analyzed using BIOVIA Drug 
Discovery Studio. Figure 6 below shows the precise in-
teraction between the amino acids of the protein and 
the ligand molecule. To get a clear idea of the types 
of bonds involved in the formation of a stable com-
plex, the two-dimensional structure was constructed 
as illustrated in Figure 7. The amino acids involved in 
the formation of complex involved LYS137, ARG164, 
CYS264, GLY125, LYS137, GLU124, TYR195, and 
PRO201 (Table 1). 

4. RESULTS AND DISCUSSION
The binding free energy is calculated by summing 

the interaction energies for polar, non-polar, and non-
bonded interactions. Final total internal energy, total 
intermolecular energy, and torsion-free energy must 
all be summed up to determine binding energy. This 
energy is then subtracted from the energy of an un-
bound system. The docking findings and a list of the 
binding energies were acquired from the DLG file 
format. There is a general rule that the more negative 
binding energy there is, the more stable the protein 
and ligand complex is. The selected ligand “Chico-
ric acid” and receptor/ protein “caspase-3” generated 
a stable complex with a multitude of bond topolo-
gies, as determined by the computation of the bind-

Figure 6: Illustrating the Ligand Molecule and the Amino Acids 
of Protein Involved in the Interaction.

Figure 7: Illustrating the Two-Dimensional Docked Complex of 
Protein and Ligand.

Table 1
Enlisting the Distance, Bond Type Between Ligand and the Amino Acids of the Protein.

Ligand: Protein Distance Bond Category Bond Type
UNL1 : LYS137 2.33985 Hydrogen Bond Conventional Hydrogen Bond
UNL1 : ARG164 2.83672 Hydrogen Bond Conventional Hydrogen Bond
UNL1 : CYS264 3.36835 Hydrogen Bond Conventional Hydrogen Bond
UNL1 : GLY125 3.69528 Hydrogen Bond Carbon Hydrogen Bond
UNL1 : LYS137 3.58631 Hydrogen Bond Carbon Hydrogen Bond
UNL1 : ARG164 3.85478 Electrostatic Pi-Cation
UNL1 : GLU124 4.64832 Electrostatic Pi-Anion
UNL1 : GLU124 4.6282 Electrostatic Pi-Anion
UNL1 : TYR195 2.84421 Other Pi-Lone Pair
UNL1 : PRO201 5.20423 Hydrophobic Pi-Alkyl
UNL1 : PRO201 5.37965 Hydrophobic Pi-Alkyl
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ing energy. The binding energy of this complex was 
-15.46 kcal/mol. 

5. CONCLUSION
One of the most important socioeconomic con-

cerns nowadays is cardiovascular disease. Changes in 
lifestyle, especially dietary habits, are essential for pre-
venting cardiovascular disease. Apart from the modi-
fiable risk factors, there are an increasing number of 
side effects attributed to the medications and synthetic 
drugs employed to manage heart disease. Therefore, 
studies are now being conducted to look for an al-
ternative that can be a phytocompound. The present 
study explored the targeting ability of a phytocom-
pound against the emerging target protein of heart 
failure called caspase-3. The results revealed prom-
ising inhibition as demonstrated by negative binding 
energy. However, the limitation of the present study 
is that there is a need for large In Vivo and In Vitro 
studies to confirm the findings.
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Abstract
A leading cause of mortality around the globe is coronary 
artery disease (CAD). Major improvements in CAD therapy 
have been developed during the last ten years. According to 
the degree, kind, and clinical manifestation of CAD, the cur-
rent treatments are either chemical treatments, surgical, or a 
combination of both. The bark of the Indian medicinal plant 
“Terminalia arjuna” has been used for decades as a heart stim-
ulant. Several medicinal elements, including saponins and fla-
vonoids, have been isolated from the bark. Terminalia arjuna 
has been the subject of numerous experimental and clinical 
research for its ability to treat cardiovascular diseases. Because 
protein-ligand interactions are important in structure-based 
treatment discovery, we used molecular docking to analyze 
Arjunolic acid (phytochemical found in T. arjuna) and exam-
ined their binding affinity against the cardiovascular target 
protein. The three-dimensional (3D) structure of the Human 
Angiotensin Converting Enzyme (Target Cardiovascular Pro-
tein) was obtained from Protein Data Bank and docked using 
the Autodock tool. As a result of our research, T. arjuna seems 
to be a good option for producing broad-spectrum medicines 
to treat cardiovascular disease.
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1. INTRODUCTION
Atherosclerotic plaque growth in the lumen of a 

blood vessel, a condition called coronary artery disease 
(CAD), reduces blood flow and oxygen to the heart 
muscle. The development of atherosclerosis in the 
coronary arteries is diagnostic of CAD, which causes 
arterial lumen obstruction and, ultimately, myocardial 
ischemia, hypoxia, and necrosis. The American Heart 
Association estimated in their 2016 report on stroke 
and cardiovascular disease CHD prevalence rates in 
the United States showed that 15.5 million individuals 
were affected [1]. As a result, CHD is linked with a 
large social and economic burden, in addition to its 
devastating impact on a patient’s life quality. The need 
to find alternative therapeutic techniques with a lower 
risk of adverse effects is further emphasized by the fact 
that utilization of aspirin, statins, and other drugs for 
an extended period, might have negative consequenc-
es on health [2].

The most frequent kind of cardiac illness is coro-
nary artery disease. Atheromatous alterations in the 
coronary blood arteries are to blame. From asymp-
tomatic atherosclerosis and moderate angina to acute 
coronary syndrome, all of these diseases are included 
under the umbrella term “coronary artery disease”. It 
remains a major illness in the United States. The first 
step in preventing coronary artery disorders is to eval-
uate possible risk factors [3].

The percentage of 2016 fatalities in India attrib-
utable to cardiovascular illnesses is shown below. 
One-third of all fatalities in the nation were caused 
by cardiovascular disease. Ischaemic heart disease ac-
counted for 17.8 percent of all fatalities in this cate-
gory throughout the study period shown in Figure 1. 
Chronic inflammation is widely believed to be a cause 
of heart disease and stroke, from the development of 
the fatty streak through the progression to a fibrous 
atheroma [4]. Endothelial dysfunction is the catalyst 
for this process. Many different things, including but 
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not limited to, extreme stress, oxidative harm from 
free radicals, genetic modifications, persistent infec-
tion, and elevated cholesterol, may contribute to this 
condition. Untreated high blood pressure, diabe-
tes, smoking, and maybe even genetics have all been 
linked to this phenomenon [5].

Endothelium produces inflammatory cytokines in 
response to an initial injury and becomes extremely re-
sponsive to leukocytes, particularly monocytes and plate-
lets. The endothelium acts as a magnet for monocytes, 
which then develop into macrophages and consume the 
oxidized low-density lipoprotein (LDL) particles, result-
ing in the formation of lipid-laden foaming macrophages 
[6]. A fibrous atheroma is formed when smooth muscles 
migrate and proliferate in response to chronic inflam-
mation. Fibrous atheromas have an oxidized lipid area 
covered by macrophages and necrotic tissue and a colla-
gen-rich substrate and regenerative smooth muscle.

The gold standard of care for those with conges-
tive cardiac failure or coronary artery disease with 
the malfunction of the “left ventricle (LV)” is “An-
giotensin-Converting Enzyme (ACE)” inhibitors. By 
catalyzing the breakdown of angiotensin II, angio-
tensin-converting enzyme 2 (ACE2) contributes to 
the maintenance of normal renin-angiotensin system 
function [7]. Biomarker screenings, including those 
for circulating ACE2, will likely compete for scarce 

healthcare resources, with only the most effective tools 
being used in primary care. In this setting, only the 
most economical biomarkers that can be used to de-
velop therapies to mitigate the effects of cardiovascular 
disease will be able to compete. To determine whether 
or not measuring plasma ACE2 is more cost-effective 
than current clinical practices, a cost-utility analysis 
should be conducted (QALY) [8]. Using quality-ad-
justed life years “(QALYs)” as a metric, researchers can 
evaluate the value of biomarkers is anticipated to be 
lower than that of direct therapies, making this sort of 
study all the more crucial [9].

These days, researchers are looking into the medici-
nal potential of promising new compounds, particular-
ly those produced from natural resources since they are 
harmless to people and may be found in meals. There 
have been lengthy accounts of the successful therapeu-
tic use of several plants. These antioxidant-rich herbs 
have a major part in Ayurvedic medicine’s treatment of 
heart disease or other issues. Protecting cells and tissues 
from harmful free radicals like ROS, antioxidant bio-
active molecules are required. Most chemicals of this 
class have properties with both antioxidants and sig-
naling molecules facilitate or control the initiation or 
progression of a signaling or regulatory sequence that 
leads to physiological changes and gene expression, 
these chemical’s signal transduction pathways are regu-
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Figure 1: Shows the Deaths in India attributable to cardiovascular illnesses in 2016. 
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lated by proteins that interact with other critical cellular 
proteins (usually kinases and enzymes).

Drugs that block the action of the enzyme angio-
tensin-converting are among the most effective treat-
ments available. “Captopril”, “Lisinopril”, “Enalapril”, 
and “Ramipril” are just a few examples of drugs that 
work as ACE inhibitors. Side effects include dizziness, 
coughing, and angioneurotic edema may not appear 
until the medications have been used for an extended 
period. There has been substantial research into po-
tential new medication replacements for these medi-
cines. Bioactive chemicals derived from natural sourc-
es have been the primary focus of most studies. The 
effects of Hibiscus sabdariffa anthocyanins on ACE 
inhibition were investigated. Natural glycosides were 
shown to block ACE activity, as reported by Charles et 
al. [10] aglycone forms of those other flavonoid glyco-
sides, such as quercetin, may be found in foods includ-
ing citrus fruits, wheat, and onions. When rhamnose 
and rutinose are added to quercetin, the glycosides 
quercitrin and rutin are produced [10].

“Arjunolic acid”, a chiral “triterpenoid saponin”, was 
isolated from “T. arjuna” bark. Its chemical name is “2, 
3, 23-trihydroxyolean-12-en-28-oic acid”. It has a wide 
range of biological effects, including those that fight 
diabetes, fungus, bacteria, cholinesterase, tumors, and 
asthma, and are well known as shown in Figure 2. Ar-
junolic acid’s antioxidant properties are widely linked 
to its ability to neutralize oxygen-derived free radicals. 
Arjunolic acid’s antioxidant capabilities result from its 
ability to donate hydrogen atoms, chelate metal ions, 
and stabilize carboxyl radicals via resonance [11].

Arjunolic Acid

Antifungal

Antiplatelet

Cardioprotection

Anti-
inflammatory 

Organo-
gelators

Antioxidant

Antimicrobial

Neuro-
protection

Figure 2: Illustrated the Arjunolic acid participates in a wide va-
riety of biological processes.

2. LITERATURE REVIEW
Syed Aun Muhammad and Nighat Fatima stated 

in their study to use computational docking studies to 
examine the inhibitory impact of quercetin glycosides. 
“Angiotensin-converting enzyme (ACE; peptidyl-di-
peptidase A)” the crystal structure was derived from 
the Protein Data Bank (PDB) (PDB ID: 1O86). The 
commonly used “ACE inhibitor” enalapril was used 
as the gold standard in this study. This study used 
PyRx with the AutoDock Vina capability to conduct a 
scoring-function-based computational docking anal-
ysis. Using the reference value of the gold standard 
(7.0 kcal/mol), quercetin’s binding energy with its mo-
lecular target (angiotensin-converting-enzyme) was 
much lower. Based on these findings, quercetin glyco-
sides deserve further investigation as a possible ligand 
use in treating high blood pressure, heart attacks, and 
other cardiovascular issues [12].

Navjot Kaur et al. evaluated the Terminalia arju-
na efficacy for those who suffer from chronic stable 
angina. Select. In those with chronic stable angina, 
they evaluated a commercial preparation of Termina-
lia arjuna to conventional or standard treatment. The 
author’s meta-analysis failed to find any differences 
between the “Terminalia arjuna” group and also the 
control arm due to methodological flaws in the orig-
inal studies. Finally, in chronic stable angina patients, 
the data is inadequate to support or disprove “Termi-
nalia arjuna”. To determine Terminalia arjuna’s medic-
inal efficacy, well-controlled multicentric clinical stud-
ies must be done on a large number of individuals [13].

Patrick W. Serruys et al. conducted a study that al-
though “Coronary-Artery Bypass Grafting (CABG)” 
has traditionally been the “percutaneous coronary in-
tervention (PCI)” with drug-eluting stents is increas-
ingly employed as standard therapy for coronary heart 
disease. An estimated 1800 patients with three-vessel 
or left main CAD had “CABG” or “PCI” “(1:1 ratio)”. 
Local cardiac surgeons and interventional cardiolo-
gists discovered that both treatments might produce 
equal anatomical revascularization. Both groups had 
comparable preoperative features. Compared to the 
CABG group, the PCI group had a higher incidence 
of serious adverse cardiac or cerebrovascular incidents 
at 12 months “(17.8% vs. 12.4%; P = 0.002)”, mostly 
because of a higher incidence of repeat revasculariza-
tion “(13.5% vs. 5.9%; P = 0.001)”. The goal of nonin-
feriority was not met. Three-vessel or left main CAD 
patients are treated mostly with CABG since it reduc-
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es negative cardiac or cerebrovascular results within a 
year [14]. 

3. METHODOLOGY

3.1. Design
Using the use of data mining and a comprehen-

sive examination of the current literature, we were 
able to determine the most likely and effective ligand 
structure for treating coronary artery disease (CAD) 
with complementary and alternative therapies. In this 
work, the targeting potential of certain ligands and 
target proteins is investigated using a computational 
method and docking procedure. Data mining and a 
thorough examination of the existing literature led to 
the identification of Human Angiotensin Converting 
Enzyme as a protein of interest in the treatment of cor-
onary artery disease (CAD) and Arjunolic acid as a 
chemical with this effect. After retrieving the protein 
and chemical from their respective databases, they 
were prepped for docking using Autodock4, and fi-

nally, the complex was visualized using BIOVIA Drug 
Discovery Studio (Figure 3).

3.2. Instrumentation:
Protein Data Bank (RCSB) and also the PubChem 

Chemical Database are accessed for ligand and pro-
tein structures, respectively. The “Research Collabora-
tory for Structural Bioinformatics Protein Data Bank 
(RCSB PDB)” in the United States serves as the data 
center for the international PDB database, and all us-
ers, including structural biologists, computational bi-
ologists, and others, have full access to the PDB data 
preserved by RCSB PDB. It keeps track of the three-di-
mensional shapes of proteins and nucleic acids, two 
of the most crucial building blocks of life. Biochem-
ists and biologists from all over the world provide 
data, and techniques including “NMR spectroscopy”, 
“cryo-electron microscopy”, and “X-ray crystallogra-
phy” are frequently used.

PubChem is an online database of chemicals and 
their biological assay activities. The system is ad-

Figure 3: Illustrates the Procedures Utilized in the Study to Obtain the Docked Complex of Ligand and Protein.
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ministered by the NCBI at the National Institutes of 
Health. When you think about the National Library of 
Medicine, what comes to mind is the National Center 
for Biotechnology Information. You may access Pub-
Chem using a web interface at no cost. The chemical 
structures and descriptions of millions of substances 
are accessible for free download through FTP. Com-
pounds having fewer than 100 atoms and fewer than 
1,000 bonds are among the many types of substances 
described in PubChem. The PubChem database has 
grown rapidly thanks to the contributions of more 
than 80 different database providers.

Autodock 4, among the most programs in the sci-
entific literature, was utilized for the docking studies 
procedure. Using a docked log file, the software pre-
dicts how a chemical or ligand would attach to a pro-
tein or receptor in a real biological system. This in-
formation is then evaluated using a graphical program 
named BIOVIA drug discovery studio.

3.3. Sample
Most patients with heart failure, acute coronary 

syndrome nephrotic syndrome, hyperglycemia, or 
hypertension will benefit from therapy with an an-
giotensin-converting enzyme inhibitor (ACEI). It’s 
worth noting that these inhibitors were created be-
fore the structure of the human ACE was known; 
rather, they were constructed based on a presumed 
mechanistic similarity using carboxypeptidase A. In 
light of this, we present the 2.0 X-ray structural of 
ACE to bound the frequently prescribed medicine 
lisinopril “(N2-[(S)-1-carboxy-3-phenylpropyl]-L-
lysyl-L-proline; also sold as Zestril and Prinivil)”. 
Anti-angiotensin-converting enzyme drugs lowered 
mortality and major cardiovascular event rates in in-
dividuals with coronary artery disease who did not 
have heart failure or decreased left ventricular func-
tion (Figure 4).

Ayurvedic medicine makes extensive use of anti-
oxidant-rich herbal plants for the treatment of car-
diovascular and other conditions. One such innova-
tive phytomedicine with several therapeutic uses is 
Arjunolic Acid. Terminalia Arjuna was the first plant 
from which this triterpenoid Saponin was isolated; 
subsequent sources include Combretum nelsonii, Le-
andra chaeton, etc. One of the most effective antiox-
idants and free radical scavengers is arjunolic acid. 
Arjunolic acid has several beneficial effects that sup-
port its use as a cardiotonic in the Ayurvedic system 

of medicine, including protection against myocardial 
necrosis, platelet activation and coagulation, and re-
ductions in blood pressure, heart rate, and cholester-
ol. Taken alongside vasodilators and diuretics, arjuna 
bark powder alleviates the symptoms associated with 
heart failure. Animal studies have shown that Arju-
na bark treatment lowers decreases “total cholesterol 
and low-density lipoprotein (LDL)” cholesterol while 
increasing good-for-you “high-density lipoprotein 
(HDL)” cholesterol. The atomic and molecular com-
position of Terminalia arjuna (Arjunolic Acid) is 
shown in Figure 5. 

Figure 4: Shows a PDB (108A) based homology model of the 
crystalline structure of the human angiotensin-converting en-
zyme.

Figure 5: Displays the Chemical Structure of Terminalia arjuna 
(Arjunolic Acid). 
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The 2D structure Terminalia arjuna (Arjunolic 
Acid) is displayed in Figure 6. It has been noticed by 
researchers that patients in a variety of therapeutic 
contexts (for example, cancer and hypertension) Uti-
lize complementary and alternative medicine (CAM) 
to a large extent (CAM). Furthermore, the majority of 
them are not backed by any clinical studies. Terminalia 
arjuna is a plant that is often used in traditional med-
icine. It is also known as “Arjuna”, “Indradru”, “Dhav-
ala”, “Nadisarja”, “Kakubha”, “Partha” and “Veeravrik-
sha”. Researchers in India have attempted to determine 
whether or not the plant is effective and whether or 
not it is safe. It is a huge tree that has evergreen leaves 
and is a member of the Combretaceae family. It may 
be found growing in abundance throughout India.

3.4. Data Collection:
Numerous confirmations and sites for efficient in-

teraction between the protein and ligand are generat-
ed by docking. As part of the docking procedure, the. 
gpf file was used to launch the auto grid and the. dpf 
file was used to launch autodock4. To carry out the 
docking, a protein or macromolecule was made stiff 
and the ligand was made flexible. The DLG file’s bind-
ing energy for various docked confirmations was ob-
tained using the autodock tool. As shown in Figure 7, 
the confirmation with the largest negative binding 
energy was utilized to depict the interaction, and this 
was followed by the creation of a complex.pdbqt file 
for further analyses and visualization.

3.5. Data Analysis:
The binding energy of the complex generated was 

calculated using BIOVIA Drug Discovery Studio, and 
the one with the lowest value was chosen for further 
study. The particular characteristics of the interactions 
that take place between the amino acids of the protein 
and the ligand molecule are seen in Figure 8 below. 
The two-dimensional structure was built according 
to the recommendations in Table 1 to acquire a clear 
picture of the many kinds of bonds involved in the cre-
ation of a stable complex.

4. RESULTS AND DISCUSSION
It is possible to determine the binding free energy 

by adding the energies of polar, non-polar, and non-
bonded interactions. To calculate binding energy, one 
must add the final values for internal energy, inter-
molecular energy, and torsion-free energy. When cal-

Figure 6: Displays the 2D structure of Terminalia arjuna (Arju-
nolic Acid).

Figure 7: Shows the Interactions Between the Docked Protein 
and the Ligand Complex.

Figure 8: Illustration of The Protein Amino Acids and Ligand 
Molecular Interaction.
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culating the total energy of an unconstrained system, 
this energy is deducted. The DLG file format was used 
to get the docking results and a catalog of binding en-
ergies. The stability of the protein-ligand combination 
increases as the binding energy decreases. The bind-
ing energy calculation showed that the combination 
of the ligand “Arjunolic acid” and the receptor/protein 
“Human Angiotensin Converting Enzyme (108A)” 
produced a stable complex with a wide variety of bond 

topologies shown in Figure 9. This compound has a 
binding energy of -6.49 kcal/mol. 

5. CONCLUSION
CAD remains a significant morbidity and mortal-

ity contributor despite medical advancements in car-
diovascular research. Researchers, doctors, and other 
professionals have developed varied and inventive ap-
proaches to cure CAD and also its related disorders. 
Some of these approaches have solid evidence for ther-
apeutic use, while others are currently under investi-
gation. The docking values and examination of the 
compounds’ interactions indicate that the compounds 
of T. Arujna have the capability of binding to several 
targets implicated in cardiovascular disease. This re-
search found that Arjunolic acid might be utilized as a 
possible treatment for cardiovascular disease. Despite 
just having early information on certain revolutionary 
therapeutic procedures, the results are promising and 
might become future treatment possibilities.
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Abstract
Atherosclerosis is an inflammatory vascular disease defined by 
the increasing buildup of cholesterol in the walls of the arter-
ies, and it is a primary contributor to cardiovascular diseases 
(CVDs). Issues concerning the adverse effects of synthetic treat-
ments have recently resulted in a lack of patient consultations, 
drug misuse, and, as a result, a disturbance in meticulous dis-
ease control. As a result, a new understanding of traditional 
medicines has recently developed, and much research has been 
undertaken on such botanicals in an attempt to produce newer 
naturally based drugs. Santalum album, commonly known as 
sandalwood is one of the promising botanicals which is rich in 
α-Santalol. Therefore, the present study aims at exploring the 
targeting ability of α-Santalol against the protein CD36 which 
plays a significant part in the development and progression of 
atherosclerosis. In this research, a computation approach us-
ing Autodock4 is carried out which revealed negative binding 
energy of 9.10Kcal/mol highlighting the potential of α-Santalol 
for the effective management of cardiovascular diseases like 
atherosclerosis. However, there is still a need to validate the 
findings of this research with both, In Vivo and In Vitro studies. 
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1. INTRODUCTION
With 30% of all deaths being caused by cardio-

vascular disease (CVD), this condition is a serious 
global health concern. An estimated 17.5 million of 
the 58 million deaths that occurred from all causes in 
the world in 2005 were attributable to CVD, which is 
nearly three times the number of deaths brought on by 
contagious diseases like HIV/AIDS, TB, and malaria 
put together. More than three-fourths of deaths are 
predicted to be caused by non-communicable diseases 
by 2030, with 23.4 million deaths from cardiovascular 
disease (CVD), a 37% increase from 2004 rates [1], [2].

“World Health Organization (WHO)” reported that 
CVD has no socioeconomic, geographical, or gender 
boundaries [3], [4]. CVD is predicted to be the main 
cause of mortality in the developing world as well, rath-
er than only in the most developed. Middle and low-in-
come countries account for over 80% of CVD mortality. 
As per recent estimates of WHO 2016, CVDs account 
for 31.4% of all-cause of death leaving behind all other 
causes as illustrated in Figure 1 below [5], [6].

31,40%

69,60%

Cardiovascular Diseases Other Diseases

Figure 1: A Graphical Representation of Estimated Deaths by 
Cardiovascular Diseases; WHO Global Health Estimates.

A key factor in cardiovascular mortality is ath-
erosclerosis, a chronic arterial disease. Atheroma 
and distinctive plaques eventually grow from fatty 
streaks in arterial walls. The abrupt rupture of these 
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atheromatous plaques results in local thrombosis, 
which might obstruct the involved artery partial-
ly or completely [7], [8]. The location, magnitude, 
and speed of vascular blockage all affect the clinical 
outcomes of these plaques. The condition has a long 
latency period and usually coexists in more than one 
arterial bed [9]. 

A variety of drugs are available and easily acces-
sible to treat atherosclerosis such as statins, aspirin, 
blood pressure medications, and other surgical proce-
dures. However, they all have some side effects such 
as intestinal and stomach bleeding caused by aspirin, 
whereas the surgical procedure becomes costly for low 
and middle-income nations to manage the condition 
[10]–[12]. Therefore, here comes the alternative med-
icine to rescue which can be cost-effective as well as 
the having low or no toxicity and side effects. One of 
the trees called sandalwood with the scientific name 
Santalum album which is also referred to as Indian 
sandalwood is rich in many bioactive compounds that 
can have various bioactivities such as “anti-bacterial”, 
“anti-fungal”, “anti-viral”, “anti-inflammatory”, and 
“cardioprotective” properties. However, the present 
paper puts; light on the cardio-protective nature of 
atherosclerosis with the phytocompound “α-Santalol” 
which is one of the important bioactive compounds of 
Santalum album which is commonly known as San-
dalwood. 

A commonly established target protein of athero-
sclerosis “CD36” is used to carry out the docking. 
Macrophage CD36 contributes to the establishment 
of atherosclerotic artery lesions by interacting with 
oxidized low-density lipoprotein (oxLDL), which ini-
tiates signaling cascades for inflammatory reactions. 
CD36 is involved in the absorption of oxLDL and the 
development of foam cells, which is the first important 
step of atherosclerosis.

2. LITERATURE REVIEW
Ram et al. evaluated the effect of phytochemical 

compounds in an ethanol extract of “Prosopis ciner-
aria” pods against “HMG-CoA reductase” and the po-
tential for atherosclerotic plaque regression. The ac-
tivity of HMG-CoA reductase was evaluated in vitro 
and a series of techniques were employed in the phyto-
chemical analysis of the plant. The results of the study 
showed that the extract and a standard drug (pravasta-
tin) both inhibited the enzyme by 67.1 and 97.3%, re-
spectively. The selected compounds were further eval-

uated in silico using the proper docking tools, and the 
findings showed that there were strong interactions 
between the “compounds” and “target enzyme”. In ad-
dition to that they also revealed a significant decreases 
in LDL cholesterol, triglyceride, VLDL cholesterol and 
total cholesterol with the ethanol extracts of pods of P. 
cineraria [13]. 

Another study carried out by Kamaruddin et al. 
provided a snapshot of the biological active phyto-
compounds effective in their vascular protective na-
ture. They carried out an intensive literature review 
which revealed an abundance of data documenting 
the effect of phytocompounds in cardiac protection 
such as epigallocatechin-3-gallate, cyanidin-3-gluco-
side, resveratrol, berberine, curcumin, and quercetin. 
They suggested that these phytochemicals can be fur-
ther explored to escalate the process of drug develop-
ment for a variety of cardiac diseases [14].

Charan et al. carried out a study using the phy-
tocompounds of water extract of “Acacia senegal 
(L.)” for the amelioration of atherosclerotic plaque 
and dyslipidemia. In their study, they carried out a 
variety of analyses such as In-silico, “in Vitro”, and 
“In vivo” studies. For carrying out the In Vivo as-
sessment, rabbits were used which revealed signifi-
cant improvement in biomarker index. In addition 
to that, the In Vivo studies demonstrated inhibition 
of HMG-CoA reductase. Apart from that they also 
performed an In silico study against HMG-CoA re-
ductase and three compounds of extracts involving 
linoleic acid, flavan-3-ol, and eicosanoic acid which 
revealed a potent and strong interaction between the 
docked complex [15]. 

In a study performed by Wu & Jiang, the deriva-
tives of diosgenin and its derivatives were reviewed for 
atherosclerosis. They reviewed the studies document-
ing the diosgenin for cardioprotective nature, partic-
ularly in atherosclerosis. Their findings revealed that 
diosgenin has been demonstrated to offer excellent 
promise in several preclinical investigations to treat 
different CVDs in vivo and in vitro, including athero-
sclerosis [16].

The above studies have evaluated different biolog-
ical compounds from botanical sources against Ath-
erosclerosis and vascular health targeting HMG-CoA 
as well as other In Vitro experiments. However, this 
study recognizes the benefit of computation study and 
the importance of CD36 for identifying potential phy-
tocompound against atherosclerosis development. 
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3. METHODOLOGY

3.1. Design 
A computational study is carried out to identify 

a potential phytocompound against CD36, a target 
of atherosclerosis. Based on intense mining of plant 
sources, the Santalum album is selected for ligand 
selection because of its use in traditional medicine 
by many nations in a variety of diseases. A thorough 
review of the literature revealed CD36 as one of the 
most promising targets because of its significant role 
in atherosclerosis which was used to carry out the 
further process of docking using Autodock. To carry 
out the docking process the structure of protein and 
ligand were retrieved from the databases and further 
preparation was performed. After preparing the pro-
tein and ligand, the docking was performed which was 
followed by the analysis and visualization. The meth-
odology used to carry out the study is illustrated in 
Figure 2 below.

3.2. Instrumentations
The structure of the ligand was retrieved using 

PubChem. This database is maintained by the National 
Institutes of Health (NIH). Pubchem is an open chem-
istry source that primarily contains small compounds 
but also includes larger ones including carbohydrates, 

peptides, nucleotides, lipids, and macromolecules that 
have undergone chemical modification. PubChem 
compiles insights into the underlying structures, their 
identifiers, physical and chemical properties, biologi-
cal properties, and data on safety, health, patents, and 
toxicology data. PubChem also enables users to visu-
alize ligand structure in different forms such as stick, 
ball, stick structure, and many others. 

The three-dimensional structure of a protein is re-
trieved from RCSB PDB where the RCSB stands for 
“Research Collaboratory for Structural Bioinformat-
ics” and PDB stands for “protein data bank”. A pro-
tein databank is a database that contains information 
about large biomolecules such as proteins. In addition 
to that, it also contains information about nucleic acids 
which is gathered with different types of techniques 
such as NMR spectroscopy, X-ray crystallography, 
or, increasingly, cryo-electron microscopy. Therefore, 
this data has been used by biologists and molecular bi-
ologists to carry out molecular docking processes and 
other computation studies.

The structures of protein and ligand were then pre-
pared using the autodock tool. The protein was ini-
tially prepared in pymol by removing any extraneous 
molecules that would interfere with the docking pro-
cess. Then, Autodock4 carried out additional prepa-
ration. 

Figure 2: Illustrating the Methodology Used to Carry out the Docking Study.



356 | Cardiometry | Issue 24. November 2022

Using Autodock4, grid assembly and docking were 
performed once the ligand and protein were prepared. 
It is a free and easy tool for determining the binding 
affinity between protein-ligand compounds as well as 
the protein-protein interactions. After carrying out 
the docking Visualization of the complex is performed 
using BIOVIOA Drug Discovery Studio. 

3.3. Sample Collection and Preparation 

3.3.1. Ligand 
The structure of the ligand is retrieved from Pub-

Chem in .XML format which is then converted in .pdb 
format using a file format conversion tool called Open 
Bable. The Open Bable tool can be used to convert 
various file formats and it is an easily accessible and 
freely available tool. After carrying out the conversion 
of the ligand structure into .pdb format, the struc-
ture was saved and exported to Autodock for further 
preparation which was then followed by saving the file 
in .pdbqt format. The Ball and stick structure of the 
ligand is illustrated in Figure 3 below. 

Figure 3: Illustrating the Ball and Stick Structure of alpha-Santa-
lol; the white ball represents Hydrogen, the Red ball represents 
oxygen and the Grey balls represent Carbon (Image Source; 
PubChem).

3.3.2. Protein
The structure of protein CD36 is retrieved from 

RCSB PDB with PDB ID: 5LGD. The protein was then 
prepared in Pymol where the unwanted molecules 
were removed from the sequence. In addition to that, 
any bound ligand was also eliminated to have a protein 
structure for the docking process. The additional pro-
cess of protein preparation was performed in the Aut-
odock tool. The Autodock4 is to remove water mol-
ecules and further add the polar hydrogens to check 
the hydrogen bond interactions between the amino 
acids of protein and ligand. After performing the final 
preparation of the protein, the file was then saved in 

.pdbqt format which was further used for the docking 
process. The structure of the protein is illustrated in 
Figure 4 below. 

Figure 4: Illustrating the Quaternary Structure of Selected Pro-
tein/Receptor “CD36”. 

3.4. Data Collection 
Docking is used to producing a set of possible li-

gand conformations and configurations at the various 
binding sites of the selected protein target. Molecular 
docking was accomplished by introducing a «rigid 
molecular docking» into the CD36. During the pro-
cess, the ligand was kept flexible whereas the macro-
molecule which is protein was made rigid. After exe-
cuting autodock, the program was used to acquire the 
binding energy table in the DLG file (Docked log file). 
The chemical interactions between the protein-ligand 
complex, encompassing bond lengths and H-bonds, 
were evaluated using the most favorable conformation 
with the lowest binding energy. The DLG output file 
was then utilized to analyze the additional information 
on interactions between the receptor and compound/
ligand. Figure 5 illustrates the docked structure of re-
ceptor and ligand.

Figure 5: A Representation Illustrating the Interaction between 
the docked complex of α-Santaloland CD36 protein. 
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3.5. Data Analysis 
To analyze the docked complex file which is the 

DLG file, received after completing the docking pro-
cess, the DLG file was exported to the BIOVIA Drug 
Discovery studio where the ligand was defined and 
the interaction was assessed by labeling the Amino ac-
ids as Illustrated in Figure 6. To get clarified with the 
interactions as well as the bond types and categories, 
a two-dimensional structure complex was construct-
ed as illustrated in Figure 7. The Amino acids of the 
protein involved in the formation of the stable com-
plex were revealed to be LYS653, ALA144, ALA144, 
ALA145, VAL194, ARG337, ARG337, LEU187, 
ILE148, LEU187, VAL194, ILE148, ARG337, and 
LYS653 with a distance of 2.33902, 4.49256, 4.53128, 
4.09874, 4.88851, 5.43329, 5.34209, 4.78464, 4.31832, 
4.36373, 4.8145, 4.43414, 4.74623 and 4.4234 Å. The 
interaction between the amino acids and ligands in-
volved hydrogen and hydrophobic bonds. Table 1 
below enlists Amino acid and ligands, their distance, 
bond types, and bond categories. 

Figure 6: Illustrating the Labelled Amino Acids of CD36 protein 
Involved in interaction with alpha-Santalol.

Figure 7: Illustrating the Two-dimensional docked structure of 
Protein and Ligand.

Table 1
Enlists Amino Acid and Ligands, Their Distance, Bond Types, 
and Bond Categories.

Protein: Ligand Distance (Å) Bond 
Category Types

UNL1: LYS653 2.33902 Hydrogen 
Bond

Conventional 
Hydrogen 

Bond
UNL1: ALA144 4.49256 Hydrophobic Alkyl
UNL1: ALA144 4.53128 Hydrophobic Alkyl
UNL1: ALA145 4.09874 Hydrophobic Alkyl
UNL1: VAL194 4.88851 Hydrophobic Alkyl
UNL1: ARG337 5.43329 Hydrophobic Alkyl
UNL1: ARG337 5.34209 Hydrophobic Alkyl
UNL1: LEU187 4.78464 Hydrophobic Alkyl
UNL1: ILE148 4.31832 Hydrophobic Alkyl
UNL1: LEU187 4.36373 Hydrophobic Alkyl
UNL1: VAL194 4.8145 Hydrophobic Alkyl
UNL1: ILE148 4.43414 Hydrophobic Alkyl
UNL1: ARG337 4.74623 Hydrophobic Alkyl
UNL1: LYS653 4.4234 Hydrophobic Alkyl

4. RESULTS AND DISCUSSION
The binding energy is determined by adding 

non-polar, polar, and non-bonded interaction ener-
gies. To have binding energy, the Final Total Internal 
Energy, Total Intermolecular Energy, and Torsional 
Free Energy are added together which are then de-
ducted from the energy of the unbound system. As 
a common rule, the negative binding energy is pro-
portional to the degree of stability in the formed pro-
tein-ligand complex. As received in the DLG file, the 
most favorable docked complex demonstrated nega-
tive binding energy of -9.10Kcal/mol which is stabi-
lized by hydrogen and hydrophobic bonds. Therefore 
this demonstrates and highlights that α-Santalol can 
targets CD36 which can further help in the manage-
ment and treatment of Atherosclerosis. Figure 8 below 
demonstrates the binding energies received as per the 
10 runs. 

5. CONCLUSION
From the computational study conducted, it could 

be summarized that Sandalwood can be used as one 
of the potential sources of bioactive compounds for 
its cardio-protective nature. In the above docking 
process, the interaction between the most important 
components of the Santalum album was used to tar-
get CD36 which revealed promising binding energy 
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of 9.10 highlighting the potential of the compound to 
be used for effective management, of atherosclerosis. 
However, there is still a need to validate the findings of 
this research using In Vivo and In Vitro studies. 
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Abstract
Cardiovascular disease (CVD) is the leading cause of death in 
most developed countries, including the United States, with a 
significant economic impact. Lifestyle changes and the admin-
istration of antiplatelet medication, like aspirin, may significantly 
contribute to the secondary prevention of CVD in adults. For 
years, aspirin has been utilized for both secondary and primary 
cardiovascular disease prevention. Aspirin has been extensively 
used because of the belief that it may have a positive impact 
on primary prevention, despite the debate surrounding its us-
age. This study briefly examines usage patterns and discusses 
the potential variables and factors that can decrease the ability 
of aspirin to prevent cardiovascular disease. The present study 
also explore the key studies of aspirin use in the context of re-
cent recommendations. The risk of bleeding has been observed 
to significantly rise, although large randomized clinical studies 
have demonstrated a reduction or absence of CVD events. 
Prevention strategies for cardiovascular disease with low-dose 
aspirin are no longer advised for persons at intermediate risk. 
To determine whether taking aspirin is worth the potential dan-
gers, the benefits must be evaluated.
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1. INTRODUCTION
Some forms of cardiovascular disease (CVD) are 

heart attacks, strokes, blocked arteries, aneurysms, ar-
rhythmias, pulmonary embolisms, rheumatic and con-
genital heart conditions, and venous thromboembo-
lism [1]. In every region of the globe, the primary cause 
of mortality is cardiovascular disease. In 2013, it was 
projected that CVD caused about 17.3 million deaths 
worldwide, or 31% of all fatalities. By 2030, this figure 
is forecast to rise to almost 23.6 million fatalities [2]. 

This data, shown in Figure 1, illustrates the pro-
portion of fatalities caused by different cardiovascu-
lar illnesses in India in 2016. Cardiovascular illnesses 
were responsible for 28.1 percent of all fatalities in the 
nation. Overall, 17.8 percent of all deaths in this group 
might be attributed to ischaemic heart disease. For 
quite some time, aspirin has been used for both CVD 
prevention and therapy (CVD). Since cardiovascular 
disease became a prominent cause of mortality and 
disability in the 20th century, several efforts have been 
made to lower its incidence [3].

Aspirin works by blocking an enzyme called “cy-
clooxygenase-1 (COX-1)”. This compound affects “cy-
clooxygenase-2 enzyme activity (COX-2)”. However, 
aspirin’s binding to this enzyme is irreversible, unlike 
that of other NSAIDs (ibuprofen/naproxen). Also, it 
prevents platelet aggregation by irreversibly block-
ing thromboxane A2 on platelets Figure 2, shows the 
two-dimensional structure of Aspirin [4]ASA. Be-
cause of its effectiveness in relieving pain and reduc-
ing fever, aspirin (also known as acetylsalicylic acid) 
has been used in medicine for over a century. Multiple 
types of liver damage have been linked to aspirin us-
age, including moderate to significant serum amino-
transferase increases at higher dosages, which may be 
accompanied by jaundice or other symptoms of liver 
failure, and Reye syndrome at lower dosages in chil-
dren who are vulnerable to febrile illness.

The oral administration of aspirin, a popular 
non-steroidal anti-inflammatory medicine (NSAID), 
is effective in reducing inflammation. By inhibiting 
the cyclooxygenase serine residues that are responsi-
ble for prostaglandin production, platelet aggregation, 
and inflammation, acetylsalicylic acid can attenuate 
these processes. Pain, fever, and blood clotting are 
three symptoms that may all benefit from this prod-
uct’s presence [5].
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Figure 2: Displays the 2-Dimensional Structure of Aspirin (Ace-
tylsalicylic Acid).

Plaques, which are fatty deposits, accumulate on 
the arterial walls and are the root cause of most cases 
of cardiovascular disease. When these plaques break 
and cause a blood clot to develop, this is called a car-
diovascular “event,” and it may lead to serious health 
problems like a heart attack or stroke. The clot subse-
quently prevents blood from flowing through the af-
fected artery. Due to a lack of blood flow and oxygen, 
the tissue located downstream of the obstruction suf-
fers injury or death [4]. 

Acetylsalicylic acid (ASA), most well recognized by 
the brand name Aspirin, is a medication often used to 

alleviate discomfort and temperature elevations. Both 
inflammation and fever may be reduced by acetylsali-
cylic acid’s cooling and soothing properties. Addition-
ally, this medication is prescribed for the avoidance of 
thromboembolic complications including stroke and 
heart attack because of its ability to reduce platelet ag-
gregation (MI). Long-term use of acetylsalicylic acid 
has been associated with a decreased probability of 
developing a wide variety of cancers, including those 
of the colon, esophagus, breast, lung, prostate, liver, 
and skin. Aspirin and another non-selective cyclo-
oxygenase (COX) antagonists are available in a wide 
range of strengths and routes of administration (such 
as chewable pills, suppositories, and extended-release 
formulations). When children accidentally consume 
too much acetylsalicylic acid, it may create serious 
health problems. Preschoolers, toddlers, and new-
borns should not have access to it [6].

Aspirin therapy at low doses is widely used as a 
preventative strategy against blood clots. Although as-
pirin has been recommended by clinicians as a prima-
ry and complementary measure for the prevention of 
heart disease, fresh evidence reveals that actual patient 
consumption patterns of aspirin deviate from profes-
sional recommendations. In this study, the author re-
views and describes the research that backs primary 
and secondary cardiovascular disease prevention with 
aspirin, and also the role of treatment guidelines in the 
practice of medicine.
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Figure 1: Displays the Deaths from different cardiovascular illnesses that occurred in India in 2016.
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2. LITERATURE REVIEW
Sean L. Zheng et al. stated in their study analyzed 

the link between higher risk of bleeding and cardio-
vascular disease using aspirin for primary prevention. 
“Cochrane Library Central Register of Controlled 
Trials” was searched through PubMed and Embase 
from their inception until November 1st, 2018. In-
cluded were randomized clinical studies in which at 
least 1,000 people free of preexisting cardiovascular 
disease were enrolled, and who went on to be tracked 
for a minimum of a year. Studies comparing aspirin 
use with placebo were taken into account (placebo 
or no treatment). The two researchers compared and 
contrasted the results of their respective data analyses. 
Meta-analyses were Bayesian and frequent. The au-
thor found that aspirin usage in people without car-
diovascular disease reduced cardiovascular events but 
increased severe bleeding. This information may help 
patients consider aspirin for cardiovascular and bleed-
ing prevention [7].

S. Claiborne Johnston et al. conducted a study in 
which Clopidogrel and aspirin were evaluated for use 
in lowering the risk of a subsequent stroke after a pre-
vious ischemic attack or stroke, transient, ischemic. In 
a previous trial, ticagrelor was effective compared to 
aspirin in preventing mortality from strokes or TIA. 
Ticagrelor (180 mg loading dose, followed by 90 mg 
twice daily) and aspirin (300 to 325 milligrams on the 
first day, continuing by 75 to 100 mg once daily) was 
administered to patients, whereas placebo and aspirin 
were given to patients for 30 days, beginning within 24 
hours of symptom start. The result was either a hem-
orrhage or mortality within a month. Secondary out-
comes were the occurrence of the first ischemic stroke 
and disability at 30 days. However, the prevalence rate 
of impairment did not vary significantly between the 
two groups [8].

Indra Wijaya et al. evaluated in their study that 
Aspirin should be repurposed for hospitalized 
COVID-19 patients. Several research produced con-
tradictory findings. This meta-analysis evaluated aspi-
rin’s impact on COVID-19 patients. Several electronic 
databases were searched using relevant keywords till 
February 21, 2021. Adult COVID-19 patients with 
documented aspirin usage and reported outcomes 
were analyzed. Der Simonian-Laird random-effect 
techniques were used to pool the research risk esti-
mations. Several electronic databases were searched 
using relevant keywords till February 21, 2021. Adult 

COVID-19 patients with documented aspirin usage 
and reported outcomes were analyzed. The preva-
lence of thrombosis and hemorrhage were secondary 
endpoints to all-cause death. The author concluded 
that Aspirin usage decreased mortality in COVID-19 
patients. Due to limited research, aspirin’s impact on 
thrombosis and bleeding in COVID-19 patients can-
not be determined [9].

Eugene Merzon et al. stated in their study that 
Aspirin is used to prevent cardiovascular diseas-
es. The author used Leumit Health Services data-
base data for retrospectively cross-sectional analy-
sis. COVID-19-positive patients were less likely to 
be treated with aspirin than individuals negative for 
COVID-19 [73 (11.03%) vs. 1548 (15.77%), P = 0.001]. 
COVID-19 sickness duration was lower for aspirin us-
ers “(19.8 ±7.8” days vs. “21.9± 7.9” days, P = 0.045)”. A 
higher percentage of COVID-positive hospitalized pa-
tients who survived treatment (20, 19.05%) were given 
aspirin compared to the 1 dead individual (14.29%; P 
= 0.449). Aspirin usage for primary prevention was 
inversely associated with COVID-19 infection, illness 
duration, and death [10].

Inbar Raber et al. assessed in their study Aspirin 
is a widely used medicine for secondary cardiovascu-
lar disease prevention. Aspirin’s significance in cardi-
oprotection is debatable. Early primitive prevention 
research with aspirin revealed decreases in MI and 
stroke (but not death) and an elevated chance of bleed-
ing. International recommendations for primary heart 
disease prevention prescribe cardiovascular events 
warranting aspirin treatment only after a 10-year wait-
ing period. Three large randomized 2018’s published 
aspirin studies for primary CVD prevention all found 
it to be either ineffective or harmful. In this study, the 
author reevaluates the usefulness of aspirin in primary 
CVD prevention, contextualizing historical and recent 
trials [11].

3. DISCUSSION
Salicylic acid’s history of medical usage dates back 

to ancient times. Early salicylic acid-based medica-
tions were obtained from willow bark and other salic-
ylate-rich plants. These preparations were discovered 
to cause gastrointestinal adverse effects despite being 
well-known for their antipyretic, analgesic, and an-
ti-inflammatory actions. Aspirin, also known as ace-
tylsalicylic acid, is an artificially synthesized type of 
salicylic acid that was designed to be better tolerated 
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by patients. Antiplatelet treatment has been demon-
strated to lower the occurrence of vascular events by 
around a quarter in people at high risk for vascular 
disease [12]. 

When it comes to the risk of a thrombotic cardiac 
attack has already increased (secondary prevention), 
it seems that the advantages of aspirin therapy exceed 
the hazards. However, this is much less obvious when 
it comes to primary prevention in healthy patients. 
Several current recommendations suggest using aspi-
rin for primary prevention, however, they don’t always 
factor in the potential for bleeding. Although the spe-
cific advantages of aspirin usage in some patient sub-
groups, such as those with diabetes mellitus and those 
with peripheral vascular disease, remain unclear, as-
pirin is nevertheless commonly used in these popula-
tions [13].

3.1. Heart Disease And Its Complications: 
The Importance Of Primary Prevention

Much high-quality research has shown that aspirin 
has the following benefits in healthy individuals:
• Heart attack risk was lowered by aspirin, although 

only a little (depending on your cardiovascular risk 
profile, from 5 to 23 fewer heart attacks in 1000 
people over 10 years of taking aspirin).

• There was no substantial reduction in stroke risk 
due to aspirin use.

• Aspirin did not significantly reduce mortality rates.
• In addition, aspirin raised the chance of bleed-

ing (often in the stomach), however, the increase 
was negligible (from 4 to 11 more in 1000 people 
over 10 years of taking aspirin, depending on your 
bleeding risk) [14].
In Figure 3, the author sees what happens when a 

clot develops in one of the coronary arteries, which 
carry blood to the heart muscle. Similarly, a stroke 
may occur if a clot develops in one of the arteries car-
rying blood to the brain. By lowering the likelihood of 
blood clot formation inside any damaged arteries, as-
pirin helps prevent cardiovascular events. That’s why 
aspirin is so often prescribed to those patients who 
have experienced a past cardiovascular event, and why 
some experts believe it might help those at risk for a 
heart attack as well [15].

3.2. Secondary Prevention of Aspirin:
“Myocardial infarction (MI)” and ischemic stroke 

patients have a very significant chance of having an-

other cardiovascular disease (CVD) occurrence. As-
pirin medication may help prevent CVD events from 
happening, whereas rescue methods like percutane-
ous coronary intervention (PCI) are meant to stabilize 
acute occurrences. “The second International Study of 
Infarct Survival (ISIS-2)” first proved aspirin›s capac-
ity to minimize cardiovascular disease fatalities and 
subsequent actions after an acute myocardial infarc-
tion [17].

Patients suspected of having acute myocardial in-
farction were recruited from 417 hospitals and were 
randomly assigned to receive either a 90-minute 1.5 
MU of intravenous streptokinase, 160 mg of enter-
ic-coated aspirin daily for a season, both therapies, 
(IV) and neither medication. The risk of dying from 
any cause, having a second infarction, having a stroke, 
dying from cardiovascular causes within 5 weeks, and 
dying from any cause were all significantly reduced 
among aspirin users. The ISIS-2 study was the first 
to show that one thousand people each year may be 
saved from dying of an acute myocardial infarction if 
they take modest doses of aspirin as soon as feasible 
after a MI would save 25 fatalities and 10-15 nonfa-
tal infarcts and strokes. Aspirin’s long-term usage was 
linked to further reductions in mortality [18].

3.3. Therapy for Cardiovascular Illness:
• Treatment for Sudden Cardiac Arrest

Acute coronary syndrome (ACS) is characterized 
by sudden cardiac death and comprises myocardial 
infarctions including and excluding ST-segment el-
evation. Aspirin may help with the short-term treat-
ment of ACS. Patients with ACS should begin taking 

Figure 3: Shows that the Ruptures in the Plaques Lining the 
Coronary Arteries are a serious medical condition [16].
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aspirin as promptly as possible, with a loading dose 
of 162-325 mg, and thereafter be administered at a 
dose of 75-162 mg daily, as per the updated guidelines 
from the “American Heart Association” as well as the 
“American College of Cardiology”. Patients who had 
had coronary angioplasty and were given aspirin had a 
53% (P < 0.0002) decrease in the risk of vascular mor-
tality, MI, and stroke. Aspirin’s usage in percutaneous 
coronary intervention (PCI) considerably lowers stent 
thrombosis rates and also the possibility of a quick clo-
sure after balloon angioplasty [12].
• Kawasaki disease treatment

In 15% to 25% of untreated cases, Kawasaki dis-
ease, a type of acute vasculitis that mostly influences 
development, may cause aneurysms in the coronary 
arteries. In the acute phase of the illness, the “7th 
American College of Chest Physicians (ACCP)”, “And 
Conference on Antithrombotic and Thrombolytic 
Treatment” recommend a higher dosage of aspirin 
(80-100 mg/kg/day) for its anti-inflammatory im-
pacts, while “low-dose aspirin” (3-5 mg/kg/day) for its 
anti-platelet effect should be continued for 7 weeks or 
more, given the patient shows no symptoms of coro-
nary changes. In children with coronary aneurysms, 
anticoagulation with warfarin and low-dose aspirin is 
advised for long-term use [19].
• Treatment For Thromboembolic Stroke

“Nearly 40,000 stroke patients were randomly 
assigned to either “The Chinese Acute Stroke Trial 
(CAST)” or “The International Stroke Trial (IST)”. 
Treating stroke symptoms as quickly as feasible with 
aspirin (300 mg or 160 mg, once daily) or a placebo for 
between two and four weeks appears and continues for 
another 48 hours. In both studies, aspirin treatment 
reduced the risk of mortality and subsequent strokes 
without raising the risk of hemorrhagic stroke. When 
treating those who have just had an ischemic stroke, 
low-dose aspirin suppresses in vivo TXA2 production, 
which is compatible with biochemical indications of 
recurrent platelet aggregation in the first 48 h follow-
ing the start of signs [20].

3.4. Negative Consequences of Aspirin
Side effects of aspirin include upper-gastroin-

testinal (GI) toxicity, extracranial and intracranial 
hemorrhaging, and prevention of thrombotic events 
by blocking prostaglandin production. Toxic effects 
on the gastrointestinal tract (nausea, heartburn, and 
epigastric discomfort) from aspirin have been docu-

mented in randomized clinical studies, with a dosage 
response shown between 30 and 1,300 milligrams 
per day. Aspirin’s primary mechanism is owing to its 
ability to reduce the production of cyclooxygenase-1 
(COX-1), which is responsible for the synthesis of 
prostaglandin E2 (PGE2). PGE2 acts to decrease and 
stimulate mucus production and acid release in the 
stomach. Aspirin formulations with enteric coatings 
and buffers have been developed to reduce the risk of 
stomach bleeding [21].

Research shows that anywhere from 5 percent to 
60percent of the total population suffering from car-
diovascular and cerebrovascular illnesses is resistant 
to aspirin. Small sample sizes, differences in the pop-
ulations studied, and inconsistencies in the concept of 
aspirin resistance make no definitive conclusions can 
be made regarding the nature of the issue based on 
this study’s findings. In addition, platelet activity and 
platelet responsiveness to aspirin are assessed using a 
variety of laboratory techniques. Evaluation of throm-
boxane generation, platelet aggregation, platelet acti-
vation, bleeding time, and many more are all examples 
of such techniques [22].

The degree of baseline CVD risk for which the us-
ing aspirin in prevention and treatment is therapeuti-
cally appropriate has been called into question due to 
the possibility of bleeding complications with aspirin 
use, making the function of aspirin for patients with-
out CVD more contentious. Furthermore, over 84% of 
the participants in the present research did not men-
tion having any kind of CVD, and only 32% used aspi-
rin for prevention and treatment (results not shown). 
Aspirin use was reported by 39.1% of men and 45.9% 
of women who did not have cardiovascular disease in 
a study by Mendy et al. These results are consistent 
with the ongoing discussion concerning whether or 
not aspirin should be used as a primary cardiovascular 
disease preventive [23].

Over-the-counter aspirin is a typical component 
of toxic dosages in children. To prevent minors from 
gaining access to the medicine, store it in a locked cab-
inet. All members of the interdisciplinary healthcare 
team must be aware when a patient is taking aspirin to 
optimize treatment outcomes and reduce salicylic ac-
id’s potential for damage. To provide the best possible 
care, such as the correct use of aspirin, all representa-
tives of this interprofessional all members of healthcare 
team (doctors, dentists, nurse practitioners, physician 
assistants, and pharmacists) must have instantaneous 
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cooperation, openness, and accessibility to patient re-
cords for disseminating their findings [24].

4. CONCLUSION
When it comes to treating blood clots, aspirin is 

still the gold standard. It reduces mortality and further 
cardiovascular events when given as acute treatment 
for conditions including acute coronary syndrome, 
thrombotic stroke, and Kawasaki illness. Regular as-
pirin usage has been shown to significantly reduce 
morbidity and death due to CVD when used for sec-
ondary prevention. While the recommended usage of 
use of aspirin reduced rates of heart disease and death, 
it seems that certain populations are not reaping these 
advantages. An author needs further study to deter-
mine why fewer people with CVD are using aspirin. 
Educating patients and their families about the advan-
tages of aspirin, developing interventions for the un-
derserved, and enacting policies that encourage use at 
all levels of basic and public health care are all better 
approaches to boost aspirin use.

References
1. J. Stewart, G. Manmathan, and P. Wilkinson, 

“Primary prevention of cardiovascular disease: A re-
view of contemporary guidance and literature,” JRSM 
Cardiovasc. Dis., vol. 6, p. 204800401668721, Jan. 
2017, doi: 10.1177/2048004016687211.

2. S. Yusuf, S. Reddy, S. Ô unpuu, and S. Anand, 
“Global Burden of Cardiovascular Diseases,” Circula-
tion, vol. 104, no. 22, pp. 2746–2753, Nov. 2001, doi: 
10.1161/hc4601.099487.

3. J. E. Dalen, J. S. Alpert, R. J. Goldberg, and 
R. S. Weinstein, “The Epidemic of the 20th Centu-
ry: Coronary Heart Disease,” Am. J. Med., vol. 127, 
no. 9, pp. 807–812, Sep. 2014, doi: 10.1016/j.am-
jmed.2014.04.015.

4. P. Zimmermann and N. Curtis, “The effect of 
aspirin on antibiotic susceptibility,” Expert Opin. Ther. 
Targets, vol. 22, no. 11, pp. 967–972, Nov. 2018, doi: 
10.1080/14728222.2018.1527314.

5. C. J. Vaughn, “Drugs and Lactation Database: 
LactMed,” J. Electron. Resour. Med. Libr., 2012, doi: 
10.1080/15424065.2012.735134.

6. H. K. Abdelaziz et al., “Aspirin for Primary 
Prevention of Cardiovascular Events,” J. Am. Coll. 
Cardiol., vol. 73, no. 23, pp. 2915–2929, Jun. 2019, doi: 
10.1016/j.jacc.2019.03.501.

7. S. L. Zheng and A. J. Roddick, “Association of 
Aspirin Use for Primary Prevention With Cardiovas-
cular Events and Bleeding Events,” JAMA, vol. 321, no. 
3, p. 277, Jan. 2019, doi: 10.1001/jama.2018.20578.

8. S. C. Johnston et al., “Ticagrelor and Aspirin 
or Aspirin Alone in Acute Ischemic Stroke or TIA,” N. 
Engl. J. Med., vol. 383, no. 3, pp. 207–217, Jul. 2020, 
doi: 10.1056/NEJMoa1916870.

9. I. Wijaya, R. Andhika, I. Huang, A. Purwi-
ga, and K. Y. Budiman, “The effects of aspirin on the 
outcome of COVID-19: A systematic review and me-
ta-analysis,” Clin. Epidemiol. Glob. Heal., vol. 12, p. 
100883, Oct. 2021, doi: 10.1016/j.cegh.2021.100883.

10. E. Merzon et al., “The use of aspirin for pri-
mary prevention of cardiovascular disease is associ-
ated with a lower likelihood of COVID‐19 infection,” 
FEBS J., vol. 288, no. 17, pp. 5179–5189, Sep. 2021, doi: 
10.1111/febs.15784.

11. I. Raber et al., “The rise and fall of aspirin 
in the primary prevention of cardiovascular disease,” 
Lancet, vol. 393, no. 10186, pp. 2155–2167, May 2019, 
doi: 10.1016/S0140-6736(19)30541-0.

12. A. T. Collaboration, “Collaborative me-
ta-analysis of randomised trials of antiplatelet thera-
py for prevention of death, myocardial infarction, and 
stroke in high risk patients,” BMJ, vol. 324, no. 7329, 
pp. 71–86, Jan. 2002, doi: 10.1136/bmj.324.7329.71.

13. T. A. Pearson et al., “AHA Guidelines for Pri-
mary Prevention of Cardiovascular Disease and Stroke: 
2002 Update,” Circulation, vol. 106, no. 3, pp. 388–391, 
Jul. 2002, doi: 10.1161/01.CIR.0000020190.45892.75.

14. S. Yuan, P. Chen, H. Li, C. Chen, F. Wang, and 
D. W. Wang, “Mortality and pre‐hospitalization use of 
low‐dose aspirin in COVID‐19 patients with coronary 
artery disease,” J. Cell. Mol. Med., vol. 25, no. 2, pp. 
1263–1273, Jan. 2021, doi: 10.1111/jcmm.16198.

15. S. Roberge, E. Bujold, and K. H. Nicolaides, 
“Aspirin for the prevention of preterm and term pre-
eclampsia: systematic review and metaanalysis,” Am. J. 
Obstet. Gynecol., vol. 218, no. 3, pp. 287-293.e1, Mar. 
2018, doi: 10.1016/j.ajog.2017.11.561.

16. F. A spencer and G. Guyatt,MD, “Aspirin in 
Primary Prevention of Cardiovascular Disease and 
Cancer.” pp. 1–7, 2016. [Online]. Available: www.up-
todate.com

17. A. P. Jacobsen et al., “Lifelong Aspirin for 
All in the Secondary Prevention of Chronic Coro-
nary Syndrome,” Circulation, vol. 142, no. 16, pp. 



366 | Cardiometry | Issue 24. November 2022

1579–1590, Oct. 2020, doi: 10.1161/CIRCULATION-
AHA.120.045695.

18. “Randomized trial of intravenous strepto-
kinase, oral aspirin, both, or neither among 17,187 
cases of suspected acute myocardial infarction: ISIS-
2,” J. Am. Coll. Cardiol., 1988, doi: 10.1016/0735-
1097(88)92635-6.

19. P. Monagle, A. Chan, P. Massicotte, E. Chalm-
ers, and A. D. Michelson, “Antithrombotic Therapy in 
Children*,” Chest, vol. 126, no. 3, pp. 645S-687S, Sep. 
2004, doi: 10.1378/chest.126.3_suppl.645S.

20. Z.-M. Chen, “CAST: randomised place-
bo-controlled trial of early aspirin use in 20 000 pa-
tients with acute ischaemic stroke,” Lancet, vol. 349, 
no. 9066, pp. 1641–1649, Jun. 1997, doi: 10.1016/
S0140-6736(97)04010-5.

21. T. Juhlin, B. A. G. Jönsson, and P. Höglund, 
“Renal effects of aspirin are clearly dose-dependent 

and are of clinical importance from a dose of 160 mg,” 
Eur. J. Heart Fail., vol. 10, no. 9, pp. 892–898, 2008, doi: 
10.1016/j.ejheart.2008.06.014.

22. G. I. Lancaster, J. Srinivasan, and H. Jain, “As-
pirin resistance: An update,” Curr. Atheroscler. Rep., 
vol. 11, no. 2, pp. 105–110, Mar. 2009, doi: 10.1007/
s11883-009-0017-7.

23. V. L. Mendy, R. Vargas, and L. Zhang, “As-
pirin for Prevention of Cardiovascular Disease,” 
Prev. Chronic Dis., vol. 14, p. 170171, Sep. 2017, doi: 
10.5888/pcd14.170171.

24. A. Mogul, E. E. Leppien, E. Laughlin, and S. 
A. Spinler, “Aspirin for primary prevention of car-
diovascular disease: a review of recent literature and 
updated guideline recommendations,” Expert Opin. 
Pharmacother., vol. 22, no. 1, pp. 83–91, Jan. 2021, doi: 
10.1080/14656566.2020.1817389.



Issue 24. November 2022 | Cardiometry | 367

ORIGINAL RESEARCH Submitted: 2.07.2022; Accepted: 24.07.2022; Published online: 20.11.2022

A Predictive Model 
for Cardiovascular Diseases 
Using Data Mining Techniques

Avneesh Kumar1*, Santosh Kumar Singh2, Shruti Sinha3 

1Department of Computer Applications, Galgotias University, 
Greater Noida, Uttar Pradesh, India
2School of Health & Allied Science, ARKA JAIN University, 
Jharkhand, India
3School of Allied Science, Dev Bhoomi Uttarakhand University, 
Dehradun, Uttarakhand, India

*Corresponding author: 
avneesh.kumar@galgotiasuniversity.edu.in

Abstract
In many countries, heart disease is the main cause of mortality. 
Heart diseases are often identified by doctors based on recent 
clinical trial results and their prior experience treating patients 
who present comparable symptoms. Patients with heart disease 
require early diagnosis, prompt treatment or constant monitor-
ing. The purpose of this study is to look into the numerous data 
mining technologies that have recently been developed for 
predicting heart disease. According to observations, 15 feature 
neural networks outperform all other data mining methodol-
ogies. Another finding from the analysis is that decision trees 
using genetic algorithms or feature subset selection have good 
accuracy. The results illustrate that the same classifier can occa-
sionally produce precise results that change depending on the 
data mining approach used. According to the findings, a neural 
network with 15 characteristics has so far achieved a maximum 
efficiency of 100%. Decision Tree, on the other hand, has also 
done well, with 98.65% accuracy and 15 features. 
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1. INTRODUCTION
The heart is the physical part that exerts itself the 

most. Every day, day or night, the “normal heart beats 
100,000 times to transport oxygen” or nutrients all 
over the body. Waste products such as carbon dioxide 
are delivered by blood, which is pushed by the heart to 
the lungs, where they can be expelled from the body 
[1], [2]. To sustain life, the heart must work proper-
ly. Heart disease, also known as “coronary artery dis-
ease” (CAD), is characterized by an “accumulation 
of calcium, cholesterol”, as well as other lipids in the 
blood arteries that supply the heart. When this sub-
stance hardens, a plaque develops, preventing blood 
from reaching the heart. Angina is a type of chest dis-
comfort that occurs when a “coronary artery narrows” 
owing to plaque buildup or another ailment. Angina is 
commonly confused with a heart attack [3], [4].

1.1. History
Every year, large numbers of people are affected by 

coronary disease, which is the leading reason of death 
for both male and female in the worldwide. Accord-
ing to the “World Health Organization,” heart disease 
is the cause of twelve million deaths worldwide. One 
person dies of heart disease worldwide at regular in-
tervals. “Medical diagnosis” is a crucial yet difficult 
process that must be completed quickly and accurately. 
A suitable “computer-based information” or decision 
support system must be used to help lower the cost of 
conducting clinical tests [5], [6]. The use of software 
algorithms to uncover consistency as well as patterns 
in big data sets is known as data mining. Furthermore, 
with the increase of data mining over the last 20 years, 
there is a significant chance that computers may cre-
ate and classify new attributes or classes on their own. 
Medical workers are better positioned to identify per-
sons who are at higher risk of developing heart disease 
while they are cognizant of the factors associated with 
the condition [7], [8]. Age, total cholesterol, “blood 
pressure”, family background of heart disease, diabe-
tes, hypertension, inactivity, fasting blood sugar, and 
obesity, other characteristics have been statistically 
proven to be risk factors for heart disease.

1.2. Data Mining
Data mining is a methodology that uses methods 

from machine learning, statistics, as well as database 
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systems to find patterns in massive amounts of data. 
In this essential step, data patterns are extracted using 
intelligent methods. Data mining may employ cluster-
ing, time series analysis, association, prediction, and 
classification.

Exploring enormous databases for previously un-
discovered patterns, correlations, and information 
that are challenging to find using conventional sta-
tistical techniques is called data. “Data mining” is 
the technique of extracting information from mas-
sive volumes of data [9], [10]. Uses for data mining 
would be utilized to improve health policy-making, 
illness prevention, hospital error prevention, early 
detection, or hospital avoidance. Utilizing patient 
clinical evidence, cardiovascular disease prediction 
systems can help doctors forecast heart diseases. As 
a result, it will be possible to more precisely estimate 
the likelihood that patients would be diagnosed with 
heart disease by applying data mining techniques to 
construct a computer - aided diagnostic system or 
doing data mining on various heart disease features 
[11], [12]. To increase the Decision Tree’s accuracy 
in detecting patients with heart disease, this research 
introduces a novel model. It employs a different De-
cision Trees algorithm. 

1.3. Heart Disease Types
Heart illness comes in a variety of forms that can 

affect various organ systems and manifest themselves 
in various ways:

1.3.1. Coronary Artery Disease
The most prevalent kind of cardiac illness is cor-

onary artery disease (CAD). Plaque, which is com-
prised of components such as cholesterol and fat, lines 
the arteries that would deliver blood to the cardiac 
muscle in CAD. By narrowing the arteries as a result 
of plaque development (also known as atherosclero-
sis), the heart muscle receives less oxygen than is nec-
essary for healthy function. Chest discomfort (angina) 
or even a heart attack could occur whenever the heart 
muscle is not getting enough oxygen.

1.3.2. Heart Failure
“Congestive heart failure” (CHF) occurs whenever 

the heart’s ability to pump enough “oxygen-rich blood” 
to fulfill the needs of the body. This might be due to 
the heart’s inability to beat with enough force or a lack 
of blood flow. Some folks experience both issues.

1.3.3. Heart valve disease
Whenever a portion of the heart’s four valves mal-

function, heart valve disease results. Heart valves aid in 
maintaining the forward flow of blood as it is pumped 
by the heart. It is challenging when the heart valves are 
ill (e.g., stenosis, mitral, and tricuspid prolapse).

1.3.4. Arrhythmia
Irregular and abnormal heartbeats are known as ar-

rhythmias. This can be an irregular heartbeat, a rapid 
heartbeat (tachycardia), or even a sluggish heartbeat 
[13], [14]. Atrial fibrillation whenever the atria, as well 
as the upper heart chambers, contract abnormally, ven-
tricular tachycardia contraction, extra beats that come 
from the ventricles, narrowing of the heart chambers, 
as well as Brady arrhythmias. Slow heart rhythm due 
to disease of both the conduction system of the heart. 
Some of the most common arrhythmias are.

As a result of cardiac muscle disease, the heart 
might expand or acquire thick heart walls (cardiomy-
opathy). The body’s capacity to pump blood is dimin-
ished, which commonly results in heart failure. Fig-
ure 1 illustrates the many heart disease causes. 

18%

14%

8%

13%

47%

Angina  Pectoris

Hypertensive Heart Disease

Myocarditis

Coronary Illness Stroke

Cardiomyopathy

Figure 1: Illustrate the Various Reason behind the Heart Disease. 

2. LITERATURE REVIEW
M. Anbarasi et al. studied about enhanced heart 

disease prediction. The initiative attempts to more 
reliably predict the existence of heart disease by us-
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ing fewer features. Initially, thirteen parameters were 
used in order to anticipate heart disease. To limit the 
amount of tests a patient must do, our study use a 
genetic algorithm to identify the qualities most ef-
fective in the diagnosis of cardiac disorders. Within 
the same model design stage, the outstanding job of 
Naive Bayes was present both before and after attri-
bute reduction. When compared to the other two ap-
proaches, “clustering-based classification” performs 
poorly. Furthermore, the findings show that after 
feature subset selection and very time-consuming 
model development, the “Decision Tree data mining 
technique” surpasses the other two data mining ap-
proaches [15].

T.Nagamani, et al. studied about “heart disease pre-
diction” utilized Mapreduce and data mining. There 
are several research that have been done to develop 
models using Data Mining alone or in combination 
with computational methods like Naive Bayes (NB), 
Decision Tree (DT), “Machine learning, or unsuper-
vised” classification algorithms such as KNN or “Sup-
port Vector Machine” (SVM). The suggested method 
takes a substantial number of medical incidents as 
input. When compared to traditional recurrent fuzzy 
neural networks, the experiment results show that 
the suggested technique could predict occurrences 
with an accuracy level of 98%. Furthermore, our Ma-
preduce technique beat earlier methods with predic-
tion accuracy claims ranging from 95.00 to 98.00%. 
These findings imply that the “Mapreduce approach” 
may be capable of properly predict HD risks in a clin-
ical setting [16].

Nidhi Bhatla and Kiran Jyoti studied about The 
goal of this effort is to lower the number of qualities 
utilized in prediction of heart disease, which could 
inevitably decrease the amount of tests required of a 
patient. A doctor uses a range of data or test sourc-
es to establish a diagnosis, although not all tests are 
required to diagnose a heart disease. Our efforts also 
aim to improve the efficacy of the offered approach. 
The findings demonstrated that Decision Tree and 
fuzzy logic-based Naive Bayes outperformed other 
data mining strategies [17].

Shamsher Bahadur Patel et al. studied about Heart 
disease patients’ diagnoses using classification min-
ing methods. Numerous applications, like as those in 
e-commerce, the healthcare industry, research, or en-
gineering, depend on data mining. The healthcare in-
dustry uses data mining mostly for illness prediction. 

These 14 traits can be used to anticipate heart illness. 
The genetic algorithm, however, lowers fourteen qual-
ities to six attributes. “Three classifiers Naive Bayes”, 
“Decision Tree” as well as “Classification by Cluster-
ing”, are used to prediction the analysis of “heart dis-
ease” after lowering the number of features [18].

3. METHODOLOGY 

3.1. Design
To accurately diagnose heart disease, medical an-

alysts and clinicians can benefit from examining the 
various data mining approaches presented in this re-
search. The main method used in our research is the 
examination of recent articles, journals, or studies in 
the domains of “engineering or computer science”, 
data mining, as well as heart disease. Figure 2 shows 
the model of data mining approach.

Figure 2: Model for the Data Mining Process.

3.2. Sample and Instrument:
Algorithms for Data Mining or “Supervised Ma-

chine Learning” were described in this paper for the 
classification of data using Decision List or “KNN su-
pervised machine learning”. The “Tanagra software” is 
utilized to categorize the data, or “10 folds cross-vali-
dation” is used to evaluate the data.

It suggests several data mining techniques from the 
fields of machine learning, databases, statistical learn-
ing, or exploratory data analysis. It offers a simple user 
interface and lets users evaluate both genuine and fake 
data. Additionally, this application offered users an 
architecture that made it simple for them to integrate 
their data mining techniques and assess how well they 
performed. There are several data sources, immediate 
access to databases and information warehouses, data 
purification, and interactive usage.
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3.3. Data Collection
Experiments are done using the training data set, 

which consists of 2500 examples with 12 unique at-
tributes. The dataset is divided in half based on the 
features, with 72% used for testing and the remaining 
28% used for study. The accuracy and computing time 
of each approach are used to assess and compare their 
efficacy. Table 1, demonstrates the different algorithm 
performance, in the below table KNN show the 45. 
69% accuracy and decision list 52% accuracy. 

Table 1
Analysis of Various Algorithms’ Performance.
S. no. Used Algorithm Accuracy Time

1 KNN 45.69% 1000ms
2 Decision List 52.00 720ms

3.3.1. Neural Network and Data Mining
“Artificial neural networks” (ANN), often known 

as “neural networks” informally, are mathematical or 
computer models based on biological brain networks. 
To put it another way, it replicates the organic nervous 
system. In this study, a method for predicting heart dis-
ease was created utilizing 15 criteria. 13 factors were 
previously utilized for prediction, but this research in-
cluded 2 new factors obesity or smoking for an accurate 
diagnosis of heart disease. Weka 3.6.7, a data mining 
program, is utilized in the experiment. The Replace 
Missing Values filter from 3.6.7 was first used to find 
missing values in the dataset or replace them with the 
proper values. Additionally, a database of cardiac dis-
eases has been examined using different data mining 
approaches. For each classifier, a confusion matrix is 
found. The results of this research are shown in Table 
2, which demonstrates that neural networks have per-
formed better than other data mining techniques.

Table 2
Illustrate the Contrasting Different Data Mining Methods.

Classification of techniques Accuracy
Decision Trees 98.65%

Neural Networks 100.00%

3.3.2. Genetic Algorithm and Fuzzy Logic
This study’s method is an enhanced version of the 

model that combines fuzzy intelligent machines with 
evolutionary computation for effective classification 

as well as feature selection. It is incredibly acceptable 
to use fuzzy set theory or fuzzy logic to create knowl-
edge-based procedures in healthcare for sickness di-
agnosis.

Using the fuzzy tools in Matlab, investigations are 
run. The Mamdani model of fuzzy inference system is 
employed in this. Based on their understanding of this 
field, the specialists who created the fuzzy rules. Re-
searchers make use of a dataset from either the UCI ma-
chine-learning library, but we also discover that just 6 
characteristics are both helpful and crucial for predicting 
heart disease in people. The suggested model’s input is 
the collection of all the selected variables, and its objec-
tive is to provide a number between 0 and 1, which indi-
cates whether or not patients have heart disease.

The input data is initially gathered as a crisp set 
and fuzzy, and then converted into a fuzzy set utilizing 
fuzzy linguistic factors, fuzzy linguistic words, or sim-
ilarity measures as part of the fuzzy logic process. The 
conclusion is then reached using a set of principles, 
and the diffusion process is then completed. This sys-
tem creates clear rules based on the gathered support 
sets, which are displayed in Table 3.

Table 3
Illustrate the values of the Support Set’s Characteristics.

Variables Supports Sets
Heart Patients Non Heart Patients

Old peak 2.05-6.3  < 2.05
Exang (Exercise 
induces angina)

Yes No

Ca 1, 2, and 3 zero
Chest Pain Type 4 1,2, and 3
Rbps 135 to 152 143 to 155
Thalach 72 to 135  166

4. RESULT AND DISCUSSION

4.1. Data Analysis

4.1.1. Using genetic Algorithms and Data 
Mining

The goal of this study was to minimize the num-
ber of criteria utilized in the diagnosis of heart dis-
ease. Originally, 13 characteristics were employed in 
this prediction, however this study had been using a 
genetic algorithm as well as feature subset selection to 
minimize the number of variables to six.
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Genetic algorithms take into consideration natu-
ral evolution theory. Genetic discovery’s beginning 
population has random rule selection but no initial 
features. The concept of survival of the fittest in the 
present population was utilized to encourage popula-
tion expansion in order to meet any offspring of these 
regulations. To produce children, the optimization 
algorithms of cross-over or mutation were applied. 
The generation process went on indefinitely until 
population P formed with all the rules satisfying the 
fitness requirements. With a cross-over chance of 0.6 
and a mutation probability of 0.034, the generations 
proceeded to the twentieth generation, with an initial 
population of 20 occurrences. Through a DNA search, 
six of the thirteen characteristics were discovered.

In addition to the genetic algorithm, the CFS Eval-
uator is also employed. Weka 3.6.0 tool is used to 
conduct the observations. 912 records with 15 char-
acteristics made up the first data set. For simplicity, 
all qualities were made categorical, so contradictions 
were removed. Several classifiers are employed on the 
dataset to correspond to the 7 attributes after the 13 
variables were reduced to 7, to predict heart disease. 
Table 4 displays a performance study of various classi-
fiers. The table demonstrates that Decision Tree fared 
better than other methods with the best accuracy as 
well as the lowest average absolute error.

Table 4
Illustrate the Comparison for Two Classifiers.
Data Mining 
Techniques

Model 
Construction 

time

Accuracy Mean 
Absolute 

Error
Classification 
Via Clustering

1.07s 88.5% 0.118

Decision Tree 0.08s 99.5 % 0.00017

4.1.2. Techniques for Data Mining 
and “Intelligent Heart Disease Prediction 
Systems” (IHDPS)

In this study, a prototype “Intelligent Heart Dis-
ease Prediction System” (IHDPS) was created by com-
bining Decision Trees, or Neural Networks with data 
mining approaches. The NET framework is used to 
construct the web-based, scalable, user-friendly, de-
pendable, and extendable IHDPS system. IHDPS can 
discover and retrieve hidden heart disease informa-
tion from a “historical heart disease database”. It can 
respond to intricate questions about the diagnosis of 

heart disease, assisting analysts or practitioners in the 
healthcare industry to make wise clinical judgments 
that “conventional decision-support” systems cannot. 
Offering efficient therapies also aids in lowering treat-
ment costs. Additionally, it shows the outcomes in 
both tabular and visual formats, it’s based on 15 char-
acteristics, this IHDPS.

There were 910 entries in the Cleveland Heart Dis-
ease database. The records were used to construct two 
datasets: a training dataset (455.00 records) as well as 
a testing dataset (455.00 records) (456 records). The 
research found that “Decision Trees or Neural Net-
works” had the highest proportion of correct predic-
tions for heart disease patients (86.53%). Nevertheless, 
decision trees scored (89.00%) when comparing to the 
other two models for predicting patients without heart 
disease, as seen in Table 5.

Table 5
Illustrate the Intelligent Heart Diseases Prediction Systems 
(IHDPS) Performance Evaluation.

Data Mining Technology Accuracy
ANN 86.53%

Decision Trees 89.00 %

For ease of understanding, results from each data 
mining technique have been presented separately in 
distinct tables. To predict cardiac disease, several clas-
sifiers are employed in conjunction with various data 
mining approaches. The findings illustrate that the 
same categorization might produce precise results that 
differ on occasion for different data mining method-
ologies.

According to the investigation, the 15-featured 
neural network has an accurate results of 100% so far. 
The “Decision Tree”, on the other hand, with 15 cri-
teria, obtained 98.65% accuracy but also performed 
well. Additionally, the decision tree combined with 
the genetic algorithm and 7 features has been shown 
to have 99.5% efficiency.

5. CONCLUSION
This study compares two taxonomic functional 

data mining algorithms for the predicting of cardio-
vascular disease utilizing fewer variables. They are 
decision trees as well as neural networks, respectively. 
Our research decreases the amount of tests that a pa-
tient is required to undergo by utilizing a genetic algo-
rithm to find the features that are most beneficial in 
“diagnosing cardiovascular disease”. 15 characteristics 
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are reduced to 7 traits via genetic search. Our study 
intends to provide an examination of several “data 
mining techniques” that might be applied in automat-
ed systems for “heart disease prediction”. This study 
describes several methods and data mining classifiers 
recently created for rapid and precise heart disease 
identification.
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Abstract
The global healthcare industry manages millions of individu-
als and generates enormous amounts of data. Machine learn-
ing-based algorithms are analysing complex medical informa-
tion and produce superior insights. “Coronary artery disease 
(CAD)”, the most prevalent form of cardiac disease is getting 
the greatest interest in the development of predictive models 
due to its large number of modifiable risk factors. This research 
study aims at comparing five algorithms of supervised machine 
learning for the CAD prediction. The research utilizes the Cleve-
land dataset from the UCI repository for training and testing the 
algorithms. The results of the comparison revealed that KNN 
is the best algorithm with significant performance measures 
which can be effective in predicting CAD accurately. Therefore, 
it can be suggested that these predictive models, which were 
developed using machine learning (ML) algorithms, can help 
doctors identify CAD early and may lead to better results that 
would help to avoid adverse clinical outcomes. 
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1. INTRODUCTION
Worldwide, each year, around 17 million people 

die from “cardiovascular disease (CVD)”, as seen in 
Figure  1. Among all CVDs, Coronary artery disease 
which is abbreviated as CAD is one of the most prev-
alent causes of deaths as illustrated in Figure 2. The 
American Heart Association recently released figures 
showing that 13% of fatalities in the USA in 2018 were 
caused by coronary heart disease [1], [2]. In 2015, 

Cardiovascular 
Diseases

32%, 17.9 
Million Deaths

Other 
Diseases and 

Conditions
68%

Cardiovascular Diseases

Other Diseases and Conditions

Figure 1: A Graphical Representation of Estimated Percentage of 
Deaths due to Cardiovascular and Other Diseases (WHO 2019).

43%

17%

10%

9%

21%

Coronary artery disease Stroke

High Blood Pressure Heart Failure

Others

Figure 2: A Graphical Representation of Deaths caused by dif-
ferent Cardiovascular Diseases (CVDs).
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CAD accounted for 15.6% of all mortality worldwide, 
placing it one of the major causes of death. Since this 
disease is associated with a variety of risk factors hav-
ing modifiable nature that are associated with be-
haviour and lifestyle factors. Therefore, the timing of 
diagnosis and diagnostic performance is very crucial 
in the therapeutic management of CAD patients [3]. 

In CAD, plaques build up as a result of the harden-
ing and narrowing of the arteries that provide blood to 
the muscles of heart [4]. This often happens as a result 
of the development of plaque inside the arteries, which 
contributes to a decrease in the quantity of oxygen and 
blood flow. CAD is more common in males than in 
women, and symptoms can occur in women 10 years 
later than in men [5]. 

As a result of the significant growth in cardiovas-
cular diseases, which puts a significant financial bur-
den on society, health organizations are attempting to 
develop a method for the accurate and early predic-
tion of CAD utilizing modern statistical approaches, 
such as data mining. It is worth noting that the health-
care industry is brimming with data [6]. Unfortunate-
ly, the necessary data for successful decision-making 
and the detection of hidden patterns is not extracted. 
The causes of disease growth, incidence, or spread can 
be identified by extracting relevant data and uncov-
ering knowledge from enormous volumes of medical 
data, and clinicians can be supplied with vital infor-
mation for improved decision-making [7], [8]. As a 
result, many healthcare providers are looking for real-
istic solutions for knowledge discovery using Machine 
learning approaches. These strategies can assist in 
identifying disease trends and variables. 

Machine Learning is used to study the determi-
nants and predict people who are at risk of developing 
CVD [9], [10]. Machine learning approaches can an-
alyze enormous amounts of data and uncover trends 
that humans might miss [11], [12]. It often improves 
efficiency and accuracy in the face of ever-increasing 
volumes of data being handled. It also enables imme-
diate adaptability without the need for human involve-
ment. Therefore, the present study aims at developing 
a model for the accurate prediction of CAD. 

In order to predict CAD, this study compares mul-
tiple supervised algorithms, including “KNN”, “SVM”, 
“Naive Bayes”, “Decision trees”, and “Random Forest”. 
There are five sections throughout the entire paper. 
The importance of doing the study is introduced in the 
first section. A thorough analysis of the relevant work 

is provided in the second section. The study meth-
odology is presented in the section 3, which is then 
trailed by the results in fourth section. The concluding 
statement is provided in the fifth and final section.

2. LITERATURE REVIEW
Abdar et al. developed a novel machine learning al-

gorithm they had created for the accurate identification 
of CAD to patient data from Iran. Ten conventional 
ML algorithms were examined, and the top three per-
formers (three varieties of SVM) were then employed 
in the remaining portions of the investigation. A “ge-
netic algorithm”, “stratified 10-fold cross-validation”, 
and “particle swarm optimization” were also twice 
applied. According to the results, N2Genetic-nuSVM 
obtained an “F-1 value” of 91% and an “accuracy” of 
93% when predicting CAD outcomes among the indi-
viduals who were participants of the well-established 
Z-Alizadeh Sani dataset [13].

Joloudari et al. suggested an integrated approach 
based on machine learning. In this study, learning 
techniques like the “C5.0 decision tree”, “the CHAID 
decision tree”, “support vector machines (SVM)”, and 
“random trees (RTs)” are employed. The investigation 
reveals that the RTs model outperformed other clas-
sification models, and the findings of the suggested 
strategy are encouraging [14]. 

Orphanou et al. used a temporal pattern mining ap-
proach to find the most prevalent temporal links among 
the developed basic “Temporal abstractions (TA)”. They 
built and evaluated classification methods based on the 
most prevalent TARs. All generated classifiers are uti-
lised to identify CHD using a longitudinal dataset. The 
classification algorithm that makes use of the “horizontal 
support representation” and offers the highest perfor-
mance was compared to a “Baseline Classifier” that uses 
the binary representation of the most common TARs. 
The results demonstrate that, in contrast to other classi-
fiers, the horizontal support classifier performs consider-
ably better than the baseline classifier [15]. 

Muhammat et al. created prediction models based 
on machine learning for CAD using diagnostic CAD 
datasets. The dataset was utilized to train algorithms, 
and the models were assessed using “receiver operat-
ing curve (ROC)”, “specificity”, “accuracy”, “sensitiv-
ity”, “specificity”, and other performance evaluation 
approaches. The machine learning model based on the 
random forest was found to be the best classification 
model with 92.04%, Regarding the accuracy, the sen-



Issue 24. November 2022 | Cardiometry | 375

sitivity support vector machine-based machine learn-
ing model was found to be the best classification model 
with 87.34%, in regard with specificity, machine learn-
ing model based on Naive Baye was found to be the best 
classification model with 92.40%, and the ROC model 
was found to be the best model with 92.20% [16].

The above studies have developed different frame-
works for the effective and accurate prediction of 
CAD. However, the present study carries out a com-
parative study to identify the most effective machine 
learning algorithm for the prediction of CAD. 

3. METHODOLOGY

3.1. Design
The objective of the prediction approach is to es-

tablish a system that can infer characteristics of the 
predicted class from only a collection of different in-
puts. The purpose of machine learning in this study is 
to develop prediction models based on selected attri-
butes or features or variables. Supervised classification 

algorithms are used in the present work to accurately 
predict CAD which will further enable the physician 
to give the best care feasible as soon as possible. AES 
encryption is used to protect patient information, 
which is then stored in databases (Figure 3).

3.2. Dataset Acquisition and Pre-processing
The “UCI Center for Machine Learning and In-

telligent Systems (UCI; University of California, CA, 
USA)” maintains a database from which the dataset 
utilized in this work is retrieved. A total of four data-
sets from four various hospitals may be found in the 
database. While having more entries compared to the 
other datasets, the Cleveland dataset has fewer miss-
ing characteristics. This Cleveland dataset has a total 
of 14 variables on 303 patients.

In the next step called data preprocessing, rows 
having unknown values were eliminated resulting in 
all observations having values. In addition to that bi-
nary classification is established by replacing 1-4 in 
the column of CAD with values 1 for disease and 0 

Figure 3: Illustrating the Developed Model for the Prediction of CAD.
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for no disease, continuous variables were normalized 
and these all things are achieved by first converting 
the factor datatype into the numeric datatype. The Ta-
ble 1 enlist all the variable, description and their types.
Table 1
Enlisting the names of the Variables, Description, and their 
types.
Variable Description Types

Sex Patient gender 
(1 = male; 0 = female) Categorical

Age Patient age in years Continuous

trestbps Resting blood pressure (in mmHg) 
on admission to the hospital Continuous

cp
Chest pain (1 = typical angina; 
2 = atypical angina; 3 = nonanginal 
pain; 4 = no pain)

Categorical

chol Serum cholesterol in mg/dl Continuous

fbs Fasting blood sugar higher than 
120 mg/dl (1 = true; 0 = false) Categorical

thalach Maximum heart rate achieved 
(during thallium test) Continuous

restecg

Resting electrocardigram 
(0 = normal; 1 = ST-T wave 
abnormality; 2 = probable/definite 
left ventricular hypertrophy)

Categorical

oldpeak ST depression induced by exercise 
relative to rest Continuous

slope
Slope of the peak exercise ST 
segment (1 = up-sloping; 2 = flat; 
3 = down-sloping)

Categorical

thal
Thallium heart scan (3 = normal; 
6 = fixed defect; 7 = reversible 
defect)

Categorical

ca Number of major vessels (0 to 3) 
colored by fluoroscopy Categorical

exang Exercise-induced angina 
(1 = yes; 0 = no) Categorical

num
Diagnosis of heart disease 
(angiographic disease status) 
(0 = absent; 1 to 4 = present)

Categorical

3.3. Instrumentation
When adopting models based on machine learn-

ing, it is widely acknowledged that no particular sin-
gle approach is greater to the other classifiers. The 
learning is known to as «supervised» learning as con-
trasted to «unsupervised» learning, wherein instances 
are left unlabeled, while every instance in a dataset is 
delivered to the model in machine learning with la-
belled data (the associated accurate outputs), as in the 
“Cleveland dataset”. The present research used differ-
ent five supervised classifiers:
• “Naïve Bayes”
• “Decision tree”

• “KNN”
• “Random Forest”
• ”SVM”

3.4. Data Analysis 
To help make up for the absence of real-world data, 

the dataset is split into a «test set» (30% observations) 
and a «training set» (70% observations) before the anal-
ysis is conducted. Care is taken to balance the “class 
distributions” within the divide. The model has been 
trained using the «training» dataset, which the model 
uses to see and pick up new information. The resulting 
model fits the training dataset and is then evaluated ob-
jectively using the «test» dataset. In several instances, we 
ran manifold experimentations to authenticate model 
results using different splitting ratios. The performance 
matrix received using different supervised machine 
learning algorithms is provided in Tables below.
• Accuracy: the percentage or the proportion of all 

instances of the dataset that were accurately pre-
dicted out of total instances. The accuracy of the all 
four tested algorithms are given in Table 2.

 “Accuracy = (true positives + true negatives)/total”

Table 2
Enlisting the Accuracy of all Tested Machine Learning algo-
rithms.

Classifiers Naïve 
Bayes

Decision 
tree

KNN Random 
Forest

SVM

Accuracy % 70 76 85 66 69

• Precision: the proportion of all actual positive in-
stances from all positive predictions. The precision 
of the all four tested algorithms are given in Table 3.

 “Precision = True Positive / 
 (True Positive + False Positive)”

Table 3
Enlisting the Precision of all Tested Machine Learning algo-
rithms.

Classifiers Naïve 
Bayes

Decision 
tree

KNN Random 
Forest

SVM

Precision 0 69 72 85 66 66
Precision 1 72 76 85 66 73

• Recall: Also known as sensitivity is the proportion 
of all positive instances of the dataset out of all pos-
itive predictions. The recall values of the all four 
tested algorithms are given in Table 4.

 “Sensitivity = true positives/
 (true positives + false negatives)”
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Table 4
Enlisting the Recall of all Tested Machine Learning algorithms.

Classifiers Naïve 
Bayes

Decision 
tree

KNN Random 
Forest

SVM

Recall 0 98 80 78 66 79
Recall 1 54 69 69 66 61

• F1 Score: a composite harmonic mean which com-
bines both the recall and precision. The F-1 Score 
values of the all four tested algorithms are given in 
Table 5.

 “F 1 = 2 × (precision × recall) / (precision + recall)”

Table 4
Enlisting the F-1 Score values of all Tested Machine Learning 
algorithms.

Classifiers Naïve 
Bayes

Decision 
tree

KNN Random 
Forest

SVM

F-1 Score 0 67 72 78 74 72
F-1 Score 1 67 72 78 75 72

4. RESULTS AND DISCUSSION
The actual flow which was used to carry out the 

research is presented in Figure 3. As shown in Fig-
ure 1 the research concentrated on comparing various 
supervised machine learning algorithms in correctly 
predicting CAD in patients. The study utilized a usu-
al spit of dataset into 70/30 for training and testing. 
Furthermore, the dataset is checked with various su-
pervised machine learning algorithms such as “Naïve-
Bayes”, “SVM”, “KNN”, “Random Forest”, and “Deci-
sion tree”. In addition to that, the confusion matrix 
which is the foundation to measure all performance 
parameters was used. 

The results demonstrated that KNN has the best 
performance matrices including accuracy, precision, 
recall and F-1 Score. Therefore, the results of the our 
research suggest that KNN is the best Machine learn-
ing algorithm which is superior in predicting CAD as 
a whole in comparison to other four tested algorithms.

5. CONCLUSION
In this study, we showed that using a publicly 

available dataset, ML algorithms can accurately and 
reliably identify the existence of CAD. Even though 
CAD is widespread and may have fatal consequenc-
es, an early diagnosis would allow clinicians to tackle 
modifiable risk factors connected to its development. 
Using an ML approach allows medical professionals 

to manage CAD patients proactively with preventive 
treatments since it can predict the presence of CAD 
with high recall and accuracy. The fact that ML is sim-
ply a predictor of CAD at this early stage should not 
be disregarded. It is not a diagnostic tool. With more 
datasets accessible to train the machine learning algo-
rithm on, we anticipate being capable of referring to 
ML algorithms as “diagnostic tool” in managing the 
CAD. “Machine learning” employs datasets of patients 
who have previously been diagnosed, thus as more in-
formation are provided to the algorithms used to pre-
dict CAD, their predictive ability will increase.
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Abstract
The most frequent arrhythmias are atrial fibrillation. Although 
the mechanisms underlying are not fully understood, they en-
compass postoperative and intraoperative phenomena like 
cardiac ischemia sympathetic activation and inflammation that 
ends up causing atrial fibrillation. Atrial fibrillation is frequent-
ly associated with the presence of pre-existing factors, making 
the atria susceptible to atrial fibrillation. There are various treat-
ments have been used to manage the condition. However, they 
are sometimes ineffective, costly, and have side effects stress-
ing the need to explore alternative medicine. The alternative 
medicine which is now being explored for treating a variety of 
conditions is primarily involving botanical sources. However, 
the present research aims at exploring the potential targeting 
ability of crocetin, a phytochemical from saffron against Inter-
leukin-18 which is an emerging target for atrial fibrillations using 
a computational approach with Autodock4. The results of the 
study revealed binding energy of -7.01 Kcal/mol for the most 
favorable docked confirmation which further suggests the po-
tential of phytocompounds from saffron in treating and man-
aging atrial fibrillation.
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1. INTRODUCTION
Atrial fibrillation (AF) is a serious public health 

problem because of its expanding prevalence and inci-
dence in the aging population, as well as its association 
with higher risks of cardiovascular events and death. 
The majority of the modern knowledge of risk factors 
associated with AF and repercussions comes from re-
search that investigated AF in a binary approach (“ab-
sent” or “present”) but also did not look at AF burden 
(the amount or number of AF that a particular indi-
vidual had). Numerous crucial knowledge gaps must 
be addressed, such as the optimal technique to evalu-
ate AF burden, the predictive significance of AF type 
(«permanent», «paroxysmal», or «persistent»), the 
length of AF, and the link between lifestyle factors and 
rigorous risk factor elimination [1]–[3]. 

The most basic definition of AF burden is the 
quantity of AF that an individual experiences. We 
consider AF as a quantifiable phenomenon rather 
than just a binary condition by tackling the AF bur-
den («presence» or «absence» of AF). Other methods 
of determining AF burden include the duration of the 
longest AF event or the number of AF episodes over a 
predetermined period. The percentage of time that a 
person spends in AF throughout an observation pe-
riod seems to be the optimal definition of AF burden. 
The number of Americans with AF is reported to be 
between 2.7 million and 6.1 million [4]. That number 
is expected to increase to 12.1 million by 2030. The 
monitoring and defining of the concept of burden for 
atrial fibrillation are one of the requirements which are 
then followed by the urgency of treatment for manag-
ing atrial fibrillation which is posing and will continue 
to pose a significant health burden [5], [6]. 

Different treatment and management strategies 
have been used by medical professionals for treating 
the condition of AF based on the duration. The treat-
ment strategies include the use of medications, cardio-
version which is the therapy to reset the heart rhythms, 
and catheter or surgical procedure [7], [8]. The most 
used strategy involves the use of medications such as 
Blood thinners, Anti-arrhythmic medications, digox-
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in, calcium channel blockers, and beta blockers. How-
ever, the use of these medications is often associated 
with various side effects which frequently outweigh 
the benefits.

As there are various negative effects of the most 
used treatments in form of medications, a surge in the 
exploration the natural sources. One of the natural 
sources that are now being explored to a greater extent 
is botanicals. Saffron, a “Crocus sativus L.” derivative, 
has been used for medicinal purposes since ancient. 
Saffron has long been referred for its therapeutic ef-
fects, in addition to being an active flavor and coloring 
component in a variety of foods. The phytochemicals 
present in this botanical source include crocetin which 
is investigated in several In Vivo and In Vitro studies 
for a variety of diseases from minor to major [9]–[11]. 

In recent studies, it has been demonstrated that 
Interleukin-18 is one of the promising target proteins 
which can help escalate the discovery of lead mol-
ecules for the treatment and management of atrial 
fibrillation. AF is caused and perpetuated in part by 
inflammation. The pleiotropic proinflammatory cy-
tokine interleukin (IL)-18 plays a crucial part in the 
inflammatory cascade. Researchers speculate that AF 
patients have higher circulating IL-18concentrations 
[12], [13]. Other inflammation markers that are iden-
tified to be raised in AF may not be as effective as in-
terleukin-18.

Therefore, the present work aims at investigating 
and identifying the potential of “crocetin” a major 
compound of saffron for targeting interleukin-18. The 
present paper is divided into a total of 5 sections. Sec-
tion 1 provides an introduction or the significance of 
carrying out the research. Section 2 provides a review 
of related work. The third section provides the meth-
odology used to carry out the docking process which 
is then followed by the result and discussion in Section 
4 and the conclusion in section 5.

2. LITERATURE REVIEW
Femke Hoogstra-Berends et al. carried out a com-

prehensive approach to avoiding new-onset AF The 
term «upstream treatment» known as the use of med-
ications that alter the target-specific or atrial substrate 
of AF with the goal of preventing the development and 
progression of AF as well as the occurrence and reap-
pearance of the arrhythmia. The results of their study 
discovered that in cellular animal experimental mod-
els and drosophila melanogaster, heat shock protein 

(HSP)-inducing medications, inhibit remodeling of 
cardiomyocytes, derailment of proteostasis and hence 
decrease the AF substrate. Additionally, correlative 
results from human research supported the idea that 
HSPs have a protective function in avoiding the devel-
opment of persistent AF and the recurrence of AF [14].

Bentzen et al. studied the electrophysiological 
profile, mechanism of action, and effectiveness of 
AP30663 in extending atrial refractoriness in ro-
dent models, and they employed bioinformatics to 
determine whether genetic variations in KCNN3 or 
KCNN2 affect the level of expression of these proteins 
in human heart tissue. Their research findings showed 
that KCa2 channel inhibition by AP30663 is seen with 
only minimal effects on other pertinent cardiac ion 
channels. Therefore, suggesting that with very mod-
erate effects on the QT interval AP30663, lengthened 
the atrial refractoriness of rodents in a fashion based 
on concentration [15].

Barangi et al. provided a snapshot of the treatment 
of AF with natural chemical compounds targeting an-
tioxidant enzymes. Evidence implies a link between 
“oxidative processes” and the “development of AF”. 
Whenever the production of free radicals increases 
due to the overactivity of enzymatic reactions such as 
those of xanthine oxidase and NADPH oxidase (NOX); 
or its degradation decreases due to poorly functioning 
antioxidant enzyme systems such as catalase, gluta-
thione peroxidase, and superoxide dismutase (SOD); 
this is referred to as oxidative stress. Elevated ROS 
levels also may change ion channel activity, increas-
ing AF vulnerability. Therefore, the inference can be 
made that antioxidant enzyme systems can be used as 
a target protein for investigating the potential natural 
compound [16].

There are relatively scarce studies investigating the 
natural compound for targeting AF and its manage-
ment. As computation studies are gaining a lot f pop-
ularity for predicting the likelihood of any compound 
inhibiting any protein. The Present study aims at ex-
ploring the targeting ability of the saffron compound 
“crocetin for Interleukin-18.

3. METHODOLOGY

3.1. Design 
To find a viable phytocompound that might inhibit 

Interleukin-18, a target for arterial fibrillation, compu-
tational research was conducted. The Crocus sativus is 
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chosen for ligand because it is used in traditional med-
icine by many different countries to treat a range of 
diseases. This decision is based on the intensive min-
ing of plant sources. Since interleukin-18 is emerging 
as a target in arterial fibrillation and was utilized to 
conduct the next docking process utilizing Autodo-
ck4. The structures of the protein and the ligand were 
collected from databases and further preparation was 
done to carry out the docking procedure. The protein 
and ligand were prepared, which is then followed by 
docking, analysis, and visualization. The methodology 
used to carry out the research is illustrated in Figure 1 
below.

3.2. Instrumentation
PubChem was used to get the ligand structure. The 

National Institutes of Health (NIH) is in charge of this 
database. PubChem is an open chemistry source that 
predominantly comprises small compounds but also 
large ones such as peptides, carbohydrates, lipids, nu-
cleotides, and macromolecules that have been chem-
ically modified. PubChem combines information on 
underlying structures, physical and chemical charac-
teristics, biological properties, identifiers, and data on 
safety, health, patents, and toxicity. PubChem also al-
lows users to view ligand structure in a variety of for-

mats, including stick, ball, and stick structure, among 
others.

RCSB PDB, where RCSB stands for «Research Col-
laboratory for Structural Bioinformatics» and PDB re-
fers to «protein data bank,» is where the three-dimen-
sional structure of a protein can be accessed. A protein 
databank is a database that includes details on big mac-
romolecules like proteins. Additionally, it includes data 
on nucleic acids that have been acquired using a vari-
ety of techniques, including NMR spectroscopy, X-ray 
crystallography, and—increasingly—cryo-electron mi-
croscopy. To perform molecular docking procedures 
and other computational investigations, biologists and 
molecular biologists have employed this database.

The autodock tool was then used to prepare the 
structures of the protein and ligand. The protein was 
first prepared in pymol by eliminating any unwanted 
molecules that might interfere with the \docking pro-
cedure. Autodock4 then made further preparations. 
Once the ligand and protein were prepared, grid as-
sembly and docking were carried out using Autodo-
ck4. It is a free and simple tool for figuring out how 
well proteins bind to their ligands as well as how pro-
teins interact with one another. After completing the 
docking, the complex was visualized utilizing BIOV-
IOA Drug Discovery Studio.

Figure 1: Illustrating the Methodology used to carry out the Docking Process of Protein and Ligand.
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3.3. Sample Preparation 

3.3.1. Ligand Preparation
The ligand structure is downloaded in.XML format 

from “PubChem” and converted to .pdb format using 
a program named Open Bable. The Open Bable tool, 
which is readily available and free, can be employed to 
convert a variety of file formats. The ligand structure 
was converted into.pdb format saved and exported to 
Autodock for additional processing before being saved 
in .pdbqt format. Figure 2 below illustrates the ball 
and stick structure of the ligand.

Figure 2: Illustrating the Ball and Stick Structure of Crocetin 
Where White balls represent the hydrogens, Red balls Repre-
senting Oxygen, and Grey Balls Representing Carbon.

3.3.2. Protein Preparation
The RCSB PDB with PDB ID: 5LGD is used to re-

trieve the structure of Interleukin-18. The unneeded 
molecules were then taken out of the sequence while 
preparing the protein in Pymol. To obtain a protein 
structure for the docking procedure, any bound li-
gands were also removed. The Autodock tool was 
used to carry out the extra protein processing step. To 
evaluate the hydrogen bond interactions between the 
amino acids of the protein and the ligand, Autodock4 
will remove water molecules and then add polar hy-
drogens. The file was then saved in the. pdbqt format 
once the protein had undergone its final preparation, 
which was utilized for the docking procedure. The 
structure of the protein is provided in Figure 3 below.

Figure 3: Illustrating the three-dimensional Structure of Interleu-
kin-18 Where the Cyan Colored Helical Structures Representing 
Alpha-helices And Magenta Colored Flat Sheets Representing 
Beta-pleated Sheets.

3.4. Data Collection
A set of potential ligand conformations and topol-

ogies are generated by docking at the different bind-
ing sites of the targeted protein. By applying a «rigid 
molecular docking» to the Interleukin-18, molecular 
docking was made possible. The procedure included 
making the protein macromolecule rigid while main-
taining the flexibility of the ligand. The program was 
used to obtain the binding energy table in the DLG file 
after autodock had been run. Utilizing the most favor-
able configuration and conformation with the lowest 
binding energy, the chemical interactions between 
the protein-ligand complex, including “H-bonds” and 
“bond lengths”, were analyzed. The subsequent analy-
sis of the additional data on interactions between the 
receptor and compound/ligand was performed using 
the DLG output file. The docked structure of the re-
ceptor and ligand is shown in Figure 4. 

Figure 4: Illustrating the Docked Structure of the Interleukin-18 
and Crocetin.

3.5. Data Analysis 
The DLG file was exported to the visualization tool, 

BIOVIA Drug Discovery studio in which the ligand 
molecule was defined and the interactions were exam-
ined by labeling the amino acids to analyze the docked 
complex file, or DLG file, acquired after completing 
the docking process as illustrated in Figure 5 below. To 
get more clarity about the different types of bonds, the 
2-dimensional structure of the docked complex was 
constructed as illustrated in Figure 6 below. LYS171, 
LYS171, LYS176, LYS115, ILE116, ILE117, ILE173, 
LEU174, and ILE116 were the amino acids found to 



Issue 24. November 2022 | Cardiometry | 383

be involved in the formation of a complex between 
crocetin and interleukin-18 with distances of 3.00419, 
1.75669, 2.12125, 4.15895, 4.87769, 4.8692, 4.85096, 
5.04442 and 5.06957. In addition to that, it was found 
that two types of bonds were responsible for the for-
mation of the complex which were alkyl bonds and 
conventional hydrogen bonds encompassing hydro-
gen and hydrophobic bonds. Table 1 illustrates amino 
acids involved in complex formation with bond types 
and distances.

Figure 5: Illustrating the particular Amino Acids involved in the 
Formation of the Protein-Ligand complex.

Figure 6: Two-Dimensional Structure Illustrating the Different 
Types of bonds involved in the Crocetin-Interleukin-18 complex.

Table 1
Enlisting Amino acids of Protein, Distances, and Types of Bonds 
involved in the protein-ligand complex. 

Ligand: Protein Distances (Å) Bond Category
UNL1: LYS171 3.00419 Hydrogen Bond
UNL1: LYS171 1.75669 Hydrogen Bond
 UNL1: LYS176 2.12125 Hydrogen Bond
UNL1: LYS115 4.15895 Hydrophobic
UNL1: ILE116 4.87769 Hydrophobic
UNL1: ILE117 4.8692 Hydrophobic
UNL1: ILE173 4.85096 Hydrophobic
UNL1: LEU174 5.04442 Hydrophobic
UNL1: ILE116 5.06957 Hydrophobic
UNL1: ILE173 5.39002 Hydrophobic
UNL1: LYS115 4.07367 Hydrophobic

RESULTS AND DISCUSSION
The binding free energy is calculated by adding 

the interaction energies for polar, non-polar, and un-
bounded interactions. To compute binding energy, the 
final total internal energy, total intermolecular energy, 
and torsion-free energy must all be summed altogeth-
er. This energy is therefore subtracted from the ener-
gy of the unbound system. The docking findings and 
a list of binding affinity in terms of binding energies 
were saved in DLG format. The more negative the 
binding energy there is, the more stable the complex 
between Interleukin-18 and crocetin which are pro-
tein and ligand respectively. Based on the binding en-
ergy estimate, the Interleukin-18 and crocetin formed 
a stable complex with a range of bond configurations. 
This compound has a binding energy of -7.01 kcal/
mol (Figure 7).
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Figure 7: Illustrating the Binding Energies of Different Confor-
mations of Docked Structures.

5. CONCLUSION
There is an urgent need for the alternative treat-

ment of atrial fibrillation as people are becoming more 
and more acquainted with the adverse effect of current 
conventional medicine. When talking about alterna-
tive medicine, phytochemicals are gaining the most at-
tention. Crocus sativus L. a spice commonly known as 
saffron has already been explored for a variety of med-
ical conditions. This research has demonstrated that 
the compound contained in saffron known as crocetin 
can play an important role in the management of atrial 
fibrillation which is supported by the binding energy 
of docked complex of crocetin on Interleukin-18.
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Abstract
Internal auditing is a key function of any business enterprise, 
including healthcare units, being responsible for highlighting 
and bringing to notice of the upper management a fair eval-
uation of the organization’s internal control environment. With 
stakeholder satisfaction, compliance requirements, and value 
delivery increasingly taking centre stage, it functionally requires 
many organizations to adopt and implement a continuous au-
diting solution. Continuous auditing solutions often call for the 
adoption of various computer-assisted tools and techniques 
to help get the job done. The usage of these tools and tech-
niques is subject to many different factors. This paper explores 
some of the factors that play a role in improving the efficiency 
of continuous audits using such tools and techniques. Audi-
tors widely recognize Computer-assisted auditing techniques 
(CAATs). However, CAATs are not being used as widely as ex-
pected. The technology–organization–environment framework 
is used to identify and assess the organisational elements that 
influence CAAT utilisation after adoption. The purpose of this 
study is to see if using CAATs helps the auditing process. The 
usage of CAATs by audit firms and audit performance are both 
moderated by top management commitment. The data for this 
study was collected from Jordanian audit companies’ auditors. 
According to the conclusions of the investigation, CAAT adop-
tion is determined by the cost–benefit of technology, compa-
ny size, preparedness, and competitive pressure. The technical 
compatibility and complexity of client accounting information 
systems, on the other hand, appear to have little impact on 
CAAT utilisation. Top management has a direct impact on audit 
performance and is a key influencer in how CAATs are used by 

auditors. However, there is no correlation between audit firm 
usage of CAATs and audit performance (top management audit 
firm’s use of CAATs). Furthermore, the adoption of CAATs helps 
the whole audit process of audit companies.
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1. Introduction
Internal auditing is a key business function that op-

erates as a standalone department within most organi-
zations. The primary function of the internal audit func-
tion is to provide an objective, thorough and unbiased 
view of the organization’s position concerning the vari-
ous internal controls they have in place in order to mit-
igate the multiple risks that the firm faces from a busi-
ness and technology perspective, the risk management 
framework that the firm has in place. Broadly internal 
audit advises on risk mitigation and operational im-
provement while also promoting compliance and ethics.

Internal auditing is an extremely critical function 
in an organization. It operates as the third and final 
line of defense employed by a firm in understand-
ing and responding accordingly to their risk profile. 
Therefore, it is based on the recommendations of the 
internal audit teams that organizations tailor their risk 
response strategies and controls. The internal audit 
function ensures the organization is ready to comply 
with laws, accomplish its mission, vision, and objec-
tives, report relevant and reliable financial informa-
tion, and maintain effective and efficient operations 
on an ongoing basis. The state of operations and re-
liability of an organization’s various control types, 
namely the preventive, detective, manual and auto-
mated controls, will be evaluated and determined by 
the internal audit function.

It, therefore, stands to reason that with an ever-in-
creasing risk landscape, an organization will look to 
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its internal auditing department to provide valuable 
insight into the organization’s readiness to tackle risks, 
which is bound to increase the weight that the internal 
audit department must carry; one significantly impact-
ful method to effectively manage this increased respon-
sibility is the application of continuous auditing. 

Through continuous audits, the organization will 
continuously monitor and understand how the firm 
operates based on relevant control parameters. The au-
thors of “Continuous Auditing: An effective Tool for 
Internal Auditors” state that “continuous audits refer to 
any of the methods used by auditors to perform an audit 
continuously.” Continuous auditing provides for testing 
transactions based on selected criteria and allows for 
identifying anomalies [1]. At first glance, continuous au-
diting looks like nothing more than the simple replica-
tion of an organization’s normal internal audit processes 
continually over any given period; however, looking at 
how exactly you perform an internal audit in terms of 
the processes and effort involved, it quickly becomes ap-
parent that it is much easier said than done. Therefore, 
an organization must manage to lay a sturdy foundation 
for a continuous auditing program and carry forward 
more in terms of regular execution and practice. Ad-
vances in information technology have significantly im-
pacted the auditing practice, as with the advancement of 
information technology, its applications, and concepts; 
the requirement of providing on-time information re-
garding various aspects of a firm’s operations, such as 
its finances and assuring data integrity within the orga-
nization have become increasingly important over time 
[2]; these requirements practically necessitate the need 
to have a continuous grip over the audit scenario in the 
firm. In the modern business environment, where a 
firm handles large amounts of data about customers and 
are subject to multiple binding market regulations, they 
must employ a wide variety of controls at every other 
step of the way in order to ensure the proper functioning 
of these controls systems and environments, which has 
become increasingly possible due to the application of 
technology in the workplace, technology can enable and 
bolster any organization’s efforts in conducting internal 
audits in a continuous fashion, to allow the firm to take 
solace in the fact that they are accounting for all possible 
risks that they are being subjected to continuously, and 
meeting the necessary compliance requirements placed 
upon them.

There are various technology tools and techniques 
that an organization can use to help perform audit 

tasks; these tools are called computer-assisted audit 
techniques (CAATs). These tools utilize technology 
and allow the integration of technology to make the 
audit objective and goals easier by assisting the auditor 
in their audit tasks. There is a wide variety of CAATs, 
many of them refer to software solutions that help 
contribute to improving the audit process; however, 
they also include Embedded Audit Modules (EAMs); 
as explained by the authors of “Continuous Auditing 
of Database Applications: An Embedded Audit Mod-
ule Approach,” refers to “sections of code built into 
application programs that capture information of au-
dit significance continuously” [3]. Embedded Audit 
Modules by design capture audit information contin-
uously; therefore, it is reasonable to expect that an ef-
fective continuous auditing strategy can make use of 
the judicious application of EAMs along with other 
CAATs. 

Due to the synergy of CAATs with continuous au-
diting, any firm that seeks to implement continuous 
auditing must make proper use of the appropriate 
tools to facilitate the smooth operation of the internal 
audit function. 

The objectives of this research paper are as follows:
Understand continuous auditing and the applica-

tion of CAATs to further the objectives of continuous 
auditing.

Identify the various factors that play a role in the 
usage of CAATs by auditors and how to leverage these 
factors in order to ensure the success of continuous 
audits, thus providing a clear understanding of what 
organizations need to have in place in order to facil-
itate continuous auditing with the help of CAATs; 
thereby, improving the efficiency and effectiveness of 
audits, while enabling the firm to stay aware of its risk 
exposure continuously.

2. Literature Review

2.1. Internal IT Audits and their Importance
Internal IT will play an increasingly important role 

given that digital transformation is quick to take root. 
However, these changes also open up increasingly dif-
ficult challenges for IT audits, namely changes in reg-
ulations, the emergence of new technology, and data 
security concerns arising from increased volumes of 
data. These challenges necessitate that IT audits move 
away from compliance-oriented (functioning as an 
organizational watchdog for compliance) to a risk-ori-
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ented approach, allowing organizations to define the 
IT audit environment based on value and risks to the 
business identifying and fulfilling any gaps in the IT 
audit environment [4].

The internal audit function is critically important 
in ensuring compliance with various regulations that 
bind firms; therefore, the internal audit function plays 
an extremely crucial role in disclosing weaknesses in 
a firm’s financial reporting. In the paper, “The Role 
of the Internal Audit Function in the Disclosure of 
Material Weaknesses,” the authors conclude that “the 
disclosure of material weaknesses in financial report-
ing by the internal audit function is strongly associ-
ated with the nature and scope of the internal audit 
activities”[5], which implies that if an internal audit 
is well-planned out and executed appropriately then, 
it becomes significantly easier for the audit function 
to identify and address the various issues and weak-
nesses that may be present within an organization; 
this becomes even more important when addressing 
the issue of an IT audit, as many systems are intercon-
nected and communicate with one another in an orga-
nizational setup, allowing for a myriad of avenues for 
auditing in order to ensure compliance and security. 
Thus, continuous IT audits must be undertaken with 
a clear-cut scope and execution plan in mind to derive 
maximum benefits from the audit process.

The main aim of an internal audit is to identify 
weaknesses in an organization and improve upon them 
in a timely fashion, ensuring that there is an improve-
ment regarding the audit observations. However, it be-
comes imperative for this improvement to occur that 
the organization’s top management supports internal 
audits. This support, when combined with the skills of 
the auditor, allow for the formation of positive exchang-
es between auditor and audited (both internal to the or-
ganization in the case of an internal audit), enabling the 
firm as a whole to learn from the audit process; thereby, 
improving the overall efficiency and effectiveness of the 
organization in an ethical manner [6].

2.2. The Adoption of Continuous Audits  and 
its Applications

Continuous Audits are making significant impacts 
on internal auditing due to advancements in technol-
ogy and ever-increasing stakeholder demands; how-
ever, it is important to note that continuous auditing 
is not to be treated as something that is an inherent-
ly technology-based tool that allows for automation 

of traditional audit processes but as an information 
system, which can be leveraged for value by organi-
zational stakeholders. Implementing continuous audit 
solutions depends not only on technology alone; it 
also requires strong management buy-in that provides 
the much-required flexibility and breathing room for 
organizations to put in place such a practice [7]. 

Organizations will need a system or a framework 
to account for efficiency, assurance, and quality across 
the fundamental areas of an audit keeping in mind; 
resource considerations, audit scope, audit frequency, 
errors, frauds, and compliance requirements, enabling 
them to accurately identify and quantify the benefits 
and costs of applying a continuous auditing solution 
within the organization. Once the organization has a 
picture of the value and the associated costs of continu-
ous auditing, they can put the desired audit system that 
allows the firm to review whether controls and systems 
are functioning as intended on an ongoing basis [8].

The main value addition offered by continuous au-
diting to an organization is the ability to obtain data 
about the functioning of organizational controls con-
tinuously; this is most commonly achieved through 
the application of either EAMs or separation continu-
ous auditing technique, while EAMs are inserted into 
the information system being audited; thereby, allow-
ing for continuous surveillance of the system’s data 
stream. Separating continuous auditing technique 
involves an independent program module to the or-
ganization’s information system that can frequently 
collect data from the associated system and raise an 
alert when necessary, depending on the exceptions 
encountered [9]; both these methods will carry with 
them their associated costs. However, when factoring 
in the flexibility of continuous audits, as compared to 
traditional audits, organizations will find that the costs 
are more than justified in terms of the value generated.

Motivating and applying continuous auditing in an 
organizational landscape is found to be both economic 
and compliance-related. Essentially, businesses want to 
ensure that they efficiently utilize their resources at an 
economic cost and their compliance with their subjec-
tion various regulations. Thus, it is seen that the appli-
cation of continuous auditing is currently in the follow-
ing forms: “continuous data audit, continuous control 
monitoring, continuous risk monitoring, and assess-
ment and continuous compliance monitoring” [10].

However, the implementation of continuous audits 
is a rather difficult task requiring that the firm have a 
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suitable architecture capable of providing automated 
and non-automated assessments. A possible solution 
to ensure continuous auditing is implementing an API 
that can help in the audit process, allowing smooth-
er and more efficient audits; Dorian Knoblauch and 
Christian Banes define such a mechanism. This API 
works on predefined audit objectives and requires 
minimal implementation effort, and is functional irre-
spective of the underlying architecture [11]; this is one 
of many possible solutions that firms can turn to when 
looking to implement continuous auditing solutions. 

2.3. Application of Computer Assisted  Audit 
Techniques in Continuous Auditing

When organizations seek to apply a continuous au-
diting or continuous assurance practice, they must es-
sentially look for the following requirements from their 
continuous auditing solutions; continuous and auto-
matic monitoring, data integrity, usability and under-
standability of the solution, operability of the solution, 
maintainability of the same, and reliability. Organiza-
tions are increasingly turning towards an interceptor 
module approach; an interceptor module is designed to 
operate independently to the information system it is 
monitoring and is applied in such a manner that allows 
it to monitor the data flow into and out of the system. 
This approach, while helpful, is not useful on its own as 
it does not satisfy all the requirements of a continuous 
auditing solution on its own [12]; in order for a con-
tinuous auditing solution to work, it would seem that 
organizations need to look at a healthy mix of tools. 

Another useful tool that organizations can in-
clude in their repertoire is Generalized Audit Software 
(GAS); these pieces of software can be used to conduct 
full population analyses, identifying transactions with 
specific control criteria or characteristics, evaluating 
fraud risks, obtain control effectiveness evidence, and 
the selection of random samples for testing purpos-
es. The use of GAS seems to significantly improve the 
“line of sight of the internal audit function”; line of 
sight here implies being able to provide detailed de-
scriptive and diagnostic analytics into the nature of 
internal audit findings [13]especially in a developed 
country such as Australia. Consequently, it is now 
almost impossible to conduct effective and efficient 
audits without the use of technology-based tools in 
control environments that are dominated by big data 
and increasing volumes of electronic audit evidence. 
Generalised Audit Software (GAS. 

Regarding the use of computerized tools by in-
ternal auditors, it was found in a study conducted on 
some Portuguese companies that firms are willing to 
bear the cost of developing their audit software rather 
than rely on standard solutions that offer an array of 
functionalities; this could be attributed to the fact that 
organizations want audit solutions that are catered to 
their specific needs [14].

The usage of CAATs will significantly contribute 
to improving the efficiency of the auditors. In a study 
by Michelle Kristian, it was found that in addition to 
professional ethics, the usage of CAATs significantly 
contributed to the increased performance of auditors 
belonging to a public firm [15]. Thus, a strong case 
can be made to apply CAATs among internal auditors 
to bolster their performance in internal audits.

2.4. Factors that play a role in Leveraging 
Technology for Continuous Auditing

While it would be a best-case scenario if organiza-
tions started utilizing technology effectively for audit-
ing, the reality is that many aspects influence whether 
an individual auditor can adopt technology tools in 
performing audits and eventually continuous audits. 
Motekoa Mokhitli and Michael Kyobe address this 
issue. They have developed a conceptual framework 
qualifying the factors that impede an auditor’s ability 
to leverage technology to work towards continuous au-
diting. Their findings indicate that Technological Audit 
Tools (CAATs), Individual attributes, like competencies 
and attitude along with audit environment must be in 
alignment in order for an auditor to utilize technology 
in implementing continuous auditing practices [16]; 
this alignment must be conducive to provide for the ef-
fective and efficient use of CAATs by internal auditors.

An area that must be thoroughly analyzed when con-
sidering the implementation of CAATs is the expected 
outcome in terms of performance from using such tools; 
James Bierstaker, Diane Janvrin, and D. Jordan Lowe, in 
their study, found that performance expectancy, when 
combined with an appropriate facilitating environment, 
is a major factor that influences individuals to pick up 
CAATs and use them effectively [17].

As with all organizational initiatives, we must con-
sider the possibility that organizational backing and 
support from top management significantly influenc-
es the choice of adopting various CAATs by auditors; 
this support can be financial, skill-based, and even de-
pendent on the nature of the operations firm [18].
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In addition to the various other factors that influ-
ence the adoption and usage of CAATs by internal au-
ditors, a study based on internal auditors in Malaysia 
found that social influence, i.e., a higher usage rate of 
CAATs by their colleagues, contributed to a higher 
adoption rate and CAAT use by internal auditors [19].

A study conducted among external auditors in Jor-
dan pointed out that a significant barrier to the adop-
tion and use of CAATs by auditors at large is the fact 
that they do not possess the required skills and knowl-
edge order to utilize CAATs effectively, thus high-
lighting the need for a firm’s management to focus on 
developing a program that allows auditors to increase 
auditor’s knowledge and skills to allow them to learn 
how to operate CAATs easily [20].

The way forward is to chart a course that calls 
for the adoption of technology to assist an auditor in 
improving the efficiency and effectiveness of an au-
dit, thereby addressing the issues that plague audit-
ing, such as checking the accuracy and completion 
of transaction data, reliability checks of the internal 
control environment real-time continuous auditing 
and data compatibility [21]. These factors will become 
increasingly important as the data that organizations 
churn and processes are only set to increase in the 
days to follow; as organizations handle and process 
big data, auditing the processes that work on said data 
will become exceedingly important; CAATs will make 
the processing and auditing task in a big data environ-
ment easier and manageable [22].

While there certainly are many motivating factors 
that account for auditors picking up and using CAATs, 
many of the limitations are tied to organizational cul-
ture, level of automation of the tool, and lack of fit to 
the organizational context; these limitations, if left un-
attended, can cripple an organization’s effort in estab-
lishing continuous auditing as a norm and as such will 
require significant management intervention in the 
form of training programs and cultural realignments 
within the organization [23].

As technology develops, businesses adapt to reflect 
this development, leading to new avenues of conduct-
ing business, which, however, is not without its risks, 
as a greater level of technology exposure will translate 
into greater risk exposure; this necessitates the ap-
plication of an effective internal control system that 
is risk-oriented; being in line with the development 
objectives and strategy of the business, while also en-
suring compliance with existing laws and regulations. 

Having such a risk-based internal control environ-
ment means that the organization must evaluate and 
review its internal controls to ensure effectiveness; 
this goal can be achieved through the judicious use of 
continuous auditing practices supplemented with the 
appropriate tools and techniques [24].

3. Analysis and Identification  of Factors 
Contributing to the Efficiency  of 
Continuous Audit Systems Using CAATs

From the review of literature, it becomes clear that 
the types of factors that contribute to the efficiency of 
continuous internal audits using CAATs can be classi-
fied into two:

3.1. Organizational Factors
Organizational Factors refer to all the factors that 

are actively in the control of the organization. These 
factors will inherently be under the organization’s 
control, implying that the organization responsible for 
these factors will impact the efficiency of a continuous 
audit system that has been implemented in the organi-
zation. These factors can be identified as follows:

3.2. Organizational Culture
The organizational culture plays an important role 

in the employees’ perception of their workspace and 
their response to various organizational initiatives. In 
the specific case of implementing a continuous audit-
ing solution, the chances are that the task of imple-
menting and moving to a continuous auditing solution 
from their current audit practice is going to be tedious. 
Hence, organizations must redefine the organization’s 
cultural makeup to allow for clear, transparent com-
munication throughout the organization regarding 
the continuous auditing initiative, its perceived bene-
fits, and need. Thus, ensuring cooperation among em-
ployees leads to developing a conducive environment. 
Auditors are using CAATs frequently, thereby spurring 
their teammates to do so instead of social influence. In 
essence, the organization must set in tone the need for 
continuous auditing using CAATs.

3.3. Top Management Support  for Continu-
ous Auditing Activities

Clear communication of the benefits and need for 
a continuous auditing solution must be followed by 
sustained long-term support for continuous auditing 
initiatives and activities from the organization’s top 
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brass. This support can most likely take the form of al-
locating appropriate human capital to enable the audi-
tors to perform their duties under continuous auditing 
promptly, setting up the right business and risk-based 
context based on which the auditing process must be 
performed. These avenues will go a long way towards 
ensuring that the continuous auditing program has 
the fuel to translate into a long-term initiative; thereby, 
netting the firm considerable value as a direct result. 
For, if the internal auditors realize that the organiza-
tional management is backing the application of this 
methodology; this realization will lead to increased 
confidence while seeing through continuous auditing 
solutions.

3.4. Training and Development Programs 
for understanding and applying continuous 
auditing through CAATs

A key factor that many organizations must consid-
er when looking to implement continuous auditing 
through CAATs is the required training that must be 
imparted to the auditors involved in the internal audit 
function. As the application of CAATs depends on the 
risk faced by the organization and the various controls 
being reviewed, auditors will likely need to be trained 
and taught on how to use a particular CAAT. As such, 
it becomes increasingly pertinent for the organization 
to have in place a well-laid out a training program that 
identifies the required understanding and applica-
bility of CAATs within the organizational setup and 
efficiently imparts this knowledge to the concerned 
auditors to ensure that once implemented; the use of 
CAATs is unhindered due to a lack of know-how on 
the auditor’s end. 

3.5. Individual Factors
Individual Factors refer to all those factors that are 

actively in the control of the individual internal au-
ditors, who will be involved in the continuous audit 
process in a hands-on manner. These factors will build 
off the organizational factors allowing for every indi-
vidual internal auditor to leverage the organization-
al factors to deliver superior results in the context of 
continuous auditing. These factors can be identified 
as follows:

3.6. Skill-Sets
Individual auditors must actively understand and 

actively learn the various skills needed to operate 

CAATs for furthering the goals of continuous auditing 
successfully. Suppose an individual understands how 
to utilize these techniques in an opportune manner. 
In that case, they can serve as champions of the cause 
within the firm by spurring their fellow auditors to 
adapt the usage of these tools and techniques, which 
also has the added benefit of employees functioning as 
mentors and tutors to one another, helping to further 
the acquisition of the necessary skill-set in order to 
conduct continuous audits using CAATs successfully.

3.7. Understanding of the Outcomes  of the 
Continuous Auditing Process

A fundamental area that cannot be overlooked 
when looking to apply this kind of auditing practice 
is the complete understanding of the end outcomes of 
the continuous auditing process. Suppose auditors un-
derstand the outcomes and the benefits yielded by said 
program. In that case, they are likely to focus on the 
detailed implementation of the said program to a great 
extent enabling them to improve their auditing perfor-
mance, directly ensuring that the organization is pro-
tected from the risks they face continuously. When au-
ditors focus and channelize their energies towards the 
successful implementation of such an initiative, it will 
most definitely yield long-term results that certainly 
work to the organization’s benefit. Factors Contrib-
uting to The Efficiency of Continuous Audit Systems 
Using CAATS are presented in Figure 1. 

Organizational 
Factors

Organizational 
Culture

Top 
Management 

Support

Training and 
Development 

Programs

Individual Factors

Skillsets

Understanding 
of Outcomes

 

Figure 1. Factors Contributing to the Efficiency of Continuous 
Audit Systems Using CAATS.

It is important to note that these two factors cannot 
operate independently of one another; rather, if the 
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organizational factors heavily influence the individu-
al factors without organizational backing and support 
for an initiative of this stature, it will become next to 
impossible to ensure effective and efficient implemen-
tation. Thus, any organization looking to implement 
such a system must provide organizational backing 
until the time the system becomes mature and can 
sustain itself. 

Organizational support is extremely critical in the 
operation of the internal audit function because it is 
the responsibility of this function to enumerate and 
detail management on the risks faced by the organiza-
tion. As such, the top management being the key stake-
holder in any internal audit engagement stands to gain 
the most from the successes of the internal auditing 
function and consequently will lose the most should 
the internal audit reveal grave errors and serious over-
sights in the organization’s control environment.

4. Conclusion
This research paper provides an understanding of 

the factors that impact the efficiency of a continuous 
auditing solution using computer-assisted audit tech-
niques. Broadly, two main factors contribute signifi-
cantly to efficiency, namely organizational factors and 
individual factors. Organizational factors account for 
all aspects of this process that are within the control 
and ability of the organization to shape and mold. 
On the other hand, individual factors refer to aspects 
that are in the control of the individual employee and 
outside the direct control of the organization at large. 
However, it must be noted that organizations can ac-
tively influence these individual factors by enacting 
the right policies and providing the adequate support 
needed by the auditors to put in place a continuous 
auditing system that relies on CAATs. Organizations 
will need to take stock of their internal control envi-
ronments and then chart out a course of action to im-
plement an effective and efficient continuous auditing 
solution successfully. The solar component (size of 
internal audit) and physical elements, among others, 
have a statistically significant influence on IAE, ac-
cording to this study (independence of IA, scope of 
IA, capacity of IA, methods, and operational basis of 
IA). The effect levels differ, but they all point in the 
same direction, with up to 99 percent dependability. 
Based on the precise parameters of IA, steel firms may 
utilise this result to estimate the influence of each IA 
aspect on its efficacy. At the same time, the findings 

of the research provide administrators and leaders of 
steel enterprises with policy and solution suggestions 
for improving IAE by improving IA independence, 
expanding the scope of IA, increasing the size and 
capacity of the IA team, strengthening the operation-
al foundation of IA, and employing appropriate and 
modern IA methods. The limitations of this paper are 
as follows:

Scope of Discussion: The scope of discussion of the 
paper is limited to the efficiency factors of continuous 
auditing using CAATs. The factors that play a role in 
an organization’s decision to opt for a continuous au-
diting solution are not explored in this paper.

CAATs Focus: This paper focuses solely on the effi-
ciency of continuous auditing when CAATs are incor-
porated into the mix. Other avenues that contribute to 
continuous auditing are not touched upon in this pa-
per. The scope for future research in this area is listed 
below: Further understanding of Efficiency Factors: 
The efficiency factors detailed in this paper can be im-
proved upon subject to a deeper understanding of var-
ious organizational and individual factors, which are 
a key to continuous audits. Further research can fac-
tor in external factors to the organization to develop 
a complete and well-rounded outlook on the various 
factors that impact the efficiency of continuous audit-
ing using CAATs.
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Abstract
Information security is shifting from a traditional perime-
ter-based approach to an identity-based approach where the 
organization’s boundaries are where their digital identities exist. 
The organization has multiple stakeholders having access to 
various organization resources. Systems and applications are 
part of organization resources that help them achieve their 
business goals. These systems and applications are internally 
or externally exposed to allow all stakeholders to have seam-
less access, thus making identity and access management a 
big challenge. Identity and Access Management (IAM) is a fun-
damental part of information security. It plays a critical role in 
keeping the organization’s information security posture resilient 
to cyber attacks. This paper will identify various components 
of an IAM solution that are essential and should be considered 
while implementing and assessing the IAM solution and pro-
vides a high-level IAM framework that will allow information 
security professionals to assess the IAM security posture of an 
organization.
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1. Introduction
“74% Of Data Breaches Start With Privileged Cre-

dential Abuse.” This paper highlights the importance 
of identity and access management, whereby a robust 
IAM implementation can prevent unauthorized ac-

cess. Identity management is a critical infrastructure. 
Cyberattacks target and exploit centrally positioned 
IAM infrastructures and compromise the whole or-
ganization even compromise critical societal services 
and critical infrastructures and therefore be high rele-
vance in security [1]. An IAM framework is a flexible, 
scalable framework that provides a security architec-
ture used to provide information security. IAM solu-
tions can be deployed on-premises or off-premises, 
i.e., on the cloud. Businesses are looking for digital 
transformation to take advantage of the latest techno-
logical advancements, which is visible from the rap-
id adoption of SaaS and PaaS-based solutions. With 
the sudden change in global situations, organizations 
must adopt the cloud. It is not merely a digital transfor-
mation move but also a business continuity measure, 
which is evident from the rapid adoption to cloud ser-
vices in the recent pandemic [2]. Though security and 
privacy are the main reason for reluctance for an or-
ganization to adopt cloud solutions aggressively. The 
IAM solution provided by the cloud platforms can be 
a possible solution to minimize security risks. 

Cloud services are capable and mature to manage the 
security risk if the right security controls are carefully 
implemented. An IAM system deployment is not limited 
to any framework, but many arrangements are possible 
based on organization requirements [3]. For this paper, 
the IAM components described in the IAM framework 
are classified into three categories: identity repository, 
identity management, and access management. These 
three categories are the key focus areas in the further 
proposed high-level IAM security framework.

2. Literature Survey 
The works(United States Patent Application Publi-

cation Patent No. US 2008/0028453 A1, 2008)(Sullivan, 
2009)(F. Damon and M. Coetzee, 2013)indicate frame-
works that reflect the components that a security pro-
fessional must dwell in determining the IAM security 
posture of an organization. The framework observed 
by Sullivan gives a conceptual framework for identity 
and access assurance based on SABSA (Sherwood Ap-
plied Business Security Architecture). Whereas (Unit-
ed States Patent Application Publication Patent No. US 
2008/0028453 A1, 2008)(F. Damon and M. Coetzee, 
2013)describes various components techniques and 
technologies required for an IAM implementation [4]. 
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Security controls are essential for accountability and 
auditing. External auditors examine and verify the in-
ternal controls established by the client, many of these 
controls are associated with access controls, for exam-
ple, logical access. ISACA guides auditors regarding 
IAM assessment relative to regulations, standards, and 
framework. Cloud-based IAM solutions are SaaS, PaaS, 
and IaaS offerings [5]. Microsoft provides product IAM 
solutions via Active Directory services in their server 
operating system offerings which can be deployed in-
house. It also offers a cloud-based IAM solution via its 
Azure cloud services. Similarly, AWS offers SaaS-based 
products. Organizations can set a hybrid IAM imple-
mentation using Microsoft products running on AWS 
instances. The trend for cloud IAM solutions is head-
ing for standardization, which is evident from adopting 
open standards like SAML 2.0, OAuth, OpenID, which 
is possible for vendors by providing cross integration 
and adopting open standards in their IAM offerings. 
The efficiency and effectiveness of an IAM imple-
mentation can be pegged against whether it meets the 
organization’s business, statutory, regulatory, and con-
tractual requirements and secondly to maintain Confi-
dentiality, Integrity, and Availability (CIA- triad). There 
is a shortage of a holistic approach to meet both these 
requirements. The existent research either focuses on 
either technical or business aspects of security aspects. 
However, a holistic approach is required for an efficient 
and effective IAM implementation. This paper propos-
es a framework that attempts to encompass all the latest 
trends and factors that need to be considered to imple-
ment secure and effective IAM solutions [6].

3. Overview of Identity and Access 
Management 

Identity as an identity has evolved from a tradition-
al perimeter-based security model to identity-defined 
security. Organizations are increasingly required to 
distribute and mobilize, either by employees working 
from remote locations or teleworking, wherein lies the 
foundation of the management of identity through-
out one’s whole lifetime. It describes how the personal 
data evolves over a lifetime and what implications this 
evolvement has over the management of these identi-
ties by laying down the building blocks [7]. Organiza-
tions need to implement identity management to:

• Reduce costs and improve operational perfor-
mance

• Compliance with regulations

• Enable more agility in business operations
• Mitigate risks
Identity and access management is the collection of 

technologies, processes, and policies for managing, con-
trolling, and protecting access to organization resources. 
It involves managing digital identities their authoriza-
tion within or across system and enterprise boundaries 
to increase security and productivity. The impact can be 
measured across three areas: reduces cost, increasing op-
erational efficiencies, and improving employee produc-
tivity [8]. A view is required for IT professionals to create 
a robust and secure IAM implementation. 

Figure 1 provides an overview of the core compo-
nents of the IAM framework. Each component is a group 
that contains subcomponents that will be essential in 
assessing IAM security posture. The first component is 
Identity Store broadly includes identity storage, creden-
tial storage, discovery, and authentication services. Iden-
tity management includes functions related to identity 
administration; typically, this is done by establishing an 
identity lifecycle management process [9]. Access man-
agement refers to the process and technologies used to 
access the organization’s specific application, informa-
tion, and resources based on certain rights and privileges. 

Identity 
Store

Identity 
Management

Access 
Management

Identity and Access Management

Figure 1: IAM components

3.1. Identity Store
Digital identity is the representation of any individ-

ual or entity in an electronic format. It can be a person, 
process, service, or resource in an IT system. It refers to 
the unique identifiers and set of associating attributes. 
A digital identity can be mobile; mobility can be from 
devices, physical location, and context. This aspect 
helps in creating context-aware applications. Identity 
Store is the location where users (digital identities) and 
roles are managed. The identity store stores the iden-
tity data in a particular schema. A schema consists of 
entry types and attributes that describe how different 
identities are represented in the database. Provision-
ing is based on the identity data stored in the identity 
store. Workflows are determined based on the pro-
cessing of this data. Business roles and privileges are 
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also stored here. It is done by a role-based access policy 
(RBAC) or attributes-based access policy (ABAC). An 
identity repository has the following sub-components, 
structured data storage where identity information is 
stored, attribute storage that stores the additional at-
tributes, and service to make the data available to net-
work users and administrators [10].

Components of Identity Store are given in Figure 
2. Ientity stores are of two kinds internal or external. 
Identity store is implemented using Active Directory, 
Custom store with LDAP server/ Server built-in store 
or using a Cloud IAM solution.

Identity Store

Identity Data Storage

Credential Storage

Identity Attribute 
Storage

Discovery Service

Authentication 
Service

IAM Policy Repository

Figure 2: Components of identity store

3.2. Identity Management
Components of Identity Management are shown in 

Figure 3. Identity management refers to the process es-
sential for maintaining and managing the entire cycle 
of digital identities and their attributes. There are three 
ways to implement identity management from various 
cloud scenarios: in-house, as a service, and hybrid solu-
tion, as observed by E. Bertino. In the in-house alter-
native, identities are managed by organizations them-
selves, and the onus of maintenance and security is on 
them [11]. Identity management implemented via out-
sourcing, utilized by service providers are also known 
as IDaaS (Identity as a Service). There are companies 
having enterprise IDaaSs products with powerful inte-
gration. The third is the hybrid implementation, where 
there is a need to integrate identity solutions of multi-
ple service providers. Each cloud provider may provide 
its own IAM services. These can be all integrated with 
the help of open standards and protocols or proprietary 
connectors. Also, the privacy and security concerning 
identity management and the findings describe areas 
for designing an identity management system [12]. 
Concerning the United States Patent Application Pub-
lication Patent No. US 2008/0028453 A1, 2008, we can 

collate major components in identity management, as 
shown in Figure 3. Table 1 shows widely used technolo-
gies for different ways of IAM implementation: 

Identity Management

Account 
Management

Self-service and 
Delegated 

Administration

Identity Mapping/ 
Resolution

Credentialing

Group Administration

Identity Lifecycle Management

Workflow 
Management

Figure 3: Components of identity management

Table 1
Used technologies for different ways of IAM implementation

Type Examples
1. On-premise Corporate directory.

E.g.: Microsoft Active Directory, Open LDAP, 
Oracle Identity Store (OID), LDAP user store

2. Cloud Cloud IAM.
E.g.: AWS IAM, Azure IAM, Oracle IAM, 
Goggle Cloud Identity, etc.
Internet identity providers. 
E.g.: Login with Google, Amazon, Facebook, 
or any Open ID Connect (OIDC) compatible 
identity provider.

3. Hybrid Federating existing users.
E.g.: AWS AD, Azure AD, Oracle Net Service, etc.

3.2.1. Identity Lifecycle
The digital identity lifecycle in Figure 4 represents 

each stage of identity within an organization. It describes 
the phases in which an identity goes through in an orga-
nization. First, the onboarding process takes place. From 
here onwards, the relationship starts then an integrated 
identity management platform handles the adminis-
tration of the identity. An onboarding process involves 
the creation of digital identity [13]. It is usually carried 
out by HR and within the human resource management 
system (HRMS). Provisioning is all about providing the 
digital identity appropriate access to the resource. It in-
volves provisioning and designs-provisioning resources 
to entities. Based on the business role and privileges, the 
authentication mechanism is configured for that identi-
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ty, which also involves giving authorization and access 
to the right resources based on the principles of least 
privileges. Once the lifespan of the identity is served, the 
human resource management system initiates a dereg-
istration process. The digital identities are managed us-
ing an identity lifecycle management process defined in 
companies’ IAM policy [14].

Figure 4: Identity lifecycle

Access management includes the processes and 
technologies that allow users to access organization 
resources. Under access management in IAM, we talk 
about a process that performs three primary activities: 
Identification, Authentication, and Authorization. 

3.3. Access Management
Identification is a process of describing an entity 

to the system with the help of a unique identifier. Au-
thentication involves verifying the claim of the entity 
it claims to be, which is commonly done through user 
credentials. Authorization is the process of determin-
ing rights (policy decision) and ensuring only autho-
rized rights are exercised (policy enforcement). Com-
ponents of Access Management are shown in Figure 5.

Access Management

Authentication and 
Authorization

Single-Sign-On

Policy Administration

Federation Services

RBAC and ABAC

Policy Decision and Enforcement 

Privilege 
Administration

Figure 5: Components of access management

3.3.1. Access Control Models
The user receives (rights) roles and privileges based 

on access control models. Access control models in-
clude both physical and digital access control. Follow-
ing are the various access control models:

1. Mandatory Access Control (MAC): Control’s 
access is based on matching objects security labels 
with hierarchy levels (e.g., Top  Secret, Confidential, 
Secret), and access is strictly controlled by an admin-
istrator, usually implemented in government systems. 

2. Discretionary Access Control (DAC): Control’s 
access is based on the discretion of the object own-
er. The owner decides on which subject gets access to 
objects based on some set of rules. An administrator 
manually gives access to the user to a system or ap-
plication based on his or her discretion. Operating 
systems like Linux, Windows, and UNIX are based on 
DAC [15].

3. Role-Based Access Control (RBAC): Control’s 
access is based on roles defined in an organization, 
e.g., Manager, Administrator, HR, and Intern

4. Attribute-Based Access Control (ABAC): Con-
trol’s access is based on the following types of attri-
butes: user attributes, attributes related to application 
or systems, and present environmental conditions like 
location, time, etc. 

5. File System Security: The file system on oper-
ating systems has read, write and execute access as-
signed to user and group.

6. Network Access Control (NAC): It is a method 
of controlling and securing devices user access to their 
network, e.g., CISCO ISE.

RBAC and ABAC are the most widely used access 
control models in an IAM system within an organiza-
tion. RBAC uses the roles within the organizations to 
grant access to resources [16].

4. Proposed IAM Framework
The final IAM framework is introduced in Fig-

ure 6, consisting of components and subcomponents 
within an IAM solution. 

The framework contains five main components 
which a security professional should consider while 
performing a security assessment. It can also be used 
by organizations that are undergoing IAM implemen-
tation or looking to upgrade. They can create a road-
map to evolve their current IAM state to an advanced 
IAM implementation by referring to various compo-
nents and subcomponents [17].
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4.1. Components

4.1.1. Identity Store
It includes subcomponents that are mainly stor-

age-based (identity storage, attribute storage, credential 
storage, and policy repository) and discovery and au-
thentication services required for access to the storage.

4.1.2. Identity Management
Includes essential areas for managing the identities 

to using the identity store. Account management in-
volves CRUD operations on identities. These actions 
are performed because an identity goes through vari-
ous modifications, for example, location change, pro-
file update, new projects, new requests, etc. Self-ser-
vices and delegated administration are also required 
to avoid frequent requests from the IT administra-
tors. It enables users to perform certain tasks, such 
as password, reset, assign roles, increase privileges, 
etc. Delegation of such tasks or having a self-service 
mechanism improves user experience and increases 
accountability. Credentialing is a process that allows 
checking the eligibility of an entity for a particular 
task or action, which goes along with role modeling, 
where the roles for any user are determined based on 
the organization’s HR policy. Group administration 
functionality allows administrators to group entities 
and apply rules and controls on them. One area of 

concern was managing users and roles associated with 
the administration of systems and applications; such 
identities are called privileged identities. It is essen-
tial to have strong control and management on such 
accounts, like root access, which significantly affects 
business operations. Privileged identity management 
monitors and protects super user accounts in the orga-
nization. The process and workflows in the IT systems 
are managed by an identity and access management 
lifecycle process, varying from organization require-
ments and IAM maturity [18].

4.1.3. Access Management
Access management includes authentication and 

authorization mechanisms, RBAC and ABAC, SSO, 
Federation services, policy administration, privilege 
administration, and policy decision and enforcement. 
Authentication mechanisms vary based on the access 
assurance defined based on the IAM policy, which may 
require the adoption of multifactor authentication 
(MFA). IAM systems widely use RBAC and ABAC for 
authorization and setting up accountability [19].

4.1.4. Audit and Compliance
This includes separation of duties (SOD) policy, 

audit logs, identity and access assurance, access re-
views, controls, and privacy. One of the key policies 
in an organization is the SOD policy, which serves as 

 
Figure 6: IAM framework
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an internal control to prevent errors and fraud. It is 
an attempt to have checks and balances in place so 
that no single individual can perform tasks [20]. One 
aspect of compliance with standards and regulations 
requires having audit logs. Audit logs record oper-
ations that modify the configuration or metadata of 
resources. It enables for setting automated responses 
to the event and in the case of forensics. Identity and 
access assurance mechanism ensure that the entities 
access to organization resources based on a set of rules 
and varying access levels, observed Sullivan. Access 
reviews are also referred to as Access certification, 
which is validating access rights within systems or 
applications [21]. Periodically, managers, application 
owners, or business stakeholders must review current 
user privileges and identify risks. It is mandatory for 
compliance and risk management. An IAM system has 
various technological components, which need to be 
configured with necessary security controls. This set 
of security controls is technology-specific and based 
on best practices or as necessary for meeting compli-
ance to particular standards, e.g., ISO 27001. Privacy 
is a dreading issue, especially in cloud and hybrid IAM 
implementation. IAM tools use different mechanisms 
to address privacy issues.

4.1.5. Management
It includes policy automation, service level agree-

ments (SLA), configuration, performance, risk analy-
sis, and forensics. IAM implementations are not per-
fect solutions, and they keep evolving as technologies 
evolve and as per business requirements. The IAM 
system should have policy automation to better man-
age and control the entities in the organization. IAM 
tools provide automation pipelines that help centralize 
and automate IAM policy creation, which helps effi-
cient policy administration. IAM solutions also sup-
port automation concerning incident response. IAM 
systems also provide tools for risk detection and risk 
analysis based on an inbuilt detection engine. The risk 
detection engines monitor risk based on heuristics, 
machine learning, or third-party product integration. 
Forensics tools in the IAM solution or a third-party 
forensics tool can be integrated into IAM system. It 
allows the conduct of investigations and collection of 
evidence, which is vital to meet legal requirements in 
any adverse event. IAM providers also allow for the 
export of audit logs to be exported to other forensics 
tools [22].

5. Conclusion
This research proposes an IAM framework that 

will help IAM professionals and security professionals 
to get a holistic view of various IAM components that 
need to be considered for implementation and assess-
ment. This research gives a high-level overview to IAM 
stakeholders. Further research is possible concerning 
coming up with an implementation level framework 
based on particular IAM technologies with necessary 
security controls, which can serve as tool for IAM and 
information security consultants. We launched IA-
MaaS as a platform that allows cloud service providers 
to provide IAM as a cloud service in the public cloud. 
IAMaaS is compliant with key cloud technologies, such 
as portability, elasticity, and pay-per-use. The solution 
was applied as a series of VMs in a cloud environment 
to conform to the cloud paradigm. This technology can 
be used in a hybrid mode with current on-premise plat-
form-based applications to improve their security capa-
bilities. Users will create a virtual private region in the 
cloud with IAMaaS to secure their secured resources. 
Integration of this POC with numerous other SECaaS 
programs will be the focus of future work.
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Abstract
Home automation is now extremely common in Internet of 
things services and devices with a range of assurances to im-
prove health, lifestyle, and customer wellbeing. In terms of 
its success and apparent utility for humans, intelligent homes 
possess various safety concerns resulting from the diversified, 
vast-range, and nuanced nature of IoT. Previous studies have 
talked about security and privacy issues. However, we observe 
that they have not addressed the risk assessment of each smart 
home component and corresponding security objective along 
with additional factors that affect a smart home security pos-
ture. In this study, we have proposed a framework defining a 
standard level of security and then analyzing each component 
concerning it. There are so many vulnerabilities, but all cannot 
be assessed due to the heterogeneity of devices and their con-
nection in a small network. IoT can support a wide range of 
technologies and programs in various domains, including smart 
cities and smart houses. For monitoring, data exchange, and 
other operations in the given service, IoT smart objects com-
municate with other elements such as proxies, mobile devices, 
and data collectors. While such components help solve various 
social issues and provide consumers with modern advanced 
services, their restricted computing capacities render them vul-
nerable to well-known protection and privacy risks.
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1. Introduction
Smart home technology also referred to as home 

automation, provides house owners with safe, afford-
ability, power conservation, and comfort while en-
couraging them to monitor homes, usually through a 
mobile application. In reality, a smart home is a sys-
tem that provides a mobile application to track it from 
your smartphone or laptop. It can monitor home ap-
pliances such as lights, ventilation, air conditioning, 
smart door doors, etc. Bluetooth or Wi-Fi is used to 
monitor devices remotely  [1]. Smart home emphasizes 
the automated regulation of home appliances such as 
intelligent lighting, ventilation, and heating. Although 
industry strives to manufacture specified goods, such 
as the thermostat, smart lights, work has tried to un-
derstand the wide spectrum of solutions introduced at 
home. The devices inside the system are configured to 
the main hub that governs the movement of informa-
tion among them, controlled and operated by end-us-
er through mobile or web applications [2].

While it is evident that potentially numerous IoT 
devices and applications seem to be currently active in 
the smart home market, they usually come into one of 
the following categories: Entertainment, Monitoring 
and Safety, Household Maintenance, Lighting, Fitness, 
and Power & Resource Management. Over the last few 
years, rapid development or shift has witnessed voice 
technology adaptation in many computing applica-
tions. One of the most significant innovations that use 
voice technology is Smart Home Personal Assistants 
(SPA), e.g., Amazon Echo, Google Home, etc. Con-
nected home systems can be categorized into two ma-
jor categories: remotely operated or locally controlled 
systems [3]. The local system uses an in-house control-
ler to operatee. A smart home device is interconnected 
via the Internet, enabling users to monitor operations 
like home protection, temperature, lighting, etc. Users 
can install anything in the home that uses electricity 
on your home network and at your command [4]. It 
includes various devices that have hit the market that 
regulate and control all devices such as Zigbee, Z-wave, 
Lutron, and Wink. So, the design of the Smart local sys-
tem, the reality is that it is still linked with the external 
world through the back door by extracting data from 
homeowners and the Internet, poses a range of security 
issues. They are systems that integrate most users’ digi-
tal devices and offer them a portal to control anything. 
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However, generally, they come along with a mobile ap-
plication, and that you can access them from wherever 
you want. Present Smart home systems include cloud-
based Samsung Smart Things and Amazon AWS, and 
also several other IoTs. An example, in which a home 
device sensitizes the surrounding atmosphere and sub-
mits the overall collected data directly to the cloud or 
else from a central hub [5]. The smart house is packed 
with hundreds of sensors that are doing measurements 
in conjunction with several other evidence, including 
smart devices that will be used for customization, auto-
matic services, and enhancing the quality and usability 
of the occupants. Technically speaking, the smart home 
model consists of five essential elements: device control, 
sensors and actuators, network controllers, the control-
ler, and the remote-control devices. A smart home pro-
vides various security, childcare, healthcare, eldercare, 
energy efficiency, and management [6]. However, this 
smart home model has essential aspects of information 
protection and privacy.

The unprecedented growth in the number of linked 
devices has not only provided criminals new access 
points it also allows more of our knowledge to be cap-
tured and eventually exchanged than ever before. Based 
on many principles and criteria, lots of equipment 
manufacturers provide a wide variety of devices (me-
ters, actuators, cameras, etc.) embedded in a household 
setting. The device diversity increased security issues in 
Smart Homes are directly impacted. Land and consum-
ers and the knowledge they produce are an important 
portion of the smart house automation environment. 
As the occupants gradually welcome them, these net-
work structures started attracting more attention from 
several other business markets [7]. The growing need 
for these kinds of technologies can be seen from the 
fact that the worldwide smart home market has been 
estimated to value nearly $24000 million in 2016. The 
figure is expected to rise as more and more people be-
gin to adopt smart home technology to the extent of 
$53500 million by 2020. The following are some key 
safety criteria when working with protection in IOTs, 
which are also steps to analyze the performance of mul-
tiple protected systems [8].

Confidentiality: This applies to preventing the 
transmission of data to unauthorized individuals, or-
ganizations, and mechanisms.

Integrity: It applies to avoiding falsification and 
manipulation of data transmitted through the network 
by unauthorized individuals or devices.

Availability: It aims at ensuring that unauthorized 
individuals or programs can not restrict authorized 
users from accessing the network resources.

Authenticity: It involves the conservation of the 
authentic self of a system user or organization and 
linking the existing identity to the system-embedded 
principal to make sure the system acknowledges this 
user.

Authorization: Authorization is the role of defin-
ing access rights/resource privileges relevant to infor-
mation security and data security in general and ac-
cess control in particular.

The idea of the “Internet of Things” is no longer a 
subject of science fiction but an integral part of our life. 
One of the most common examples of IoT in action in-
cludes technologies and applications designed to sup-
port devices and Smart house systems [9]. However, the 
fact that irrespective of smart home design, it will still 
be linked with the external environment through an in-
ternet connection, also the accessible back door protec-
tion extracted by the family members, pose a range of 
security issues, observes Mantas et al. Smart homes face 
unique challenges in terms of security, safety, and us-
ability because they are multiple users, multiple devices 
networks, which has an impact on the cognitive expe-
rience of most household occupants. Current Smart 
home hardware is not well configured for many appli-
cations, often ignoring simple access control and other 
ways of making the device intelligible and accessible to 
all applications [10]. To promote the introduction and 
acceptance of home automation technologies, it is in-
deed vital to explore the user’s view also, the current 
smart home conditions. There is a significant necessity 
to reassess the theories and concepts considering the 
rapid growth rate of studies in this field.

The project discusses privacy and security issues 
related to smart home systems and their components 
and segregating them based on Confidentiality, In-
tegrity, Availability, Authenticity, and Authorization, 
which are also the security objectives of a Smart Home 
system. Lastly, we will give an overview of the mitiga-
tion options that can be implemented for developing a 
more secure home network [11].

The rest of the paper is structured, as Section 2 will 
be explaining the objective, Section 3 will be Litera-
ture Review. Section 4 is a conceptual model of how 
a smart home system looks. Section 5 is a research 
methodology, and Section 6 will be the analysis part, 
which discusses the conclusion and limitations.
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2. Conceptual Model
A smart home environment and its major compo-

nents are discussed in this section. These layers com-
municate with each other through signals to carry out 
operations. The conceptual model reference is taken 
from [12].

Smart Home Systems, shown in Figure 1, are usu-
ally hardware modules composed of cameras, smart 
objects, gateways, and sensors. The separate one com-
ponent categories are:
• Devices

Smart Home Systems are usually hardware modules 
composed of cameras, smart objects, gateways, and 
sensors. The separate one component categories are:

Sensors: - Tests the electrical characteristics of the 
atmosphere or the actual object. They may vary from 
movable like wristbands to immovable, for example, 
CCTV.

Actuators: - They perform acts like clicking ON/
Off, dimming lights, closing gates, warnings, etc.

Gateway: This is a home access point that usually 
helps owners or other individuals remotely track, oper-
ate, and handle home electrical appliances and even de-
tectors. It serves as an integration node to transmit test 
value with an outside system, like the service providers.

Smart devices: - are networks made up of sensors 
and/or actuators. They are linked with the smart home 
web. Examples here involve automated devices like a 
smart speaker that reacts to the buzzer’s sound and de-
livers access control based on real-time [13].
• Communication

Classic smart, wired home uses several proto-
col connectivity solutions. They range from wired to 

wireless communication protocols. Sensors typically 
connect using home security protocols, such as Zig-
bee, Z-Wave, and WPA2, and networking procedures 
that include Bluetooth, IEEE 802.15.4/.11ah, Wi-Fi, 
low-WPAN, also option of mobile technologies. GPS 
and RFID are also used for tracking purposes.

Smart Hub
Wiring (if applicable)

• Services
Services are mobile programs deployed in the cloud 

or in the home setting responsible for scheduling sys-
tem services that are mobile programs deployed in the 
cloud or the home setting responsible for scheduling, 
system control, decision-making, etc. Usually, house-
holds run these applications over their smartphones 
or tablets to communicate with the computer locally 
or remotely [14].

Smart Apps
Web access

3. Objective
The core objective behind conducting research is 

to give an overview of the privacy and security issues 
in the IoT-based Smart home system. Due to vulner-
abilities of the existing smart home systems and the 
multiple attacks on these systems, we have challenged 
security [15]. Therefore, the security of these systems 
is an important issue that requires analysis. The major 
emphasis is on highlighting the security vulnerabil-
ity and risks distributed among major portions, like 
human-related, network, hardware, software, and in-
formation. It is accompanied by finding out the most 
and least vulnerable components installed within the 

 

Figure 1: Smart home system elemental structure
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house setting based on types of attack, likelihood, and 
risk score [16]. Also, keeping into consideration inter-
nal and external factors, The research would be useful 
for manufacturers of home automation devices, com-
ponents, and reviewers and to develop a more secured 
smart system based on the risk assessment carried out. 
From the end-user and provider perspective, it will be 
useful as they know what factors affect smart home 
security and make them aware and, in turn, increase 
overall security posture [17].

4. Literature Review
Research attempts have been made to analyze vul-

nerabilities in IoT products in a smart home setting, 
where security issues are addressed and attack clas-
sifications are identified. Homes are the areas where 
secrecy is supposed to be preserved. IoT (Internet of 
things) has emerged as a reliable technology to en-
hance the lives in today’s digital homes by offering a 
variety of automated, interactive, and convenient ser-
vices. However, maintaining safety and adequate pro-
tection for these necessary IOT offered services are key 
problems within a smart home setting [18]. A study by 
Bugeja et al. also speaks similarly that IoT services and 
devices are becoming widely attractive among smart 
homes, including many attempts to raise the standard 
of living of individuals. However, the stratified, com-
plex, and web-related complexity for such space raises 
additional issues since personal information is obtain-
able, often without the knowledge of the household-
er. However, the privacy and protection need of vital 
technical infrastructure plus any important commer-
cial activities turn out to be somewhat distinct from 
the demands of the domestic Smart Home commu-
nity, observed Lin & Bergmann [19]. Another study 
states that homes are especially vulnerable to malware 
and data breaches at the highest degree of smartness. 
So, paradoxically, the better digital a house becomes, 
the more defenseless you get to be. Recent technolo-
gy professionals speak on how only basic appliances, 
e.g., coffee machines, can also be an intruder’s gateway 
to the whole house, which provides vulnerable digital 
underbelly, which criminals might manipulate. IoT’s 
core deployment area is a home, an integrated place, 
where many things connect through the Internet. 
Hence, according to a study, this fast-technical devel-
opment of IoT poses ample threats [20]. For example, 
in what way smart home users can get reliable utilities 
to maintain their account and privacy and a way to 

operate their houses effectively beneath managed con-
ditions and quite enough confidentiality and prevent 
abuse of sensitive information.

The emergence of smart gadgets, which systemat-
ically gathers classified data, becomes evident most-
ly because of the expansion of everyday activities. In 
addition to that, a study says that insufficient protec-
tion protocols and specialized outlier analysis mech-
anisms systems are sometimes present [21]. Such a 
diverse system renders it susceptible to various threats 
like information theft, unknown connection, service 
disturbance, power wastage, and unsafe portals. An-
other study states that with a wide range of electron-
ic devices and sensors, smart homes can be installed, 
controlled from remote areas, making it impossible 
for the average person to uphold safety levels. Since 
smart devices are connected to the Internet, the vec-
tors used by attackers are increasing significantly [22]. 
It also makes it more difficult for forensic analysts to 
use the tool and appoint the person. The development 
and implementation of complex, linked operating do-
mains, such as intelligent public transport, buildings, 
and cities, are on the rise [23]. The complexity of the 
threat area of automated homes is increasingly grow-
ing. Many vulnerable bugs got added, setting a stage 
for a not so stable dangerous environment.

In a study, the author has attempted to present the 
definition of smart home system, the term privacy 
and security in perspective of smart home, security, 
vulnerabilities area, and existing security initiatives 
to counter these security and privacy threats [25].
The diversity of IoT devices has been the most critical 
problem to discuss on a high-priority basis. The prod-
uct comes with various networking requirements, and 
different app update features often come from differ-
ent manufacturers. A study describes and addresses 
the threat that those might influence the organization 
classifying them into an external threat as well as in-
ternal in order to address the issue that since home 
automation is a section of everyday lives, many folks 
wish they can keep a check on his/her residence by just 
tapping on mobile but are afraid to risk anonymity or 
personal details that may lead to a lack of protection or 
even financial loss [26].

A further study says IOT is also perceived as a com-
mon issue area, accompanied by potential approaches 
to be implemented through applications of a broad 
variety. However, the online security requirements for 
essential technical systems and important business ac-
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tivities were somewhat distinct in the smart house of 
a traditional setting. The first time IoT was created, 
security was just an afterthought [27]. However, this 
is no longer appropriate due to the high demand for 
IoT devices in consumer homes. Attacks on IoT sys-
tems may occur with or without human intervention, 
like the Mirai botnet. Ann effective IoT attack can also 
result in significant financial, reputational, and, worse, 
life-threatening losses to customers. A study states 
that security is crucial to the proper development and 
implementation of home automation systems. It also 
gives the inhabitants of a home a sense of security and 
puts their minds at ease. As it is now, much vulnerabil-
ity exploits the smart home network, but no strong de-
fensive mechanism has yet been developed [28]. One 
more recent study states that multi-user smart homes 
face particular protection and privacy issues, such as 
supporting a wide variety of access control priorities 
and handling consumer pressures and disputes. Smart 
homes face particular problems in terms of protec-
tion, privacy, and accessibility, as they are multi-user, 
multi-device networks, which have an impact on all 
individuals in general experience living in the house, 
but unfortunately, modern smart homes are not yet 
intelligently built for connectivity with and use by sev-
eral users [29]. A similar study shows that risk quanti-
fication for smart homes is difficult because of its di-
verse environment with wired devices, appliances, and 
networks. Its design poses multiple safety concerns as 
well as vulnerabilities in a suburban neighborhood. 
It is, therefore, necessary to control the risks to smart 
homes. They also find out that many of the in-store 
apps had an extra benefit or rights because of their 
ability to behave as a complex system. Furthermore, 
after the application has been enabled, complete ac-
cess to the device is given to the Smart App. It states 
that only partial access to the device is necessary [30].

A further study states that cybercrime and infor-
mation security challenges are far closer to the real-
ity of wired home environments than has ever been 
anticipated. Much of the work initiative focuses on 
the protection systems of collaboration and essential 
services. Failing to recognize a few out of several del-
icate ties within the system emerges because of smart 
equipment wired today and the future. A study depicts 
that because of the absence of a safety procedure for 
smart components, most of which are easy preys; how-
ever, it is not in the subject’s experience about being 
compromised. Considering the significance of protec-

tion among smart devices, a prevention methodolo-
gy based on smart devices and wireless connections 
is necessary. Also, while safeguarding against hackers 
or network attacks, it is quite often advised that the 
device’s original or out-of-box password should not be 
used and read the device’s security specifications be-
fore using them for the first time. Another study states 
that even if the Internet of Things delivers enormous 
benefits, it is prone to various security threats in our 
everyday lives. The bulk of vulnerabilities were linked 
to the disclosure of data and disruption in businesses. 
Cyber-attacks in IoT devices directly affect the risk of 
general security. Applying IOT technologies to smart 
homes creates both opportunities and security risks. 
Homes integrated with the Internet of things smart 
homes seem particularly unsafe for a range of security 
hazards in and around the house. In case the protec-
tion of the home or device got breached. The securi-
ty, private details, in addition to the protection of the 
user, will be at risk.

Necessary steps must be followed to move towards 
safer homes and all the more acceptable for living in-
side. Supporting the research with a study that shows 
why smart home security is the new challenge is quite 
evident. In the current situation, the use of IoT & its 
support technologies and strategies for deployment in 
a smart home is one of several major fields, wherein a 
lot of major corporations like Google, Amazon, etc., 
are spending a quite great deal of money also initiated 
work for enhancing security and health at home. A re-
cent study shows that, up to date, the risk analyses of 
IoT systems were not all-included. However, in certain 
instances, include best-known products or vendors. 
Recent tests have shown IoT devices are quite prone 
to several cryptographic, system, network and phys-
ical, network attacks. At present, there are no health 
standards for IoT devices. Therefore, the consequence 
is that safety defects are found during usage, which 
ensures IoT health hazards are not well understood 
or investigated. Vulnerability checks are conducted to 
assess if IoT applications can be abused. It is crucial for 
security vulnerabilities experiments to be well-round-
ed across all areas of attack vectors.

5. Research Methodology
The research question identified for this paper is 

an addition to the existing research. It adds to more 
knowledge about the associated security issues related 
to a smart home.
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Q1. Are the current smart home environment 
security problems and privacy issues well ad-
dressed?

Q2. Do the smart home system components meet 
or fulfill the proposed security standards?

Systematic Literature Review has been carried out 
in conjunction with current exploration to address re-
search questions. The intention is to start by phases of 
the organizing, implementation, and documentation 
of the evaluation to support the execution of the liter-
ature review.

5.1. Selection of Primary Studies
Key findings have been outlined by entering tags 

for a particular journal or web search service. Relevant 
keywords are chosen along with conditional ‘and’ and 
‘or’ operators to help find better results. So, the threads 
in the sample were:

(“Smart home” or “Home automation”) AND (“Se-
curity” OR “Cybersecurity”) 

5.2. Inclusion and Exclusion Criteria
Studies to be included in this SLR report empirical 

findings and could be papers on Smart home security, 
privacy and security issues of IoT-based smart home, 
challenges implementing smart home. The inclusion 
criteria were: English Paper, Paper having relevant 
information related to smart home, smart home cy-
bersecurity. The exclusion criteria were: Non-English 
paper, a paper that is unclear and duplicate, paper re-
lated to the connection between a smart home and a 
smart city.

5.3. Selection Results
The original searches for the selected keyword for 

the topic identified 90 articles, conference papers, and 
chapters. Upon elimination of redundant findings, 
this was limited to 70. From remaining, the articles 
left to be read upon applying inclusion/exclusion cri-
teria were 50 with the review, a risk assessment/anal-
ysis is also going to be carried out that will contain 
Risk, Vulnerability, Threat vector, Impact, risk score 
under which security requirement (Confidentiality, 
Integrity, Availability, Authenticity, Authorization) 
the risk identified will fall in the defined security re-
quirements needed for the securing functioning of 
a smart home are used later during risk assessment 
part so that we can group which risks impact which 
requirement.

6. Data Interpretation and Analysis
The smart home concept is modeled on conve-

nience by connectivity and the automation of efficien-
cy processes. When homeowners choose the idea of 
clever home, they must also be aware of the threats 
posed by the clever home as cybercriminals trawl the 
Internet and build hacks directed at a clever property. 
In response, the desired intelligent homeowner must 
take a security measure. Smart home protection will 
begin with understanding and take the appropriate 
measures to protect your home network’s integrity.

Potential security risks include eavesdropping, 
Distributed Denial of Service (DDoS) attack, data 
spill, etc. Home automation is also under threat of un-
authorized access.

To fulfill the research question goals, we agreed to 
develop a risk evaluation methodology to perform a 
risk assessment for crucial components of smart home 
systems probably to be the target of attacks. The below 
risk evaluation reference table is created based on the 
data acquired from an institute risk analysis and man-
agement framework. It is then customized according 
to the project need. The scale selected here is a three-
scale factor for the ease of doing risk assessment is 
shown in Table 1.

Table 1
Range of risk assessment factors

 Risks Score Impact Likelihood
7.5 < Score < = 10 High  > 65% - 100%
4 < Score < = 7.5 Medium  > 25% - 65%
1 < Score < = 4 Low 0 - 25%

Along with the identified risks and vulnerabil-
ities of the components in Table 2, some factors are 
unintentional or say, not technical/network-related, 
that also affects smart home security. In Table 3, some 
identified factors are listed out, followed by dividing 
them into internal, related to the device, and external, 
which are non-device related or actions happening 
outside a smart home.

Talking about Internal Factors:
Constrained System Resources – It is still a chal-

lenge for IoT device manufacturers to design compre-
hensive security measures within a constraint avail-
able memory.

Failure of Home Device – It is a situation that is 
unintentional and can make a device vulnerable to 
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Table 2
A risk assessment matrix describing component vulnerabilities/threat vector together with their likelihood, potential risk, risk score, 
security objective, and impact
Smart Home 
Component

Vulnerability/
Threat vectors

Potential risks Risk 
Score

Likelihood Impact Security 
Objective
Hampered

Hardware
RFID

Smart Lock

Smart Meter

Sensors

Smart
Appliances

Smart hub

Biometrics

Eavesdropping

RFID Cloning

reading user tags and application 
requests, encrypt connection 
password, and duplicate secret keys

7  > 25% - 65% Medium Confidentiality,
Availability

Handshake key 
leakage

Unauthorized access to home 6.5  > 25% - 65% High Authorization

Man, in the 
Middle attack

Discover in house activity occupancy 
detection

4  < 0 - 25% Low to 
Medium

Confidentiality

Wormhole 
attack

Prevent sensors from detecting 
fire and motion, give location 
information of the user to the 
attacker

5  > 25% - 65% Medium Authenticity, 
integrity

Port scanning
Device hardware 
exploitation

Leakage of personal information into 
hands of attackers,
Malfunctioning results in fire or 
monitoring.

3.5  < 0 - 25% Low Confidentiality

Man, in the 
middle attack

Full access to central and peripheral 
devices, creation of SSH backdoor

5  > 25% - 65% Medium Confidentiality, 
Authorization

Sensor output 
interception

Captured sample is replayed and 
falsely accepts by the individual.

6.5  > 25% - 65% Medium Authenticity

Network
Wi-Fi

Telnet

Smart home 
server

WSN

Gateway

Duplicating 
access point
Replay attack

Smart home devices password 
leakage leading to a cyber-attack.

9  > 65% - 
100%

High Integrity

Dictionary 
attack

Credentials could be used to 
connect and use smart devices as a 
botnet.

5.5  > 25% - 65% Medium Authentication

Denial of 
Service attack

User unable to use the home 
network service

8  > 65% - 
100%

High Availability

Eavesdropping Access to sensitive information 
flowing between two devices

3.5  < 0 - 25% Low Confidentiality

Inadequate 
physical security

Impersonation of the device 
can happen by using just its 
compromised certificate,
Home network under attack

5.5  > 25% - 65% Medium Integrity

Software
Firmware

Mobile 
Application

API

Device 
software

Malicious code 
attack

Alter, demolish information, permit 
unauthorized access

6.5  > 25% - 65% Medium Authorization

Design flaw
Malicious code 
injection

Leakage of hardcoded passwords 8  > 65% - 
100%

High Authentication

SQL injection 
attack
DOS attack

A device can be made to pretend 
to perform correctly using its leaked 
credentials, device data leakage

7  > 25% - 65% Medium Availability

Outdated 
software
Weak 
credentials

Can create a smart device to behave 
inappropriately

4 0 - 25% Low Authorization

Information
Cloud server Large amount 

of information 
received

Affects performance of IoT 3.5 0 - 25% Low Integrity,
Availability
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security attack. These happen either because of poor 
design flow or software failure.

Power and Internet Malfunction – A malfunction 
in power can also affect device security. Most IoT de-
vices are low-powered ones; therefore, a surge could 
damage the device. Also, an internet malfunction can 
create a barrier between consumers and their connect-
ed devices.

External Factors:
Lack of Dedicated Professionals – It is noted that 

there is a lack of professional assistance in the concept 
or service phases of IoT implementation in the Smart 
Home system. An improvement can greatly reduce se-
curity vulnerabilities.

Slow Uptake of Standards – This problem is the 
lack of uniform standards and appropriate certifi-
cates by manufacturers and providers, resulting in 
low-quality products. As a result, security is compro-
mised.

Time Analysis – It is a side-channel attack that 
might not be active, but instead just watching and an-
alyzing just how much time various computations take 
to perform. This factor is crucial because it happens 
even if the data is encrypted.

7. Results and Discussion
The serious challenges in a smart world are main-

ly security and privacy. Smart computers/devices are 
quite vulnerable to attacks, resulting in data loss and 
identity breaches.

Due to the lack of security mechanisms in IoT de-
vices, many become soft targets and even without be-
ing in victim’s knowledge of getting infected. We made 
an effort in this paper to deliver a Risk evaluation for 
smart connected home surroundings constructed on 
IoT. Major emphasis is on highlighting the privacy, 
security vulnerability, risks distributed among ma-
jor portions like human-related, network, hardware, 
software, and information. Issues discussed were in 
context with security and privacy objective, which is 
CIA triad and authorization and authenticity. For risk 
assessment, a framework created with the help of ref-
erence form is proposed, in which we have defined 
that the expected level of security for any component 
is 60%, which is 6 in our case, as our risk score ranges 
from 0 to 10, which helped us in finding out which 
are the least and most vulnerable components as risk 
score above 6 is more vulnerable and below is less vul-
nerable. Here, the concept of risk appetite comes into 
the picture, which we have integrated into our study 
based on the results are drawn. Coming to the hard-
ware-related vulnerabilities, the least vulnerable are 
smart appliances, and one more is RFID. In network, 
less vulnerable is WSN, and more vulnerable is Wi-
Fi. In software, the less vulnerable is Device software, 
and the more vulnerable one is Mobile application. 
Coming to information, less vulnerable is cloud server 

Smart Home 
Component

Vulnerability/
Threat vectors

Potential risks Risk 
Score

Likelihood Impact Security 
Objective
Hampered

Denial of service 
attack

Information collected by devices 6  > 25% - 65% Medium Availability

Lack or absence 
of access control 
policy

Inadequate authentication, 
Inadequate access control

4 0 - 25% Low Confidentiality

Human
User Account

Home 
security

Weak Password 
management

Complete compromise of device and 
user account

9.5  > 65% - 
100%

High Authorization, 
Authenticity

Inexperienced 
end users

Various degree of social engineering 
attacks

8  > 65% - 
100%

Medium Availability

NOTE: Smart lock is an exception; the impact is high because if attacked, the whole smart home system and users are compro-
mised.

Table 3
Internal and external factors affecting security posture of smart 
home system

Internal factors External factors
Constrained System resourc-
es

Lack of dedicated profes-
sionals

Failure of home devices Moderate intake of quality 
standards

Power and internet malfunc-
tion

Time analysis



408 | Cardiometry | Issue 24. November 2022

and more is data storage, including physical storage in 
memory cards, etc. In human-related cases, most of 
the security cases occur due to poor password man-
agement. The study helps in carefully addressing the 
security issues of each home automation component; 
also mentioning which security objective is breached 
along with identified external and internal factors that 
affect the smart home security. Through the proposed 
framework, we learned that most of the components 
meet the defined expected level of security. It is be-
cause of design flaws, low memory constraints, het-
erogeneity of sensors, appliances, and networks. It 
shows that the proposed method can help the manu-
facturers and providers develop a more secure smart 
home environment.

8. Conclusion
The topic of cybersecurity is much more closely 

related to the Smart Home Environment than is com-
monly assumed. People have been producing a large 
volume of personal data due to the increased use of 
smart devices, posing a significant privacy danger, 
particularly as this data is stored in small smart devic-
es that are more vulnerable to privacy, mostly achieved 
without the user’s understanding. Third parties gath-
er and store any of this data, and in some situations, 
this is achieved without the user’s permission. It is also 
crucial to consider the data after it has been obtained 
from the end-user. The result would remain the same 
if the data were stolen from an unreliable machine or 
computer. The user was duped into giving more data 
than he wanted. The sourced data will be repurposed 
or distributed to third parties by the organizations that 
collected it. The customer has little influence of it, and 
in some cases, no knowledge of it. Every safeguard 
taken by the recipient will only restrict the amount of 
data gathered. Smart device manufacturers and inter-
face designers must resolve these concerns in order to 
ensure adequate protection and privacy.

9. Limitations and Future scope
When we transition into the next generation, more 

and more devices will continue to connect. For future 
scope in smart home security, we should seek to view 
the local network as a whole and create a framework 
that can quickly detect the intruder and his actions 
during the attack. This paper presents opportunities 
for potential research work in this area. There is also 
the scope of examination of security of components 

with other devices, such as remote access from a far 
location and social impact of smart home security. 
Artificial intelligence can greatly improve smart home 
security and also blockchain.
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Abstract
Adopting DevOps means increased collaboration between 
development and operations teams and faster release cycles 
through a shift to automation. Using Dev Ops brings with it 
several advantages in the development of software. Security, 
however, is often neglected in DevOps due to the fast release 
cycle. Therefore Dev Sec Ops has emerged as an extension 
to DevOps that attempts to integrate security with Dev Ops 
practices, which is not without its challenges. DevOps, and by 
extension Dev Sec Ops, represents a significant change in the 
culture, tooling, and processes used in software development. 
Therefore, when implementing DevSecOps, teams and their 
organizations need to be aware of the challenges it brings 
and how to address those challenges for a DevSecOps imple-
mentation to be effective. Literature on DevSecOps exists that 
outlines practices and principles to do this. This paper uses a 
grounded theory approach to do a systematic literature review 
of academic literature to find the factors that contribute to an 
effective DevSecOps implementation. It attempts to reconcile 
the challenges of DevSecOps with ways of mitigating them and 
the advantages that a DevSecOps implementation can bring. 
The paper thus outlines methods of effectively implementing 
DevSecOps as described in academic literature.
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1. Introduction
DevOps and its extension DevSecOps are port-

manteaus of Development, Operations, and Securi-
ty. DevOps and DevSecOps do not have strict aca-
demic definitions common practices that are part of 
DevOps are agreed upon. However, literature does 
refer to DevSecOps as collaboration between De-
velopment, Operations, and security. It represents a 
significant shift in an organization’s processes. How-
ever, with such a shift, there can be challenges and 
impediments to an organization if it wishes to adopt 
DevOps [1].

DevSecOps focuses on the integration of security 
along with the existing aspects of DevOps. Imple-
menting DevSecOps that uses automation very heavi-
ly and for which CI/CD is the core can be challenging 
for organizations. DevOps’ cost to benefit relation-
ship is not very well understood, and this is a cause 
for concern for management and those implementing 
DevOps alike. Thus, an attempt has to be made to un-
derstand the practices and principles that make for 
a DevSecOps implementation that is effective in the 
long run [2].

The contributions made with this paper are as fol-
lows: This paper uses an approach based on Grounded 
Theory to study existing literature about the elements 
of DevSecOps and how they should be implemented. 
A theory was developed to guide an effective DevSec-
Ops implementation using an iterative and incremen-
tal practice of coding literature. This theory exists in 
the form of findings from the grounded theory-based 
literature review. It covers the benefits, pitfalls, chal-
lenges, and mitigations of those challenges necessary 
to be addressed for an effective DevSecOps imple-
mentation [3].

2. Methodology

2.1. Preliminary Research
A search string containing the keywords “DevOps,” 

“DevSecOps,” and “implementation” was conducted 
on IEEE Xplore and Scopus databases. Once a rele-
vant subset was found, research notes were made for 
a small set of works. At first, the first author read sem-
inal DevOps works, namely, “The Phoenix Project” 
(Kim 2014) and Google’s SRE guidelines to create an 
understanding of DevOps. Once that study was com-
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pleted, papers based on the search string were contin-
ued for preliminary research [4].

It was then discovered that through that study that 
Grounded theory would be the appropriate approach 
and could be suitably used for conducting the litera-
ture review. Therefore, research began on grounded 
theory practices and implementations [5].

2.2. Selection of works for grounded theory
After the preliminary review was concluded, works 

were ready to be coded, shown in Figure 1. 
The inclusion criteria were limited to the follow-

ing keywords: “DevOps”, “DevSecOps”, “Challenges”, 
“Implementation”, and “Security”. If a paper did not 
immediately relate to DevOps, Security, or an aspect 
of DevOps such as continuous integration, it was not 
considered for review [6].

The collection of works for review also included 
literature such as Bird, 2016, which was used as the 
first work for coding. Subsequent works were coded 
and integrated into the theory incrementally. Thus, 
this paper uses 15 works that deal with DevSecOps 
and Security with DevOps from peer-reviewed jour-
nals in the application of grounded theory [7].

2.3. Implementation of Grounded Theory
Recommendations from Wolfswinkel et al., Stol, 

Ralph, & Fitzgerald, and Tie, Briks & Francis, were 
adopted into a customized, CAQDAS assisted coding 
process to form the literature review findings; hereby, 
referred to as “The Theory.” It was found upon review-
ing those works that the first step was to use “memo-
ing” with heavy frequency throughout the process. 
Therefore to do this, memos were maintained in a 
single text file and were marked by timestamps. These 
memos contained observations made while reviewing 
individual works and notes on the methodology and 
how it was to be implemented.

The coding process for each work was conducted 
incrementally and iteratively. Each work was coded 
in three subsequent phases: Initial or Open Coding, 
Refined Coding, and Cohesive theory formation. The 
“constant comparison,” which is an essential part of 
Grounded Theory approaches, was achieved by com-
paring codes with each other and the evolving cohe-
sive theory that was being formed, which is explained 
in Figure 1. This process was repeated until “theoret-
ical saturation” was achieved, whereby new works se-
lected did not add to the existing theory.

Figure 1: The coding process
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2.3.1. Initial Coding
For the initial or open coding process, each para-

graph or logical grouping of sentences and paragraphs 
containing one cohesive idea was summarized into 
one sentence. These sentences were referred to as “raw 
codes” or “sub-codes” during the process. They were 
maintained in an Excel sheet with the reference text, 
i.e., the text that the code summarized and the work 
from which it was taken [8].

If an existing raw code was applied to more than 
one piece of text, then the text was added to that raw 
code rather than a new code. However, if there was 
even a small semantic difference between the code 
created and an existing one, a new raw code was as-
signed. For example, “Developers must understand se-
curity practices” and “Developers must appreciate se-
curity concerns” were treated as separate codes at this 
stage. The sections only referred to the methodology 
used in the paper, and those re-appearing in the con-
clusions were not coded. An example of this process is 
shown in Figure 2.

Codes for all works were maintained in a single ex-
cel sheet to achieve constant comparison. Once the en-
tire work had been coded, a folder was created, and the 
codes were moved to the second phase of coding. In 
Figure 2, the first column represents a summary of the 
text in column 2. This text is raw text copied and past-
ed from a PDF file of the work. Column 3 represents 
a short name for the work, and subsequent columns 
house other paragraphs from other works, which can 
also be summarized in the same way or relate to the 
text in column 2 [9].

Usually, in grounded theory, this phase is referred 
to as either Selective coding or Axial coding (de-
pending on the approach). For this paper, this phase 
is referred to as “Refined coding” since it draws from 
both approaches to reduce the number of codes used 
to form the theory ultimately. If works did not have 
enough raw codes, the raw codes were immediately 
used to compare with existing theory, thereby skip-
ping subsequent phases.

2.3.2. Refined Coding
For refined coding, codes with more than one ref-

erence or are considered important (due to similarities 
with other codes in other works) were promoted to 
so-called “super-codes.” They were referred to as su-
per-codes because the remaining raw codes (referred 
to in this phase as sub-codes) with only one reference 
were to be consolidated into these super-codes.

For each sub-code, a comparison was made to each 
super-code in order to find a relationship. This rela-
tionship was codified with words such as “because,” 
“therefore,” “given if,” etc., that expressed some rela-
tionship between the two codes, which were essential-
ly English language, sentences [10].

For example, if there was a super-code which said, 
“There is a trade-off between cost and added testing,” 
where the sub-code and the relationship between 
them were expressed as, “because,” “More complex CI/
CD pipelines are harder to troubleshoot”

Relationships such as “and” and “however” were 
not considered since it was considered more suitable 
to form a new super-code because it was believed that 

Figure 2: Raw codes



Issue 24. November 2022 | Cardiometry | 413

within those relationships, the ideas expressed by sub-
codes were not sufficiently explained or expressed in 
the existing super-codes [11].

An example is given in Figure 3.
In Figure 3, column 1 represents a code with multi-

ple references or could be considered important by the 
reviewer (super-codes). Column 3 contains the other 
codes that could relate to the super-code (column 1) 
somehow. Column 2 represents an expression of the 
“relationship” between the super-codes in column 1 
and sub-codes in column 2.

These relationships did not have to be exact; that is, 
the words used to express the relationship did not have 
to form a grammatical sentence using the super-code 
and sub-code but was enough to express that some re-
lationship exists. If the relationship was too ambigu-
ous, remarks were added in.

If a sub-code did not apply to any super-code, it 
was promoted to a super-code. Sub-codes that also 
expressed a significant relationship with a super-code 
were highlighted. For example, for a super-code which 
said, “Access needs to be limited, one of the sub-codes 
and the relationship that was highlighted was, “be-
cause,” and “Lack of upfront design makes security 
reviews challenging’ [12].

2.3.3. Phase III Coding
The text that these codes referenced was referred to 

understand the nature and importance of the relation-
ship. Once all the sub-codes were either promoted to 
or consolidated into super-codes, python was used to 
transform the data to be ingested into Power BI. Power 
BI was used to see various trends in the relationships, 

for example, which sub-codes applied to a large num-
ber of codes, and which super code absorbed the most 
sub-codes.

Python was also used to understand the common-
ality between super-codes: super-codes shared the 
most sub-codes and which super-codes were most re-
lated to other super-codes. For example, this process 
was not used for all works, for example works that did 
not have enough super-codes [13].

2.3.4. Theory Formation
Once these major super-codes were identified, the 

process of forming the theory was started. This theory 
was a prosaic amalgam of the final super-codes creat-
ed thus far. Super-codes that remained after the above 
phases were completed were integrated into the exist-
ing prose in a way that could be cohesive and readable, 
which was also how ultimately constant comparison 
was conducted. Once the theory had been modified, 
other works were selected, and search strings were 
modified to include keywords, such as “security,” “con-
tinuous integration,” and “continuous delivery” [14].

3. Results and Discussion
This section contains the final cohesive theory that 

was formed. It follows thus:

3.1. Why DevOps?
The aim of implementing DevOps is to have more 

collaboration and create empathy. It is also to reduce 
times between releases to improve customer satisfac-
tion. Therefore to do this, there has to be a culture of 
openness. DevOps’ implementation can vary great-

Figure 3: Super-codes and sub-codes
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ly; for example, a “DevOps team” can be a separate 
team altogether, responsible for some code entirely 
(from development to production. DevOps attempts 
to solve problems by improving sharing and collabo-
ration between teams because collaboration can help 
fix problems faster since sharing means teams have 
to know about the problems other teams have and 
fix them. 

DevOps provides agility, flexibility, and cost-effec-
tiveness. DevOps does not require specialized tooling, 
and teams can be doing DevOps without explicitly 
saying so. Challenges arise in DevOps because the pri-
orities of Dev and Ops do not always align [15].

3.2. Security and DevOps
The more unrestricted collaboration is, the more 

lapses in access control can occur. Security is often 
neglected in DevOps due to the fast nature of the re-
lease cycle. DevSecOps can be defined as integrating 
security protocols into DevOps. DevSecOps is about 
introducing security earlier in the software develop-
ment lifecycle so that vulnerabilities in the product 
and the cost to fix them are reduced. Not doing so will 
cause delays arising from a need to fix vulnerabilities 
discover when security testing is ultimately done on a 
project, which is usually towards the end? 

Adding security to DevOps can be challenging, 
and this process can be enabled using security mon-
itoring [16].

3.3. Security Risks in DevOps
Using DevOps increases security risk because of 

the increased collaboration that takes place between 
teams. All the communication and tool they use can-
not be audited every time they use them. In fact, be-
cause of increased collaboration and faster release cy-
cles, security can be overlooked.

Access needs to be limited because certain security 
practices like manual audits, separation of duties, up-
front reviews are difficult. These processes need to be 
done iteratively. Whichever processes can be automat-
ed must be added earlier in the coding cycle, like SAST 
practices, automated audits, etc. Whatever processes 
that cannot be automated must be done in parallel at 
various times parallel to the build process; not only 
does this help improve the security of the application, 
but at the same time, security issues can be communi-
cated sooner in the lifecycle of an application, which 
means they can be fixed faster [17].

All routine changes should be automated. CI tools 
with more granular security options should be used to 
mitigate the amount of security exposure that collab-
oration brings. However, it is important to note that 
troubleshooting building without sufficient access can 
be harder if these granular options are not properly.

3.4. Reducing Risk through Automation
DevSecOps is about using security knowledge 

and tools to improve the development pipeline. Au-
tomating security and testing can contribute posi-
tively to a system’s security. For example, automating 
security practices reduces mistakes, leading to vul-
nerabilities and reducing the amount of effort secu-
rity engineers need to put in to add controls after the 
fact. Automating security also makes it fast and scal-
able, so security being overlooked to ensure rapid 
development can be addressed. Shifting security left 
in such a way makes it more cost-effective because it 
helps find bugs sooner helps at an earlier stage, mak-
ing it easier to fix them.

Automating security should also be done so that 
the agility of DevOps is not sacrificed for security as-
surance. Automation ensures that at least some tests 
will be performed, which can solve security being ne-
glected [18].

DAST and IAST can be used to look at components 
and their software while running. However, this is not 
being automated, and organizations are not aware of 
how much they lack automating security.

3.5. Accounting for Manual Processes
Manual security practices can be performed out-

side of deployment, and manual security checks 
should be minimized, as observed by Bird. Some se-
curity practices can be integrated before deployment, 
like manual code reviews, which can be done before 
deployments. Others like risk assessments and threat 
modeling, and red team exercises can be done itera-
tively. Manual checks can take time, but standardiza-
tion reduces manual security work.

3.6. CI/CD
CI/CD is the core of DevOps, and it relies on auto-

mation. CI/CD also makes safer deployments through 
feature toggles, canary releases, and automated secu-
rity practices. If something does slip the checks, fixes 
can be integrated a lot faster. DevOps is often imple-
mented to reduce lead time to change [19].
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However, it should be noted that as CI/CD pipe-
lines get more and more complex, they can be harder 
to manage. The added testing, both in terms of security 
and otherwise, can significantly add to the complexity 
of the CI/CD pipeline and not increase build times. 
Security tests can increase build times even further.

Security tests still have to be integrated into the CI/
CD pipeline. Otherwise, it can lead to more vulnerable 
software.

The security practices that have to be either auto-
mated or conducted in parallel and ops responsibili-
ties that come with DevSecOps make developers feel 
that it creates more work for them.

3.7. Using CI/CD to Improve Collaboration
CI/CD necessitates automation. Automation can 

be monitored. This monitoring data is made visible to 
all, aligns the incentives of various teams, as observed 
by Mansfield-Devine, enabling collaboration.

3.8. The Advantages of More  Frequent 
Releases

Fast integration also allows for faster feedback, 
which can improve productivity and lead to faster im-
provement. Finding errors faster can also make risk 
management easier and more cost-effective because 
fixing those errors can be cheaper if done early.

3.9. Addressing Security Concerns  in the 
Fast Release Cycle

All of this automation means that risk assessments, 
compliance, etc., need to be done differently in DevSec-
Ops. There is no large upfront design that can be as-
sessed for security. Therefore, risk assessment and threat 
modeling should be done iteratively and incrementally.

Therefore, you need to keep track of the attack sur-
face and risks with every new build; therefore, a dy-
namic tool pipeline is necessary because the code and 
its environment are constantly changing.

Security needs to be part of the coding cycle, and 
teams, especially developers, need to understand secu-
rity needs. There has to be a continuous feedback sys-
tem in terms of security to other teams and work with 
them to perform security tests and implement security 
policies. Security policies can be codified as codes.

3.10. Micro Services
DevOps and Micro services are well suited for each 

other. However, Micro services mean more security 

needs because a running system is more complex than 
a static list of Micro services. However, different Micro 
services teams still have to greatly communicate with 
each other and decide how their services will interface 
with each other.

3.11. Security Training
To implement DevSecOps, however, security needs 

to work with other teams. A lot of there has to be 
cross-training; developers and ops teams need secu-
rity training. Not only is cross-training required, but 
personnel with “DevSecOps skills” that is an under-
standing of development, security, and operations are 
often required, and they can be hard to find. DevOps 
is a constant cultural process that an organization 
must practice. Training developers to code securely is 
easier than training security people to code.

3.12. Securing and Standardizing  
the Underlying Infrastructure

Security should very much be part of the entire de-
velopment process. It begins with securing the under-
lying tools and infrastructure first. To better secure the 
underlying infrastructure and streamline the CI/CD 
process, the tools used have to be standardized across 
different servers.

Standardization has to be done for tools and pro-
cesses, which CI/CD helps achieve. This process 
standardization ensures that at least some test cov-
erage will be there, and fewer builds will be broken. 
Standardization will also help reduce manual security 
work. 

Adding security tools in the process can be chal-
lenging but beneficial in the long run. Security tools 
and standards, such as SAST, OWASP, must be appro-
priate for the organization that uses them and the ap-
plications these organizations build, which can some-
times be a sizeable task.

3.13. Special Skills Are Required
Managers and other departments also need train-

ing in handling DevOps teams that deploy fast and 
house a wider variety of skills. Since risk assessment, 
threat modeling, and security policies are implement-
ed differently and earlier in the development cycle, 
some specialized skills, such as good monitoring and 
logging practices, security automation, etc., are re-
quired. A lack of experience with these tools and prac-
tices can be challenging.
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3.14. Shifting Security Left
Security needs to “shift-left.” Security needs to be 

part of the coding cycle, and teams, especially devel-
opers, need to understand security needs. There has to 
be a continuous feedback system in terms of security 
to other teams and work with them to perform securi-
ty tests and implement security policies.

Shifting security left makes it easier to plan and 
execute security practices. SAST can assist in this pro-
cess. Security assessments and issues will only be fixed 
if they are conveyed to the development teams. Shift-
ing security left means starting from the non-func-
tional requirements. It means discovering issues and 
bugs at an earlier stage which is more cost-effective.

3.15. Monitoring
Monitoring in organizations can be complex sys-

tem data, although being granular and scalable can 
still have gaps. For example, cultural changes, configu-
ration drift can often not be captured through system 
data alone. Data gathered from surveys help under-
stand the real-world impact of the system and fill the 
gaps in system data. Therefore, monitoring requires 
a complementary approach using both system and 
survey data. Good monitoring, however, is necessary 
but insufficient. There needs to be cross-talk between 
teams in an organization. That said, in terms of mon-
itoring, less useful data must be minimized because it 
could be that much harder to learn.

3.16. Teams Need to Work Together
For there to be buy-in in security among develop-

ers, operations, and management, security informa-
tion should be conveyed to everyone. However, there 
needs to be a mapping between the security risks iden-
tified and the business risks they pose.

Teams, of course, need to work together to achieve 
common goals and to do this, data and information 
should be as visible as possible. Teams should not hide 
information from one another or even the customer. 
Conversely, customer satisfaction data should also be 
shared back to dev and ops teams.

Getting teams to work together with new tools and 
techniques can be challenging; so does integrate the 
tools and the accustomed processes of each team. For 
DevOps to be successful, the priorities and goals of 
various teams involved have to be aligned. A common 
security mindset can be created using metrics that are 
visible to everyone.

3.17. DevSecOps and Culture
A DevOps or DevSecOps team responsible for 

maintaining a system needs to have both the authori-
ty and responsibility for their system. The culture re-
quired for DevOps must promote shared ownership. 
The team has to be responsible for the application; 
teams need to be responsible, but they also have the 
authority to manage their service. There must be a cul-
ture that promotes learning from failure, which means 
that logs and monitoring data need to be visible and 
traceability of code needs to be put in, which improves 
compliance.

4. Threats to Validity
Some of the information may be lost in the process 

and not captured by the resultant theory. For example, 
one code, “State of DevOps report states that high per-
formers deploy several times faster,” appears in several 
works. However, since it is only referenced once per 
work and is usually absorbed by a super-code, it is not 
included in the theory. Secondly, the works chosen 
for coding were limited to the Scopus index and IEEE 
Xplore. Internet artifacts and Google Scholar were not 
used to source works for coding.

5. Conclusion
A grounded theory-based approach was used to 

build. The findings represent that DevSecOps involve 
changes that are both cultural and technical. The way 
organization builds software has to change, making 
significant use of automation. Any task related to 
security, compliance, and assurance can be automat-
ed and integrated into the CI/CD pipeline. Once the 
CI/CD pipeline is standardized, other organizational 
changes follow; for example, it gives developers faster 
feedback, which gives better results due to the changes 
being tested in running systems. 

Monitoring of these systems also represents a chal-
lenge. It demands a complementary approach using 
both log data and survey data to get real-world feed-
back. The information generated through monitoring 
needs to be visible to all parties involved; doing so will 
provide visibility to all parties involved and might help 
align the incentives for the various teams in DevSec-
Ops, which in turn helps collaboration.

However, these practices increase the security ex-
posure of the system, which can be mitigated by secur-
ing the underlying tooling, standardizing the tooling, 
and doing manual checks parallel to the build pipe-
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lines. Access control must also be managed through 
the use of granular configuration in CI/CD security 
tools.

DevSecOps will require cross-training to be im-
plemented properly since security needs to shift left, 
which means security has to be integrated into the 
coding cycle using SAST tools and into the CI/CD 
pipelines using DAST and IAST tools.
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Abstract
This research will concentrate primarily on commodity relation-
ships, mainly, prices of oil (OP) and gold (GP), US stock market 
(S&P500), consumer confidence index (CCI), the US Dollar index 
(USDX), and the industrial production (IP). The purpose of the anal-
ysis is to study the dynamic interconnection between OP, USDX, 
CCI, GP, IP, and S&P500, by estimating the Vector Auto Regression 
(VAR) model. OP, CCI, GP, USDX, S&P500, and IP are the different 
variables used in this paper. Using monthly data from January 1971 
to May 2020, this study applies the Granger causality test, Variance 
Decomposition (VDC) analysis, and Impulse Response Function 
(IRF). It can be inferred from the results that USDX has a significant 
relationship with GP and has a causal impact on GP. Industrial Pro-
duction has also shown a significant relationship with S&P500 and 
has a causal impact on S&P500. The result also suggested that CCI 
and S&P500 share a unidirectional relationship; the volatility in CCI 
in the short run is due to the S&P500. Also, the variables do not 
have any other significant relationship. The findings also highlight-
ed that USDX directly affected GP negatively. Industrial production 
directly impacted S&P500 in the short run, while a positive rela-
tionship is shared between CCI and S&P 500.

Keywords
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Confidence Index; Industrial production; S&P500; USDX; Vector 
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1. Introduction
Prices of Gold and Oil have also had a huge effect 

on the financial system and all aspects of the US econ-
omy, seen in both the financial and real sectors of in-
dustrial production, consumption, and investment. 

The stock market can assess what the economy’s 
financial sentiment is. Much work has been carried 
out to establish a connection between the OP, GP, and 
stock S&P 500. It has generally been found that GP 
and stock markets index (SMI) are highly negatively 
correlated in times of recession, suggesting gold serves 
as a hedge when the sentiments are bearish on the 
economy [1].

Some important metrics like Consumer Confidence 
Index, US Dollar Index and Industrial Production might 
also significantly affect GP, OP, stock market, and them-
selves. If the unemployment rate is high, it might affect 
the CCI, which in turn has an impact on the demand 
that may lead to a decrease in Industrial Production, ul-
timately affecting the S&P 500. As SMI is the clear in-
dicator of market and business sentiment and, as gold 
is considered a safe-haven investment, eventually it will 
lead the investors to withdraw and invest money from 
the stock market to gold, resulting in raising its prices. 
There can exist many links among these variables these, 
which will be established in this study [2].

Very few studies have established a relationship be-
tween OP, CCI, GP, IP, S&P500, and USDX. These in-
dexes are some of the most frequently used metrics to 
determine the strength and state of the economy. This 
paper aims to identify any relationship among these 
variables. If there exists one, then which factor has the 
highest impact on that relationship.

2. Review of Literature
A study conducted by Young (2006), to understand 

the relationship between real activity (Industrial pro-
duction) and the SMI return, suggested that despite 
the expectation of breaking down of relationship be-
tween the two due to the transformation of the US 
economy from a manufacturing to establishing itself 
as a service-oriented economy in the latter part of 
the 20thcentury, it was observed that the relationship 
not only continues to exist but also have appeared to 
strengthen [3].

To understand the dynamics between S&P500 re-
turns, OP, exchange rate, and GP, Sujit & Kumar, in 
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their research, revealed that the exchange rate is highly 
impacted, as there are shifts in other variables. It also 
found that S&P500 was impacted far less by the ex-
change rate. 

Another study by Ewing & Thompson focused on 
the cyclical movement of OP along with industrial 
production, S&P500, and other variables. They found 
that after using a variety of significant cyclical rela-
tionships and three separate time series, OP is procy-
clical and is lagged to IP.

The analysis by Junttila et al., studying the hedging 
of commodities against the stock market during finan-
cial crises, highlights that oil futures and US equities 
share a positive correlation. Simultaneously, it is nega-
tive between the futures of oil and gold, which was im-
portant because, in times of crisis, market and investor 
sentiment shifts, and individual risk ability declined 
significantly [4].

To further explore the interconnection between in-
vestor sentiment and S&P500 index and gold returns, 
a study by Piñeiro-Chousa et al. suggested that there 
existed a causal relationship between S&P500 and gold 
prices. The study also observed that gold returns influ-
enced the S&P500 volatility and that the sentiment of 
experienced users has an impact on S&P500 returns.

Studying the interconnection in the United States 
between industrial production, interest rate, aggregate 
S&P500, inflation, and real exchange rate, Kim, in his 
article, observed that S&P500 is positively linked to IP. 
However, it is negatively related to the exchange rate [5].

Another study examining the relation between 
CCI and S&P500 by Hsu et al. discovered that CCI 
and S&P500 share a bi-directional causality. As SMI 
triggers CCI shifts, and as S&P500 returns serve as the 
leading indicator, customers view it as the market feel-
ing directly affecting their sentiments. The variations in 
the CCI often result in Granger-cause S&P500 returns 
because of the animal spirits perception of consumers.

While the belief in a causal relationship between 
GP and S&P500, as suggested by Piñeiro-Chousa et 
al., holds in most cases, it is important to understand 
that it might not be necessarily true in every case. In 
Malaysia, research by Hussin et al. suggested that this 
hypothesis is not accurate. The study suggested that 
the GP is not a relevant variable to predict variation in 
Islamic share prices. At the same time, it also suggested 
that OP and SMI share a two-way causal relationship. 
In contrast, the GP, on the other hand, had no effect 
on the SMI, or vice versa. It can, therefore, be assumed 

that in the short-term, stock returns in Malaysia were 
influenced only by the price variables of the OP [6].

The relationship between the S&P500 and the CCI 
can be further extended by studying the relationship 
in another developed nation other than the United 
States to test whether the results differ. It was indicated 
in the paper by Kloet that CCI is greatly affected by the 
European Union stock market. It matches the finding 
of the study by Hsu et al.

The dynamics between financial markets and com-
modities, revealing the presence of long-term equilib-
rium among GP, OP volatility, GP volatility, OP, and 
SMI, was examined by Gokmenoglu & Fazlollah to 
provide another critical research.

The importance of investment during financial cri-
ses remains a challenge. How the investor sentiment 
changes during crises and what impact it has on the 
stock markets was shown by Bolaman & Evrim Man-
dac in their study. Their study indicated that CCI and 
SMI shared a long-term relationship.

Understanding the market and investor sentiment is 
a challenge. It remains a very important part of an in-
vestment in the developed economies. Low market re-
turns are usually preceded by periods of high consumer 
confidence, as observed by Ho & Hung in their study to 
determine the impact of investor sentiment on returns 
and volatility in the United States, France, and Italy econ-
omy. Further, conditional volatility in most countries is 
significantly caused by a shift in the sentiment [7].

To explain the relationship between OP shocks 
and SMI and examine the relationship transitions by 
shifting focus from developed to emerging economies, 
Maghyereh conducted research, taking into account 
22 emerging countries, concluding that OP shocks 
have no substantial effect on SMI returns.

Cobo-Reyes & Quirós, to examine the impact of 
OP on IP and SMI, shows that OP impacts IP and SMI 
returns in a negative and statistically relevant manner. 
Still, the effect on SMI returns is greater than that on IP.

The purpose of the analysis by Simakova was to 
examine and assess the character of the price-level 
co-movement. The study discovered a long-term as-
sociation between GP and OP [8].

3. Data and Research Methodology

3.1. Source of Data
The study used secondary data to determine the in-

terrelationship between Gold prices, Oil prices, stock 
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market index, Consumer Confidence Index (CCI), In-
dustrial Production, and US dollar index [9]. The data 
for gold prices was taken from (GoldHub.com) for oil 
prices from the US. Energy Information Administra-
tion, for stock index (S&P500), USDX, the data was 
taken from yahoo finance. For CCI and Industrial 
production, data was taken from the OECD website. 
The data collected is monthly for all the variables for 
49 years, starting from 1971-01-01 to 2020-05-01 [10].

3.2. Research Method Used for Analysis

3.2.1. Stationarity Test
The Augmented Dickey-Fuller test is initially per-

formed for all variables. If a unit root is absent, then it 
is assumed that the data at the level is stationary [11]. 
If the unit root is present, that implies the non-station-
arity of the variables; then, they are made stationary 
through differencing until there is no root factor in 
them. The hypotheses for the test are presented below:

H0: Data is not stationary (Unit root is present)
H1: Data is stationary (Unit root is absent)
Suppose ADF statistics exceed the critical value at 

95%. In that case, the H0 can be rejected, and the H1 
is accepted, which means the data is stationary [12].

3.2.2. Lag-Length Selection
Minimum Akaike information criteria (AIC) are se-

lected to select the optimal lag length. Before selecting the 
lag length, it is important to consider that if the VAR lag 
length is too short, it may not capture the dynamic behav-
ior of the variables. If it is too long, then it will distort the 
data and lead to a decrease in power. Based on the results, 
the study chose four lags to be appropriate [13].

3.2.3. Vector Auto Regression (VAR) 
and Granger Causality

Finally, a VAR model is applied to estimate the dy-
namics in between the variables. A granger causality 
test is performed to determine the causal effect among 
them. For each series, the granger causality test is ap-
plied. The hypotheses for the test are presented below:

H0: Series1 does not granger cause series 2
H1: Series1 does granger cause series 2

3.2.4. Variance Decomposition (VDC) Analy-
sis and Impulse Response Function (IRF)

The coefficients that are derived from the VAR 
model estimate may not be relevant for direct inter-

pretation. Hence, both the VDC and the IRF are used. 
IRF is used to determine if there are any dynamic rela-
tionships between variables [14], which also represent 
the dynamic response of each variable to all the vari-
ables within the system responding to a shock. VDC 
is used to test and evaluate whether the variables have 
a causal relationship between them, which also senses 
that due to a shock in one variable, up to what extent 
the variation in other variables is explained within the 
system [15].

4. Results and Analysis

4.1. Stationary Test Results and Discussion
In Table 1, the ADF test findings are presented to 

determine if the unit root is present and to assess the 
integration order in variables is presented [14]. The 
null hypothesis, H0, the presence of unit root, cannot 
be rejected when tested on the data. Nonetheless, at 
the first difference, each variable is evaluated for lack 
of unit root, signifying that the order I (1) is built into 
the sequence [15].

Table 1
ADF test statistics

Variables Level First Difference

ADF ADF

S&P500 -0.5554 -10.370*

GOLD -0.95003 -7.9856*

OIL -2.9192 -11.518*

CCI -2.8097 -8.3954*

INDUSTRIAL 
PRODUCTION

-1.3573 -4.7500*

USDX -2.7088 -9.4385*

*Denote significance at 1% respectively

For lag length selection, the one with the minimum 
AIC is selected. In this study, the optimum lag length 
is selected to be 4.

4.2. Granger Causality Results 
and Discussion

Table 2 presents the results of the Granger causal-
ity test. The outcome of the Granger causality test in-
dicates that there are ten important causal relation-
ships, namely DFS&P500 causes DFOIL, DFS&P500 
causes DFCCI, DFS&P500 causes DFIP, DFGOLD 
causes DFOIL, DFUSDX causes DFGOLD, DFOIL 



Issue 24. November 2022 | Cardiometry | 421

causes DFCCI, DFOIL causes DFIP, DFS&P500 caus-
es DFCCI. Two causal bidirectional relationships oc-

cur between DFS&P500 and DFIP and DFCCI and 
DFIP [16].

Figure 1 shows the likeness of the connection.

Table 2
Granger causality result

H0: NULL_HYPOTHESIS F_STATISTICS P_VALUE
DFS&P500 do not Granger Cause DFOIL 11.397 6.551e-09 ***
DFOIL do not Granger Cause DFS&P500 1.6902 0.1507
DFS&P500 do not Granger Cause DFGOLD 1.503 0.1998
DFGOLD do not Granger Cause DFS&P500 0.3762 0.8257
DFS&P500 do not Granger Cause DFCCI 11.063 1.185e-08 ***
DFCCI do not Granger Cause DFS&P500 0.5618 0.6905
DFS&P500 do not Granger Cause DFIP 32.814  < 2.2e-16 ***
DFIP do not Granger Cause DFS&P500 3.5267 0.007419 **
DFS&P500 do not Granger Cause DFUSDX 0.876 0.4779
DFUSDX do not Granger Cause DFS&P500 0.0803 0.9884
DFGOLD do not Granger Cause DFOIL 3.9185 0.003782 **
DFOIL do not Granger Cause DFGOLD 2.1933 0.06843
DFGOLD do not Granger Cause DFCCI 1.3936 0.2347
DFCCI do not Granger Cause DFGOLD 1.6926 0.1501
DFGOLD do not Granger Cause DFIP 0.6767 0.6083
DFIP do not Granger Cause DFGOLD 1.2296 0.2971
DFGOLD do not Granger Cause DFUSDX 1.0385 0.3866
DFUSDX do not Granger Cause DFGOLD 11.992 2.279e-09 ***
DFOIL do not Granger Cause DFCCI 5.5008 0.0002371 ***
DFCCI do not Granger Cause DFOIL 1.7341 0.1409
DFOIL do not Granger Cause DFIP 10.73 2.144e-08 ***
DFIP do not Granger Cause DFOIL 2.2821 0.0593
DFOIL do not Granger Cause DFUSDX 1.5211 0.1945
DFUSDX do not Granger Cause DFOIL 1.2419 0.2919
DFCCI do not Granger Cause DFIP 9.1863 3.355e-07 ***
DFIP do not Granger Cause DFCCI 3.9609 0.003515 **
DFCCI do not Granger Cause DFUSDX 0.538 0.7078
DFUSDX do not Granger Cause DFCCI 1.4395 0.2195
DFIP do not Granger Cause DFUSDX 0.3724 0.8283
DFUSDX do not Granger Cause DFIP 0.4533 0.77

***significant at 1%, ** significant at 5%, D/DF- First Difference

Indicator:                uni-directional causality                 bi-directional causality

DFS&P500 DFOIL DFGOLD DFOIL

DFUSDX DFGOLD DFOIL DFIP

DFS&P500 DFCCI DFS&P500 DFIP

DFCCI DFIP

Figure 1: Granger causal relationship: ANALYSIS
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4.3. Impulse Response Function 
and Variance Decomposition Results 
and Discussion

Upon applying the IRF, the results revealed that 
a shock in the DFS&P500 responds negatively to the 

DFGP, as seen in Figure 2. In the long run, it becomes 
stable and has very less impact. DFGP shock impacts 
positively on DFS&P 500 and is stable in the long term. 
A surprise in DFOP results in a favorable relationship 
with DFGP and DFS&P500. For DFS&P500, negative 

Figure 2: Results from the impulse response function
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and for DFGP, a shock in CCI reacted positively. The 
shock in industrial production is positive at the start 
for both DFS&P500 and DFGP. Still, it is unstable, fre-
quently fluctuating over time, A shock in the DFUS-
DX results in a positive response for DFS&P500 and 
strongly negative for DFGP [17].

D/DF denotes the first difference or Integrated of 
order 1 

The VDC analysis results are shown in Figure 3 and 
Table 3. While performing Variance decomposition, it 

was found that maximum variation in DFGP was due 
to DFUSDX of 6.61%. The majority of the fluctuation 
in DFOP is due to DFS&P500, i.e., 14.49%, [18]. In 
comparison, DFS&P500 was also responsible for the 
maximum variation in DFCCI of about 24.40%. Re-
sults of VDC in differenced industrial production led 
to finding that DFS&P500 was responsible for the ma-
jority of the changes, i.e., 17%. [19].

Also, as shown in Figure 4, the model is run for a sta-
bility test. The results show that the model is stable [20].

Table 3
VDC analysis: Results

VCD
OF

DURATION
(MONTHS)

CHANGE IN

DFS&P500 DFS&P500 DFGOLD DFOIL DFCCI DFIP DFUSDX

1 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000

4 0.9696719 0.0009 0.0119 0.0110 0.0057 5.7723

8 0.9222 0.0015 0.0128 0.0107 0.0516 8.9086

12 0.9191 0.0018 0.0132 0.0108 0.0537 0.0010

24 0.9189 0.0018 0.0132 0.0108 0.0539 0.00107

DFGOLD 1 0.0046 0.9953 0.0000 0.0000 0.0000 0.0000

4 0.0134 0.8966 0.0164 0.0056 0.0009 0.0669

8 0.0145 0.8838 0.0176 0.0058 0.0119 0.0661

12 0.0148 0.8828 0.0176 0.0062 0.0122 0.0661

24 0.0148 0.8827 0.0176 0.0062 0.0123 0.0661

DFOIL 1 0.0507 0.0015 0.9476 0.0000 0.0000 0.0000

4 0.1191 0.0298 0.8259 0.0011 0.019 0.0047

8 0.142 0.0367 0.7887 0.0011 0.026 0.0052

12 0.1447 0.0371 0.7849 0.0012 0.026 0.00531

24 0.1449 0.0371 0.7844 0.0012 0.026 0.0053

DFCCI 1 0.0076 0.00005 0.0158 0.9764 0.000 0.000

4 0.169 0.0029 0.0286 0.7692 0.0182 0.0117

8 0.2304 0.0044 0.0396 0.6872 0.0267 0.0114

12 0.2423 0.0055 0.0416 0.671 0.0271 0.0112

24 0.244 0.0059 0.0419 0.6695 0.0272 0.0112

DFIP 1 0.0000 0.0041 0.0030 0.0055 0.9872 0.0000

4 0.1802 0.0056 0.0232 0.0243 0.7634 0.003

8 0.1692 0.0068 0.0286 0.0393 0.7509 0.0049

12 0.1699 0.007 0.0288 0.0396 0.7493 0.0051

24 0.170 0.007 0.0288 0.0397 0.7492 0.0051

DFUSDX 1 0.0101 0.0017 0.0219 0.007 0.0038 0.9552

4 0.0136 0.0081 0.0320 0.0083 0.0043 0.9332

8 0.0143 0.0089 0.0323 0.0086 0.0058 0.9298

12 0.0146 0.0089 0.0323 0.0087 0.0060 0.9292

24 0.0146 0.00897 0.0323 0.0087 0.006 0.9291
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Figure 3: Result of VDC

Figure 4: Results of stability test
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5. Conclusion
This study’s main objective is to investigate the re-

lationship between GP, OP, S&P500, CCI, Industrial 
production, USDX. From the analysis conducted, it 
can be concluded that USDX has a significant relation-
ship with GP, having a causal effect on GP. Industrial 
Production also showed a significant relationship with 
S&P500, having a causal effect on S&P500. The result 
also showed that although S&P500 and CCI share a 
unidirectional relationship between them, the vari-
ation in CCI can be due to the S&P500 in the short 
run. Also, there exists no other significant relationship 
among the variables listed. The findings also high-
lighted that USDX directly affected GP negatively; in-
dustrial production impacted S&P500 in the short run 
while CCI and S&P 500 share a positive relationship. 
The analysis of Crude Oil, Gold, and Silver, in addi-
tion to the NIFTY and Sensex, revealed that investing 
in these assets is more convenient for investors than 
investing in the increasingly volatile stock market. 
Since the stock market experiences very large ups and 
downs, expecting consistent returns is very dangerous. 
The analysis of returns on Crude Oil, Gold, and Silver 
helped us realize that the said market does not have 
as many large swings, as it is commonly assumed and 
opposed to other commodities, and that investors can 
select these markets as a safe investment avenue with-
out much concern.
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Abstract
Biochar is a powerful adsorbent for contaminants present in 
polluted water, soil, and gases. The adsorption capacity of bio-
char depends upon feedstock biomass and pyrolytic condi-
tions. In this study, three types of biomass were collected and 
converted into biochar employing pyrolysis. Each biochar sam-
ple was tested individually for adsorption of smoke in simulated 
conditions. Activated charcoal (a known adsorbent) was used 
as control. The time taken for clearance of smoke by individ-
ual biochar sample was 23 minutes, while without biochar, it 
was 35-40 minutes gave heat treatment to one of the biochar 
samples, and smoke by the heat-treated sample in simulated 
condition was adsorbed in 15 minutes. FTIR analysis of one of 
the samples revealed prominent peaks, bending, and stretching 
in different ranges of different samples. The results indicated 
that biochar from all three biomass is effective in the adsorption 
of smoke. Heat-treated biochar exhibited higher adsorption ca-
pacity as compared to crude biochar.
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Introduction
Recent studies have demonstrated that biochar 

can serve as a green environmental sorbent [1] can be 
converted waste biomass into biochar for its use as a 
sorbent for contaminants present in polluted soil and 
wastewater [2]. Smog leading to poor air quality is one 
of the pressing environmental problems, particularly 
for large metropolitan cities like Delhi. People with 
breathing problems like asthma, bronchitis, etc., chil-
dren and older adults are mainly affected by the smog 
present in the air. Besides, it gives rise to problems like 
haze and poor visibility. Smog is a secondary pollutant 
formed by a chemical reaction of carbon monoxide, 
nitrogen oxides, VOCs (released by burning of fuels), 
and heat from sunlight. Coming up with a sustainable 
method to combat smog is, therefore, a need of time.

Together, Sulphur smog and photochemical smog 
have been identified. Sulphur smog is produced by the 
combustion of sulphur-bearer fossil fuels, notably coal 
[3], due to excessive levels of sulphur oxides (SOxs) 
in the air. Dampness (i.e., fog) and a high level of sus-
pended particles in the air intensify this form of smog. 
Photochemical haze does not require smoke or hu-
midity, on the other hand. Carbon, automobile, indus-
try, waste burn, and ozone emissions react with sun-
light and create photochemical haze. Dense coating of 
the winter snow has occurred in north Indian cities 
for numerous years. This condition has been realized 
predominantly in the National Capital, Delhi [4]. The 
criterion was mainly fulfilled in the Delhi Capital [5]. 
The major component of this smog is the accumula-
tion of particles that consists of excellent kinds of stag-
nant air dust and poisonous gases collected in the air 
throughout the winter.

Emissions from automobiles and factories, con-
struction works, and cultivation (stubble) in sur-
rounding countries/regions also worsen. The situation 
is worse. Moreover, many nitrogen oxides, hydrocar-
bons, and sulphur gases were emitted into the atmo-
sphere during early morning working hours, mainly 
on the road and industrial sources. Hydroxyl group 
(OH) and method peroxide radicals, which convert 
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nitrogen oxides to nitrogen dioxide (NO), have few 
hydrocarbons fast oxidized (NO2). There are well-re-
ported ill consequences of pollution and visibility [6]. 
The severe problem thus has to be addressed. In labo-
ratory settings and green spaces, a reasonable number 
of articles were published about eliminating the vari-
ous air pollutants [7]. But the literature on the elimina-
tion of pollution is insufficient. Bio-sorption has been 
thoroughly researched to remove aqueous solutions 
of soluble heavy metals and organics as an econom-
ical technique. Organic adsorption compounds like 
1-naphthol and naphthalene by orange peel-derived 
biomass have been reported in the past [8].[9] There 
are specific properties of biochar that make it an admi-
rable absorbent for contaminants in soil and improve 
soil fertility. A research study has been done for the 
adsorption of gases as well. Hydrogen sulphide (H2S) 
has been reported successfully removed in a study 
using biochar obtained from rice hull, bamboo, and 
camphor as a substitute for activated charcoal. Anoth-
er study said that Carbon dioxide (CO2) was absorbed 
by using nitrogen-enriched biochar obtained from 
soybean straw and was subjected to in situ diffuse 
reflectance infrared Fourier transform spectroscopy 
(in situ DRIFTS) to study the interaction between the 
CO2 and functional groups present on the active sites 
of nitrogen-enriched biochar [10]. To a great extent, 
biochar has been studied to remove pollutants in flue 
gas, such as SO2, NOX, and Hg [11]. These gases are 
chiefly present in air pollution. Chemical and physical 
properties vary in biomass feedstocks, which have a 
massive impact on the characteristics and function of 
the resultant product [12]. The physical and chemical 
interactions between biochar and target contaminants 
include electrostatic attraction, ion exchange, physical 
adsorption, and chemical bonding [13]. To improve 

the sorption capacity of the organic pollutants, bio-
char should have a high surface area, good micropo-
rosity, and hydrophobicity; while, to remove inorgan-
ic/polar organic contaminants, biochar needs more 
oxygen-containing functional groups, electrostatic 
attraction, and precipitation [14]. Pore size, moisture 
content, ash content, Volatile content, carbon content, 
hydrogen content, etc., directly impact the properties 
and capacity of biochar. Another essential factor for 
obtaining biochar with desired characteristics is py-
rolysis temperature ranges and residential time [15]. 
Pyrolysis is a thermochemical conversion that takes 
place by decomposition of biomass at high tempera-
tures (200-1200º) in the absence of oxygen [16]. The 
biomass used for obtaining biochar or any biofuel is 
basically of two types-Lignocellulosic biomass and 
herbaceous biomass. The biomass is primarily com-
posed of various organic components. The key fea-
tures of biomass are cellulose, hemicellulose, lignin, 
ash, and volatiles. These components have a major 
effect on the product (in this case, biochar) after the 
conversion process [15]. Pyrolysis favors lignocellu-
losic feedstock and is hence preferred for the conver-
sion of lignocellulosic biomass into biochar or bio-oil. 
The principal objective of this research is to investigate 
the feasibility of biochar for the adsorption of gases in 
smoke and smog and to create a new biochar waste 
film for the sorption of smog, as illustrated in Figure 1.

MATERIALS AND METHOD
The flow chart of Biochar preparation using the 

step-by-step process is shown in Figure 2.

Raw Materials
Three different types of biomass to be used as 

feedstock were collected, which were Lemon (Citrus 

Adsorption of
gases

Plant based biomass (here,
Grapefruit peels)

Pre treatment
and pyrolysis

Biochar

Adsorption of
metal

Figure 1. Using biomass as a potent adsorbent and fertilizer in the form of Biochar
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limon) peels with fibers and pulp, Grapefruit (Citrus 
paradisi) peels, and Fresh common bamboo (Bam-
busa vulgaris) leaves. The biomass was washed ad-
equately with tap water and distilled water and kept 
at room temperature for air drying. After air drying, 
all the collected material was kept in Hot air oven at 
specific temperature ranges and duration for com-
plete drying. Grapefruit peels (GFP) were cleaned 
with tissue paper for removing any dust and then 
were air-dried for 2 days, followed by drying in a hot 
air oven at 85.5°C for 10 days. The bamboo leaves 
were soaked in tap water for 40 mins, and after wip-
ing off the water, they were kept in a hot air oven at 
60°C for 5 days for drying. Lemon peels with pulp 
were washed in tap water for cleaning, air-dried, and 
then kept for drying in a hot air oven maintained at 
60° C for 6 days. A Constant weight was achieved 
on 6th day of drying. All three biomass were consid-
ered completely dry when a constant weight was ob-
tained. After drying, grapefruit peels, lemon residue, 
and bamboo leaves were shredded into small piec-
es using mortar and piston and fine grinding in an 
electric grinder. The fine powder was then subjected 
through a 1.6 mm sieve to get a particle size < 1.6mm 
and removing unwanted particles and was stored at 
room temperature in airtight containers. 

Preparation of Biochar from Grapefruit Peels
8.480g of the grapefruit peel powder was taken into 

silica crucibles and kept in a Muffle furnace at the re-
quired temperature and duration. The weight of the 
silica crucible was 36.055g. The muffle furnace was 
maintained at 250°C. Resident time was 15 minutes. 
5.902g biochar was obtained from 8.480g of grapefruit 

peel powder kept the biochar sample in an airtight 
container at room temperature. 

Preparation of Biochar from Bamboo Leaves
For obtaining biochar, an exact 5g of bamboo pow-

der was weighed and transferred in 36.055g silica cru-
cible and kept inside the muffle furnace maintained 
at 350°C carefully, wearing mittens and using pair of 
tongs. The crucible containing the biomass powder 
was held inside the muffle furnace for 2 hours, fol-
lowed by complete cooling of muffle furnace and then 
taken out and kept at room temperature for further 
cooling down of silica crucible and obtained biochar. 
The amount of biochar received was 1.923g. 

Preparation of Biochar from Lemon Residue
6g of lemon peel and residue powder was taken in 

two 17.4g crucibles each. The crucibles were kept in 
the muffle furnace maintained at 350°C for precisely 
30 minutes. After carefully taking the crucibles out, 
they were kept in desiccators for cooling, and then 
they obtained biochar was weighed and kept in an air-
tight container at room temperature. The amount of 
biochar received was 9.679g from 12g lemon residue 
powder.

Proximate Analysis
Proximate analysis of the obtained biochar samples 

was carried out to determine the qualitative parame-
ters and composition. The following parameters were 
assessed and analyzed-

Moisture content: 1g of air-dried biochar sample 
was transferred into a pre-weighed silica crucible. The 
crucible was then placed in a hot air oven maintained 

Figure 2. Flow chart of key steps involved in the preparation of biochar
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at 105°C for 1 hour, following which the crucible was 
placed in a desiccator. Once the crucible had reached 
room temperature, its weight was recorded. 

The moisture content was calculated by using the 
formula, 

Weight of the empty crucible = X1 g 
Weight of crucible + sample = X2 g 
Weight of crucible + sample, after heating = X3 g 
Percentage of Moisture content = (X2−X3)/

(X2−X1) ×100 (SK. Bhasin and Sudha Rani (2008)
Volatile matter: To determine the total volatile 

matter present, the samples were heated in the muffle 
furnace at 900°C for precisely 7 minutes. The crucible 
was then cooled and recorded its weight. The volatile 
matter was calculated using the formula, 

Weight of the empty crucible = X1 g 
Weight of crucible + sample = X2 g
Weight of crucible + sample after heating = X4 g 
Percentage of Volatile matter = (X2−X4)/(X2−X1) 

×100 (SK. Bhasin and Sudha Rani (2008).
Ash Content: The residual biochar was heated in 

the muffle furnace maintained at 725°C, without cov-
ering the crucible. The crucible was then cooled, and 
its weight was recorded. The ash content was calculat-
ed using the formula, 

Weight of the empty crucible = X1 g
Weight of crucible + sample = X2 g
Weight of crucible + ash = X5 g 
Percentage of Ash content = (X5−X1)/(X2−X1) 

×100 (SK. Bhasin and Sudha Rani (2008)
Fixed carbon: Fixed carbon content is the explo-

sive residue left after the volatile matter is removed. 
The formula used for calculating the fixed carbon con-
tent is as follows, 

% Fixed carbon = 100 – (Percentage of Moisture 
content+  Percentage of volatile matter + Percentage 
of ash content) (S.K. Bhasin and Sudha Rani (2008)).

Tests for Smoke Adsorption
This was a generalized test for qualitative analysis 

and observations. Simulated conditions were creat-
ed for testing the adsorption capacity of biochar for 
the gases present in the smoke. 2-3g of moisturized 
incense was burned in a 1000ml Borosil reagent bot-
tle (transparent bottle). Once the space in the bottle 
was occupied by “smoke” and there was no visibili-
ty through the walls of the bottle, 4g of the biochar 
sample (done one sample at a time) were sprinkled 
inside the glass bottle and sealed entirely to prevent 

the smoke from escaping. The tests were done at room 
temperature and in the presence of daylight. The time 
taken for 90% of the smoke to clear up was noted, 
which represented the ability of biochar to adsorb 
the gases and particles present inside the glass bottle 
created by burning incense. The same tests were done 
with Activated charcoal for reference and without 
biochar or activated charcoal as control and for com-
parison of obtained results. All three samples of bio-
char (lemon residue, bamboo leaves, grapefruit peels) 
were separately tested in simulated conditions, and 
time taken by each of them in adsorption of smoke 
was noted down and compared. The Same amount of 
incense was burned in all evaluations. Every biochar 
sample was tested for smoke adsorption until each of 
them gave a consistent result (time taken for clearing 
smoke). 

Activation of Biochar and its Analysis
Biochar obtained at different temperatures have 

different properties, and hence it has been stated that 
temperature plays a decisive role in the adsorption 
capacity of the product biochar [15]. Biochar can be 
activated by different treatments (biological, chemical, 
physical), one of which is heat treatment, which was a 
part of the methodology for this study. 4g of grapefruit 
peel biochar and 1.525g of bamboo leave biochar were 
taken in separate silica crucibles and placed inside the 
muffle furnace maintained at 400°C for 2 hours. The 
grapefruit peel biochar was then tested for smoke ad-
sorption in the same simulated conditions used to test 
untreated biochar samples and activated charcoal. Test 
with heat-treated biochar was done twice to confirm 
the results. 

Characterization of Biochar Samples
Analysis of untreated biochar sample was done by 

Fourier transform infrared (FTIR) spectroscopy. After 
testing all the biochar samples for smoke adsorption 
in simulated conditions, the biochar sample that gave 
the best and most consistent results was selected for 
FTIR analysis. Biochar ash was obtained while deter-
mining ash content, heat-treated biochar sample used 
for testing adsorption of smoke, untreated grapefruit 
peel biochar sample used for testing smoke adsorp-
tion, and untreated biochar sample used for no ad-
sorption tests were selected for this analysis. A small 
amount of each sample was weighed and transferred 
in Eppendorf ’s tubes and sealed by paraffin. 0.028g 
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of heat-treated smoke adsorbed grapefruit peel bio-
char,0.025g of grapefruit peel Biochar ash,0.025g of 
Untreated grapefruit peel biochar, 0.028g untreated, 
and smoke adsorbed biochar were weighed for FTIR 
Analysis. 

RESULTS

Pyrolysis and Biochar Yield
Pyrolysis for different biomass was done at differ-

ent temperatures and durations. The biochar yield was 
calculated using the following formula 

 Yieldbiochar = mbiocharmraw x 100 (Lebrun et al. 2018)

where, Yieldbiochar = mass yield of biochar, kg; 
m biochar = mass of biochar, kg; m raw = mass of raw bio-
mass, kg.

As predicted from Table 1, the Grapefruit peel bio-
char yield was 23.29%, obtained on a low-tempera-
ture range. The particle size of grapefruit peel was < 
1.6mm. Biochar obtained from typical bamboo leaves 
was higher than that obtained from grapefruit peels. 
Biochar from distinctive bamboo leaves was 38.46% 
produced in different physical conditions than grape-
fruit peel biochar. Higher biochar yield was given by 
lemon peel with fiber residues which was 63.91%. 

Table 1
Bc Yield

BM Sample Yield (%)
Grapefruit peels 23.29%
Bamboo leaves 38.46%
Lemon residue 63.91%

Proximate Analysis
Proximate analysis of the samples was done to 

provide the percentage of the material that burns in a 
gaseous state (volatile matter), in the solid-state (fixed 
carbon), and the percentage of inorganic waste mate-
rial (ash).

As mentioned in Table 2, the moisture content is 
shallow of all three samples, which is a required value 
for a good biochar yield. There is a positive relationship 
between fixed carbon from biomass and charcoal yield, 
while the volatile content and ash relate negatively with 
charcoal yield (Table 2). Grapefruit peel has the highest 
volatile matter, the lemon residue has the highest fixed 
carbon %, and bamboo leave biochar had the most ele-
vated moisture (4.19%) and ash content (12.87%).

Table 2
Proximate analysis

Sample Moisture 
content %

Volatile 
matter %

Ash 
content %

Fixed 
carbon %

Grapefruit 
peel

3.42 87.29 4.34 2

Bamboo 
leaves 

4.19 78.21 12.87 4.71

Lemon reside 2.24 89.20 5.32 5.22

Smoke Adsorption
4g of Activated Charcoal (AC) was poured into the 

glass bottle filled with smoke, following which the bot-
tle was sealed. The smoke was cleared in 20 minutes 
after the addition of AC. The weight of AC is increased 
by 1.1 g after removing the smoke in the glass bottle. 5g 
of grapefruit peel biochar was poured inside the same 
simulated environment, and the smoke inside the bot-
tle cleared up in 23 minutes. The weight of the biochar 
is increased by 0.5g. 1g of bamboo leave biochar was 
poured inside the bottle, which was sealed with paraffin 
after. However, no change in weight of the biochar Sam-
ple after adsorption was noted. 3.883g of lemon residue 
biochar was poured in the bottle filled with smoke and 
the weight increased by 0.042g post adsorption. When 
no amount of biochar or activated charcoal was added 
to the bottle, and the smoke cleared up in about 35 min-
utes is inferred from Table 3.

Table 3
Data on the removal of smoke

S 
No.

Sample Amount 
of sample 

taken

Time is 
taken for 
removal 
of smoke

Weight after 
removal 

of smoke/
adsorption

1. Grapefruit peel 
biochar

5 g 23 minutes 5.5 g

2. Bamboo leave 
biochar

1 g 23 minutes No change

3. Lemon residue 3.8 g 23 minutes 3.9 g
4. Activated 

Charcoal
4 g 20 minutes 5.1 g

Activation of Biochar by Heat Treatment 
and Its Analysis

The biochar obtained from grapefruit peel was sub-
jected to heat treatment and then tested for its smoke 
adsorption capacity. The sample was heated at 400°C 
for 2 hours in a muffle furnace and kept in a desiccator 
for cooling. Similarly, bamboo leave biochar was also 
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activated and tested for clearance of smoke after it was 
subjected to the glass bottle filled with smoke. 

FTIR Analysis
The FTIR spectrum of the biochar sample activat-

ed by heating at 400°C after the preparation and tested 
for smoke adsorption is shown in Figure 3(a). 

The sample shows the following vibrations: a. 870 
cm-1: CH aromatic group, C = C bending 

broad feature in the range 1000 - 1200 cm-1: C – O 
group stretching. 

c. 1415 cm-1: C–O–H in-plane bending of carbo-
hydrates 

d. Broad feature in the range 1800 – 2300 cm-1with 
peak centered at 2300 cm-1: surface adsorbed (either 
chemisorbed or physisorbed) CO2 

Figure 3(b) shows the FTIR spectrum of grapefruit 
peels used to determine ash contents, i.e., moisture 
content and volatile matter content. 

The sample shows the following vibrations: 
a. 771 cm-1: C – H bending 
b. 870 cm-1: CH aromatic group, C = C bending 
c. 1030 cm-1: S = O stretching or CO-O-CO 

stretching 
d. 1420 cm-1: S = O 
e. 1610 cm-1: C = C stretching 

f. Broad feature in the range 1800 – 2300 cm-1 with 
a peak centered at 2300 cm-1: surface adsorbed (either 
chemisorbed or physisorbed) CO2

g. Broad feature in the range 3000 – 3500 cm-1 
with a peak centered at 3350 cm-1: surface adsorbed 
(either chemisorbed or physisorbed) O – H stretching.

The FTIR spectrum of biochar prepared at 250°C, 
defined as nascent grapefruit peel, has been shown in 
Figure3(c). 

The sample shows the following vibrations: 
a. Weak feature at 510 cm-1: the presence of me-

tallic group 
b. Weak element at 1415 cm-1: C–O–H in-plane 

bending of carbohydrates 
c. Broad feature in the range 1800 – 2300 cm-1with 

peak centered at 2300 cm-1: surface adsorbed (either 
chemisorbed or physisorbed) CO2.

The FTIR spectrum of untreated grapefruit peel 
biochar, which was tested for smoke adsorption, is 
shown in Figure 3(d). 

The sample shows the following vibrations: 
a. 870 cm-1: CH aromatic group, C = C bending 
b. 1030 cm-1: either S = O stretching or CO-O-CO 

stretching 
c. 1433 cm-1: O – H stretching from carboxylic 

acid 

Figure 3.(a) to (d) shows FTIR data of samples prepared at different experimental conditions.
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d. Weak feature at 1610 cm-1: C = C stretching 
from α, β – unsaturated ketone 

e. Weak feature at 1725 cm-1: C = O stretching 
f. Broad feature in the range 1800 – 2300 cm-1with 

peak centered at 2300 cm-1: surface adsorbed (either 
chemisorbed or physisorbed) CO2

DISCUSSION

Biomass Pre-Treatment
The biomass to be used as feedstock for preparing 

biochar must undergo specific treatments before be-
ing subjected to pyrolysis. Pre-treatment changes the 
structure of organic components present in biomass, 
leading to enhanced pyrolysis and char yield. The 
pre-treatment aims to change or even destruct the lig-
nocellulosic system to enhance the pyrolysis efficien-
cy. The methods and techniques used for pre-treat-
ment can be physical, chemical, biological, thermal, 
or combination. In this experiment, the biomass was 
subjected to physical treatment by completely drying 
and grinding the biomass [15]. During pre-treatment, 
biomass is also cleaned well of all the impurities pres-
ent on the biomass. Torrefaction (pyrolysis in the temp 
range 200°-400°) requires an inert environment and 
dehydrated biomass. Thus the biomass used for this 
study was dried entirely before subjecting it to pyroly-
sis to obtain char. Physical pre-treatments help breaks 
down the biomass’s cell wall, making lignocellulosic 
biomass available for cellulase enzymes, digestibility, 
and product yield. Moreover, the biomass to be used 
as feedstock must be free from organic or non-organic 
contaminants like paint, dust, etc.

Pyrolysis and Biochar Yield
Pyrolysis includes the carbonization of biomass. 

Important factors which can be straightforwardly 
controlled are heating rate, pyrolysis temperature, and 
holding time. Mentioned factors influence the quality 
and yield of product biochar. Depending upon opera-
tional conditions, pyrolysis can result in the formation 
of bio-oil, bio-char, or gas. Pyrolysis can be classified 
into slow, fast, flash, and intermediate pyrolysis based 
upon the temperature range, residence time, particle 
size, etc. The bamboo leave biochar and lemon residue 
biochar were produced by flash carbonization, pyrol-
ysis in the 5-30 minutes temperature range, and resi-
dence time less than 30 minutes. This type of pyrolysis 
gives a yield of about 37% for biochar. The bamboo 

leaves gave a biochar yield of 38.46%, while lemon res-
idue surprisingly gave a high biochar yield of 63.91%. 
Obtained it at the same temperature as producing 
bamboo leaves biochar, but the duration was 30 mins 
(same as grapefruit peel biochar). The possible reason 
for this difference may be the different composition 
of lemon residue and the presence of fibers and pulp 
along with the peel. Re torrefaction obtained biochar 
from grapefruit peel (pyrolysis in the temperature 
range 200-290°C for 10-60 minutes). Torrefaction is 
known to give 61-84% char yield. Grapefruit peels 
were paralyzed for 15 mins at 250°C, and the char yield 
was 23.29%. It has been reported that all the main con-
stituents of biomass, which are cellulose, hemicellulo-
ses, and lignin, have different reactions rate or decom-
pose by different pathways. A more comprehensive 
temperature range can be applied to decompose lignin 
while cellulose and hemicelluloses degrade over nar-
rower temperature ranges. The Lemon residue con-
tained fibers and the peel, which may be the reason 
behind the higher biochar yield. The pyrolysis carried 
out in this study was slow as it was in the temperature 
range 250-350°C (lower temperature) with a long res-
ident time duration.

Particle size is also one of the factors which mark 
the biochar yield and quality. With the increasing 
particle size of biomass, the biochar yield decreases, 
particle size kept for the sample of biomass used py-
rolysis was less than 1.6mm, which may be the suit-
able particle size for a good char yield. Furthermore, 
different kinds of biomass result in different biochar 
yields due to variabilities in biomass composition. Bio-
mass used in this study was lignocellulosic biomass 
containing high amounts of lignin and cellulose and 
other oxygen-containing functional groups. At lower 
temperatures, cellulose degradation results in a more 
stable anhydrocellulose giving a higher biochar yield. 
The presence of lignin in biomass is correspondingly 
responsible for the generation of biochar.

Proximate Analysis for Determining 
Properties of Biochar

Proximate analysis was determined to analyze the 
prepared biochar’s fixed carbon, volatile matter, ash, 
and moisture content. In this study, the biochar sam-
ples were prepared at different times and stored for 
the additional duration after preparation, which can 
be the reason for the difference in values of the deter-
mined parameters. The aim of carrying out proximate 
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analysis is to determine biochar’s accuracy, quality, 
and functioning. All three parameters- Volatile matter, 
ash content, moisture content, and fixed carbon con-
tent were carried out by common method for every 
sample. Known to be a less expensive method, Proxi-
mate analysis is a widely used method for determining 
biochar stability and overall quality of the product bio-
char and biomass to make biochar.21,30 Volatile matter, 
Ash content, moisture content, and Fixed carbon are 
crucial biomass components that affect the conversion 
process. Moisture content affects the supply, storage, 
transport, and handling of the biomass feedstock, 
and ash content can affect the yield of fuels like bio-
oil, which are produced by pyrolysis using biomass as 
feedstock but with different pyrolysis parameters [16]. 
The data in table 3.2 can be compared with the prac-
tical and theoretical results of pyrolysis. The moisture 
content of each biochar sample was in the range of 
2- 5%. It has been described that biomass with low 
moisture content favors biochar production and re-
sult in a good biochar yield, both quantitatively and 
qualitatively. The highest ash content was obtained 
for common bamboo leave biochar, 12.87%, and the 
lowest was for grapefruit peel, 4.34%. The ash content 
for lemon peels and fibers was 5.32%. The residence 
time while preparing biochar was the longest for bam-
boo leaves biochar which was 2 hours, which may be 
the reason behind its highest ash content. At the same 
time, it was the shortest for grapefruit peel biochar 
(15 minutes) lowest ash content. The temperature at 
which grapefruit peel biochar and bamboo leave bio-
char were prepared were 250ºC and 350ºC, respective-
ly. Residence time and temperature play a crucial role 
in the properties of biochar. 

Smoke Adsorption by Biochar Samples 
under Simulated Conditions

The number of attempts to observe and test smoke 
adsorption by prepared biochar samples was made 
under simulated conditions. The simulated condition 
was created by burning incense cones using a 1litre 
Borosil glass reagent bottle. After the incense started 
burning, it emitted enough smoke to fill the bottle 
with smoke, and there was no visibility through the 
glass surfaces of the bottle. After smoke occupied the 
space in the bottle, small amounts of biochar were 
subjected, and time taken for clearance of smoke was 
noted down, individually for each biochar sample. 
This experiment was repeated several times till consis-

tent results were obtained. The tests were done with-
out a biochar sample, with all three biochar samples 
and activated charcoal. Activated charcoal (AC) and 
all the biochar samples were tested for adsorption of 
smoke in simulated conditions, at room temperature, 
in the daylight. An adsorption test for AC was done to 
compare results for studying the efficiency of biochar. 
Activated charcoal is known to be a strong adsorbent 
for contaminants present in water, and it has been 
reported for the adsorption of gases as well. For ad-
sorption of gases like Hydrogen sulphide, a Simulated 
condition was created by burning incense which emit-
ted the same gases and particles on burning present 
in polluted air caused by vehicle emissions, burning 
of wastes, etc. These gases and matter include Sulphur 
dioxide, carbon dioxide, carbon monoxide, Nitrogen, 
Polyaromatic hydrocarbons, Polycyclic compounds, 
Volatile organic compounds, etc.

As photochemical smog forms in sunlight, the tests 
in simulated conditions were carried out in the pres-
ence of the sun and at room temperature for brief and 
general experimenting. As mentioned in table 3.3, 4g 
of AC was subjected to the smoke chamber and left 
until the smoke cleared up. The smoke cleared up 
inside the glass bottle in 20 mins. After the remov-
al of smoke, the AC was collected in a dish and was 
weighed. There was an increase of 1.1g in the weight 
of AC. Using the same method, all three biochar sam-
ples were tested to remove smoke and adsorption of 
gases and particles present inside the smoke chamber. 
Variable amounts of each sample were put inside the 
chamber, one at a time. Time was also noted when 
no biochar sample or AC was inside the bottle con-
taining smoke, and the smoke cleared up. There was 
complete visibility through the bottle after removed 
the smoke in all five evaluations. Time taken by grape-
fruit peel biochar for removing smoke was 23 mins, 
which is more than AC but less than the time taken 
for removing smoke without biochar or AC inside 
the glass bottle containing smoke. These observations 
state that it is highly possible that adsorption of smoke 
by biochar was taking place in the simulated condi-
tions. All three biochar samples, even when taken in 
different amounts, took 23 minutes for smoke remov-
al. A small gain in weight was noted when the samples 
were weighed again after the smoke was removed (or 
adsorbed) in the glass bottle. However, the weight of 
bamboo leave biochar remained the same even after 
adsorption. Several studies have reported the adsorp-
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tion of the gases present in polluted environments by 
biochar. Those biochar samples were obtained from 
different biomass than the ones used in this study [7]. 
The mechanism behind the adsorption of gases by bio-
char has been explained in numerous studies. A study 
proposed contaminants present in polluted water and 
biochar sand interact and react by electrostatic attrac-
tion, ion exchange, chemical bonding, and physical 
adsorption. Biochar should have a high surface area, 
good microporosity and hydrophobicity, oxygen-con-
taining functional groups, electrostatic attraction, and 
precipitation [10]. As stated in studies done previously 
and by the results of this study, it can be concluded 
biochar has the potential for adsorbing gases like such 
as SO2, NOX, and Hg, and its use is not limited only to 
polluted water and soil [13]

Activation of Biochar and Its Enhanced 
Adsorption Capacity

B iochar can be activated for enhanced perfor-
mance by various methods. Heating the biochar sam-
ple at high temperatures for long-duration brings 
changes in the property of biochar. When the bamboo 
leaves biochar, and grapefruit peel biochar samples 
were heated in separate silica crucibles in a muffle 
furnace maintained at 400°C for 2 hours, it gave dif-
ferent results for smog removal. 0.418g of the sample 
was poured inside the bottle filled with smoke, and 
the smoke cleared up in 17 minutes, which was less 
than the untreated biochar and activated charcoal. 
The amount of heat-treated biochar used was also less 
than that of Activated charcoal and untreated biochar 
samples. Nascent grapefruit peel biochar was obtained 
by heating the raw biomass at 250° C for 15 minutes. 
After heat treatment gave better results, timeless than 
taken by activated biochar samples and untreated bio-
char samples. There are various physical and chemical 
treatment methods for activating biochar depending 
on which the properties of biochar are affected both 
positively and negatively. Adsorption properties of 
biochar such as pore volume, surface area, surface 
functional groups, ash content, polarity, etc., change 
treatment by any physical or chemical method. This 
transformation of biochar results in enhanced proper-
ties and capacities of biochar. Similarly, the reason for 
different results when the smoke adsorption experi-
ment was carried may be the transformed and boosted 
properties of the grapefruit peel biochar after it was 
subjected to heat treatment. 

Analysis of Biochar Sample by Fourier 
Infrared Transform Spectroscopy

Infrared absorption spectroscopy (FTIR) was done 
to find out the functional groups present on the sur-
face of the biochar samples. Grapefruit peel biochar 
samples before and after smoke adsorption, after heat 
treatment, and the ashes of grapefruit peel biochar 
(obtained after the analysis of ash content) were sub-
jected to FTIR. The vibration in Figure 3(a) shows 
the presence of aromatic and carbohydrate groups. 
This sample was given heat treatment and then was 
used for adsorption /removal of smog. In Figure 3(b), 
the FTIR spectrum of grapefruit peel biochar ash is 
shown. There is C-H bending and the presence of ar-
omatic groups. Fig 3(c) shows the FTIR spectrum for 
the grapefruit biochar sample, which was not given 
any treatment or used for adsorption of smoke; the 
presence of some metallic groups is indicated at 510 
cm-1. Figure 3(d) shows that O-H stretching from car-
boxylic groups and C = C stretching from α, β – un-
saturated ketone is there was the untreated BC sample 
of biochar used for smoke removal in the simulated 
conditions. Aromatic functional groups were present 
on the surface of particles of all four samples.

Still, the untreated grapefruit peel biochar used for 
smoke adsorption was distinct from the other 3 samples. 
Except for sample (3b), there is a peak in broad feature 
in the range 1800 – 2300 cm-1 indicating adsorption of 
CO2. It has been recently studied and concluded that 
biochar adsorbs carbon dioxide using different models 
like fixed-bed column, Avrami kinetic model, etc. The 
biochar in these studies was obtained from biomass like 
seaweed and Rambutan (a fruit) peels. Besides CO2, 
other gases like H2S, CH4, SO2 can also be absorbed by 
biomass-based biochar. Thus, it can be concluded that 
there was adsorption of CO2 by the biochar samples. 
This adsorption capacity can be enhanced by giving 
different biochar treatments, using other pre-treatment 
methods for preparing biochar for pyrolysis, and using 
a different range of pyrolysis temperatures, as shown in 
Figure 4. To understand the interaction between bio-
char and particle to be adsorbed is important to learn 
and comprehend biochar surface properties, adsorp-
tion kinetics, mechanisms, and equilibrium.

CONCLUSION
The biomass used for this study was organic waste 

rich in lignocelluloses and was given pre-treatment for 
making it suitable for pyrolysis. Pre-treatment is essen-
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tial for preparing the biomass for pyrolysis to get a good 
biochar yield along with quality. Different biomass gives 
different yields depending upon the temperature of py-
rolysis and property of the biomass. Particle size is one 
of the essential factors to look for while subjecting a 
biomass sample for pyrolysis; small particle size is given 
preference over large particle size for producing biochar. 
Parameters of proximate analysis- moisture content, ash 
content, volatile matter, and fixed carbon- are analyzed 
to determine the purity, accuracy, quality, and few oth-
er properties of biochar and biomass. Besides proximate 
analysis, ultimate analysis is also done to determine the 
trace elements (N, S, O) found in biomass and biochar 
samples. FTIR results portray functional groups present 
on the surface of biochar particles that interact with the 
target contaminant, and the contaminant gets adsorbed 
on the surface of biochar particles with the help of differ-
ent interaction forces like electrostatic interactions, ionic 
interactions, and Van der Wal forces. The production of 
activated charcoal entails physical or chemical activation 
procedures that occur at very high temperatures up to 
950°C; acidic chemicals are produced as waste. 
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Abstract
Contextual knowledge is the most important aspect of lan-
guage comprehension. We define contextual knowledge as 
both general knowledge and discourse knowledge, i.e., knowl-
edge of the situational context, background knowledge, and 
co-textual context. In this paper, we will discuss the significance 
of contextual knowledge in comprehending the humor found 
in Amul’s cartoon advertisements in India. Throughout the 
process, we will analyze these advertisements and determine 
whether humor is an effective tool for advertising and, as a 
result, marketing. These bilingual advertisements also assume 
that the audience has the necessary linguistic knowledge, such 
as vocabulary, morphology, and syntax in English and Hindi. 
Various techniques such as punning, portmanteaus, and par-
odies of popular proverbs, expressions, acronyms, famous di-
alogues, songs, and so on are used to convey the message 
humorously. The current study will focus on these linguistic cues 
and the necessary context for understanding wit and humor. 
This study will also employ semiotics and sign methodology 
to analyze the message provided by the cartoons. According 
to the research findings, cartoons serve two purposes: political 
communication and advertising; however, advertising is cam-
ouflaged and not placed in an obvious manner.
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1. Introduction
Indian political history is wrought with controver-

sies and scams. This study investigates the documen-
tation of a few such controversies and scams through 
Amul’s print advertisements. Amul has been making 
topical ads since 1969 (Varma, 1996). These ads have 
managed to create a long-running brand image for 
Amul. The ads about consumer content preference are 
also displayed using contextual advertising. Amul or 
Gujarat Cooperative Milk Marketing Federation Ltd 
is an organization of dairy cooperatives from Guja-
rat formulated in 1946. The mascot for this company, 
the ‘Amul Girl,’ was created by a team led by Sylvester 
DaCunha. The first ‘topical’ Amul Ad came around 
in 1969 when during ‘the beginning of the Hare Ram 
Hare Krishna movement, Sylvester DaCunha, Mo-
hammad Khan, and Usha Bhandarkar, the then cre-
ative team working upon the Amul account, came up 
with a clincher - Hurry Amul, Hurry Hurry’ (Varma, 
1996). Understanding advertising through the ideas of 
Frankfurt School, particularly through the concept of 
culture industry given by Theodore Adorno and Max 
Horkheimer, it is understood that advertising sells cul-
ture to create commercial benefits. 

2. Review of Literature
David Ogilvy defines advertising as a medium of 

information, which the one finds so interesting that 
they end up buying the product. He lays special im-
portance on maintaining this brand image by asking 
whether it can continually be projected for 30 years 
when recognizing the big idea for an advertising cam-
paign. Amul’s advertising campaign has been the same 
from 1969 to the present. It has become a well-defined 
feature of the company’s brand image. Modern mar-
keting works through segmentation which leads to 
targeting, which leads to brand positioning, which 
then leads to the development of advertising messag-
es, wherein particular messages are made for specific 
target segments of the population, which aligns with 
the concept of ‘contextual advertising,’ which is de-
fined as advertising that ‘entails the display of relevant 
ads based on the content that consumers view, exploit-
ing the potential that consumer content preferences 
are indicative of their product preferences.’ While the 
original study has been done in the context of web-
based content, the concept applies to Amul print ad-
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vertising as well because of their topical nature, they 
require the audience to have an understanding of the 
context of the advertisement, which is supplemented 
by the newspaper based on which they advertise.

Advertisers emphasize the headline of an ad and 
how it attracts attention to the product and stimu-
lates the consumer to give serious consideration to the 
product. For this, they recommend the use of puns and 
other rhetorical tools in the ad copy. Figures of speech 
like ‘tropes, which involve the transfer of meaning of a 
word, are a deviation from what it normally signifies. 
The schemes, which involve a word transfer that de-
viates from customary grammatical structure’, are ac-
tively practiced in Amul print ads. However, advertis-
ers like Ogilvy and Caplets recommend ensuring that 
the headlines are not ‘too smart’ or too hard to grasp. 
They also recommend a linkage between the textual 
and visual elements of the ad so that both are mutu-
ally reinforcing. These aspects of an ad are created 
and consumed through a social process, reflecting the 
popular culture and stimulating or shaping it. Ogilvy 
wrote how often the advertisements in newspapers are 
read more than the news items them, thus clarifying 
that their reach would affect the ways people operate 
in their daily lives. Advertising interacts with other 
forms of communication and literature, film, music 
in various ways (through references as in the case of 
Amul). Advertising has also become intertwined with 
other forms wherein films and Television shows have 
started propping up products within the narratives. 
Because of their diverse effects, it becomes imperative 
to research advertising so that ads can be analyzed for 
their social and cultural impact.

The meaning and context behind a Figure can be 
understood through semiotic analysis. John Fiske de-
fines semiotics as the study of signs and the way they 
work. Semiotics contains the sign itself, the codes and 
systems within which the sign has been organized, and 
the culture within which the code or sign operates. Se-
miotics recognizes the audience as readers and active 
participants in the meaning-making process, based 
on their life experiences and attitudes. The meaning, 
thus, is based on one’s construction of reality, its inter-
pretation, and representation in one’s mind; most of 
these meanings are shared within a society.

As defined by Ferdinand Saussure, the sign con-
sists of the signifier (the term as we perceive it) and 
the signified (the actual idea that the term represents). 
For instance, the word ‘table’ and the actual concept of 

the piece of furniture, while the word table is arbitrary, 
giving it no real characteristics of the idea of the table 
(1 or more legs and level surface) by the combination 
of the two that meaning is conveyed. The signifiers 
change as one moves from language to language. The 
signified remains more or less similar, however not 
the same, because of cultural differences. A European 
has just one word for ‘snow’; however, because their 
lives largely revolve around it, an Inuit has 50 different 
words for snow. Saussure suggested that the meaning 
of a sign is also determined by how it is distinguish-
able from other signs of the system. ‘According to this 
model of meaning, the signified are mental concepts 
we use to divide reality up and categories it so that we 
can understand it.’

Another important model for semiotics was given 
by CS Pierce, which was largely similar to the one by 
Saussure, with the addition of dividing a sign down 
into three separate categories, icon (which resembles 
the object in some way); index (where there is a di-
rect link between the object and the sign) and symbol 
(where there is no connection or resemblance between 
the sign and the object). A photograph is an icon, 
smoke is an index of fire, and a word is a symbol.

Like any other text, ads is made up of these vari-
ous categories of signs and can therefore be polysemic 
or have multiple meanings. Amul advertisements fit 
in the diachronic polysemy category, which can be 
defined as ‘multiplicity of meanings during advertis-
ing reception. When advertising polysemy occurs in 
the same individual-such as on first viewing an ad or 
viewing an ad on repeated occasions’ The multiplici-
ty of meanings is possible because of how words are 
used; words carry attitudes and beliefs, convey mean-
ings and associations, and bring out specific ideas. 
Thus, using the word obese/fat/well-built/chubby may 
mean the same things but convey different ideas to the 
consumer.

Polysemy aligns with the concept of Mythologies 
[1] by Roland Barthes, an extension to the way Sau-
ssure perceived semiotics. Barthes specified how the 
meaning of a text could be broken into two categories 
the first level of signification (denotative meaning [2]. 
‘Myth’ was the second level of signification (connota-
tive meaning) [3], implied in popular texts. For Bar-
thes, ‘myth was a culture’s way of thinking about some-
thing, a way of conceptualizing and understanding it. 
Words could then have multiple meanings depending 
upon cultural contexts; say the word dog could mean 
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the canine or could be used to refer to an unpleasant 
human being. Similarly, advertisements or any other 
kind of visual imagery has multiple meanings as well.

2.1. Context and comedy behind Amul 
Advertisements

Originally, the central part of the Amul advertising 
campaign was the ‘Amul Girl,’ the innocent commen-
tator on popular culture and social issues; over time, 
the focus shifted from making her the central charac-
ter to the covered event. In her article titled ‘An Adver-
tising Metamorphosis’: ‘Amul Butter Girl,’ Dr. Rashmi 
Mahajan describes this as advertising metamorpho-
sis, wherein the creator’s reason for creating the cam-
paign and what the campaign turns into overtime is 
distinctly different. ‘By incorporating current events 
in the Amul advertising campaign, the brand remains 
fresh and evergreen. Whatever may be the issue or 
the subject matter of the campaign, whether national 
or international, we always find a flavor of Indianans 
which allowed it to connect to people in good health.’ 
This ‘Indianans’ is conveyed through the use of Hingis 
[4], or ‘chutnification of language,’ which adds humor 
by mixing similar-sounding phrases from the two lan-
guages. The message of Amul ads requires cognitive 
processing on the audience’s part, increasing memo 
ability. Suppose the message in the ad is indirect and 
intellectually satisfying. In that case, the audience en-
joys solving it, which increases their positive attitude 
towards the product endorsed.

Amul ads tell the story of changing India, both in 
its (people’s) priorities and over time, irrefutably doc-
umenting every step of the way. However, these ads 
‘will not be understood, as we do not have the requisite 
contextual information that helps in the deeper cogni-
tive processing of the ads.’ The ads rely on the public’s 
memory of the events occurring in a given space and 
time, making the audience relate to the idea presented. 
They encourage thinking, making the ad memorable 
for the audience. While they require information on 
the topic at hand to be understood, they are a way to 
study both the time gone by and the current era. This 
review helps to understand how Amul’s campaign 
aligns with ideas of market segmentation and contex-
tual advertising, positioning to the segments of the 
population well versed with the socio-cultural events 
referenced in them. Advertising affects not only sales 
but also consumers’ choices and lifestyles. An alterna-
tive understanding of advertising is that it equates suc-

cess and prosperity with acquiring goods, fuelling the 
culture industry, which uses the same goods to keep 
workers stuck in the same work cycle to fund the con-
sumption of goods. Due to their multifaceted effects, 
it is important to research advertisements to under-
stand how advertising affects society and how it incor-
porates other forms of communication (like news in 
Amul’s case) and finds its way into them.

To understand the context of the ads, one needs to 
look at the various theories used to read media texts. 
One such theory is ‘semiotics,’ wherein the sign is di-
vided into a signifier (the actual word or piece of text) 
and signified (the abstract idea conveyed using the 
text). When this is understood in conjunction with 
the multiplicity of meaning, as conveyed by the dia-
chronic polysemy (different readings by the same in-
dividual over time) and ‘myth’ (the implicit meaning 
of a text) tends to provide a holistic understanding of 
the media text. While attempts have been made to un-
derstand the comedic effect of the Amul ads (the usage 
of Hingis) and to understand the topical nature of the 
ads or to study changes in the campaign strategies of 
an organization, research on the context of the ads has 
been limited.

3. Research Objectives and Methodology 
This study uses semiotic analysis to understand 

the various underlying meanings in the text of Amul 
print ads and interviews to get a deeper insight into 
the semiotic analysis. The research aims to look at how 
Amul advertisements documented scams in two dif-
ferent political regimes - United Progressive Alliance 
(UPA 2 from 2008 to 2013) and National Democratic 
Alliance (NDA -1 from 2014 to 2019). 10 ads covering 
the controversies between this period were selected as 
the primary text for semiotic analysis. The research fo-
cuses on how the socio-cultural context of said scams 
is conveyed in the ads, the positive or negative attribu-
tions attached to them, and their ability to act as a cul-
tural artifact. The researchers also interviewed experts 
in marketing and brand communication to get bet-
ter insight through which the company’s advertising 
could be understood. This research aims to analyze 
‘Amul topical’ about political scams and controversies 
between the periods of 2008-2019 and attempts to an-
swer the following questions –
• Said visuals and text can convey how the ads can be 

broken down into visuals and text and the multi-
plicity of meaning.
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• The differences (if any) in the way the two govern-
ment’s scams have been documented.

3.1. Sample Selection
Amul ads cover a wide array of socio-cultural top-

ics. For this research, the sample has been narrowed 
down to 10 advertisements over 10 years to study how 
politics, particularly political follies, have been rep-
resented in the advertisements. The researcher has 
picked the governance of two different political groups 
to understand how the coverage has changed over time 
(if at all). The researchers narrowed down the number 
of scams from the UPA and NDA coalitions to those 
that affected the entire country and were not specific 
to a state or union territory. The ad images have been 
taken from Amul’s web archives. Sample of Ads under 
Study is presented in Table 1. 

Table 1
Sample of ads under study

Issues covered Year (s) 
of coverage

Number 
of ads

2G Spectrum Scam 2010, 2011 3
Common Wealth games-2010 
(controversy attached with them)

2010, 2011 3

Augusta Westland Scam 2013,2016 2
Rafale Controversy 2016,2018 2

The interviewees were chosen using purposive 
sampling and comprised two academics, who teach 
Brand Communication at the postgraduate level one 
and the head of the agency behind the Amul ad cam-
paign.

4. Analysis and Findings
The ads were segregated based on political contro-

versies. Using semiotic analysis, they have been broken 
down into denotative, connotative, Syntagmatic, and 
paradigmatic categories. The key features observed in 
each ad include- the presence of the Amul girl and/
or the character she takes up; any other characters in 
the ad; the comedic phrase/headline of the ad; the ad 
line at the bottom; and elements visually referencing 
the event. 

Background of the Scams: According to a report 
by News 18, the scam came to light in 2010, when the 
Comptroller Auditor General (CAG) in their report 
found that the Department of Telecom had issued 2 G 
licenses to telecom operators at such low prices that they 
caused India a loss of Rs. 1.76 lakh crores. The licenses 

had been provided to applicants, who had ‘deliberate-
ly suppressed facts, disclosed incomplete information, 
submitted fictitious documents and used fraudulent 
means for getting licenses.’ These license owners sold 
stakes to foreign companies at a high premium. The 
News 18 report mentioned that the key accused in the 
case, A Raja (then Telecom Minister), bent the rules of 
the auctions to favor specific applicants. Central Bu-
reau of Investigation (CBI), in its charge sheet, accused 
him of getting Swan’s Shahid Balwa to invest in Rs. 200 
crores into Kalaignar TV Pvt Ltd (controlled by some 
members of the DMK), which he was affiliated to as a 
minister in the UPA government. 

Based on a report by Deccan Herald, around the 
same time, the Directorate General of Investigations 
Income Tax Department allegedly tapped the con-
versations of Niira Radia, a lobbyist for industrialists. 
The CBI probed these tapes about the scam. They had 
‘rocked the corridors of power with the transcripts 
revealing a cozy nexus between policymakers/minis-
ters, corporate honchos, middlemen, and scribes.’ This 
cozy relationship with politicians, including a leaked 
conversation with A Raja, made Niira Radia a witness 
in the case.

4.1. Figure 1 Shows the  Amul girl holding a phone, 
staring at it with shock is a ‘symbol’ of the general 
public and their disbelief about the scam. The mobile 
phone placed next to her in the ad is an ‘index’ meant 
to represent the scam. The ad also shows a caricature 
of A Raja, which is an ‘icon’ sign meant to represent 
the main accused directly.

Figure 1: Amul Girl Holding a Phone

4.2. Figure 2 Shows the Amu l girl is walking away 
from the Indian Parliament, her waistcoat and files 
suggesting she is an ‘index’ for a parliamentarian. The 
lightning in the sky behind the Parliament is a ‘symbol’ 
of chaos.

4.3. Figure 3 Shows the Amu l Girl dressed in a sari 
and holding a phone acting as an ‘icon’ for Niira Radia, 
whose conversations had been leaked, Another figure 
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shown with his face hidden is an ‘index’ of whom she 
conversed. The third figure wearing headphones in 
front of a recorder turning dials is an ‘index’ for the 
phone tapping that had been conducted. The telephone 
with the receiver end emitting light is a ‘symbol’ for 
how these conversations shed light on corruption.

4.4. Denotative and Connotative Analysis
The denotative meaning of Figure1 is a girl looking 

at her phone with a shocked expression, with a phone 
separating from her from the other figure in the ad; 
the other figure is that of a man with a handheld up 
the viewer. The connotative meaning of Figure 1 is 
connected to the 2G scam. The ad copy ‘Phone Banega 
crorepati’ is conveyed by the ad copy, a commentary on 
how telecom operators earned large amounts of mon-
ey by selling their shares to international stakeholders. 
The denotative meaning of Figure 2 is a girl walking 
away from the parliamentary building, the sky behind 
the building is deep blue with lighting streaks. The 
connotative meaning of the ad is conveyed when un-
derstood in the context of the time when it came out, 
with the 2G scam, the leak of Radia Tapes, the con-
troversy attached with the Common Wealth Games 
all leading to public distrust conveyed through the ad 
copy which reads ‘Kuch Raaz… Kuch Naraaz’. The de-
notative meaning of Figure 3 is a girl having a conver-
sation with a man. At the same time, a third figure in 
the ad listens to a recording. The connotative meaning 

of the ad derived in the context of Radia tapes, the two 
figures (of the Amul Girl and the man) are meant to 
convey the conversations between Niira Radia and her 
high profile acquaintances, the reason the man’s face is 
hidden is that the conversations leaked were between 
her and a wide array of people. The latter half of the ad 
copy, ‘Amul, in leak proof packages,’ is meant to com-
ment that the taped conversations were leaked instead 
of being revealed and meant to assure the viewer of 
Amul’s product quality.

4.5. Syntagmatic and Paradigmatic Analysis
The use of the paradigm of ‘body language can be 

observed in Figure 1, which is visible in the presence 
of syntagms, such as ‘the shocked expression’ on Amul 
Girl’s face and the way A Raja’s caricature is turned away 
from the viewer and is showing a hand to avoid ques-
tions. The ad also uses the paradigm of ‘rhyming words’ 
visible in the use of ‘Phone Banega crorepati’ instead 
of the name of the popular game show Kaun Banega 
Crorepati (Who wants to be a Millionaire?). Similar-
ly, in Figure 2, the advertisers chose the syntagm of a 
sleeveless beige waistcoat, from the paradigm of cloth-
ing, due to its resemblance to a typical politician’s at-
tire. The ad also uses the paradigm of ‘rhyming words’ 
in the ad copy using the syntagm ‘Kuch Raaz… Kuch 
Naraaz,’ as well as in the phrase ‘2 Gud’ where the word 
‘too’ has been replaced with the number 2. In Figure 3, 
the advertisers chose the syntagm of long straight hair 
and a sari from the paradigms of clothing and hairstyle 
to disguise the Amul girl as Niira Radia. The ad uses 
the paradigm of ‘rhyming words’ in the ad copy using 
‘Radia-active’ instead of radioactive, which conveys the 
dual ideas of the explosive nature of Radia tapes as well 
as the use of the paradigm of ‘puns [5]’ to add that tele-
phonic conversation occurs through radio waves subtly.

4.6. Background of the ads 
Figure 6 shows India played host to the Com-

mon Wealth Games (CWG) in 2010, and according 
to a report by The Times of India, when the Central 
Vigilance Commission investigated the preparations 
of said games, it was found that inflated contracts 
of equipment had caused India a loss of Rs. 70,0000 
crores. The chairman of the organizing committee 
(OC) of the games, Suresh Kalmadi, emerged as the 
key accused in the matter. ‘But Kalmadi and the OC 
are not the only ones to be held answerable for the bla-
tant loot of public money. Delhi Chief Minister Sheila 

Figure 2: Amul Girl Walking Away

Figure 3: Amul Girl Dressed in A Sari.
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Dikshit, Lieutenant Governor Tejindra Khanna, and 
the chief secretary, who oversees and ensures their 
implementation, are part of the accountability matrix,’ 
which could be attributed to the collapse of the pedes-
trian bridge near Jawahar Lal Nehru Stadium where 
the games were held, as well as the athletes being al-
legedly housed in shabby housing, according to The 
Times of India.

4.7. Signs present in the ads
Figure4 shows Amul girl resting her arm on a tro-

phy cup; she acts as a ‘symbol’ of public reaction to the 

news of the scam. The hand shown reaching in to grab 
medals from the cup is again a symbol meant to rep-
resent the organizing committee behind the games re-
sponsible for the scam. The tiger was 2010’s mascot for 
the Common Wealth Games and is, therefore, an ‘in-
dex’ meant to represent the games themselves. In Fig-
ure5, Amul girl is shown holding a plate in one hand 
and pointing towards it with the other; as she looks at 
the caricature next to her, she acts as a ‘symbol’ for the 
public opinion observing as the case unfolds. The car-
icature next to her is an ‘icon’ meant to represent the 
minister. The tattoos and muscles he is shown with are 
an ‘index’ meant to symbolize his dementia. In Figure 
6, Amul girl is shown looking back at the viewer with 
disbelief, pointing towards a fallen structure; she acts 
as an ‘icon’ representing Amul looking at how the pub-
lic reacts. She stands next to a caricature who looks at 
her with worry; this caricature is an ‘index’ meant to 
represent the sportsmen, understood by the discus in 
one of his hands and the track pants, sweatshirt, and 
sports shoes he is wearing.

4.8. Denotative and Connotative Analysis
The denotative meaning behind Figure 4 is a girl 

looking at a hand picking up medals as she rests one 
of her arms on a trophy cup filled with them. Next to 
her is a tiger caricature with a baton, looking at the 
hand as well. The connotative meaning of the ad can 
be derived from the scam accusations embroiled in 
by the commonwealth games organizing committee, 
which is shown by the hand picking up medals, which 
represents funds being taken away from their original 
purpose. The look of confusion on the tiger or Shera’s
face is meant to represent the way the scam reflected 
on India. The denotative meaning of Figure5 shows 
a girl with a plate in one of her hands and her other 
hand pointing to it, with the caricature of a man sitting 
next to her, looking at her with a confused expression. 
The connotative meaning of the ad could be derived 
from the CWG scam investigation where the key ac-
cused minister was being tested for dementia on court 
orders. The advertiser uses the ad copy to connect the 
idea of him suffering from dementia to him forgetting 
what he ate by saying ‘Hmm. maine kya khaya?’ and 
how their product Amul is unforgettable. The denota-
tive meaning derived from Figure 6 is a girl pointing 
to a fallen structure standing next to the caricature of 
a man who looks worried about the same. The con-
notative meaning of the ad is best understood in the 

Figure 4: Amul girl resting her trophy cup

Figure 5: Amul girl holding a plate in one hand

Figure 6: The advertisers use the paradigm of ‘CWG Scam’
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context of the Common Wealth Games and the scam 
allegations attached to ways in which the funds allo-
cated for their preparation had been spent, which ex-
plains the reactions on the Amul girl’s face as she looks 
back to the viewer to see their reaction. The ad copy 
reads ‘Incurable India,’ calling the country unfixable 
or disease-ridden, perhaps due to the multiple scam 
accusations around this time [6].

4.9. Syntagmatic and Paradigmatic Analysis
Figure4 uses the larger paradigm of ‘competitive 

sports’ and narrowed it to the syntagm of the CWG 
2010 by the use of the CWG mascot for the year Shera. 
The ad uses the paradigm of ‘puns’ as well in the ad 
copy, which reads ‘Common Wealth khan Gaya?’ 
which is a pun on the words Common Wealth, used 
for the association of countries formerly colonies of 
Great Britain and also for the literal meaning of the 
term as public resources. The ad uses the paradigm of 
‘idioms [7]’ in the latter half of the ad copy ‘Do not 
grease palms, butter them,’ where the phrase ‘grease 
palms’ means bribery, allegations of which were pres-
ent in the CWG scam. Figure 5 uses the paradigm of 
‘film references’ with the syntagm of ‘Ghajini’ [8] and 
its main character that tattooed information on his 
body due to issues with memory loss and shows the 
minister (Suresh Kalmadi) exactly like him with the 
scam mentioned on his body like tattoos. The ad uses 
the paradigms of facial hair and hairstyle to enable the 
audience to understand the reference. In Figure 6, the 
advertisers use the paradigm of ‘CWG Scam’ estab-
lished by the syntagm of the fallen pedestrian bridge 
displayed in the ad, attributed to the improper usage of 
the funds allocated for the games. The ad copy reading 
‘Incurable India’ uses the paradigm of ‘popular culture 
is referencing’ and ‘rhyming words’ to compare how 
the preparations were being conducted against India’s 
tourism campaign ‘Incredible India’ [9].

4.10. Background of the Ads
The news of the scam broke out in 2012, when 

Agusta Westland, who had been given the contract 
for VVIP choppers AWA101 choppers by the UPA 
government, was allegedly facing allegations of using 
intermediaries, who took kickbacks for the contract 
[10]. According to an explainer in The Quint, UPA 
rejected vendors who offered cheaper deals and went 
with Agusta Westland for Rs. 3,546 crores. In a report 
by The Business Standard, Bruno Spagnolini’s CEO 

was arrested in conjunction with the scam. Several 
politicians and bureaucrats allegedly accepted bribes 
to swing the deal [11].

4.11. Signs present in the ads
Figure 7 shows the Amul girl holding a telescope, 

acting as a ‘symbol’ for the public observing the scam 
unfold. The helicopter she is looking at is an ‘icon’ 
for the scam [12].The man reaching out of the heli-
copter is an ‘icon’ for Bruno Spagnolini, the CEO of 
Agusta Westland, which was given the contract. Fig-
ure8 shows a helicopter with its search lights on is an 
‘icon’ for the scam. The three men running in the fore-
ground are an ‘index’ for the politicians who allegedly 
received bribes in the scam [13].

Figure 7: Amul girl watches as a man reaches out of a helicopter 
to grab yellow boxes

4.12. Denotative and Connotative Analysis
The denotative analysis of Figure 7 suggests the 

meaning that a girl watches as a man reaches out of a 
helicopter to grab yellow boxes. In contrast, the pilot of 
said helicopter looks at the man in shock [14]. The con-
notative meaning of the ad is understood in the context 
of the Agusta Westland scam; the helicopter and the 
man shown in the back of it are meant to convey how 
the scam led to the reveal of bribery allegations against 
UPA. However, the use of the yellow boxes is meant to 
represent butter visually and the showers of allegations 
coming out with the scam [15]. The denotative meaning 
of Figure8 is three men running away from a helicop-
ter, which is chasing them. The connotative meaning is 
meant to convey how those who had accepted bribes 
were running away from the investigation, which was 
also conveyed in the mention of the term ‘kickbacks’ in 
the latter half of the ad copy [16].

4.13. Syntagmatic and Paradigmatic Analysis
Figure7 uses the paradigms of ‘popular culture 

referencing’ and ‘proverb’ [17] in the syntagm ‘Dene 
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wala jab bhi deta deta chappar fad ke,’ which has been 
shortened to ‘Dene wala jab bhi deta’ and used as a 
song title in two Hindi films ‘Funtoosh’ (1956) and 
Hera Pheri (2000), which is paraphrased and used as 
‘Dene wala jab bhi deta, deta chopper fad ke’ using the 
paradigm of ‘rhyming words’ are replacing the word 
chopper (roof) with chopper (meant to reference the 
helicopters under question in the scam. Figure 8 again 
uses the paradigm of ‘rhyming words’ in the ad copy, 
the first half of which read ‘Chopper Choppat?’ con-
veying that since bribery and middlemen had been 
revealed, the entire plan became stumped. The same 
paradigm is used in the latter half of the ad copy, 
‘Amul, no kickbacks Just lick backs,’ reinforcing that 
the kickbacks (or bribes) had been stopped

Figure 8: Three men running away from a helicopter, which is 
chasing them.

4.14. Background of the ads
NDA government announced that India would 

buy 36 French manufactured Rafale fighter jets from 
Dassult in 2015. This deal had been made in 2012 
during the tenure of the UPA government but had fall-
en through due to the NDA government deeming it 
too expensive. After a; notation, the NDA government 
agreed to purchase 36 (as opposed to the previous 
agreement of 126) ‘ready to fly’ jets, which, according 
to a report by NDTV, was deemed a failure to NDA’s 
‘Make in India’ program by the opposition [18], which 
was because unlike the original deal wherein 18 jets 
would be bought ready to fly at the rest would be as-
sembled in the state-run Hindustan Aeronautics Lim-
ited (HAL). In 2016, NDA confirmed that Dassault 
and its partners would share technology with Defense 
Research and Development Organization (DRDO), 
HAL, and some private companies under its offsets 
under the deal. According to a report in India Today, 
the deal requires Dassault and its partners to source 
Rs. 30,000 crores are worth of purchases from India’s 
local industry. The company they chose to source from 

was Reliance Defense Limited, a company, which did 
not have any experience making defense equipment, 
which added to the fact that the NDA government 
was allegedly paying a higher price for 36 jets than the 
UPA was for 126 were the central reasons for contro-
versy [19]. 

4.15. Signs present in the ads
Figure 9 shows the Amul girl dressed in a white kur-

ta-pajama with a red waistcoat; she acts as an ‘index’ 
for Prime Minister Narendra Modi. The man sitting 
opposite her is an ‘icon’ for French President Francois 
Hollande. The plane they dine over is an ‘icon’ for the 
Rafale aircraft at the center of controversy. Figure 10 
shows the Amul girl dressed in a uniform similar to 
that of a fighter pilot is a ‘symbol’ for the Indian Air 
force in need of new jets. The anthropomorphized 
[20] jet she rides on is an ‘icon’ for the controversy.

Figure 9: Amul girl dressed in a white kurta-pajama

Figure 10: Amul girl dressed in a uniform similar to that of a 
fighter

4.16. Denotative and Connotative Analysis
The denotative meaning behind Figure 9 is a girl 

having a meal with a man using a fighter plane as a 
table. The connotative meaning behind the ad comes 
from the confirmation of the Rafale deal; this is visible 
in the first of the ad copy, which reads ‘Pass Dassault 
please,’ which references the company Dassault Rafale 
fighter jet deal was made [21]. The latter half of the ad 
copy ‘Amul, Maska Beaucoup’ implies the French or-
igin of the company. The denotative meaning behind 
Figure 10 could be understood as a girl riding on top 
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of a fighter jet as if surfing with it. The connotative 
meaning of ad 2 is understood when put in the context 
of the controversy around the deal when the ad came 
out in 2018. The ad copy reads ‘Pass or Rafail?’ brings 
attention to the controversy, which is reinforced in the 
latter half of the ad copy ‘Amul, eat at jet speed’ [22].

4.17. Syntagmatic and Paradigmatic Analysis
Figure 9 uses the paradigm of ‘clothing’ to connect 

Prime Minister Narendra Modi by dressing the Amul 
girl in a white kurta-pajama and red waistcoat. The ad 
also uses the paradigm of ‘rhyming words’ visible in the 
ad copy ‘Pass Dassault please!’ where the word ‘Dassault’ 
is a syntagm rhyming with the words ‘the salt’ [23]. The 
latter half of the ad copy also uses the same paradigm in 
‘Amul, Maska Beaucoup’ where the word ‘Maska’ replac-
es the word ‘Merci.’ The paradigm of ‘body language’ is 
also visible in the smiles on both the faces of the figures, 
representing a positive feeling from both figures. Figure 
10 uses the paradigm of ‘body language as well visible 
both on the face of Amul girl and the fighter jet. The ad 
uses the paradigm of ‘anthropomorphism’ where the 
fighter jet is a syntagm, shown visibly in the eyes, raised 
eyebrows, and smile. The ad uses the paradigm of ‘rhym-
ing words’ in the ad copy, which reads ‘Pass or Rafail?’ 
where the word ‘Rafale’ (name of the jets involved in the 
controversy) has been spelled alternatively to complete 
the phrase ‘pass or fail’ [24].

4.18. Expert Interview Analysis 
The research uses interviews to get a deeper in-

sight into the semiotic analysis. Amul has advertised 
itself using topical ads for over 50 years with contin-
ued relevance. Mudita Mishra says, “Amul did some-
thing right.”’ Josraj Arakkal stated, “They stuck to being 
a commentator. The commentary does not have to be 
just politics. They pick up any topical issue and seem 
to give it a humorous twist [25]. I think we should ac-
knowledge the fact that the client and the agency have 
stuck to a certain winning formula.” However, he also 
said that ‘they (Amul) have lost their bite these days.’ 
The ads with their comedic twists traverse the fine line 
between becoming overtly political. Mishra suggested 
that it could do so due to its long-term presence even in 
the pre-digital era. She added, “people have been con-
ditioned to learn, to love something that was created 
so tastefully in terms of the content” [26]. DaCunha, 
however, explained that the way they have maintained 
the balance is due to the mission statement they have 

developed for the brand in their heads, which is “the 
Amul girl is never going to be malicious; something 
may not always be a joke, but she will always treat it in a 
light-hearted manner. So, suppose there is stress about 
something in the country. In that case, she is the one to 
break the tension” [27], while Mishra mentioned how 
the company has shifted to digital commentary and that 
maybe, because they were upping their digital presence, 
she also added, “there seems to be some correlation be-
tween the party in power and the reducing number of 
ads. Probably they found more meat there (UPA) than 
here (NDA),’ which aligned with what DaCunha said, 
“While 2008-13 was extremely colorful when it came 
to controversies, one does not associate scams or con-
troversies with this time (2014-19)”. Arrakal, however, 
said, ‘I think the environment is such that people are 
not expressing themselves.” DaCunha, however, dis-
agreed saying that the campaign had talked about every 
single party and that they had been fairly objective. He 
stated, “We have never gone after a particular party or a 
particular politician. We have never unduly supported 
anyone in particular. The bottom line at the end of the 
day is that the Amul girl is not malicious.”

5. Results and Discussion
The research aimed to understand the way scams 

and political controversies have been represented in 
Amul topical advertisements during the governance 
of two political coalitions, UPA and NDA, respective-
ly. The semiotic analysis established the use of comedy 
to convey multiple meanings in many of the ads. The 
use of the Amul girl as a symbol of the ‘common man’ 
was observed. The ads pick specific iconic parts of ev-
ery controversy and combine them with subtle hints to 
create an overall text which provides humor and may 
be understood differently by everyone based on their 
knowledge of the context of the add. This humor was 
largely derived from referencing other popular culture 
texts or phrases well known to the general public. The 
humor also provided commentary on the issue being 
discussed. The expert interviews helped to get further 
insight into the semiotic analysis of the advertisements. 

6. Conclusions
As per the objectives, we have learned how these 

cartoons play a role in political communication by 
raising public awareness of these issues and adding a 
humorous, opinionated twist. The political messages 
are delivered in a light-hearted manner, with which 
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the audience can easily identify, using puns. When 
we look at what the cartoons want to tell the audience 
about the political affairs it covers, it is a way to asso-
ciate these affairs with the brand and see how Amul is 
like this political affair or unlike it. Amul, for example, 
used the flaws of the various politicians depicted to 
show the audience that Amul would never make such 
a mistake and is far more responsible. These types of 
messages help the brand stand out while also allow-
ing people to enjoy a bit of humor alongside their dose 
of current events knowledge. Certain cartoons, such 
as the ban on using firecrackers after a certain time 
during Diwali, allow the audience, who may not be a 
regular newspaper reader, to go online and learn more 
about the news. It also serves as a repository for vari-
ous current events over the years for those who want 
to study them through the eyes of cartoons.

Notes 
[1]  Mythologies (1973) is a collection of essays on 

French popular culture
[2]  The literal meaning of a word
[3]  Feelings and ideas that might be connected to a 

word
[4]  A mixture of English and Hindi
[5]  The use of different possible meanings of a word 

to make a joke
[6]  Common Wealth Games were held in 2010, 2G 

Spectrum scam was being investigated in the 
same year

[7]  According to Merriam Webster’s dictionary, 
these are expressions whose meaning cannot be 
derived from their elements

[8]  Ghajni (2008) was a film about a business tycoon 
suffering from memory loss and using his tattoos 
and photographs to remember his girlfriend’s 
killer and take revenge.

[9]  A well-known phrase or piece of advice
[10]  Literal translation when God is generous, the 

showers of his gifts are bountiful enough to break 
through your roof

[11] Attributing human characteristics to non-human 
beings
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Abstract
This study aims to examine the impact of financial ratios on the 
stock prices of companies listed on NIFTY Bank. Nifty Bank is 
a sub-index of NIFTY 50 and has various listed banks included 
based on the criteria given by NSE. This study data has been 
taken from the period 2010-2019 and taken from the company 
annual reports. The analysis is done using panel data regression 
and other tests to verify the best model for the dataset. The 
results obtained from this study show that the capital adequacy 
ratio and the dividend payout ratio do not impact the stock 
price. In contrast, earnings per share, net NPA ratio, and basic 
earnings per share, net profit margin, and net interest margin 
exhibited a relationship with the stock price. In the Indian con-
text, there is less research available on this topic, and the idea 
chosen for the study is original. Along with this, the data col-
lected for the study and the code used for analysis is original 
work. New investors can use the results of this study in the Indi-
an stock market to analyze a stock and take proper investment 
decisions. Another practical usage of this study is that banking 
sector companies can improve their ratios to attract new in-
vestors.
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1. Introduction
Indian stock market has developed over the years 

and is the 10th biggest stock market with a market 
capitalization of $2.15 trillion. This development has 
attracted a huge number of first-time investors; this 
statement can be supported by the increasing growth 
in investor accounts as recorded by the Central De-
pository Services (India) Ltd. From December 2019 
to April 2020, the growth in the investor accounts is 
from 200000 to 600000 per month, which is mainly 
due to the attractive opportunities in the Indian Stock 
Market [1]. With these increasing investors, they must 
choose the stocks that would perform in the future or 
long term, which can be done using fundamental anal-
ysis of the stock, which requires the investor to ana-
lyze the financial statements and ratios of a particular 
stock [2].

Financial ratios like the market ratios, profitabili-
ty ratios, and liquidity ratios can give an investor an 
overall analysis of the company’s performance. Using 
these ratios, a new investor can decide the investment 
in a particular stock or an index. To reduce the risk 
and to move with the market, many investors choose 
indices like NIFTY 50 or NIFTY Bank. These indices 
compromise the most liquid and profitable stocks and 
are attractive to new investors. Investors who enter 
these markets have a long-term investment plan for 
which fundamental analysis is required. However, 
there is no such work available on the Indian stock 
market using which decisions can be made regarding a 
new investment. Hence, this study aims to bridge this 
gap by considering the financial ratios of companies 
included in NIFTY Bank and the stock prices to find 
the relationship and the important ratios that impact a 
company’s stock price [3].

Data for the study is collected from the listed com-
pany’s annual report, and the data collected is panel 
data for 10 years and the stock price from the NSE da-
tabase. For this study, NIFTY Bank is chosen because, 
according to the NSE database, the correlation be-
tween NIFTY 50 and NIFTY Bank is 0.83 since its in-
ception and a correlation value of 0.91 for 2014 19. Be-
cause of the high correlation between NIFTY 50 and 
NIFTY Bank, the results from this study can also be 
applied to companies included in NIFTY 50. Financial 
ratios are chosen based on the studies about important 
ratios used to analyze a company’s performance [4]. 
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Ratios considered are related to the banking sector like 
Net NPA ratio (NPA), Capital Adequacy Ratio (CAR), 
and net interest margin (NIM). Other ratios used for 
the analysis are the Return on equity (ROE), Earn-
ings per share (EPS), Net profit margin (NPM), and 
the Dividend Payout Ratio (DPR). Panel regression 
models like the Pooled OLS, Random Effects Model 
(RE), and Fixed Effects Model (FE) are used on the 
panel data in this study. The output obtained from this 
study can be useful for first-time investors looking for 
opportunities in the stock market and firms that can 
work towards improving these financial ratios to at-
tract investors [5].

2. Literature Review
In predicting stock market performance based on 

financial ratios, there is less known work in the Indian 
stock market. India is one of the rapidly developing 
countries. It has grabbed the interest of many inves-
tors to invest in the Indian stock market. Therefore it 
is necessary to focus on studies regarding Indian stock 
market performance. Some papers predict the stock 
market performance or the stock index performance 
[6]. That predicting out-performing stocks using fi-
nancial ratios is possible by binary logistic regression, 
observes Data. This study’s dependent or control vari-
able is the stock market performance, which is further 
classified as “GOOD’ or “BAD” based on the previous 
performance of the stock. This study shows that with 
an accuracy of 74.6 percent, it is possible to classify 
out-performing stocks [7].

The impact on stock prices in the food industry by 
the financial ratios on a data from 1992 to 2010 was 
found out by Kohansal in his research. The financial 
ratios selected were current ratio, asset turnover, fi-
nancial leverage, and return on assets, and return 
on equity. The paper uses the ordinary least squares 
method to find out the predictive coefficients for the 
financial ratios to determine which ratio affects the 
stock prices the most. The results were used to study 
the price volatility and the relation with financial ra-
tios [8].

The relationship between monthly stock returns in 
the Malaysian stock market and three chosen financial 
ratios were found based on Kheradyar’s research. The 
period chosen was 2000 to 2009 for analysis which 
used panel data regression techniques. The author 
preferred generalized least squares over ordinary least 
squares in order to tackle non-normality and hetero-

scedasticity. The study’s findings suggested that the 
prediction of stock returns is possible by sing market 
financial ratios [9].

A study conducted on the Indonesian Cement In-
dustry listed on IDX was done, observed Khadafi. The 
annual returns on these stocks were predicted using 
ROE and D/E ratio using multi-linear regression. The 
data collected for stock price, which is the dependent 
variable, is calculated based on buying and selling 
stock on exchange at the end of the year. The study’s 
timeframe is 2011-2015, where several financial ra-
tios and the stock price data were collected and then 
analyzed to find out the relation between them. The 
results showed that both ROE and D/E ratios affected 
the stock price simultaneously, and when tested indi-
vidually, it was noted that they had a positive effect on 
the stock price [10].

(Khan, 2012) Studied the relationship between the 
stock returns of companies listed on the Karachi Stock 
Exchange and the financial ratios. For analyzing the 
data, the author has considered eight hypotheses that 
have been tested. The data is equally divided into two 
samples to reduce the effect of random sampling error. 
The statistical tool used is simple linear regression as 
well as multiple linear regression to test the hypothe-
ses. This study showed that the Book to Market ratio 
had a more predictive power compared to other finan-
cial ratios [11].

The relation between the stock price of listed com-
panies on the Colombo Stock Exchange and some se-
lected accounting ratios was found out by Menike. It 
was found that at a 1% significance level, the account-
ing ratios/variables significantly impact changing 
stock price, testing the hypotheses constructed. The 
paper further suggested that instead of the stock price 
as the dependent variable, the stock returns should 
be considered for further research in this field. These 
other macroeconomic factors, such as the exchange 
rate, should also be considered [12].

Banking companies listed on Indonesia Stock Ex-
change to determine the relationship between finan-
cial ratios and stock price using a multi-linear regres-
sion model was researched by Wijaya. The companies 
were selected if they met certain criteria listed by the 
author, who led to a sample of 29 companies, and the 
data sample was used from 2010 to 2014. The annual 
stock returns were calculated as the average monthly 
average returns of the stock. This study showed that 
some financial ratios had insignificance in determin-
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ing the stock returns and was suggested to ignore or 
use them in a transformed manner for further re-
search [13].

A study on the Tehran Stock Exchange to deter-
mine the impact of financial ratios on the stock returns 
of the current year and the future year was conducted 
by Emamgholipour. This study randomly sampled 
80 companies among the listed companies and con-
sidered four years from 2006 to 2010. The findings of 
this study varied from the previous research as it was 
concluded that the P/E ratio and M/B ratio harm stock 
returns [14].

A study done by Pech proposes a set of financial 
ratios, which can be used to predict the stock returns. 
This study consisted of testing a set of “preferable” fi-
nancial ratios to determine which set predicts the stock 
returns more accurately. This study has successfully 
decreased the preferred set of financial ratios from 36 
to 14. The stock prices and the accounting data used 
in this study are quarterly data converted to trailing 
12-month (TTM) data. This study has used regression 
analysis to find the preferred accounting ratios that 
can predict stock returns.

Through their study there is a correlation between 
stock prices and the accounting ratios and found out 
that investors can expect abnormal returns and the 
company can expect excess earnings, confirmed Ball. 
The data collected regarding the earnings of a com-
pany were used from the income statements and the 
security prices from S&P Comp stat tapes. This study 
has led to further studies about the relationship be-
tween stock price and accounting ratios.

A study about the insurance companies in Jordan 
was done by Kabajeh, which found through pooled 
regression analysis that there exists a strong relation-
ship between ROA, ROE, and ROI with the stock price 
of the selected companies. The data collected for the 
study spans from 2002-07 for 28 selected companies. 
There was a weak relation between the selected vari-
ables and stock price when analyzed separately but 
had a strong relationship when used together. 

A study on commercial banks listed on the Dhaka 
stock exchange to determine a relationship between 
stock price and dividend policy was done by Masum. 
The ratios used in this study were returned on equity, 
retention ratio, dividend yield, earnings per share, and 
profit after tax. The paper concluded that the return on 
equity and earnings per share positively affected stock 
price, whereas the other ratios harmed the stock price.

The impact of dividend and earnings announce-
ment on the stock prices was discussed about by Gup-
ta. The paper looked at BSE 100 companies. The ratios 
used in this case were the Dividend Payout ratio and 
Earnings per Share.

3. Research Objective
This study aims to find the relationship between 

the financial ratios and the stock price of selected com-
panies. A model can be developed to help investors in 
fundamental analysis of the stock using the relation-
ship obtained. The study aims to find the relationship 
of banking sector-specific ratio like Non-Performing 
Assets (NPA), Capital Adequacy Ratio (CAR), and 
Net Interest Margin (NIM) on the stock price of the 
banks selected [15].

4. Methodology and Data Collection
In this study, the relationship between a banking 

firm’s stock price and ratios is computed using a panel 
data regression model. The studies mentioned in the 
literature review have used different regression mod-
els ranging from simple linear regression to panel data 
regression. The data collected for this study has two 
cross-sectional dimensions as well as time-series data. 
The data is collected for 10 years, the time series, and 
10 different companies, which is cross-sectional. Due 
to this multidimensional nature of the data, a panel 
regression model is used instead of a simple linear 
regression model. In this study, financial ratios are 
considered, which are available in annual reports pub-
lished by the company. The stock prices are the closing 
stock prices of the selected banking firms. Panel data 
regression is available for a balanced as well as an un-
balanced dataset. Better results are obtained when bal-
anced panel data is used. For this purpose, a 10-year 
time-series data for 10 different banking companies 
included in the NIFTY Bank is considered. 

4.1. Analysis of Model – 
Panel Data Regression

The data collected for this study is two-dimension-
al data with cross-sectional and time-series dimen-
sions. Due to this nature of data, a panel regression 
model is better suited than the general regression 
model. Panel data regression is a multidimensional 
analysis technique used to find the relationship be-
tween independent variables and the control variables 
are chosen. 
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Panel data regression has three types of models: the 
Pooled OLS, the Random Effects Model, and the Fixed 
Effects Model. These models have their unique char-
acteristics to build a model. 

4.2. Pooled OLS Regression
This model considers the dataset as one dimen-

sion: the time-series model and the individual or 
cross-sectional dimension are not considered. Pooled 
OLS model is less preferred for panel data due to its 
limitation in considering both the dimensions. Pooled 
OLS model considers the whole dataset as a homoge-
nous dataset. Pooled OLS may not be effective in the 
presence of heteroscedasticity. The Pooled OLS equa-
tion is as follows,

 yit = ai + bxit + €it 

Here it denotes the dependent variable, it is the con-
trol variable, I denote the individual cross-sectional 
data, and t is the time-series dimension of the data. 
€it  is the error term, and ai is the common y-intercept.

4.3. Fixed Effects Model
Fixed Effects model (FE) is built on the assump-

tion that the entities have constant variance and equal 
slopes. For the calculation of the estimator, this model 
uses the least square dummy variable (LSDV). LSDV 
is similar to OLS with a dummy variable where the 
assumption for variance and slope is satisfied. The 
second assumption is that for time-varying dependent 
variables, they are not perfectly collinear. It is difficult 
to identify the intercept coefficient in this model. The 
fixed-effects model equation is,

 yit = bxit + €it 

The variables indicate the same notations as in 
Pooled OLS model.

4.4. Random Effects Model
Random Effects Model is built on the assump-

tion that the individual effects are uncorrelated. In 
this model, the error is calculated using two different 
terms: individual effects and one term that capture 
error in both dimensions. The random-effects model 
uses a random selection of individuals from a single 
group. The dummy variables used in the fixed effects 
model are included in the error term of this model.

 yit = ai + bxit + €it + vit

€it is the error term, and vit is the multidimensional 
error term, and the variables indicate the same nota-
tions as in Pooled OLS model.

4.5. Breusch-Pagan Lagrange Multiplier 
Test and the Hausman Test.

The panel data models available use different for-
mulae and techniques to calculate the model estima-
tor. Two tests are available in statistics to choose from 
amongst these models. The Breusch-Pagan Lagrange 
Multiplier test tests the better model between Pooled 
OLS and the other two models. The next test is the 
Hausman test to identify the better model between 
Random Effects and Fixed Effects Model.

The results of these tests are used to determine the 
best model estimator among the three models available. 
The output is based on the significance level of the al-
ternative hypothesis. A significant value is greater than 
one, and when the output has a significant value, the 
null hypothesis is rejected due to a lack of evidence for 
acceptance. The hypothesis for these two tests is fixed, 
and these tests are done after computing the model 
estimators [16]. Two software are readily available to 
perform panel data regression, which is STATA and R 
program. In the R software to run panel data regres-
sion, a Panel Linear Model package (PLM) needs to 
be installed. This package has all the tools required in 
computing the Pooled OLS, Fixed Effects Model, and 
the Random Effects Model. Along with these using the 
plm package, it is possible to determine the best model 
using the LM Test and the Hausman Test.

4.6. Data Collection
The financial ratio data is collected from the com-

pany’s annual reports, and the stock price data is 
taken from the NSE database. The ratios chosen are 
divided into two groups. The ratios are considered 
in two groups, out of which the first group consists 
of bank sector-specific ratios like the NIM, NPA, and 
CAR. The second set of ratios used is the Earning per 
Share (EPS), Dividend Payout Ratio (DPR), Net Prof-
it Margin (NPM), and Return on Equity (ROE). The 
bank-specific ratios are included in annual reports 
published by the banks to publicize their performance 
to its shareholders and new potential investors. Ten 
years is chosen and 10 different companies to get a 
balanced dataset for the whole regression model.

Net NPA Ratio: This ratio is used to assess the 
quality of the loan book of a particular bank. A low-
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er ratio indicates that the bank has fewer bad loans, 
which creates a positive sentiment among investors. 

Net Interest Margin: This ratio is calculated using 
the difference between the incomes generated from 
interest by a bank and the expenditure on interest 
provided to the lenders is the net interest margin. The 
higher the NIM ratio better is the overall performance.

Capital Adequacy Ratio: This ratio measures the 
capital of the bank to its risk-weighted assets. The ratio 
determines how protected the depositors of the bank are.

Net Profit Margin: This ratio is calculated by divid-
ing the net profits by the revenue generates. Net profit 
is calculated by subtracting taxes, interest, cost of goods 
sold, and other operating expenses from revenue.

Earnings per Share: This ratio is calculated using 
the net income divided by the outstanding common 
stocks available. This ratio indicates the profitability 
of a company. 

5. Empirical Results and Analysis
The panel regression model is available on R soft-

ware using the plm package. PLM package provides 
analysis of data for balanced as well as unbalanced 
panel data. The number of years considered for this 
study is 10 years for 10 different companies included 
in NIFTY Bank. As mentioned in the model analysis, 
after computing the results for all the three different 
models available, two tests are done to choose the 
model with the best estimator. The first test is done 
using the LM test, followed by the Hausman Test to 
select the final model.

5.1. Model Selection
The model selection is done based on the signifi-

cance of the output of the two tests. After comparing 
the estimators of each model, the final model is con-
firmed. The first test was done between the Random 
Effects Model and the Pooled OLS. In plm package, 
available in R software, using ‘plmtest,’ we can com-
pare the time-effects and the individual model. 

5.2. Breusch-Pagan Lagrange Multiplier Test
The LM test is done to determine the better mod-

el estimator among Pooled OLS model compared to 
both Random Effects and Fixed Effects Model. The 
null hypothesis for this test is that the Pooled OLS 
model is better than the other two models. The alter-
native hypothesis considered for this test is that either 
of the tests is better than Pooled OLS. Based on the 

output and acceptance or lack of evidence for accep-
tance of the hypothesis, the model is chosen. The test 
for balanced labels is shown in Table 1.

Table 1
Test for balanced panels

Lagrange Multiplier Test
Data: Stock. Price ~ 
CAR+NPA+NIM+DPR+NPM+EPS+RONW
Normal = 10.379, p-value < 2.2e-16
Alternative hypothesis : significant effects

The output indicates that the Random Effects 
Model is the better model estimator based on the null 
hypothesis rejection. The alternative hypothesis has 
significant effects, which suggests a lack of evidence 
for acceptance of the null hypothesis, and therefore we 
choose the alternative hypothesis. 

To confirm the better model between Pooled OLS 
and Fixed Effects Model, ‘pF-test’ is used, comparing 
the estimators of both models. The criteria for the se-
lection of a model are the same as the above test.

The output indicates that the Fixed Effects Model 
is the better model estimator based on null hypoth-
esis rejection. The alternative hypothesis has signifi-
cant effects, which suggests a lack of evidence for the 
acceptance of the null hypothesis, and therefore we 
choose the alternative hypothesis. Test for Individual 
effects is shown in Table 2.

Table 2
Test for individual effects

F-Test
Data: Stock. Price ~ 
CAR+NPA+NIM+DPR+NPM+EPS+RONW
F = 16.526, p-value = 1.629e-14
Alternative hypothesis : significant effects

5.3. Hausman Test
The Haussmann test is based on hypothesis accep-

tance or rejection. The null hypothesis for this test is, 
the individual effects are uncorrelated. The alternative 
hypothesis is, the individual effects are correlated. The 
null hypothesis acceptance suggests that the fixed ef-
fects model is the better model estimator. 

The output indicates that the alternative hypothe-
sis is true by indicating that one model is inconsistent. 
Therefore the alternative hypothesis is accepted as 
there is a lack of evidence to accept the null hypothe-
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sis. Therefore the fixed effects model (FE) is used for 
computing the regression equation. Model Consisten-
cy Test is shown in Table 3. 

Table 3
Model consistency test

Hausman Test
Data: Stock. Price ~ 
CAR+NPA+NIM+DPR+NPM+EPS+RONW
Chisq = 1.3917, p-value = 1
Alternative hypothesis: one model is inconsistent

5.4. Fixed Effects Model
Fixed effects model (FE) considers a non-ran-

dom means in a group, whereas for the random-ef-
fects model, the group means randomly selected data. 
Based on the tests done, the best suitable model for the 
dataset is the fixed effects model, as one of the models 
is inconsistent. Using the palm package available panel 
regression using the fixed-effects model was done.

To use the fixed-effects model in R Studio, the spe-
cific syntax used in plm is ‘within’ to indicate that the 
model to be used is the fixed effects model. The within 
command indicates that the mean calculated should 
not be for randomly selected data within the individu-
al set. The mean calculated should include all the data 
within the individual selected. Panel Regression Out-
put is shown in Table 4.

Table 4
Panel regression output

Coefficients Estimate Standard 
Error

P-value

CAR 9.048 18.44 0.625
NPA -71.56 22.25 0.0019*
NIM 71.01 41.82 0.093
DPR -0.102 0.38 0.790
NPM 32.77 10.63 0.002*
EPS 2.84 0.63 2.882e-05*

RONW -32.53 10.17 0.002*
R-squared : 0.80843
Adjusted R-squared : 0.74372
p-value < 2.22e-16

Note: The values marked with ‘*’ are significant at the consid-
ered confidence level.

There is no intercept coefficient in a fixed-effect 
model compared to the other models, as can be seen 
in the above output. Based on the regression output, 
the equation at 95% confidence interval is,

 Stock. Price = -71.566(NPA) + 32.77(NPM) + 
 + 2.84(EPS) – 32.537(RONW)

The regression output shows that out of seven dif-
ferent variables chosen, four variables are significant 
at 95 percent confidence interval: NPA, NPM, EPS, 
and ROE. Among the significant ratios, the NPA ra-
tio is a bank-specific ratio that gives non-performing 
assets or bad loans. The higher is the NPA ratio; the 
lower is the bank credibility. The coefficient of NPA 
has a negative value, indicating that the stock price de-
creases as the ratio increases. The NPM has a positive 
magnitude coefficient, indicating that the stock price 
increases with a surge in the ratio, which suggests that 
positive sentiment is built among investors for a high-
er profit margin as there would be more demand for 
the bank’s share. The EPS has a positive impact on the 
stock price and suggests that the higher the ratio high-
er is the investment in the shares, which leads to a rise 
in demand for the stock and the stock price increas-
es. The ROE of the company harms the bank’s stock 
price, which has been the same for a study done by 
Indonesian banks where the ROE harmed the stock 
price. The EPS, ROE, and NPM are significant and the 
same results obtained by which suggested a group of 
financial ratios to analyze the stock returns. The Net 
Interest Margin is also a significant variable but at a 
lower confidence interval as seen in the output. The 
Net Interest Margin also has a positive impact on the 
stock price, which is true as the more the revenue gen-
erated from the interests by the bank, the more is the 
positive sentiment for investors in the bank.

6. Conclusion
This study has used panel data regression to find 

a relationship and determine ratios that significantly 
affect stock prices. In the Indian stock market context, 
less study is available to determine how the financial 
ratios impact stock price. Hence, this paper bridges the 
gap this paper by building a model to show how finan-
cial ratios impact a company’s stock price. An investor 
can use the results obtained in this study to analyze a 
stock and take decisions based on the results. It is ob-
served that at 99% and 95% confidence interval, there 
are four significant ratios with an adjusted R squared 
value of 74.3 %, which suggests that out of the seven 
ratios selected, four ratios can predict the stock prices 
correctly with an accuracy of 74.3 percent. There are 
five significant ratios for a confidence interval of 90 
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percent, which can predict the stock price correctly 
about 74.3 percent times. The two significant ratios, 
which are ROE and EPS, are also the recommended 
variables by study. The coefficients of the ratios are 
higher due to the value of stock prices. It can be con-
cluded that the stock price is negatively impacted by 
the net NPA ratio looking at the signs of the coeffi-
cient, which is true as higher Net NPA ratios reduce 
the credibility of the bank and then affects the share 
price as well. Having a higher NIM, EPS and NPM 
have a positive effect on the stock price. The ROE neg-
atively affected the stock prices, which resulted from a 
study that tried to find the relation between the stock 
price of a bank and its financial ratios listed on the In-
donesian Stock Exchange.

This research has constraints in the topic of sec-
tor selection, population size, and ratio selection. Fu-
ture work in the Indian Stock market context needs 
to analyze different NIFTY sectors to determine the 
common ratios that affect the stock price. The data 
collected in this study is from the available annual re-
port; future work in this field can be looking at a larger 
dataset which was not possible due to data availability 
constraints. 

Conflict of Interest
There is no conflict of interest among the authors 

Funding
Self-funded

Ethical approval
Not applicable.

References
1. Ball, R. &. (1968). An empirical evaluation of 

accounting income numbers. Journal of accounting 
research 6(2), 159-178. 

2. Dutta, A. G. (2012). Prediction of stock per-
formance in the Indian stock market using logistic 
regression. International Journal of Business and In-
formation 7(1), 105-136

3. Gupta, P. (2016). Empirical Study of S&P BSE 
100 Index on the Role of Dividend and Earnings An-
nouncements: A Signaling Effect. Indian Journal of 
Science and Technology, 9(15). 1-4

4. Emamgholipour, M., Pouraghajan, A., Tabari, 
N. A. Y., Haghparast, M., &Shirsavar, A. A. A. (2013). 
The effects of performance evaluation market ratios 

on the stock return: Evidence from the Tehran stock 
exchange. International Research Journal of Applied 
and Basic Sciences, 4(3), 696-703.

5. Kabajeh, M. A. M., Al Nu’aimat, S. M. A., 
&Dahmash, F. N. (2012). The relationship between the 
ROA, ROE, and ROI ratios with Jordanian insurance pub-
lic companies market share prices. International Journal of 
Humanities and Social Science, 2(11), 115-120.

6. Khan, M. B. (2012). Financial ratios and stock 
return predictability (Evidence from Pakistan). Re-
search Journal of Finance and Accounting, 3(10), 1-6

7. Kheradyar, S. I. (2011). Stock return predict-
ability with financial ratios. International Journal of 
Trade, Economics, and Finance, 2(5), 391-397

8. Kohansal, M. R. (2013). Relationship between 
financial ratios and stock prices for the food industry 
firms in the stock exchange of Iran. World Applied 
Programming 3(10), 512-521.

9. Masum, A. (2014). Dividend policy and its 
impact on stock price–A study on commercial banks 
listed in Dhaka stock exchange. Global Disclosure of 
Economics and Business, 3(1), 9-17.

10. Menike, M. G. (2014). The impact of account-
ing variables on stock price: evidence from the Colom-
bo Stock Exchange, Sri Lanka. International Journal of 
Business and Management, 9(5), 125-137

11. Pech, C. O. (2015). Financial ratios used by 
equity analysts in Mexico and stock returns. Contadu-
ría y Administración, 60(3), 578-592

12. Wijaya, M. &. (2019). The Impact of Finan-
cial Ratio Toward Stock Price: Evidence From Bank-
ing Companies. Journal of Applied Accounting and 
Finance, 1(1), 27-44

13. Dinesh, S. A Study on Market Signaling and 
Efficiency of Indian Stock Market concerning selected 
stocks listed in NSE India Limited.

14. Rajamani, K. (2021). Debt Financing and Fi-
nancial Performance: Empirical Evidence of Indian 
SMEs Listed in BSE-SME Platform. In Eurasian Eco-
nomic Perspectives (pp. 217-230). Springer, Cham.

15. Gonela, S. (2021). FIRM LEVEL IMPACT 
OF FDI: EMPIRICAL EVIDENCE FROM INDIAN 
AUTOMOBILE INDUSTRY. International Journal of 
Modern Agriculture, 10(2), 1377-1394.

16. Omotoye, O., Adeyemo, K., Omotoye, T., 
Okeme, F., & Leigh, A. (2021). AuDIT COMMITTEE 
ATTRIBuTES, BOARD ATTRIBuTES, AND MAR-
KET PERFORMANCE OF LISTED DEPOSIT MON-
EY BANKS IN NIGERIA.



456 | Cardiometry | Issue 24. November 2022

ORIGINAL RESEARCH Submitted: 21.08.2022; Accepted: 18.09.2022; Published online: 20.11.2022

Impact of COVID-19 
on Agri Supply Chain 
in Nashik District

Tejas R Dhage1 , Viraja Bhat2*

1Symbiosis Institute of International Business, Symbiosis Interna-
tional (Deemed University), Pune, India

*Corresponding author:
viraja@siib.ac.in

Abstract
India has faced many pandemic diseases like plague, swine flu, 
cholera, pneumonia, bird flu, etc., affecting the Indian economy. 
But COVID-19 is adversely affecting the country. To be specific 
Agriculture sector is most vulnerable to losses everywhere. In-
dian agriculture has not been very progressive as compared to 
other industries. Farmers don’t get a reasonable price for their 
produce. Farmers here are illiterate and trick by money lend-
ers, middle-man, traders, etc. Most of the margin of farmers 
taken by middle-men results in loss of farmers and customers 
getting the product at a high price. Also, there are fewer stor-
age facilities, so they have to sell their produce immediately 
after harvesting. Considering the research region, i.e., Nasik 
District, where most of the farm produce like grapes, cereals 
and vegetables have harvesting season in this period. Due to 
lockdown in the country, as COVID hit here, there have been 
more significant losses to grapes and other farms produce 
like cereals and vegetables. Nasik, which is the region of my 
research, has around 6 lakh farmers, wherein I have taken a 
sample survey of 100 farmers, which comprise small, margin-
al, medium, and large farmers. There is a need for change in 
agricultural practices wherein farmers should adopt concepts 
like proper supply chain management, cold storage, processing 
in a farm of whichever produce is possible, Direct marketing, 
Private wholesale market, organized retailing. Cold storage and 
cooperative storage facilities can play a significant role in such a 
critical situation. The need for change in agricultural marketing 
and coping with such issues as COVID is of utmost importance. 
New innovative ideas can help to sustain farmers in such severe 
problems.
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Introduction
India has faced many pandemic diseases like 

plague, swine flu, cholera, pneumonia, and bird flu. 
It has affected the Indian economy, with the impact 
being majorly on health concerns Indian economy has 
been severely affected by the latest COVID-19 pan-
demic. It has been adversely affecting the whole coun-
try. Among the other sectors which have been im-
pacted, the Agri sector has been the most vulnerable. 
Owing to the inadequate literacy of farmers, a strong 
network of money lenders, middle-man, traders being 
prominent in the Agri sector, there has been a consid-
erable negative impact on the farmers’ income [1]. 

Due to countrywide lockdown Supply Chain is 
most affected as state and district borders are closed 
for a more extended period. Significantly, the agricul-
ture industry is perishable primarily and vulnerable 
to losses in such a poor supply chain. Also, the cost 
of keeping produce in cold storage and warehouses 
has drastically increased, and hence losses have been 
harshly paid by the farmers of India [2]. The shutdown 
of APMC’s forced farmers to sell produce at multiple 
places to fulfill the entire production, but this led to 
an increase in the cost of transportation and wastage 
of the crop.

Rabi season has been seen as bulk harvesting sea-
son in states like Maharashtra. Nashik also produces 
quite a large portion of fruits, vegetables, etc., in Rabi 
and Zaid season [3]. The pandemic that hit India in 
the same season has affected all the farm produce to 
sell in the market. The pandemic COVID’19 has led 
to the lockdown and sealing of all India’s districts 
and state boundaries. Nashik has a tradition to sup-
ply farm produce in the PAN India region [4]. Uttar 
Pradesh, Madhya Pradesh, Nepal, Bangladesh, and 
Delhi are the main markets where the farm produc-
es from Nashik primarily supplies. Major crops like 
Grapes, wheat, maize, onion, tomato, etc., have been 
highly affected due to the lockdown, and farmers have 
faced huge losses in that respect. Farmers are the main 
stakeholder of this research [5]. The study will add sig-
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nificant knowledge about the importance of the sup-
ply chain in such a critical situation.

Review Of Literature 
The impact of COVID’19 was analyzed in various 

research papers. Mr. Raul Siche (2020) has examined 
the different pandemics that humans have faced, like 
the Spanish Flu, Asian Flu, Hong Kong Flu, HIV/
AIDS, SARS, Ebola, and Swine Flu, which have had 
a severe impact on the environment, economy and 
human occupations, such as livestock, agriculture, 
tourism, transport, education, health, fishing, min-
ing, industry, commerce, etc. Nowadays, humans are 
suffering another pandemic, the infection of the novel 
coronavirus (2019) that generates the disease known 
as COVID-19 [6]. During this study, data from the 
Food Agriculture Organization (FAO), the World 
Health Organization (WHO), and scientific and tech-
nical documents have been used. The data has proved 
that COVID-19 has a severe impact on agriculture 
and the food supply chain, particularly harmed food 
demand and food security, with a significant effect 
on most of the Indian population. Due to lockdown, 
lack of transport has made a massive impact on food 
demand, its supply, and ultimately to food security 
[7]. Many corona cases have rapidly increased, and 
subsequently, the government has taken wise steps to 
control it, which also influences agriculture. Supply 
chain resilience was studied, which provides a detailed 
assessment of implications of the COVID‐19 for food 
supply chains and supply chain resilience [8]. It in-
cludes the effect of consumer behavior who are panic 
about the demand for farm produce. Also, people have 
changed their food habits from restaurant food, pack-
age foods to homemade meals. Future problems from 
the supplier side have been analyzed due to shortage 
of labor, weakening transport facilities, the movement 
of goods due to border sealing [9]. Buying behavior 
of consumers has changed due to higher demand and 
gradual lower income. Also, the agro supply chain 
and its services like transportation, distribution, and 
maintenance have been hampered severely. Lastly, the 
paper considers whether the COVID‐19 will have a 
long-term impact on food supply and declining on-
line grocery delivery sector and the extent to which 
consumers prefer local food Supply chains [10]. Ma-
hendra Dev & Rajeswari Sengupta had studied that 
the COVID pandemic is severely affecting the Indian 
economy. Considering the border closures, the econ-

omy has faced a substantial slowdown due to a lack of 
transport and supply chain facilities. The government 
response is what must be needed in these times to deal 
with such a worldwide pandemic. The picture will be 
severe pre and post-lockdown period. Also, it will be 
depended on the death trolls that happen during this 
period. In this paper, they have described the state of 
the Indian economy in the pre-COVID-19 period, 
estimated the impact on various sectors, analyze the 
policies that have been declared so far by the central 
government and the Reserve Bank of India to strate-
gize and build the economy in a better way [11]. The 
food supply chain had been affected severely, present-
ed that COVID will affect not only FSC but also its 
every segment separately. Private partners in India 
supply around 92% of the food. It’s a huge problem 
to face socio-political tensions which will arise due to 
such an economic crisis. Social distancing and vari-
ous elements of COVID related to logistics will ham-
per health issues on a large scale. It is a must for the 
government to look after the smooth running supply 
chain of food, considering that government food dis-
tribution cannot replace even a tenth of the market 
[12]. The Indian sugar industry, which has great im-
portance in the Indian economy, has been struggling 
throughout. The emergence of COVID-19 has badly 
affected the sugar industry in India as well as outside. 
The sugar industry has a significant value chain that 
includes sugarcane, sugar, molasses, and ethanol. Af-
ter that, the marketing and export part of the chain has 
been worst affected by the COVID impact [13]. 

Food security has also been seen as the most im-
pacted component due to CVID. Rita Chatterjee an-
alyzed that the current coronavirus pandemic is a 
universal emergency, which will affect every part of 
the global economy. India is also facing an impact 
on human health [14]. Also, many COVID cases and 
the death toll have been affecting agriculture at large. 
Though the supply of food and related items is enough 
so far, food security has been observed as a significant 
concern in the near time [15]. Due to lockdown, agro 
logistics has been poorly hampered. The supply of 
seeds for the coming rabbi season is a must to grow for 
the population. The problem of labor shortage should 
be overcome by artificial intelligence. Policy changes 
in the agro sector are a must to meet the demand of the 
food industry. Studied that time will tell the impact of 
COVID and the measures taken to avoid it. According 
to Nielsen India, Indian consumers will cut down on 
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luxury goods, although people will spend on organic 
food and fitness. People will demand safety-branded 
food and buy animal proteins from trusted brands. 
Ready to eat / easy to cook products will become noto-
rious, as restricted outside food [16].

There is enormous scope to connect farmers with 
such new markets and to sell on their own. Also, it 
says that the winter planted harvesting season coin-
cided with the lockdown and, ultimately, the shortage 
of laborers. They presented the study that our nation 
is in the harvesting season of a rabbi in this lockdown 
duration [17]. Farmers are facing problems in selling 
the product due to a poor supply chain. Agriculture 
is facing huge labor shortage problems as people have 
migrated to their homes. Government should active-
ly participate in such times to buy the product in the 
available supply chain. Also, market availability op-
tions should be increases by the government being a 
major stakeholder. The paper also studies the way to 
manage the supply chain of farm produce in this lock-
down. The government of India gave the regulations 
on 15 April 2020, after extending the lockdown till 10 
May 2020, excluding agribusiness, agriculture, crea-
ture farming, poultry, fishery, and partnered exercises. 
Workers can go to work agro stores are open. Now it 
has started to concentrate on Kharif season for sowing 
seeds. Agriculture is the country’s backbone.

The GDP has been impacted negatively with enor-
mous disruption in providing series and cropping 
decisions for coming agricultural seasons. All issues 
have made a negative mindset in farmers and led to 
the community’s mental sickness. Mahajan and Tomar 
had discussed the impact on agriculture due to the 
countrywide shutdown. It is found that vegetables and 
fruits are falling short by 10%, while the product pric-
es have not seen much change. Quantity wise there has 
been a fall of 20% in fruits and vegetables. It is also 
concluded that this fall has been seen due to poor sup-
ply chain in lockdown period. Also, various segments 
of the Food Supply chain have poorly been affected, 
impacting the urban population and farmers.

They had presented that developing economies are 
more affected due to the pandemic. Moreover, India 
has taken better measures and reduced its implication 
on humans. But agriculture GDP has fallen drastically 
with more significant disruptions in the supply chain 
and cropping decisions for the coming Kharif season. 
The plantation area has dropped due to uncertainty in 
border opening as well as accessibility to markets. This 

petty situation has made financial losses and mental 
illness to the farming community [18].

They had studied the export and import stagna-
tion in India due to COVID-19. It suggests that India 
should build on regional logistics companies to stock 
the oil when favorable international markets. In such 
situations, India should promote exports as consum-
ers are more minor, which is the auspicious time to en-
courage exports from India. It is crucial to increase the 
storage facility and further increase the exports to gain 
GDP as it has felt in local businesses. It had analyzed 
that lack of preparedness has pushed the economy into 
a deep crisis. It has resulted in heavy losses to the rural 
economy especially. Planning by governments regard-
ing dealing with COVID was unclear, which made it 
farmers challenging to make a decision. Lack of trans-
parency and planning has led to slack cropping season 
for farmers [19]. These disruptions have also caused 
an economic burden on farmers because of higher 
costs, increased debt burden, inability to sell the pro-
duce at reasonable prices, and crop losses. Lockdown 
and border closures have forced farmers to sell their 
agro produce to local traders and vendors significant-
ly lower prices. Resources allocation made a massive 
disparity among small farmers and the others. Stor-
age of food grains in excess amounts led to spoilage 
rather than feeding the hunger. They presented that 
even today, a variety of human diseases are reported 
for unknown reasons. The countrywide lockdown has 
brought many obstacles in the agriculture sector, such 
as heavy harvesting types of machinery required for 
harvesting wheat crops in northern India cannot trav-
el due to lockdown. Many such feasibility problems 
have occurred due to border sealing.

The market linkage has been disturbed due to the 
short of labor and closings of markets; hence it has led to 
spoilage of the farm produce. Humankind has witnessed 
many pandemics throughout human history that skilled 
millions of people and harmed the global economy and 
politics. Also, restrictions on travel have impacted var-
ious sectors of agriculture. Agriculture is an important 
economic sector endorsing. A country like China, a sig-
nificant producer of Agro Inputs such as fertilizer, has 
stopped exporting it, leading to a shortage of inputs. This 
severely affects livestock, poultry, fishery as well as dairy 
production. Rabbi crops are not planted during this pan-
demic leading to significant economic loss to farmers. 
Also, the government needs to address a smooth supply 
chain of food to avoid the risk of food security [20].
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They presented the study focused that COVID-19 
has a massive impact on food baskets and triggered 
logistics and harvest crises, especially in Punjab and 
Sindh. It will be a disaster due to poor logistics, ab-
sence of a labor force. 70% of the wheat crop depends 
on low-income laborers, leading to low yield and crop 
losses. March 2020, wheat production will be entire-
ly spoilage in this region. It is crucial to keep supply 
chains functioning well for food security. It presented 
the economic impact of the Coronavirus/COVID-19 
crisis across industries and countries. The survey of 
30 countries shows that the decline in average 2.8 will 
happen during the lockdown. Due to closed borders, 
export is stopped, which has hindered selling com-
modities abroad, leading to substantial economic loss-
es. The majority of the countries depending on ser-
vices and export-oriented businesses will be hampered 
more due to COVID distribution and demand due to 
labor shortages and lower-income. Despite some scar-
city, the supply chains for flour and cooking oil are 
not likely to be blocked for an extended period. The 
roundtables help government and industry to tackle 
significant needs, including food safety, transporta-
tion infrastructure, and market access. This needs to 
address the issue on time to avoid further problems.

Studies that illness-causing pathogens till now have 
been particular to a sector or a market. But COVID is 
something unique due to which large-scale destruc-
tion of farmland and processing facilities are noticed. 
Impact on Iowa farmers, mainly soybean, corn, eth-
anol, pork, and beef, is expected to be massive. This 
study has provided their best estimate of the revenue 
impacts on some of Iowa’s most prominent agricultur-
al industries. There has been damage of roughly $788 
million for corn, $213 million for soybean, approxi-
mately $2.9 billion for ethanol, $658 million for fed 
cattle, $34 million for calves and feeder cattle, and $2.1 
billion for hogs. Keeping social distancing in mind 
will be challenging to work and carry a smooth supply 
chain. In Africa, a study of Ethiopia faces high levels of 
food insecurity, ranking as one of the hungriest coun-
tries globally, with millions of people needing food 
assistance [21]. The livelihood of most Ethiopians 
depends on agriculture, the most significant contribu-
tor to GDP and economic growth. They had only two 
worst choices: (1) to go out for their daily subsistence 
amid the virus or (2) die of hunger at home. In such a 
case, they may even think of the second choice. It may 
even lead to riots and crime to access food for their 

families. Government and social media can play an es-
sential role in addressing their challenge and provide 
to fight against hunger. Studied the research, which in-
cludes the socio-economic implications of COVID-19 
pandemic and lockdown on food and agribusiness 
sector in India. The article suggests cleanliness, social 
distancing and health-related measures, financial sup-
port from government and private industries, techno-
logical measures such as e-agribusiness, remarketing, 
infrastructural development, capacity building pro-
grams, modern techniques of transfer of technologies, 
and proper implementation of government schemes 
and programs have been suggested by authors to tack-
le the situation and overcome from the crisis. Such so-
cio-economic initiatives will play an immense role in 
enhancing the socio-economic status of farmers, farm 
laborers, and allied industries in terms of employabili-
ty, efficiency, health, and well-being.

Various papers studied in the literature review 
summarised the challenges faced by the farmers 
during the COVID’19 pandemic. The studies carried 
out have covered the supply of farm produce, logis-
tics challenges, and government regulations in the agri 
supply chain. Nationwide studies indicated the vari-
ous challenges, but no specific study was found mainly 
focused at Maharashtra and specifically on a particu-
lar district. To handle the difficulties in Agri supply 
during pandemics, it would be necessary to access the 
region-wise concerns. Hence, the authors in this paper 
have selected Nasik district, Maharashtra state.

Objectives
The following objectives have been considered for 

the study, with the scope of the study being limited to 
the Nashik District, Maharashtra state. 

1. To study the changes in farm produce due to 
COVID’19.

2. To study the impact on revenue generation of 
farmers due to lockdown.

3. To do a comparative study on the difference 
between farmer’s performance before and after lock-
down.

4. To suggest various ways to improve the supply 
chain during such a challenging situation.

Research Methodology
India is an agricultural country, and hence the ma-

jority of the population depends on the agriculture in-
dustry for their livelihood. Maharashtra is one of the 
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leading states in producing agricultural products and 
supplying them to various parts of the country and 
abroad. Nasik has performed extraordinary for years 
when it comes to feeding the nation. According to the 
Nasik district agriculture department, about 6,42,662 
farmers in Nasik are currently producing agro pro-
duce. Nasik tops in various major agriculture com-
modities like onion, grapes, etc. Nasik also contributes 
a significant portion of agriculture GDP in Maharash-
tra state.

The present study was conducted in the Nasik 
district of Maharashtra. There are fifteen tehsils in 
the Nasik district, amongst which all have intense 
agriculture production. The major tehsils were 
Nasik, Dindori, Triambakeshwar, Malegaon, Niph-
ad, Sinnar, and Igatpuri. The systematic sampling 
procedure was employed for the selection of farmers 
in this research. For the present research purpose, 
Nasik, Niphad, Dindori, Triambakeshwar, and Igat-
puri tehsils were randomly selected based on the past 
data of farm produce. After that, the cluster of six vil-
lages from each of the chosen tehsils was identified 
as having the maximum number of farmers produc-
ing for commercial purposes.

Further, 100 farmers were randomly selected 
following the simple stratified random sampling 
considering the small and medium farmers. These 
farmers were further divided into three classes based 
on the farmland size. These three classes are small 
farmers with less than 2.5 hectares, medium farmers 
with 2.5 to 5 hectares, and large farmers with more 
than 5 hectares of landholding. Of these 100 farm-
ers, 72 were found under the small farmer’s category, 
21 were medium farmers, and the rest, i.e., 7 were 
large farmers having more than 5 hectares of land. 
The survey questionnaire included both quantitative 
and qualitative questions, which involve both types 
of data for analysis. The quantitative section con-
sists of the percentage change in various factors such 
as farmland under cultivation, price expended on 
Agri inputs, farm laborers, transport facilities, etc. 
At the same time, the significant portion which is a 
qualitative section in the survey consists of various 
parameters such as profit/loss in farm produce, the 
behavior of farmers in changing the number of the 
area under cultivation due to lockdown, demand and 
supply of the crop, problems faced by a farmer in the 
COVID’19 period, impact on revenue generation, 
etc. Farmers were also asked to suggest remedies that 

can be implemented in such situations. Also, this 
data is collected by considering all the demographic 
factors in mind, such as age, location, cropping pat-
tern, etc.

Collection of primary data based on different es-
sential aspects such as cost, profit, loss, and ways of 
the supply chain for the research work was done from 
each selected farmer by the personal interview meth-
od (survey). Detailed information about the farmer’s 
total area and the impact on the farm produces before 
and after lockdown considering cost and revenue gen-
erated was collected from the farmers. The data has 
been noted comparing both situations of pre-COVID 
and post COVID situation. In the survey, qualitative 
data was also collected, like problems faced by the 
farmers to take crops and sell the produce during the 
lockdown. The data of farmers were further tabulated 
in the Microsoft Excel sheet for analysis. Analysis of 
whole district farmers considering a sample of more 
than 300 farmers out of which 90 farmers complete 
responses were collected and gave insights of impli-
cations of COVID’19. All the data used for the study 
was collected in pre and post COVID time (from Feb 
to July 2020)

Results and Discussion

Farmers in Nasik district
The section includes a brief discussion about the 

pattern of farmers found in a sample size of more than 
500, where 100 respondents responded to the ques-
tionnaire. After data collection, the segregation of 
farmers was analyzed based on farmland size, which 
is given in the table below. It is found that 72 are small 
farmers with less than 2.5 hectares, 21 are medium 
farmers having land between 2.5 to 5 hectares, and the 
remaining 7 farmers are large farmers with more than 
5 hectares. 

It clearly states that farmer’s categorization is un-
even, having the majority of the small farmers in 
Nasik district. The pattern of farmer’s categorization 
is found similar in India, where the majority are small 
farmers. Figure 1 gives a detailed analysis of farmer 
categories.

The above Figure 1, illustrates that 72% of farm-
ers are small and marginal in the sample. There are 
very few, i.e., 7% farmers who have land more than 5 
hectares, show the problem of Land fragmentation in 
Indian agriculture.
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Figure 1. Categorization of farmers in Nasik district

Impact of COVID’19 on the area 
under cultivations

Above Figure 2 shows the analysis of farmers con-
cerning changes in the area under cultivation due to 
lockdown was done by considering. The same sample 
of farmers in the Nasik district observed that a sig-
nificant chunk of farmers decreased their area under 
cultivation. Around 55% of farmers had been reduced 
the cultivated land due to consequences of COVID’19 
that prevented them from cropping as a supply chain. 
Market availability was the major concern during this 
period. Farmers who mainly had perennial crops have 
been less affected due to COVID’19. Henceforth, 25% 
of farmers have increased cultivated land, whereas 
20% have unchanged the cultivation area.

Figure 2. Impact on the area under cultivation (Source: Primary 
survey, 2020)

Impact on Agri Input availability and price
The study revealed that 60% of farmers could not 

get Agri input on time during the lockdown period 
as most manufacturing companies and supply chains 
were disturbed. Also, it has been observed that 67% 
of farmers have paid an extra amount to purchase the 
Agri inputs, which were hiked due to an increase in 
manufacturing and transport cost, which was the ulti-
mate effect of lockdown. The majority of the farmers 
have paid around 5-10% extra amount, which has led 
to an increase in the production cost for the farmer. 
This has decreased the profit margins of the farmer 
community in the Nasik district. Figure 3 & Table 1 
illustrates the data regarding the extra amount paid to 
procure Agri inputs and their availability.

Figure 3. Impact on Agri Input price

Table 1
Impact on Agri Input availability

Availability of Agri 
Inputs

Number 
of Farmers

Percentage 
of Farmers

Yes 40 40.00
No 60 60.00

The above table illustrates that Agri input procure-
ment’s COVID lockdown supply chain was severely 
hit as 55% of farmers couldn’t get inputs on time was 
also observed as various manufacturing units were 
closed due to unavailability of laborers.

Impact on Agriculture Labourers 
and their availability

Above Table 2 & Table 3 illustrates the availabili-
ty and extra expenditure on farm labor. The analysis 
of 100 farmers in Nasik district suggests that it was 
tough to get laborers on time to work in the field. 
Only 21% of farmers had got the labor’s on-time oth-
er 79% of farmers faced difficulty in getting the la-
borers, which ultimately affects the crop quality and 
the produce. The research also indicates that 100% 
of farmers had paid extra money to the agriculture 
laborers. They had spent on average 5% extra money 
on the labors. These factors in agriculture add to the 
production cost and hence decreases the profit mar-
gins of the farmers. 

Table 2
Extra expenditure on Agriculture Labourer
The excess amount 

paid to laborer’s
Number 

of Farmers
Percentage 
of Farmers

5 % more 37 37.00

5-10% more 29 29.00

10-20% more 33 33.00

20-50% more 0 0.00

No 0 0.00
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Table 3
Availability of Agriculture Labourer workforce

Availability of 
Labourers

Number 
of Farmers

Percentage 
Change

Yes 21 21.00
No 79 79.00

Source: Primary survey, 2020

Impact on demand of Agriculture produce
During the lockdown, the agriculture sector has 

many effects, one of which is studied about the de-
mand of Agriculture produce in the market. As bor-
ders were closed and most of the APMC’s were sealed 
due to increasing COVID’19 patients, the supply chain 
was severely hampered, and due to which supply was 
not done to a large extent.

The above Figure 4 shows the demand for Agricul-
ture produce was drastically declined. The study says 
around 77% of farmers noticed the market was low, 
whereas 11% observed no change in direction. So it is 
clear that most farmers found the demand to be below, 
and hence the farmers were not able to take new crops 
in Nasik district. Figure 4 illustrates the data regarding 
the same.

Figure 4. Changes in demand for Agriculture produce
(Source: Primary survey, 2020)

Impact on transport facility 
and changes in expenditure

The sample study demonstrated in Nasik dis-
trict says that 71% of farmers didn’t get transport 
facilities on time as the pandemic increased and 
people were afraid of going out for businesses. 
Also, lockdown included many restrictions on the 
vehicle using many norms that were made strict to 
be followed. So the vehicles were not available for 
transport. Only those who had their vehicle were 
not impacted.

The above Table 4 & Table 5 illustrates the data re-
garding the extra amount paid for transport. The anal-
ysis says that 81% of people paid extra money for the 

transport facility, increasing their cost and lowering 
the profit margins.35% of farmers paid 5-10% extra 
money for the transport facility. 

Table 4
The extra amount paid for the transport facility
The excess amount 
paid for transport

Number 
of Farmers

Percentage 
of Farmers

5% more 24 24
5-10% more 35 35
10-20% more 22 22

No 19 19

Table 5
Availability of transport facility during lockdown

Transport Facility 
on Time

Number 
of Farmers

Percentage 
of Farmers

Yes 29 29
No 71 71

Source: Primary survey, 2020

Impact on Price of Agriculture produce
The main parameter in farming is ultimately the 

price of the agricultural produce, which is the decid-
ing factor in the revenue generation of the farmer’s 
economy. Various articles in the newspaper have pub-
lished that prices for products are meager during the 
COVID’19 period, and that’s true for Nasik district. 
The survey of 100 farmers here stated that the farmers 
did not earn a reasonable price for produce. 

Here, 70% of farmers have mentioned that the 
price of Agriculture produce was not adequate for 
MSP (Minimum Selling Price). Most of the farm-
ers have suggested receiving MSP for their produce. 
Around 18% of farmers are not sure whether to earn 
an acceptable price; hence it states that the major-
ity of the farmers were hampered due to lockdown 
when we consider the cost of the crop. Table 6 illus-
trates the data of the sample regarding the price of 
the produce.

Table 6
Adequate price of the Farm produce

Acceptable price 
for A. Produce

Number of 
Farmers

Percentage of 
Farmer

Yes 12 12
No 70 70

Maybe 18 18

Source: Primary survey, 2020
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Impact on the price fluctuation of agriculture 
produce

The implications of COVID’19, like lockdown and 
border closures, influenced price fluctuation in every 
sector, including the service sector. When it came to the 
instability of Agriculture, produce was seen with a high 
ratio because many times APMC’s were sealed at the last 
hour, which even led to wastage of produce. As farmers 
were uncertain about future market conditions, many 
of them had a similar cropping pattern, and thus, it im-
pacted the fluctuation of Agri produce prices. The study 
shows that instability was there. Around 62% of farmers 
agreed to the change of prices, and those remaining may 
have sold directly to consumers who didn’t realize the 
fluctuating prices. Given Figure 5 below illustrates the 
findings of the study done in the Nasik district.

Figure 5. Fluctuation of agriculture produce prices

Impact on profit generation by farmers
The implications of lockdown were so severe that it 

badly affected the profit generation of farmers. As most of 
the points are discussed above, poor supply chain, market 
sealed, border closure, fluctuation in prices, flawed trans-
port system and wastage of agriculture produce, etc., has a 
massive impact on revenue generation. Not only the Nasik 
region but the whole of India faced problems in revenue 
generation in one or the other sectors.

Table 7
Impact on the profit earned of Farmers in Nasik

Effect on the yield 
of Sale

Number of farmers Percentage 
of Farmer

Increasing 9 9
Decreasing 79 79
No change 12 12

Source: Primary survey,2020

Table 7 illustrates the data regarding the impact on 
the profit earned. It has been studied under the survey 
that profits have been declined severely. 79% of farm-
ers occurred losses in agriculture, whereas 12% didn’t 
find any change in profit margins when we consider 

that most of the farming community faced consider-
able losses in the COVID’19 period.

Problems faced, and benefits of selling 
Agriculture produce directly to consumers

Business to consumer, i.e., direct selling, has been 
observed as a successful practice in modern agriculture. 
Many new start-ups and government schemes have pro-
moted markets of direct selling, which is beneficial to both 
farmers and the consumer. Many farmers near cities and 
towns had successfully sold their produce at better pric-
es during the COVID’19 period. Yet, there is a maximum 
farming population that doesn’t have proper infrastruc-
ture due to various reasons such as unavailability of mar-
kets, misleading, wastage of produce, due to which they 
cannot sell their produce directly to consumers. 

The above Tables 8 & Table 9 and Figure 6 show 
the study of Nasik district indicates only 31% of farm-
ers were benefitted from direct selling whereas others 
had faced losses. Also, the problems in direct selling, 
which includes unavailability of markets(61%), wast-
age of produce(27%) majorly, and misleading by ven-
dors and merchants (12%), has harmed farmers.

Table 8
Problems faced in direct selling

A problem faced 
(direct-selling)

Number of farmers Percentage 
of Farmer

Unavailability of 
markets

61 61

Misleading 12 12
Wastage of 

produce
27 27

Table 9
Benefits from direct selling
Benefit from direct 

trading
Number of farmers Percentage f 

Farmer
Yes 31 31
No 69 69

Source: Primary survey, 2020

Figure 6. Problems faced in direct selling
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The impact of COVID -19 has been undoubtedly on 
both farmers and consumers. The following hypothesis 
was tested to study and understand the association be-
tween the size of the cultivable land and variables such 
as price, an area under cultivation, and agriculture.

H0A: There is no significant impact of the farm 
size on the price

H1A: There is a considerable impact of the farm 
size on the price

H0B: There is no significant impact of the farm size 
on cultivation land 

H1B: There is a considerable impact of the farm 
size on cultivation land 

H0C: There is no significant impact of the farm 
size on Agri produce 

H1C: There is a substantial impact in the farm size 
on Agri produce

To test the hypothesis, the regression analysis was 
carried out, and the research results have been depict-
ed in Table 10.

Since the above Table 11 show that the significant 
value is above 0.05, the assumption of their relation-

ship was wrong. The hypothesis is rejected in this case, 
and hence it is proved that COVID has not impacted 
on change in area under cultivation and fluctuation of 
Agri produce prices.

Conclusion
The research paper discussed the various impacts 

that COVID’19 has made on the agriculture sector in 
the Nasik district. The result of the study from a sample 
of 90 farmers has indicated that the farming community 
has been badly affected due to COVID’19. The primary 
concerns that influenced the farmers were closedown 
of the markets/APMC, closure of district boundaries 
which were the main routes of selling produce to states 
like Uttar Pradesh, Madhya Pradesh, Delhi, Gujarat, etc. 
As the unlocking of countrywide lockdown was uncer-
tain, the majority of the farmers had reduced the land 
under cultivation. Farmers who harvested crops like 
grapes and horticulture crops were severely harmed 
due to unavailability of merchants/ vendors, unavailable 
markets in the first and second quarter of the year 2020, 
hence faced losses in Lacks of rupees. Cost of production 

Table 10
Correlations between various parameters in the survey

Correlations
Land Impact area Impact profit Fluctuation agri goods

land Pearson Correlation 1 -0.112 -0.044 0.132
Sig. (2-tailed) 0.268 0.667 0.191
N 100 100 100 100

Impact area Pearson Correlation -0.112 1 0.146 0.069
Sig. (2-tailed) 0.268 0.147 0.494

Impact profit Pearson Correlation -0.044 0.146 1 0.096
Sig. (2-tailed) 0.667 0.147 0.341

Fluctuation agri goods Pearson Correlation 0.132 0.069 0.096 1
Sig. (2-tailed) 0.191 0.494 0.341

Table 11
Regression analysis

Regression

Model
Standardized 
Coefficients t Sig.

Beta
1 (Constant) -0.786 0.145 -5.407 0.000

Land 0.000 0.000 -0.041 -0.398 0.691
Impact area 0.060 0.045 0.135 1.332 0.186
Fluctuation agri goods 0.064 0.071 0.092 0.906 0.367

a. Dependent Variable: 
Impact Profit
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was increased due to hike in prices of Agri Inputs, wages 
of the labors, hiked in the transport rates due to compe-
tition between farmers. The average income of farmers 
was reduced by around 40-60% due to decreasing land 
under cultivation, lower profit margins, increased pro-
duction cost, wastage that happened due to unavailable 
market, etc. The impact of COVID’19 affected not only 
economically but also mentally as most of these farmers 
are dependent on agriculture as their primary source of 
income, so this has involved their family in education, 
well-being, etc. This study concludes that a country like 
India, an agricultural economy, should have an efficient 
supply chain for ease of selling agricultural produce. 
These storage facilities play an essential role in such 
lockdown periods to get desirable prices. Government 
can play a significant role in helping farmers by provid-
ing subsidies, infrastructural help to store and transport 
the produce to various markets under government reg-
ulations. Farmers should be provided with knowledge 
of cropping patterns, crop selection, time of plantation, 
etc., by the advisory board from the Agriculture de-
partment. Due to lack of storage facility, many farmers 
have sold their commodities at lower prices which could 
trade better after storing them. Also, farmers can add 
value to their produce by doing package food products, 
direct selling to consumers, processing, etc., which will 
earn them better profits. To conclude, a better supply 
chain, value chain, proper advocacy by the government, 
technological support, knowledge assistance to farmers 
can improve the condition and level of Indian farmers 
to a great peak.
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Abstract
This paper examines the perception of Indian employees on the 
role of organizational structure; it also aims to assess the im-
pact of culture on the views of Indian employees regarding their 
choice of work environment and the feasibility of self-manage-
ment practices in India. Despite widespread acknowledgment 
of the challenges presented by flat structures and hierarchical 
structures, little is known about today’s Indian workforce’s think 
and needs. The relationships between various factors on the 
employees’ orientation of the preferred organizational struc-
ture and its effect on their motivation are studied in this paper. 
The results reveal no great disparity in the views and choices 
of the employees who have an experience of flat structure and 
those who do not. However, it does indicate various other re-
lationships between the factors that impact the organizational 
structure like Control and Capability, Reward-Systems and Or-
ganizational Levels, Culture and Reward Systems, Tendency to 
Explore and Reward Systems, Organizational levels and Moti-
vation and lastly, Organizational Level and Culture. The results 
also suggest that Indian employees do want to have autonomy 
and responsibility in their work. However, they do believe that 
the different organizational levels have their role in managing 
the organization.
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1. Introduction
The concept of flat structures is not new and has 

been talked about for ages. The main purpose of these 
structures is to provide enough autonomy and respon-
sibility with employees to enhance their productivity 
and commitment to the organization due to direct in-
volvement in the decision-making processes [1]. Indi-
an history has been deeply rooted in hierarchy, right 
from the “caste system” to the culture of sycophancy. 
In the dimensions of cultures defined by Hofstede, 
India has a rating of 77 in the Power distance factor, 
which substantiates that Indians have a high accep-
tance rate for the unequal distribution in power [2]. 
As every country is different in its culture and values, 
there is a difference in the approval of flat structures. 
Some might find this unsettling as more flexibility is 
given to self-managed employees or teams and might 
find it disrespectful to leaders [3].

Each country might require different planning and 
decision-making regarding management related to or-
ganizational structure to reduce the friction brought 
about by different perceptions of fairness [4]. There has 
been a plethora of research on the pros and cons of both 
the structures, but little is known on the perception of 
the Indian employees on their choice of work environ-
ment and the factors related to organizational structure 
that led to their dissatisfaction at the workplace [5].

2. Literature Review
There have been various studies in the past relat-

ed to the field of organizational structure. Among 
the first studies was of Worthy (1950), where it was 
observed that the flatter or decentralized structures 
create potential better employee attitudes, more ef-
fective supervision, and autonomy, thereby creating a 
greater sense of responsibility, self-development, and 
creativity among employees, which is a requisite to 
the personal contentment of employees and is a vital 
component for the democratic way of life [6]. It also 
suggested that one of the major causes of the strained 
manager-employee relationships in today’s times is the 
overly complex nature of the organizational structure. 
Worthy’s findings intrigued everyone about the idea of 
equality and autonomy [7].
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Different organizational structures (tall, medium, 
and flat) were considered. 295 trade sales representa-
tives were monitored. It was observed that employees 
in the flat arrangement were more satisfied due to their 
freedom and perceived lesser amounts of anxiety and 
distress. They also performed more effectively than 
the employees of medium and tall organizations [8].

Another important factor that comes into play 
when discussing organizational structure is decision 
time. The decision time of both (hierarchical and flat) 
was not affected due to the difference in organiza-
tional structures of the two organizations. However, it 
had a considerable effect on the performance which 
was judged by profits made [9]. Teams working in 
the hierarchical design performed considerably bet-
ter than those working in a flat design. The reasoning 
defined this outcome: the taller firm had an orderly 
decision-making process due to its narrow structure. 
More levels facilitated team members to analyze the 
decisions regularly [10].

It cannot be denied that flat structures have the up-
per hand over hierarchical arrangements in terms of 
freedom and flexibility, but few things can be consid-
ered. In relatively flat structures, as there are fewer lev-
els, the opportunities to grow are also less [11], which 
was because advancement to a higher grade acts as one 
of the drivers for motivation in a tall structure. In con-
trast, the work culture in a flat arrangement plays a ma-
jor function in the gratification of the employees [12].

Empirical endings strengthen the hypothesis that in 
a tall structure with more reporting levels, employees 
tend to interpret more opportunities for promotion. 
What attracts them in a flat structure is the satisfaction 
due to the work environment [13]. The perception of 
promotional opportunities had a positive correlation 
with the employees’ dedication and satisfaction. The 
way an organization is structured and the reward sys-
tems are decided can have a considerable impact on 
employee commitment. It can be liked with their per-
ception of institutional fairness [14].

Another important aspect is innovation. The de-
centralization was linked with more innovative behav-
ior among employees as compared to centralization 
[15]. In centralization, employees need their superior’s 
approval which inhibits the creative and explorato-
ry behaviors. It could give employees the feeling that 
their ideas are not being appreciated. Formalization 
also resulted in reduced innovation [16]. When rules 
and guidelines take the front seat in an organization 

and employees have little control over decision-mak-
ing, they are less likely to explore new ideas, methods, 
and techniques [17].

When supervised defined fix work practices, em-
ployees had fewer prospects for trial and error. The 
way supervisors practice control and flexibility given 
to employees to explore important factors which are 
impacted due to the difference in nature of the organi-
zational structures. Leadership plays a central role in 
organizational structure [18]. The emergence of new 
job roles makes it important to recognize how an orga-
nizational design can hinder or enable the supervisory 
decisions related to the current job roles [19].

The program’s configuration of decentralization 
and semi-structured formalization provided the most 
encouraging circumstances for supervisors to use 
their decision to take groundbreaking sustainability 
initiatives [20]. The conclusions talk about the idea 
of “shaping and being shaped” as organizational ar-
rangements and management decisions are interrelat-
ed and co-evolve over time [21]. The organizational 
arrangement affects the project reporting levels, and 
therefore, it is essential to balance the different units of 
an organization. Organizational discords arising in the 
project setting can be prevented by the right selection 
of the organizational structure. For example, the role 
and authority level should be established to prevent 
conflicts between functional managers and project 
managers [22].

There are two kinds of behaviors exhibited in 
transformational leadership, Organizational Behav-
iors (OB) and Personal Behaviors (PB). Centralization 
weakened the permitting process of personal behav-
iors. Formalization supported to allow the process-
es of organizational behaviors and weakened that of 
Personal Behaviors [23]. Both the behaviors (Orga-
nizational Behavior and Personal behaviors) increase 
employee satisfaction and commitment towards the 
organization.

A firm is considered a network of employees where 
informal conversations have a deep impact on employ-
ee behaviors. These collective behaviors then form the 
organizational culture. Social interactions between 
staff portray the level of satisfaction of employees and 
influence their productivity [24]. Formal meetings 
are accompanied by casual, less structured views and 
discussions in which parties involved are often able to 
and mutual understanding and create shared inten-
tions. The way the organizational structure is designed 
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has an impact on how they collaborate. The manage-
ment can plan strategically while designing the firm’s 
structure and set a culture that leverages workers’ in-
formal interactions to increase organizational perfor-
mance. Digital transformation changes the way of op-
erations in an organization that sometimes cannot be 
completely anticipated [25]. Therefore, leaders should 
establish an organizational structure that encourages 
autonomy, agility, transparency, and innovation.

Later, the concept of Self-Managed Work Teams 
(SMWTs) also came into the picture. These are the 
relatively autonomous teams that have their roles and 
decision-making responsibilities without any manage-
ment above them. SMWTs become more complex in 
their implementation in the different cultures because 
the national culture can form a different notion of or-
ganizational fairness. What appears right in one cul-
ture may not be considered justifiable in other [26].

Holacracy was first introduced in 2007. It is a prac-
tice of governance that has self-managing teams rath-
er than a traditional hierarchy in the organizational 
structure. It is built on the concept of integrative deci-
sion-making. There are predefined rules in the holacra-
cy framework, and it applies to everyone in the same 
way. In holacracy, the jobs are defined as ‘roles [27]. 
The teams are surrounded by ‘circles’ where each cir-
cle administers itself by finding the roles required to 
reach the objectives of the circle and assigning circle 
members to fill them. This practice provides agility to 
organizational practices and a sense of ownership and 
autonomy to the employees. However, at the same time, 
scaling up such a model comes as a huge challenge [28].

Effectiveness in organizational processes can be 
achieved by a 360° agile organizational structure, an 
amalgamation of the matrix organizational structure 
overlaid with cross-functional teams (CFTs). This 
structure does not form any hierarchy. The only play-
er to report will be of the founders/management [29]. 
The holacracy structure was found ‘chaotic’ due to 
the inner circles reporting to outer circles, but there 
is no reporting individual outside the matrix in the 
proposed model. They report to each other and in 
the absence of any one of them, the other takes over 
[30]. Once they are contented with the output, they 
deliver it to the management. Another hindrance in 
the holacracy model is the scalability model. Howev-
er, this model introduces the concept of ‘scaled agility,’ 
which will help to expand the anticipated structure to 
a sizeable extent. It will also lead to fast decision-mak-

ing [31]. The self-esteem component of personalities 
can be gratified by providing more autonomy and 
equal opportunities. A clear definition of roles will fill 
communication gaps and enhance collaboration and 
transparency [32].

Another relevant aspect to look at while design-
ing Organizational structure can be culture. It can be 
a valid argument that some of the differences in the 
feasibility and success of organizational structure can 
be attributed to cultural factors because every country 
has its history and beliefs [33]. The way we are raised 
in our families has a significant impact on our person-
alities and thoughts. Hofstede (1994) concluded that 
the culture of a nation plays a major role in operating 
an organization. There were many differences found 
based on dimensions which included concepts like 
finding the degree to which the people in a society 
within a country hope for and agrees to the unequal 
distribution of power, the extent of interdependence 
the community maintains among its members, and 
whether the real motivation comes from enjoying 
what you do or being the best [34].

3. Methodology

3.1. Hypothesis Development
The organizational structure’s important factors 

were identified from the review of literature and inter-
views conducted and embedded in the questionnaire.

It aims to determine the perception of employ-
ees on these eleven key aspects of the organizational 
structure:(1) Experience (2) Supervision (3) Commu-
nication Gap (4) Collaboration (5) Reward System (6) 
Tendency to explore (7) Motivation (8) Culture (9) 
Organizational levels (10) Capability (11) Effective-
ness of SMWT (Self-Managed Work Teams)

3.1.1. Experience: This factor segregates the peo-
ple who have any experience working in a flat struc-
ture from those who do not have any experience, 
which will be useful in determining whether employee 
perceptions differ due to their experience and whether 
it has any relationship with other factors [35].

3.1.2. Supervision: This factor was used to assess 
whether they have experienced or observed that the 
constant monitoring of their supervisors harms em-
ployee productivity. It would assess whether the qual-
ity of work is getting impacted due to the supervision.

3.1.3. Communication: This factor has a huge im-
pact on assessing whether an employee is being heard or 
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not, impacting their satisfaction levels. An organization 
with a hierarchy of multiple levels is more likely to have 
communication gaps than a flat organization having 
fewer levels where people can engage with everyone.

3.1.4. Collaboration: The need for promotion 
in a hierarchy can come in the way of collaboration 
between employees. It can resist sharing of ideas and 
relationship building. It can foster jealousy among 
co-workers due to the need to secure a higher position 
and status.

3.1.5. Reward System: It shows if the employee be-
lieves in the concept of promotions, levels and there-
fore, wants to get rewarded in the form of higher status 
and position in an organization or prefers an equal sta-
tus with an increase in compensation and benefits [36].

3.1.6. Tendency to explore: The choice between 
becoming an expert and exploring different roles/
fields can explain an organization’s innovative capabil-
ity. It also determines the Tendency of subservience 
related to one’s work.

3.1.7. Motivation: The respondents were asked to 
choose what will motivate them: autonomy and flex-
ibility at the workplace where they were in charge of 
everything from choosing the project to working on 
it or a boss who guides them well or working with 
Self-Managed Work Teams (SMWT’s).

3.1.8. Culture: Their views on whether our culture 
& history (of hierarchies and putting people in lev-
els) will impact India’s feasibility of self-management 
practices.

3.1.9. Organizational levels: Their views on 
whether they would like to have no leadership titles 
and believe that everyone should work at the same lev-
el because excellence can occur at any level. So, why 
have those levels? Alternatively, every level plays a dif-
ferent role in guiding, structuring, and balancing the 
organization. Does hierarchy balance an organization 
better or giving power to individuals’ will?

3.1.10. Capability: Respondents were asked 
whether they think that not everyone is equally ca-
pable of self-management and that the uncertainty 
will create more confusion and decline performance. 
If you start assigning responsibility to employees, 
they will feel empowered. They might make mistakes 
(which bosses also do sometimes), but eventually, they 
will learn and grow.

3.1.11. Effectiveness of SMTWs: Respondents 
were asked whether they think Self-Managed Work 
Teams with no bosses to guide can be effective in In-

dia. These eleven aspects were then studied and ana-
lyzed, and then the following hypotheses were created:
• H1: There is no relationship between Supervision 

and Capability
The hypothesis is formulated to test whether there 

exists a relationship between the micro-management 
of the supervisor and the difference in capabilities of 
the employees.
• H2: There is no relationship between Organiza-

tional levels and Reward System
The hypothesis is framed to verify whether there 

exists a relationship between their choice of organiza-
tional structure and the reward that motives them.
• H3: There is no relationship between Reward Sys-

tem and Culture
The hypothesis is formulated to establish whether 

there exists a relationship between the impact of cul-
ture and the choice of rewards.
• H4: There is no relationship between Tendency to 

explore and Reward System
The hypothesis is formulated to identify whether 

there is a relationship between their innovative capa-
bility and the choice of rewards.
• H5: There is no relationship between Organiza-

tional levels and motivation
The hypothesis is formulated to test whether there 

exists a relationship between their source of motiva-
tion and choice of organizational structure 
• H6: There is no relationship between Organiza-

tional levels and culture
The hypothesis is formulated to test whether there ex-

ists a relationship between their choice of organizational 
structure and the impact of culture on this perception. 

3.2. Sample and Data Collection
The survey was based on a self-administered ques-

tionnaire. A total of 182 responses were considered for 
the analysis. A Chi-square test was applied to identify 
the relationships between the different factors men-
tioned above.

The sample is majorly comprised of employees 
working in private organizations. The questions cov-
ered their perception based on experience or observa-
tion and their general perception about the feasibility 
and effectiveness of the flat structures in India. In other 
words, this questionnaire had a simple and clear pur-
pose of finding out whether they would like to work in 
a hierarchy or a flat structure, their views and reason of 
inclination, as well as dissatisfaction towards an organi-
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zation due to its structure of the Indian workforce con-
cerning the Organizational structure in today’s times. 

4. Results and Findings 
It is to be noted that all the findings were based on 

the results analyzed from respondents’ perception. In 
this study, 48.9% of respondents have worked in a flat 
structure before, and 51.1% have not. Therefore, an 
almost equal distribution on both sides will give us a 
better picture. The sample is taken from all the parts 
of the country. The demographic distribution of the 
respondents is 64.7 % Males and 35.3% Females. The 
Highest Education Qualification of the respondents is 
a Master’s degree with 62.1%, Bachelor’s degree with 
37.4%, and 0.5% with Diploma.

4.1. Hypothesis 1: There is No Relationship 
between Supervision and Capability

The null hypothesis suggests that there is no rela-
tionship between the perceptions of the constant mon-
itoring of the supervisor and the difference incapabil-
ity of a person for self-management practices. Out 
of 182 respondents Table 1, 133 (73.1%) employees 
believe that they have experienced /observed that the 
monitoring declines the productivity of the employee, 
and out of those, 106 (58.2%) believed that if you start 
assigning responsibility to employees, they will learn 
better. The χ2 value for this comparison is 12.752, and 
the p-value 0.000, which is less than 0.05. Hence, we 
reject the null hypothesis. It proves that there exists 
a statistically significant relationship between the per-
ceptions of Supervision and Capability.

Table 1
Cross-tabulation between supervision and capability

4.2. Hypothesis 2: There is no Relationship 
between Organizational Levels and Reward 
Systems

The null hypothesis suggests no relationship between 
the perceptions of the importance of organizational levels 
and the choice of reward system an individual chooses. 
Out of 182 respondents Table 2, 148 (81.3%) employees 
believe that every level of an organization plays a signifi-
cant role, and out of those, 101 (55.5%) want to work in a 
company where they will be promoted to higher levels. It 
signifies that many people in India still give importance 
to hierarchy and prefer being promoted rather than 
working in a flat structure and getting pay and promo-
tions according to the delivered results.

The χ2 value for this comparison is 17.523, and the 
p-value of 0.000 is less than 0.05. Hence, we reject the 

Table 2
Cross-tabulation between organizational levels and reward systemsg y
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null hypothesis. It proves that there exists a statistically 
significant relationship between Organizational Levels 
and Reward Systems.

4.3. Hypothesis 3: There is no Relationship 
between Reward System and Culture

The null hypothesis suggests no relationship be-
tween the perceptions of choice of the reward system 
and the importance of culture at organizational levels. 
Out of 182 respondents Table 3, 148 (81.3%) employ-
ees believe that Indian culture and history impact the 
feasibility of self-managed practices in India. Out of 
those, 83(45.6%) believe that they want to work in a 
company where high performers are promoted.

The χ2 value for this comparison is 8.021, and the 
p-value of 0.005 is less than 0.05. Hence, we reject the 
null hypothesis. It proves that there is a significant rela-

tionship between the perception of the Reward System 
and culture.

4.4. Hypothesis 4: There is no Relationship 
between Tendency to Explore 
and Reward Systems

The null hypothesis suggests no relationship between 
the perceptions of the importance of organizational lev-
els and the choice of reward system an individual choos-
es. Out of 182 respondents Table 4, 120 (65.9%) employ-
ees have a higher tendency to explore and want to work 
in different roles and projects, while 62 (34.1%) want to 
work only in their field of roles and projects.

The χ2 value for this comparison is 6.891 and with a 
p-value of 0.009, which is less than 0.05. Therefore, we 
reject the null hypothesis. It shows that there exists a 
statistically significant relationship between Tendency 
to explore Organizational Levels and Reward System.

Table 3
Cross-tabulation between reward system and culture

Table 4
Cross-tabulation between tendency to explore and reward systems
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4.5. Hypothesis 5: There is no Relationship 
between Organizational Levels 
and Motivation

The null hypothesis suggests no relationship between 
the perceptions of the importance of organizational lev-
els and the source of motivation. Out of 182 employees 
Table 5, 82 (45.1%) chooses autonomy and flexibility at 
the workplace as their motivation. In contrast, 56 (30.8%) 
believe they will be motivated by a boss who guides them 
well, and 44 (24.2%) believe that working in Self-Man-
aged Work teams will motivate them better. 61(33.5%) 
believe that every level plays a guiding role while they 
still want to have autonomy in their work. 

Theχ2 value for this comparison is 6.105 and with 
a p-value of 0.047, which is less than 0.05. Hence, the 
null hypothesis is rejected. It verifies that there exists 
a statistically significant relationship between their 
choice of Organizational Levels and Motivation.

4.6. Hypothesis 6: There is no Relationship 
between Organizational Levels and Culture

The null hypothesis suggests no relationship be-
tween the perceptions of the importance of organiza-
tional levels and culture. Out of the total 182 Table 6, 
148 (81.3%) believes that Indian culture does play a 
role in the feasibility of self-managed practices in In-

Table 5
Cross-tabulation between organizational levels and motivation

Table 6
Cross-tabulation between organizational levels and culture
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dia, and out of that, a whopping 116 (63.7%) believes 
that every level in an organization plays a significant 
role in balancing and managing an organization. 
Hence, it points toward that majority has a perception 
that different levels will manage an organization better 
than a flat organization with no levels. The χ2 value 
for this comparison is 17.523, and the p-value of 0.000 
is less than 0.05. So, we reject the null hypothesis. It 
suggests that there exists a significant relationship be-
tween Organizational Levels and Reward Systems.

7. Discussion
The results provide support for the fact that con-

stant monitoring of bosses does impact the efficiency 
of employees. 73.1% of the workforce in the sample 
feels that there exists micro-management, which de-
clines their productivity. The supervisors should pro-
vide some autonomy in work given to the employees. 
72.5% of them believe that if you start assigning re-
sponsibility to employees, they will learn in a better 
way. Learning is a choice, and in order for this decision 
to come naturally to them, they should not be moni-
tored all the time. Giving them some control will lead 
to better results. For the same reason, researches have 
shown that employees feel more satisfied in flat orga-
nizations as more control is given to them. 

Out of the total, 45.1% people in our research feel that 
they will be motivated to work in a place with full auton-
omy where they are in charge of the work they do while 
30.8% wants to work under a boss who guides them well 
and 24.2% wants to work in Self-Managed Work teams. 
It clearly shows that most people want to control what 
they do, which is provided by flat organizations. How-
ever, at the same time, 81.3% of the people believe that 
every level of an organization plays a significant role 
in guiding and structuring an organization which is a 
characteristic of a hierarchy. Also, not every individual 
is equally capable of working independently. Many of us 
might require someone to guide us through the process. 
It completely depends on the nature of the job and the 
ownership taken by the employees in a company.

The promotion comes as another important factor. 
61% want to work where high performers are promot-
ed, whereas 39% want to work where everyone is at 
the same level, but high performers are paid high in 
terms of compensation and rewards. It clearly shows 
that people are not just satisfied with the higher rec-
ognition in terms of rewards but still care about their 
status or the level they are put in. Another issue related 

to promotion in a flat organization is that people are at 
the same level with the same designation for years as 
there is no hierarchy. If they want to change jobs and 
move to a hierarchical company, they have to justify 
their designation. Also, some people with 15-20 years 
of experience do not feel comfortable working with an 
employee having 2-3 years of work experience with 
the same designation. These are a few challenges faced 
in a decentralized organization.

Talking about innovative capability, 65.9% of em-
ployees tend to explore and want to work in different 
roles and projects, while34.1% want to work only in 
their roles and projects. As culture was assumed to 
be an aspect to consider for the success of self-man-
agement practices in the country, 81.3% of employees 
believe that Indian culture and history impact the fea-
sibility of self-managed practices in India. 

All these factors are interrelated and impact our 
perception, which then shapes our satisfaction levels.

8. Conclusion
Perception is the first step towards action. In order to 

find out where we are heading, it is pertinent to under-
stand the perception of employees of an organization in 
particular and a nation in general. This study was envi-
sioned to capture a general perception of the Millenni-
als who are current or to-be employees in India. Results 
indicate that there is not much difference in perception 
of flat structure and those who do not. However, it does 
indicate various other relationships between the factors 
that impact the organizational structure like Control and 
Capability, Reward-System and Organizational Levels, 
Culture and Reward Systems, Tendency to Explore and 
Reward Systems, Organizational level, and motivation 
and lastly, Organizational Level with culture.

The results also suggest that Indian employees do 
want to have autonomy and responsibility in their work. 
However, they also believe that the different organiza-
tional levels have their role in managing the organiza-
tion. The majority of them agreed that Indian culture 
and history of hierarchy and levels would impact India’s 
feasibility and acceptance of self-management practices. 
The majority of them have experienced/observed that 
the constant monitoring of the boss decreases employ-
ee productivity and they have experienced/observed 
that there is a communication gap between frontline 
employees and the top leadership. Also, most of them 
believe that promotion between employees comes in 
sharing ideas and relationship building. In a country of 
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so much diversity and complexities, we can first try to 
implement the self-management practices in parts of 
an organization and then expand based on the organi-
zational requirements. Using self-management practices 
to design an entire organization is wise, but only if the 
level of adaptability is high and the company functions 
in a fast-changing and highly competitive environment. 
The paybacks of making rapid changes far outweigh the 
costs, and the wrong decisions will not be that disastrous. 

Since the present study is based on perception, the re-
sults must be treated cautiously. The appropriateness of 
the structure differs depending on the industry as well as 
the job roles. Some roles might require supervision and 
guidance, while others need to be autonomous to per-
form better. However, it is true that if we allow people 
to start taking charge, they will eventually learn, but it is 
highly based on the context of the organization. The up-
coming generation of self-managing teams desires a new 
generation of leaders to see the difference and decide 
when it is best to put aside the hierarchy for a different 
way of operating and be bold enough to defend hierarchy 
where it serves the organization’s fundamental goals.

9. Limitations and Future Research
Even though the purpose of the present study was 

effectively accomplished, limitations addressed in future 
studies should be illustrated. First, this study was purely 
intended to capture a general perception of the Millenni-
als who are current or to-be employees in India. 

As every organization is different concerning its na-
ture and employees, some results may not hold. Thus, 
future research should elucidate the precise cause-and-
effect relationship between the different perception 
factors in a particular organization and then capture its 
results by designing and executing a longitudinal sur-
vey. The insights derived could be used to formulate 
policies related to organizational structure. 

Second, to generalize the outcomes to other coun-
tries, upcoming studies are needed to test the concep-
tual framework of this study in other countries and 
then equate the results with the conclusions of this 
study. Also, the framework can be used, but the study 
results might change in different time frames due to 
the ever-evolving nature of the world.

Given the circumstantial dependency of the frame-
work, other factors could also be added if found rel-
evant. Lastly, future research can also be carried to 
compare the perception and dynamics of organiza-
tional structure in smaller and larger organizations.
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Abstract
The nature of the corporate environment requires a variety of 
practices to achieve competitive benefits. Environment, Social, 
and Governance (ESG) performance of an organization is con-
sidered a key indicator for sustainable and long-term returns. 
Investors are increasingly looking into the ESG practices of 
companies while making their investment decisions, and com-
panies are seeking new ways to showcase their ESG prowess to 
investors. Showcasing the ESG performance helps the compa-
nies to build the brand reputation. The market valuation of such 
companies can also increase with the rise in PE Ratio as the 
investor perception increases. The paper evaluates the connec-
tion between the ESG factors and economic factors of the top 
five FMCG firms based on their market capitalization. Regres-
sion models have been utilized to measure and establish the 
relationship between both factors. The research results show 
that improved ESG implementation helps increase the overall 
economic value of the organizations. The sub-factors E, S, and 
G show a positive relationship with the economic performance, 
which clearly outlines why the FMCG companies are now taking 
various environmental and social initiatives.
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1. Introduction
Business organizations worldwide are now shifting 

from increasing profits to aligning the company’s goals 
to the ESG objectives to become sustainable in the 
end, which is the growing understanding that the ESG 
aspects can become a big threat for the businesses in 
the future and can affect the overall economic returns 
and brand image of the organizations. Client demand 
from both retail and institutional stakeholders has in-
creased [1]. It is the top reason reported by executives 
to incorporate ESG factors into investment decisions. 
ESG has become a very significant measure for cap-
ital markets, as organizations with high ESG values 
have demonstrated to reduce risks, better yields, and 
are stronger amid an emergency. Many investors have 
started adopting ESG investment strategies to think 
about the firm suitable for investing. Organizations 
with ESG plans are thought to have a more long-term, 
sustainable perspective than non-ESG companies, 
allowing them to outperform organizations without 
ESG plans [2]. It has become an important aspect for 
the various stakeholders to account for to make their 
operations profitable. Therefore, organizations’ ESG 
disclosures have significantly increased to fulfill the 
stakeholder’s demands.

Therefore, studying more on the ESG performance 
of the sector becomes more important and relevant to 
attract more and more investors. Responsible corpo-
rate approaches consider ESG components to manage 
the risk efficiently and produce long-term profits for 
the stakeholders. In recent years, environmental and 
social issues have become increasingly important in 
society. Today, many consumers choose to shop for 
environmentally friendly products, although costlier 
than “traditional” products. Similarly, an increasing 
number of investors seek financially viable and so-
cially sustainable companies in the end. Many finance 
providers increasingly use ESG factors as a criterion 
for making investment decisions, including the envi-
ronmental, social, and corporate governance strate-
gies and practices into an organization’s policies [3]. 
The majority of the stakeholders views its everyday 
processes very extensively. These policies display the 
firm’s ability to continue working sustainably and 
adopting a holistic approach to achieve long-term ob-
jectives. Only those corporations can survive in the 
end, considering and incorporating necessary steps to-
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wards the changing requirements of their partners, lo-
cal communities, and the overall working conditions. 
Companies also benefit from ESG reporting because 
evaluating their ESG strategy and their “sustainability” 
depends on how this information is communicated to 
investors and other financial experts. This study at-
tempts to provide information by evaluating ESG and 
the economic performance of businesses and drawing 
a link between the two.

2. Literature Review
Various studies and research have been carried out 

to show the relationship between the ESG indicators 
and the subfactors and the overall economic perfor-
mance of any company; principles for Responsible 
Investment (PRI) establish a prominent link between 
ESG and economic performance, according to Cek 
and Eyupoglu. Few analyses from all over the globe 
have observed the linkages and dependencies between 
the ESG values and financial returns. However, in In-
dia, not much research is carried out on this front.

There is an established link between pollution (en-
vironmental indicator) and the financial performance 
of companies, as stated by Bragdon. The majority 
economic view suggested that a company concerned 
about pollution issues could not be profitable simulta-
neously, which shows a negative relationship between 
the factors. Another study found that the larger a firm 
is, the more effort it puts into environmental, social, 
and governance (ESG) issues, as observed by Parket 
and Gilbert. As a result, large corporations have an 
edge in ESG strategy. As a result, a plethora of aca-
demic research has been conducted, each yielding di-
verse outcomes [4]. Almost all published studies and 
researches on the subject agree that ESG indicators 
have a non-negative impact on financial metrics. In 
addition, reviews were conducted to focus more on 
the precise relationships amid ESG and commercial 
production:
• Impacts of ESG on Economic performance: The 

impacts of ESG have perpetually been a significant 
study topic over the years. There have been many 
studies about how the ESG performance affects 
the firm’s financials, be it positive, negative, or 
neutral, as researched by Ramic. Putting resourc-
es in setting up proper environmental, social, and 
governance objectives of any company can always 
help improve the company’s brand image and rep-
utation, as studied by Godfrey, Merrill, and Han-

sen. Several researches were conducted by Gunnar 
Friede, Timo Busch, and Bassen comparing ESG 
performance with company financial performance. 
According to the findings, there is a direct bond 
amid ESG and commercial success aspects, as re-
corded by Friede. Abbott and Monsen conducted 
research and discovered that Environment, social, 
and governance (ESG) production had little bear-
ing on commercial production, according to Ab-
bott and Monsen. Similarly, the connection amid 
collective group duty and commercial production 
can be contradictory, implying a strong negative 
association between the two, as stated by Vance.

• Effect of sub-factor Environment, Social, and 
Governance on commercial production: The 
overall ESG score of any organization is based on 
the individual scores of the sub-factors, i.e., envi-
ronmental, social, and governance. The effect of 
the environmental score on the valuation of any 
company is always looked after because the in-
vestors consider this as a very important param-
eter before investing in any organization. Valuable 
insights have been obtained on the opinions for 
the impacts of good environmental performance 
on the market value of any company, as observed 
by McGuire, Sundgren, and Schneeweis. Various 
other theories highlight that the costs incurred to 
improve the environmental performance can gen-
erate other benefits, such as increased efficiency 
of production, which leads to more profits, as re-
searched by Russo, and Fouts [5].
Because workers are one of the most important 

collections of participants in any company, how the 
firm manages its interactions with them can affect its 
overall financial performance, as recorded by Delery 
and Doty. The study of Friede et al., according to Frie-
de, clearly shows that the subfactor social has no re-
lation between ESG factors and financial factors. The 
social performance of companies dealing with basic 
amenities and services positively influences financial 
performance, as stated by Daszyńska-Żygadło. Cus-
tomers play a significant role in improving the financ-
es of any company because their insights can be used 
to improve the product’s quality, which in turn im-
proves the overall finances, as observed by Waddock 
and Graves.

The governance factor shows both positive and 
negative relations. Major literature studies show that 
the impact of corporate governance on economic per-



Issue 24. November 2022 | Cardiometry | 479

formance is concentrating either on variations due 
to different policies of the company or differences in 
the overall governance structure between the compa-
nies. It has also been noticed that obligatory corpo-
rate governance policies and strategies could lead to 
the growth of companies in India in terms of market 
value, as researched by Black and Khanna. The gov-
ernance of any firm also supports its ability to focus 
on the issues of the local communities and provide 
resolutions, which offer the durable commercial per-
formance of the organizations, as researched by Yoon, 
Lee, and Byun [6].

There are several reasons why studies on the rela-
tionship between financial performance and ESG lead 
to different conclusions. According to Trivedi, there 
are two main categories of indicators to measure the 
financial performance of any firm: accounting indi-
cators and stock market indicators. On the contrary, 
ESG performance of companies in a wide notion that 
involves a multitude of indicators leads to a multitude 
of different results.

3. Objectives
The study had the following objectives:

• To analyze the relationship amid the ESG scores 
and commercial production of the considered 
FMCG companies.

• To study the impact of the subfactors Environment 
(E), Social (S), and Governance (G)on the finan-
cial performance of the considered FMCG compa-
nies [7].

4. Hypothesis
A hypothesis study is to be conducted through sec-

ondary data research to collect the data variables as re-
quired. Five hypotheses are tested under this research.

Hypothesis 1
Ho = Relationship between ESG factor and ac-

counting indicator of the considered FMCG compa-
nies is positive.

Ha = relationship between the ESG factor and ac-
counting indicator of the considered FMCG compa-
nies is not positive.

Hypothesis 2
Ho = Connection amid the ESG factor and stock 

exchange indicator of the considered FMCG compa-
nies is positive.

Ha = Connection amid the ESG factor and stock 
exchange indicator of the considered FMCG compa-
nies is not positive.

Hypothesis 3
Ho = Impact of the subfactor Environment (E) on 

the financial performance of the considered FMCG 
companies is positive.

Ha = Impact of the subfactor Environment (E) on 
the financial performance of the considered FMCG 
companies is not positive.

Hypothesis 4
Ho = impact of the subfactor Social (S) on the 

commercial production of the considered FMCG cor-
porations is positive.

Ha = impact of the subfactor Social (S) on the com-
mercial production of the considered FMCG corpora-
tions is not positive.

Hypothesis 5
Ho = Impact of the subfactor Governance (G) on 

the commercial production of the considered FMCG 
corporations is positive.

Ha = Impact of the subfactor Governance (G) on 
the commercial production of the considered FMCG 
corporations is not positive.

5. Methodology
The research aims to illustrate how the ESG perfor-

mance affects the commercial production of the con-
sidered FMCG Corporations of India. The methodol-
ogy that will be used to analyze the data is regression 
models and equations. There are two main categories 
of indicators of a company’s financial performance: 
accounting and stock market indicators. We will be 
using the Return on Capital Employed (ROCE) and 
stock market indicator for the accounting indicator; 
we will be using Tobin’s Q Ratio [8]. The instrument 
applied to investigate and evaluate outcomes is SPSS 
25.0 Software. Data is considered for the financial year 
2019.

FMCG Companies
Five FMCG companies were studied for analysis 

based on market capitalization. The companies were:
1. Hindustan Unilever Ltd. (HUL)
2. ITC Ltd
3. Dabur India Ltd.
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4. Marico
5. Colgate Palmolive Ltd.

The ESG and financial data for the companies list-
ed in Table 1 were collected via secondary research, 
including audited annual and final reports of the 
companies available in the public domain apart from 
Internet-based platforms like www.in.finance.yahoo.
com and www.moneycontrol.com

Data Variables
The investigation was conducted applying the be-

low-mentioned information variables:
Financial Factors:

1. Return on Capital Employed (ROCE) - It is the rate 
of a business’s income (profits earlier to interest and 
taxes) to the entire capital invested in the company. 
The ROCE value will be utilized as the accounting 
indicator to examine the influence of ESG issues on 
financial performance. It will be used as a subordi-
nate variable in the regression model.

2. Tobin’s Q Ratio is the proportion of its overall mar-
ket value to its total asset value. Tobin’s Q Ration 

will be utilized as the stock market indicator to ex-
amine the influence of ESG issues on commercial 
production. It will be used as a secondary variable 
in the regression model.

3. Debt to Equity Ratio - It is the ratio of its total lia-
bilities to its total shareholders’ equity. This param-
eter harms the overall economic performance as 
companies with fewer debts have a strong financial 
performance. It is a proportion of how much an or-
ganization is financing its activities through debts 
versus reserves. In the regression model, it will be 
used as a control variable.

4. The logarithm of the firm’s total assets (Log TA) 
is used to reference the company’s size. In the re-
gression model, it will be used as a control vari-
able.

ESG Factor:
5. ESG Scores - In the regression model, the environ-

mental, social, and governance (ESG) score of a 
company will be used as the independent variables 
in Table 2.

Table 1
Financial Data of the considered companies

# FMCG Companies ROCE 
Value

Tobin’s Q 
Ratio

D/E 
Ratio

Total assets 
(TA) 

(in Cr)
Log TA

1 Hindustan Unilever Ltd. 
(HUL) 0.9227 8.74 0.01 17,865.00 11.252

2 ITC Limited 0.3007 5.52 0.0001 69, 797.92 11.843
3 Dabur India Ltd. 0.3775 8.34 0.09 5,578.78 10.746
4 Marico 0.3409 5.71 0.05 4,641.00 10.666
5 Colgate Palmolive Ltd. 0.7074 11.21 0.02 2,626.48 10.419

Sources:
ROCE Value - (Money Control, n.d.)
Tobin’s Q Ratio - (Saji & Eldhose K.V, 2017)
D/E Ratio - (Money Control, n.d.)
Total Assets - (Money Control, n.d.)

Table 2
ESG Scores of the considered companies

# FMCG Companies ESG Score Environmental 
Score

Social 
Score Governance Score

1 Hindustan Unilever Ltd. (HUL) 26 11.3 7.9 6.7
2 ITC Limited 27 6.8 12.1 8.4
3 Dabur India Ltd. 30 12.4 8.5 8.6
4 Marico 26 10.2 6.8 8.7
5 Colgate Palmolive Ltd. 22 6.7 8.9 6.2

Sources:
ESG Scores - (Yahoo Finance, n.d.)
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6. Results and Discussions
Relationship between ESG score and Financial 

Performance – 
Under this, we carried out separated regressions for 

the accounting indicators and stock market indicators.

6.1. Relationship between ESG score and 
Accounting Indicators (Hypothesis 1)

The accounting indicator is the Return on Capital 
Employed (ROCE). In the regression model, the ROCE 
value is the dependent variable, and ESG rating is the 
independent variable in Table 3. The other variables are 
Debt-to-Equity Ratio and Log of Total Assets (LogTA).

Ho’s hypothesis is accepted because the signifi-
cant value is higher than 0.05, which indicates that the 
ESG component and the accounting indication of the 
FMCG companies under consideration have a favor-
able association, which demonstrates the importance of 
ESG scores for a company’s growth and expansion [9].

The regression equation thus formed is – 

ROCE = 19.201+ 0.521ESG – 51.186DE-2.783Log TA

This equation also shows that ROCE is positively 
related to the ESG score.

The high value of R suggests a highly positive cor-
relation between the ROCE value and ESG scores. 
The value of R square suggests that the independent 
variable ROCE represents a good proportion of the 
variance for the dependent variable. However, further 
research can be done with a greater sample to test this 
hypothesis [10]. Table 4 shows the model summary in 
ROCE.

6.2. Relationship between ESG score 
and Stock Market Indicators (Hypothesis 2)

Table 5 shows the stock market indicator is Tobin’s Q 
Ratio value. Tobin’s Q Ratio value is the dependent vari-
able, and ESG rating is the independent variable in the 

Table 3
Coefficients when the dependent variable is ROCE

Coefficients
Model Unstandardized 

Coefficients
Standardized 
Coefficients

T Sig. 95% Confidence Interval for B

B Std. Error Beta Lower Bound Upper Bound
1 (Constant) 19.201 7.612 2.522 0.240 -77.520 115.923

ESG 0.521 0.243 5.468 2.145 0.278 -2.562 3.604
DE -51.186 21.642 -6.843 -2.365 0.255 -326.179 223.808
LogTA -2.783 1.192 -5.789 -2.335 0.258 -17.923 12.358

a. Dependent Variable: ROCE

Table 4
Model Summary when the dependent variable is ROCE

Model Summary
Model R R square Adjusted R Square Std. The error of the Estimate

1 0.941 0.886 0.543 0.1843620
a. Predictors: (Constant), LogTA, ESG, DE

Table 5
Coefficients when the dependent variable is Tobin’s Q Ratio

Coefficients

Model
Unstandardized 

Coefficients
Standardized 
Coefficients T Sig.

95% Confidence Interval for B

B Std. Error Beta Lower Bound Upper Bound

1

(Constant) 88.885 134.393 .661 0.628 -1618.746 1796.516
ESG 1.401 4.284 1.698 .327 0.799 -53.031 55.832
DE -152.914 382.101 -2.360 -.400 0.758 -5007.969 4702.141
LogTA -10.239 21.038 -2.459 -.487 0.712 -277.551 257.073

a. Dependent Variable: TobinsQ
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regression model. The other variables are Debt-to-Eq-
uity Ratio and Log of Total Assets (Log TA).

Since the significant value, in this case, is also great-
er than 0.05; therefore, the hypothesis, Ho is received, 
indicates an actual relationship between the ESG factor 
and stock market indicator, which clearly shows that 
investors consider ESG scores of the firms before in-
vesting [11].

The regression equation thus formed is – 

 Tobin’s Q = 88.885+ 1.401ESG – 152.914DE –
 –10.239LogTA

This equation also shows that Tobin’s Q value is 
positively linked to the overall ESG score.

Table 6 shows the high value of R suggests a high 
actual correlation amid Tobin’s Q value and ESG 
scores. The value of R square suggests that the in-
dependent variable Tobin’s Q ratio represents a very 
normal proportion of the variance for the dependent 
variable. However, further research can be done with a 
large sample size to test this hypothesis [12].

From both these regression models, we can say that 
ESG scores have a high positive connection with the 
company’s financial achievement.

Connection amid subfactor Environment, Social 
and Governance, and Financial Performance – 

Under this, we carried out separated regressions 
for the subfactors E, S, and G and both the financial 
indicators [13].

6.3. Relationship between subfactor E 
and financial performance (Hypothesis 3)

In the regression model, the subfactor E, i.e., en-
vironment is the independent variable. At the same 
time, the financial performance indicators (ROCE 
and Tobin’s Q Ratio) are the dependent variables. The 
other variables are Debt-to-Equity Ratio and Log of 
Total Assets (Log TA) [14]. Table 7 shows the depen-
dent variable is ROCE.

Since the significant value in both cases is greater 
than 0.05, therefore, the hypothesis, Ho is accepted, 
which means that the subfactor E, Environment shows 
a positive relationship with the financial performance 
indicators, which signifies that investor engage more 
in environmentally responsible organizations, which 
is one of the reasons as to why the FMCG companies 
have started taking various environmental initiatives 
[15]. Table 8 shows the dependent variable is Tobin’s 
Q Ratio.

6.4. Relationship between sub factor S 
and financial performance (Hypothesis 4)

In the regression model, the subfactor S, i.e., social, 
is the independent variable. At the same time, the fi-
nancial performance indicators (ROCE and Tobin’s Q 
Ratio) are the dependent variables. The other variables 
are Debt-to-Equity Ratio and Log of Total Assets (Log 
TA) [16]. Table 9 shows the coefficients when the de-
pendent variable is ROCE.

Table 6
Model Summary when the dependent variable is Tobin’s Q Ratio

Model Summary

Model R R Square Adjusted R Square Std. Error of the Estimate

1 0.725a 0.525 -0.899 3.2549411

a. Predictors: (Constant), Log TA, ESG, DE

Table 7
Coefficients when the dependent variable is ROCE

Coefficients

Model
Unstandardized 

Coefficients
Standardized 
Coefficients T Sig.

95% Confidence Interval 
for B

B Std. Error Beta Lower Bound Upper Bound

1

(Constant) 4.189 2.935 1.427 0.389 -33.110 41.488
E 0.100 0.067 .961 1.497 0.375 -0.751 0.952
DETECTORS/DETECTION -11.223 5.668 -1.500 -1.980 0.298 -83.240 60.794
LogTA -0.385 0.270 -.801 -1.424 0.390 -3.819 3.049

a. Dependent Variable: ROCE
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Since the significant value in both cases is greater than 
0.05, therefore, the hypothesis, Ho is admitted, which 
indicates that the subfactor S, Social, shows a positive 
relationship with the financial performance indicators, 
which signifies that nowadays the stakeholders also con-
sider the social initiatives and CSR activities, which the 
organizations do before investing. Table 10 shows in co-
efficient when the dependent variable is Tobin’s Q Ratio.

6.5. Relationship between sub factor G 
and financial performance (Hypothesis 5)

Table 11 shown in the regression model, the sub-
factor G, i.e., governance is the independent variable. 

At the same time, the financial performance indicators 
(ROCE and Tobin’s Q Ratio) are the dependent vari-
ables. The other variables are Debt-to-Equity Ratio 
and Log of Total Assets (Log TA).

Since the significant value in both cases is greater 
than 0.05, therefore, the hypothesis, Ho is admitted, 
which indicates that the subfactor G, Governance 
shows a definite connection with the commercial 
production indicators, which justifies the reasons 
as to why companies are becoming more transpar-
ent in providing information about the governance 
structure [17]. Table 12 shows the dependent vari-
ables.

Table 8
Coefficients when the dependent variable is Tobin’s Q Ratio

Coefficients

Model
Unstandardized 

Coefficients
Standardized 
Coefficients T Sig.

95% Confidence Interval for B

B Std. Error Beta Lower Bound Upper Bound

1

(Constant) 47.781 40.921 1.168 0.451 -472.172 567.734
E 0.154 0.934 0.170 0.165 0.896 -11.717 12.025
DE -38.440 79.011 -0.593 -0.487 0.712 -1042.373 965.493
LogTA -3.644 3.768 -0.875 -0.967 0.511 -51.520 44.232

a. Dependent Variable: TobinsQ

Table 9
Coefficients when the dependent variable is ROCE

Coefficients

Model
Unstandardized 

Coefficients
Standardized 
Coefficients T Sig.

95% Confidence Interval for B

B Std. Error Beta Lower Bound Upper Bound

1

(Constant) 2.382 5.156 0.462 0.724 -63.130 67.894
S -.074 .141 -.543 -0.526 0.692 -1.872 1.723
DE -5.712 6.449 -.764 -0.886 0.539 -87.648 76.224
LogTA -.091 .522 -.189 -0.174 0.890 -6.723 6.541

a. Dependent Variable: ROCE

Table 10
Coefficients when the dependent variable is Tobin’s Q Ratio

Coefficients

Model
Unstandardized 

Coefficients
Standardized 
Coefficients T Sig.

95% Confidence Interval for B

B Std. Error Beta Lower Bound Upper Bound

1

(Constant) 53.433 43.188 1.237 0.433 -495.322 602.188
S .412 1.185 .346 0.347 0.787 -14.647 15.470
DE -26.493 54.015 -.409 -0.490 0.710 -712.823 659.837
LogTA -4.394 4.372 -1.055 -1.005 0.498 -59.947 51.160

a. Dependent Variable: TobinsQ
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From all these regression models, we can say that 
the subfactors Environment, Social, and Governance 
have a high positive relationship with the overall eco-
nomic performance of the company [18].

7. Conclusion
Environment, Social, and Governance (ESG) per-

formance of an organization is considered one of the 
key indicators for sustainable and long-term returns. 
Investors are increasingly looking into the ESG prac-
tices of companies while making their investment de-
cisions. The study establishes a definite connection 
amid the ESG production and commercial production 
of the FMCG companies under consideration, which 
means that by improving the ESG scores of the firm, 
the economic performance will also enhance because 
nowadays, the investors and different other stakehold-
ers also take into account the overall ESG initiatives of 
the companies before investing.

Improved ESG scores will also help the investors 
identify the organizations that can have good finan-
cial returns in the end due to early identification and 
reduction in the overall ESG risks. The study also 
highlights that the subfactors E, S, and G also share a 
positive relationship with the overall economic perfor-

mance of the companies. Companies have also started 
ESG reporting, which will showcase the in-depth tar-
gets and achievements in the ESG field.

8. Limitations
One of the main restrictions of this research is inad-

equate information access. The scope of the study was 
limited to only five FMCG companies. Another major 
constraint is the minor analysis conducted in ESG per-
formance and its impact on the financial performance 
of the FMCG companies, which may have inflicted re-
strictions on the overall results. It is suggested that the re-
search scope can be increased by considering many com-
panies for the analysis and better results in the future.

References
1. Abbott, W. F., and Monsen, R. J. (1979) on 

the measurement of corporate social responsibility: 
Self-reported disclosures as a method of measuring 
corporate social involvement. Academy of manage-
ment journal, 22(3), 501-515.

2. Black, B. S., and Khanna, V. S. (2007) can cor-
porate governance reforms increase firm market val-
ues? Event study evidence from India. Journal of Em-
pirical Legal Studies, 4(4), 749-796.

Table 11
Coefficients when the dependent variable is ROCE

Coefficients

Model
Unstandardized 

Coefficients
Standardized 
Coefficients T Sig.

95% Confidence Interval for B

B Std. Error Beta Lower Bound Upper Bound

1

(Constant) .587 3.079 .191 0.880 -38.538 39.711
G -0.278 .157 -1.201 -1.769 0.328 -2.275 1.719
DE 3.197 5.933 0.427 .539 0.685 -72.188 78.582
LogTA 0.180 .338 00.375 .534 0.688 -4.113 4.474

a. Dependent Variable: ROCE

Table 12
Coefficients when the dependent variable is Tobin’s Q Ratio

Coefficients

Model
Unstandardized 

Coefficients
Standardized 
Coefficients T Sig.

95% Confidence Interval for B

B Std. Error Beta Lower Bound Upper Bound

1

(Constant) 21.142 14.709 1.437 0.387 -165.751 208.034
G -2.392 0.751 -1.193 -3.186 0.194 -11.932 7.148
DE 43.142 28.341 0.666 1.522 0.370 -316.959 403.243
LogTA 0.342 1.614 0.082 0.212 0.867 -20.167 20.852

a. Dependent Variable: TobinsQ



Issue 24. November 2022 | Cardiometry | 485

3. Bragdon, J. H., and Marlin, J. (1972) Is pollu-
tion profitable. Risk management, 19(4), 9-18.

4. Cek, K. and Eyupoglu, S. (2020) Do environ-
mental, social and governance performance influence 
economic performance? Journal of Business Econom-
ics and Management, 21(4), 1165-1184. 

5. Chelawat, H., and Trivedi, I. V. (2016) The 
business value of ESG performance: the Indian con-
text. Asian journal of business ethics, 5(1-2), 195-210.

6. Godfrey, P. C., Merrill, C. B., and Hansen, J. 
M. (2009) The relationship between corporate social 
responsibility and shareholder value: An empirical test 
of the risk management hypothesis. Strategic manage-
ment journal, 30(4), 425-445.

7. McGuire, J. B., Sundgren, A., and Schneeweis, 
T. (1988) Corporate social responsibility and firm fi-
nancial performance. Academy of Management Jour-
nal, 31(4), 854-872.

8. Parket, I. R., and Eilbirt, H. (1975) The prac-
tice of business social responsibility: The underlying 
factors. Business Horizons, 18(4), 5-10.

9. Rami’c, H. (2019). Master of Science in Ac-
counting, Control, and Finance.

10. Russo, M. V., and Fouts, P. A. (1997) A re-
source-based perspective on corporate environmental 
performance and profitability. Academy of Manage-
ment Journal, 40(3), 534-559.

11. Saji, T. G., and Eldhose, K. V. (2017) Capital 
Intensity, Financial Leverage and Market Valuations in 

India: Evidence from a Panel of FMCG Firms. Asian 
Journal of Management, 8(4), 1037-1040.

12. Vance, S. C. (1975) Are socially responsible 
corporations good investment risks. Management Re-
view, 64(8), 19-24.

13. Waddock, S. A., and Graves, S. B. (1997) The 
corporate social performance–financial performance 
link. Strategic Management Journal, 18(4), 303-319.

14. Yoon, B., Lee, J. H., and Byun, R. (2018) Does 
ESG performance enhance firm value? Evidence from 
Korea. Sustainability, 10(10), 3635.

15. Zampone, G., Aversano, N., & Sannino, G. 
(2021). Effects of Corporate Social Responsibility 
Disclosure on Brand Value: An analysis of Interbrand 
Companies. International Journal of Business and 
Management, 16(6).

16. Sharma, R., & Aggarwal, P. (2021). Impact of 
mandatory corporate social responsibility on corpo-
rate financial performance: the Indian experience. So-
cial Responsibility Journal.

17. Sruthi, B., & Rashmi, R. (2021). A study on 
working capital management in Hindustan Petroleum 
Corporation Limited. Asian Journal of Management, 
12(2), 164-168.

18. Sharma, J., & Verma, S. (2021). CORPORATE 
SOCIAL RESPONSIBILITY DISCLOSURE PRAC-
TICES AND OWNERSHIP. Journal of Contemporary 
Issues in Business and Government Vol, 27(2).



486 | Cardiometry | Issue 24. November 2022

ORIGINAL RESEARCH Submitted: 11.07.2022; Accepted: 11.09.2022; Published online: 20.11.2022

Prospects of Digital Currency 
in India- A Way Forward
1*Viraja Bhat, 2JeevanNagarkar, 3Ayushi Singh

1,2,3Symbiosis Institute of International Business, Symbiosis Inter-
national (Deemed University), Pune, Maharashtra, India

*Corresponding author:
viraja@siib.ac.in

Abstract
The era of information and communication technologies has 
created many opportunities in every aspect. The field that has 
been benefitted the most from these recent developments in 
the financial and business sector. The scope and speed of evolu-
tion in technology, customer perception, and wide acceptance 
indicate that these technologies and disruptions will transform 
the finance and banking sector as we know it, providing both 
opportunities and challenges to financial institutions. Systems 
that have traditionally been used for savings, investments are 
not well suited given the scale and agility required for the dig-
ital age. Keeping in mind this array, financial institutions are re-
sponding with new digitization and innovation initiatives, using 
analytics, cloud technologies, and other new alternatives to re-
spond to customer expectations. In a country like India, with 
a large economy and a despotic regime, the country shows 
decent economic growth even after having a complex system 
of arbitrary rules and regulations. Amidst all the growth, there 
is a huge scope of transforming the investment and lending 
patterns, with the help of technologies becoming more cus-
tomer-centric and efficient. So, the technologies like blockchain 
are looking to drive innovation across various industries in In-
dia. In the era of blockchain, cryptocurrencies are the main part 
of it. They are said to be the most disruptive technologies in 
this area. This paper is an attempt to find the future of digital 
currency in India from the international experience.
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1. Introduction
The digital currency was introduced to the world 

in 2009 in Bitcoin after the publication of White Paper 
by Satoshi Nakamoto in 2008. It was then introduced 
as an alternative currency where online payments can 
be sent directly from one financial party to another us-
ing a peer-to-peer electronic cash system. Bitcoin was 
distinguished from the paper currency based on the 
absence of one of the most important features of paper 
currency, i.e., it does not act as a medium of exchange 
for a country [1].

One of the advantages of using cryptocurrency 
(digital currency) is that it helps the transacting par-
ties to remain anonymous. Bitcoin, Eherteum, and 
Ripple are some of the most popular digital curren-
cies. After a year of its introduction, demand for digital 
currency, specifically Bitcoin, began to increase grad-
ually and then suddenly. Till February 2011, bitcoin 
climbed to roughly around $1.00, and then after four 
months, it was trading around $30. The price hiked 
to around $290 in mid-2015, and it is no news that 
bitcoin gained popularity and its trading zoomed out 
of the roof when it was trading in January 2016. It was 
trading at $429 per coin and reached its maximum of 
$4269 [2].

Though these cryptocurrencies were gaining mass 
popularity in terms of an investment alternative and 
were being widely accepted in various businesses 
worldwide, the opinions relating to these have always 
been mixed. Some people think that paperless curren-
cies will be the next big significant player in the area of 
the financial system. Some people also argue that we 
as a global world need something that does not come 
under the purview of the government and can be trad-
ed independently and imperatively. However, some 
people feel that they need some time to establish their 
confidence in the new currency system. Some analysts 
also argued that moving towards the regime may cre-
ate information problems. Solving that problem may 
have some economic value [3].

Amidst all these arguments, some governments 
decided to adopt digital or cryptocurrencies. Some 
decided not to make any decision. Those who were 
left concluded that banning these currencies would 
be the best for the concerned economy. The govern-
ments who encouraged the shift towards digitalization 
of currencies did it because they felt it might be a way 
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to deal with everlasting issues like money laundering, 
tax evasion, and boost competition. 

The government, who gave their verdict against 
digital currencies, argued that great caution is re-
quired while using cryptocurrencies. They believed 
that, since any authority or government does not gov-
ern these currencies, there lays no protection in using 
them. So, if there is any technical glitch or platform 
malfunction, there will be no backing to the investors.

In early 2018, India’s central bank, The Reserve 
Bank of India (RBI), announced a ban on the sale 
and purchase of cryptocurrency for entities regulated 
by RBI. So, cryptocurrencies are illegal in India. The 
ban was established on the perception that such digi-
tal currencies pose a potential financial and legal risk; 
the RBI warned the people about the probable security 
issues of customer safety using digital currency. The 
central bank said that payments of such currencies are 
on a peer-to-peer basis. There is no established frame-
work to recourse customer problems. About these is-
sues related to customer protection, legal status was 
not given to digital currency.

However, the question here arises that if the econ-
omies like Japan and Russia have legalized the trading 
of such currencies, then why India, which is the cusp 
of digital transformation, is yet to recognize this trans-
formation officially. Though the countries like Japan 
and Russia have imposed many stringent restrictions 
on their use, they still recognize it as their legal ten-
der. Yes, such types of currencies may indeed be used 
for money laundering or ransomware payments, drug 
deals, or targeted assassinations. However, another 
question which thereby rises is can it be controlled? 
With a packed system of rules and regulations, can In-
dia think of legalizing this currency and eliminate the 
cons, which come with it? Many people made a huge 
amount of profit, and thus it became very popular. 
However, even then, the popularity was in the maze of 
the questions surrounding it: should it be made legal? 
Should the profits earned from it come under the pur-
view of the tax regime or not? [4]

The stance of RBI with the use of currency was nev-
er very clear. RBI supposedly was considering setting 
up its crypt, which was a step in the wrong direction. 
Cryptocurrencies are famous because they allow their 
users to be anonymous and seek alternative stores of 
value. No fiat currency can offer this combination. 
Moreover, trading in these currencies also eliminates 
the worry of inflation caused by a sudden increase of 

money supply by the central bank because there is no 
central bank. Maths governs the money supply.

So, after the ban of the currency and the govern-
ment cannot come up with any alternative future of 
digital currency is still hazy in India.

2. Literature Review
The future is moving towards technological ad-

vancements like blockchain. The future of financial 
transactions is electronic transactions. Electronic 
transactions have been on the tremendous rise with 
the widespread adoption of smartphones, where cus-
tomers can transfer funds using mobile apps very 
conveniently. These advancements in electronic trans-
actions and the era of the world moving towards dig-
italization and a cashless and paperless economy gave 
birth to one more such technological advancement in 
processing payments, i.e., cryptocurrencies. Though 
the adoption of cryptocurrencies depends on many 
factors such as security issues as perceived by the 
government, it can see success in weaker currencies. 
However, even in these countries, these currencies will 
work in a niche marketplace if they survive. 

Suppose the world is moving towards the adop-
tion of cryptocurrencies. In that case, it is important 
to evaluate whether these currencies can perform the 
functions of money. It was argued that though digital 
currencies are the same as national currencies and can 
theoretically and practically serve their purpose. How-
ever, there are many arguments related to it. Some say 
that digital currency is way too inflexible to be the 
unit of account and store of value and cannot fulfill 
the functions of money. 

However, the question remains even if cryptocur-
rencies remain in the niche market of the countries, 
what will be their use in the future depending on their 
characteristics and current usage. It is seen that cryp-
tocurrencies, specifically Bitcoin, have always been 
used as an instrument of investment and gaining prof-
its with the help of trading because of their high vol-
atility and huge returns. They have not been seen as 
the alternative currency or medium of exchange for a 
much considerable period. It was also noticed that Bit-
coin is in many terms different and uncorrelated from 
the asset classes we know, which are stocks, bonds, and 
commodities. Though virtual currencies have gained 
much popularity in the last few years, their use as a 
medium of exchange still depends on investors’ bal-
ance and potential users. However, we cannot ignore 
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the fact that the world is moving towards a digital 
world. Thus, we have to look at the possibility of Bit-
coin being used as a legal medium of exchange in the 
world’s major economies. A dual or multiple currency 
regimes is not new to the world. In the middle ages, 
many commodities such as gold, silver, shells, etc., 
have been used as a medium of exchange. So, if cryp-
tocurrencies become an accepted alternative to fiat 
currencies, in which they both can coexist [5].

Though we can view and think of the possibility 
of using digital currencies as an alternate medium of 
exchange, we have to keep in mind the high volatility 
and unpredictability associated with these currencies, 
which makes these currencies susceptible to financial 
bubbles and crashes, which brings us to negative im-
plications of the digital currencies. There is a dilemma 
in the minds of economic policymakers whether us-
ing digital currencies as a medium of exchange would 
be a viable solution when major concerns are related 
to them after the global financial crisis in 2008. These 
major concerns because these currencies are unregu-
lated by the governments. Thus, this makes these cur-
rencies a classic price bubble, which can get enormous 
profits to some individuals and huge losses to some if 
got burst. These circumstances may lead to situations 
of financial instability in the economy. Thus, it was 
argued that these currencies could be adopted legally 
but with regulations, IT literacy, and IT technology.

Apart from technical problems related to crypto-
currencies, another problem attached to it is that cryp-
tocurrencies are very price unstable. It has many fi-
nancial and economic drawbacks attached to it, which 
is because, though any authority does not control these 
currencies, the economy depends on them, which can 
cause inefficiency in the market [6].

It is established that if the world has to move to-
wards digital currencies, many financial and techno-
logical advancements are needed in the area. However, 
these new technologies do not come in isolation. They 
bring new challenges for the regulatory authorities, 
like scope for money laundering and financing of ter-
rorism. However, some people are also of the view that 
instead of making cryptocurrencies as the medium of 
exchange or legal tender, the government should is-
sue a digital currency because it can help cumbersome 
some of the cons of the privately issued digital curren-
cy. However, to date, no bank has moved ahead in this 
line of direction. Suppose central banks of the coun-
tries decide to start to issue digital currency. In that 

case, their main aim will be to standardize its features 
and guarantee its credibility, stability, and supply.

The acceptance of crypto currencies globally and 
their development after that will have a toll on the 
effectiveness of the existing regulatory bodies at the 
national level, which may increase the need for the 
evolution of more effective institutions for global gov-
ernance. These institutions will help to fill the gap by 
strengthening international cooperation and effective 
functioning of international institutions. The estab-
lishment of the system of such global governance will 
open the doors. It will increase the potential and pros-
pects of cross-border transactions in cryptocurrencies 
and help in its widespread adoption [7].

Though the adoption of cryptocurrencies may be 
the future, it is safe to use digital currencies as legal 
tender. If we focus on our national currencies, we may 
notice that gold reserves always back them up, tax rev-
enues, and government-owned assets. They are also 
backed up by the trust and confidence of their users. 
However, cryptocurrencies are not backed up by any 
of these financial assets. The valuation of around $350 
billion is based on sheer speculation and expectation 
that people will invest in these currencies, making 
cryptocurrencies susceptible to the accusations of 
pricing and financing bubbles. 

Crypto currency is stuck in the haze of financial 
and technological instability. Research has to be car-
ried out to change the user’s attitude and behavior 
towards it and see the cryptocurrencies from new 
perspectives. The adoption depends upon many var-
ied factors such as ease of use, value formation, and 
government support. 

The challenges possessed by cryptocurrencies are 
huge, but this is not stopping some governments from 
adopting the cryptocurrency. Many developed coun-
tries have adopted and legalized digital currencies, but 
the situation is not the same in developing countries. 
For reference, India banned the use of cryptocurrency 
in 2018. However, one developing country which is in 
support of digital currency in Malaysia, Till 2018, the 
Malaysian government did not provide a clear stand 
on the use of digital currency. So, cryptocurrencies in 
Malaysia were neither accepted nor banned. Howev-
er, in 2019, the Malaysian government introduced the 
cryptocurrency regulation, which came into effect on 
15th January 2019. This order came in after the govern-
ment realized that the country has a very larger inter-
net user base and that the inclination of these users is 
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towards adopting digital currencies. The government 
acknowledged the need and benefits of using digital 
currencies. It passed the order that these currencies 
will be under the purview of the Securities Commis-
sion, thus making it clear that they are in favor of using 
these currencies.

However, the countries are adopting digital curren-
cies. However, there are still monitory policies issued 
with these currencies, which need to be addressed. In 
theory, digital currencies are resilient to financial in-
stability. However, in a real-world scenario, they are 
more prone to cyber risks, which can pose a major 
threat to the financially stable economy of the country. 
It was also found that the transactions relating to these 
currencies are not encrypted make them more suscep-
tible to frauds and thefts [8].

Keeping in mind these risks and threats, it was also 
proposed that a global regulative system could be built 
to regulate the actions of digital currency. Suppose digi-
tal currency is the future of technological development, 
which is taking place. A solution could be thought of 
in case every country has to adapt to it. All the coun-
tries, in participation, create a global system that will 
regulate cryptocurrencies worldwide. This system will 
curb the disadvantages of virtual currencies and help 
the national regulatory authorities in the supervision 
of digital currencies. A unified tax system can also be 
created about virtual currencies, which will help to levy 
tax on these currencies in a unified manner worldwide.

2.1. The objective of the Study 
The paper’s objective is to analyze the working of 

digital currencies in the related economies and the po-
tential of use in our economies. It will include study-
ing in detail all the economies, which have diligently 
adopted digital currencies and then lining out how in 
India the future of digital currencies will shape up and 
what political and structural reforms will be needed 
to do so.

3. Research Methodology
To build a premise whether the digital currency has 

any future in India or not, there is a need to under-
stand the conditions in which digital currency was le-
galized in other countries also to get an understanding 
in which countries digital currency was legalized by 
the government and in which countries it is not legal-
ized. However, the government has not banned their 
use for the public.

The Study looks at the procedure implemented by 
different countries. The government has legalized dig-
ital currency to get this understanding. For this pur-
pose, secondary research is undertaken. The approach 
different data sources from where the information on 
what and how the policy framework was brought to 
work [9].

The system of different countries is analyzed, the 
countries are as follows. 
1. United States
2. Japan
3. Malaysia
4. China
5. Others (include countries like Malta, Russia, etc.)

The Study diligently and carefully selected the 
countries in which the research is performed. The list 
includes developing and developed economies, which 
will help India give a more reliable solution on how they 
go forward with the legalization of cryptocurrencies.

4. Results and Analysis 
As per the research methodology, the following 

countries are analyzed on their systems and imple-
menting the digital currency.

4.1. United States
When we talk about the future of digital currency 

and its adoption in various countries, it is quite obvi-
ous to look at the world leader, The United States. For 
centuries, it has been the leader in various aspects and 
stands as an example for the future. So, it is not wrong 
to presume that the country will also emerge as a lead-
er in providing concrete and sustainable rules and 
regulations for cryptocurrency trading. The country 
recognized the inclination of its investors towards dig-
ital currency and that it will be the future of the digital 
era the world is entering in. So, the various regulatory 
authorities started devising rules and regulations for 
digital currency.

However, the complex nature of digital currency 
troubled the house of Wall Street to come out with 
any all-around regulatory framework in concern with 
digital currency. US has a very complex legal and tax 
system, making it tough for the regulatory authorities 
to define or give any status to legal currency [10].

For inference, in order to provide some rules for 
the trading of digital currency, Financial Crimes En-
forcement Network (FinCen) - US Treasury Depart-
ment in 2013, stated that the cryptocurrency would be 
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treated as a “Virtual Currency,” and hence, come under 
the purview of the concerned department. In 2014, In-
ternal Revenue Services proposed that the digital cur-
rency should be treated as a “Property” and should be 
taxed in that manner. Then in 2015, another proposal 
came from US Commodity Futures Trading Commis-
sion (CFTC) that digital currency should be classified 
as a “Commodity.” So, the confusion between all the 
regulatory bodies made it tough to reach a common 
consensus on the status of digital currency and how it 
should be regulated.

Moreover, to make the situation much more diffi-
cult different states made different rules to deal with 
the complex nature of cryptocurrencies. So, no nation-
wide framework was established to overlook the work-
ing and trading of digital currency.

However, last year, the Securities and Exchange 
Commission (SEC) and Financial Industry Regulato-
ry Authority (FINRA) joined hands. They issued some 
regulatory compliance to protect the investors. Every 
digital currency operator has to follow these guide-
lines while trading compulsorily.

Though, the US is the world’s largest economy. 
However, it is still not able to bring depth in its deci-
sions regarding digital currency. The country’s regula-
tory authorities (FinCen, IRS, CTFC, and SEC) have 
different views on how digital currency should be 
treated. Most of the regulations regarding digital cur-
rency were made in a hurry on the sheer understand-
ing of what they thought was correct. There was no 
common ground on the treatment of digital currency.

However, in the future, it is expected that the coun-
try to bring some thought and expertise in the formu-
lation of regulations, and it will decide on how the cur-
rency will be treated. Will, there be one treatment of 
the currency, or will different agencies pose different 
guidelines on it.

After coming out with common guidelines, it will 
be seen that the US will emerge as a crypt leader also, 
or will it a back step from regulating it due to various 
problems hitch are inherent to digital currencies.

4.2. Japan
Japan has always been described as the root of 

all the technological advancements and the country 
which always finds a way to dive deep into all the in-
novations. They have always been described as a coun-
try, which introduces technological developments to 
the world. Be it the invention of pocket calculators, 

LED lights, or introducing the world to the era of ro-
botics, bullet trains, or portable devices, Japan’s name 
always topped the list. 

Seeing the country’s curiosity in all the develop-
ments, there is no amazement that the country was 
the first to accept digital currency as the medium of 
exchange. Japan has the largest user base of cryptocur-
rency. It is the second-largest user of cryptocurrency 
after the United States. Talking about the statistics, Ja-
pan has a population of around 127 million, and 11% 
of them are active users of digital currency.

Not only the country is one of the largest users of the 
currency, however, it is also the country that took the 
initiative towards its acceptance and legalization. It also 
took various steps towards the idea of its regulation. It 
finally recognized digital currency as a part of its legal 
system. It helped its citizens engage in transactions re-
lating to cryptocurrency legitimately and securely.

Citizens of Japan started using cryptocurrency way 
before 2012, the year in which cryptocurrency gained 
popularity in the rest of the world. A Japanese compa-
ny named “Mt. Gox” became the largest cryptocurren-
cy company of the time, and millions of Bitcoins were 
exchanged. However, the company faced the biggest 
hack of all time, and it became the reason for their in-
solvency in 2014. The hack came as the devastation 
in the cryptocurrency market, and millions of dollars 
were lost in it. It is assumed that around 850,000 Bit-
coins were stolen, which amounted to $460 million. 
To date, it is the biggest hack in the cryptocurrency 
regime, and it affected many users of digital currency 
because they lost their entire funds to the hackers [11].

After the trauma that Japan faced in its cryptocur-
rency market, it had two choices:
• To ban the currency and make it illegal to use
• To bring out some rules and regulations for using it 

and giving protection to its users.
The first option is easier to use and implement. It 

would have been expected of the Japanese government 
to pose restrictions on the use of digital currency or 
ban it altogether. However, it would mean that the 
country would miss the opportunity to capitalize on 
digital payments and the future technological mode of 
payment. Japan decided not to ban the currency but 
think of the methods that could bring more protec-
tions to the citizens who want to use digital currency. 
The whole credit should go to the Japanese regulators. 
They, instead of banning the currency, decided to for-
malize the cryptocurrency investments.
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To make the working and settlement of transac-
tions in cryptocurrency easier and safer, a committee 
was set up in 2014, which had to submit its recom-
mendations that what changes must be brought in the 
working and regulation of digital currency to make it 
more user efficient and at the same time, bring it un-
der the purview of the legal system. The committee 
had to submit its recommendations to the Financial 
Services Agency (FSA) – the regulator of all banks in 
Japan. The recommendations of the working commit-
tee were as follows:
• It suggested that all the companies, which have a 

business in digital currency, should be registered 
under one registration system, which would help 
the government keep an eye on the working of such 
companies. It would also help it to keep a tap on 
the activities of such companies. It would also en-
sure that no unregistered company has the right or 
power to deal in cryptocurrencies, thus reducing 
the risk of fraud and defacement.

• It also suggested that money laundering rules and 
regulations should also apply to transactions done 
with digital currency.

• It said that a proper system should be developed for 
the safety of cryptocurrency users.
The Financial Council of FSA reviewed the report. 

Keeping the committee’s recommendations in mind, 
the Payment Services Act was amended in April 2017, 
which changed how the country managed the digi-
tal currency. After the PSA (2017) was formally im-
plemented, it brought many changes in how things 
would be handled relating to digital currency trans-
actions. After all the recommendations were brought 
into consideration and PSA was implemented, bitcoin 
was finally recognized as the country’s legal tender in 
April 2017. Later in September 2017, it was decided 
that to manage the legal tender, it was established that 
11 companies would be recognized as legal cryptocur-
rency exchange operators.

After the implementation, it was made manda-
tory for all digital currency exchange businesses to 
provide security systems to secure their users’ private 
information. This Act also mandated the companies 
to be transparent and demand full disclosure of fees 
charged and other related contact information to their 
customers. The companies must also hold a problem 
resolving system in which customers can lodge their 
complaints and get periodical feedback from its cus-
tomers [12].

It was made compulsory to hold proper accounts 
of all its transactions and submit the annual reports 
to the Financial Services Agency annually to keep a 
tab on the company’s activities, which would help the 
government to audit these statements and make sure 
there is no fraudulent activity in the working of the 
company. The FSA also holds power to cancel the li-
cense of the digital currency exchange businesses or 
suspend its activities if it found that the companies are 
not adhering to the Act’s guidelines. 

In order to avoid money laundering transactions, 
the Act requires the companies to check the identi-
ties of customers who are indulging in cryptocurren-
cy transactions and need to track records of all the 
transactions properly. Companies are also required 
to notify FSA in case they come across any suspicious 
transactions. However, it decreased the anonymity of 
the transactions used to take place in the digital cur-
rency market. However, it sure increased the reliability 
of such transactions.

Moreover, the income arising out of the digital 
transactions was brought under the country’s regime 
of the Income Tax Act. It was decided that any profits 
and gains arising out of such transactions will be treat-
ed as “Miscellaneous Income” and taxable. The report 
by the tax department, which compiled all the rules 
and regulations regarding the taxation of cryptocur-
rency, was released online on 1st December 2017. So, 
the government and regulators diminished the possi-
bility of theft of cash and possible fraud and money 
laundering attempts.

However, even after so many rules and regulations, 
digital currency exchange was not as safe as the gov-
ernment thought it would be. Recently, in 2018 digital 
currency companies were again hacked, resulting in a 
loss of around $600 million. One of the breaches was 
done in January 2018 with one of the biggest crypto ex-
change operators “Coincheck Inc.” They suffered a loss 
of around $570 million because of the hack attack on 
of its security systems. Another outbreak came in Sep-
tember 2018. Another cryptocurrency exchange “Zaif,” 
claimed that they suffered a loss of around $60 million 
due to another hack in security systems. Reports claim-
ing that the cryptocurrency is now being used for spec-
ulation purposes rather than settlement purposes also 
stormed the internet, which raised a question on the 
reliability of these currencies worldwide

These recent hacks establish that rules and regula-
tions must be updated regularly to keep this currency 
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out of danger of fraudulent activities. In the light of 
this, recent updates were made in PSA Act. Stronger 
and stringent rules were made applicable to the com-
panies so that they can stop these practices. New rules 
were implemented covering the cryptocurrency-de-
rivative transactions. The list was made of the acts that 
will be considered unfair in these types of transactions. 

So, the country showed that ensuring 100% safety 
and security of digital currency is impossible. Howev-
er, with the help of appropriate rules and regulations, 
one can easily reduce the chances of such hacks. Thus, 
they emerged as one of the most progressive countries 
in the implementation of digital currency [13].

However, Japan also posed some restrictions on 
the use of digital currency. The country has banned 
the use of private digital currency in June 2018. That 
means it does not allow any company to deal in dig-
ital currency without registering with the FSA. This 
restriction was implemented to protect the users from 
the cons of digital currency. After the restriction, 
many private cryptocurrencies such as Monero, Dash, 
and Reputation, etc., were pulled out of their trading 
platforms. However, even after banning private cur-
rencies, the future of digital currency is still bright in 
Japan. As Japan plays an important role in the digital 
currency market, we can expect more countries to fol-
low the trend.

4.3. Malaysia
After dwelling deep into the Study, how Japan le-

galized its digital currency, the look at some of the de-
veloped economies, their perception regarding digital 
currency, and what rules and regulations they brought 
into the system to use digital currency safer and reli-
able to use.

Malaysia, which has recently started to rule out 
some regulations to legalize the use of digital curren-
cy, Bitcoin started gaining popularity in Malaysia in its 
very early years. However, like any country, the gov-
ernment and the regulatory authorities were quite ap-
prehensive regarding this new technology.

In view to issuing a warning to the users of digi-
tal currency, on 2nd January 2014, Malaysia’s Central 
Bank, “Bank Negara Malaysia,” gave out a statement 
that the country and its financial institution, including 
the central bank, does not recognize any digital cur-
rency as a legal tender of the country. It also said that 
the country’s central bank does not control the opera-
tions and working of such type of currency. However, 

the government and the central bank did not impose 
any ban on any digital currency. They said that if peo-
ple want to deal with digital currency, they have to do 
it at risk. The bank will not be responsible and answer-
able for any loss in any of the transactions.

However, seeing the popularity of digital curren-
cy and its increasing trend among the users, the gov-
ernment decided that it should impose some rules 
and regulations on it given protecting its citizens. On 
14th December 2017, a report was released by the 
bank containing the guidelines and the proposed pol-
icy, which stated that the digital currency companies 
should be obligated to report to the institutions which 
come under “Anti-Money Laundering,” Anti-Terror-
ism Financing” and “Proceeds of Unlawful Activities” 
(AMLA). 

Under AMLA, it was specified to the digital ex-
changes that they will have to report any transaction 
that they are indulging in, and the reporting should 
contain the following information:
1. The report should contain the identity and the ad-

dresses of both parties.
2. It should state the accounts which will be affected 

by the concerned transaction.
3. It should also specify the type of the transaction
4. They should give full details of the date, time, and 

amount of the transaction
The policy decisions came into effect on 27th Feb-

ruary 2018, which was the step to put some regularisa-
tion on the digital currency transactions and put a stop 
to any fraudulent activity if going on digital currency 
exchanges. However, it was not illegal to deal in digital 
currencies. Some rules were imposed on the working 
of digital exchange operators. However, they were still 
not recognized as “Securities” by the Securities Com-
mission of Malaysia. It means all the exchange opera-
tors were not required to register themselves under the 
country’s Securities Commission, which means they 
can work independently following some guidelines. 
Apart from those regulations, there was no check on 
these exchange operators dealing with the currency.

However, seeing the growing popularity of the cur-
rency, the government and the regulatory authorities 
thought it would be useful for the country if they de-
cide to legalize and start regulating digital currency as 
securities under the cap of the Securities Commission. 
So, on 31st January 2019, it was announced that the 
Securities Commission (SC), will now be making reg-
ulations for the digital currencies and that all the ex-
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change operators in the country have to register under 
SC till 31st March 2019. 

After the registration, all the digital operators will 
have to follow all the guidelines issued by the SC apart 
from the guidelines they have been already following 
under the AMLA Act. The new guidelines required 
all the top executives of the digital operators to have a 
clear criminal background. Along with this, it was also 
made mandatory for these executives to have a trading 
experience. It was also established that all these opera-
tors must have reliable security systems to protect the 
funds of their investors. It was also made clear that not 
all the operators will get the operating license from the 
SC. They will have to prove that they will contribute 
to digital technology and the country’s economy to get 
the license from the board.

The guidelines reported by the SC, also stated that 
the prices of the digital currency and the methodol-
ogy, which is used in establishing those prices, must 
be made transparent to the users. The authorities also 
stated that trading in these currencies still poses a 
grave threat to the investors. However, instead of in-
creasing the interest of investors towards cryptocur-
rencies, safeguards will try to put in place, as deemed 
appropriate by the SC to protect the rights and inter-
ests of the investors.

There were 56 exchange operators, which had the 
reporting obligation to the Malaysian Central Bank 
under the AMLA act. However, not all these exchang-
es were granted licenses by the SC. After its research 
and its screening process, SC granted a license to 3 
digital exchange operators named “Luno,” “Synergy,” 
and “Tokenize.” These exchanges now have new rules 
and regulations, which they have to comply with, apart 
from reporting to the Central Bank.

However, it is not compulsory for the people of Ma-
laysia that they can only trade in digital currencies on 
the recognized exchanges. If they want, they can en-
ter into a deal with individual sellers operating in the 
country. There is no ban on them by the government. 
However, while using such platforms, one should be 
very careful because the country does not recognize 
these sellers. There is a high probability that these 
platforms are indulged in fraudulent activities. So, the 
government, central bank, or the SC does not provide 
any security to the investor if he wishes to trade with 
such platforms.

Thus, it can be established that being a develop-
ing country, Malaysia has shown some progressive 

thinking in the legalization and regulation of digital 
currencies rather than banning them. As time pass-
es, we can expect some more innovative methods to 
be implemented, making trading in digital currencies 
safer and easier.

4.4. China
China is always seen as the next most powerful 

country after the US. It has always implemented the 
most stringent rules in technology and development 
to protect its economy. So, when the world was slowly 
becoming more and more inclined towards it, it was 
natural for a country like China to think about the 
harms and misuse of such currency on its legal and 
financial system.

However, China did not pass any regulation re-
garding the use of digital currencies. It neither legal-
ized the currencies nor banned them. The effect of this 
step was huge in terms of market capitalization, which 
the Chinese financial market saw in terms of digital 
currency. Soon, it became one of the biggest trading 
platforms in digital currency. It had around 80,000 
miners of Bitcoins before 2013. In a circular issued by 
the government in 2013, it defined cryptocurrency as 
the virtual currency. In the circular, it warned the in-
vestors about the harms and financial risks inherent to 
such currencies. However, it allowed them to partici-
pate in the crypto market freely.

When China was on the path of becoming the 
world’s leader in the trading of crypto, the govern-
ment decided to stop it. On 4th September 2017, the 
Chinese government and regulators announced that 
there are so many financial risks attached to digital 
currency. There are no certain rules and regulations 
to protect the investors, so trading in digital currency 
is illegal. The government announced that trading in 
such a currency type would be deemed a fraudulent 
and illegal activity for fundraising. The government 
also announced that any exchange through any plat-
form could not buy or sell cryptocurrencies. If caught 
doing so, the government can suspend its activity and 
the license, thus, posing a complete ban on digital cur-
rency.

After this announcement, the digital currency got a 
big blow, which caused one of the biggest crackdowns 
in the crypto market. 40% of the digital currency 
transactions were coming from China until that date, 
after the ban came to a halt, which has caused an im-
mediate slump, which was hard to recover from, in the 
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market. One by one, all the major operators were shut 
down, and their activities were suspended following 
the government orders. The effect of such a shutdown 
was so powerful that the percentage of global trading 
of Bitcoin in the Chinese Yuan dropped from 90% to 
1%. When asked why such a drastic step, government 
officials said that the government believes in protect-
ing their investor’s rights; for this purpose, they feel 
China needs to have stringent rules regarding crypto-
currency, and it is mining.

Though, after the complete shutdown of crypto 
operations, it looked like the future of digital curren-
cy has come to an end. The Chinese environment is 
no longer favorable to blockchain technology and 
digital currency, but, in 2019 the government’s new 
announcement changed everyone’s view. The gov-
ernment announced that the People’s Bank of China 
(PBOC) – China’s central bank, has been thinking of 
issuing its digital currency. This currency will be sim-
ilar to any other digital currency. However, it will be 
backed by all rules and regulations as deemed appro-
priate by the central bank. This currency will have the 
same legal status as that of the Chinese Yuan.

If done so, China will become the first country to 
issue its digital currency and be a true leader in the 
blockchain era. However, this declaration is still in the 
middle of much confusion, since China is playing a 
double role, where on the one hand, thinking its role 
as the digital currency superpower and on the other 
hand acting as an opponent for any type of digital cur-
rency.

However, there have been some goals given to 
think surely about by other countries, by China. If 
China successfully launches its digital currency, it will 
be interesting to see other digital superpowers such as 
the US and Japan. It will also stand as an example of 
other developing economies struggling to deal with 
the rules for crypto. It will be a new era in the digital 
currency market.

4.5. Others
We discussed three superpowers and their stance 

on the idea of digital currency. We also talked about 
the developing economy, which is emerging as a new 
power in this market. However, apart from all these, 
many other economies have gladly accepted the idea 
of accepting digital currency as a virtual payment 
method and are making rules and regulations in this 
regard.

One such country is Thailand. In 2018, after seeing 
the growing popularity of digital currency, Thailand 
came out with a detailed framework of rules and regu-
lations for the working of digital currency. This frame-
work was released by the Thailand Security and Ex-
change Commission. The exchange gave licenses to 10 
exchange platforms and posed some mandatory rules 
on them, which had to be followed. The exchange also 
broke down the operators’ licensing fees and set up the 
minimum capitalization base for the investors. For a 
developing economy like Thailand, these steps show 
their progressive thinking regarding cryptocurrency.

Another country, which has shown very progres-
sive thinking regarding cryptocurrency, is Australia. In 
2017, the Government of Australia declared that trad-
ing in digital currency is legal and stated that Bitcoin 
would be treated as “Property.” Thus, all the regulations 
of the regulatory framework, which apply to “Property,” 
will apply to Digital Currency. In 2018, more regula-
tions were brought into place to make the working of 
cryptocurrency more favorable. It was established that 
the crypto exchanges would have to maintain proper 
records of all their transactions, comply with the re-
porting requirements, and carry out a verification pro-
cess for all its users. In the coming years, we can expect 
the country to implement more rules and regulations 
and give full support to digital currency.

Another important country of the world that has 
shown its acceptance of digital currency is UK. Un-
til 2013, the country was not considered a good place 
if one wants to trade in digital currency as VAT was 
levied on these transactions, making trading expen-
sive and cumbersome for the investors. However, 
the country came up with new rules and regulations. 
Thus, the future of digital currency looks promising 
in the country. In 2014, UK Digital Currency Associa-
tion was formed, which looked after all digital curren-
cy working. This initiative of the government made it 
easy for investors to deal in digital currency. 

Moreover, the country is also researching its impli-
cations if the Central Bank comes up with its digital 
currency. Though there are no positive outcomes of 
the research to date, the planning part shows that the 
country is looking forward to creating a future in dig-
ital currency.

Another major country that legalized the use of 
digital currency is Germany. In 2018, the German 
Federal Financial Supervisory Authority recognized 
virtual currencies as financial instruments. However, 
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if one wants to trade in these currencies’ advance ap-
proval and authorization from BaFin is required.

Apart from these countries, many others like Rus-
sia, Canada, Malta, France, etc., are examples of coun-
tries that have recognized the importance of digital 
currency and the future of blockchain technology. 
Thus, they have also made rules regarding the trading 
of these currencies.

5. Digital Currency in Indian Context – 
A Way Forward 

After studying and analyzing in detail, we can be 
sure that the world is rapidly moving towards tech-
nological advancements and innovations. One such 
advancement is the technology of blockchain and dig-
ital payments. The world’s inclination towards these 
digital methods is increasing, resulting in more and 
more people supporting digital currencies. It is agreed 
that the future cannot be predicted. However, with all 
the Study done in this paper, we can conclude that the 
odds favor digital currencies.

Though, clouds of doubts about the reliability 
of digital currencies and debates about whether it is 
harmful in the long run or not have always surround-
ed the future of virtual currency. However still, these 
currencies have attracted not only the interest of the 
investors but also of the regulatory authorities of the 
country as well as the media. However, because of 
these debates and doubts in the mind of the investors, 
prices and market capitalization of these currencies 
show major fluctuations, which make it more difficult 
to forecast their future.

The last decade has been very encouraging glob-
ally in the digital payment space due to inspiring in-
novations in independent cryptocurrencies to virtual 
money triggered way back in 2008. In the Indian con-
text, which traditional payments have predominantly 
driven, digital currency faces many challenges. With 
a strong legal framework, India empowers RBI to su-
pervise and regulate the payments systems, which are 
safe and secure. The payment systems have been very 
efficient, fast, and affordable. For the digital currency 
to be implemented in India, strong frameworks which 
tests and authenticates the parameters affecting vari-
ous stakeholders need to be developed. The following 
table summarizes some of the important parameters 
for the traditional and digital currency concerning 
Traditional Payment and Digital currency specifically 
for India [14].

With these parameters in focus, a unique policy 
and legal regulations to be developed by RBI, taking 
into account incentives to be provided to various stake-
holders inclusive of private intermediaries responsible 
for providing value-added services, are shown in Table 
1. Being one of the largest bank networks in the world 
and serving more than 80% of the population, India’s 
central bank RBI has to assess and approve a vigilant 
approach for digital currency thoroughly. Implemen-
tation of the new currency would have wide-scale im-
plications on financial inclusion and employment.

Table 1
Traditional payment and digital currency

Parameter Traditional 
Payment Systems Digital Currency

Issuing Agency Reserve Bank Of 
India Private Agencies

Backing Agency Reserve Bank Of 
India

Legal medium Of 
exchange Yes NO

Security and 
Maintenance High Low/ NIL

Traceability Low High
Payments and 

Settlement 
Mechanism

Restricted 
Acceptance

Probable Universal 
Acceptance

Financial Stability Stable Unstable
Privacy High High

Scalability Low High

Currently, digital or cryptocurrencies have been 
seen with suspicion by governments and conventional 
finance managers in India. Global Pandemic corona-
virus has given more enhanced pace due to the crit-
ical race to the governments as non-implementation 
may harm its economic and political interests. The 
post Lockdown scenario has also led to a debate pro-
posing the use of the Digital Rupee to solve problems 
such as counterfeiting banknotes, money laundering, 
and tax evasion through blockchain technology offer-
ing secure monitoring and reporting. If introduced, a 
national digital currency would help trace the illegal 
activities, leading to eradicating difficulties that infect 
our economic reality. With a strong belief in mind, 
confident but cautious steps need to be taken by the 
Reserve Bank of India. Proper care needs to be taken 
for implementation with advancements in blockchain 
technology-based solutions offering advantages of 
tracking various illegal economic activities hurting the 
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Indian economy. Ad is organized implementation of a 
digital currency would only lead to severe monetary 
concerns in terms of devaluation of national currency, 
rise in inflation, or upset foreign exchange reserves.

Digital currency based on blockchain-based archi-
tecture offers authenticity. It helps in the verification 
of transactions, ensures non-replicability of the coun-
terfeit rupee by adversaries. The blockchain architec-
ture implemented by RBI working on a centralized 
but distributed wherein the transactions would be en-
crypted cryptographically and verified by a network 
of nodes participating as validators. This mechanism 
results in a chain of transactions and safeguards trans-
actions from malicious content that will not penetrate 
the network. The decentralized network helps to se-
cure as because a single point of failure does not exist. 

Numerous Opportunities for digital currencies in 
the Indian context can be listed. However, the major 
challenge being how RBI will proceed with caution 
and implementation. Digital currency would be a real 
blessing for the government if concrete research-based. 
The pilot program-tested approach is adapted. Surely 
the advantages of a national digital currency simply 
overshadow the threats associated with it. A right mix 
of research-based product development, advanced 
blockchain technology-based solutions, decentral-
ization, and centralization architecture with a strong 
foundation of principles of economics would lead the 
digital currency journey. The proven skills in IT and 
blockchain would serve as a positive sign for India in 
the worldwide arena. A time-bound vigilant approach 
of education, collaboration, research with vigilant reg-
ulatory mechanisms can solve the concerns regarding 
digital currencies. Realization of the Indian digital 
economy dream would become a success when the 
Reserve bank of India concretes the concept of digital 
currencies with due diligence on the aspects of tech-
nology, economics, and the societal impact [15].

6. Conclusion 
The paper in detail discusses the stand of different 

countries over the regulation and acceptance of digital 
currencies as part of their legal and financial system. 
These findings played a big role in helping us to know 
where the future of digital currency in the minds of 
regulatory authorities of the country. In this paper, we 
discussed in detail the methods and policy reforms, 
which were adopted in some of the countries so that 
they can make trading of these currencies safer and 

more reliable for the investors and also stop the ex-
changes to indulge in fraudulent practices like money 
laundering, terrorism, etc. We found out that different 
countries are handling the trading of digital curren-
cies in a good manner and have innovative methods of 
policy reforms. Some of the countries are even think-
ing of launching their digital currency. The paper also 
discussed the stand of India in making digital cur-
rencies a legal tender. Though digital currencies were 
gaining popularity, they were still banned by the RBI, 
on the premise that since they are owned or controlled 
by any regulatory body, it is not safe to invest in them. 
However, suppose India does not fall back in the race 
of technological innovation. In that case, they should 
also think about bringing some policy reforms to reg-
ulate them efficiently. RBI can make some rules and 
regulations for the trading of these currencies as they 
feel appropriate. They can start giving the licenses to 
the digital exchange operators after doing extensive 
background on these exchanges. Even after that, they 
can create some reporting obligations for the exchang-
es to always keep in the loop, which will help India as a 
country and bring India as a country that supports all 
the digital transformations. 
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Abstract
India being majorly an agrarian economy primarily has farm-
ers with very small landholdings. Hence, along with agriculture, 
dairy farming plays an important role in providing livelihood 
and employment. Especially in the rural areas, the farmers have 
been completely dependent on rain for their agricultural ac-
tivities; dairy farming serves as a real savior. As per the statis-
tics, India ranks first in the world as the largest milk-producing 
country contributing 19% (150 million tons per year) of the total 
milk production in the world (FASAR AND YESBANK, 2016). Ma-
harashtra is the 7th largest milk-producing state in India and 
produces about 11.6 million tons per year (Shah, 2014). The 
present study work was carried out in 4 Talukas viz., Purandhar, 
Bhor, Baramati, and Shirur of Pune district of Maharashtra. The 
cluster of three villages was selected from each taluka. Further, 
120 farmers were randomly selected following the simple strati-
fied random sampling considering the herd’s size as strata. The 
farmers were further divided into three classes based on herd 
size of 1-2 herds as a small-sized farmer, 3-5 as a medium-sized 
farmer, and more than 5 herds as a large farmer. From these 
120 dairy farmers, 50 small farmers were selected, followed by 
35 farmers, each under medium and large farmers. The main 
purpose of this research was to find out the difference in the 
pattern of cost, profit, and gap behind that small and large size 
dairy farmer. The questionnaire was prepared, and quantitative 
data were collected from the random farmers to analyze their 
capital investment, costs, and profitability in the year 2019-20. 
Qualitative data were also collected to support the quantita-
tive data of dairy farmers. Of the total selected farmers, 65% 
of farmers had pure cows, 16.7% of farmers had pure buffalo, 
and 18.3% had mixed cows and buffaloes. The benefit-cost ratio 
was higher for the large-sized farmers, which was 1.70, while 
1.62 and 1.50 for small and medium-size farmers. The aver-

age cost incurred per liter of milk production was Rs. 17.76, Rs. 
20.37, and Rs. 19.55 for small, medium, and large size farmers, 
respectively. The total cost incurred for dairy farming majorly 
contributes to the feed and fodder cost, which was about 74% 
of the total cost. The study results showed that the large-sized 
farmers were getting 18.8% and 27.4% more profit per liter than 
small and medium-size farmers, respectively. 
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1. Introduction
The farming system in India is a combination of 

fruits and vegetables, Arable farming, dairy farming, 
and animals. Talking about the dairy sector, India is 
the leading country for milk production in the world. 
On average, India produces approximately 19% of the 
world’s milk. India can produce about 187.7 million 
MT of milk, which is continuously growing at 4% of 
the annual growth rate (FASAR AND YESBANK, 
2016) [1]. The initial per capita of milk availability has 
also risen from 217 grams per day in 2000-01 to 394 
grams per day in 2018-19. There are around 60 million 
dairy farmers, and the maximum share is of small and 
medium-sized farmers. From the total GDP of India, 
the dairy sector contributes up to 5.3%. The estimat-
ed vision of increasing milk production is about 300 
million MT by 2024 (National Action Plan for dairy 
Development, 2018 Report). 

From the total employment, approximately 8.47 
million of the population is employed in the Indian 
dairy sector. About 46% of the milk in India is con-
sumed directly in the liquid form, and 47% and 7% 
resp. As traditional and western dairy products, in-
cluding dairy products such as Paneer, Ghee, Curd, 
Buttermilk, Yoghurt, Butter, Lassi, Milk powder, 
Cheese, Ice cream, Kefir, etc. (NSS 64th round). These 
milk products are consumed by 77.5% and 88.7% of 
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Rural and Urban households. The average per capita 
expenses on milk and other dairy products is Rs. 60 
and Rs. 107 for Rural and Urban areas respectively for 
a month [2].

Maharashtra, the 7th largest milk-producing state 
in India, has produced around 11.65 million MT of 
milk in 2018-19. Pune, Nashik, Aurangabad, Ahmed-
nagar, and Kolhapur are the major milk-producing 
districts with 36% of milk production in the state 
(FASAR & YESBANK, 2016). The organized sector 
supplies and produces around 20% of milk production. 
The contribution of indigenous cows, crossbreeds, and 
buffaloes is 14%, 41%, and 42%, respectively. (FASAR 
& YESBANK, 2016) About 31.9 million liters of milk 
per day is the processing capacity of registered com-
panies, while 58% were in the private sector. 52% of 
labor works in the agriculture sector from the total 
labor workforce in Maharashtra and ranks 5th in the 
states for the total number of people working in the 
dairy sector [3]. Small farmers have one or two milch 
animals for their income through the dairy sector and 
their mixed farms. The total number of buffaloes is 
about 55, 94,392, while the total number of cows is 
about 1, 54, 84,207 (20thLivestock Census, Report).

Pune district is a western region of Maharashtra. 
There are about 1,912 total villages in Pune. There is 
a sequence of functional activities carried out in the 
dairy value chain from farm to plate. Different op-
erations are performed: farmers producing the milk, 
Milk processors, Traders, and Milk suppliers in the 
milk column, a common supply chain where milk is 
first collected by a registered milk vendor or contrac-
tor from respected villages. After that, milk is further 
supplied to the chilling centers or directly to the milk 
processing industries. The milk is processed and deliv-
ered to wholesalers and then further to retailers. Then 
it is delivered to the customers. In this whole process, 
there is a huge change in the milk price, i.e., from pro-
duction until the delivery to the end customer [4]. 

Most small farmers having less than 2.5 acres are 
based on dairy farming for their extra income. The 
study has also shown that the cost of milk production 
per animal includes Feed cost, Human labor, Medical 
cost, and other miscellaneous costs. The studies by 
Chand et al., Pant and Karanjkar and Shergill, have 
also shown that feed cost contributes to the more cost 
from the total cost of the dairy farmers. The small 
and medium farmers do not keep labor for their dairy 
farming, so labor cost is almost negligible. In contrast, 

large farmers may have some farm labor. Small and 
medium farmers having hilly regions and plain areas 
graze their animals in the Kharif & Rabbi season. Due 
to the rainy season, green fodder was available like 
grasses all over the farm’s side. At that time, they in-
cur a very low cost for the dry and green fodder [5]. 
Observing the cost of production, it is essential to in-
crease the farmer’s profit by minimizing the cost and 
maximization of the revenue. The cost incurred per li-
ter of milk production in urban areas is generally high 
compared to rural areas. This higher cost is due to the 
higher feed, labor cost, and non-availability of green 
fodder for grazing. Minimizing the cost and maximiz-
ing profit is the major tool for dairy farmers, mostly 
for farmers with very small land [6].

2. Review of Literature
In India, around 60 million farmers are engaged in 

dairy farming, in which most of our small and me-
dium-sized farmers. The farmers having about 2 to 8 
cattle on their farm contribute about 80% of the milk 
production. In India’s consumption pattern, about 
60% of the milk is directly consumed by the people 
and 40% in the by-product. From all the milk supply 
from farmer to consumer, about 70% is going through 
an unorganized chain, and only 30% of the milk is 
through an organized structure. From the other states, 
Maharashtra ranks 7th in milk production producing 
about 9.43 million MT of milk [7]. In Maharashtra, 
only 20% of milk is supplied from farmers to consum-
ers in an organized way. Both cooperative processors 
and private processors process the total milk produced 
in a state with 30% and 70% milk. Indigenous cows, 
crossbreeds, and buffaloes with 14%, 41%, and 42%, 
respectively (R. Eweg et al., 2017) produce this total 
milk. There is a risk for crop cultivation for most of 
the farmers in India who depends on rainwater. Also, 
the risk may be due to market price uncertainty, and 
there must be some other income source. Thus dairy 
farming plays a key role in the farmers for additional 
income [8].

There are four different types of dairy farmers who 
supply milk to cooperatives, second who sell milk to 
the organized private sector, third who supply their 
milk to a vendor, sweet shops, and contractor or direct-
ly to the customer, and the last who supply their milk 
to multiple channels. From these traditional channels 
supply modern channels supply 70% of the milk and 
30% of milk. The flow of this milk was from producer 
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members to village dairy cooperative society, which 
was further supplied to Dairy Processing Plants, then 
to the State Co-operative Milk Marketing Federation, 
and finally to the market. The dairy cooperatives in 
India are a three-tier structure, which is followed by 
the Anand pattern [9]. It includes dairy farmers pro-
ducing the milk, cooperative societies, district and 
state-level milk producers, cooperative unions, and 
cooperative federation. The major problem in milk 
marketing is the involvement of the unorganized sec-
tor in the supply chain. There are different constraints, 
which are faced by the farmers in most of the regions. 
They lack green fodder, low productivity of breeding, 
low price of milk as a marketing problem, veterinary 
facilities, etc. From all the above problems availabili-
ty of green fodder were seen to be a major problem, 
along with the lack of concentrated feed at low prices 
and lack of dry fodder. To overcome these problems, 
the plantation of fodder trees should increase fodder 
resources and grazing areas. Farm’s literacy status is an 
important variable influencing the farmers to use in-
novative ways in livestock production [10].

For the cost-benefit analysis of dairy farming, the 
total investment, feeding, and milk supply patterns of 
the selected dairy farmers and the cost components, 
Total milk production, Investment, Consumption, 
has to be analyzed using the simple tabular form, per-
centages, averages, and ratios. The variable cost, Gross 
maintenance cost, Net Return, and Gross return also 
need to be calculated for cost-benefit analysis of dairy 
farmers. For calculating the dairy farm cost, the cost of 
feed, fodder, concentrates labor, veterinary, etc., were 
taken into consideration along with interest in fixed 
investment, sheds, and dairy equipment have taken 
into consideration. For the dairy income, the value of 
milk and the value of dung is taken into consideration 
[11]. It is quite possible by replacing some of the cost-
lier ingredients with relatively cheaper feed like bar-
ley, maize, linseed, oat, sunflower cakes, and molasses. 
This cost of production can be decreased by increas-
ing the volume of cows and buffaloes. The selection 
of farmers can be done in the three stages wherein the 
1st stage district has to be selected. In the second stage, 
tehsils have to be selected. In the last stage, villages 
need to be selected. The farmers can be selected for 
the study with the highest milk producers and a multi-
stage random sampling procedure. Farmers were cat-
egorized into four classes having 1-3, 4-6, 7-9, and 10-
12 milch animals where the cost of milk production 

was observed lower in the 4th category while higher 
in the 1st category of farmers. A multistage stratified 
sampling technique is used to select dairy farmers. 
They were divided into three herd sizes, i.e., small 
having 1-2 milch animals, medium having 3-4 milch 
animals, and large having more than 5 milch animals. 
Profit maximization can be done by maximizing the 
returns or minimizing the cost of production. The 
feed cost is considered as the major cost in the total 
expense. Also, there were large variations seen in the 
cost of different farmers. The commercial dairy farms 
based on the size of herds were categorized into small 
farmers, medium farmers, and large farmers [12].

Knowledge of the farmer also impacts the profit 
generation, the health of the animal, nutrition pro-
vided to animals, etc. Therefore, the knowledge of the 
farmer also plays a key role in the dairy farmers. The 
low milk production per animal may be traditional 
management practices and less knowledge about in-
novative dairy practices. Education, herd size, annual 
income, source of information has a highly significant 
correlation with the cost of production. Developing 
peoples were more concerned about their health. They 
need a good quality of food. In the same way, people 
prefer the good quality of milk, which does not have, 
and contamination, any harmful residues, or various 
chemicals [13]. People preferred organic milk and 
milk products, which were more health-conscious. 
About 45% of the farmers were involved in dairy farm-
ers for 20 years, and from that, 65 % of the farmers had 
less than 5 cows. 78% of farmers were satisfactory with 
dairy farming, and 26% of farmers were facing prob-
lems. TANUVAS mineral mixture supplement was an 
innovative product. The research was conducted to see 
whether farmers using this product get more benefits. 
It was observed that there was a 16% rise in the yield of 
the milk that fed the cows with a mineral mixture. The 
milk production of buffaloes is higher as compared to 
the cows by 9.4%. It was recorded that from the total 
cost, 80 % was the variable, and 20 % was the fixed 
cost for both. The maximum returns in large-sized 
farmers were due to a high volume of crossbreed cows 
and good quality feeds and fodders to the cattle. They 
also stated that fodder is the important constituent of 
animal feed, which contributes 2/3rd of the animal 
feed requirements where grazing and stall feeding is 
also practiced. There can also be an opportunity cost 
to other inputs produced and used: Cow dung, milk 
used, and feed produced [14]. The analysis for Bene-
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fit-cost ratio, Break Even & Sensitivity, was done based 
on a single cow in Microsoft excel and SPSS, where 
small-sized farms spend 38% more cost than large-
sized dairy farms. The milk production per animal 
per year was also low, and farmers were not aware of 
animal nutrition, health, cattle shed management, and 
hygienic milk production. The landless dairy farmers 
equally contribute to dairy farmers having land. It was 
also observed that a single-family cared for the ani-
mals more properly than a joint family.

The existing literature review found that there is 
much diversification in the cost and profit from dairy 
farming. Also, the cost incurred depends on the farm-
er to farmer, and the profit generated through the sell-
ing of calves varies majorly [15]. There was also a gap 
in understanding the diversification of dairy farmers 
living in different environmental conditions in Pune. 
There was a lack of proper understanding of the rea-
son for such a huge variation. In the present study, the 
reason for economic diversification has been focused 
on along with the diverse farmers, which were in dried 
and rain-fed regions. Also, there is much diversifica-
tion in the Pune district farmers, which were also con-
sidered during this research.

3. Objectives
The following objectives have been considered for 

the study, with the scope of the study being limited to 
the Pune District, Maharashtra state. 
• To study different costs required in dairy farming
• To study different ways of revenue generation 

through dairy farming
• To carry out a comparative study on the differ-

ence between the cost of small, marginal, and large 
farmers

• To suggest a way to increase revenue to the dairy 
farmers

4. Materials and Methods/Methodology

4.1. Selection of the Study Area
Maharashtra state has been purposively selected for 

researching dairy farmers. Maharashtra is one of the 
leading states in India for the dairy sector, which has 
larger livestock. According to the livestock Census of 
Maharashtra, there are about 55 lakhs of buffalo and 
1.5 Crore of total cows (20th Livestock Census). Maha-
rashtra is 7th in the ranking state for the total amount 
of milk production in India, with 11.65 million tons of 

production. Pune is one of the largest metropolitan cit-
ies where there is the highest want for milk and dairy 
products. Pune also ranks 2nd in the milk production 
after the Ahmednagar district during 2015-16 [16].

4.2. Sampling
The present research was carried in the Pune district 

of Maharashtra. There are about fifteen total talukas in 
the Pune district, along with the two city talukas. There 
are a total of 5 districts under which these 15 talukas are 
subdivided. The major talukas were Pune, Baramati, 
Bhor, Shirur, and Maval. The three-stage sampling pro-
cess was employed for selecting the dairy farmers. For 
the present research purpose, Purandhar, Bhor, Bara-
mati, and Shirur talukas were randomly selected based 
on the average rainfall in the region and the number 
of cows and buffaloes. After that, the cluster of three 
villages from each selected talukas was identified with 
the maximum numbers of commercial dairy farmers. 
Further, 500 farmers were randomly selected follow-
ing the simple stratified random sampling considering 
the herd’s size as strata [17]. These commercial dairy 
farmers were further divided into three classes based 
on the herd size. From these 500 farmers, 120 farmers 
have responded with the complete information, which I 
had selected for further study. These three classes were 
small farmers with 1 to 2 herds, medium farmers hav-
ing 3 to 5 herds, and large farmers with more than 5 
herds. From these 120 dairy farmers, 50 small farmers 
were selected, followed by 35 farmers, each under me-
dium and large farmers. 

4.3. Data Collection and Analysis
Primary data were on different aspects is import-

ant for the research work and was collected from each 
farmer by taking the personal interview. Detailed in-
formation about the total area of the farmer along with 
the yearly cost and revenue generated was collected 
from the farmers. The data was collected properly ev-
ery month. The previous year’s data were also taken 
into consideration for the season-wise uninformed 
data [18]. In the interview, qualitative data were also 
collected, like problems of the dairy farmers through-
out the year for supporting the quantitative data. The 
data which were collected were further tabulated in 
the Microsoft Excel sheet for the analyses. All the anal-
yses were made based on a single cow by taking an av-
erage. The data pertained to agriculture was collected 
for the year 2019-20.
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4.4. Capital Investment
The fixed investment required for the dairy farmers 

in the business was not considered in the research. The 
farmers who were selected were engaged in dairy farm-
ing for more than 5 to 6 years. So, there was no cost in-
curred for the particular cattle as they use the calf of the 
previous cow and grow it younger. Also, the other fixed 
cost which is required for the cattle, like sheds, stores, 
machinery, and equipment, were old, and most of the 
farmers were not using the equipment [19].

Variable cost:
The variable cost can be defined as the cost in-

curred on the different factors required for production 
and is changed along with time. Variable cost includes 
various costs: feed and fodder cost, Labor cost, Veteri-
nary cost, and miscellaneous expenditure.

Feed and Fodder Cost: 
It includes the cost incurred on feeding the cattle 

with green and dry fodder and supplements or con-
centrates on the animals. The cost was calculated by 
simply multiplying the total quantities of different 
feeds and fodder, devoured by the number of animals 
with their respective prices for total feed cost. If the 
animal is given home-grown feed and fodder, then rel-
evant prices were taken into consideration. For such a 
case, the cost of seeds, fertilizers, and other costs like 
electricity bills required for watering the crops, labor 
required, etc., was considered. Moreover, if that cost is 
not known, then the market price of the green fodder 
was taken. When the concentrated feed was prepared 
at home, the cost of inputs or ingredients required for 
the preparation was taken into calculations [20].

Labor cost: 
In this cost only, the outside hired labor was in-

cluded. All the farmers already have a farm, and dairy 
farming acts as an extra business opportunity. The 
hired labor cost was calculated by the average yearly 
salary paid to him or her. The labor rate was taken ac-
cording to the prevailing wage rate in that particular 
region of study. 

Veterinary Cost: 
It includes all the costs required for individual 

cows or buffalo throughout the year for their health. 
It includes Artificial Insemination, vaccinations, med-
icines, breeding cost, and other charges charged by the 
veterinary doctor. 

Miscellaneous Cost: 
It includes all the expenses required for the repairs, 

water charges, electricity charges for cattle shed, oth-

er charges required for cattle throughout the year like 
ropes, decoration during festivals, etc.

Division of Joint Cost: 
As discussed in the above costs, some other costs 

were incurred for all cattle as a whole. Various items like 
cattle sheds, buckets, pans, sanitization of the shed, etc., 
were jointly used together in the entire herd. This joint 
cost incurred throughout the year was then equally di-
vided into the number of herds present in the group [21].

Gross Cost:
Gross cost is the total cost, which is obtained by 

including fixed cost and variable cost.

 Gross Cost (GC) = 
 Total Variable Cost (TVC) + Total Fixed Cost (TFC)

Net Cost:
The net cost for dairy farmers was calculated by 

simply deducting the imputed money generated from 
the dung or earned through the dung produced by cat-
tle by the gross cost.

 Net Cost (NC) = 
 Gross Cost (GC) – The imputed value of dung

Total Cost per Liter of Milk Production:
The total cost per liter of milk was calculated by 

net maintenance cost or gross cost required per day 
per animal. It divided it by the average liter of milk 
produced per day by the animal. The cost and return 
of milk production were important to understand the 
economic efficiency of the milk producers. 

 Total Cost per Liter in Rs. = 
 Net maintenance cost per day per animal
 Total milk produced per day per animal

Gross Return:
Gross return was calculated by multiplying the to-

tal returns per animal multiplied by the milk price in a 
particular research region. 

 Gross Returns (GR) = 
= Quantity of milk × Market price of milk

Net Return:
Net returns were simply calculated by deducting 

net costs from gross returns.

 Net returns (NR) = Gross Returns (GR) - Net Cost (NC)

Gross Margin:
The gross margin is counted by deducting or sub-

tracting the total variable cost from the calculated 

=
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gross returns. The gross margin is not the actual profit 
as it does not include any initial cost or fixed cost that 
has to be incurred. Gross margin is used to calculate 
the individual performance of the dairy farmer. This 
figure was also used where fixed capital was very much 
less or negligible in dairy farming. Here the fixed cost 
was not included because it does not affect much in 
the total contribution for dairy farming.

 Gross Margin (GM) = 
 = Gross Return (GR) – Total Variable Cost (TVC)

Benefit-Cost Ratio:
The benefit-cost ratio was calculated by gross re-

turn divided by total variable costs. If the ratio was less 
than one, then the cost incurred was more than profit, 
and if the ratio were more than one, then the benefit 
exceeds the cost.

 Benefit-cost Ratio (BCR) = 
 = Gross Return (GR) / Total Variable Cost (TVC)

Revenue from Calf and Home-Made Dairy Prod-
ucts:

Apart from selling the milk of cow and buffalo, rev-
enue was also generated by selling the calf of the cattle. 
The price of the calf completely depends on the num-
ber of days the calf is kept and sold at what age. If the 
calf was immediately sold within a month, then the 
cost behind it was very less than the profit. However, 
if the calf were kept for a year, then the profit was also 
higher depending on the calf ’s health. This revenue 
was calculated by subtracting the total cost required to 
grow the calf until it was sold by the total price earned 
from selling the individual calf. Some farmers can also 
generate revenue for selling home-made dairy prod-
ucts [22].

 Revenue from calf = 
= Total price of the calf – Total cost incurred till selling
 Revenue from dairy product = 
 = price of the dairy product – 
 – Cost incurred for preparation

5. Results and Discussions

5.1. Characteristics of Dairy Farmer
In this section, a brief description was given of the 

analyzed data collected from the selected farmers. In 
Table 1, the distribution of farmers is based on the 
herd size of cattle and the number of farmers in each 
category. The type of herd adopted by the dairy farm-

er was as important for the comparison. Of the total 
sample selected for the research, 40% were small-sized 
farmers, 30% were medium-size farmers, and 30% 
were large-sized farmers. More small-sized farmers 
were concerned about medium and large farmers, so 
small farmers were considered more.
Table 1
Category of sample farmers with herd size

Taluka
Pu-

rand-
har

Bhor Bara-
mati Shirur Total

Categories 3 villages from each taluka
Small (1-2 milch ani-
mals) 12 12 12 12 48

Medium (3-5 milch 
animals) 9 9 9 9 36

Large (6 and above) 9 9 9 9 36
Total 30 30 30 30 120

Source: Primary farmers survey result, 2019-20

5.2. Farmers’ Distribution
In Table 2, small, medium, and large farmers were 

further divided into cattle having pure cows, pure buf-
falo, and mixed cows and buffalo. The result observed 
that farmers preferred to keep pure cows more instead of 
keeping buffalo or mixed cattle. From the selected farm-
ers for the research, about 65% of farmers only had a pure 
cow on their farm. 16.67% of farmers have pure buffalo, 
while 18.33% of farmers preferred mixed cows and buf-
falos for their dairy farming. It was seen that a smaller 
number of farmers preferred to keep the only buffalo. In 
comparison, slightly a greater number of farmers pre-
ferred to keep both. From the total small farmers, 62.5% 
had only cows, and 18.8% of farmers were having pure 
buffalo and mixed cattle. In medium farmers, 72.22% of 
farmers have the only cow, 19.44% of farmers have only 
buffalo, and only 8.33% have both cows and buffaloes. 
In large-sized farmers, 61.11% of farmers have the only 
cow, 11.11% of farmers have only buffalo, while 27.78% 
of farmers have both cows and buffaloes [23].

Table 2
Number of farmers holding particular cattle

Categories Small Medium Large
Total 

Farmers 
(n = 120)

Pure Cows 30 (62.5) 26 (72.2) 22 (61.1) 78 (65.0)
Pure Buffalo 9 (18.8) 7 (19.4) 4 (11.1) 20 (16.7)
Mixed Cows & 
Buffaloes 9 (18.8) 3 (8.3) 10 (27.8) 22 (18.3)

Source: Primary farmers survey result, 2019-20
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5.3. Landholdings and Total Area 
under Cattle Fodder

The average landholding was 16.94 acres by the 
small-sized farmers, 11.83 acres by the medium-size 
farmer, and 20.15 acres by the large-sized farmer. It 
was observed that large farmers have more land as 
compared with small size and medium-size farmers. 
Moreover, from Table 3 we can see that small-sized 
farmers had more land than medium-size farmers. The 
qualitative data observed that farmers have fewer areas 
with cows and buffalo for their additional income. As 
farmers having an average acre of 16.94 has only 1 or 2 
dairy cattle. They need only one or two cattle for milk 
purposes and gather cow dung, which would be re-
quired in the field. Small farmers were cultivating the 
green fodder for the cattle in 3.88% of the total land 
they have, followed by 10.27% by medium farmers and 
15.92% by the large farmers. Interestingly the number 
of cattle increases the area under land cultivation for 
fodder crops also increases. The green fodder was cul-
tivated separately for the cattle on the farm. In con-
trast, dry fodder was cultivated from the by-products 
of Bajra, Jowar, and Wheat. These crops were taken for 
income generation, but their by-products, like straws, 
were used as dry fodder to cattle throughout the year.

Table 3
Total land holding across various category and total area under 
fodder

Categories
(size of holdings)

Landholding 
per farm 
(Acres)

Percentage of 
land harvested for 
fodder crops (%)

Small farmer 
(1-2 milch animals) 16.94 3.88%

Medium farmer 
(3-5 milch animals) 11.83 10.27%

Large Farmer 
(6 and above) 20.15 15.92%

Average 15.85 9.15

Source: Primary farmers survey result, 2019-20

5.4. Distribution of Cows and Buffaloes 
in Each Category with Average Number

The category-wise distribution of cows and buf-
faloes with the average number of cattle was given in 
Tables 4 and Table 5. In the total selected sample of 
120 farmers, there were a total of 675 cows and buffa-
loes. From this, 534, i.e., 79.11%, were cows, and the 
remaining 141, i.e., 20.89%, were buffaloes. We can 
observe that farmers preferred more cows as com-

pared to buffaloes. Looking at the figures of the aver-
age number of cattle, individual farmers held a greater 
number of cattle on an average of 4.81. In contrast, 
they hold only 0.92 average numbers of buffaloes. We 
can predict that medium farmers preferred more buf-
falo compared with the small and large size farmers. In 
contrast, medium-size farmers alone have 44% of the 
total buffalo, followed by 41% large farmers. We can 
also observe that the standard variation of the number 
of cows and buffaloes was higher for the larger farmers 
than small and medium-sized farmers. The standard 
variation for small, medium, and large-sized farmers 
was 0.5, 0.64, and 6.42.

Table 4
Total cattle holding per farmer

Category Total Cows Total 
Buffaloes Total Cattle

Small 57 21 78
Medium 99 62 161
Large 378 58 436
Total 534 (79.1%) 141 (20.9%) 675

Table 5
Average cattle holding per farmer

Category
Small Medium Large Total

Aver-
age SD Aver-

age SD Aver-
age S.D Over-

all
Cows 1.19 0.75 2.73 1.49 10.5 6.45 4.81
Buffalo 0.44 0.63 0.73 1.39 1.6 3.2 0.92
Total 1.63 0.5 3.47 0.64 12.1 6.42 5.73

Source: Primary farmers survey result, 2019-20

5.5. Cost of Dairy Farmers
Cost included for the production of milk was Feed 

and Fodder, Labor, Veterinary, Miscellaneous and 
Joint cost.

Feed and Fodder cost: Feed costs were the high-
est cost, which was incurred in dairy farming. These 
include dry fodder, green fodder, and concentrates. 
Farmers fed different types of feed to the cattle and 
were also slightly change according to the area. Farm-
ers mostly feed the dry fodder available in the field, 
including hay of Jowar, Bajra, and wheat. Farmers 
store these hays after harvesting the grains from it and 
are dried naturally and stored as the dry feed, given to 
the cattle throughout the year. They also grow green 
grasses like Alfa-Alfa, Ginni grass, Elephant grass, 
maize, and silage, etc. The total feed cost incurred 
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was 82.57% for small-sized farmers, 77.51% for medi-
um-sized farmers, and 81.86% for larger-sized farm-
ers. The total cost incurred for variable cost, concen-
trated feed cost was the highest, which might be due 
to less cost incurred for dry and green fodder as they 
were grown on their farm. Moreover, only the cost in-
curred for that is the cost of seeds, fertilizers, pesti-
cides, electricity bill for watering, etc. The cost of small 
farmers was less as many of the small farmers graze 
their cattle on mountains or plane land in the rainy 
and winter season, which reduces the cost of fodder, is 
shown in Figure 1. 

Labor Cost: Labor cost for the family workers was 
considered very low or negligible after interviewing 
the farmers. It was observed that most of the farmers 
were engaged in crop farming. Dairy farming does not 
take much effort and requires very little time in its en-
gagement. Almost 95% of small farmers do not prefer 
outside labor, only in some cases of exceptional. The 
labor cost for the medium farmer is higher, which may 
be due to the smaller number of cows than the large 
farmers.

Veterinary Cost: Veterinary cost includes total 
health cost, which the individual animal incurred. 
This cost differs from area to area and also on the en-
vironmental conditions [24]. The type of feed given to 

the cattle also relates to the health of the cattle, where 
it was observed that cattle feeding with nutritious feed 
were healthier. Small farmers incur more costs of Rs. 
5.95 as compared to large farmers incurring Rs. 5.79 
and then the medium farmer who incur Rs. 4.21. 

Miscellaneous cost and Joint cost: The result of 
the study showed that miscellaneous cost was highest 
for the small size farmers (Rs. 5.25), followed by large 
size farmers (Rs. 4.91) and then medium size farmers 
(Rs. 4.58). This higher cost for small-sized farmers may 
be due to the higher prices for the single items used for 
the cows, while large-sized farmers can buy it in the 
bulk quantity with discount prices. The larger-sized 
farmer has more expenses to maintain the shed and 
other things than medium-size farmers. Small farm-
ers’ joint cost was always high compared with medium 
and large size farmers due to less distribution of cost 
in cattle. From Table 6, we can say Labor, Veterinary, 
Miscellaneous highest followed that feed & fodder 
cost, and Joint Cost is shown in Figure 2.

Gross Cost: In this research, the total fixed cost is 
considered zero. All the farmers were engaged in dairy 
farmers for more than 5 years, and their break-even 
point has been reached previously. Also, there was no 
fixed cost for the purchase of cows or buffalo as they 
were the calves of their previous cows and buffaloes. 

Figure 1: Distribution of fodder cost in % /animal/day

Figure 2: Distribution of Total Variable Cost In % /Animal/Day
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The feed and other costs were incurred in the variable 
cost. The gross cost for the small, medium and large 
size farmers was Rs. 85.06, 93.30, and 97.34, respec-
tively, while the average gross cost was Rs. 91.90 [25].

Mean Returns from Manure: Manure generated 
from the cows and buffaloes were stored on the farm 
throughout the year. All the farmers use this manure in 
their field, while some large farmers who generate excess 
manure, which was not required in their field, and were, 
sold out to other farmers. They get higher revenue as the 
quality of manure was also good for the large farmers. 
I have considered an average imputed value of dung, 
which can be generated. After collecting the qualitative 
data from farmers, it was clear that a single cow or buffa-
lo can generate about two trolleys of dung per year. The 
price for it varies from Rs. 2,200 to Rs. 4,000 depending 
on the quality of the manure. The imputed value for 
dung was Rs. 11.98, Rs. 12.73, and Rs. 13.55 for the small, 
medium, and large size farmers, respectively. 

Net Cost: The net cost was the remaining cost af-
ter subtracting the imputed revenue from the gross 
cost. The net cost for the small, medium, and large 
size farmers were Rs. 73.08, Rs. 80.57, and Rs. 83.79 
respectively. Thus, the net cost for the large-sized 
farmers was high compared to small and medium-size 
farmers, which may be due to higher expenses for 
large farmers while small and medium farmers save 
the other expenses. Medium farmers incur 9.3% more 
net cost than small farmers, while large farmers incur 
12.8% of higher costs than small farmers.

Returns/Revenue from Dairy Farming: This in-
cludes the total revenue earned by the farmer through 
the selling of milk and calves of the cattle. The returns 
from the milk were different in different talukas due 
to the variability of the prices of milk. The lowest 
price was found to be Rs. 24 and highest of Rs. 44 de-
pending on the quality of the milk. The average milk 
production was around 9 to 10 liters per day but only 
for 6 to 8 months, while others are kept as a dry pe-
riod. The average production of milk per day for an 
individual animal was 4.75 liters for all the farmers by 
slight variations in different categories of farmers. Af-
ter converting this into per day throughout the year, 
the average milk production was 4.79, 4.58, and 4.98 
liters for small, medium, and large-sized farmers. The 
average price for the small, medium and large-sized 
farmers was Rs. 26.65, Rs. 28.32, and Rs. 30.50 respec-
tively. Thus, the revenue from milk was Rs. 127.65, 
Rs. 129.71, and Rs. 151.89 for the small, medium, and 

large size farmers, respectively. Revenue generated 
from calves of cattle was having a huge variation de-
pending on selling the calves. Usually, large farmers 
prefer to keep the calves for more months and then sell 
them at higher prices. Farmers generally sell bull calf 
after 1 month of its birth at an average price of Rs. 500 
to Rs. 1,000. The heifer calf if sold at Rs. 5,000 to Rs. 
7,000 on an average after 2 months of its birth, while at 
Rs. 50,000 to Rs. 70,000 on an average after 2 to 3 years 
of birth. After adding all these returns, the total gross 
return for small, medium, and large-sized farmers was 
Rs. 137.94, Rs. 140.21, and Rs. 165.14 respectively. The 
total difference of 16.5% was seen between the large 
farmer and the small farmer is shown in Figure 3. 

Figure 3: Average % distribution of returns from dairy farming

Net Return: Net returns generated by subtracting 
gross cost from the gross returns were Rs. 64.86, Rs. 
59.64, and Rs. 81.35, respectively. The net returns were 
seen to be highest in large farmers and lowest in me-
dium farmers. The result shows a total difference of 
about 26.7% between the net revenue of large farmer 
and medium farmer while 20.3% between the large 
and small farmers.

Gross Margin: The result showed that the gross 
margin for small, medium and large-sized farmers was 
Rs. 52.88, Rs. 46.91, and Rs. 67.80 respectively. Medi-
um farmers have the lowest gross margin as compare 
to small and large farmers. The total difference be-
tween the gross margin of a medium and large-sized 
farmer was 30.8%, which was very high, while 22% in 
between small and large-sized farmers.

Benefit-Cost Ratio: The benefit-cost ratio was 
1.62, 1.50, and 1.70 for small, medium, and large-size 
dairy farmers, respectively. It means that all types of 
farmers were getting the profit from dairy farming. 
Large-sized farmers were generating higher profit af-
ter per day per animal. The larger-sized farmer has an 
11.8% more benefit-cost ratio than the medium farm-
er, while only 4.7% more than the small farmer.
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Cost and Return per Liter of Milk Production: 
It was evident from Table 6 that the average cost per 
liter of milk was low in small farmers, average in me-
dium-size farmers, and higher in larger-sized farmers 
Rs. 17.76, Rs. 20.37, and Rs. 19.55 respectively. It was 
observed that medium farmers were incurring more 
cost, i.e., 12.8% and 4% more than small and large size 
farmers. The result also showed that returns generated 
per liter were Rs. 8.89, Rs. 7.95, and Rs. 10.95 respec-
tively. Large farmers were generating more returns per 
liter of milk as compared with small and medium-size 
farmers. Large-sized farmers may get higher returns 
because of the high price of milk due to higher fat 

quality and higher milk production due to the good 
quality of feed. Medium farmers were getting the low-
est return per liter of milk, which may be due to the 
high cost of production and lower yield of milk. Large 
farmers were getting 18.8% and 27.4% higher returns 
than the small and medium farmers shown in Table 6.

Note- All the analyses were done in Indian Rupees 
per animal per day. The below brackets are the per-
centage of the various cost incurred for dairy farming.

From the study, it was observed that the value of 
dung was higher for the selected farmers than the pre-
vious studies, which leads to an increase in the farm-
er’s profit. Also, the profit generated by selling the calf 

Table 6
Average cost and return on different categories of dairy farmers (“rs/animal/day)

Components Small 
Farmer(Rs)

Medium 
Farmer (Rs)

Large farmer 
(Rs)

Overall (Rs)

F1 Green Fodder 2.39
(2.81)

2.58
(2.77)

4.99
(5.13)

2.75
(2.99)

F2 Dry Fodder 2.54
(2.99)

2.73
(2.93)

2.8
(2.88)

2.61
(2.84)

F3 Concentrate 39.65
(46.61)

42.48
(45.53)

45.5
(46.74)

43.25
(47.06)

F4 The cost required to grow the fodder 25.65
(30.16)

24.53
(26.20)

26.39
(27.11)

25.38
(27.62)

V1 Feed & Fodder cost 70.23
(82.57)

72.32
(77.51)

79.68
(81.86)

74.08
(80.61)

V2 labor 2.35
(2.76)

11.21
(12.02)

6.41
(6.59)

7.86
(8.55)

V3 Veterinary 5.95
(7.41)

4.21
(5.43)

5.79
(6.87)

5.28
(5.75)

V4 Miscellaneous 5.25
(6.17)

4.58
(4.91)

4.91
(5.04)

4.58
(4.98)

V5 Joint Cost 1.28
(1.50)

0.98
(1.05)

0.55
(0.57)

0.93
(1.01)

A = F1+F2+F3+F4+F5 Total Variable Cost 85.06
(100%)

93.30
(100%)

97.34
(100%)

91.90
(100%)

A’ = A –Fixed cost(0) Gross Cost 85.06 93.30 97.34 91.90
B Value of Dung 11.98 12.73 13.55 12.71
C = A’ - B Net Cost 73.08 80.57 83.79 79.15
D Total production of milk/animal/day 4.79 4.58 4.98 4.75
E Price of Milk 26.65 28.32 30.50 28.06
F = D x E Revenue from milk 127.65 129.71 151.89 133.29
G Revenue from calf and dairy products 10.29 10.50 13.25 11.90
H = F + G Gross Return 137.94 140.21 165.14 145.185
I = H - C Net Returns 64.86 59.64 81.35 66.04
J = H - A’ Gross Margin 52.88 46.91 67.80 53.29
K = H / A’ Benefit-Cost Ratio 1.62 1.50 1.70 1.58
L = A’ / D Cost per liter of milk production 17.76 20.37 19.55 19.35
M = E - L Return per liter 8.89 7.95 10.95 8.71

Source: Primary farmers survey result, 2019-20
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was seen higher due to calf selling after 2 to 3 years 
have given more prices to the farmers, which were se-
lected in this study, which ultimately have increased 
the farmers’ income in the selected area.

6. Conclusion
The result of the research indicated that the farm-

ers prefer more cows in comparison with buffalo. Of 
selected farmers, 79% were cows, and 21% were buf-
faloes from the total milch cattle. Of the total select-
ed farmers, 65% of farmers had pure cows, 16.7% of 
farmers had pure buffalo, and 18.3% had mixed cows 
and buffaloes. The landholding of small dairy farmers 
was found to be higher than the medium farmer. On 
an average of overall farmers, almost 9% - 10% of the 
land was used for growing the cattle feeds. The high 
share went to feed and fodder for all small, medium, 
and large size farmers from the total variable cost. It 
was observed that the highest share of the cost was for 
the concentrates, followed by the cost required to grow 
the fodder. The cost incurred for feeds and fodder was 
highest to the larger farmers than medium and small 
farmers due to the high amount of concentrates and 
green fodder. The cost incurred for green fodder was 
very less for the small farmers as most of them graze 
their cattle in the rainy and winter season on the pub-
lic land. The total variable cost for small, medium and 
large size farmers is Rs. 85.06, Rs. 93.30, and Rs. 97.34, 
respectively.

The study also revealed that the highest returns 
are generated from the milk followed by returns from 
the dung. Also, the benefit-cost ratio calculated was 
higher for the large farmers, which was 1.70, while 
1.62 and 1.50 for small and medium-size farmers. The 
large farmers are getting 18.8% and 27.4% more profit 
per liter than small and medium-size farmers, respec-
tively. The cost per liter of the medium farmers was 
high, maybe because of the low yield of milk and high 
variable cost. The milk production per animal per day 
was also higher in large-sized farmers than small and 
medium-sized farmers in that order. The average milk 
production per animal was Rs. 4.79, Rs. 4.58, and Rs. 
4.98 for small, medium, and large size farmers, respec-
tively. Also, farmers having crossbred cattle were more 
productive than the normal cows, and farmers pre-
ferred more crossbred cows. 

Thus, for increasing farmers’ profitability, the cost 
of concentrates should be minimized and minimizing 
it home-made alternatives for concentrates should be 

used. Preparation of Azolla and spirulina, which con-
tains 45% and 70% protein, could help reduce the cost 
of feed and improve the health and milk quality of 
dairy animals, observed Volkmann et al. Also, small 
farmers can form a group from the same village and 
purchase the materials or equipment required togeth-
er in bulk for cheaper prices can reduce production 
costs. 

As demand for milk and other dairy products in-
creased rapidly, the milk price was also increasing due 
to higher dairy farming costs. There is much scope for 
finding the constraints for reducing the cost of dif-
ferent categories of dairy farmers. Minimizing dairy 
farmers’ costs will also lead to low milk and dairy milk 
products for the consumers and more profit for the 
dairy farmers. Minimizing the cost was very difficult 
but can be implemented if there was proper research 
on the nutritious feeds and fodder at a lower cost suit-
able for milch animals.
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Abstract
In recent times, more and more organizations have started im-
plementing lean principles for process improvement. It start-
ed from Toyota and then followed by organizations across the 
world. The realization that there is something more too tra-
ditional processes has motivated the organizations to follow 
lean. Lean helps organizations reduce waste, remove non-val-
ue-adding activities, and achieve business excellence. Sustain-
able implementation of lean also helps organizations to incur 
benefits at a greater extent and longer time. The present study 
uses factor analysis to ascertain the factors effective for lean 
implementation in manufacturing companies of India. The sur-
vey was done amongst the employees of Indian manufacturing 
organizations, and analysis was conducted. The study revealed 
five important factors: Employee Engagement, Management 
Commitment, Hierarchy, Infrastructural Needs, and Standard-
ization as the success factors in the Indian manufacturing world.
Moreover, the study gives various variables that impact these fac-
tors. The study proposes to focus more on the five identified fac-
tors compared to other factors like supplier involvement, custom-
er involvement, financial capability, participation of experts, which 
have a low impact on the implementation of lean. The analysis 
done shows the impacting factors responsible for the effective im-
plementation of lean in manufacturing organizations of India.
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Organizations of India, Employee Engagement, Management 
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1. Introduction
Henry Ford was the first person to start investi-

gating the traditional production process. He started 
what he created and called the flow production system 
with reforms like interchangeability of parts with stan-
dardized work on a moving conveyor, a small devel-
opment towards lean manufacturing. However, in the 
1930s, Toyota employees with Kiichiro Toyoda and 
Taiichi Ohno and others at Toyota saw the situation 
resulting from World War II. They realized that sim-
ple improvements in a large number and innovative 
mindset could increase a continuous process [1]. So, 
they revisited the idea of Henry Ford and conceptu-
alized the world-famous TPS known as Toyota Pro-
duction System. Toyota first championed the idea of 
lean manufacturing through Toyota Production Sys-
tem. This system boosted Toyota to become one of 
the world’s largest automobile companies from being 
a small company [2].

Manufacturers are striving hard to adopt advanced 
and modern production processes and tools in this era 
of a competitive market. To stay in the competition, 
manufacturers aim to produce low-cost products and 
services by making the process agile and continually 
improved [3]. Today, lean methods in manufacturing 
are highly valued by organizations around the world.

Lean manufacturing is a production method that 
is an outcome of the Toyota Production System (TPS). 
The lean tools like SMED, VSM, 5’S, Poka-Yoke, To-
tal Productive Maintenance, Single Point Scheduling, 
Continuous Improvement help give benefits like im-
proved quality, waste elimination, throughput time 
reduction, and reducing total costs. There are various 
lean principles like Pull Processing, Waste Minimiza-
tion, Flexibility, Load Leveling, Production Flow, and 
Visual Control identified by the lean world [4]. Lean 
manufacturing principles aim to reduce waste in an 
organization and are widely used to pursue improved 
processes and performance. These principles have 
been acting as helping aid for sustainable and contin-
ual improvements in cost, quality, lead time improve-
ment, VSM. Lean as a process cultivates organization-
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al cultures which focus on mutual problem tackling. 
Thus, lean is not limited to a specific size or type of 
industry but can be adopted by all sizes and types of 
companies that work hard to improve their competi-
tive advantage, operational performance, and business 
profits in the competitive market that can be global or 
regional [5]. 

However, even though lean principles improve the 
processes and performance of the companies, the ab-
sence of factors like lean knowledge, employee partic-
ipation, management support, and others can make 
lean implementation a difficult task.

Varied research has been conducted to ascertain 
the factors that have an impact on the implementation 
of lean. As patterns of various factors differ in different 
situations, this research focuses on such success fac-
tors in Indian manufacturing companies [6].

2. Literature Review
The first use of the word Lean dates back to 1988, 

which was done in an International Vehicle Program 
whose ultimate aim was to understand the gap and 
difference between productivity in industries of Japan 
and the industries of western environment, accord-
ing to Moeuf, Tamayo, Lamouri, Pellerin, & Lelievre. 
Lean manufacturing helps and supports a company to 
sustain itself in the market by eliminating waste [7]. 
Today, lean practices have gained importance as com-
panies are striving hard to manufacture their product 
with reduced cost and agility. The benefits and glory 
achieved by Toyota and then by different companies 
worldwide have led a variety of organizations to follow 
lean practices to reduce waste to a minimum and im-
prove the organizational and process performance, as 
stated by Bortolotti, Boscari, & Danese.

In the manufacturing field, companies have been 
continuously pressurized to reduce wastes in process-
es. Lean specifically proposes seven different types 
of waste: Transport, Inventory, Motion, Waiting, 
Over-production, Over-work, and Defects. Lately, 
Skill is one of the wastes being considered in many in-
dustries. Thus, considering these types of wastes pres-
ent in the process, companies are focusing on follow-
ing sustainable practices with lean tools as support [8]. 

Even though there are greater benefits of lean, 
many companies have difficulties in achieving them. 
The issues for implementation of lean are mostly re-
lated to employees, culture, facilities available, and the 
resources, according to Jadhav, Mantha, & Rane. On 

the same lines, management can act as both initiator 
and supporter or as a hurdle for lean implementation, 
which relates to attitude and behavior like focus and 
urge to initiate, as observed by Al Manei Salonitis & 
Xu. Several other factors impact the implementation 
of lean, and a huge amount of literature has investigat-
ed them in various types of industries [9]. Factors like 
the focus and commitment from the organization’s 
management to add to the working capital, facilitating 
the training of organizations staff on lean philosophy 
are crucial, as researched by Kafuku. The organiza-
tion’s culture, financial stability and position, skills and 
subject matter expertise, the success of evaluation sys-
tems followed, leadership style, and management are 
also important factors affecting lean implementation, 
as studied by Alkhoraif, Rashid, & McLaughlin. Also, 
lack of a well-developed framework can affect contin-
uous improvement in companies, in an evaluator study 
by Mohanty, Yadav, & Jain. Thus, finding appropriate 
factors is crucial in having successful lean implemen-
tation. Incorrect selection and interpretation of factors 
can lead to failure in lean implementation, as recorded 
by Schonberger. Maware and Adetunji concluded that 
standardization in various functional areas leads to 
the successful implementation of lean [10].

While lean implementation is taking a bigger step 
in industries, there is still scope for investigating and 
determining the factors helping and improving its ef-
fectiveness in manufacturing industries. Only a few 
organizations successfully sustain lean practices, as 
recorded by Fadnavis, Najarzadeh, & Badurdee.

Today, more than 70% of organizations around 
the world have initiated or accepted lean principles in 
production to various extents, as studied by Kafuku, 
which is because waste minimization and improving 
efficiency are key objectives of lean, in an evaluator 
study by Kumar, Kumar, Haleem, & Gahlot [11]. Also, 
though the Lean implementation needs an investment 
of time, over the years, this pays off in terms of cost, 
quality, and speed of the organization, as researched 
by Bakke & Johansen. Thus, lean principles are fa-
vored for implementation by various businesses to 
have sustainability, reduce waste, and other benefits.

3. Methodology

3.1. Industrial Sector
The industrial sector considered for the current 

study is the Indian Manufacturing Sector. The manu-
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facturing sector is considered and proved to be the sec-
tor behind all the developing and developed countries. 
The Indian manufacturing sector has shown the po-
tential to reach US $1 trillion by 2025. The initiative of 
“Make in India” by the Indian Government is initiated 
to boost the manufacturing sector and take it to 25% of 
GDP, as observed by Mithe. However, before the Gov-
ernment started taking these types of initiatives, many 
organizations started to reform and improve their pro-
cesses to stand in the competitive market [12].

Indian manufacturing companies have been facing 
many issues. However, while they are fighting with 
factors out of their control, many big and successful 
organizations have taken many initiatives to reduce 
costs related to manufacturing, administration, pro-
cesses, and improvement in quality, productivity, and 
an organization. Many of these leading companies 
adopt various manufacturing practices like TQM, 
Six Sigma, TPM, and lean. Indian industries are also 
known to win many awards in lean. They are also the 
highest number of organizations winning this kind of 
awards for any nation other than Japan [13].

3.2. Research Methodology
The current study uses the purposive sampling 

technique, which was selected based on the type of 
industrial sector and the study’s objective. After se-
lecting the success factors impacting lean implemen-
tation through available literature, the survey for data 
collection was conducted for the Indian manufactur-
ing companies using a self-constructed questionnaire 
[14]. The questionnaire consisted of 2 sections. Section 
1 collected personal information, and Section 2 asked 
responses for factors affecting lean implementation. A 
five-point Likert scale was applied in Section 2 of the 
questionnaire, where 1 represented “Not Important,” 
and 5 represented “Extremely Important.” The range 
of scale was selected to have ease in responding and 
give a variety of opinions to improve the data analysis.

206 industry professionals responded to the ques-
tionnaire. The respondents were general managers, 
production managers, human resource managers, se-
nior engineers, finance managers, marketing manag-
ers, quality managers, and shop-floor supervisors. The 
respondents were from various organizations that in-
cluded automobile, auto ancillaries, food production, 
plastic products, and metal products [15].

The study considers 17 success factors impacting 
successful lean implementation, which are chosen 

carefully by studying the literature available regarding 
the topic. The factors considered for the study are:
1. Organizational Structure
2. Involvement of Top Management
3. Employee Involvement
4. Cross-Functional Team Working
5. Training on Lean Principles
6. Financial Capability of the Organization
7. Effective Communication
8. Participation of Experts
9. Constant Auditing and Mentoring
10. Shared Improvement Vision
11. Adaptability to Cultural Change
12. Presence of Error Proof Equipment
13. Supplier Involvement
14. Customer Involvement
15. Infrastructure
16. Plant Layout
17. Standardization

Factor analysis was chosen for the analysis to as-
certain the prominent factors. The analysis and in-
terpretation were done using IBM SPSS Statistics 21 
software.

4. Analysis
The primary statistical tool that is used for the analy-

sis is Factor Analysis. The factor analysis is used to deter-
mine fewer factors after being reduced from a collection 
of a large number of factors. The analysis helps extract 
covariance from all the considered variables and analyses 
them to give the variables a common score [16]. The fac-
tor analysis helps interpret and has findings that are not 
easy to ascertain by reducing a large set of variables into 
few interpretable factors (StatisticSolution).

In the present study, Factor analysis followed by 
varimax rotation was done for 17 lean variables using 
IBM SPSS Statistics 21. The analysis is given subse-
quently.

4.1. Data Analysis

4.1.1. Appropriateness and Adequacy of Data
The KMO and Bartlett’s Test indicates the ap-

propriateness of data. Generally, a high value of the 
KMO measure of sampling adequacy depicts that the 
correlation amongst the pair of variables may be ex-
plained by other variables and gives the factor analy-
sis’s appropriateness. The desirable value of the KMO 
statistic is higher than 0.5, which indicates sufficient 
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correlations, as stated by Amal & Umarali. Bartlett’s 
test of sphericity rejects the null hypothesis. Where 
null hypothesis is means population correlation ma-
trix is an identity matrix. As seen in Table 1, the ap-
proximate Chi-square statistic is 1978.170 with 136 
degrees of freedom. It is significant at a level of 0.05. 
Table 1: KMO statistic

Table 1
KMO and Bartlett’s test
Kaiser-Meyer-Olkin Measure of Sampling 
Adequacy.

.893

Bartlett’s Test of 
Sphericity

Approx. Chi-Square 1978.170
df 136
Sig. .000

As seen in TABLE 1, the KMO measure of sam-
pling adequacy has given a value of 0.893. The value is 
more than 0.5. Thus, it confirms the appropriateness 
and adequacy of the data model and confirms that the 
consideration of factor analysis is appropriate for ana-
lyzing the correlation.

4.1.2. Variance Explained by the Factors
The above indicates the proportion of variance that 

is explained by each factor. The eigenvalues of factors 
reduce their magnitude as we move from factor 1 to 
17. The first factor is accounting for the largest vari-
ance; hence, it is accounted for the highest eigenvalue. 
The next factor is accounted with as much of the re-
maining variance as it can, and so on. The total vari-
ance accounted for by all 17 factors is 100%.

The total variance explained by the top 5 factors is 
62.216%. The first factor accounts for (6.036/17) x100 
= 35.507% of the variance. Second factor accounts for 
(1.374/17) x 100 = 8.085% of variance. Similarly, the 
next factor, which is the third factor, is accounted for 
6.832% of the variance. The fourth factor is accounted 
for a variance of 5.904%, and the last major factor is 
the fifth factor, with a variance of 5.888%. 

The first five factors are accounted for with a com-
bined variance of 62.216% of the total variance. The 
rest factors are excluded from the study due to the low 
value of variance and low eigenvalues.

4.1.3. Rotating the Variables – Component 
Matrix

The rotation of the component matrix helps in de-
termining or ascertaining what exactly does the com-

ponents represent. Varimax rotation is most common-
ly used and is used here also. The varimax rotation 
achieves simplicity and enhances interpretability.

Here, we consider a high cut-off score, also called 
the threshold value of 0.720, to identify the factors, Ta-
ble 2 Component Matrix

Table 2
Rotated component matrix

Component
1 2 3 4 5

Employee Involvement .815 .037 .077 .097 -.083
Training .791 -.050 -.013 .038 -.020
Adaptability_to_
Cultural_Change

.773 .243 .115 -.049 .064

Monitoring_and_
Auditing

.768 .021 .184 .063 .045

Cross_Functional_
Team_Work

.726 .157 .258 .028 -.063

Error_Proof_Equipment .687 .250 .036 -.006 .121
Supplier Involvement .629 .309 .160 -.104 .102
Plant Layout .573 .332 -.020 .017 -.159
Participation_of_
Experts

.526 .449 .268 -.044 -.061

Financial Capability .511 .184 -.423 -.120 -.016
Involvement_of_Top_
Management

.009 .770 -.115 -.062 -.060

Effective 
Communication

.178 .720 .143 .046 .092

Shared Vision .481 .615 .197 .067 -.032
Organizational 
Structure

.214 .069 .750 -.181 .041

Customer Involvement .188 .154 .493 .316 -.153
Infrastructure .003 -.025 -.025 .935 .025
Standardization .016 .000 -.041 .007 .965

The interpretation is done by identifying the vari-
ables which have high loadings on the same factor. 
That factor can then be named and interpreted by as-
certaining the variables that load highly on it.

As shown in Table 2, the variables with high load-
ing on factors (loading greater than the cut-off value 
of 0.720) are represented in bold. Five variables have 
high loading on factor 1: Employee Involvement, 
Training, Adaptability to Culture Change, Monitor-
ing and Auditing, and Cross-Functional Team Work. 
Similarly, there are two variables, Involvement of Top 
Management and Effective Communication, which 
have high loading on factor 2. The variable Organi-
zational Structure has high loading on factor 3. The 
variable infrastructure has high loading on factor 4, 
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and at last, the variable standardization has high load-
ing on factor 5.

Furthermore, no variable has high loading on any 
factor, and hence we will consider the variables having 
high loading.

4.1.4. Identifying the Factors
As discussed earlier and seen in Table 2, 5 factors 

impact successful lean implementation. Each factor is 
constituted by variables loading on that factor, respec-
tively. The five factors then are identified and named 
as a constituent of respective loaded variables. The 
factors are discussed in detail here.

The first factor which is identified is Employee En-
gagement. This factor highly relates to 5 variables. As 
seen in Table 2, the variables are Employee Involve-
ment with the impact of 0.815, Training of Employ-
ees on Lean with an impact of 0.791, Adaptability to 
Culture Change with the impact of 0.773, Frequent 
Monitoring and Auditing with an impact of 0.768, 
and Cross-Functional Team Work with the impact of 
0.726. All the variables revolve around employees and 
are employee-centric; therefore, the factor is named 
Employee Engagement.

The second factor which is identified is Manage-
ment Commitment. This factor highly relates to 2 
variables. As seen in Table 2, the variables are Top 
Management Involvement with an impact of 0.770 
and Effective Communication with an impact of 
0.720. These variables mainly focus on commitment 
from top management and their support in the imple-
mentation of lean principles. So, the factor is named 
management commitment.

The third factor is identified and is named Hier-
archy. The factor highly relates to 1 variable, which is 
Organizational Structure with loading of 0.750. Often, 
the hierarchy plays an important role in project im-
plementations, and hence the factor has evolved out 
of the study.

The fourth factor identified is Infrastructural 
needs. It is highly loaded by one variable, which is in-
frastructure with loading of 0.935. The infrastructure 
available in organizations, which can be as small as a 
rack to a bigger one, like a machine, plays a vital role 
in many initiatives and cost savings.

The fifth and final factor identified and named is 
Standardized Plant. It is highly loaded by one variable, 
which is standardization with a loading of 0.965. The 
standardization in plant-like defined places for assets, 

markings, visualization gives ease in implementing 
lean. 

5. Discussion
After analyzing the factor analysis completely, five 

identified factors impact the successful implementa-
tion of lean principles. The industry people favor these 
factors to go forward and implement lean in the or-
ganization. Each factor has its importance and can be 
implicated. 

The first factor identified is Employee Engage-
ment. According to the research done, employees of 
the Indian manufacturing sector seek employee en-
gagement to carry out lean principle implementation. 
The organizations can focus on employee involvement 
to improve engagement. There is vast literature avail-
able on employee engagement. Employee engagement 
increases when the employees feel listened to and 
given attention to and transparency of information 
about the various changes and improvements in the 
organization, as stated by Ologbo & Saudahs. Train-
ing on lean principles can be conducted to have clar-
ity and prior knowledge while carrying out the proj-
ects. Employees having work satisfaction may accept 
the cultural change with ease. Frequent Monitoring 
and Auditing of projects and guidance can be done 
to maintain the pace of the project and an interactive 
environment. It was also found that the Cross-Func-
tional team is working an important variable in em-
ployee engagement. According to Sievert & Scholz, the 
previous research shows that employee engagement 
also depends on collaborative cross-divisional work, 
according to Sievert & Scholz.

The second important factor identified impacting 
lean implementation in Indian manufacturing com-
panies is management commitment. The involvement 
of top management refers to the participation of top 
management in guiding and supporting the employ-
ee teams working on lean implementation. Previous 
research done in different countries shows similar re-
sults. The factors that must be fully implemented to 
have lean implementation include management com-
mitment and leadership, as stated by Rose, Deros, & 
Rahman. Apart from guidance and support, the lead-
ership should maintain clear communication amongst 
the employees. Communication may refer to employ-
ees having transparency about information in the 
plant, unbiased and clear knowledge sharing amongst 
employees. Management support is identified as one 
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of the important factors effective for lean implementa-
tion by many respondents.

The other factors which are found to be success 
factors for lean implementation are Hierarchy, In-
frastructural Needs, and Standardization in Plant. 
Though comparatively these factors are favored by 
fewer people, we cannot deny their importance. When 
considered a factor, the Hierarchy may play an im-
portant role in implementing the lean principles. A 
company may have a vertical organizational structure 
with a serial approval system. The projects can take 
long days to complete as well as can demotivate the 
employees.

Similarly, a flat organization structure and par-
allel approval system have a faster approval system. 
The factor of Infrastructure Needs is also identified 
through the study. The factor has evolved considering 
the needs of infrastructure required for lean projects. 
The final factor which shows a higher impact com-
pared to other factors is standardization. The study 
resulted in standardization as a prominent factor be-
cause employees responded that the standardization 
on the shop floor, plant estate helps positively in lean 
implementation. Standardization refers to identified 
and marked places for assets, floor markings, stan-
dards for operating processes, standards for employ-
ees, and plant function. 

The critical success factors, when focused, can give 
fruitful results in lean principles implementation in 
Indian manufacturing industries. The management 
and employees may refer to the research done and 
improve upon these factors to successfully implement 
and sustain lean in their respective organizations.

5.1. Drawbacks and Scope 
for further research

The research conducted was for Indian manufac-
turing companies. The study found important factors 
that can be considered success factors for lean imple-
mentation in the Indian manufacturing field. How-
ever, limitations are to be considered along with the 
results.

First, the research found the success factors for 
lean implementation. However, it does not show the 
ways to improve those factors. The ways and means to 
improve these factors can give an added advantage in 
the final objective of lean implementation. Future re-
search may further consider drilling down these suc-
cess factors and finding the exact methods or ways to 

improve them. The study can focus on improving em-
ployee engagement, maintaining commitment from 
top management, having a smoother organizational 
structure, building required infrastructure, etc. 

Secondly, the study was limited to the Indian man-
ufacturing field. In the manufacturing field, the study 
can be extended to a greater extent by considering 
many organizations and respondents. Also, as lean is 
not limited to manufacturing, future research may ex-
tend it to other fields of the industry like IT, Banking. 
Identifying success factors for lean in these fields can 
give a holistic view and comparative study on factors 
impacting lean.

Thirdly, the research has focused on identifying 
factors that effectively implement lean in the manu-
facturing sector of India. The study has not given the 
impact of these success factors in quantitative terms. 
Further investigation can be done to find out the im-
pact of each of these factors on lean implementation.

Future research can be done in finding the lean 
success factors for manufacturing companies outside 
India. A comparative study can be done on success 
factors of lean in various countries and bring out re-
sults focusing on common factors which may become 
a handbook to all the manufacturing companies in the 
entire world.

6. Conclusion
The lean manufacturing techniques have benefit-

ted many organizations around the world. Starting 
from Toyota and then by several organizations, the 
lean approach has helped organizations worldwide 
reduce waste; the realization of the lack of traditional 
manufacturing to give excellent production systems to 
organizations has initiated the adoption of lean meth-
ods and principles. The implementation of lean meth-
ods and practices has enabled organizations to have 
business excellence and value-adding processes. 

The present study has given Indian manufactur-
ing firms the success factors for lean implementation. 
It was found that employee engagement as a factor, 
which comprises variables like employee involve-
ment, employee training on lean, adaptability to cul-
tural change, frequent monitoring and auditing, and 
cross-functional team working, impacts the most 
on lean implementation in the context of the Indian 
manufacturing world. The next most important factor 
identified is management support, which includes top 
management and effective communication. The other 
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important factors identified through this study are hi-
erarchy, infrastructural needs, and standardization in 
the plant. The focus on improving this factor will even-
tually impact positively on lean principles implemen-
tation. However, this may increase the cost incurred 
at the initial stage, including the training costs, in-
frastructural costs, cost incurred for standardization. 
However, looking from a long-term view, the benefits 
and returns can be continuous and tremendous. The 
given model can help in focusing and streamlining the 
efforts towards the successful implementation of lean.

The study does not say that other factors and vari-
ables are not important. However, more focus can 
be given on identified factors that are comparatively 
more effective for implementing lean in manufactur-
ing organizations of India. The research encourages 
exploring and investigating information on the specif-
ic contribution of each factor in lean implementation.
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Abstract
Uniform Civil Code is one such topic that has been in debate 
since forever. Repeatedly, it has been seen that people use per-
sonal laws and their right to religion as a shield to fulfill their 
selfish purposes, in particular, to exploit the rights of women. 
“Article 44 of the Constitution requires the state to strive to se-
cure a Uniform Civil Code throughout the territory of India”. The 
sole state in India, which has a common civil code of its own, is 
Goa, which indicates that there is a hope that people can accept 
uniform code in other parts of the country as well regardless of 
their religion. The purpose of this paper is to appraise the need 
to enact a Uniform Civil Code by highlighting the discriminatory 
provisions against women prevalent in Hindu and Muslim law 
and comparing them with relevant provisions of the Portuguese 
Civil Code which govern the Goans. 
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1. Introduction
India is a religiously and culturally diverse coun-

try. With multiplicity in religion comes multiplicity 
in personal laws too. In India, all religions have their 

separate laws which run parallel to each other govern-
ing various aspects of the lives of their subjects, mainly 
marriage, divorce, maintenance, guardianship, adop-
tion, and inheritance. 

Uniform Civil Code is a major topic of debate 
amongst Indians. One aspect on which it is debated is 
the role that it might play in bringing gender equality 
and justice. India is a patriarchal society wherein the 
decision-making power is in the hands of the men of 
the family. 

The State of Goa follows the Portuguese Civil Code 
as against the various personal laws of different religions 
[1]. The code has various distinctive features such as 
compulsory registration of marriage, equal distribution 
of wealth between males and females upon the intestate’s 
death, etc. One such feature, which stands out when com-
pared to all other laws in India, is the provision of Matri-
monial Regimes. According to this concept, the spouses 
can decide amongst themselves before getting married 
how they want their properties to be managed and dis-
posed of during their marriage, concerning their assets 
at the time of marriage and the assets they subsequently 
acquire. Such agreements are called “Matrimonial Re-
gimes [2].” The two major “marital regimes” existing in 
Goa are “Communion of Assets” and “Separation of As-
sets.” At the time of registration of marriage, the spouses 
are bound to choose between these two regimes. In ad-
dition to this, they can also opt for both these regimes, 
such as “separation of assets” owned by each of them 
before getting married and “communion of assets” for 
assets acquired post marriage [3]. The regime opted for 
by the spouses must be included in a public deed which 
has to be executed before the marriage. In case of failure 
on behalf of the spouses to execute the above-mentioned 
deed, it is presumed that they are opting for the “regime 
of the communion of assets,” according to Sandhya. Var-
ious empirical studies have taken place on the need of the 
UCC by conducting an extensive analysis of the survey, 
which concluded that the Uniform Civil Code is not just 
the need of the hour in India, but it is also the opinion of 
most people in the society. Unlike bygone years, there is 
greater awareness amongst people that having different 
personal laws is why we lack national integrity, and it is 
one of the causes of atrocities against women, as stated by 
Maya & Rytim [4].

This paper aims at drawing a comparison between 
Hindu and Muslim personal laws of our country with 
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the relevant provisions of the Portuguese Civil Code, 
which is prevalent in Goa. The objective is to high-
light the loopholes existing in our laws, which are the 
root causes of gender injustice prevailing in our coun-
try, and how enacting a Uniform Civil Code can help 
us overcome this gender gap. An empirical study has 
been done in Goa and Pune, Maharashtra, to clearly 
understand the viewpoints of the people of different 
gender, religions, and age groups as to their acceptabil-
ity of UCC. It has underlined the views of the people 
of Goa regarding their perspective that how UCC has 
brought a change in their state with special reference 
for the upliftment of the status of women or in bring-
ing gender equality [5].

2. Literature Survey

2.1. Position of Women under Personal Laws 
and Portuguese Civil Code

The inherent social inequality and injustices to-
wards women have their genesis in the Manusmruti 
written when complete subservience and subjugation 

were considered the only ornaments of a woman. Re-
gressive and inhuman practices, such as Sati and Jau-
har, were also higher in practice then. Women were 
considered physically and emotionally weaker than 
men and were subjected to the four walls of the house 
under the surveillance of men, as observed by Prachi. 
Post codification of the Hindu laws in the years 1955 
and 1956 that the position of women improved signifi-
cantly. It banned unfair practices, such as bigamy and 
polygamy. However, the Act failed to give the same 
property rights to the daughter as that of the son. Af-
ter a long wait of 50 years, this right was given to the 
daughters under the 2005 Amendment Act [6].

When it comes to Muslim law, the position of 
women there is even worse; they neither have equal 
property and inheritance rights nor do they have a 
dignified status in the institution of marriage. Practic-
es like triple talaq (now banned), Nikah Halala, polyg-
amy are practiced. The table provides a comprehen-
sive understanding of the status of women in different 
personal laws and the Portuguese Civil Code as shown 
in Table 1.

Table 1
Women in different personal laws and the Portuguese civil code

AREA OF LAW POSITION OF WOMEN 
UNDER HINDU LAW

POSITION OF WOMEN UNDER 
MUSLIM LAW

POSITION OF WOMEN IN GOA

MARRIAGE AGE Section 5 of the Hindu 
Marriage Act, 1955 states that 
marriage for men is fixed at 
21 years and women at 18 
years.

Under Muslim law, no age of 
marriage is specified in terms of the 
number of years for both the bride 
and groom. A Muslim will be capable 
of solemnizing a valid marriage upon 
attainment of puberty.

Article 5 of the Civil Code gives the 
minimum age of marriage. It is 21 
years for both the bride and groom. 
However, a female can contract 
marriage between 18 to 21 years of 
age with her parents’ permission.

REGISTRATION 
OF MARRIAGE

Section 8 of the Hindu 
Marriage Act, 1955 makes 
provisions for marriage 
registration; however, it is not 
compulsory. Non- registration 
of marriage does not affect 
the validity of the marriage.

There is no provision for registration 
of marriage under Muslim law.

Article 3 of the Code provides that 
a marriage is treated as a valid one 
under the Portuguese Civil Code 
1867 only if it is solemnized before 
the respective Civil Registration 
officer by fulfilling all the conditions 
established under Civil law, which 
implies that civil registration of 
marriage is compulsory.

BIGAMY/
POLYGAMY

Bigamy and polygamy 
are strictly prohibited and 
punishable under “Section 17 
of the Hindu Marriage Act, 
1955”.

Under Muslim law, polygamy 
is permitted. Muslim men are 
permitted to have as many as four 
wives at a time. However, a Muslim 
woman is restricted from having 
multiple husbands at the same time.

Article 4 of the Code gives absolute 
impediments to marriage, and 
bigamy is one of them. It states that 
those joined by another marriage 
cannot contract a new marriage until 
the previous one is dissolved.

GROUNDS OF 
DIVORCE

The grounds for divorce are 
provided under Section 13 of 
the Hindu Marriage Act, 1955, 
and they are the same for 
both husband and wife. Few 
additional grounds are made 
available exclusively for the 
wife under the same section.

Before 1939, a Muslim wife had no 
right to divorce her husband except 
on the grounds of a false charge of 
adultery, insanity, or the husband’s 
impotence. Post the enactment of 
the Dissolution of Muslim Marriage 
Act, and a few additional grounds 
have been given to the

Article 4 of the Law of Divorce under 
the Code gives grounds for divorce. 
These grounds are the same for both 
spouses.
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3. “Uniform Civil Code”: A Solution
A civil code is a piece of legislation governing all 

civil matters and when the term uniform is added to it 
means such a law, which is the same for all [7].

3.1. Specific Provisions under Indian Consti-
tution for Empowering Women

Post-independence, one major agenda in the hands 
of “the Constituent Assembly” was improving the po-

AREA OF LAW POSITION OF WOMEN 
UNDER HINDU LAW

POSITION OF WOMEN UNDER 
MUSLIM LAW

POSITION OF WOMEN IN GOA

wife to obtain a divorce decree. 
However, when it comes to extra-
judicial divorces, there is still much 
discrimination against women.

“DIVORCE 
BY MUTUAL 
CONSENT”

“Section 13-B of the Hindu 
Marriage Act, 1955” provides 
for “divorce by mutual 
consent.”

The two types of mutual consent 
divorce amongst Muslims are Khula 
and Mubarat. However, in both these 
types, the Muslim wife has to waive 
a part of her dower or any other 
property to secure the divorce.

Article 35 of the Law of Divorce 
under the Code makes provisions for 
“divorce by mutual consent.”

MAINTENANCE “Under section 24 and 25 
of the Hindu Marriage Act, 
1955,” the husband or the 
wife can claim temporary 
or permanent maintenance 
respectively from his/her 
spouse. In addition to this, 
section 125 of CrPC also 
provides for the maintenance 
of the wife.

Muslim personal laws provide for 
the maintenance of a wife by her 
husband only during iddat.

Article 29 of the Code provides 
for permanent maintenance upon 
divorce. Either of the parties can 
claim such maintenance.

ADOPTION Allows women to adopt at par 
with men by the Amendment 
of 2012 to “Hindu Adoption 
and Maintenance Act, 1956”.

“Adoption” is prohibited under 
Muslim law. However, Muslims in 
India can adopt secular laws.

The adoption laws of the country 
govern adoption in Goa. There is no 
separate law of adoption in Goa.

INHERITANCE 
BY DAUGHTER, 
WIFE & MOTHER

Daughter: Daughter’s get an 
equal share as a son.

Widow:
Under Hindu law, the 
deceased’s widow falls under 
the category of Class 1 heirs 
and inherits in equal shares 
the intestate’s property with 
all other Class 1 heirs.

Mother:
The Hindu law makes a 
mother to Class 1 rank heir.

Daughter:
Shia: A daughter’s share is half as 
compared to the son.
Sunni: Under the Sunni law, the 
daughter of the intestate too inherits 
as a residuary along with her brother 
and gets half of what her brother 
gets.

Widow:
Shia: If the intestate dies, leaving 
behind a child or any descendant 
of a son, then the widow’s share 
will be one-eighth of the estate. If 
the intestate dies, leaving behind 
no child or descendant of a son, 
the share will be one-fourth of the 
estate. Sunni: Under Sunni law, the 
deceased’s wife is not entitled to the 
“Return.” Moreover, a childless widow 
is not even entitled to any share of 
her husband’s property.

Mother:
“Sunni: She is not ranked as a 
residuary.
Shia: Under Shia law, a mother takes 
1/3rd of the whole estate.

Daughter:
According to section 52, the 
descendants are first to legal 
succession, and both the son 
and daughter inherit in equal 
proportions.

Widow:
The wife is considered a co-owner of 
all the husband’s assets and has 50% 
ownership. Thus, only 50% of the 
total property goes for succession 
when the husband dies, and the 
remaining 50% remains with the wife 
itself.

Mother:
The ascendants are second in order 
of legal succession, and both the 
parents inherit in equal proportion.
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sition of women in India. Thus, the Preamble itself 
starts with “We the people of India, wherein ‘we’ in-
cludes both Indian men and women (Indian Consti-
tution, Preamble).“Article 15(3) empowers the state to 
make special provisions for women and children” (In-
dian Constitution Art 15[3]). “Article 39(a) requires 
State to direct its policy towards securing that the cit-
izens equally have the right to an adequate means of 
livelihood” (Indian Constitution, Art 39[a]) [8]. 

3.2. International Conventions and Treaties
On the international front, India has been a signatory 

to several treaties and conventions which intend towards 
women empowerment. India has ratified the “Universal 
Declaration of Human Rights (UDHR)” (UDHR Arti-
cles 1 & 2) [9]. “The Declaration” lays great emphasis on 
principles such as equality, freedom, and justice. “Arti-
cle 1 says that all human beings are born free and equal 
in dignity and rights, whereas Article 2 says that no one 
should be discriminated against based on sex [10]”.

3.3. Efforts by Indian Judiciary 
for Uniform Civil Code

Through its various pronouncements, the judicia-
ry has always tried to bridge the gap between personal 
laws applicable to various religions and general provi-
sions of law applicable to all. It has time and again made 
efforts to remind the legislature about its duty to give 
effect to Article 44 of the Indian Constitution by enact-
ing and implementing a Uniform Civil Code in India, 
which can be seen in the case of Bhagwan Dutt v Smt. 
Kamala Dev [(1975) 2 SCC 386, Para 20] [11], where-
in the courts gave preference to maintenance provi-
sions given under the Criminal Procedure Code over 
personal laws. Another landmark judgment of the Su-
preme Court when it comes to maintenance is the case 
of Shah Banu Begum v. Mohd. The Bharatiya Muslim 
Mahila Andolan surveyed in 2015 across 10 states in-
terviewing about 5,000 women. According to the sur-
vey, over 90% of women wanted polygamy and triple 
talaq to be banned. Five hundred twenty-five divorced 
women were interviewed, out of which 78% of the 
women were given triple talaq, and 76 of these women 
had to undergo a nikah halal to get back to their first 
husband. A 2015 survey of about 5,000 women across 
10 states by “the Bharatiya Muslim Mahila Andolan 
(BMMA)” found that over 90% wanted an end to po-
lygamy and triple talaq, as researched by Mohd. Asim. 
Shayara Banu’s case was a great opportunity to usher in 

a much-needed reform, but the court partially failed to 
do so. The court only banned triple talaq but decided 
not to deal with the other two cruel practices [12].

Not just Muslim women, but even various Hindu 
women have been victims of discriminatory personal 
laws and were given protection by the judiciary. For ex-
ample, before the judgment of Sarla Mudgal v. Union 
of India, many Hindu men were practicing bigamy by 
converting to Islam. This practice was brought to an 
end by the Supreme Court by holding that Hindu male’s 
solemnization by embracing Islam when his first mar-
riage is in existence would render the second marriage 
invalid, and the apostate husband will be liable under 
section 494 IPC. (AIR 1995 SC 153, Para 30) [13]

The Indian judiciary has not only given such pro-
gressive judgments which work towards fulfilling the 
constitutional dream of having a Uniform Civil Code 
but has also cited Goa’s example in its various judg-
ments. For example, in the case of Joaquim Maria-
no Pereira v. Maria Luiza Valentine Pereira, Justice 
Deepak Gupta and Justice Aniruddha Bose stated, 
“Goa is a shining example of an Indian state, which has 
a uniform civil code applicable to all, regardless of reli-
gion.” (Appeal from Order No. 12 of 2000, Para 20) [14]

4. Methodology (Empirical) Analysis
An empirical study was conducted on the Uniform 

Civil Code in Pune city of Maharashtra and the Goa’s 
Portuguese Civil Code in Goa. The survey method of 
research was used for data collection by stratified ran-
dom sampling. Both the samples were selected, keeping 
in mind the demography of the States’ population (Goa 
and Maharashtra) based on the 2011 Census data. A to-
tal of 120 respondents from Goa and 110 respondents 
from Pune answered the Portuguese Civil Code and 
Uniform Civil Code surveys. While selecting the re-
spondents, representations were given concerning gen-
der (male, female, others) to the region (urban, rural) 
to their age group (18-30, 31-50, 50+), to religion (Hin-
du, Catholic, Muslim, Parsi). In addition to this, a few 
prominent advocates and Marriage Registrar Officers 
were also interviewed to get an in-detail understanding 
of the provisions of the Portuguese Civil Code [15]. 

4.1. Analysis of Need of UCC
The questionnaire kick-started with few such ques-

tions, which were included only to gauge the level of 
awareness amongst people about the “Uniform Civ-
il Code” and the multiplicity of personal laws in India; 



Issue 24. November 2022 | Cardiometry | 521

The questions served to get an in-depth understanding 
of whether or not the respondents are mindful and con-
scious of the existing status of laws in India. Out of the 
chosen sample, a large percentage of people, that is 90%, 
happened to know that India does have multiple per-
sonal laws based on everyone’s religious preference [16]. 
76% were also aware of the Uniform Civil Code, which 
is a positive and encouraging sign. It means that majority 
of the people are interested in understanding the way our 
legal system functions. It also shows that the respondents 
have the necessary basic knowledge to frame an unbi-
ased opinion on UCC, which is backed by a thorough 
understanding of the matter as shown in Figure 1.

When asked whether India should adopt UCC, a 
whopping 86% of the people answered in an affirma-
tive, stating that UCC needs the hour [17]. However, 
many thought it should be enacted only after properly 
sensitizing people on its necessity so that no further 
chaos is caused as shown in Figure 2.

One major reason for people to demand UCC was 
the existing gender disparity in our laws. 78% of the 
people agreed that the current personal laws do not 
equally treat men and women, whereas 93% believed 
that if UCC is enacted in India, it will guarantee both 
inter-religious and gender equality. This data clearly 
shows that a major chunk of people is unhappy with 
the current system and wants a change for society’s de-
velopment as shown Figure 3. 

Figure 5 shows the term “uniform civil code” is so 
vague in itself that it is not possible to draft a concrete 
code without deciding its periphery, and so the re-
spondents were asked questions as to what all should 
be included in the purview of the Uniform Civil Code 
if India happens to enact one in the future. 89% of re-
spondents opined that all affairs related to marriage 
should be included in the code. 83% of people stat-
ed that the grounds of divorce should be the same for 
all religions; thus, that should be a part of the code. 
A very high percentage of people, 77%, said that in-

Figure 1: Do you know India has a different set of Personal Laws?

Figure 2: Do you know what is Uniform Civil Code?
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heritance and succession should be governed by UCC 
so that no discrimination happens between males and 
females. In addition, 93% of the sample agreed that 
UCC would bring gender equality and help people 

exercise their rights properly, which is a very encour-
aging sign, especially because India is infamous for a 
high number of females feticides and infanticides as 
shown in Figure 4.

Figure 3: Should India adopt UCC?

Figure 4: Do the current personal laws treat men and women equally?

Figure 5: Do you think Uniform Civil Code will bring Equality?
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“Gender-based analysis” of the responses to the 
survey shows that amongst the positive responses 
that were received, even though many men were in 
favor of the Uniform Civil Code, it grabbed more 
support from the women community, which is so 
because women suffer the most because of the re-
gressive nature of our laws. With an increase in lit-
eracy amongst women and western influence, wom-
en’s look at themselves and society has changed as 
shown in Figure 6, Figure 7, Figure 8 and Figure 9. 
Women are now coming out in the open and voicing 
their views, unlike before, and are demanding such 
alterations in the “legal system” that it will treat them 
on par with men. The data analysis shows varied 
responses from varied sections of society, and thus 
the major challenge before the legislature is to un-
derstand the “needs and demands of all groups” and 
then frame such a “common code” that can ensure 
equality.

4.2. Analysis of People’s view on PCC
Goa is the only state in India having a “Uniform 

Civil Code” of its own. The survey started with the 
first few very basic questions. Out of the chosen sam-
ple majority of the people, that is 88%, were aware that 
the personal law system in Goa is very different com-
pared to the rest of the country. 

Further, 94% of the people expressed their plea-
sure about the system Goa follows and stated that they 
would anytime prefer to be governed by a Uniform 
Civil Code rather than having religion-based personal 
laws. They even expressed that Goa should continue 
to follow its Portuguese Civil Code until India adopts 
a Uniform Civil Code as shown in Figure 10. 

When asked whether the Portuguese Civil Code 
is gender-neutral or not, 73% of people stated that it 
does treat women at par with men, whereas 21% ac-
cepted that they do not possess such in-depth knowl-
edge about the code as shown in Figure 11.

Figure 6: Do you think having the same marriage laws would be good?

Figure 7: Do you think there should be the same ground of divorce for all religions?
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Finally, when asked whether the rest of the coun-
try should adopt Goa’s Portuguese Civil Code, 67% of 
the people taking the survey answered affirmatively. 
However, 15% denied so, and the remaining 18% stat-
ed that the rest of the country could adopt it only after 
some necessary altercations as shown in Figure 12 and 
Figure 13.

5. Results and Discussion
Upon observation, it was noticed that the opinions 

regarding the Portuguese Civil Code were almost the 
same in all age groups. Compulsory registration of 
marriage was the most favored provision in PCC, as 
it provides proof of marriage and helps prevent legal 
complexities.

Figure 8: Do you think Inheritance laws should be the same for all people?

Figure 9: Do you think UCC would help women better exercise their rights?

88%

12%

Yes

No

Figure 10: Do you know laws followed in other parts of the 
country are different?

94%

6%

A

B

Figure 11: Which set of laws do you prefer?
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5.1. Stakeholder Interviews
In addition to the above, the researchers also in-

terviewed some prominent advocates practicing in 
Goa and two Marriage Registrar Officers better to un-
derstand the provisions of the Portuguese Civil Code. 
The general opinion of most advocates was that the 
Portuguese Civil Code, and the Goa Succession, Spe-
cial Notaries and Inventory Proceedings Act, 2012 is 
sufficiently amended and modified to suit the pres-
ent-day needs of “laws relating to marriage, divorce 
and/or succession in Goa” and so it can be very much 
applied all over India. However, given the current 
mood of the country, its implementation seems diffi-
cult. Thus, slow implementation is needed. UCC is no 
doubt necessary, but it needs to be applied properly. 
People should be made aware of its benefits. It should 
not be forced upon them. As far as gender neutrality 
of the code is concerned, all advocates unanimously 
stated that the code is gender-neutral and does not 
discriminate between men and women at all. It also 
plays a very strong role in guarantying the property 
rights of women. The Marriage Registrar Officers ex-
pressed their pleasure about the compulsory marriage 
registration system in Goa and stated that the process 
is very public-friendly and hassle-free. The marriage 
registration certificate not only provides proof of mar-
riage but also safeguards the interest of both spouses. 

However, they pointed out the need to develop an on-
line system of maintaining records, to reduce the man-
ual work. Thus, in general, all the stakeholders were 
positive about the personal law system in Goa and be-
lieved that it is a model system. 

6. Conclusion and Suggestions
The western impact we have in our modern life has 

tremendously changed our institutions of marriage 
and the rights and obligations attached to the parties 
in the marriage. It has also played a huge impact on 
the status of women in our country. However, our re-
gressive personal laws do not go hand in hand with 
these modern developments. An empirical study was 
conducted on the Uniform Civil Code in Pune city 
of Maharashtra and the Goa’s Portuguese Civil Code 
in Goa. The survey method of research was used for 
data collection by stratified random sampling. Despite 
various efforts, the result seems to be unsatisfactory. 
In addition to this, a few prominent advocates and 
Marriage Registrar Officers were also interviewed to 
get an in-detail understanding of the provisions of the 
Portuguese Civil Code. 

Thus, the “Uniform Civil Code” is the need of the 
hour. Therefore, based on the survey done and in-
terviews conducted, the following are the suggestive 
points in the Uniform Civil Code as shown in Table 2.

73%

6%

21%
Yes

No

I don’t know

Figure 12: Do you think PCC is gender Neutral?

67%
15%

18%
Yes

No

I don’t know

Figure 13: Do you think other parts of the country should also 
adopt UCC.

Table 2
Uniform civil code

MARRIAGE

• The minimum age of marriage should be the same for both males and females that is 21 years.
• Registration of marriage should be made compulsory to protect the rights of women.
• Monogamy should be made binding on both males and females. Bigamy and polygamy should 

be made a punishable offense.

DIVORCE

• Grounds for obtaining divorce must be laid down uniformly for all religions.
• There must be provision for divorce by mutual consent.
• The procedure for obtaining divorce must be laid down, and it should be simple and following 

notions of “Natural Justice.”
SUCCESSION AND 
INHERITANCE

• There should be no discrimination between males and females, husband and wife, son and 
daughter, agnates, and cognates regarding inheritance.
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Abstract
The Indian economy is categorized into two sectors, namely: 
organized and unorganized sectors. The unorganized sector 
consists of a pivotal part of the Indian economy. Ragpickers 
are that class of employees who can be considered as an or-
ganized-unorganized labor class. Ragpicking business entails 
collecting, sorting, and selling various waste materials, mainly 
plastics or metals. After doing all this work, they sell recyclable 
material to the junkyard dealers at very petty prices, making 
them economically poor. Ragpickers are a major contributor 
to the Indian economy, as they are involved in recycling. Rag-
pickers mostly work without being equipped with any protec-
tive gear and are exposed to many health hazards while doing 
their role. They suffer from occupational risks and are often 
found hospitalized paying their bills from their pockets. There 
are times when they even do not go to hospitals because of 
hospital expenses. The paper primarily focuses on analyzing 
the different health insurance schemes, which are provided 
as social security by the Maharashtra Government and tries 
to find out the possible loopholes in health insurance policies 
because of which the ragpickers are not able to utilize or avail 
the benefits of the policies for which they are eligible. For de-
veloping a better understanding of the subject, the researcher 
has conducted an empirical survey on the ragpickers of Pune. 
Based on this, the researcher has recommended some poli-
cy changes, which can prove beneficial for the welfare of the 
Ragpickers.

Keywords
Health, Insurance, Maharashtra, Ragpickers, Social security, Un-
organized Sector.
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1. Introduction
Indian economy consists of approximately 10% 

of the organized sector. In contrast, the unorganized 
sector or informal sector constitutes a pivotal part of 
the Indian economy, i.e., more than 90% of people 
are working in the unorganized sector of the country 
(NCEUS 2007). Most workers in this sector neither re-
ceive many facilities or benefits from the government 
nor have any fixed employee-employer relationship. 
The workers in this sector can be seen doing risky and 
unhygienic jobs, which leads to infections, contamina-
tions, and bad health conditions [1]. Due to these con-
ditions, they spend their daily wages in hospitals, which 
generally brings them poverty and economic vulnera-
bility. However, to overcome this problem, Social pro-
tection is provided by the government; one such social 
protection is by offering various insurances.

Ragpickers are the unorganized sector workers who 
collect rags or recyclable materials that can be sold for 
money. Ragpicking entails collecting, sorting, and selling 
various waste materials, mainly plastic and metals [2].

Ragpickers are broadly divided into three catego-
ries:
• Itinerant rag pickers, who mainly pick up recycla-

bles from streets, dump sites, and businesses, but 
not residences;

• Fixed Rag pickers, who have been formally inte-
grated into the door-to-door waste collection pro-
grammed to run by municipalities; and,

• Itinerant Buyers purchase recyclables from the 
waste pickers and resell them up the chain for an 
added value.

2. Socio-Economic Condition 
of the Rag pickers

Ragpickers are the poor class of the society, and 
their earnings depend upon the rag or the material they 
collect. Different materials have different rates per kilo-
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gram; their earnings depend on how much they collect 
daily or what material they find, or what type of waste 
they collect. According to the study conducted by Bose 
& Bhattacharya (2017), it is seen that ragpickers earn 
Rs. 175-200 per day, i.e., after working for long hours 
and walking miles; they earn Rs. 200 per day [3]. The 
Environment Minister also stated that Ragpickers of 
India collects nearly 22-28% of wastes in India, which 
is processed and recycled. Ragpicking occupation is 
mainly adopted by the population that is dislocated or 
migrated from rural to urban. There are 40 lakh rag-
pickers in India, out of which five lakhs are in Delhi 
alone. Females mainly adopt this profession, and 73% 
of women work in the waste picking sector. About 90% 
of the ragpickers are found illiterate, and their children 
are mostly engaged in the same occupation [4].

3. Health Hazards
There is a reason why rag-picking is considered the 

worst form of labor. The risks related to health, unex-
pected incidents, and accidents make rag picking an 
adverse occupation.

3.1. Ergonomic and Biological Hazards
Ragpickers start their work at dawn and work till 

dusk, while some of the ragpickers work from dusk to 
dawn; Ragpickers often get contacted with the used 
bandages, disposable diapers, toilet paper, sanitary 
napkins, disposable needles or syringes, and used con-
doms on the dumpsites or while collecting the rags [5]. 
Besides these, the wastes from small clinics, pharma-
cies, labs, and even hospital wastes, may also be mixed 
with residential trash, carrying micro-organisms re-
sponsible for causing more serious diseases. Ragpick-
ers often walk a long-distance or pull heavy carts or 
bicycles loaded with rags on them, which causes mus-
culoskeletal problems. Micro-organisms found on the 
dumpsites can cause skin diseases or other harmful 
diseases, including Gastro Tract Infections (GITs). 
The smoke on the dumpsites is mainly caused due to 
burning of tires or plastics can also cause Respiratory 
Tract Infections [6].

3.2. Safety Hazards
Ragpickers often get bitten by the dogs, pigs, or 

other insects on the dumpsites or the streets. Fur-
ther, in rainy seasons the open dumpsites or dumping 
grounds are the breeding grounds for the disease vec-
tors, such as flies, mosquitoes, and other pests, which 

can cause many seriously. Ragpickers sometimes work 
bare feet or collect rags with bare hands, which cause 
them to receive cuts on their hands or feet by broken 
glass or other sharp objects or contact other micro-
bial infectious organisms, which can cause festering 
wounds or serious harm to them [7].

3.3. Other hazards
Ragpickers are involved in sexual activities and 

sometimes work as the pimp or go to the prostitutes to 
get involved in sexual activities. Child ragpickers are 
also involved in homosexual sex and visit prostitutes. 
Further, the ragpickers are involved in consuming 
alcohol, tobacco, smoking, drugs, or gambling (The 
International Labor Organization International Pro-
gram on the Elimination of Child Labor, 2001). Most 
child ragpickers also suffer from malnourishment, 
which reduces the resistance capacity for various dis-
eases Bhaskar Majumdar (2017). 

3.4. COVID-19 Hazards
More than 2,925,337 people are infected by the 

Novel Virus pandemic and have taken more than 
55,174 deaths all over India. Coronaviruses, which are 
also identified as COVID-19, entered India in Febru-
ary, resulting in the nationwide lockdown in March, 
which periodically extended till further notice. The 
nationwide lockdown resulted in shutting industries 
and all other sectors resulting in unemployment to 
many workers. Ragpickers are one of the workers who 
are prevented from going out and work. However, the 
prevention is only limited to the self-employed rag-
pickers and not to the workers working for municipali-
ties [8]. Ragpickers who are working under the munic-
ipalities are working on the field, like other frontline 
corona warriors. Ragpickers already have unexpected 
high risks in their occupation. There is an addition of 
the coronavirus; the virus the signs and symptoms of 
which are very similar to the occupational hazards of 
the ragpickers, which they usually ignore. Ragpickers 
working on the field do not have any protective gear 
to protect themselves from the novel virus-like other 
frontline warriors. Ragpickers who work on the field 
have to deal with the household wastes or the med-
ical wastes or the other wastes thrown on the dump 
yards, including the medical wastes used by the coro-
na infected person or the suspected patients. Working 
in such conditions without proper protective gear can 
cause serious health issues to the ragpickers [9].
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Ragpickers are handling unmarked medical waste 
emerging from homes, where COVID-19 patients are 
quarantined. They are dealing with discarded masks, 
gloves, and tissues, which could be highly contagious, 
revealed Chaitanya Mallapur. The article also reveals 
that the guidelines were issued by the Central Pollu-
tion Control Board (CPCB) on March 18, 2020, under 
which the COVID-19 waste should be marked sepa-
rately by the Hospitals and should only be handled by 
authorized staff. However, such guidelines are only for 
the hospitals and not for the quarantine camps or the 
homecare suspected patients.

CORONAVIRUS CRISIS (n.d.) Reveals that 90% of 
the sanitation workers do not have health insurance even 
amid the coronavirus crisis, the article also reveals that 
there is no training or any safety instructions given to the 
sanitation workers. The study also reveals that 93% of the 
workers were not given any instruction for health check-
ups and 96.5% of the female workers reported no special 
arrangements made for them at work [10].

Ragpickers affiliated with the SWACH are carrying 
a silent protest against Pune Municipal Corporation 
(PMC) regarding their demand for extra money to tide 
them from current financial emergency, the life insur-
ance coverage of Rs. 2 lakh in line with the government 
provisioning for those who died of COVID-19, and the 
PPE kit for on-field ragpickers, reveals Prachee Kulkarni.

4. Importance of Ragpickers 
in the Indian economy

Ragpickers pickers play an important role in the 
recycling value chain. They are the primary provid-
ers of raw material to the industry. By doing so, the 
ragpickers reduce the cost of the municipality and the 
industries. Ragpickers handle a significant portion of 
the waste and protect the environment by doing their 
work. Ragpickers add a greater value to the plastic and 
save the municipality a significant amount of money. 
According to the report (Second National Labor Com-
mission Report, 2002), it is estimated that nearly 50 
lakh Indians earned their livelihood as waste pickers 
in the country after excluding those working in the 
recycling industry. Ragpickers clean up a significant 
proportion of the 62 million tons of waste generated 
annually in India Bose & Bhattacharya (2017) [11].

5. Social security
Social security provides social protection to a cer-

tain class of people in society irrespective of their em-

ployment sector. The state extends the protections in 
any relevant contingencies, such as health, retirement, 
death, life accident, or any other conditions beyond the 
control of the individual member of the society. The 
government makes different schemes or policies to of-
fer social security to its beneficiaries in terms of social 
security. Each scheme or policy has different benefi-
ciaries, which are carried and funded by the govern-
ment. Insurance is one way to offer social protection 
to the beneficiaries in monetary terms. They can be 
secured and protected against any future contingen-
cy (IRDAI, n.d.). Providing insurance will benefit the 
ragpickers in a very efficient way, as most of the rag-
pickers hail from economically backward sections and 
are not much educated [12]. It is common for them 
to ignore small-time health problems, like fever, cold, 
body pain, etc., leading to prolonged diseases. There-
fore, providing social security to ragpickers in terms of 
insurance can be a very efficient way to help ragpick-
ers, and spreading awareness of such services should 
be the major concern of the government.

6. Health insurance schemes
Recognizing the health hazards of the ragpickers 

and the importance of ragpickers, the government has 
offered social security schemes in health insurance to 
the ragpickers; the following are the major health in-
surance schemes currently active in the state of Maha-
rashtra [13].

6.1. Pradhan Mantri Jan Arogya Yojana 
(PMJAY)

PMJAY (n.d.) suggests that the Hon’ble Prime 
Minister of India, Shri Narendra Modi, launched the 
policy in 2018. The policy is also known as the largest 
health assurance scheme in the world. It aims to pro-
vide coverage of Rs. 5 lakhs per year; the policy covers 
secondary and tertiary care across public and private 
empanelled hospitals in India and covers nearly Rs. 
10.74 crores, low-income families. The beneficiaries 
are included based on the deprivation and occupa-
tional criteria of socio-economic care census 2011. 
The policy was also known as the National Health 
Protection scheme earlier [14]. The policy also covers 
the families that are covered by RSBY policy as PMJAY 
subsumes the RSBY policy. The government and cost 
fully fund the policy are shared between the center and 
state, respectively. The policy provides cashless access 
to health care and covers pre- and post-hospitaliza-
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tion expenses. The policy does not restrict any person 
based on age, gender, or family and covers pre-existing 
diseases [15].

Drawback: The state should choose to implement 
the scheme or not. The SECC data also includes those 
who do not come to BPL now or those who do not need 
the free health insurance benefits. The scheme has a lot 
of terms and conditions for availing of the benefits. If a 
person can benefit from one category, he can get reject-
ed because of falling into other conditions.

6.2. Rashtriya Swasthya Bima Yojana 
(RSBY)

RSBY (n.d.) suggests that the policy was introduced 
in 2008 by the Ministry of Labor and employment for 
unorganized workers. The object was to provide health 
care services and social security to the families below 
the poverty line and marginally above the poverty line. 
The scheme can get the best medical facilities in health 
hazards due to old age, maternity, disability, and gen-
eral ailments [16]. The beneficiaries are eligible for 
hospitalization coverage of up to Rs. 30,000, for which 
they have to pay Rs. 30 as registration fee. The expens-
es and the premiums of the policy are paid directly by 
the center and the state government. The policy covers 
the entire family of up to five members in the family. It 
provides complete medical coverage without provid-
ing any restriction based on age or gender. The policy 
also covers pre-existing diseases and provides a smart 
card to each insured family [17].

Drawback: State should choose to implement the 
scheme or not. The eligible beneficiary must draw a 
card from the officials, which sometimes becomes a 
hectic procedure.

6.3. Rajiv Gandhi Jeevan Dayee Arogya 
Yojana, Now Called the Mahatma Jyotiba 
Phule Jeevan Dayee Arogya Yojana 
(MJPJAY)

Jeewandayi MJPJAY (n.d.) suggests that the policy 
has been implemented throughout the state of Ma-
harashtra in a phased manner for four years. The in-
surance coverage and premium are borne only by the 
Government of Maharashtra. The object of the policy 
is to improve the access of BPL and APL families to 
quality medical care for identified specialty services 
requiring hospitalization for surgeries and therapies or 
consultations through an identified Network of health 
care providers. The scheme is available for all the eligi-

ble beneficiaries of Maharashtra State, i.e., it applies to 
all the 36 districts in Maharashtra [18]. The scheme is 
available for all eligible families holding Yellow Ration 
Card, Antyodaya Anna Yojana Card (AAY), Annapur-
na Card and Orange Ration Card, and Farmers. The 
policy covers all pre-existing diseases and provides 
coverage of up to Rs. 1, 50,000 per family per year in 
any empanelled public or private hospital [19].

Drawback: Only tertiary care is being covered; of-
ten patient incurs out-of-pocket expenses.

6.4. Trust Hospitals
Charity Trust Hospitals (n.d.) suggests that the pol-

icy came into effect on September 1, 2006. The policy 
is only for Maharashtra State. The hospitals registered 
under the Bombay Public Trust Act, 1950, must re-
serve 10% of their beds for the BPL and EWS patients. 
The hospitals must have Indigent Patient Fund, con-
stituting 2% of the annual hospital turnover. This fund 
must be utilized to provide free treatment to BPL and 
EWS patients [20]. Patients are entitled to have a free 
bed, RMO services, nursing care, food, linen, water, 
electricity, housekeeping, and routine diagnostics. The 
economic status of the patients should be scrutinized 
by the medical or social worker using any one of the 
documents - i) certificate of income from the Tahasil-
dar ii) ration card/BPL card [21].

Drawbacks: Hospitals sometimes do not display 
the number of free beds, and often fake the data or 
often refuse the treatment by giving some reasons or 
shifts patients to other hospitals, where bed may be 
available.

6.5. Jan Arogya Policy
IRDAI (n.d.) suggests that Kagad Kach Patra Kash-

takari Panchayat (KKPKP) is the holder of this poli-
cy; the policy is provided by the New India Assurance 
Company (NIA) since January 2003. Pune Municipal 
Corporation bears the premium expenses of this poli-
cy. The policy is offered to the economically backward 
society, and the insurer is eligible to receive an amount 
of Rs. 5,000 [22].

The policy covers the family members and the in-
dividuals. It covers only the person who is above 18 
years of age and below 70 years of age. Treatment can 
be admissible in registered private and public hospitals 
and covers only hospitalization expenses.

Drawbacks: Medical checkup benefits are not in-
cluded in the scheme. Outpatient procedures are not 
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covered. Pregnancy and childbirth expenses are not 
covered under the scheme.

6.6. Shahari Gareeb Vaidyakeeya Sahayya 
Yojana (Urban Poor Health Scheme)

Urban Poor Health Scheme (n.d.) suggests that 
citizens living in the jurisdiction of Pune Municipal 
Corporation can avail the benefits from this scheme, 
especially waste-pickers (special inclusion), through a 
General Body Resolution in February 2015. It covers 
the ragpicker’s immediate family members [23]. The 
Solid Waste Management Department of Pune Mu-
nicipal Corporation pays Rs. 200/-, which is the total 
amount of membership registration fees for the Mem-
bers of KKPKP. The scheme covers the hospital expen-
diture up to Rs. 1 lakhs, where the bill is to be shared 
in a 9:1 ratio, i.e., 90 % of the bill is shared by the PMC 
and 10% is to be paid by the patient [24].

Drawbacks: The schemes are only limited to the 
empanelled hospitals, mostly public hospitals, where 
a yellow ration card will get free treatment. The appli-
cant’s name should be on the ration card.

7. Data Analysis

7.1. Objective of Study
To analyze the need for health insurance and an-

alyze the problems relating to accessing health insur-
ance schemes.

7.2. Specific Objective
• To examine the issues of the need for health insur-

ance to the rag pickers.
• To inquire the problem relating to access to the 

health insurance schemes provided by the govern-
ment.

7.3. Research Question
• What are the possible needs of health insurance 

schemes for the ragpickers?
• What are the problems relating to accessing the 

health insurance schemes provided by the govern-
ment?

• What are the possible loopholes in the government 
health insurance schemes?

8. Empirical Study
A field study has been conducted in Pune city, mainly 

Prabhat Road, Yerwada, Lohgaon, and Vadgaon localities. 

Pune is one of the cleanest cities in India is supposed to 
serve as exemplars to other municipal corporations [25]. 
Here, the attempt was made to assess and analyze the 
community’s difficulties and predicaments engaged in 
the rag-picking occupation. The present study involves a 
descriptive study conducted by face-to-face interviews, a 
total of 10 ragpickers who are above 18 years of age [26].

9. Results and Discussion

9.1. Age Group
Figure 1 indicates the rag-picking occupation is ma-

jorly done by the people above 50 years of age and 30% 
by the people above 30 years of age. The remaining 30% 
from 18 to 30 years of age group makes rag picking a 
mixed occupation, which any age group can do [27]. 
We conclude that more than 70% of the ragpickers are 
more than 30 years of age from the above data. 

18-30
30%

30-50
30%

above 50
40%

18-30 30-50 above 50

Figure 1: Shows the age group.

9.2. What is your Education?
Figure 2 shows the only three rag pickers out of 10 

have studied more than 8th standard. The other three 
have studied up to 8th standard; out of the remaining 
four, two studied till 4th standard, and two are uned-
ucated. The data clearly shows that ragpickers have a 
basic educational qualification, which can help them 
in their daily life [28]. Basic education can be a source 
of life in today’s era because basic education can help 
them understand social security schemes or other 
government policies proposed for them.

As discussed in the report of Chikarmane, surveys 
suggest that 90% of the ragpickers are illiterate, or the 
survey by G. Siva Praveena et al. suggests that 62% of 
the ragpicker do not have any basic education. The 
research does not agree with those researchers per se 
because, according to the survey conducted by the re-
searcher, most of the ragpickers have basic or primary 
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education, which can help them understand or help 
them read and write in their daily life which does not 
make them illiterate [29]. 

9.3. What are your wages?
Figure 3 shows 50% of rag pickers earned up to Rs. 

300/- per day, while the other 20% earned up to Rs. 500/-
, and the remaining 30% earned above Rs. 500/- in the 
rag-picking occupation. The above data shows the eco-
nomic condition of the ragpickers by their daily wages.

100-300
50%

300-500
20%

Above 500
30%

100-300 300-500 Above 500

Figure 3: Wages

Ragpickers are the poor workers in the unorganized 
sector. The data shows that 50% of the ragpickers hard-
ly earn up to Rs. 300 a day, which hardly adds up to Rs. 
9,000 per month, which is the amount with which they 
must fulfill their daily needs. However, considering the 
working hours and the physical work in which the rag-
pickers are engaged, the wages they get are very low, 
making ragpickers a poor class of society [30].

9.4. For which organization are you working?
The Figure 4 shows 50% of the rag pickers were 

self-employed, 30% worked for the SWaCH organiza-

tion, and the remaining 20% ragpickers were involved 
in rag picking business part-time workers. The analy-
sis reveals that the ragpickers choose to work separate-
ly rather than to work under any association.

SwaCH
30%

Self-Employed
50%

Part time
20%

SwaCH Self-Employed Part time

Figure 4: Organization

The ragpickers working for any organization have 
to work as the organized sector employees. They are 
eligible to get a monthly salary and bonuses as the or-
ganized sector workers. However, the self-employed 
ragpickers do not have any such benefits as organized 
ragpickers and are unaware of their eligibility benefits. 
The ragpickers who are self-employed are dependent 
on the amount and quality of the rag they collect. In 
contrast, the ragpickers who work for any associa-
tion get paid monthly. This survey has also found out 
that self-employed ragpickers work for the junkyard 
dealers, who help them if in need. A study made by 
WIEGO Policy Brief, 2012, reveals that most ragpick-
ers are self-employed, and some other workers are also 
involved in a part-time rag picking business. The sur-
vey also reveals that KKPKP plans to provide Identity 
Cards to each rag picker in Pune. The researcher com-
pletely validates the survey done by the WIEGO and 
agrees to it [31].

9.5. Are you aware of any of these health 
insurance schemes provided 
by the government?

Figure 5 shows 60% of the rag pickers responded 
to this question negatively, as they are not aware of 
the health insurance schemes provided by the govern-
ment. In comparison, 40% of them knew about the 
health insurance schemes. The data shows that rag-
pickers are not aware of the health insurance schemes.

The above data see that the majority of the rag-
pickers are not aware of the social security schemes. 

Nothing
20%

1st -4th
20%

4th-8th
30%

8th-10th
30%

Nothing 1st -4th 4th-8th 8th-10th

Figure 2: Education
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The survey also helped the researcher understand that 
the ragpickers working under any organization know 
the health insurance schemes. However, the ragpick-
ers who are self-employed are unaware of such social 
security schemes. Many surveys have found out that 
the ragpickers are often found treating their wounds 
by applying the limestone (CHUNA) or tying their 
wounds with a dirty cloth, resulting in a serious in-
fection. Sometimes, this is only because people try to 
avoid visiting hospitals.

The researcher validates the research done by Balu 
Natha Mote et al. Their survey reveals that 75% of 
the ragpickers do not go to any public health check-
up camps and are unaware of the health hazards. Re-
searchers have framed the direct question to under-
stand the level of awareness about the health insurance 
policies, which is limited to only 40%. The remaining 
60% of the ragpickers are unaware of the health insur-
ance policies [32]. 

9.6. Do you know the following health 
insurance schemes, which are provided 
to the Ragpickers?

Figure 6 shows the 60% of rag pickers responded 
negatively to this question. They were unaware of any 
of the health insurance schemes, which were suggest-
ed to them. The remaining 40% of the ragpickers were 
aware of two schemes. The two schemes which they 
were aware of where the schemes to which their associ-
ations were associated, the trust hospitals were known 
by the young ragpickers, who were a bit more educat-
ed than others. The analysis shows that ragpickers are 
unaware of the policies. The social security schemes 
are failing in their motives to cover the eligible sector. 
The health insurance schemes are not properly adver-
tised. They do not reach the eligible sector, resulting in 

the ragpickers going to the general practitioners and 
spending money from their pockets and making their 
socio-economic condition worse.

0% 0%

20%

20%

0%

60%

0%

PMJAY RSBY
Jan Arogya BIMA Trust Hospital
Urban Poor Health Scheme Unaware
MJPJAY

Figure 6: Health insurance

9.7. Are you a beneficiary 
of any of this scheme?

Figure 7 shows the rag pickers utilize only trust 
hospitals and the Jan Arogya schemes. Many other 
schemes are left unutilized and remain unaware of the 
ragpickers. 20% of the ragpickers visit the trust hospi-
tals when necessary. The remaining 20% used the Jan 
Arogya Bima Policy to which KKPKP is associated. 
The researcher also reveals that ragpickers preferred 
visiting trust hospitals rather than public hospitals due 
to the service they provide.

0% 0%

20%

20%

0%

60%

0%

PMJAY RSBY
Jan Arogya BIMA Trust Hospital
Urban Poor Health Scheme Unaware

Figure 7: Beneficiary

Yes
40%

No
60%

Yes No

Figure 5: Awareness
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It was also revealed by the Ujjwal Samarth (2014) 
that trust hospitals always find an excuse and ploys 
to shirk their responsibility towards the patients, 
who cannot afford the full costs of healthcare. KKP-
KP karyakartas/members have faced these and other 
typical situations, including the unavailability of beds 
or IPF, exhaustion or the documentation problems, 
or getting tests done from outside, which costs rag-
pickers a lot. Compared to this, the researcher has 
also found similar cases during the survey, where 
ragpickers mostly complained about the documenta-
tion problems for availing the benefits or the excuses, 
which the hospital staff gives for not providing them 
the benefits. The researcher completely agrees with 
the research and confirms the loopholes in the social 
security schemes and the reasons for not utilizing the 
health insurance scheme [33].

9.8. What problems do you face when you 
visit the hospitals?

The researcher’s motive to keep this question 
open-ended was to understand the ragpickers’ prob-
lems to help the researcher develop suggestions for 
them and learn the drawbacks of the social security 
scheme at the ground level.

All ragpickers complained that public hospitals 
have very long procedures and fixed timing for ev-
erything. The long procedure included that when 
they first visit the hospital, they must pay the hospi-
tal fees and takes a prescription slip before visiting 
any doctor. After that, they can go to the respective 
rooms, where the specialty doctor is available. In com-
plying with both procedures, they must stand in long 
queues before the diagnosis. If some tests have to be 
done, then the doctor prescribed some tests for which 
initially they have to pay the prescribed test fees, for 
which they again have to stand in queues and then 
must go to the prescribed test labs. They have to wait 
for the reports and take that to the specialty doctor, 
who will prescribe medicines. Sometimes during this 
procedure, OPD time gets over, and they have to come 
the next day for the remaining procedures. This long 
procedure often cost the ragpickers their work hours 
and must take work off. 60% of the ragpickers revealed 
that they have to pay for the tests, and 80% of the rag-
pickers also revealed that if they are eligible for any 
social security benefits, they have to show the qualify-
ing document for the required scheme. However, such 
required documents are not readily available with the 

ragpickers, so even if they are eligible for the social se-
curity benefits, they cannot benefit from the scheme. 
40% of the ragpickers also revealed that they face dis-
crimination from the hospital staff during diagnosis, 
examination, or the general public.

The data reveals that the hospitals’ main problems 
are poor services, long queues, unnecessary proce-
dures, and documentation to avail the social security 
benefits and discrimination faced by the hospital staff.

9.9. What are the health hazards in your dai-
ly activities?

Every ragpicker revealed that they often cut them-
selves by the glass or steel or any other sharp objects. 
40% of the ragpickers revealed the problems of inhal-
ing the harmful gases, which cause them breathing 
problems. Dogs or any other stray animals bite 80% of 
the ragpickers. Common cold or cough is a very com-
mon problem. Every ragpicker suffers from a muscu-
loskeletal problem. They must take long walks or must 
carry or push the long carts, which causes many prob-
lems. 60% of the ragpickers revealed the problems of 
skin diseases or gastro tract infections. 40% of them 
revealed the problems of respiratory tract infections or 
eye problems. Every ragpicker has a habit of substance 
abuse, and 80% of the ragpickers revealed the prob-
lems of water-borne diseases, including kidney stones 
or typhoid. 50% of the ragpickers also revealed that 
sorting sheds are not well equipped with sanitation fa-
cilities, clean drinking water, first aid kits, or sanitary 
pads. These are the daily health hazards that ragpick-
ers face.

Ragpickers are more engaged in unhygienic occu-
pations and are always exposed to such diseases, but 
this is because they do not have any protective gear to 
protect themselves from such diseases. They are not 
given any training to protect themselves from such 
hazards. In this regard, Balu Natha Mote et al. clearly 
show the diseases to which ragpickers are more prone 
and the percentage of ragpickers who are affected by 
such diseases [34].

9.10. What are the approximate expenses on 
hospital bills?

Figure 8 shows 80% of the rag pickers spend Rs. 
1,000–5,000 at the hospital and 20% of them spend up 
to Rs. 1,000 at the hospital. The data reveals that the 
ragpickers, who merely earn their bread, spend much 
money on the hospital bills [35].
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Figure 8: Expenses

Maximum ragpickers hardly earn up to Rs. 9,000 a 
month, out of which they must feed their family, they 
have to pay their living expenses and save for any oth-
er contingencies. Suppose from this amount; they have 
to spend such a huge amount on the hospital bills. In 
that case, it is way too hard for them, so they avoid 
hospitalization or choose any other home remedies, 
which later results in serious consequences.

10. Conclusion and Recommendations
Ragpickers are not aware of the social security, 

which is provided to them. The major loophole in so-
cial security schemes is the lack of awareness of that 
scheme. The schemes are failing because they are not 
readily available to the eligible beneficiaries. Ragpick-
ers being a vulnerable community cannot afford to 
pay for the insurance schemes or hospital bills. Pro-
viding free insurance will help them. When they go to 
the hospitals, the discrimination they face is known 
to us by the survey, and many other reports have also 
drawn these things. The long queues and the time re-
quired in the public hospital show the public hospital’s 
poor services, which mostly fails to bring such poor 
and vulnerable workers to the hospitals. The failure of 
municipalities in providing clean drinking water and 
hygienic public toilet also shows the failure of local 
governments to protect not only the ragpickers but the 
general public too.

Many laws prevent other unorganized sector work-
ers from exploitation and provide many work benefits 
to them. However, there is no separate law or welfare 
recognition for the ragpickers. 2016 SWM rule rec-
ognizes the ragpickers and has some provisions in it, 
which talk about the ragpickers and their benefits. 
Ragpickers being the vulnerable workers must work 

in unhygienic conditions and face occupational health 
hazards, shortage of infrastructure, sorting sheds, or 
social security. 2016 Solid Waste Management Rules 
have framed some rules, followed by the respective lo-
cal government bodies. The rules indicate that there 
should be a formal integration of the ragpicker bodies. 
The material recovery centers should be provided to 
them, and protective gear should be provided to them 
or any other form of support that would -empower 
ragpickers.

Recommendations
The researcher recommends that these recommen-

dations be considered in the existing guidelines for the 
welfare of the ragpickers.
• The survey conducted by the researcher clear-

ly shows that 50% of the ragpickers choose to be 
self-employed rather than working for any organi-
zation. Therefore, these self-employed ragpickers 
do not have any identification cards to show their 
occupation and have no other document to avail of 
the social security benefits. It is imperative to con-
sider the importance of identifying the ragpickers 
to expect social security schemes by the eligible 
beneficiaries. Hence, the state government ought 
to appoint local officials to take all necessary steps 
to identify all the individuals working in this sector. 
Hence, the researcher recommends that appoint-
ing any local officials to identify such ragpickers 
can be an efficient step to cover and identify all the 
individuals in the rag-picking business.

• The researcher did the survey clearly shows that 
60% of the ragpickers are not aware of the health 
insurance schemes provided to them, and 40% 
of those who know are facing many problems 
with availing the benefits from those schemes. A 
major barrier in utilizing the scheme or availing 
the scheme’s benefits by the ragpickers is lack of 
awareness. The survey also reveals that a major 
problem for utilizing the benefits was the prob-
lem with the documentation. The income certifi-
cates, the caste certificates, or the domicile certifi-
cates are not readily available with the ragpickers. 
Therefore, ragpickers cannot utilize the benefits, 
so the researcher recommends that a government 
process must identify the ragpickers and Identity 
cards must be provided to them, which can help 
the ragpickers in availing the social security bene-
fits. Hence, the researcher recommends that social 
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security benefits could be provided on producing 
such identity cards. Further, the researcher also 
recommends that more focus must be given on 
spreading the awareness of the scheme and on the 
process of availing it.

• Further, the survey also reveals that ragpickers do 
not have any advanced protective gear hence ex-
posed to many health hazards. The government 
must ensure that protective gear, first-aid kits, or 
other advanced gears are distributed regularly to 
the ragpickers.

• The survey also reveals that sorting sheds are not 
equipped with sanitary pads, clean drinking wa-
ter, or toilet facilities, so it is also recommended 
that the local government must ensure that sort-
ing sheds would be well equipped with sanitary 
pads, clean drinking water, and adequate toilet 
facilities.

• The survey conducted by the researcher reveals 
that ragpickers often face discrimination by the 
hospital staff or the general public. The research-
er strongly recommends that the government take 
strict action against such officials or the general 
public for the welfare of ragpickers.

• The survey also reveals that 60% of the ragpickers 
are unaware of the health insurance schemes, or 
the other social security schemes, so the research-
er recommends that government must ensure that 
the local government must carry out the awareness 
programs, skill training, and capacity building pro-
grams, health checkup camps, counseling sessions.

• Further, the researcher also recommends that the 
state government create a body under the Depart-
ment of Labor to ensure the welfare benefits to the 
ragpickers.

• Further, the rights and requirements of the rag-
pickers can be addressed as a legal obligation in-
stead of an optional mechanism.

• Further, the private organizations and associations 
must spread awareness about the social security 
schemes to the eligible beneficiaries. The terms 
must also be included in the contracts between 
municipal bodies and associations for providing 
the social security benefits to the eligible beneficia-
ries.

• The government must take all these factors into 
account and must take steps to protect one of the 
most vulnerable and important communities as a 
matter of urgency.
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Abstract
Original Article 370 of the Indian Constitution is temporary, 
transitional. Special Provision of the State of J&K, This provi-
sion grants J&K an autonomous status. In contrast, Article 35A 
is incorporated into the constitution in 1954, grants special 
rights and privileges to state citizens. Since its inception, Ar-
ticle 370 has been considered a controversial provision in the 
constitution. It has been politicized in one or another way. The 
abrogation of Article 370 cannot be viewed in isolation, as it 
has proximity with historical, political, and constitutional dimen-
sions. The abrogation of Article 370 is a key issue so far as the 
autonomy of the people of J&K is a concern. The mode and 
manner in which Article 370 has been abrogated and the pro-
cedure adopted for making Article 370 virtually ineffective is 
of great concern from the constitutional law point of view. The 
alarming terrorism in Kashmiris is a persistent threat to the unity 
and integrity of the nation and Indian democracy. Undoubtedly 
human rights violation of Kashmiri people through militant has 
always been an issue of great concern for Indian patriotism. 
In furtherance to the unity and integrity of the nation and to 
resolve the issue of Jammu and Kashmir with intent to have 
uniform opportunities of development, all the states, including 
Jammu and Kashmir, the Article 370 has been abrogated. Even 
though this decision was a courageous attempt on the govern-
ment’s part, it is not free from wide controversies. This paper 
examines the constitutional and political dimensions of the ab-
rogation of Article 370 and its impact on the people of Jammu 
and Kashmir. The research paper examines the political, social, 
and legal intricacies, including the logical insight into how ab-
rogation was politically judicious; however, the constitutionality 
is debatable. Paper squarely covers the historical, political, and 
constitutional dimensions of the abrogation of Article 370 and 
examines it from a constitutional point of view. The researchers 
have pertinently tried to analyze and evaluate the abrogation 

of Article 370 as a political necessity on the touchstone of con-
stitutional principle and have correlated it with human rights.

Keywords
Jammu and Kashmir, Political, Constitutional, Article 370, Hu-
man rights
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1. Introduction
Article 370 is mentioned in part XXI of the con-

stitution, which deals with “Temporary, Transitional 
and Special Provisions.” Originally, this special sta-
tus was introduced in Article 306A. Later, this was 
renumbered to Article 370, but such provision was 
temporary. It was temporary because the Constituent 
Assembly was given a choice or right to modify, de-
lete or retain the Article, and they chose to retain it. 
Because of this special status, Kashmir maintained a 
constitution of its own. It could have a flag of its own. 
The powers of the Indian central government would 
only apply to external affairs, defense, and commu-
nication. Besides Article 370, there was another Arti-
cle-35A that defined permanent residents of Kashmir 
[1]. It had provisions related to residence, education, 
job, RTI, etc. The provision provides autonomous sta-
tus in respect of many matters. On 5 August 2019, the 
government revoked the State’s special status. Howev-
er, this has been achieved by utilizing Article 370 it-
self and not repealing it. Clause 3 of Article 370, the 
president has got the power to decide the fate provided 
the State’s constituent assembly accepts it. “The con-
stituent assembly of the State” was dissolved in 1957, 
which means there was no constituent assembly pres-
ent at the time. So, on 5 August 2019, a presidential 
order was released as general information. The pres-
ident notified that the word constituent assembly 
means “legislative assembly of the state,” which was 
an innovative way to bypass the settled procedure. So 
now, Kashmir will no longer have a separate constitu-
tion but the same constitution of India.
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2. Literature Review
Various Articles, Journals, and Books have been 

refereed and utilized during the progress of this re-
search paper. In reality, much research is available 
regarding the Abrogation of Article 370, as many au-
thors have broadly commented on the various aspects 
of Article 370. We have gone through a few of the arti-
cles, which have great relevance in the findings of our 
research work. Some of the studies conducted have 
used empirical, secondary, and surveys of facts [2].

The wonderful and well-thought study by Omair 
Farooq Khan on his research “Scrapping of the Article 
370 and the manifestation of Hindu state “has beauti-
fully highlighted the move of the new government as 
a step towards the manifestation of the Indians, which 
belongs to one Group and some lost their rights, 
which the Constitution of India insured. Another vital 
source that we used was the Human Rights Watch - 
“Human Rights Crisis in Kashmir,” which interesting-
ly discusses the conflict between the Indian security 
forces and the Muslim community in J&K since 1980 
and the threats against the Hindu minority. Another 
important work that came to our attention was Maj. 
Gen. Sheru Thapliyal’s Article “The Untold Story” has 
helped us in identifying the history and evolution of 
Article 370 and its impact on India and the people 
of J & K. The practical aspect by Ayjaz Wani in his 
paper “Life in Kashmir after Article 370,” which was 
conducted by using primary data by critical analysis 
of the current situation of the J&K and gave us a clear 
focus on the grass-root level problems of Kashmiris af-
ter the abrogation of Article 370. Finally, the paper by 
Amitabh Hoskote and Vishakha A. Hoskote, “Seeking 
legality for the Illegitimate,” has broadened our views 
on J&K and the Politics of Article 370. Article 370 was 
initially introduced to make people of J&K secure and 
to provide them the protection of their identity and 
culture. However, because the power was only in the 
hands of few influential people, the objective could not 
be achieved. The special provisions worsened the sit-
uation, and separatist tendencies evolved in the State.

In addition to the above, we have also referred to 
various Newspaper Articles for this current research, 
such as The Hindu, Economic Times, BBC News, 
First Post, and Business Standard. Different people 
have widely explained the Article’s content 370 and its 
abrogation with different perceptions. In our current 
research, we have additionally touched on the legal, 
constitutional & political aspects and their effect on 

the overall issue at the international level, which has 
been untouched by other authors so far [3].The au-
thors of this paper have focused on critical analysis of 
the constitutional and legal aspects and their effects 
on J&K and some international perspectives. Abroga-
tion of Article 370: Historical, Political, and Constitu-
tional Developments shows in Figure 1. Abrogation of 
Article 370: Constitutional Perspective can be seen in 
Figure 2.

3. History
On 14 August 1947, Pakistan, and on 15 August 

1947, India got independence. The princely states 
had the option to join India or Pakistan or declare 
themselves as an independent state. Integrating 
princely State in India was a herculean task. This 
integration was carried on by Sardar Vallabhai Pa-
tel, V.P. Menon, Jawaharlal Nehru, and Lord Mount-
batten [4]. Out of 565 states, 552 joined India, and 
13 states joined Pakistan. Out of those 552 princely 
states, India had signed the instrument of accession 
(IoA) with 549 states, and they became part of India. 
Three states which did not integrate with India were 
Junagarh, Hyderabad, and J&K. However, later on, 
Junagarh and Hyderabad joined India, but J&K con-
tinued as a separate state. 

In J&K, the majority population was Muslim, but 
the Maharaja was Hindu. The Maharaja signed a 
standstill agreement with India and Pakistan. Mean-
ing he neither wanted to become a part of India nor 
Pakistan. He tried to keep J&K as an independent 
state. However, in Oct 1947, Pakistan slowly started 
sending its army towards Kashmir and began occupy-
ing it. Maharaja began to worry about this situation 
and asked assistance from the Indian Government for 
India’s support [5]. On 26 October 1947, to get India’s 
help in this matter, J&K and India signed an I0A sur-
rendering the three jurisdictions to the Government 
of India, which are – (1) external affairs, (2) defense, 
and (3) communications of the J&K. Hari Singh ex-
plicitly mentioned under Clause 5 of IoA (Instrument 
of Accession of J&K State, Clause 5, 1947) that the laid 
terms of IoA should not be varied by any means of 
amendment, neither by Indian Independence Act of 
1947 nor by the Government of India Act 1935, un-
less Singh himself approves the said changes. He also 
mentioned in Clause 7 of IoA that no terms in this in-
strument could make him approve of any future con-
stitution of India or to change his discretion to step 
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Figure 1: Abrogation of Article 370: historical, political and constitutional developments



Issue 24. November 2022 | Cardiometry | 541

into arrangements with the Indian government under 
any such future constitution. 

Following the outbreak of the Indo-Pakistan War of 
1947, on 1 January 1948, India sought a resolution to 
the Kashmir issue. The United Nations (UN) advised 
the government of Pakistan to secure the withdrawal 
from the State of J&K. It also asked the government 
of India to reduce its forces to a minimum (Security 
Council Resolution, 1951). In 1949, Karachi’s agree-
ment was signed, establishing the cease-fire line called 
Line of Control (LOC) [6].

3.1. 1949 – Incorporation of Article 370
An invitation was sent to officials of different states 

to provide their views for making the constitution of 
India. Every State except for J&K agreed to uniform 
law in the center and State. Regarding J&K, the as-
sembly officials explicitly mentioned that whatever 

provisions of the constitution are being applied to the 
State must be in correspondence with the original in-
strument of accession. Sheikh Abdullah wanted iron-
clad autonomy for J&K, but Dr. Ambedkar was strictly 
against it, but N. Gopal Swami Ayyangar insisted on 
inserting Article 306A in the constitution, which later 
became Article 370 [7].

3.2. Delhi Agreement Took Place in 1952 
to Discuss Center-State Relationships
1. The Provisions Implementing through Delhi 

Agreement Were:
2. In external aggression, a national emergency can 

be declared by Govt. of India. However, for internal 
aggression, the power is vested with state legisla-
tures. 

3. Fundamental rights were extended to the State.
4. Supreme Court jurisdiction was expanded to J&K.

Abrogation of Article 370

Article 370 incorporated as Temporary & Transitional Provision

1957 – The Constituent Assembly dissolved 

5 August 2019 – Release of Presidential Order (Constituent Assembly read as Legislative Assembly) The 
Presidential Order inserts a new sub-clause (4)(d) in Article 367   read the word “legislative Assembly” 

instead of “Constituent Assembly” in Article 370(3). Here, in Article 370 Clause 3, the president may declare 
that certain Article of provisions of the constitution will cease to operate, whether it applies to the Special 

Provision too?

2019 - Introduction of the Reorganization Bill in the Parliament by Home Minister, Mr. Amit Shah

Bill passed in the Parliament

President by public notification may declare the Article non-existent provided the Constituent Assembly 
accepts it

As the legislative assembly has dissolved, the Governor is deemed representative of the legislative assembly.

367(4), which is basically "interpretative provision" normally used for interpreting any other provision of the 
constitution. In this case, the same interpretative provision has been used for making Article 370 ineffective.

In 2018 – Legislative Assembly dissolved 

Figure 2: A brogation of Article 370: constitutional perspective
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5. The power to commute a death sentence will be 
with the President of India.

6. Head of State would be a person recommended by 
the State Legislature and approved by India’s Presi-
dent, and would be named Sadar-i-Riyasat;

4. Article 35A
Article 35A provides the rights and privileges of 

residents of J&K, and it also defines the permanent 
residents of the State. It deals with matters of educa-
tion, property, job, etc. The privileges mentioned in 
Article 35A were only for permanent residents of the 
State. The Constitution of J&K explained the Perma-
nent Resident as a person who was a state subject on 
14 May 1954 or a person who has been residing in the 
State for 10 years and who has legally acquired im-
movable property within the State. Bypassing the pres-
idential order on 5 August 2019, the special privileges 
are taken away. All the laws which apply to the rest of 
the Indian states will apply to J&K also. For example, 
In J&K, instead of the Indian Penal Code (IPC), the 
Ranbir Penal code was applicable. However, now after 
the abrogation, in J&K also IPC will be applicable [8].

5. Special Provision for the State of J&K 
Like Article 370, other states also have Special pro-

visions under Article 371 from (A) to (J) of the Indian 
Constitution.

6. Issues of Article 370 and 35A
This Article encouraged separatist tendencies in 

the people of J&K. They also considered themselves as 
a different nation and not a part of India.

It encouraged the politicians and other influential 
leaders to do more and more corruption, hindering 
development in the State.

The economic conditions of the J&K were also af-
fected. They were in a poor state as the State became 
land of terrorism, which affected tourism, which was 
the major source of income. The other reason why the 
State’s economic conditions were really poor was that 
people from outside J&K were not allowed to invest, 
do any business, or buy property in the State.

The wife or widow of the state subject (permanent 
resident) will acquire her husband’s status until she 
resides in the State. Once she leaves the State for per-
manent residence in some other state or if a woman 
marries someone from outside the State, she would 
lose her citizenship. These provisions did not apply to 

the men in the State. Hence Article 35 A was not gen-
der-neutral. 

Another important issue was that it was a signif-
icant threat to Indian security as Pakistan promotes 
terrorist activities. If a citizen marries a Kashmiri girl, 
he was entitled to citizenship of Kashmir, which was a 
significant threat. 

The politicians and other bureaucrats could get 
away with corruption and other illegal matters be-
cause of Article 370 [8].

7. Results and Discussion 

7.1. Human Rights and Article 370
J&K’s commoner has suffered the most from all these 

years of political, cultural, and economic conditions. 
There have been human rights violations before the ab-
rogation of Article 370 and after the abrogation of 370. 

7.2. Before Abrogation of Article 370

7.2.1. The Trajectory of Kashmiri Hindus
Many Kashmiri Pandits had to leave Kashmir Val-

ley because of several factors such as land reforms of 
1950, violence by the Jammu Kashmir Liberation Front 
(JKLF), and Islamist insurgents, etc. A lot of Hindus were 
targeted by Islamist insurgents and forced them to leave 
Kashmir Valley in 1990. This day is also remembered as 
the tragic “exodus day.” Exodus means a mass departure 
of people. Hit lists of Pandits were circulated. Blackout 
took place, demanding a purge of Kashmiri Hindus. The 
majority of the Kashmiri Hindus packed their belong-
ings and left Kashmir, and moved to refugee camps. Hin-
dus lost their jobs, home, land, livelihood, etc [9].

7.2.2. Rapes by Militants
Since the government seriously began the crackdown 

against rebels in Kashmir in January 1990, the violence of 
the police became widespread. Massive human rights vi-
olations were alleged to be done by the Indian army and 
Parliamentary forces. Despite evidence that the militants 
had a widespread involvement in rape, the authorities 
have never investigated them. The ones recorded did not 
result in criminal prosecutions [10].

7.2.3. Democratic and Citizenship Rights
Article 370, along with 35A, has been much abused 

by the powerful to deny their rights to people. J&K 
had refused to enact laws that would extend the appli-
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cability of the 73rd and 74th amendments to the con-
stitution, providing for the preservation of women’s 
seats in the Panchayats, thereby preventing women in 
the State from asserting the right that has become fun-
damental to the Panchayat Raj concept throughout the 
country [10]. Another blatant violation is the denial of 
state citizenship to the thousands of Sikh and Hindu 
minorities who migrated from Pakistan in 1947 by cit-
ing Section 6 of the Constitution of the J&K, which ap-
pears to have set the concept of a permanent resident, 
which affected more than 60,000 refugees from Paki-
stan who entered in India, neither these people nor 
their children could obtain citizenship rights, voting 
rights, or seek admission in various state colleges [11].

7.3. After Abrogation of Article 370
On 5 August 2019, the Indian government revoked 

J&K’s special status. The State went down the Virtu-
al lockdown of the Kashmir Valley, cutting all contact 
lines and putting elected leaders under house arrest. 
Disruption of Internet access does not allow citizens 
to exercise their right to freedom of speech and ex-
pression, a fundamental right. Besides, “India’s Na-
tional Commission for the Protection of Child Rights” 
reported that the use of schools by security forces “vi-
olates the spirit and letter of the Right of Children to 
Free and Compulsory Education Act 2009 (RCFCE 
Act), as it deliberately interferes with access to educa-
tion and makes schools vulnerable to attack” [12].

Consensus and mandate of the people were not con-
sidered nor taken into account while abrogating the Ar-
ticle. The central government detained several political 
leaders - J&K chief ministers Farooq Abdullah, Omar Ab-
dullah, Mehbooba Mufti, Shah Faesal, and Ravinder Shar-
ma J&K Pradesh Congress Committee. Also, 2000-4000 
people, including government officials, elected members, 
lawyers, activists, entrepreneurs, and students, were de-
tained. Some of the detainees are held under J&K’s Public 
Safety Act, 1978 (PSA), allowing authorities to jail a per-
son for up to two years without charge or trial. Many peo-
ple left without basic facilities such as food, water, housing, 
electricity, etc [13], which is in total breach of social justice 
standards. Supreme Court has described this detention, 
including PSA, as a “lawless law” (Jaya Mala vs. Home Sec-
retary, Government of J&K). India is obliged to respect, 
protect, and uphold the right to health. 

This issue of human rights violation needs to be 
addressed constitutionally to mitigate the justice to the 
people of J&K [14].

8. Judiciary and its Initiative on Jammu 
and Kashmir - 

One of the leading and the earliest cases regarding 
Article 370 is Prem Nath Kaul vs. State of J&K (1959). 
The Honorable Supreme Court held that the power 
under Article 370 lies in the hands of the Constituent 
Assembly to decide the accord whether State intends 
to established with India.

It was also seen that the exercise of powers has con-
tinued on the temporary provisions of Article 370 (1) 
on the Parliament and the President. There were also 
limitations on the ultimate approval by the Constitu-
ent Assembly in the mentioned matters [15].

In J&K vs. Mubarik Shah Naqshbandi (1971), the 
Supreme Court held that the autonomy and sovereignty 
of the State should not be disturbed; the status of State 
will remain intact as it is. As per Article 35(A), the pro-
vision clarifies “the constitutional relationship between 
the people of the rest of the country with J&K and that 
the citizens of J&K will have their Sovereign character 
and constitution which cannot be challenged.

In Sampath vs. State of J&K, 1968, the apex court 
held that Article 370 should be continued to be used 
in force, as the main purpose of the inclusion of this 
Article was to empower the president to exercise his 
discretionary powers in applying the constitution [16].

9. The J&K Reorganization Act of 2019
The J&K Reorganization Act includes provisions to 

reconstitute the State of J&K. The State is now divid-
ed into two union territories, J&K, and Ladakh, which 
was the first time that an Indian state was converted to 
two Union territories. 

The Act states that the administration of J&K shall 
be as provided for in Article 239A, which was originally 
developed for the territory of the UT of Puducherry. The 
legislative assembly can make laws for any of the issues on 
the state list except for “public order” and “police” [17]. 
The Lieutenant Governor shall appoint a Council of Min-
isters to assist the Lieutenant Governor in the exercise of 
duties in matters that fall within the Legislative Assembly’s 
jurisdiction, including the Chief Minister. The Lieutenant 
Governor is entitled, among other matters, to act in his or 
her capacity. He would also be allowed to pass laws of the 
same force as the actions of law-making [18].

Key Changes:
1. J&K had a special status. It had its flag and could 

make its laws, including those related to citizen-
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ship, ownership of property, and fundamental 
rights compared to residents of other Indian states. 
After the abrogation of Article 370, J&K has be-
come a part of India. All laws applicable to India 
will now apply to J&K., and they will not have a 
separate flag.

2. Central Right to Information Act, 2005 (RTI) will 
also extend to J&K and Ladakh. Until now, J&K 
was covered by the J&K RTI Act; though it was a 
strong Act compared to the RTI act 2005, it only 
allowed the people of State to challenge the court 
of law against the public authorities (Gaurav Vivek 
Bhatnagar, 2019).

3. People of J&K had dual citizenship of J&K and In-
dia. Now, they have single citizenship.

4. Article 360, which talks about financial emergency, 
was not applicable in the State. However, now the 
president could announce a financial emergency in 
the State.

5. The duration of the Legislative Assembly was six 
years in J&K, and now it is five years.

6. If a woman of J&K marries someone from outside 
the State, she will lose her citizenship. Now the sit-
uation has changed; even if she marries somebody 
from an outside State or country, she will not lose 
her Indian citizenship. 

7. Article 35 A prohibited Indian citizens from oth-
er states from buying land or property in J&K. But 
now anybody from all over the country can pur-
chase and acquire property in the State. 

8. Earlier, an outsider could not settle in the State, but 
now the situation has changed people can move to 
J&K and settle there (Aarti Tikoo Singh, 2019)

9. Indian constitution gave J&K unique status, and it 
was India’s only State to have a separate constitu-
tion. After the abrogation, the Indian constitution 
will apply to J&K.

10. Earlier, the constitutional head was Governor. 
Now, the head of State is a Lieutenant Governor.

11. Ladakh was a part of J&K. Now, Ladakh is a sepa-
rate Union Territory without a legislature.

10. Abrogation of Article 370 and Its 
International Effect

A delegation of Member of the European Parlia-
ment (MEP) from the European Union, consisting 
of 27 MEP’s from Italy, Britain, France, Germany, 
the Czech Republic, and Poland, visited Srinagar 
on 29 October, almost three months after the re-

peal of Article 370, to see the situation there. Many 
non-profit organizations visited the State, includ-
ing “Women’s Economic and Social Think Tank” 
(WESTT). This visit also provided a better under-
standing of the cultural and religious diversity of 
the Jammu, Kashmir, and Ladakh region. There 
were also many protests in different countries such 
as Afghanistan, Pakistan, Australia, and Bangla-
desh, etc. Also, there have been other major pro-
tests in the US, Canada, Europe, etc.

Pakistan tried to isolate India with the support of 
China and other Islamic countries. Pakistan also ap-
proached the UN with the help of China, claiming 
that the people of Kashmir have not been appropri-
ately treated. However, it did not succeed in its claim. 
Many terrorist attacks also took place since the time of 
abrogation [19].

In London, England, several demonstrations and 
rallies were organized. A large number of protesters 
demonstrated to express their anger outside of the In-
dian embassy in London. In Toronto, Canada, protest-
ers came down on the streets to support the people of 
J&K. Similar protests were held in the US also.

China found India’s J&K decision “unacceptable 
and vacuous.” The Chinese Foreign Ministry endorsed 
their statement by saying that scrapping Article 370 
and creating a separate territory of the Union would 
affect China’s territorial integrity and sovereignty. 
However, India responded strongly by reminding Chi-
na that India has never interfered with China’s internal 
affairs and reminded them that India’s decision on Ar-
ticle 370 is an ‘internal’ decision.

10.1. Will it affect the Culture and Jobs of 
Kashmiris?

People of J&K are nervous about the flooding 
of people to the State. They fear that they will lose 
their job opportunities, and the culture will be dilut-
ed. Most of the population of J&K depends on state 
government jobs. There is a fear that people from 
outside the State will take their jobs, and there will 
be increased competition. There are concerns about 
culture and heritage due to outsiders coming into the 
State, which will increase the unemployment level in 
J&K. Even though the center has time and again said 
that this abrogation would not affect the culture of 
the Kashmiris. However, there is still apprehension 
that the people from outside the State will destroy 
their culture [20].
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11. Current Scenario
The reorganization bill passed was to have com-

pleted two separate union territories. Now the people 
of India include J&K as well, and they could enjoy the 
same privileges, rights, and facilities as the citizens of 
India itself. Now, any Indian citizen can settle in J&K, 
and there is no restriction on filing RTI. J&K will not 
have a separate flag anymore, and instead, the Nation-
al flag will be raised throughout India. The previous 
constitution of J&K stands abrogated. People from 
other states are now getting a domicile certificate 
in J&K. This tells us that the situation is improving, 
and we can see the changes. The normal functioning 
of schools, colleges, telephone services, internet ser-
vices, etc., is normalized. The Internet is restored ful-
ly; however, it is restricted to 2G speed only, but all is 
not hunky-dory yet. Thousands of people who were 
detained when Article 370 was abrogated are still kept 
in detention. There are allegations that the adminis-
tration’s corruption has increased after the abroga-
tion. The claim of corruption-free Kashmir has not 
been fulfilled yet. The Kashmiris often feel like they 
are treated as second-class citizens because the center 
is not paying attention to their problems. There is a 
massive deployment of the military to ensure peace 
and enhance security measures. The tourism industry 
still suffers like all the bookings made in the hotels are 
canceled. Even after encouraging people to come and 
visit Kashmir, there has been no improvement in the 
situation [21].

12. Political and Constitutional 
Complications

Article 370 was contemplated as a tool for the 
exposed commonality to ensure their culture and 
identity. At the same time, it was intended to prom-
ise independence, build space in the governance, and 
enable the public to determine their future. Howev-
er, this raises doubt about relevant questions on the 
constitutional and political grounds on the abrogation 
of Article 370, mainly whether the concurrence of the 
Legislative Assembly can be equated with Presidential 
order. Even if the constitutional assembly of J&K can-
not be rejuvenated, the vital question is what would be 
the viable, practical alternative? The only viable, prac-
tical alternative was to have a Legislative Assembly 
of the State; currently, the “Governor’s rule” is being 
operated in J&K, so the possible solution is to either 
replace the Legislative Assembly through the Gover-

nor and then the Governor’s position can be replaced 
through the Presidential order which means the ap-
proval to the Presidential order could be considered as 
concurrence of assembly.

The executive excess has marked the whole ap-
proach of getting Article 370 efficiently abrogated. 
Our constitution rims on the principle of achieving 
the people’s wishes; therefore, it is essential to under-
stand if any decision made would affect the people at 
large and if it does, then their interest can be amicably 
represented by the Legislative Assembly as they are 
their elected representatives. Therefore, the Governor 
who is politically appointed cannot be equated with 
the consensus of the people, their mandate, and will-
ingness which can be considered only through their 
elected representative mainly because the Legislative 
Assembly of J&K should take the proper decision 
in concurrence with the Parliament, as it cannot be 
equated with the Presidential order, it is considered as 
a supervisory decision where the Legislative Assembly 
does not take the said decision. It is considered super-
ficial to consider the Governor’s consent as consent or 
approval of the state Legislative Assembly. In addition 
to this, the detention of the political leaders leads to 
a procedural lacuna in decision-making. However, it 
was necessary as safety measures. This decision could 
have been taken more democratically instead of by-
passing the procedure. On the one hand, the decision 
may be justified that it was a “temporary, transitional, 
and special provision” under Part XXI. Hence, it can 
be abrogated and removed at any time based on the 
circumstances. On the other hand, the word “special” 
provision suggests it as special protection and. In con-
trast, the word temporary and transitional provision 
means that it can be removed any time based on the 
circumstances, which is a debatable point for academ-
ic discussions and judicial interpretations. Since it is 
a Special provision, Special care and measures could 
have been taken while repealing the provisions. The 
main aim was to protect the rights and privileges of 
the people of J&K.

In brief, the method to change the identity of J&K 
was a delicate issue, being sensitive Border States. 
This decision was taken without consent and man-
date of the people who usually reflect through their 
representative. Similarly, no representative contri-
bution or legislative input was taken from its people. 
In interpreting the word temporary and transition-
al compared to Special provision, the former speaks 
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about having a “time being” effect. The latter focuses 
on special protection. Looking closely, we get to know 
that abrogation was not made without any special care 
and caution. The mode of making this provision inef-
fective was not an apt model because many political 
leaders were detained during and after the abroga-
tion of this provision, which is hard for the people of 
J&K to digest. Many political leaders were put under 
home arrest by the central government, which huge-
ly raved the doubt amongst the people of J&K on the 
undemocratic process of the government, as it was not 
in line with our democratic tenets of the constitution. 
It could have been more democratic if the consensus 
of the Legislative assembly had been taken into con-
sideration, which would not have raised the doubt 
about the justifiability of this decision. The spirit of 
the democracy portrays that in the democratic facet 
of the government, the decisions are taken in a mutual 
understanding; however, this principle was somehow 
diluted and not followed in letter and spirit.

In the interpretation of Article 370 Clause 3, the 
president may declare that certain Article of provi-
sions of the constitution will cease to operate. The 
question is whether such ceasing applies to the Spe-
cial Provision too? Whether these provisions can be 
taken so casually by declaring Article 370 as inopera-
tive? However, it can be taken in cases of normal pro-
visions existing in the constitution in some scenarios, 
which is considered special provisions even if they 
were temporary and transitional. Here, the exercise of 
power by the president can be regarded as executive 
excess. It was contrary to the rational decision-making 
of the settled practice of law. In making existing Arti-
cle 370 ineffective indirect mode has been employed, 
where the provision of interpretation of Article 367(4), 
which is basically “interpretative provision,” is gener-
ally used for interpreting any other provision of the 
constitution. However, in this case, this was used for 
making Article 370 ineffective. The question is wheth-
er it can override the actual provisions in the constitu-
tion and make it inoperative? As Article 370 is a Spe-
cial provision in the constitution, therefore, whether 
this interpretative provision can supersede the existing 
Constitutional provision. Hence, this procedure was 
constitutionally correct or by spirit.

The main essence of the whole issue is the consti-
tutional and political intricacies involved in the ab-
rogation of Article 370 in the Constitution of India, 
and it is a political and international reflection of the 

same. Firstly, the complications are mainly because the 
consensus and mandate of the people were not taken 
into consideration. Secondly, the interpretation provi-
sions were used to make Article 370 ineffective and 
whether the interpretative provisions can replace the 
existing constitutional provisions, thirdly, whether the 
Presidential order is equated with the State Legislative 
Assembly. Fourthly, whether Article 370 was made in-
effective by employing unsettled practice. Given this 
abrogation and considering the law and order and sit-
uation in the State, many people were detained; they 
again raised the voice about the violation of their free-
dom of speech and expression on account of poor in-
ternet speed. The question of law involved in the issue 
is that an interpretative clause supersedes the constitu-
tional provision in such a casual way. 

13. Conclusion
Although this is a politically wise decision; how-

ever, the constitutionality of the same is questionable 
for academic debate and judicial interpretation. The 
constitution is considered the paramount law of the 
country; therefore, while repealing the constitution’s 
provisions in many of the judgments, the procedure 
adopted for it is a matter of concern from an explana-
tory point of view. Abrogation of article 370 is a tough 
political decision that shows a strong commitment to 
take such a tough decision in the overall interest and 
unity and integrity of the nation, which being a very 
sensitive issue, the center has shown political commit-
ment to dispense justice to the people and establish 
equality in all the spheres. The reason behind this is to 
settle this escalated issue of J&K. Some decisions are 
politically correct and required to be taken in further-
ance to equality, the justness of the society, and up-
holding the unity and integrity of the nation.

The decision taken has to a larger extent impacted 
on the federal characteristics, more particularly in a 
special state like J&K. It has been criticized as political 
deceit of IoA or by way of interpreting the provision 
of Article 35A and Article 370 amounts to be consti-
tutional dishonesty by making more instability in the 
State of J&K, or it could even affect the federal char-
acteristics of this country because the autonomy of the 
State has been compromised. The federal characteris-
tics have been diluted as the approval of the legisla-
tive assembly was not taken into consideration during 
the entire procedure. Preventive detention should 
not be used to jail dissenters and curb dissent. Some 
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decisions are politically correct but constitutionally 
is questionable. This politically correct decision was 
taken in the interest of integrity and sovereignty of 
the country, such as the Kashmir issue would have 
remained as deadlock for several years. Therefore, in 
such a backdrop and to settle the issue for once and all 
the political representatives means the parliamentari-
ans in the center would decide. The credibility of the 
decision was also questioned at the national and inter-
national levels. The abrogation of Article 370 cannot 
be used as a precedent for other states. It should not 
be considered as a universal perception as well from 
a constitutional perspective. The mode and manner 
in which the abrogation of Article 370 was done has 
been criticized as a conflict of constitutional interest 
and political interest and has thereby disturbed the 
trust and federal character of the constitution, which 
may also result in everlasting damage to the tradition 
of constitutional propriety and political consequences 
arising out of it.

Acknowledgment
The authors wish to acknowledge the Symbiosis 

Law School, Pune, a constituent of Symbiosis Interna-
tional University, Pune, for providing the library facil-
ities in the completion of this research paper.

Conflict of Interest
There is no conflict of interest.

Funding
Nil

Ethical approval
Not applicable

References
1. G. Noorani (2011), Article 370: A constitu-

tional history of Jammu and Kashmir, page 4, (2011)
2. G. Noorani (2014), the Kashmir Dispute 

1947-2012, (Oxford University Press). 
3. Aarti Tikoo Singh (2019), J&K’s ‘outsiders’ in-

vasion’ bogey, Economic Times
4. Abid Bhat (2016), Kashmir: “Outrage over 

settlements for displaced Hindus,” BBC News, 15 June 
2016.

5. Ayjaz Wani (2020), ‘Life in Kashmir After Ar-
ticle 370’, ORF Special Report No. 99

6. Gaurav Vivek Bhatnagar (2019), Central RTI 
Law to Now Apply to J&K and Ladakh, The Wire

7. Instrument of Accession of J&K State, Clause 
5, Legal Document no 113, Page 1, 26 October 1947

8. J&K cadre becomes the 1st IAS officer to get 
a domicile certificate post Article 370 abrogation, 
News18 India, 26 June 2020.

9. J&K Public Safety Act, 1978.
10. J&K v Mubarik Shah Naqishbandi, 1971 AIR 

J&K 120.
11. Jaya Mala v. Home Secretary, Government of 

J&K, AIR 1982 SC 1297, 1982 CriLJ 1777, 1982 (1) 
SCALE 558, (1982) 2 SCC.

12. Patricia Gossman (1993), The human rights 
crisis in Kashmir, Asian Watch Journal, Page no.6

13. Prem Nath Kaul v. the State of J&K, 1959 AIR 
749.

14. Sampath Prakash v State of J&K, 1968, AIR 
1118.

15. Security Council Resolution 1951, Resolution 
adopted, and the security council takes decisions in 
1951, Page no. 1- 4, http://www.un.org/en/ga/search/
view_doc.asp?symbol = S/RES/91(1951)

16. Shantanu Nandan Sharma (2019), Life after 
370: Beyond the silence of Kashmir Valley, Economics 
Times

17. TNN (3 August 2019), What-Is-Article-370-
Three-keypoints, Times of India.

18. V.P. Menon (2014), Integration of the Indian 
States (Hyderabad: Orient Blackswan Pvt. Ltd., 2014), 
at p. 354.

19. Vijaya Dar (2016), ‘Exile Narratives’ of Kash-
miri Pandits: A Study with Reference to Edward Said’s 
Theory of Exile, page no. 5-10, Dayalbagh Educational 
Institute, Dayalbagh, Agra

20. Vineeth Krishna (2019), Legally Bharatiya 
Janata Party can revoke Article 35A, but Ambedkar 
would have asked if this was prudent The Print.

21. Yogesh Vajpeyi (2019), The rise and fall of Ar-
ticle 370, New Indian Express



548 | Cardiometry | Issue 24. November 2022

ORIGINAL RESEARCH Submitted: 1.09.2022; Accepted: 28.09.2022; Published online: 20.11.2022

A Study on the Influence of RSPO 
and RTRS in Indian Market
1Debasmita Ghosh, 2*Dipen Paul

1, 2Symbiosis Institute of International Business, Symbiosis Inter-
national (Deemed University), Pune, India

*Corresponding author:
dipen.paul@siib.ac.in

Abstract
This paper strives to study the presence and impact of Roundta-
ble on Sustainable Palm Oil (RSPO) and Roundtable on Responsi-
ble Soy (RTRS) in India today. The reason for choosing these two 
roundtables is - India is one of the significant producers of soy oil 
and is one of the largest markets for palm oil globally. With the 
roundtables being established keeping in mind the case of sustain-
ability for the procurement and usage of soy oil and palm oil, and 
India playing a major role in both, it becomes extremely important 
to study how sustainable the Indian market is in terms of product 
manufacturing and usage involving soy oil and palm oil.
The previous papers have done an extensive study on RSPO in 
India, the global presence, and the impact of RTRS. They have a 
lot of quantitative and qualitative data regarding the presence 
of RTRS and RSPO. However, a gap exists, as RSPO and RTRS 
have not been analyzed together in the Indian context. Thus, 
this gap shall be addressed in this paper- we attempt to analyze 
the latest RTRS and RSPO in India by referencing previous pa-
pers and looking up the public domain for recent information 
specific to RSPO and RTRS in India.
This paper is a literature review of previous papers on RSPO in 
Indian reference and RTRS and adds updated information. A 
comparative analysis of the presence of RSPO and RTRS in India 
is also added. Both RSPO and RTRS have a lot to increase their 
influence in the Indian market- especially RTRS.
The paper concludes with recommendations for enhancing the 
influence and opens further discussion on implementing the 
recommendations and alternative recommendations, if any, in 
the future.
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1. Introduction
Private governance bodies are important when it 

comes to maintaining sustainability standards today. 
The world has seen a rise in such bodies. Bodies like 
Roundtable on Sustainable Palm Oil (RSPO) and 
Roundtable on Responsible Soy comprise businesses 
and NGOs, making sustainability standards for their 
community [1]. While such a democratized initiative 
is accepted wholeheartedly by many, many have crit-
icized it as well. Most of these roundtables have been 
initiated in the early 2000s, and they have been gaining 
importance and acceptance since then. However, a lot 
must be done.

RSPO and RTRS are two of the known major 
roundtables. The development of private governance 
in the agriculture sector can be traced back to organ-
ic farmers’ associations and fair-trade NGOs. Organic 
farmer associations started emerging across certain 
countries during the 1900s, and they developed organ-
ic food agriculture for themselves [2]. Fair-trade pro-
grams played their role by introducing certification 
and on-product labeling schemes via price premiums, 
and smallholders, especially in developing countries, 
reaped the best fruits from this. These played import-
ant roles because today, all commodity roundtables 
(soy oil, palm oil, cotton, etc.), which are a part of the 
Market Transformation Initiative under the World 
Wide Fund for Nature, issue guidelines for the prod-
ucts and have certifications for the same. However, the 
focus is wider; they do not focus on smallholders or 
price premiums or likewise anymore, but on the over-
all product’s sustainability globally [3].

Both Palm Oil and Soy Oil form a crucial part of 
products, particularly FMCG products that we use 
daily. With India being one of the two major import-
ers of palm oil from Indonesia, the case of palm oil 
becomes extremely crucial to India. Soy Oil is no ex-
ception except that India is neither the major produc-
er nor major exporter nor major importer of soy oil. 
However, it uses quite a considerable amount to be 
considered as a case [4].

The RSPO was founded in 2004 to promote sus-
tainable consumption of palm oil, especially to address 
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the sustainability issues faced by tropical countries (of 
which Indonesia and Malaysia make up 86% of total 
global production) owing to rampant production of 
palm oil. To be an RSPO member, one can be any one 
of the following- palm oil processors and traders, man-
ufacturers of consumer goods with palm oil, retailers, 
banks and investors, and NGOs dealing with envi-
ronment and social development. Third-party audits 
are used as a compliance mechanism by ‘auditors’ to 
certify compliance or suggest improvements to meet 
standards. According to the RSPO code of conduct, all 
stakeholders of the RSPO are to voice for and actively 
use Certified Sustainable Palm Oil (CSPO) [5].

The first RTRS produced soy oil happened in 2011 
and Europe was its first buyer. Since then, the popular-
ity of RTRS has been slowly growing, and today Brazil 
and Argentina- the world’s largest producers of soy oil, 
produce almost totally sustainability compliant soy oil 
encompassing all existing soy oil sustainability stan-
dards, including RTRS, and Europe is a major buyer. 
As of 2019, RTRS has over 160 members, has 4 mil-
lion tons of soy oil to its name, and 3,950,000 certified 
soy uptakes globally. RTRS active participating stake-
holders include- soy producers, industries, traders and 
investors, the civil society. The government bodies, 
consulting and audit firms, and donors. Every active 
RTRS member must submit an annual progress report 
towards the end of the year, available in the public do-
main [6].

Both RSPO and RTRS are extremely relevant to 
the Indian market as India plays an important role 
in the supply chains of palm and soy oils RSPO and 
RTRS have been widely studied by previous research. 
Concerning the Indian market, RSPO has been stud-
ied well too. The gap exists wherein both the round-
tables have not been discussed together in the Indian 
context. Hence, this paper reviews previous papers 
and provides the latest information on the influence 
of RSPO and RTRS in India and draws a comparative 
analysis based on short exploratory research [7].

2. Literature Review
Palm Oil has a plethora of uses, right from cooking 

to biodiesel. It is also highly affordable, making it one 
of the most sought-after raw materials across indus-
tries worldwide. However, there are mainly two rea-
sons, which make this ‘wonder oil’ a sustainability is-
sue. First, about 90% of the global production of Palm 
Oil is concentrated only in two countries, Indonesia 

and Malaysia, and since the early 1990’s the total land 
under palm oil production has quadrupled, which has 
caused rampant deforestation. Second, Sumatra and 
Borneo rainforests are home to rich biodiversity, and 
depleting rainforests are posing a threat to the habi-
tat of orangutans. Environmentalists warn that if cur-
rent deforestation continues, Sumatra rainforests will 
be demolished within 20 years [8]. Other relevant is-
sues include excessive use of pesticides and fertilizers, 
methane emissions due to burning and growing palm 
on peat soils, and air and water quality damage. Thus, 
palm oil sustainability is stressed hugely.

The foundation of RSPO or Roundtable on Sus-
tainable Palm Oil began in the 1990s, with the rising 
trend of converting rainforests into palm oil cultiva-
tions. Strong resistance from local Indonesian groups 
and organizations, along with Western activists, leading 
media broadcasters regarding the exploitation of forests 
for palm oil cultivation, added fuel to the resistance of 
rampant and unsustainable palm oil production [9]. 
Enough voices were raised against the increasingly de-
molishing habitat resulting from this deforestation for 
the then European palm oil-based industries to start 
focusing on palm oil sustainability. Finally, the WWF 
took the initiative to bring all industry majors to a 
roundtable discussion for the cause of sustainable palm 
oil production, which also implied WWF is taking up 
a forest conservation initiative. Unilever was first roped 
in for the sustainability initiative in 2002 [10]. Soon, 
other organizations joined in, and RSPO officially 
came into force in 2004. Today, RSPO has over 1000 
full members from over 50 countries and plays a pivotal 
role in ensuring palm oil sustainability.

Soybeans find a wide application across the world, 
right from being edible oils to feed for livestock. Glob-
ally, 87% of soybeans are crushed into soy oil and soy 
meal, while 13% is used for direct human consump-
tion [11]. With such demand for soybean, soybean 
production has grown manifold. As of 2012, 2.2% of 
the world’s agricultural land was used for soybean cul-
tivation, compared to 1.5% in 2000. In the same year, 
the global production of soybeans reached 253.1 mil-
lion metric tons, worth US$ 53.2 billion.

Thus, soybean has given rise to sustainability con-
cerns mainly due to rapid deforestation, especially 
in developing countries like Latin America, and in-
creasing demand for Genetically Modified Organisms 
(GMOs); soy production ranges from smallholders in 
China to large, capital-intensive farming in Brazil [12].
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There are five sustainability standards for soy-
bean today - ProTerra, Organic, Danube Soy Initia-
tive, Fair trade, and RTRS. The formation of RTRS 
began in 2001 when WWF came up with the Forest 
Conservation Initiative to direct attention to the rap-
idly expanding soy production through the Amazo-
nian forests. The land conversion was the key point, 
which WWF strived to highlight as a part of its sus-
tainability drive in the soy sector. In 2004, the Basel 
Criteria for Responsible Soy was developed under a 
collaboration of big names like WWF Switzerland, 
which had set the stage for the formation of RTRS 
finally in 2006 [13]. RTRS was formed when NGOs 
and major manufacturers and traders like Unilever, 
WWF, Petrosul came together to voice for “main-
stream market transformation” for improved sus-
tainability for soy. RTRS finalized its standard in 
2010. It was first implemented in 2011 by soy pro-
ducers, with Dutch, Belgian, Scandinavian, and En-
glish traders buying sustainably produced soy for the 
first today. RTRS today is poised to be a major body 
for sustainable soy worldwide [14].

When it comes to the Indian market, both palm 
oil and soy oil form major players, especially FMCGs. 
India’s major difference is that India largely imports 
palm oil, and India itself largely produces soy oil. How-
ever, palm and soy oils are very close when it comes to 
consumption, for palm oil is the largest edible oil con-
sumed in India, followed by soybean oil, followed by 
rapeseed-mustard oil.

As evident from the above literature review, a lot 
has been studied about RSPO and RTRS already. A lot 
has also been studied about RSPO in the Indian con-
text. Since RSPO in the Indian context is a part of the 
discussion of this paper, the literature available in this 
regard will be discussed in detail under the research 
method and results of this paper [15]. 

Hence, previous papers have enough research ac-
complished for RSPO and RTRS, the cause of sustain-
ability in each of palm and soy oil sectors, and even 
the cause of roundtables and smallholders in agricul-
ture as a whole. However, there is a lack of papers on 
RTRS in India. There is also a lack of papers studying 
and comparing only RTRS and RSPO in India. Hence, 
this paper will act as a literature review on all that has 
been researched so far on RSPO, RSPO in India, and 
RTRS. This paper will also analyze RTRS from the In-
dian perspective and the current scenario of both the 
roundtables in India, especially the Indian market. It 

will also compare the influence and awareness level of 
private governance bodies in India and propose future 
discussion [16].

3. Objective
The paper aims to conduct a literature review to 

provide a consolidated study of all the papers on Sus-
tainable Palm Oil and Sustainable Soy Oil concerning 
the Indian market and conduct additional research 
to contribute to the same case in case it has not been 
dealt with perspective. The paper will also compare 
prevalent trends of RSPO and RTRS in India, which 
will help analyze the influence of each of the roundta-
bles concerning each other in India and provide light 
on further studies on this discussion [17].

4. Methodology

4.1. RSPO in India
India has always been a food exporting country, 

but when it comes to edible oils, especially palm oil, 
the consumption rate has always exceeded the pro-
duction rate. The gap has been managed through 
imports. India imports nearly 68% of its edible oils, 
60% or 9 million tons from palm oil. This figure kept 
increasing, though not significantly, as, during 2012-
13, palm oil imports formed 8.29 million tons. How-
ever, that 8.9 MT formed 81% of India’s total edible 
oil import, which has dropped to 60$, which shows 
that though India imports palm oil majorly, more 
varieties of oil are being imported to decrease palm 
oil dependency. Palm Oil in India has majorly three 
stakeholders. Their functions and major brands in-
volved are:

4.1.1. Palm Oil Plantation and Milling
Fresh Fruit Bunches of palms are plucked from 

plantations and sent to mills. The top five countries 
producing 90& of FFBs are Indonesia, Malaysia, Thai-
land, Nigeria, and Cambodia. Indonesia and Malaysia 
top the list. Millers use them for two purposes, crude 
palm oil and palm kernels. The palm kernels are fur-
ther sent to crushing plants, where crushers make 
them into palm kernel oil and palm kernel meal. The 
latter is used mostly for animal fodder, and the palm 
kernel oil and the crude palm oil from mills are sent 
to refineries. Indian stakeholders include very few, yet 
major key players include Ruchi Soya, Godrej Agro 
vet, and Oil Palm India.
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4.1.2. Palm Oil Refining and Trading 
Includes refining the crude palm oil to red palm oil 

and further fractionating it to various palm oils and 
fats, The Palm Kernel Oil gets refined, too, into vari-
ous palm kernel oils and fats. These refined palm oils 
are collected by traders for sale to wholesalers and in-
termediaries or directly to various manufacturers and 
retailers. Indian players are slightly more here and in-
clude Adani Wilmar, Ruchi Soya, Kamani Foods, and 
Cargill India [18].

4.1.3. Manufacturers and Retailers
The final stakeholders in the entire palm oil sup-

ply chain and India accounts maximum for this, being 
the major consumers of palm oil both as an ingredi-
ent and raw oil for consumption. The manufacturers 
who use palm oil include various food industries, 
biofuel and chemical industries, livestock industries. 
They get the palm oil supplies two ways, via traders 
who get them directly from refineries or from whole-
salers and intermediaries who in turn get them from 
traders getting supplies from refineries. The palm oil 
retailers sell palm oil directly to consumers- without 
converting or using them to make anything else. They 
usually get their sale either from government agencies 
selling palm oil for the underprivileged or, again, from 
wholesalers and intermediaries. Indian stakeholders 
pool here in huge numbers and include refiners and 
traders, including Ruchi Soya, Adani Wilmar, Parle G, 
Emami, Britannia, Hindustan Unilever, Proctor and 
Gamble, ITC, PepsiCo, Nestle, Kamani Foods, Gemini 
Edibles, and Fats. Over 90% of the Indian Palm Oil 
Supply Chain is based on edible/food products, and 
10% is based on non-food usage.

India imports most of its palm oil, and mostly 
from Indonesia and Malaysia. In this situation, sale 
prices are hugely monitored by international mar-
kets, followed by additional costs once the oil is used 
for further processing. Given that palm oil is hugely 
consumed by rural India, costs must be kept low. In 
a hugely competitive market where the slightest price 
hike makes room for some other equivalent commod-
ity to take up its place, palm oil would like to keep its 
prices low to keep staying lucrative to the huge con-
sumer base. Hence sustainability goes for a toss - the 
main motive remains mass production and sale at the 
cheapest prices.

Prevalent complaints about lack of transparency 
and traceability in the palm oil supply chain call for 

lack of accountability. Hence, there is a lack of change 
into sustainable palm oil products, so RSPO is not 
very popular in the Indian market [19].

Lack of awareness among consumers is the biggest 
block for the spread of RSPO in the Indian market. 
Consumers are not aware of the long-term and short-
term economic, social and environmental disadvantag-
es that unsustainable palm oil can produce. Also, India 
has always been an importer and has kept ignoring the 
heat of unsustainability burning the Indonesian and 
Malaysian rainforests- it is soon coming closer home. 
The rising number of papers regarding Sustainable 
Palm Oil and RSPO in India is proof of the same.

Coming to domestic palm productions, India con-
tributes only 0.2% of total global palm production. 
Three companies - Godrej Agro vet, Adani Wilmar, 
owned Ruchi, and 3F industries grow palm oil domes-
tically in India. Andhra Pradesh grows the maximum, 
which is 85% of total India palm oil production. 

India has claimed that sustainability issues regard-
ing domestic palm oil production are not a problem as 
India has been using ‘wastelands.’ However, RSPO has 
always rejected the call, which is because, according to 
RSPO, since palm oil production is taking place; there 
will be environmental and social concerns. Moreover, 
according to Yale University Environmental Perfor-
mance Index, India has a very low rank, particularly 
in terms of Environmental law enforcement, which 
can also be endorsed by the environmental and social 
concerns about palm oil production in India.

Thus, to promote domestically developed palm 
oil, these factors must be strongly mitigated through 
proper enforcement of laws. Only then can we focus 
on sustainable palm oil production in India, as per the 
standards of RSPO [20].

4.2. RTRS in India
The Indian edible oil production is largely domi-

nated by mustard oil, followed by soybean oil. Con-
sumption-wise too, soybean oil is the 2nd largest, only 
to be surpassed by palm oil. However, India is not a 
global leader neither in terms of soybean oil produc-
tion nor consumption. However, since India is also a 
major importer of edible oil, the import of soybean oil 
is no exception - India imports hugely from Brazil and 
Argentina - the largest producers of soy oil globally. 
As of 2011-12, 2.7 million MT of soy oil was imported 
by India (WWF, 2013), showing how widely soy oil is 
consumed in India [21].
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According to available literature, when it comes to 
soy oil production in India, India comes under the top 
5 global producers of soy oil (5% of total) as of 2012, of 
which only 2% is standard compliant, and which has 
stayed around the same even today, in fact since 2008, 
the trend has remained almost the same. When we talk 
about standard-compliant soy oil in India, it is only 
RTRS, as no other compliance standards for soy oil are 
still prevalent in India when writing this paper [22].

As mentioned earlier, India greatly imports soy 
oil from Brazil and Argentina, and whatever little it 
produces is enough to keep India among the top 5 
soy oil producers, but not enough to make it an ex-
porter of it- India does export to other parts of Asia 
and even to Europe, but mostly consumes whatev-
er soy oil it produces. Moreover, as Brazil is doing 
great for being sustainable soy oil compliant com-
pared to India, soy oil sustainability arises mostly for 
Indian domestic production. In India, Maharashtra 
and Madhya Pradesh account for 80% of total soy 
oil production. As of 2018, 10.8 million hectares of 
land were under cultivation (“India set to plant more 
land with soybean crops as prices rally,” 2019). Soy-
bean is a lucrative crop for Indian farmers as soy-
bean can brave adverse weather conditions without 
making farmers endure much loss compared to oth-
er oilseeds. However, despite soybean being closer to 
home than palm oil, RTRS could not percolate well 
through India’s entire soybean supply chain. The 
soybean supply chain in India is as follows [23].

4.2.1. Production of Soy
Smallholders mostly dominate soy production in 

India. Over 6 to 7 million families produce soy over 
10-12 million hectares of land. Social evils, illiteracy, 
lack of awareness about effective soy production, low 
income, poor living standards, low access to health 
and education, unorganized soy farming sector- are 
issues that plague this most important stakeholder 
group in the soy chain. 

4.2.2. Traders and Manufacturers
They are the ones who deal with soy farmers. Man-

ufacturers either procure soy oil directly from farmers 
or traders, mostly the latter. Manufacturers procure 
soy oil to further refine and use them further into 
something or sell loose. Major brands involved include 
Hindustan Unilever Limited, Ruchi Soya under Adani 
Wilmar, ITC Limited, Vippy Industries Limited.

4.2.3. Consumers
Final leg of the chain, who buys soy oil or soy oil 

products from the soy oil companies, comprises losing 
oil sellers and manufacturers of soy oil products.

As evident, the social sustainability of farmers is a 
big concern for sustainable soy oil in India. Other sus-
tainability issues include lack of compliance and legal 
requirements, lack of maintenance of farm biodiversi-
ty and high conservation value areas, and the gap be-
tween farmers and potential buyers of soy oil - not all 
soy produced get sold every year [24].

A lot of these issues and the environmental sus-
tainability issues concerning palm oil production, 
as mentioned earlier in this paper, will get mitigated 
upon wholehearted implementation of RTRS in In-
dia, which is lacking- as evident from the number of 
prominent RTRS promoting organizations in India. 
The study was also conducted later in this paper, along 
with available literature until writing this paper [25].

5. Exploratory Research and Results
This study aims to conduct exploratory research on 

consumer awareness of RSPO and RTRS in India. The 
population sample was batch 2019-2021 of Symbiosis 
Institute of International Business, Pune (SIIB, Pune). 
The reason for such a sample is as follows:
• SIIB is a premier B-school in India offering MBA 

courses in three disciplines - International Busi-
ness, Agribusiness, and Energy and Environ-
ment. This healthy mix of different academic 
backgrounds helped get a clear idea of potential 
consumer awareness about RSPO and RTRS irre-
spective of studying about them in their academic 
curriculum [26].

• The paper was published from SIIB, Pune, hence 
sample collection was easier.

• A total of 9 questions were asked through a survey 
conducted on QuestionPro, and a total of 60 stu-
dents responded (thus, n = 60), which were target-
ed at understanding the following:

• Irrespective of people having studied sustainability, 
are they aware or unaware of roundtables?

• If they are aware of roundtables, are they aware of 
RSPO and/or RTRS? If yes, then how and till how 
much depth?

• The following are the insights (NOTE: Internation-
al business students = 50%, remaining respondents 
from Agribusiness and Energy and Environment, 
and the latter group is expected to study environ-



Issue 24. November 2022 | Cardiometry | 553

ment and sustainability at least in the MBA course, 
as SIIB has the environment and sustainability-re-
lated subjects in the curriculum for Agribusiness 
and Energy and Environment specializations):
Thus, Figure 1 implies that irrespective of their 

current degree, 78.15% of the total sample has studied 
a paper on sustainability. In contrast, the total number 
of people studying Agribusiness and Energy and En-
vironment is 50%, which implies that the remaining 
28.15% are from International Business and have stud-
ied sustainability in their graduation.

However, Figure 2 gives a depressing figure, where 
54.55% of the total samples are not aware of round-
tables at all, though 78.15% have studied at least one 
paper on sustainability.

Figure 3 shows that of all the people who are aware 
of roundtables, over 31% are aware of only RSPO, or 

both RSPO and RTRS, or other roundtables but not 
these two. However, only 2.44% claimed to know only 
RTRS and not anything else, compared to over 31% 
who know at least RSPO, if not both, which goes on to 
show that if people know RTRS, it is majorly because 
they also know RSPO, else they hardly do not know, 
which is just the reverse for RSPO - they might not 
know any other roundtable but RSPO for sure.

Figures 4 and Figure 5 analyze the depth of knowl-
edge if the respondent has said yes about knowing 
RSPO, RTRS, or both. For both charts 4 and 5, over 
40% know the definitions of RSPO, RTRS, or both, 
and around 30% know that along with the objective 
and purpose of these roundtables. Not many respon-
dents are aware of anything beyond that- history, 
stakeholders, and the current status of these roundta-
bles in India.

Figure 1: Studying a paper on sustainability in the entire academic life till date

Figure 2: Awareness about roundtables
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Figure 3: Awareness about RSPO and RTRS

Figure 4: Depth of Knowledge about RSPO

Figure 5: Depth of Knowledge about RTRS
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Figure 6 is about understanding the current knowl-
edge sources about RSPO and RTRS. Over 25% have 
come to know about them from their academic curric-
ulum, almost 25% from their research out of personal 
interest, and around 20% through discussions from 
subject matter experts. Other sources like advertise-
ments and billboards, and most importantly- coming 
across products labeled as RSPO or RTRS certified, is 
around 15% and 13%, respectively.

Thus, three important insights can be achieved 
from this short, exploratory survey:
• Despite coming across papers related to sustain-

ability in their academic curriculum, people from 
India can be unaware of roundtables.

• Even if they are aware, hardly a few people will 
know about RTRS. RSPO is more popular com-
pared to RTRS.

• Even if RSPO and/or RTRS are known, it is majorly 
elementary knowledge. Very few will know about 
the current status of both roundtables in India.

• RSPO and RTRS are only limited to academics, per-
sonal research, and discussions with SMEs. Hardly 
few know about it from the products themselves.

6. Conclusion
Thus, from the research conducted through a lit-

erature review and a pilot survey, one conclusion is 
gapingly clear lack of awareness, both at the consumer 
and industrial level.

Indian industries today are going for such standard 
compliances to attract investments from investors 
who look at ‘sustainable organization’ to invest in as a 
major criterion. Moreover, given that roundtables for 

sustainable agriculture and livestock, especially RTRS, 
are lagging in the race, investors are not looking at 
them as important criteria to judge the sustainability 
of organizations dealing in soy oil, palm oil, and other 
such commodities having sustainability issues global-
ly. Concerning RTRS, RSPO is in a much better po-
sition in investor demand for the use of responsibly 
sourced palm oil.

The same analogy can be drawn for consumers. 
Industries in India are going for compliance also to 
enhance their ‘brand value’ to consumers. As evident 
from the literature review and the pilot survey, the In-
dian consumer market lacks awareness about round-
tables. Hence, consumer market pressure for RSPO 
and RTRS certified palm and soy oils does not occur 
in India.

With Indian PM Narendra Modi’s recent initiative 
of ‘Atmanirbhar Bharat,’ especially in the light of the 
COVID-19 pandemic, the emphasis has been given 
on homegrown oilseeds too. Palm and soy oil are no 
exceptions, which can impact RSPO and RTRS in dif-
ferent ways, as follows:
• Enhanced domestic production of palm oil and 

RSPO:
India relies heavily on imports from Indonesia and 

Malaysia for palm oil imports, and palm oil has been 
the most consumed oil in India owing to its various 
uses and inexpensive prices. These are the exact rea-
sons why even Indonesia and Malaysia - the largest oil 
producers globally, rely on Indian imports, as European 
markets prefer to buy expensive oils like soy or cano-
la. However, this made India shell out huge amounts 
on imports. To make India self-reliant, PM Modi, on 

Figure 6: Source(s) of Knowledge about RSPO and RTRS
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23rd July 2020, appealed to Indian farmers, especially 
from the North-Eastern states like Assam, Arunachal 
Pradesh, and Mizoram, up palm oil cultivation on a 
large scale. Currently, only 3.3 lakhs hectares of land 
are under palm cultivation, with another 16 lakhs 
hectares of land already identified for optimum palm 
oil production. However, the facts that palm oil cul-
tivation in India is still at a smallholder stage and not 
corporate plantations like tea and palm cultivation will 
need three years of gestation period when farmers can-
not yield anything from the fields can act as a barrier 
to this initiative, which can be solved by bringing palm 
oil farming under corporate farming and giving huge 
incentives to the farmers during the gestation period.

Palm Oil from Indonesia and Malaysia still has to 
go a long way to become sustainable and RSPO com-
pliant. Moreover, since India heavily relies on it, the 
Indian market cannot be RSPO compliant. The re-
sponsible sourcing of palm oil is at the root of palm 
oil sustainability and a major factor in attaining RSPO 
compliance. Hence, if India starts producing sustain-
able palm oil and meeting its demands without relying 
on Indonesian and Malaysian imports, not only will 
the Indian economy progress, but the Indian market 
will also get familiar with RSPO.
• Enhanced domestic production of soy oil and 

RTRS (“India set to plant more land with soybean 
crops as prices rally,” 2019):
India hugely imports soy Oil from Brazil and Ar-

gentina, and India is the 5th largest producer of soy oil. 
However, while RTRS and all other soy oil sustain-
ability compliance standards are increasingly popular 
in Latin America, it greatly lacks in India. Moreover, 
which can be understood from available literature, and 
the pilot survey conducted for this paper- even if Indian 
consumers are aware of RSPO, hardly a few know of 
RTRS. Hence, both industrial and consumer awareness 
will work wonders for the increasing influence of RTRS 
in the Indian market, just as it will for RSPO.

Since 1st October 2018, import duties on edible 
oils like palm and soy have been increased by India, 
which had boosted local soy oil prices. Predictions 
of late monsoon in 2019 had also made farmers shift 
from rain-fed crops like cotton and pulses to a sturdy 
crop like soybeans. Hence, domestic soy cultivation, 
which is concentrated across Maharashtra and Mad-
hya Pradesh, will get boosted even further. However, 
unlike palm oil, domestic production of soy can dilute 
the already present influence of RTRS in the Indian 

market. RTRS compliance needs responsible sourcing 
of soy, which can be expected from Latin America. It 
is increasingly thriving there, unlike India, where it is 
not. Hence, even though domestic production of soy 
should be encouraged, RTRS should also be equally 
pushed into the system.

RSPO and RTRS are doing a lot to ensure that palm 
and soy oils- the oils we require in our everyday lives, 
are sourced and consumed sustainably. However, to in-
crease their influence in the Indian market, consumers 
must be made aware - academic curriculums, adver-
tisements, webinars, and above all, RSPO and RTRS 
certified products should be increased. For the latter 
to happen, again, consumer and investor, and indus-
trial awareness need to increase. Hence, it is all a cy-
cle- one gets enhanced, and the other will enhance too, 
and vice versa. Moreover, the Indian market needs to 
buckle up to catch up more on the influence of RSPO 
and RTRS in its market.

However, this is where the question arises. This pa-
per would like to leave further room for research: how 
to increase awareness among investors and consum-
ers in the Indian market. The influence of RSPO and 
RTRS increases?
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Abstract
Malnutrition remains a key development challenge in many 
developing countries. Diversified agriculture practice can play 
an important role in dealing with this challenge. This paper at-
tempts to review the research done on Agriculture and nutrition 
and analyze its outcome on employment generation through 
a systematic review of the literature. The paper concludes that 
the first paper on this aspect was published in 1974, but very 
few papers were published in this area. Post the year 2000, and 
there was an increase in the number of papers published in this 
area. However, the number of publications in this area is still 
quite less, which calls for a focus on the research in this area. 
Several research patterns have evolved from issues like mortal-
ity, mother, breastfeeding, child population, and education and 
have turned to recent issues like sustainability, livelihood, food 
insecurity, and urban agriculture. This paper provides insights 
into the gaps in the field of agriculture relating nutrition and 
employment aspect and analysis of new frontiers for Agricul-
ture, Employment, and Nutrition, enabling future research di-
rections. The literature analysis shows that the linkage between 
agriculture, nutrition, and employment is a less explored area, 
and there is a need for further research in this area. Particularly, 
developing nations have much importance to agriculture and 
its role in improving nutrition and employment. Their research 
should explore this nexus for achieving the Sustainable devel-
opment goals of “No Poverty” and Zero Hunger.” 
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1. Introduction
The studies in the past have proven that malnu-

trition is a key development challenge, according to 
Horton et al. As reported by the United Nations De-
velopment Program, food security and nutrition are 
one of the most important Sustainable Development 
Goal (SDG), viz., SDG-1, SDG- 2 and SDG- 3 (UNDP, 
2015). Agricultural production needs to be translated 
into nutrition security to achieve the objective of sus-
tainability goals. Employment in the agriculture sector 
can improve nutrition and health outcomes, as stated 
by Pandey et al. Agriculture in developing nations is 
largely subsistence in nature, and food is grown for 
home consumption [1]. The cropping system of most 
of the areas suggests that it is largely oriented towards 
meeting food security. A farmer does not want to 
rely on the market for his home consumption. The 
primary sector is a matter of concern, and nutrition 
directly affects this sector. We see the major part of 
the consumption of this succor is the food grown by 
them [2]. Farming families can improve the nutrition-
al outcomes of household by improving their produc-
tion practices like improving the diversity, consistency 
(over the year), and quantity of foods available to the 
family, as observed by Das et al. Crop diversification 
is one such practice which one should practice for im-
proving nutrition as well as employment opportuni-
ties in Agriculture. 

Further, it is important to note that another im-
portant aspect of agriculture is its ability to provide 
employment. FAO (2019) reported that nearly 1 bil-
lion people are employed in agriculture, and about 1 in 
3 people employed are employed in Agriculture. The 
data suggest that worldwide 26.8 percent of total em-
ployment comes from agriculture. The percentage of 
total employment in agriculture is higher in develop-
ing countries. The data also suggest that this percent 
was close to 60 percent in the year 1300 and continu-
ously declined. It is interesting to note that this percent 
is around 2/3rd of the total population in developing 
nations. In a developed nation, this percent goes down 
to 5 percent (World Bank, 2020). This difference is ac-
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counted to technology and its use in agriculture, which 
suggests enough potential to increase employee pro-
ductivity, particularly in developing nations. Diversi-
fication in agriculture and change in cropping system 
towards high-value crops will also help in increasing 
the employment opportunities in agriculture [3]. 

In the above context, this paper attempts to explore 
the linkage of Agriculture, Nutrition, and employment 
and see how the research in this area has shaped up. 
This paper will also suggest important areas of re-
search to strengthen this linkage and help the com-
munity [4].

2. Review of Literature
Agriculture is the predominant source of nutrition 

and employment. The cropping systems have changed 
globally due to liberalization, urbanization, and global-
ization, which have impacted nutrition, as researched 
by Gillespie & Van den Bold. The economic impor-
tance of agriculture is widely discussed in the literature. 
Largely, in developing countries, the focus of agriculture 
remains on food security. Consequently, agriculture in 
these countries has remained as subsistence farming. 
Farmer’s grow crops mainly for their consumption, 
as in an evaluator study by Kirk et al. As a result, they 
grow a limited variety of crops. That makes agriculture 
very risky. Diversification in the crop can help reduce 
the risk and improve nutritional status by improving 
dietary diversity. In research in Africa, Ecker reported 
that diversification at farm production and household 
income growth was strongly associated with increased 
household dietary diversity. In a study by FAO, Ayenew 
et al. also reported that decent employment is required 
for enhancing food security [5]. 

Further, diversification also plays an important 
role in promoting nutrition and employment. It was 
highlighted by Keatinge et al. that raising horticul-
tural crops can also help in improving nutrition and 
employment, as therein enough opportunities for pro-
moting value-added products in vegetables and fruits. 
In their study, Hillbruner and Egan concluded that 
season affects an area’s food security and nutritional 
status. There has been a continuous growth in liter-
ature and the citations of Agriculture, Nutrition, and 
Employment since the early 2000s. Thus, this paper 
aims to analyze the literature available on agriculture, 
nutrition, and employment from 1974 to 2018, and the 
analysis based on the linkages and the association of 
keywords was performed [6]. 

The neonatal deaths and child deaths have been 
connected by Bhutta et al. with various variables re-
lated to nutrition such as micronutrient deficiency, 
stunting, wasting, etc. The author’s research suggests 
a significant relationship between nutrition-based 
interventions and child death rates. The research in 
thirty-four countries suggests that deaths can be re-
duced by 15% by nutrition-based outcomes at 90% 
coverage. The author relates nutrition-based ap-
proaches to women’s empowerment, agriculture, and 
employment, leading to progress in these countries 
[7]. Similarly, food insecurity was evaluated by Hag-
er et al. to identify the families, which are at risk for 
food security. The author relates the index with vari-
ous variables, including variables related to nutrition 
and employment status. The FI (Food Insecurity) 
Screen relates food security with the level of employ-
ment. It concludes that families having low-income 
levels and young children are at a higher level of food 
insecurity [8].

It was emphasized by Dixon et al. that urban food, 
nutrition, and increasing dietary diversity are gaining 
much importance. However, unequal access to dietary 
diversity leads to nutritional and health inequalities. 
Understanding the factors related to these inequalities 
is the first step before creating policy responses. The 
author laid importance on paid employment in food 
systems, urban agriculture, distribution centers, and 
processing centers may be the way to reduce these in-
equalities [9].

As far as the nutritional status of smallholders is 
concerned, on-farm diversity is considered to play 
an important role in increasing the nutritional sta-
tus and outcomes of smallholder farmers emphasized 
by Sibhatu et al. The study by Sibhatu et al. examines 
that for household populations from Indonesia, Ken-
ya, Ethiopia, and Malawi, the relationship of on-farm 
productivity and nutritional status does not hold other 
factors, like market access and market transactions play 
a much better role in nutritional outcomes [10].

Thus, the discussion on agriculture, nutrition, 
and employment in the literature suggests that the 
studies have explored only one component. How-
ever, the relation of agriculture with nutrition and 
employment is complex but very significant. The re-
sults from the researches are contrary [11]. There is 
a need to explore this linkage for improving the im-
pact of agriculture and the health condition of peo-
ple in rural areas.
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3. Methodology
The strings such as “Agriculture” AND “Nutri-

tion” AND “Employment” for the period 1974 – 2018. 
There were no restrictions regarding the document 
types. Hence, all the books, book chapters, conference 
proceedings, etc., are also included in the analysis with 
journal articles. In total, there are 164 contributions 
published in the considered duration [12]. The next 
section in the analysis row was a series of descriptive 
and visual analyses involving the number and distri-
bution pattern of published materials on the Scopus 
database for the said duration [13]. 

Keyword exploration and network study were 
performed to study the connections and evolution of 
the scholarly literature in agriculture towards the nu-
trition and employment domain [14]. The clustering 
network visualization of the keywords was performed 
using the VOSviewer software. The selection of the 
keywords was based on the number of keywords hav-
ing an occurrence rate of more than five times across 
the finalized published material as stated above [15].

The maps were explored based on identifying 
themes, as recorded by the clusters formed in the 
visualization/network forms. The study reveals six 

clusters for the scholarly literature bridging agri-
culture contribution towards nutrition and employ-
ment. The benefit of defining such clusters is that it 
aids in defining themes based on clusters and pro-
vides the mapping of linkages between the different 
keywords in the literature contribution, which fur-
ther results in the gap identification, exploring op-
portunities, and trends in the particular field discus-
sion in Figure 1.

4. Results and Findings
This section analyzes the findings received from 

analyzing the trend in Agriculture, Nutrition, and Em-
ployment through the Scopus database.

4.1. Agriculture, Nutrition, and Employment 
In this study, we have searched the related articles 

on Scopus. We have considered the publications until 
2018. It should be noted that the literature includes ar-
ticles, reviews, book chapters, conference papers, and 
other published literature. In total, 167 documents are 
included in this study. The documents are limited to 
the English language and published articles in jour-
nals.

Scopus
N= 184

Web of Science 
N= 64

Rejected Due to 
less number of 

data
Selected 

Limited to language 
English and Published 

documents, N=167

Limited upto the 
year 2018, N= 164

Eligibility

Screening

Included

Database 
Selection

Figure1: Selection of documents
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• Statistics based on different years
The number of articles published per year was 

an important criterion to analyze the trends in re-
search. The first document in this regard was pub-
lished in the year 1974. It must be noted that there 
is a definite growth in the number of articles year 
by year, and a rising pattern can be seen since the 
2000s.

Since 1974, a total of 167 documents are published 
on Agriculture, Nutrition, and Employment. Out of 
the total documents published in 44 years, more than 
one-third of the documents are published in the last 
five years, which depicts the rising importance of the 
nexus between Agriculture, Nutrition, and Employ-
ment. Since 2008, there has been a continuous in-
crease in the total number of papers published in this 

area. However, let us analyze the absolute numbers for 
recent years. There is still much work to be done on 
agriculture, nutrition, and employment shown in Fig-
ure 2. There is enough potential to explore this area 
further [16]. 
• Statistics on documents by type 

In documents by different types, Figure 3 rep-
resents that articles are the most important category 
of publication, followed by a review. About 90 percent 
of the documents are in the form of articles, reviews, 
and book chapters. There are a smaller number of 
books, conference papers, and other types of docu-
ments, representing fewer conferences within this area 
of research. The nexus between agriculture, nutrition, 
and employment has not been given the importance it 
should have.
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• Documents by Regions
The study attempted to identify which region has 

focused more on research in Agriculture, nutrition, 
and employment. 

The data demonstrated that the documents by 
different regions globally, and the statistics show that 
more than one-fourth of the published documents are 
from the United States and a significant contribution 
from India show in Figure 4. There is less contribution 
from other regions of the world. Given the importance 
of agriculture in other developing nations, it becomes 
important for them to increase their research explor-
ing these linkages. The data also represents that apart 
from India, there is a smaller contribution of the lit-
erature from the developing and less developed coun-
tries, where this area is of much importance. 

• Documents by Academic Area
Let us analyze the TreeMap in Figure 5. We can 

see that most of the documents are from medicine, 
social science, and agricultural and biological sci-
ences. Fewer contributions are from nursing, eco-
nomics, finance, arts, humanities, earth, planetary 
sciences, and engineering. The data shows that less 
emphasis is being given to nutrition in arts and allied 
areas of research. Even the area of agricultural and 
biological sciences is a potential area of exploration 
for improving the linkage between agriculture, nutri-
tion, and employment.
• Documents by Citations 

If we have a look at Table 1, it can be seen that the 
most cited articles are from the field of Medicine and 
Science.
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Table 1
Citation of documents
Publication 

& Year Document Title Number of 
Citations

2013

Evidence-based interventions for 
improvement of maternal and child 
nutrition: What can be done and at 
what cost?

892

2006 The role of child care settings in 
obesity prevention 242

2002

Association between chronic 
obstructive pulmonary disease 
and employment by industry and 
occupation in the US population: 
A study of data from the Third 
National Health and Nutrition 
Examination Survey

217

2010
Development and validity of a 
2-item screen to identify families at 
risk for food insecurity

191

2015
Production diversity and dietary 
diversity in smallholder farm 
households

111

2007 The health equity dimensions of 
urban food systems 97

2003 African traditional leafy vegetables 
and the urban and peri-urban poor 81

1995

Environmental and Policy 
Interventions to Control Tobacco 
Use and Prevent Cardiovascular 
Disease

63

2010
Benefits of genetically modified 
crops for the poor: Household 
income, nutrition, and health

55

1992 Eating patterns and energy and 
nutrient intakes of US women 52

The articles from the field of social science are less 
cited. There are a very small number of articles from 
Social Science with more than 50 citations. The data 
represents that “Agriculture, Nutrition, and Employ-
ment” are given much less importance from the field 
of humanities and social science. 

4.2. Keyword Strength Association 
The below subunit shows the keyword strength asso-

ciation based on cluster and trends of keywords and the 
cluster of keywords and the evolution of keywords by year.
• Keywords and Clusters

For the keyword strength association of keywords 
and their clusters shown in Figure. 6 and Table 2 are 
the keywords in different clusters represented in six 
different colors. Figure. 7 demonstrates the density, 
and Figure 6 represents the network of keywords. Dif-
ferent clusters of keywords are shown in Table 2. 

The prevalent areas of research are child, house-
hold, poverty, programs, population, and education. 
Among the clusters, the cluster in red emphasizes 
sustainability, challenge, program, and demand. The 
cluster in green is more about research, technology, 
program, project, experience, and act. The cluster in 
blue strengthens the areas of food insecurity, poverty, 
urban agriculture, household, etc. This cluster is of ut-
most significance for our research, as it is connected 
to nutritional security and employment. The research 
cluster also demonstrated these two terminologies in 
the same cluster, which indicates a strong linkage be-

Figure 6: Cluster of keywords
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tween agriculture, its nutritional security, and employ-
ment generation. The cluster in yellow is about the 
child, education, family, undernutrition. The cluster 
in violet is more related to employment. It has inter-
linkages to other clusters in the form of population, 
migration. The last cluster is about mortality, breast-
feeding, and mother.
• Density of keywords 

Figure 7 depicts that household, child, poverty, 
program, and research are denser in the figure, rep-
resenting that more emphasis is given to these areas 
among the documents. The areas touched upon are 

food insecurity, urban agriculture, mother, and un-
dernutrition. 
• Keyword Strength Association of the evolution 

of the keywords
The evolution of keywords for the topic “Agricul-

ture, Nutrition, and Employment” in Figure. 8 rep-
resents that child, household, population, and mortali-
ty were the keywords in the documents before the year 
2005, and sustainability, livelihood, food security, ur-
ban agriculture, and undernutrition are the keywords 
present in the recent documents of research. So, the 
research pattern has evolved from issues like mortal-

Table 2
Clusters of keywords

Cluster 1 
(RED)

Cluster 2
(GREEN)

Cluster 3
(BLUE)

Cluster 4
(YELLOW)

Cluster 5
(VIOLET)

Cluster 6 
(SKY BLUE)

Aquaculture Act Food Insecurity Child Difference Breast Feeding
Challenge Experience Household Cost Energy Fertility

Climate Change Implementation Investment Education Industry Mortality
Demand Opportunity Livelihood Empowerment Migration Mother
Fishery Order Nutritional Status Family Occupation Standard

Nutrition Security Program Poverty Gender Pattern
Program Project Poverty Reduction Intervention Population
Society Research Problem Participant Product

Soil Technology Rural Area Risk Village
Sustainability Time Urban Agriculture Undernutrition
Sustainable 

Development
Water

Figure 7: Density of keywords
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ity, mother, breastfeeding, child population, and edu-
cation and has turned to recent issues like sustainabil-
ity, livelihood, food insecurity, and urban agriculture.

5. Future Directions of Research
The nexus between agriculture, nutrition, and em-

ployment remained less explored areas of research. 
Looking at the dependency of many people on agri-
culture and its key role in ensuring food security and 
employment, it becomes important to conduct more 
research to strengthen it. Various developing nations 
have less focus on the exploration of this linkage. It can 
be a potential area of research to see how diversification 
in agriculture can impact nutritional security and help 
improve employment opportunities in Agriculture. 
Field-based research in a cross-country analysis for the 
same will also provide interesting insights. Some orga-
nizations have identified the importance of this linkage 
and working towards it. A case study of such initiatives 
will also be very helpful in understanding the issues and 
challenges for the same. In their research, Gillespie et 
al. suggested that a systematic approach is needed to 
understand the impact of agriculture on nutrition. We 
recommend that the same systematic approach be ad-
opted to explore the complex nexus among agriculture, 
nutrition, and employment.

6. Conclusion 
Agriculture is closely related to nutrition and em-

ployment. The nexus among agriculture, nutrition, 
and employment is complex and is associated with 
many factors, as shown by the keyword strength asso-
ciation, making it difficult to generate direct relation-
ships between agrarian systems, nutritional outcomes, 
and employment activities. The complexity of this 
nexus has made this area a neglected area for research. 
Very few studies were identified, which have tried to 
explore the correlation between these factors. The 
study recommends that various developing countries 
focusing on agriculture and facing issues of malnutri-
tion and unemployment should focus on the research 
in this area. The keyword strength association identi-
fied the most analyzed topics. It depicted the progress 
done in this area of research and the association be-
tween the factors. The findings suggest that livelihood 
and employment emerged as one of the key clusters 
of research. This kind of methodology for analyzing 
literature helps to recognize new research possibilities 
in a given area, as studied by Ferreira. It is expected 
that the outcomes of this article will inspire and assist 
new researchers in this area of research. Besides this, 
the keyword strength association should identify new 
avenues for research in this area. Finally, from a pol-

Figure 8: Evolution of keywords
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icy perspective, this research will also permit policy-
makers to encourage the untouched areas of research, 
which will help in decision-making.
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Abstract
The online environment has long been a sensory interaction 
between a brand or product and its consumers through visual 
imagery and sonic elements. While newer technologies have 
developed that cater to a customer’s more psychological need 
for haptics (touch), gestation, and olfaction, brands have not 
explored its true potential. Immersions and other forms of Hu-
man-Computer interaction have vastly developed and present 
scope for more than just a single sense for online consumers. 
While brands are employing these multisensory interfaces (vs. 
single-sensory) in certain product categories, it remains to be 
seen whether customers who unknowingly experience sensations 
online want to adapt to it. Several product categories could find 
multisensory elements beneficial. This study aims to delve deeper 
and understand the motivations of such behavior and identify the 
need for a customer to engage all its senses beyond the tradi-
tional visuals and sound while interacting with brands virtually for 
a more holistic experience. While external  environmental factors 
such as pandemics have resulted in the inevitable loss of physical 
touchpoints, the aim is to determine whether sensory elements 
beyond images and sounds will benefit customer engagement.
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1. Introduction 
The digital boom has largely benefited brands with 

their customers largely depending on online interfaces 
to make purchasing decisions. While browsing brands 
online, we often wonder what a particular piece of cloth-
ing would look like on us or the smell of a particular fra-
grance [1]. Whether those delicious dishes on our Insta-
gram feed is just as tasty as it is in our minds. Whether or 
not being in Paris would be as delightful and serene as it 
is for the couple featured in an AirBnB Ad.

Customers desire to have memorable experiences 
which stimulate them both physically and mentally. 
This paradigm shift from production to a market-
ing concept gave way to developing the ‘marketing of 
senses,’ otherwise known as Sensory Marketing. All 
and any experience we have with a brand is through 
their five sensory channels- visual, acoustic, haptic, 
olfactory, and gestations which largely contributes to 
three important marketing outcomes- attitude forma-
tion, word-of-mouth, and buying decisions [2]. Due 
to these sensory experiences, there is a subconscious 
trigger in the customer’s brains brought about by the 
carefully crafted visuals and sound effects that create 
certain perceptions about the brand or product and 
can often serve as a judgment of the brands’ perceived 
quality and impressions leading to self-generation of 
positive ideas about the brands [3]. Brand loyalty can 
be strengthened not only by the consumption experi-
ence but more effectively by engagement.

In the offline marketing environment, senso-
ry marketing has long been an ally of the tradition-
al brick-and-mortar selling model. Customers make 
purely hedonic decisions based upon their abilities 
to physically experience a product through all its five 
senses. Online developments have enabled marketers 
for long trying to adapt forms of sensory elements into 
engaging customers [4]. The most widely used senso-
ry elements are engaging customers through visuals 
and auditory notes that create tangibility for products 
that customers cannot feel or touch [5]. However, this 
tangibility is limited. Prior studies show positive cor-
relations between sensory elements and consumer 
engagement. With the advent of newer technologies, 
there remains a large scope to explore more complex 
forms to engage their hap tics needs [6]. These de-
velopments in technology rightly coincide with the 
increasing engagements of a consumer’s emotional 
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senses, i.e., the touch feels sensations and smell to a 
large extent. However, do the customers feel the need? 
Would they engage more holistically with a brand if 
the brand can stimulate all their five sensory needs? 
The technology exists but is there a real need, or are 
the current sensory elements enough? This research 
aims at understanding the consumers’ perspective in 
terms of five-dimensional sensory experiences and the 
adaptability of such sensations in the online environ-
ment [7].

2. Literature Review

2.1. Mental Tangibility 
in an Online Environment

Interaction in an online environment is largely de-
pendent on decoding a message based on mental im-
age and perception rather than self-evaluation. Once 
a customer interacts with a brand, they need to form 
a mental image of it [8]. This image should include 
every element of sensations- what the product feels 
like, its touch sensation, texture, smell, etc. The human 
brain is more often than not unable to do it, which is 
due to the lack of mental tangibility or the inability of 
a customer to imagine and experience a product ho-
listically.

According to a prior study, once a consumer’s sens-
es have been engaged, he/she wants to self-evaluate 
the product before purchasing, which is where senso-
ry marketing comes into play as visual and auditory 
searches provide certain semantic congruence’s [9]. 
Purchased items often tend to appear different once 
delivered or not similar to how the customer pictured 
it in his/her mind due to the limited expansion of mul-
tisensory interactions present in the online environ-
ment, which affects how the customers will evaluate 
the product. The lack of online multisensory control 
feeds further into this intangibility [10]. When the 
product cannot be physically evaluated, customers 
struggle to form tangible representations of the prod-
uct or brand and need a more holistic product inter-
action to engage with them. Several studies have been 
conducted to develop models for understanding how 
sensory marketing works to overcome this intangibil-
ity. While there is no specific model to observe and 
understand the motivations, studies on consumer be-
havior, cognition, and sensory inputs have largely sup-
ported this study [11]. A customer needs more than 
just images and sounds to overcome this mental intan-

gibility. Research shows that touch serves as the most 
important factor in overcoming this mental block, 
physically touching a product or even imagining 
touching a product can increase the value perception 
of the product compared to visuals. It provides sen-
sory control, which reduces mental intangibility and 
increases the willingness to interact and engage [12].

2.2. Sensory Touch Points
A vast majority of life’s most cherished experienc-

es are multisensory. There is a proven congruence 
between a real-life store experience and positive pur-
chase decisions because physical touchpoints in the 
traditional brick-and-mortar model tend to provide a 
complete multisensory experience [13]. Offline expe-
riences trigger a customer’s impulse buying behavior 
to a greater extent than online experience due to the 
free interaction of the multi senses and the physical 
store effect. A study conducted on the impact of sen-
sory branding amongst coffee shop customers was a 
combination of multi sensations that drove custom-
ers to the shop sv [14]. They could smell the aroma 
of coffee and imagine tasting it even before setting 
foot inside the shop. There was also an increase in the 
duration of the time spent within these shops due to 
the constant sensory elements at play. Similarly, retail 
as well as department stores bank heavily upon visual 
merchandising to increase customer engagement [15]. 
Offline consumers rely heavily on color, packaging, 
and product design, sometimes even more than in-
gredients and content due to the sensory trigger that 
haptics senses induce. 

Virtual touch points are anything from social me-
dia to product advertisements, e-commerce to prod-
uct catalogs. With such multi-variant sources, brands 
can often become difficult to differentiate based on 
their characteristics alone. Images tend to look simi-
lar after a point and do not provide a lasting memory. 
Multisensory marketing becomes even more import-
ant here. It allows consumers a five-dimensional brand 
experience instead of a two-dimensional flat one. The 
online environment has limited capacities in terms of 
multisensory experiences. Any form of sensory expe-
rience is either single sensory (e.g., images, sounds) or 
is a combination of senses with visual or haptics en-
abling technologies through immersions. 

While this technology exists, it is limited to cer-
tain brands and is not expansive across categories. 
An earlier study showed that consumers preferred 
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shopping offline when it came to expensive high-in-
volvement products because they felt online sources 
lacked credibility due to no information beyond im-
agery. For them, simply looking at the product was 
not reason enough to purchase it due to intangibility 
[16]. The sentiments were strong in luxury and fash-
ion brands and fragrances where consumers either 
preferred shopping offline or wished for a source that 
allowed them to smell the product virtually. However, 
the current forms of virtual experiential content are 
only marginally more real than their traditional offline 
counterparts. They need adaptive forms in real life, 
which are based on the consumer’s sensory needs [17].

2.3. Sensory Impulses
Earlier research on cognition and buying behavior 

has suggested that an impulse buying behavior occurs 
when consumers are exposed to sensory-stimulat-
ing elements online, as compared to offline as offline 
touchpoints have no limitation on time or on space, 
which serves as a reason why marketers bank on mul-
tisensory elements such as visual imagery or haptics 
in order to get a more spontaneous response from the 
consumers rather than try to build stronger positive 
brand images. Impulse buying is purely based on psy-
chological motivations more than rational ones. Thus, 
a holistic feel of the brand in the limited time and 
online space could potentially serve as a more potent 
tool of inducing purchase [18]. Online consumers of-
ten show higher materialistic tendencies lower self-es-
teem, and shopping online is a way for escapism and 
self-fulfillment. These tendencies get heightened with 
external stimuli and have a positive correlation with 
impulse buying behavior.

2.4. Multisensory Online Experiences: 
Touch and Feel is the Key?

Sensory experiences are constructed when there is 
an intentional or unintentional internal interaction of 
the senses with an external environment. In terms of a 
virtual environment, there are always multiple interac-
tions all at once. Study shows that newer technologies 
have been developed to stimulate more of the custom-
er’s senses in such a complex environment. Although a 
larger part of them are not commercial, their nascent 
forms have shown the potential to develop further 
tech to stimulate all our senses [19].

Haptic elements provide customers with more 
direct interaction with the product than visuals that 

stimulate mental imagery and increase the perception 
of ownership of products. Touch is very important 
when it comes to establishing secure attachments and 
interpersonal connections between people. It builds 
social attachments and induces emotions.

Brands in the food and beverage industry, perfume 
industry have already suggested the benefits of infus-
ing smell and tastes before visuals in a virtual environ-
ment. Online Fashion and Retail uses ASMR (Auton-
omous Sensory Meridian Response), a set of certain 
sounds that gives pleasure to the listener’ to enhance 
sensory experiences [20]. The Tourism Industry 
totes how multisensory experiences have helped in-
crease review ratings for brands because the custom-
ers felt more psychologically connected and closer to 
the brand. There has been a stronger commitment 
amongst customers who engage in marketing to all the 
five senses seen in the travel and tourism industry. The 
use of haptic feedback technologies allows consumers 
to generate more positive online reviews for the ser-
vices as consumers perceive closeness and belonging 
to the destination [21].

2.5. Scope and Development 
of Sensations in a Pandemic Driven World

In an ongoing pandemic-driven world, restric-
tions on consumers’ freedom to decide their desired 
touchpoint in terms of shopping choices, trips, and 
movement due to COVID-19 contamination are likely 
to affect their psychological reactance. The study has 
shown that this reactance minimizes and perceptions 
and desirability and requires strong external affirma-
tions. Since offline touchpoints have become large-
ly diminished, online multisensory experiences can 
serve as those affirmations [22]. While being stuck 
at home and being in an unpleasant state of motiva-
tion, the feeling of uncertainty induces hesitation in 
wanting to purchase a product. Another trend that 
emerged during the COVID-19 pandemic is that con-
sumers have newfound trust and integrity in shopping 
online. However, they still wish to self-evaluate prod-
ucts before engaging.

Customer engagement can largely be driven by 
marrying the existing sensory interfaces with newer 
technologies and providing customers the experience 
they ideally desire. Marketers must consider what kind 
of virtual sensory experience they want to provide 
their consumers and choose between single and multi-
sensory stimulation technologies [23]. Human-Com-
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puter Interaction (HCI) studies are being conducted to 
understand the different ways and interfaces through 
which holistic sensations can be developed. It is suited 
for also identification of the type of consumers. While 
prior research confirms that tech advancements can 
induce motivations through senses, further research is 
required to understand the consumers’ need for sen-
sory marketing and what forms they feel they are like-
ly to adapt. Research also needs to be done to identify 
which product categories and interfaces they would 
benefit the most from if five-dimensional sensory ex-
periences are introduced [24]. 

3. Theoretical Framework

3.1. Multisensory Experiences 
through Evaluation of Senses

According to Brakus, Schmitt, and Zarantonello, 
brand experience comprises four dimensions- senso-
ry, affective, intellectual, and behavioral. This sensory 
dimension captures the extent to which the brand ap-
peals to the customers and determines whether they 
will engage with them. All consumer experiences de-
pend upon the integration of sensory inputs within 
this dimension and are responsible for affecting the 
consumer’s behavior and judgment in terms of prod-
uct or brand evaluation [25]. When it comes to digi-
tal brand experiences, brands have been using varied 
and evolved forms of each sensory element to appeal 
to the senses. More often than not, these experienc-
es are multisensory. More than one of the five sens-
es contributes to the perception of the brand and the 
engagement. These sensations are interconnected and 
interact together as well as on their own. Furthermore, 
the five senses all have different weights in terms of 
forming the overall experience.

3.1.1. Visuals: Visual imagery or the sense of sight 
remains the most effective sensory element for sens-
ing changes and differences and is the most commonly 
used sense in receiving goods and services and con-
tributing the maximum to the formation of mental 
imagery in the online environment. Visuals-induced 
stimuli stem from form, color, dimensions, design, 
image, and style. Visual sensations are processed dif-
ferently depending upon products as well as the indi-
viduals. In an online environment, where visual cues 
become the most potent sensory experience, several 
visual factors come into play. Visual placement be-
comes important as it greatly affects the judgment of 

the buyer. Packaging color, shape, and design is again 
another visual aspect of creating an imagery-based 
sensory experience. Customers often struggle with 
evaluation based solely on the hedonic properties of 
a product. Thus, the extrinsic evaluation property of 
packaging and design becomes beneficial.

Newer immersive experiences, visual enabling tech-
nologies are being integrated into icons, logos, pictures, 
undoubtedly allowing them to interact more holistical-
ly with the product. Virtual product controls such as 
virtual try-on, 3D product visualization, and haptics 
imagery have a positive impact on flow experience 
and, as a result, on engagement, increasing the value 
of the online process. These integrations have largely 
stemmed from the need to virtually touch and feel the 
products and detach from reality and fully immerse in 
experiencing the product online. Prior research shows 
a positive impact of visual sensory elements when com-
bined with other elements, mainly sound and haptics 
(touch), and enhances the customer’s ability to imagine 
the tangibility of the products better. 

3.1.2. Sound: There is a semantic congruence be-
tween sound (e.g., a popping sound) and the product 
(e.g., a bottle of champagne). It is this congruency that 
facilitates visual search. Sound as a sensory element is 
perhaps the most tangible in an online environment. 
Research shows that high-frequency sounds lead con-
sumers to focus on light objects faster. In contrast, 
low-frequency sounds lead them to fixate on darker 
objects faster and longer which ultimately induces im-
pulse purchase intent. According to Zapping & Spen-
ce, potato chips are perceived to be crunchier when 
the sound frequency is higher. Similarly, perfume or 
spray objects are considered more pleasant and less 
forceful when the high-frequency sounds are blended.

Sound, like visuals, is multisensory and works best 
with other sensations, mainly images, and haptic el-
ements. The concept of ASMR has developed in the 
past few years. It is rapidly used to induce strong sonic 
triggers into the customer’s mind. Jennifer Allen de-
fined them as specific sounds that induce pleasure and 
are accompanied by strong visual stimuli, making lis-
teners relaxed and more focused throughout the expe-
rience. ASMR content uses different angles and sound 
frequencies, and compositions to ensure the listening 
audience gets a real-life experience. Several brands use 
such triggers along with natural sound frequencies to 
heighten the experience and allow consumers to expe-
rience indirect triggers.
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3.1.3. Smell: Scientific studies have shown that 
around 75% of all human emotions are generated 
through smell. According to prior research, the im-
pressions of olfactory or smell are linked to a sense of 
pleasure, satisfaction, and well-being and are closely 
connected to retention and memory. According to 
Braun et al., Krishna’s newer technologies are already 
working towards developing smell-based multisenso-
ry interfaces. With these adaptations, someday, odors 
might get diffused virtually when consumers are on-
line to create stronger brand recall. Technological ad-
vancements such as the “Season Traveler’’, a custom-
ized and wearable Head Mounted Display, developed 
by Ranasinghe et al. system that contains thermal, 
smell, and wind stimuli, allowing the users to simulate 
real-world conditions while wearing it. MetaCookie+ 
is an AR device that allows users to virtually change 
the smell and flavor of the food by simulating and dif-
fusing smells (e.g., strawberry, vanilla).

3.1.4. Taste: Taste is the sensation that fuses all dif-
ferent senses to create a holistic brand experience. Ac-
cording to Elder and Krishna, multi senses lead to better 
taste perceptions than single sensory ones, consisting 
of visuals or sounds. In the virtual environment where 
like the smell, the taste is hard to replicate. The taste 
depends on multisensory stimulation. Visual technolo-
gies and sound play a crucial role in giving consumers 
a sense of taste. Packaging plays an important role, and 
specific colors are used by food and beverage brands 
to indicate the type or flavor. Research shows SETs 
techniques have succeeded in virtually simulating the 
sensation of taste in lab experiments. There are immer-
sive devices that can capture color, pH value and cre-
ate electric stimulations for a mixed reality experience. 
It could be virtually possible to taste a product before 
even touching or smelling it, which in return would re-
duce the psychological distance between the consumer 
and the product online [26].

3.1.5. Touch and Feel: According to research, 
some customers feel the need to touch and self-eval-
uate a product or imagine themselves touching it 
to be confident in their decision to purchase it. The 
need for touch, however, depends upon the type of 
product as well as the individual. Some products, for 
example, have a surface and texture to them, a geo-
metrical shape and weight. An image or even a writ-
ten description of the product would suffice to pro-
vide the required product knowledge. However, there 
are products with higher haptic needs and material 

properties. For instance, items such as a piece of fine 
clothing often call for a quality check. Research also 
shows that the need for touch is extremely individu-
alistic. While some consumers feel the need to touch 
their products to form mental imagery virtually, oth-
ers believe their cognitive abilities are superior and do 
not require touching and feeling products to purchase 
them. Touch is also one of the key sensory signatures 
of brand destinations representing the complexity 
of the product or a sum of multiple products. There 
is a positive correlation between the complexity of a 
product and the need for haptic sensations. Another 
important function of haptics is to build a perception 
of control and ownership. Touch or the mental visual-
ization of touch has a positive effect on consumers and 
the ownership of a particular product or service. 

4. Research Methodology
In order to explore and understand how online 

consumers feel about the engagement with brands and 
products with multisensory experiences and under-
standing their idea of whether or not the current forms 
of sensory elements are sufficient, qualitative research 
was undertaken. The methodology included quali-
tative depth interviews with 24 participants (7 males 
and 17 females) who identified as online consumers 
of different domains. While the reasons for integrat-
ing haptic technologies (for touch and feel) varied, the 
respondents agreed upon the need for a holistic brand 
experience while engaging with products or services 
online. Similarly, another theme that emerged was that 
most interviewees were ready to adapt to technologi-
cal immersions, allowing them to touch or feel online 
products, except three respondents who felt that the 
current forms of sensory experiences through visuals 
and sounds were sufficient for customer engagement.

The participants were all above the age group of 
18. Each of the participants was invited for an inter-
view which took place over a call. The interview was 
semi-structured, allowing the participants to express 
their opinions and experiences with sensory market-
ing online, beyond the questions asked. 

The data collected from the personal interviews 
were recorded, documented, and logged in a record 
sheet. The interviews were later transcribed and read 
through so that the repeated and recurring themes 
could be identified. Based on this data available, I con-
ceptualized and tried to explore what the data repre-
sented. The interpretative reading of the data helped 
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me understand how the interviewees understood 
the concept of sensory marketing and its consumer 
impact in the digital space, observed Mason. In par-
ticular, it showed what sensory elements and experi-
ences the interviewees counted as important to their 
engagement online. Through the coding, some of the 
focused codes that emerged were trust and credibil-
ity, experience, product centricity, uncertainty about 
technology, which led to the generation of themes for 
analysis [27].

5. Data Analysis
A few major themes emerged throughout the inter-

view across all respondents, which further supported 
past literature and presented a further scope for mul-
tisensory experiences in the virtual environment. The 
questions for this research were:
• Do customers feel the need to development of mul-

tisensory sensations while engaging with brands 
online?

• Do customers feel the need for sensory marketing 
in product categories other than those where they 
largely experience it?

• With fewer offline and physical sensory touch-
points in the current scenario, do consumers want 
online sensory marketing to go beyond the tra-
ditional visual and sonic aspects? (Employ other 
senses such as touch, feel, smell, taste.)
The online environment is favorable in terms of 

gathering information, as observed in the account of 
all the respondents. All the respondents spent about 
a significant time online every day, with the average 
being four to seven hours daily. When further asked 
about what they looked for, most of them respond-
ed that significant time was spent browsing through 
social media, eCommerce platforms, and individual 
websites. In the case of two respondents, their surf-
ing time was spent on news platforms. On being asked 
what products or services they looked for, most of 
them responded with apparel, daily essentials, and 
products they saw in social media advertisements or 
pop-up ads, which triggered an impulse buying mo-
tivation. A few respondents (4) agreed that they were 
currently looking to buy anything and everything on-
line due to the ongoing Covid-19 pandemic and the 
lack of offline sources. The responses were analyzed 
based on some major themes that emerged from the 
data [28].

5.1. Need for Multisensory Experiences
When asked about the nature of these online 

sources, a large majority (about 15) agreed that the 
sources did manage to grab their attention in terms of 
visual imagery & sound perceptions. At the same time, 
a few of them were uncertain whether it was the sen-
sory aspects that grabbed their attention or otherwise 
(e.g., storytelling, copy of the advertisement, review). 
During the interview, one respondent noted, “When I 
am browsing for individual products, they do not tend 
to grab my attention. (...) It depends upon the brand 
whether they or not they are using many visuals be-
cause that makes me somewhat confident in the au-
thenticity of the brand.” It is noteworthy that although 
some of the other respondents were uncertain, quite a 
few agreed that visuals or even videos for the matter 
helps in building trust and credibility on the source 
and wants them to further engage with the brand. 
Most respondents believed that they tend to engage 
and, as a result, purchase more when brands use a 
large number of visuals or sounds or in cases where 
they have experienced haptics, touch, and feel sensory 
elements [29].

5.2. Technological Affordances of Haptics
The lack of availability of five-dimensional sensory 

experiences, mainly haptics, may have been the rea-
son for the participants to say they believed the reason 
behind visual or sonic triggers was that their sources 
were often heavy on images and sounds, which was 
further reflected in the responses of the interviewees 
when quite a few (9 participants) said that they had 
not come across any brand or product that had an ele-
ment of touch or feel to them. In the respondents who 
did, some did not remember the product category that 
it belonged. Some participants cited the example of 
Lenskart and Nyakka and their virtual- try-on (which 
are not based on haptics) as well as PepperFry and 
Ikea. The participants were perhaps not exposed to the 
haptic technologies because many brands and prod-
ucts are yet to use them in their marketing. Only two 
participants who were into gaming had experienced 
AR and VR immersions.

5.3. Trust and Credibility 
of Multisensory Experiences

The need for a multisensory technology exists for 
the respondents who believed that they would be ‘open 
to experience’ it. There was also an agreement amongst 
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many that this holistic experience would positively af-
fect their online product engagement and purchasing 
decisions. While most were certain it would also be 
more effective in terms of building trust for the brand, 
some were uncertain whether they needed such tech-
nological advancement or not [30].

5.4. Sensory Touchpoints 
and Its Effect on Buying Behaviour

Buying behavior of the consumer is largely affect-
ed by their buying source. It is therefore important 
to build favorable brand experiences in all the vari-
ous settings. Consumers purchase products from an 
online touchpoint compared to an offline source de-
pending upon several factors. Degree of involvement 
(high vs. low) plays a crucial role in determining the 
degree of engagement with the product. 

On being questioned whether or not respondents 
preferred purchasing products online in contrast to 
offline sources, they felt that it depended on the de-
gree of involvement of the product, price, and conve-
nience. About 16 participants recorded that they pre-
ferred purchasing ‘expensive products’ from a physical 
source because they could self-evaluate the product. 
They felt that online platforms took longer in deliver-
ing products even though they were more convenient. 
Others were extremely adapted to shopping online. 

5.5. Adaptability and Responsiveness towards 
Five-Dimensional Sensory Experiences

Digital natives are more likely to adapt to new expe-
riences than their non-digital counterparts. In case of 
developing a response towards multisensory triggers, 
consumers need to be accustomed to single-sensa-
tions first. While a vast majority experience sight and 
hearing sensations already, there is still scope for more 
touch triggers online. When it comes to responding 
positively towards technological immersions, it is im-
portant to have a slow transition from single-sensory 
experiences to multisensory ones. This gradual shift 
depends on the degree of sensory inputs the brands 
currently employ and depends heavily on the type 
of consumers of the particular brand. Some product 
categories are more likely to receive more positive re-
sponsiveness in terms of adaptability than others [31].

6. Findings
All the respondents spent a considerable amount of 

time online on average. They had interacted with var-

ious interactive interfaces in the virtual environment. 
While most interviewees were somewhat unfamiliar 
with sensory marketing as a concept (14 students and 
2 working professionals) or could guess what the term 
referred to based on the name. In contrast, a few inter-
viewees (4 participants) were completely unaware and 
unfamiliar with the term, which allowed me to elabo-
rate the concept of sensory marketing to them for un-
derstanding whether they had knowingly or unknow-
ingly come across online products that triggered a 
sensory reaction in them. Once again, the respondents 
were either sure they experienced it, whereas some 
were uncertain. In addition to this theme, the major 
product categories they believed they had experienced 
sensory triggers ranged from the gadget and electronic 
products, virtual try-on ads for apparel, glasses, and 
makeup and skincare products. In contrast, a few (5 
participants) could not recall any significant product 
or service category, if at all. Most respondents did not 
just experience a singular form of sensory experience. 
More often than not, participants believed that mul-
tiple sensory elements were at play while they were 
viewing some brand or product online; however, re-
spondents were not aware of the fact that what they 
were experiencing was a made-up construct and that 
the visual triggers or sounds they experienced were a 
sensory marketing tool [32].

On being asked which of their senses they believed 
were affected the most in the online environment, all 
the respondents believed it was the vision and sup-
porting that was auditory inputs from sounds. One 
interviewee said, “In terms of food images or videos, 
whenever there is steam coming off of something, or 
the sound of crunch, or the sounds of kitchen uten-
sils (...) makes me salivate at times, “This is found to 
agree with the literature study where we learn that 
sound frequencies and visual inputs together invoke 
an extremely strong mental trigger as well as induced 
a sense of taste in case of edible products. When asked 
if they believed the reason why sight was such a com-
mon response, they believed that because most of 
their online sources were very heavy on visuals and 
did not have much touch and feel element to it, almost 
all participants agreed.

Another theme was that they trusted products that 
they could self-evaluate physically. It was noted that 
respondents closer to the Gen-Z age bracket (students 
and working professionals) wanted the experience. In 
contrast, the two respondents who were late millen-
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nials felt the current tech was sufficient. One of the 
participants presented, “The image shown on shop-
ping websites is sometimes misleading. It makes the 
product look a certain way; however, there are dif-
ferences when the product gets delivered. Moreover, 
while I can return the product, it discourages me from 
trusting products from that particular site. If it could 
feel the product in terms of texture, color shape, etc., 
that would be very engaging.”

The pandemic has restricted the offline touch-
points, which has affected the motivation level of 
consumers, and they need external affirmations. The 
participants noted that they have increasingly started 
purchasing products online ever since the global pan-
demic. Irrespective of the involvement and price fac-
tors, One participant who did not shop much online 
noted, “I recently purchased an expensive electronic 
appliance online because I could not get it from the 
store.’’ Another noted, “Currently, I have become more 
comfortable with online sources. I have started pur-
chasing everything from groceries to gadgets online 
due to the risk of going out.” On being asked whether 
or not they trusted online cases in such a scenario, a 
common theme appeared that a more holistic experi-
ence online would increase the trust and credibility of 
the products [33]. A few participants (3) still preferred 
offline sources and online for extremely low involve-
ment daily essentials. However, they were comfortable 
shopping online and wished that online sources would 
cater to their sensory needs beyond sounds and visu-
als to get them to try out high-involvement expensive 
products. 

Since customers are unaware that technological 
advancements are in progress to give them a more 
holistic five-dimensional experience, they must be ac-
customed to them first. On being told that such a tech-
nology exists that could virtually make them smell and 
taste things, the respondents in the study were very 
intrigued to try out for themselves. A large number 
of participants (19) responded in favor of such devel-
opments. They believed that they would be ready to 
adapt and interact with such sensory experiences re-
peatedly and across product categories if introduced. 
Some of the respondents who earlier believed that vi-
sual and sound triggers were sufficient were also open 
to experience more than just single sensory elements. 
Two respondents felt that the current forms were suffi-
cient and did not require further development, where-
as one was uncertain [34].

7. Conclusion 
The research study highlights that multisensory 

experiences engage consumers holistically in a tra-
ditional real-world situation and various online en-
vironments. While single-sensations such as visuals 
or sound inputs engage consumers and increase the 
likelihood of purchase, multi sensations with some el-
ements of touch and feel will trigger stronger sensory 
reactions and, as a result, affect the purchase intention. 
Newer HCI technologies have developed, although not 
commercially yet, are likely to intrigue the consumers 
once employed and result in positive affirmations in 
terms of product experiences.

Customers, when told such experiences could exist 
(as prototypes and someday as functional interfaces), 
are open to trying these newer forms of sensations not 
only in their existing product and service categories but 
also wish for expansion into categories that could large-
ly benefit from five-dimensional sensations. Consum-
ers are not aware of the extent to which haptic (touch) 
elements can be introduced online but would feel that 
it is more engaging than merely looking at or hearing 
about the product online. Hopefully, these developments 
would expand beyond the real and virtual environments 
and prove effective in mixed reality environments. An-
other motivation to introduce multisensory experiences 
now than ever before is the need of the hour. The global 
pandemic has propelled a newer reinforcement to online 
touchpoints in the form of increased consumer bases 
(who were used to purchasing offline). Such a develop-
ment will prove to be beneficial for brands if introduced 
strategically. It will also impact the value and credibility 
of digital environments if they can imitate, if not repli-
cate, the real world more holistically.

8. Limitations and further research
The study was primarily based on interviews, and 

hence the experiences shared by the participants were 
more of ‘recall’ based. Hence, it brings along its limita-
tions compared to if the study was done in simulated 
laboratories for real-time understanding. There is a 
scope for further research to determine what prod-
ucts could benefit firsthand from online multisensory 
brand experiences and whether or not the consumers 
of those categories are adaptable to it or not. 
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Abstract
The study of a person’s opinion of their own body is the study of 
“body image.” While the definition was not much complicated, 
the arguments around the “Body Image” have numerous folds, 
from weight and size to appearance and normality. There can 
be a long list of things that can affect a person’s body image 
concept and make them feel good about themselves or even 
dread being in their bodies. The source can be anything from 
one’s peers to the brands advertising their products with the 
help of models and celebrities. In this research, we will focus 
on the advertisements impacting the self-body image. The ad-
vertisers take the help of models and celebrities to impact the 
minds of their viewers and nudge them to try their product. 
In today’s world, a consumer’s self-image is targeted by how 
an advertisement is made. The research used a mixed-method 
approach to imply the finding of the study. The study validated 
and established the identified and the proposed construct and 
implied that the advertisements impact the viewers to attain or 
aspire for the sure self-body image. However, for a brief period, 
the effect and impact it creates cannot be overruled entirely.
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1. Introduction
Advertising is a kind of exposure given to the 

customers to persuade them to buy or at least try a 
particular product. In this day and age, an average hu-
man being is exposed to thousands of beauty images 
weekly. While advertisers may use a vast array of tac-
tics to induce curiosity and intrigue within customers, 
they sometimes aim to show a customer their ideal 
self and compare it to their real self, which may have 
good, bad, or worse effects on the viewers [1]. How-
ever, some of these advertisements set some unrealis-
tic and unachievable body standards for the viewers. 
The advertisers take the help of models and celebri-
ties to impact the minds of their viewers and nudge 
them to try their product. They aim to make the view-
ers directly or indirectly want a body like the models 
or celebrities in their advertisements [2]. In today’s 
world, a consumer’s self-image is targeted by how an 
advertisement is made and, consequently, takes cues 
from such advertisements and develops a connection 
with the product. These advertisements are also said 
to evaluate the standards of good looks or the beau-
ty standards amongst the younger generations, both 
males and females. These standards are usually high 
and a little challenging to achieve [3]. The impact 
deepens when such brands use celebrities to endorse 
their products. When it comes from a celebrity that 
a person looks up to, it is more convincing and has 
more significant effects on a consumer, similar to ad-
vice from their family and friends [4].

While there can be both positive and negative im-
pacts of such advertisements on viewers’ body image, 
the negative impact is observed a little more than a 
positive one. For men, a model having buffed body 
and abs is shown to attract the opposite sex [5]. Adver-
tisements have even gone to the extent of body sham-
ing people who weigh more and adorning people who 
have achieved a body that cannot be expected from 
regular human beings [6]. The harmful effects of such 
disparities on human beings may start small. However, 
they may quickly become huge issues for these young 
adults. They may lead to mental disturbances or may 
even be physically dangerous [7]. Western advertising 
encourages “thinness” especially in women. The con-
cern of brands using skinny models to advertise their 
products and their detrimental effect on the viewer’s 
body image increases. The gap between the ideal and 
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the real self may lead a consumer to feel inferior or 
low on confidence in various aspects [8]. It creates dis-
satisfaction within them concerning their bodies and 
leads them to develop eating disorders to achieve their 
ideal self. A study done on preteen boys showed that 
when they indulged in food avoidance to get their ide-
al body, they often had psychological disturbances like 
depression and anxiety disorders [9]. In the post-mod-
ern world, a consumer does not want to develop a con-
sistent, authentic and straightforward identity. They 
always change their self-concept depending on the 
context of body image. Considering this, the purpose 
of this study is first to understand the impact that the 
advertisements create in the viewers’ minds and how it 
affects them? Secondly, to understand whether people 
acknowledge such advertisements and further look to 
attain or replicate self with the portrayed body-image?

2. Literature Review
Many pieces of research have acknowledged that 

since the time advertisements and media have existed, 
the viewers and customers have continued to feel an 
urge to have a “perfect” body, as portrayed by the ce-
lebrities and models doing those ads [10]. Be it print, 
radio, TV, OOH, or even digital, if we speak of present 
times. There are unrealistic beauty and body standards 
that get instilled in society’s minds. The viewers who 
get affected by this are also a part of this very society. 
When the actual body of the viewer and the bodies 
that the models and celebrities adorn have a deviation, 
dissatisfaction arises in the minds of the viewers about 
these deviations [11]. It starts from the teens and can 
create mental and physical disturbances within indi-
viduals until their 40’s or even further in life. Enough 
research has shown that to meet these ideal body stan-
dards, people practice unhealthy diets or even work-
out regimens that are not suitable for every individual 
[12]. These lead to severe, sometimes life-threatening, 
eating disorders. If not, they also contribute to the 
development of mental illnesses like depression and 
anxiety. This research took a cue from some existing 
researches. It worked towards developing a framework 
to take forward the study in a structured manner [13].

2.1. Perceived Motives 
of Celebrities/Models and Advertisers

According to the attribution theory, a person is in-
clined to perceive a cause for someone’s actions. These 
perceptions made by a person influence their behavior 

and affect their expectancies. For this study, one of the 
constraints that are a part of the theoretical framework 
is to establish that a viewer perceives that the advertis-
er, the models, and the celebrities endorsing a product 
want to showcase the perfect or the ideal body that one 
is expected to have to look attractive and socially ac-
ceptable. A connection with the advertiser’s opinion 
of an ideal attractive body and the perceived motive 
of viewers exists. The studies also show that if a viewer 
attributes a positive motive to an advertisement of a 
particular brand, their brand evaluation also, in turn, 
shows to be in a positive direction. We expect to see a 
direct relationship between the attributions to motives 
with the brand evaluation in similar lines. This vari-
able has come into existence, keeping in mind the at-
tribute theory and Laura Mulvey’s theory of male gaze 
and psychoanalytic.

2.2. Perceived Ideal Body-Image 
Here, the factor is when a person determines their 

ideal body image. It is typically an understanding of 
the discrepancies between a person’s real body struc-
ture and how they would ideally like it. Multiple fac-
tors help an individual to determine this. Media and 
advertisements are some of the greatest influencers on 
a person’s body image, as elaborately discussed in this 
study. In earlier research, it is also established that ad-
vertisements use the physical appearance of a model 
or celebrity to sell and promote a brand’s products. It 
is evident in several studies that a great deal of dis-
satisfaction arises when a viewer compares their own 
body with celebrities and models that get featured in 
advertisements, leading to eating disorders to achieve 
a desired yet unrealistic body. A considerable portion 
of both boys and men who get into the endomorphic 
or ectomorphic category find that they do not fit into 
the ideal and thus work harder to obtain the more me-
somorphic body they witness in television and maga-
zines.

2.3. Perceived Sociocultural Standards 
of Ideal Body

According to the sociocultural theory of body im-
age, the beauty standards accepted in society positive-
ly contribute to the development of disturbances in 
one’s body image, observed by David & Warrier. Ad-
vertisements are one of the significant determinants 
of these societal standards of beauty and ideal body. 
The glorification of thin bodies and the shaming of fat 
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bodies is the most critical contributor to eating disor-
ders. It is also seen that this standard differs from eth-
nicity to ethnicity, consequently, culture to culture. As 
the masses are exposed to the advertisements, this ir-
rational and unrealistic “socially accepted” ideal body 
is easily determined by the viewers. Several kinds of 
research also showcase the role of mass media on cul-
tural standards of body images. It is found that social 
media and advertisements depict various sociocultur-
al tangents of individuals. In research, indirect support 
for the “sociocultural theory of eating disorders” was 
provided that showcased minimal levels of satisfaction 
concerning the size and shape of the body. There is a 
study that also states that self-esteem issues lead to the 
development of eating disorders [14].

2.4. Effects on the Viewer’s Body Image
The viewer comes across a discrepancy in their 

mind, on their body image. Hence, it is either satis-
faction or dissatisfaction with one’s own body. If it is 
dissatisfaction, the viewer, in the next step, will look 
for methods to overcome this dissatisfaction and min-
imize the discrepancies. By showing possibilities and 
creating dreams, the viewers of an advertisement are 
made to view images of attractive models and celebri-
ties achieving’ their own “Body goals” with the help of 
the said products that are promoted in these advertise-
ments. These adverts have a subliminal yet massive ef-
fect on people. However, fewer times, a positive effect 
from this manipulation has also been reported. It is 
essential to ultimately conclude that it gives the read-
ers clarity about the effects that advertisements have 
on the viewer’s body image. 

2.5. Aligning Ideal Self-Image 
with the Brand’s Showcased Image 

A viewer aligns their ideal self-image and body 
image with the image that the brand portrays. Here, 
a viewer relates and agrees to the normalcy created by 
the brands during the advertising. These standards, 
though depicted, as usual, are extraordinarily unreal 
and unattainable. When promoting their product, the 
brands directly or indirectly communicate the defi-
nition and standards of an attractive body through 
the people who are promoting the products. When a 
customer aligns with the brand’s idea of an attractive 
body, they start questioning their current body shapes 
and sizes. Alternatively, the consumer might agree 
with the body standards set by a particular advertise-

ment. They might feel comfortable with the set body 
standards due to having a similar body structure as 
shown in the ads, which may also affect elation and 
satisfaction [15].

3. Proposed Theoretical Framework
With the help of the literature review, four indepen-

dent variables are identified; perceived celebrity/mod-
el/advertiser motives, perceived ideal body and per-
ceived sociocultural standards of an attractive body, 
and Alignment with the Brand showcased image. The 
dependent variable is and the Perception of the viewer 
on the self-body image. The considered variables un-
der the study are proposed to form a framework given 
in Figure 1. 

Figure 1: Proposed conceptual framework

The hypothesis stated below will help to establish 
and validate the constructs in the proposed frame-
work.

H1: Perceived motives of celebrity/model/adver-
tiser has a significant impact on the Perception of the 
viewer on self-body image 

H2: Perceived ideal body image significantly influ-
ences the Perception of the viewer on self-body image 

H3: Perceived sociocultural standards of the ide-
al body significantly influence the Perception of the 
viewer on self-body image 

H6: Alignment with the brand showcased image 
significantly influences the Perception of the viewer 
on self-body image

4. Methodology
The research uses a mixed-method approach. 

Firstly a quantitative technique is used to validate 
the framed hypothesis and the proposed framework. 
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Then the research is extended with qualitative anal-
ysis through Focus group discussions (FGDs). A 
mixed-method approach will help to get an in-depth 
understanding of the subject. A total of 200 respon-
dents have filled the survey. The survey was circulated 
via email and through social media platforms. The re-
searcher used convenience sampling to reach the tar-
get audience. The target age group considered for the 
study is 20-35 years and people residing in the urban 
localities of India. The FGDs happened at the partic-
ipant’s mutually convenient time. The FGD is done 
through video conferencing. Eighteen participants 
have given their consent to participate in the discus-
sion, so three FGDs were conducted with six partic-
ipants each. The participants were also a part of the 
survey in the earlier phase [16].

5. Findings

5.1. For Quantitative Survey
The reliability is tested using Cronbach’s alpha 

test. The α value is 0.776, which shows that the survey 
tool used for the study is reliable. The test of multi-
collinearity is also done using variance inflation factor 
values (VIF). The VIF value is 1.006, which indicates 
no such impact of multicollinearity. The hypothesis 
framed is tested through multiple regression analy-
sis in SPSS. The independent variables considered in 
the study are Perceived motives of celebrities/models 
and advertisers (PMOC), Perceived ideal body-image 
(PIBI), Perceived sociocultural standards of the ide-
al body (PSCS), and Aligning ideal self-image with 
the brand’s showcased image (ABSI). The dependent 
variable is the Perception of the viewer on the self-
body image (PVSI). The p-value is significant (p ≤ 
0.05); thus, supporting and validating the hypothesis 

framed. The R square value is 0.642, which indicates 
that there is almost 64 percent overall impacts of the 
independent variables on the dependent variables. 
The result of the multiple regression analysis is pre-
sented in the given table. The output of the analysis, 
shown in Table 1, verified the Perceived motives of ce-
lebrity/model/advertiser, perceived ideal body image, 
perceived sociocultural standards of the ideal body. 
Alignment with the brand showcased image does sig-
nificantly influences the Perception of the viewer on 
the self-body image.

5.2. For Qualitative Survey – FGDs Summary 
The rationale behind selecting the participants for 

discussion was to get an in-depth and extended opin-
ion on the research variables. An attempt was made 
to consciously select more respondents falling under 
the ages of 23-24 and 30-32. They contributed to more 
than 50 percent of the questionnaire respondents. 
Three focus group discussions with six participants; 
each participant in each group was taken with a total 
of eighteen participants. The discussion is summarised 
below to get a clear understanding [17].

5.3. Perception of Motives of Celebrities/
Models Featured in Advertisements

On being asked how often one comes across an 
advertisement featuring a celebrity or a model, all ten 
respondents thought they do come across such adver-
tisements quite often. A few said daily, they see ad-
vertisements featuring lean models and celebrities all 
over social media and newspapers. Seven out of ten 
respondents said that the primary motive of these ce-
lebrities and models is the monetary value attached 
to them, and they do not care about the products that 
they endorse. The other three had a slight belief that the 

Table 1:
Coefficients

Coefficients

Model Standardized 
Coefficients t Sig. 95.0% Confidence Interval 

for B
Beta Lower Bound Upper Bound

1 (Constant) 1.124 0.239 4.709 0.000 0.654 1.594
PMOC 0.070 0.032 0.121 2.198 0.029 0.007 0.133
PIBI 0.113 0.043 0.150 2.589 0.010 0.027 0.198
PSCS 0.167 0.051 0.184 3.289 0.001 0.067 0.267
ABSI 0.338 0.056 0.351 6.010 0.000 0.227 0.448

a. Dependent Variable: PVSI
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models and celebrities are a little conscious and aware 
of what they are advertising. One of the respondents 
thought that leaner models are healthy when they adver-
tise brands related to food, beverage, beauty, and fashion. 
Another respondent thought that brands approach ce-
lebrities/models that have a public image and personality 
similar to that of the brand [18]. He supported his point 
by quoting examples of cement or steel brands hiring 
sports persons and Milo, an energy-boosting drink ad-
vertised by Sachin Tendulkar. All the other interview-
ees agreed that brands hire people who match with the 
brand personality to put that particular kind of impact 
on its viewers. All of the interviewees thought that the 
models and celebrities have attractive bodies [19].

5.4. Perceived Ideal Body Image 
On being asked if they would go for a product ad-

vertised by a model or a celebrity who is not lean and 
thin but has a slightly bigger body, the participants had 
divided opinions. While most of them showed inter-
est in a brand that has a comparatively bigger body 
shape, but some of them said that if they were hon-
est, they would not probably go on to buy a product 
that had a model of a slightly bigger body. They have 
to go with the brands advertising themselves with the 
help of someone with a thin and lean body. The idea 
of going with a brand advertising itself with a slight-
ly bigger body was one of the participants mentioned 
that she would prefer a brand that endorses itself with 
a model or a celebrity showcasing a more familiar and 
achievable body type, instead of a brand that showcases 
too unachievable and potentially unhealthy body type. 
The majority of the participants said that these mod-
els and celebrities earn their bread and butter by main-
taining a particular body type, which requires hours 
and hours of daily workout and strictly monitored diet 
plans. They thought that we, being people who are not 
a part of showbiz, cannot afford to spend much time 
and money maintaining such a body type; hence, we 
tend to look for shortcuts that are more often than not 
extremely harmful and unhealthy for the body [20].

5.5. Perceived Sociocultural Standards 
of Ideal Body 

The interviewees held a strong opinion on this par-
ticular question. All of them agreed that there is some-
thing as the society’s standards of an ideal body type. 
While most of them said that it depends on individu-
al to individual if they want to get affected by or align 

with the society’s idea of an ideal body, but few of them 
mentioned that many times in their lives, they had expe-
rienced depression and anxiety as they have succumbed 
into the society’s pressure about the ideal body type and 
getting body-shamed. The participants gave examples of 
how they usually get body shamed for being extremely 
thin and also being a little over-weight [21].

One of the participants quoted a Hindi saying, “Jo 
dikhta hai VO bikta hai,” when asked if they think that 
advertisements in any way contribute to the ideal body 
standards set by society. They thought that it plays both 
ways, in the sense that advertisements do significantly 
impact society’s mindset of an ideal body as a whole. 
However, the advertisers also feed upon the existing so-
cietal standard before strategizing whom they want to 
advertise their brands with, as again if they agree to the 
society’s body standards during the advertisement of 
their brand, more people belonging to that society will 
resonate with the brand and buy their products [22].

On being asked if the models and celebrities we look 
at in advertisements have a healthy body, the opinions 
were somewhat divided. Exactly half of the interviewees 
said that they believed that the models/celebrities have 
all the time and money to take the healthier route to 
achieve a particular body type. At the same time, if we 
as commoners went on to copy them, we would prob-
ably end up getting into unhealthy ways of pursuing it. 
One example of an unhealthy diet that many of her peers 
follow is intermittent fasting, which is an utterly unhealthy 
way of immediately reducing weight. The other half of the 
respondents said that the models/celebrities do not nec-
essarily follow a healthy plan to attain their bodies. They 
use pills, steroids, and surgeries for it, which is unhealthy 
for any of the viewers to follow [23].

5.6. Alignment with the Brand’s Showcased 
Image

The interviewees were asked to select a packet of 
green tea, where one of which was Lipton green tea, 
being endorsed by Shradhha Kapoor. The other being 
organic India green tea, being advertised purely on its 
functions and not with the help of any model/celebri-
ty, but the price points for both these products were 
the same. Eighty percent of them said that they would 
prefer to buy a brand purely based on its functions. 
All of these interviewees selected another green tea 
brand instead of the one being endorsed by Shraddha 
Kapoor. Some selected another brand because they felt 
like it tasted better. In contrast, others selected another 
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brand because they felt like it had better health bene-
fits than Lipton [24].

The majority of the interviewees believed that they 
would never be able to either follow a strict diet or get 
into a rigorous physical regimen. At the same time, the 
other two were male interviewees who were all in for 
putting in that extra amount of physical endurance to 
achieve their ideal body shape, which they currently did 
not have. However, the others were quite satisfied with 
the kind of body that they are in currently and believe 
that they do not subscribe to any showcased body image. 

6. Conclusion
The interviewees believe that the models/celebrities 

who endorse a particular product are least concerned 
about their selling and what they are standing for. All 
the benefit from is the monetary aspect of the partner-
ship with any brand. They think that the brands make 
a conscious decision while selecting an endorser for 
their mind. The brands’ rationale while choosing these 
models/celebrities for the brand is that their image/
personalities should fall entirely in sync with the im-
age/personality that the brands want to create of their 
products in the viewers’ eyes. So, they always look for 
the perfect candidate to get this job done. 

While these celebrities/models look attractive, they 
set unhealthy body standards in society and people’s 
minds. Models and celebrities have zero size bodies as 
they earn their livelihood through it, but for the view-
ers who are not a part of the showbiz and neither have 
that kind of money nor the time to get into the bodies 
similar to these celebrities and models should never 
put such standards for themselves. It was agreed upon 
during the discussion that there are people around 
them who get hugely influenced by these body stan-
dards, and they have also felt pressurized by the same 
at some point in life. They agreed that advertisements 
play a significant role in creating society’s unhealthy 
yet ideal body standards. 

It is safe to say that the thin and lean bodies of 
models and celebrities who feature in advertisements 
are unhealthy. Nevertheless, people are attracted to 
them. The imagery sets the society’s mind to be the 
ideal body, and many people get succumbed to attain-
ing such bodies. If not, they get body shamed for not 
fitting into society’s ideal body standards created by 
advertisements and other contributors. 

It is also clear that these tactics do not lead to the 
consumers buying these products, as they ultimately 

care about the product that provides the most benefits 
to them. 

Hence, it can be concluded that the drawbacks of 
brands featuring unhealthy body types in their adver-
tisements are way more than any amount of benefit they 
provide to increase the product’s sales. While featuring 
a skinny person in advertisements may contribute to 
creating the brand’s desired image in the minds of the 
consumers, it is hard to look at any other aspect that 
showcases any positive effect of doing this. In contrast, 
the adverse effects are numerous, from people getting 
body-shamed to getting eating disorders. Through this 
research, it would be advisable that brands focus on fea-
turing models and celebrities who can help in develop-
ing a healthy and normal body standard and also involve 
more functional benefits of their products in their ad-
vertisements, as the current tactics do not increase their 
sales numbers, while they might increase body issues 
within the youth and maybe also a little brand recall.
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 Abstract
Sustainable and integrated water resource management needs 
an hour, and achieving accurate estimation of runoff is key. The 
decision-making on urban landscaping planning for low-impact 
development techniques depends largely on the accuracy of 
rainfall. The haphazardly developed cities in India are encoun-
tering flooding crises due to the unexpected expansion. These 
mixed urban catchments comprise a muddle of residential, 
commercial, urban-rural, and industrial zones in any combina-
tion. Due to this change in urban catchments, the hydrological 
cycle gets affected and results in elevated runoff volume. The 
solutions to these are therefore necessary to be planned at a 
micro catchment level. This paper aims to explore an approach 
to calculate the runoff of such a micro mixed urban catchment. 
The geographical scope of this study is the fringe boundary 
of Pune city. For this ungauged basin, the basic mass balance 
equation was used to estimate runoff values compared with 
the runoff values calculated from empirical equations previous-
ly developed. From this comparison, it is observed that runoff 
values obtained from empirical equations were underestimat-
ed, which may be due to rapid land-use caused by urbaniza-
tion. Hence, a need was felt to re-evaluate the coefficients of 
these empirical models, which take into cognizance the current 
scenario and its allied changes over the years.
An attempt is made to modify the coefficients of empirical 
equations considering precipitation as the primary parameter. 
These modified coefficients fetched better runoff results than 
the runoff results obtained from the coefficients of previous-
ly established empirical equations. However, even with these 
modified coefficients, the runoff results were underestimated, 
which may be because of not considering the physical char-
acteristics of the catchment in these equations. Therefore, to 

increase the accuracy of these results, a numerical model that 
considers these catchment characteristics was chosen. In the 
present study, a dynamic rainfall-runoff model - stormwater 
management models (SWMM) is used and compared to assess 
runoff for an ungauged micro-catchment. The runoff results 
achieved from these SWMM models better reproduced the hy-
drologic and hydraulic behavior of the study area (with RMSE 
of 2.51) by considering detailed catchment characteristics com-
pared to those obtained from all the other empirical models. 
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1. Introduction
The world’s thirst for water is one of the significant 

resource issues of this Century. Water is a lifeline for 
humanity and is a vital requirement for the sustain-
able growth of society. Precipitation forms a crucial 
fraction of the hydrological cycle, directly affected by 
urbanization and climate change. India is a developing 
country and urbanizes at a rapid rate [1]. The level of 
urbanization in India increased from 10.8% to 31.1% 
from 1901 to 2011. India ranks in the second position 
in urban population, followed by China. From 1947 to 
2011, the Indian urban population increased by 317 
million. Due to the rise in urban population, the av-
erage size of towns (and cities) in India has increased 
from 33,624 in 1961 to 61,159 in 2011 [2].

Urbanization is transforming the previous green 
cover into impervious areas like concrete roads, park-
ing spaces, and building rooftops. Urban areas start-
ed in the 1960s when various hydrological problems 
popped out due to accelerating urbanization. Urban 
stormwater runoff is of significant environmental 
concern as the cities are experiencing contrast wa-
ter-stressed and flooding situations [3]. Appropriate 
assessment of the runoff volume in an urban area is 
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essential for designing, planning, and managing wa-
ter resources. These solutions will be effective and ef-
ficient if they are planned at micro catchment levels. 
Accurate runoff determination is a significant factor 
in analyzing and managing water resources [4]. 

Major catchments or river basins in India are 
gauged to calculate hydrological variables. However, 
medium-sized and microsized areas are not gauged. 
The transformation of rainfall to runoff for an ur-
banized area is an abstruse process. The distribution 
is spatial and nonlinear. Models can be developed if 
the long-range of data is available [5]. Rainfall-runoff 
simulation employs several different methods. These 
models have shown their success in determining the 
runoff for large catchment areas. This paper explores 
to find a method to calculate the runoff for an un-
gauged micro mixed urbanized area in a developing 
country [6].

2. Study Area 
Pune city is booming exponentially over its lon-

gitudinal scope as new neighboring fringe areas were 
taken under its sphere with time [7]. “The developed 
space at Pune Municipal Corporation (PMC) has 
grown from 18.3 km2 in 1973 to 139.4 km2 in 2013 by 
a medium growth rate of 3 km2 per year, around 7.5 

times. If this urban sprawl persists, by 2030 the built-
up area will increase by 206,4 km2”.Location Sketch is 
indicated in Figure 1.

For the last two decades, the growth of the Pune city 
has remained on a circle and spoked design. An increase 
in migration rate and haphazard growth resulting in un-
authorized construction on a wide scale and indepen-
dent property uses leads to mixing urban land use [8].

Pune district is divided into 23 basins based on 
geography by Pune Municipal Corporation. For this 
study, the “G basin” is considered, located on the 
fringe limit of the city of Pune, as shown in Figure 2. 
With urbanization, a significant increase in impervi-
ous areas is observed, which results in elevated runoff 
volume. Due to these impervious lands such as paved 
grounds, concrete roads, roofs of the buildings result 
in the quick flow of runoff and, in turn, reduced loss 
due to evaporation as of decreased contact time along 
with low infiltration rates, causing the increased peak 
in a short duration also referred as flash floods [9]. 
Thus, with the shift in land-use form, the influence the 
rainfall-runoff process of the catchments. Figures  3 
and Figure 4 depict the quick modifications in the 
build-up area due to the urbanization of the G basin 
in 12 years, from the year 2004 to 2018. This study at-
tempts to understand the adequacy of existing models 

Figure 1: Location sketch
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Figure 2: Study area: highlighted g basin (PMC)

Figure 3: Satellite view of the study area in 2004

Figure 4: Satellite view of the study area in 2018
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to cope with the dynamics of catchment and rainfall 
characteristics for a small catchment area [10].

3. Results and Discussion

3.1. Estimation of runoff using empirical 
models

Empirical equations have also been known as da-
ta-driven sets. They implement nonlinear numerical 
relationships between input parameters and the re-
sults obtained. These analytical equations vary con-
siderably with the precision of input. Most empirical 
versions are black-box patterns, implying less knowl-
edge of intricacies involved that influence the runoff 
as output [11]. Empirical runoff models are used when 
another form of output is not required, such as the 
distribution of runoff in a basin. Implementation sim-
plicity, quicker processing, and economy are reasons 
for using empirical models for modeling. 

Several empirical relationships developed between 
precipitation and annual surface runoff, such as Inglis 
and D’Souza formula, Khosla’s equation, the Irriga-
tion Department of India, Coutagine relationship, etc. 
The empirical models are employed for several catch-
ments, such as “Chaskaman and NiraDeoghar Catch-
ment of Pune.” The conclusions demonstrated the 
considerable deviations between the measured and 
estimated values of runoff. Also, the accuracy and ef-
ficiency of each model are required to be tested before 
using it in other watersheds [12]. The empirical inter-
actions are essentially relevant for a specific region, 
where relationships are developed by considering that 
region’s information. Topographical conditions of the 
area are dynamic, immensely changed with the years, 
lowering the efficiency of these empirical equations. 
Hence, modifying these empirical equations for the 
micro-catchments that are not gauged is necessary. 
The existing geographical environments and associat-
ed changes are taken into consideration. 

In this research, an effort is done to modify the em-
pirical equation concerning the changes in the current 
scenario due to rapid urbanization. G basin is an un-
gauged catchment and has four main streams, which 
meets Mule River at four outfall station [13]. Being 
an ungauged catchment, hydrological variables such 
as runoff volume is not available. For runoff volume 
calculations, the basic water balance equation is used 
from the year 1982 to 2018. Out of which, from 1982 
to 2011, an annual runoff was taken to train the mod-

el. Precipitation is considered as the crucial parameter 
for the enhancement of the modified model. Equation 
1 is a governing equation taken from the base equa-
tion derived from Inglis and DeSouza equation for the 
Deccan plateau. G basin falls in this area [14].

 R = aP2 – bP (1)

Where, 
R = Runoff from water balance equation in cm/yr.
P = Rainfall in cm/yr.
By using the Gaussian elimination method, 

MATLAB gives output coefficients as a = 0.0038 and 
b = -0.4025.

The final equation is as follows:

 R = 0.0038 × P2 + 0.4025 × P (2)

Using the above-modified Equation 2, runoff is 
calculated and compared with Inglis and DeSouza, 
Department of irrigation, India, and rational formula, 
where values C are taken from PMC. 

From Figure 5, it was observed that empirical equa-
tions undervalued runoff values. Thus, it can be conclud-
ed that when these empirical models have developed, the 
geographical advancement at that period was distinct 
from the existing urbanized scenario. Modified equation 
is simple to use as it requires only precipitation as input. 
From the statistical report of the study, in present RMSE 
of the modified equation are 6.79, which show the least 
error than other empirical equations. These empirical 
equations are reliable but are quite sensitive to the input 
parameters and possess a high degree of subjectivity in 
their application. Numerical models were explored fur-
ther for micro ungauged mixed urban catchment to con-
sider the catchment characteristics [12].

3.2. Estimation of runoff using numerical 
model

Numerical models appeared to be simplified hydro-
logical equations to give you a general understanding of 
what is happening and the performances in a catchment. 
Such models require a long-range of parameters and 
input meteorological data to calibrate and validate the 
models. In recent years, numerical models have earned 
acceptance because they are easy to use and calibrate.

At present, many numerical models are available, 
out of which the stormwater management model 
(SWMM) is utilized for rainfall-runoff modeling and 
conveyed through the drainage system. The EPA Storm 
Water Management Model (SWMM) is a complex rain-
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fall-runoff model used to simulate runoff quantities. It 
performs better, predominantly for urban areas. A re-
search was done by Waikar et al. in SGGSIE&T located 
in Vishnupuri, Nanded, using SWMM. The catchment 
area, with 31 junction nodes and conduits, is distribut-
ed into 98 small sub-catchments. The simulation is per-
formed for 30 events: rainfall data from 1983-2014 as 
extreme events every year and compared to the rational 
approach. The cumulative runoff from the catchment 
using SWMM and rational approach is 2.177m3 / sec 
and 1.109m3/sec, respectively. The SWMM model to 
study the overflow attributes of Centennial Park catch-
ments in Sydney [13]. Surface runoff varies with the 
catchment characteristics to minimize prediction error, 
and model control parameters required adjustments. 
The optimization algorithm in MATLAB was devel-
oped to find out optimum values of control parameters 
and used to develop a model to improve the efficien-
cy of the catchment modeling system calibration pro-
cess. The hydrological processes of stormwater runoff 
were examined by Kong et al. about land-use changes 
at Bazhong, China, utilizing the GIS-based Stormwa-
ter Management Model (SWMM). The modeling pa-
rameters required were extracted from the existing GIS 
information and then directly linked with the SWMM. 
Simulation results showed that a reduction of 33.3% in 
a percentage region raises runoff 92.9%, runoff coeffi-
cients 90.9%, and peak runoff time 35 min earlier.

G basin contains four naturally occurring streams to 
which the stormwater drains are connected in the pres-
ent case study. The mainstream of this micro catchment 
is selected, which is about 3.5 km in length and catch-
ment delineated using global mapper in 20 sub-catch-

ments as presented in Figure 7., and the area of each 
sub-catchment was calculated. The imperviousness 
area is one important parameter for numerical model-
ing. The percentage of impervious areas is calculated 
for each sub-basin from 2011 to 2018 using GIS bases 
for accounting for urbanization [14]. From Figure 6, it 
is observed that urbanization increases with time. Sup-
pose we consider sub-catchment number 4, the per-
centage of impervious increases from 46.63 to 84.60 in 
7 years, almost 40% increment in impervious area. It is 
observed that the trend is of an increase in the imper-
vious area for all 20 delineated catchments. There is no 
specific growth pattern observed, which may be due to 
uncontrolled haphazard growth resulting from the for-
mation of mixed land use. For the current case study, 
two numerical models, SWMM (Horton equation), 
SWMM (SCS-CN Method), were developed.
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Figure 5: Comparison of runoff values with modified equation (Satpute et al.)
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In SWMM, for the Horton equation for the present 
study maximum and minimum infiltration rate was 
taken as 2 in/hr and 0.1 in/hr obtained from labora-
tory permeability tests. Impervious manning’s ‘n’ was 
taken as 0.01 and pervious 0.1 for mix urban catch-
ment from data provided by PMC. Global mapper is 
used and DEM as an input layer to calculate the slope 
of each sub-catchment [15].

In the present study, 22 nodes and one outfall node 
were selected on the stream, where one drain meets 
another stream or stormwater drains change their 
shape. The outfall node is of free type, which means 
it discharges stormwater freely in the Mula River. The 
basic input parameter is an inverted level of each node. 
Invert level and details of a section of each node were 
taken from the PMC datasheet. The model created is 
shown in Figure 7; one rain gauge is assigned to all 
sub-catchments. Daily rainfall and evaporation time 
series is created from 2011 to 2018.

The routing time step was set to 30 sec. The design 
was reproduced with rainfall information daily for the 
duration from 1 January 2018 to 31 December 2018 
with 2011 to 2018 [16].The status report shows total 
precipitation and surface runoff of a simulation result 
of the year 2018, as shown in Table 1. 

Table 1
Results of runoff quantity using SWMM

Parameter SWMM Horton 
Depth (mm)

SWMM
SCS CN

Depth (mm)
Total precipitation 490.00 490.50
Surface runoff 410.07 396.64

The Curve Number infiltration method in SWMM 
is an extensively used SCS Curve Number Method for 
calculating runoff. The curve number method, also 
known as a mixed loss method, collects the damages 
due to interference, depression storage, and intrusion. 
The CN is a role of land usage, soil group, and precur-
sor damp states. The SWMM uses an updated, incre-
mental method that relies only on infiltration losses, 
as the other abstractions are modeled separately. The 
expressions used in the modified curve number meth-
od are given below in Equations 3 & 4.

 CN1 = (4.2 CN2) / (10-0.058 CN2) (3)

 CN3 = (23 CN2) / (10-0.13 CN2) (4)

In this study for the G basin, the Equation 3 con-
dition was adopted due to long-term simulation. The 

Figure 7: Structure of the SWMM model
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soil can reach its maximum possible moisture reten-
tion capacity during the expanded dry period. A CN 
values, rainfall, and evaporation time series data from 
1 January 2018 to 31 December 2018 are entered into 
the SWMM 5.1 and simulated. The reporting step 
and routing step were set at 30 minutes and 30 sec-
onds, respectively. As a total output runoff, and runoff 
coefficients were determined and further analyzed. 
The results of SWMM Horton overpowered SWMM 
(SCS_CN); therefore, further Horton results are com-
pared.

The value of C increases as the impervious area 
increases due to urbanization, which increases runoff 
volume for the same rainfall intensity, which observed 
from Table 2. From the equivalent runoff coefficients 
obtained from the SWMM models, the peak runoff de-
rived from rational models is compared as in Figure 8. 
The underprediction and overprediction of runoff 
are observed comparing the empirical and numerical 
models for the area. Table 3 represents the statistical 
results, RMSE for annual runoff values of empirical 
models, and the numerical model; numerical models 
give better results than empirical models [17].

It can be concluded that the modified empiri-
cal equation provides an improved result than the 
department of irrigation and Inglis and De Souza 
formula [18].The change in characteristics of the 
catchment is not considered in the previously devel-
oped empirical equations. The modified coefficients 

of these existing equations fetch better results. The 
successful rational approach depends on the calcula-
tions of the coefficient of runoff. Numerical models 
developed using SWMM are more accurate for mi-
cro mixed-urban catchments as compared with the 
modified equation [19]. 

Figure 8: Comparison of peak discharge values

Table 2
Equivalent runoff coefficient

YEAR Equivalent runoff coefficients derived from SWMM
2011 0.723131
2012 0.741881
2013 0.748067
2014 0.784311
2015 0.788177
2016 0.798679
2017 0.805219
2018 0.816978

Table 3
Statistical Results of empirical models and numerical model in G 
basin (Satpute et al., 2019)

METHOD MAD MSE RMSE MAPE
Inglis and De-
Souza 34.40 1200.72 34.65 77.86

Department of 
irrigation, India 24.46 613.80 24.77 54.91
Runoff from
derived equation 6.58 46.13 6.79 15.94
SWMM 2.13 6.31 2.51 4.87
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4. Conclusion
The rational approach assumes a homogeneous catch-

ment, which has runoff coefficient as a single value as in 
PMC datasheet, is considered one value. The area under 
consideration is micro ungauged catchment. SWMM is 
considered a non-homogeneous catchment and divides 
into 20 sub-catchments. Each sub-catchment weighted 
equivalent runoff coefficient calculated from 2011 to 
2018 is derived from both SWMM models. This study 
shows how for three research catchments with differing 
urban densities, spatial resolution was established; The 
runoff results were compared to those of a series of mod-
els developed for the same catchments but with progres-
sively lower spatial resolution. High-quality data from 
the three instrumented research catchments are used 
to enable a quantitative review of the spatial resolution 
impacts on model parameters and efficiency. In all three 
catchments, For the same surfaces, HR model calibration 
provided identical parameter values. Although there was 
no influence of spatial rainfall variability on parameters, 
this variability did impact model results. The model effi-
ciency degraded for distances greater than 2 km between 
the rainfall gauge and the flow measurement stations. 
These results explicitly demonstrate that the rainfall 
gauge must be positioned near the catchment if the aim 
is to replicate the patterns of urban runoff determined at 
a high temporal resolution.
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Abstract
Purpose: The purpose is to map the research work stating the 
readiness or responsiveness of the higher education institutions 
towards pandemics and identify the patterns of academic re-
search. 
Design/Methodology/Approach: Bibliometric analysis is 
done to map and evaluate the outcomes in the form of the 
documents published, stating the development of research and 
understanding the patterns of publication.
Findings: Uncommon examinations are attempted to give a 
multi-faceted technique required to sustain the crisis and build 
a robust education system in the long run. Likewise, embraced 
shared research should be empowered and upheld at various 
levels.
Practical implications: The brief interferences provided will 
enable the readers to get quick and valuable insights into the 
nature and attributes of academic publishing. Thus, benefiting 
the researchers in developing their future research agenda and 
come up with some more innovative ideas.
Originality/value: Rare studies using bibliometric analysis are 
directed to identify the higher education institutions’ responses 
to the pandemic or efforts required for supporting the” New 
Normal” in post-pandemic, which is a candid and resourceful 
exercise to contribute to the existing pool of literature.
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1. Introduction
The world today is in a crisis, causing a mas-

sive disruption unseen in the past several years. The 
COVID-19 pandemic has pressured society to the re-
gion itself within a massive cessation for an elongated 
duration of time. The entire humanity is possibly on 
the brink of a transfiguration depending on how we 
adapt and live – and the way we produce and distrib-
ute the commodities, goods, and services. 

Although our emergence from this global calamity 
will depend largely on how the coronavirus outbreak 
takes us, humanity by no means should refrain from 
its ability and power to mold the future through a 
sustainable transition. While the short-run and long-
run impacts of most of the sectors are calculable, it is 
not easy to deal with the long-lasting repercussions of 
COVID-19 on teaching and learning activities.

As the spread of COVID-19 continues across the 
globe, the way to endure to learn in a disruptive en-
vironment has become significantly challenging glob-
ally to the education community. As mentioned by 
Audrey Azoulay, the Director-General of the Unit-
ed Nations agency: “We are entering an unfamiliar 
area and working with nations to discover their tech, 
less-tech, and no solutions to ensure the progression 
of learning.” Moreover, in the words of Mrs. Stefania 
Giannini, Assistant Director-General for Education, 
UNESCO’s: “Society is compelled to close not solely to 
handle the immediate instructional repercussions of 
this unexampled calamity, but to create an education 
system having resilience for a long-term.”

These days, sustainable advancement is viewed as a 
fundamental conception and way out for determining 
an optimistic and roaring future for humanity. For the 
most part, sustainability is a mix of the three social, 
monetary, and ecological objectives in which political 
objectives are included. Feasible improvement is the 
progression of the nature of all parts of the life of the 
present age without making negative effects on peo-
ple’s lives in the future. While it might appear to be 
anything but difficult to make manageability in princi-
ple, sustainable improvement faces numerous unantic-
ipated issues and snags that hinder the procedure. One 
of the foreseen issues is the rise of scourge ailments 
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that negatively affect the economy and aim social is-
sues, the two of which are essential to practical turn of 
events. Even though this is a brief and transient issue, 
it can upset the procedure, resulting in long periods of 
unfavorable impacts. None the less there persist cer-
tain expected and unexpected challenges occurring 
during and post the occurrence of a pandemic or any 
global crisis for that matter [1].

The past has shown that any calamities, wars, con-
flicts, famines, pandemics bring significant changes in 
the establishments with durable impacts on affected 
societies. The period post-crisis can afford rare cir-
cumstances to shift productivity toward an additional 
fascinating state. We must tend to arrange for changes 
in public policy and monetary investment instead of 
anteceding the chance due to an absence of timely ac-
tion.

The current pandemic, COVID-19, has signifi-
cantly upset the Higher Education sector, a basic 
determinant of a nation’s financial future. As all the 
businesses are thinking about vulnerabilities around 
continuing activities post the lockdown, there is a re-
quirement for taking care of this adjustment capably 
and most securely.

Hence in our study, we explore and investigate 
through a bibliometric analysis of the available liter-
ature related to the responsiveness or preparedness 
of the higher education sector for any pandemic or 
global crisis. The focus of our paper is to study, under-
stand, evaluate and analyze the research outcomes and 
productivity at different levels viz. individual, institu-
tional, country wise and global level. We will analyze 
the different attributes, traits, and patterns of research 
and researchers. 

2. Research Methodology

2.1. Methods
A bibliometric analysis gives an insight into the 

growth of literature and the flow of knowledge in re-
search. While bibliometrics uses both empiric data 
and quantitative analysis and trails all the formal com-
munications available in the form of published litera-
ture, it also helps to understand the patterns of publi-
cation within a particular field of academic research. 
(As cited in Gao et al., 2016, p. 604), Pritchard defines 
Bibliometric analysis as applying mathematical and 
statistical methods to articles, documents, books, and 
other forms of communication. 

As an exploration technique, the bibliometric study 
was utilized by Eales and Cole in 1917, who contem-
plated the development of logical creation of articles 
distributed in the field of relative anatomy. This meth-
odology was later named “Bibliometrics” by Allen 
Richard, a prominent British researcher. Throughout 
the years, bibliometric reads have been utilized to dis-
sect a point or field rising in the worldwide informa-
tion scene and assess the advancement of exploration 
over time [2].

Citation analysis and Content analysis are the two 
extensively used methods for conducting bibliometric 
analysis. Citation analysis is a relationship between 
citing and cited works in a particular research area, 
enabling one to identify the fundamental literature, 
journals, countries, etc., while content analysis aims 
to identify current hotspots based on the frequency 
of author keywords and other distributions. Primar-
ily bibliometric is a tool, which enables one to navi-
gate from a micro-level (researcher and institute) to a 
macro level (national and global). Further to study the 
research trends and popular issues in a particular area 
of the study. Network analysis done using Vos view-
er is used to clarify the relations among the authors 
across the globe and the different keywords based on 
the co-occurrence, using a network of nodes and links 
through which information or social relationships sail.

2.2. Collection of Data
The purpose of this study is to map the develop-

ment of research in the domain of higher education 
in context to the responsiveness of higher education 
institutions towards sustaining Higher Education in 
the hours of any worldwide crises or pandemic situ-
ations. The study also aims to identify the structures, 
trends, and patterns of research in this particular field, 
of the countries working in the said field, network of 
researchers, year-wise count of publications, its sourc-
es affiliating institutions, organizations sponsoring 
and supporting the research, citation analysis, co-oc-
currence of keywords.

The main purpose of any literature review is to 
map and evaluate the plethora of literature to find out 
the potential research gaps and highlight the array of 
knowledge. We, therefore, evaluated research stud-
ies and articles published up to the year 2020, which 
focused on the preparedness of the higher education 
institutes and their pre or post-implementation views, 
experiences during pandemic situations.
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The paper only incorporates the research papers 
and reviews from journals. The search was limited 
to the Scopus database, thereby comprising research 
studies and papers only from peer-reviewed journals 
indexed in the Scopus database. We have also studied 
some of the reports available on FICCI, the Govern-
ment of India, and Maharashtra.

We have used the database from Scopus to com-
pile the literature data set as the data exported from 
Scopus is more comprehensive and standardized and 
is extensively used by the academic community. Sco-
pus is the product of Elsevier publishing, which has 
the largest number of abstracts and citation databases 
of literature comprising peer-reviewed research in dif-
ferent areas viz. social sciences, arts, and humanities 
science, technology medicine, agriculture, etc.

The preliminary search results were amplified by 
meticulously reviewing the articles published up to 
2020 for the following keywords. The initial search re-
sulted in 361 documents, which were finally limited to 
248 papers after refining the search [3].

The strategy for screening the data based on rele-
vance, using the electronic databases, is mentioned in 
Table 1.

Table 1
Electronic Databases

Particulars Description No. of doc-
uments yield 
after refining 
the search

Master 
keyword

“Higher Education” AND (Pan-
demic OR epidemic OR Covid 
OR Corona OR “Global crisis” 
OR “World Crisis”)

361

Primary 
keywords 
(AND)

 “Students” OR “Teaching” OR 
“University” OR “Higher Educa-
tion Institutions” OR “E- Learn-
ing”

260

Language English 248
Document 
Type

Not limited

Source Type Not limited

3. Results and Discussion
The mapping and evaluation of the outcomes in 

the form of the documents published, stating the de-
velopment of research in Higher Education in context 
to its responsiveness towards any pandemic or crisis of 
was performed in two steps as mentioned below.

1. Bibliometric Analysis
2. Network Analysis

3.1. Bibliometric Analysis 

3.1.1. Analysis Based 
on the Country/Territory

Research happens to be one of the most important 
tasks undertaken across the globe today. Knowledge, 
technology, and innovation are the tripod through 
which human beings can deal with the challenges. 
However, the emerging trends, which are more in line 
with the times where sustainability plays a vital role, are 
triggering the community to undertake more scientific 
activities with a cross-disciplinary perspective, enabling 
the participation of knowledge obtained from various 
areas. Simultaneously, it is also necessitating evaluating 
this active participation of all fields in knowledge-gen-
erating processes. The scientific knowledge generated 
by the researcher can be quantitatively analyzed and 
evaluated using bibliometric indicators. Through a si-
multaneous comparison of different characteristics, the 
aid of the bibliometric indicator in yielding a holistic 
view of the scientific activity [4].

The globalization taking place in various segments 
of the society has phenomenally affected the scientif-
ic system; thus, a comparative approach towards the 
quality of the research activity conducted by a group 
community or individual from a particular territory 
with the research of their national and international 
peers will shed light on certain attributes and traits of 
the research activity portraying the reality in connect-
ing to the use of information to generate new knowl-
edge and designing of the information centers suitable 
for meeting their information needs.

Figure 1 is drawn using IMAP builder, which shows 
the distribution based on geographical regions atten-
tive towards publishing research papers studying the 
responsiveness of the Higher Education sector towards 
pandemics or any other world crisis. The concentration 
of origin depends on the size of the cluster. It is evident 
from the map that most researchers are from the Unit-
ed States, followed by China and United Kingdom.

Out of the total 74 countries working in the re-
search area, Figures 2 and Figure 3 show the analysis 
based on the top 10 most productive countries con-
tributing significantly to the research area. The Unit-
ed States tops the list, followed by China and United 
Kingdom [5].
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Source: Data fetched from http://www.scopus.com (on 2nd August 2020).

Figure 1: shows the countries involved in the research related to responsiveness of Higher Education towards its sustainment during 
pandemic situations

Source: Data fetched from http://www.scopus.com (on 2nd August 2020)
Analysis by Country

Figure 2: Top 10 most productive countries/territories who have published papers related to the responsiveness of the Higher 
Education sector towards its sustainment during any pandemic situation.

Source: Data fetched from http://www.scopus.com (on 2nd August 2020)

Figure 3: Percentage-wise contribution of the top 10 countries working in the research area related to sustaining Higher Education 
during a pandemic or global crisis.
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3.1.2. Analysis Based on the Trend 
of Paper Published Per Year

A gradual increase is observed in the number of 
documents published in the last ten years addressing 
the responsiveness of the higher education sector to-
wards the different global crises in translational edu-
cation. However, a significant rise in the number of 
papers published is noted in the year 2020. The ma-
jor reason for the rise is the crisis raised due to the 
COVID-19 pandemic, which has hardly left any seg-
ment unaffected, presented in Table 2. 

Figure 4 illustrates the trend of the documents relat-
ed to the responsiveness of the Higher Education sector 
towards its sustainment during any pandemic situation. 

It is seen that the highest number of documents based 
on the study was published during the year 2020. A 
considerable increase is seen in the number of docu-
ments published during the past 10 years [6].

3.1.3. Analysis of the Documents per Year by 
the Source 

Table 3 states the top 10 sources based on the 
number of documents published over the years. The 
Journal Frontiers of Medicine, followed by the BMC 
Public Health and Plos One, has published the max-
imum documents related to sustaining higher educa-
tion during global crisis or pandemic, represented in 
Figure 5.

Table 2
Details of the documents related to studying the responsiveness of Higher Education towards its sustainment during any pandemic 
situation or global crisis published year-wise

Year of 
publication

No. of Docu-
ments Published

Year of 
publication

No. of Docu-
ments Published

Year of pub-
lication

No. of Docu-
ments Published

Year of pub-
lication

No. of Docu-
ments Published

1985 1 1994 1 2003 3 2012 21
1986 0 1995 1 2004 3 2013 20
1987 0 1996 1 2005 2 2014 15
1988 0 1997 0 2006 5 2015 7
1989 1 1998 0 2007 5 2016 22
1990 0 1999 0 2008 3 2017 15
1991 0 2000 0 2009 1 2018 25
1992 0 2001 2 2010 16 2019 10
1993 1 2002 2 2011 15 2020 49

TOTAL 248

Source: Data fetched from http://www.scopus.com (on 2nd August 2020)

Analysis of documents year wise

Figure 4: Year Wise Publishing Trend of the Documents Related to the Responsiveness of Higher Education sector towards its sus-
tainment during any pandemic situation.
Source: Data fetched from http://www.scopus.com (on 2nd August 2020)



598 | Cardiometry | Issue 24. November 2022

3.1.4. Analysis Based 
on the Author of the Documents

We extracted the author’s field from the Scopus 
database, which stated many documents authored 
or co-authored by them. Table 4 highlights the top 
ten authors out of the total 160 authors. They con-
tribute significantly to the literature pool related to 
the sustainment of higher education during pan-
demic or world crisis. Their outcome in terms of the 
number of the papers is authored or co-authored 
by them [7], As outlined in the table, surprisingly, 
the counts are the same for all these authors. The 
research area of Highly Contributing Authors is 
shown in Figure 6.

Table 4
Top ten key authors highly contributing in the research area

Name of the Author  No. of Documents published
Cai, Y. 3
Chang, R. 3
Dong, Y. 3
Gao, G.F. 3
Kunst, A.E. 3
May, L. 3
Shi, Y. 3
Tsamlag, L. 3
Wang, Hui 3
Wang, H. 3

Source: Data fetched from http://www.scopus.com (on 2nd Au-
gust 2020)

Table 3
No. of documents published by the top 10 sources till 2020

Source Title Total No. of Documents published upto 2020 
Frontiers of Medicine 25
BMC Public Health 13
Plos One 10
Protein and Cell 8
Frontiers of Medicine in China 5
AIDS And Behavior 4
International Journal of Environmental Research and Public Health 4
International Journal of STD and AIDS 4
African Journal of AIDS Research 3
Journal of The International AIDS Society 3

Source: Data fetched from http://www.scopus.com (on 2nd August 2020)

Figure-5: Year-wise Contribution of Documents from the Top 10 sources
Source: Data fetched from http://www.scopus.com (on 2nd August 2020)
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3.1.5. Analysis of the documents based 
on Citation 

(As cited in Estabrooks et al., 2002, p 294), a ba-
sic assumption reinforcing the use of the bibliomet-
ric analysis method is that research papers represent 
knowledge produced by scientific research. Also, the 
Research outcomes are measured by quantifying the 
number of publications made by the individuals or 
groups. The frequency or number of times an author is 
cited is considered to gauge both the research produc-
tivity and the quality [8], which means the frequency 
of a paper is directly proportional to the quality or im-

pact of the paper. Citation represents the author’s de-
cision who wishes to convey the relationship between 
the documents he is writing and the work of another at 
any given point. The paper, therefore, gives a detailed 
analysis of all 248 publications based on Citation.

Table 5 gives the yearly citations drawn from the 
publications in the area of autonomy in higher educa-
tion, as per the data accessed on Scopus on 29th June 
2020, the total citation count for the 248 publications 
in 2838 to date [9]. Table 6 states the list of the first top 
10 papers with maximum citations received to them 
until data extracted from Scopus.

Figure 6: Highly Contributing Authors in the Research Area
Source: Data fetched from http://www.scopus.com (on 2nd August 2020)

Table-5
Year-Wise Analysis of Citations for Publications Related to Sustaining Higher Education during Pandemic or Global Crisis

Year < 2010 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Total
No. of Citation 314 56 104 140 179 232 271 269 274 340 399 260 2838

Source: Data fetched from http://www.scopus.com (on 2nd August 2020)

Table 6
A Citation Analysis of Top Ten Publications Addressing the Responsiveness of Higher Education during Any World Crisis or Pan-
demic

Title of Publication Year wise citations received by the publication
< 2010 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Total

The emergence of pandemic 
influenza viruses 0 0 8 15 15 8 6 8 5 9 7 4 85

The determinants of 2009 pandemic 
A/H1N1 influenza vaccination: A 
systematic review

0 0 0 10 7 12 12 22 3 9 6 3 84

Association of lifetime intellectual 
enrichment with cognitive decline in 
the older population

0 0 0 0 0 2 12 16 9 15 20 8 82



600 | Cardiometry | Issue 24. November 2022

3.1.6. Analysis based on Affiliation
Out of the 160 affiliated organizations contributing 

in the said field of research, extracted from the Scopus 
database, an overview of the top ten key affiliated or-
ganizations is provided in Table 7. During Pandemic 
for Sustaining Higher Education Statistics of Contrib-
uting towards Affiliation is presented in Figure 7.

Table 7
Top Ten Key Affiliating Organizations Contributing Towards Sustain-
ing Higher Education During Pandemic or Another Global Crisis

Affiliated Organization No. of Docu-
ments published

Chinese Center for Disease Control and 
Prevention 7
Chinese Academy of Sciences 6
Ruijin Hospital 6
The University of Hong Kong 5
Shanghai Jiao Tong University School of 
Medicine 5
Amsterdam UMC - University of Amsterdam 4
Universiteit van Amsterdam 4
The George Washington University 4
Fudan University 4
Centers for Disease Control and Prevention 4

Source: Data fetched from http://www.scopus.com (on 2nd Au-
gust 2020)

3.1.7. Analyses of the documents based 
on funding sponsors

The funding sponsors have been playing a crucial 
role in promoting and releasing research and transfer 
of technology. In this regard, we have outlined the top 
ten funding organizations out of the total 64 funding 
sponsors extracted from the database which is spon-
soring the research [10]. National Natural Science 
Foundation of China tops the list of top 10 funding 
sponsors, followed by the National Institutes of Health 
and United States Agency for International Develop-
ment. Top Ten Funding Sponsors Supporting the Re-
search Related to Sustaining Higher Education during 
Pandemic, or Global Crisis is shown in Figure 8. 

3.1.8. Analysis of documents based 
on the subject area

Some research areas within conventional disci-
plines or faculty like Social Sciences, Accounting, and 
Finance, Management, Arts, Engineering, Medical, 
Agriculture are relatively more established than other 
areas and have distinct themes and research agendas. 
Also, a coherent body of previous literature is created 
in these established areas for the researcher to build 
on new literature, methodologies further adding in-
crementally to the established pool of knowledge [11]. 

Title of Publication Year wise citations received by the publication
< 2010 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Total

Crystal structure of the swine-origin 
A (H1N1)-2009 influenza A virus 
hemagglutinin (HA) reveals similar 
antigenicity to that of the 1918 
pandemic virus

0 5 8 13 16 5 5 5 6 7 9 1 80

Gender and educational differences 
in smoking initiation rates in Spain 
from 1948 to 1992

48 5 3 5 4 3 1 2 2 4 0 2 79

Trends in overweight and 
misperceived overweight in Spain 
from 1987 to 2007

0 1 7 8 6 15 11 7 7 9 5 1 77

Insulin resistance and the 
metabolism of branched-chain 
amino acids

0 0 0 0 4 11 15 6 9 7 8 8 68

Smoking initiation and cessation 
by gender and educational level in 
Catalonia, Spain

37 5 4 6 3 3 5 1 0 3 1 0 68

Diabetes and urbanization in the 
Omani population: An analysis of 
national survey data

17 4 6 3 7 9 3 4 5 4 4 1 67

Allergies and diabetes as risk factors 
for dengue hemorrhagic fever: 
Results of a case-control study

0 1 3 5 8 8 9 9 5 9 5 2 64

Source: Data fetched from http://www.scopus.com (on 2nd August 2020)
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While there will be some emergent subject areas like 
Tourism, Hospitality, Technology, etc., where the sto-
ry is otherwise, the more established disciplines and 
sub-disciplines, the higher the output will be com-
pared to the newly emerging and developing areas. 

We, therefore, examine the output of the publica-
tion trends based on the subject area in Table 8, illus-
trating the details of the top 10 subject areas publish-
ing maximum documents in the said area of our study.

As seen in Table 8 and Figure 9, the faculty of 
Medicine has the maximum contribution in higher 
education (52%). Followed by social sciences (13%) 
and other paramedical fields (9%) of the disciplines 
having the literature pool related to the said research 
area [12].

Table 8
Distributions of Documents Published by Top 10 Subject Areas

Subject Areas Documents
Medicine 169
Social Sciences 42
Biochemistry, Genetics and Molecular Biology 30
Psychology 16
Computer Science 14
Agricultural and Biological Sciences 12
Immunology and Microbiology 12
Multidisciplinary 11
Pharmacology, Toxicology and Pharmaceutics 11
Environmental Science 10

Source: Data fetched from http://www.scopus.com (on 2nd Au-
gust 2020)

Figure 7: Affiliation Statistics Contributing Towards Sustaining Higher Education During Pandemic.
Source: Data fetched from http://www.scopus.com (on 2nd August 2020)

Figure 8: Top Ten Funding Sponsors Supporting the Research Related to Sustaining Higher Education During Pandemic or Global 
Crisis.
Source: Data fetched from http://www.scopus.com (on 2nd August 2020)
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3.1.10. Analysis based 
on the types of documents

Analysis of various types of documents addressing 
the studies relate to higher education and its sustain-
ment during the pandemic or crisis reflects that there 
are more Articles been published related to the research 
on sustaining Higher Education during a pandemic or 
global crisis, as compared to other types of research 
documents. From Figure 10, we can understand that 
the Maximum Number of Articles has Been Published 
Related to the Research on Sustaining Higher Educa-

tion during Pandemic or Global Crisis, which is being 
analyzed based on the type of documents [13]. From 
Figure 11, we see that Analysis based on the Types of 
Documents Publishing Data Related to the sustaining 
Higher Education during Pandemic or Global Crisis.

4. Network Analysis
In this paper, we have used VOSviewer, an analyti-

cal tool primarily intended for analyzing bibliometric 
networks. The network considering the co-occurrence 
link between the author keywords and co-authorship 

Figure 10: Analysis Based on the Types of Documents- Maximum Number of Articles Are Published Related to the Research on 
Sustaining Higher Education During Pandemic or Global Crisis
Source: Data fetched from http://www.scopus.com (on 2nd August 2020)

Figure 9: Subject Area Wise Distribution of the Extracted Literature Related to Sustaining Higher Education During Pandemic
Source: Data fetched from http://www.scopus.com (on 2nd August 2020)
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linked based on the country was constructed using the 
bibliographic database files obtained from Scopus [14].

As illustrated in the user manual of VOSviewer, the 
size of the label of an item (any object of interest) is 
determined by its weight. The weight of an item is di-
rectly proportional to the size of the label, indicating 
the strength of the relatedness. The thickness of the 
lines used to display the links suggests strengthening 
linkages between two items.

4.1. Analysis of Distribution 
and Co-Occurrence of Key Words 

Keywords distributed across the article title, ab-
stract, author keywords, methods are considered.

The title of an article always contains the gist of the 
entire paper. It is vital in helping the readers to search 
for the data they are seeking. Abstract gives a summa-
ry of the research paper with an in-depth analysis of a 
specified subject. It is often referred to by the readers 
to ascertain the purpose of the paper quickly [15].

Both titles of the Article and analysis of the abstract 
analysis are useful and effective for word statistical 
analysis, which can be used to identify the focus and 
emphasis on a particular subject specified by authors 
and make the inferences of the scientific literature.

Author keywords are the words, which are used to 
unfold the internal structure of the author’s objective 
or reasoning for undertaking the study. The analysis of 
Author keywords provides the idea of research trends 
and patterns concerned by the researchers [16].

While building the co-occurrence network for key-
words, we have limited the number of keywords to 4 to 
calculate and analyze the total strength of co-occur-
rence links with other keywords that will be calculat-
ed. Figures 12 and Figure 13 give the keywords having 
greatest links amongst each other.

4.2. Analysis of Co- Authorship 
Engagements of authors from separate disciplines/ 

territories and venturing beyond the boundaries of 
familiar disciplines for collaborative research certain-
ly aids in knowledge creation reflecting the realities 
of an increasingly complex world. Also, great effort 
is being made worldwide to develop and attitude an 
approach for multidisciplinary research. Although 
there are benefits of a supportive, collaborative part-
nership, some elements are related to risks and dis-
comfort experienced due to lack of tangible support, 
transparency, policies, etc. Since attentiveness towards 
the process is crucial for all researchers engaged in any 
collaborative partnership [17].

In this paper, we have analyzed the co-authorship 
based on two units of analysis, namely Author and 
Country, to draw interferences. Despite keeping a mini-
mal threshold of three documents and two citations per 
author, out of the 1129 authors, only 22 authors showed 
inter-linkages concerning the documents published.

While a threshold of a minimum of three docu-
ments and two citations respectively for each of the 
counties was the limit to find out the connection 

Figure 11: Analysis Based on the Types of Documents Publishing Data Related to the sustaining Higher Education During Pandemic 
or Global Crisis.
Source: Data fetched from http://www.scopus.com (on 2nd August 2020)
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amongst these countries, it was found that 26 out of 
the 80 contributing countries met the threshold set by 
us and seen evidence that the United States, China, 
United Kingdom are some of the prominent countries 
contributing to the research and have strong linkages 
with other countries.

Figures 14 and Figure 15 demonstrate the details 
of the authors and the countries having strong link-
ages amongst each other concerning co-authorship, 
respectively, while Figure 16 illustrates the countries 
having a strong connection amongst themselves con-
cerning the documents published over the years.

Figure 12: Co-Occurrence Network of Keywords Based on the Strength of the Links Between Them.

 
Figure 13: Closer the Color of the Point is Yellow; the More is the Relatedness of the Keywords and its Co-Occurrence
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Figure 14: Co-Authorship Linkages with Authors Across the Countries Based on the Documents Published

 Figure 15: Relationship Amongst the Country Based on the Co-Authorship Linkages 

Figure 16: The Linkages of the Countries Based on the Documents Published
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5. Results and Discussions

5.1. Interferences 
The pattern of research publications, observed 

through analysis based on various attributes, is sum-
marized as follows:

5.2. Contribution of the Study
On reviewing the different sets of research docu-

ments obtained after trying different combinations of 
the keywords, it is observed and realized that rare stud-
ies using bibliometric analysis are directed to identify 
the responses of the higher education institutions to 
the pandemic or efforts required for supporting the 
“New Normal” in post-pandemic, which is a candid 
and resourceful exercise to contribute to the existing 
pool of literature. 

Therefore, we believe that our study will be a good 
resource and encouragement for emerging research-
ers to investigate the said research area further. With 
a view of contributing to the existing pool of literature 
on Autonomy in Higher Education, our study moves 
beyond just being a systematic literature review of the 
said research area. It has proposed and applied bib-
liometric and network analysis techniques to derive 
and compare the researchers’ most influential and 
significant works (based on the contributing counties, 

Attributes for analysis Interference drawn Supporting Table or 
Figure

Contributing Countries The United States tops the list of significant contributors in the said 
research area, followed by China and the United Kingdom.

Figure-1, 2, 3

Paper published per year. A considerable increase is seen in the number of documents published 
during the past 10 years. A significant rise in the number of papers 
published is noted in the year 2020; the major reason for the rise is the 
crisis raised due to the COVID-19 pandemic, which has hardly left any 
segment unaffected.

Table-2 and Figure-4

Documents per year by 
the source

The Journal Frontiers of Medicine, followed by the BMC Public Health 
and Plos One, has published the maximum documents related to 
sustaining higher education during any situation of global crisis or 
pandemic.

Table-3 and Figure-5

Author of the documents All the authors listed in the list of top ten contributors have published 
an equal number of research articles.

Table-4 and Figure-6

Citation Analysis The total citation count for the 248 publications in 2838 to date. Table-5 and 6
Affiliation The top 2 affiliated organizations include the Chinese Center for 

Disease Control and Prevention and the Chinese Academy of Sciences.
Table-7 and Figure-7

Funding sponsors National Natural Science Foundation of China
tops the list of top 10 funding sponsors, followed by the 
National Institutes of Health and United States Agency for International 
Development.

Figure-8

Subject area The faculty of Medicine has the maximum contribution in the field of 
higher education (52%). Followed by social Sciences (13%) and other 
paramedical fields (9%) of the disciplines having the literature pool 
related to the said research area.

Table-8 and Figure-9

Types of documents More peer-reviewed Articles have been published related to the 
research on sustaining. Higher Education during a pandemic or global 
crisis, as compared to other types of research documents.

Figure-10, 11

co- occurrence of Key 
words

“Higher Education”, Pandemic, epidemic, Covid, Corona, “Global 
crisis,” “World Crisis,” Students, universities, education, epidemiology, 
surveillance, risk, China, HIV, influenza, knowledge, vaccination.

Table-1 and 
Figure-12, 13

co-authorship amongst 
the authors

Out of the 1129 authors, only 22 authors showed inter-linkages 
concerning the documents published

Figure-14

Co-authorship based on 
countries 

United States, China, United Kingdom are some of the prominent 
countries contributing to the research and have strong linkages with 
other countries.

Figure-15,16
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number of documents publications, citations, authors, 
funding agencies, subject areas, etc.) The brief inter-
ferences provided in the concluding section of the pa-
per will enable the readers to get quick and valuable 
insights into the nature and attributes of academic 
publishing related to “Autonomy in Higher Educa-
tion.” Thus, benefiting the researchers in developing 
their future research agenda and come up with some 
more innovative ideas [18].

5.3. Limitations of the study 
and Recommendations for further research

Few limitations of the study areas mentioned be-
low:

We have narrowed down our search by using only 
the Scopus database for exploring the documents. 
Also, the language was limited to English, represent-
ing only a part of the literature published in the said 
research area. The possibility that some important 
publications and articles not available in the Scopus 
database while analyzing the data may not have been 
incorporated in this study is therefore not ruled out. 

The review does not include any data, findings 
from any social media sources or websites of the gov-
ernment agencies, etc., in the literature. Thus, some 
useful insights, observations, and discussions, espe-
cially from the government agencies, may have been 
excluded from the study.

Reviewing the literature and analysis of the docu-
ments based on various attributes was done using bib-
liometrics and network analysis.

The study can be extended further and broaden 
using other databases like Web of Science, PubMed. 
Referring to social media sources may also give some 
useful insights. Also, other tools and techniques can 
be used for conducting the analytical study of the lit-
erature. The outcomes of such extended study could 
contribute to some supportive interventions, which 
will exalt the scientific results and promote extensive 
research in this particular research area. 

6. Conclusion
The outburst of COVID-19 has massively im-

pacted all economies globally; the education sector 
is no exception to its impact. The extensive spread of 
this pandemic, alongside its high pace of infectivity, 
has impelled a worldwide interest for important ex-
ploration and conduct observational studies related 
to COVID-19 that will not only help to describe the 

amount of work done but also find out the uniden-
tified areas of research about the preparedness and 
responsiveness of higher education institutes towards 
COVID-19.

Thus, our study presents a substantial systematic 
literature review using the bibliometric and network 
analysis to map and evaluate the significant attributes 
of the research publications on sustaining Higher Ed-
ucation during and after any pandemic or global cri-
sis. The results of the bibliometric analysis investiga-
tion uncover that although broad work is continuous 
around the world in the field of Higher Education, 
uncommon examinations are attempted in context 
to the higher education to give a multi-faceted tech-
nique, which is required to sustain the crisis and build 
a robust education system in the long run. Likewise, 
embraced shared research should be empowered and 
upheld at various levels. The inferences demonstrated 
in the paper will certainly provide some useful insights 
related to the said area of research and influence the 
attitude of the researcher towards it. Also, the quanti-
tative analysis done on various parameters and trends 
of the publication, highlighting a niche created by the 
highly contributing countries, funding agencies, au-
thors, etc., will certainly help the researchers to figure 
out how to drive engagements and collaborations at 
a scale, invading the niche created by the prominent 
contributing countries.
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Abstract
Human Rights are inalienable. As stated by the UN Charter, 
gender equality is the fundamental right of every human be-
ing. As stated by the Vienna Declaration, women’s and girls’ 
rights are inalienable, integral, and form an indivisible part of 
universal human rights. The entire world has raised its voice 
and has reached its peak in the 1990s. India, precariously being 
a male-dominated society, has always looked down on a wom-
an as a vulnerable group, to be dependent, owing to certain 
sociological, political, and biological conditions. Gender-based 
violence, as stated by the UN declaration, includes violence 
against women. It brings within it the broader framework of 
gender-based discrimination.
In every nook and corner, we see and hear about violence 
against a girl child/ women irrespective of their age, caste, 
creed, social and economic conditions, and the happenings 
that shackle all humanity with ignominy. These instances profli-
gately eliminate their basic human rights. Intimate Partner Vio-
lence is such a kind of violence, which is distinct from domestic 
violence and is most common among couples. It is a behav-
ior prevailing in an intimate relationship that leads to physical, 
psychological, or sexual harm. It is restricted to marital status 
and extends to non-marital, extramarital relationships, dating 
couples, live-in relationships, and non-discriminatory. There are 
instances where women also abuse men in intimate relations. 
In cases of self-defense, women can be more violent against 
men. However, overwhelming instances illustrate women as 
victims in the hands of their male partners, existing or ex-part-
ners. Though attached a social stigma to these relationships, 
the abuse meted in the hands of their perpetrators affects the 
physical and psychological traits.

This paper mainly emphasizes the nature of Intimate Partner Vi-
olence, its instincts, the psychological disorders, and its effects 
on their right to live with dignity during covid-19 and concludes 
with possible suggestions and recommendations.
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1. Introduction
As the term resonates, violence includes various 

offenses, most commonly against women, young girls, 
and children who are considered to be the vulnerable 
group of society. According to the Universal Declara-
tion of Human Rights and Fundamental Rights Char-
ter of the European Union (EU, 2000), violation of 
fundamental freedoms and rights includes the right to 
liberty and security, which in turn ensures the right 
to life and personal liberty guaranteed under Article 
21 of the Constitution of India [1]. There is a shift of 
focus from women as victims of violence to gender in-
equalities in the recent past. Gender equality has been 
proclaimed as a fundamental right by the United Na-
tions Charter of 1945 to uplift the respect and digni-
ty of women all over the world. Today, in the modern 
era of women empowerment and protection of girl 
child, women and girls are given equal opportunities 
on par with their counterparts. Women are breaking 
the hedges of family barriers and prospering in their 
respective fields [2]. They are provided with constitu-
tional safeguards and beneficial legislation, with vari-
ous organizations who are constantly working for the 
cause of protection of women and children. Despite 
being provided with these safeguards, there is a pan-
demic rise in violence cases against women and young 
girls, irrespective of age, caste, creed, position held, lit-
eracy levels, etc. For decades, violence against women 
has been recognized as a legal and social justice prob-
lem. In most cases of violence, it is the strangers who 
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commit the crime and the persons who are known to 
them. Whenever there is news of offense committed 
against them in any part of the country, the pointer is 
towards inadequacy of protection by the government 
or towards paucity of law enforcement machinery 
[3]. It is understood that it is the deep-rooted, gen-
der-based discrimination, the predominant course to 
the Indian society.

Gender-based violence, which includes rape, do-
mestic violence, mutilation, murder, and sexual abuse, 
has a profound impact on women’s physical and men-
tal health across the globe. India is a patriarchal soci-
ety where man has always considered man controls the 
strongest person and woman. A woman who sacrifices 
her life for the cause of a family is ill-treated and has 
to face constant threats and humiliation. There may be 
instances of a woman controlling and abusing a man. 
However, in intimate partner violence or domestic vi-
olence, women are victimized [4].

Intimate Partner Violence is common among cou-
ples and is defined as “any behavior that causes phys-
ical, psychological, or sexual harm to those in an inti-
mate relationship.” It is restricted to marital status and 
extends to non-marital, extramarital relationships, 
dating couples, and live-in relationships. Indian so-
ciety is known worldwide for its rich traditions and 
cultures. Values deep-rooted in the family system dis-
respects and derecognizes extramarital or non-mari-
tal status. However, it is a completely private affair of 
any particular individual [5]. In most Indian societies, 
women’s sexuality is considered a Family Honor and 
is given due to pride. Any such instance is intolera-
ble for an Indian family, with many glimpses of honor 
killings, which took place in the recent past. Very less 
is known and spoken about Intimate Partner Violence 
[6]. Women and young girls are more prone to psy-
chological disorders due to abusive behavior meted 
by their intimate partners. It affects their physical and 
mental health, and sometimes they suffer and yell in 
isolation. They constantly live in a state of fear and do 
not have proper support to share their agony. If they 
try to share with any of the family members to whom 
they are close or to a close friend, they are demeaned, 
degraded, defamed, and abused. They are deprived of 
their most precious basic human rights and funda-
mental right to live with Dignity [7].

Further, several factors go unaddressed regarding 
the issues related to women, young girls, and children. 
These factors not only instigate the offenders but also 

drive them to be susceptible to such issues. They are 
the offenders and wounded by certain traits and social 
practices, which govern the social behavior, who, in 
turn, persecute the vulnerable group [8].

This paper addresses the nature of violence, basic 
instincts of Intimate Partner Violence, the psycholog-
ical disorders to which the victims are more prone, 
with live incidents, and how it affects the right to live 
with dignity and concludes with possible suggestions 
and recommendations.

2. Research Objectives
1. To understand the concept of Intimate Partner Vi-

olence and its impact on women.
2. To analyze the magnitude of violence in Intimate 

relationships.
3. To dwell into the psychological traits of victimized 

women in intimate relationships.
4. To evaluate the possibility of deprivation of the ba-

sic human right of right to life and right to live with 
dignity.

2.1. Research Questions
1. Whether Intimate Partner Violence affects the psy-

chological behavior of victimized women
2. Whether violence in abusive intimate relationships 

deprives women of their basic human right to live 
with Dignity.

3. Research Methodology
The topic for the research study is the impact of In-

timate partner violence on women. The nature of the 
study is theoretical and explanatory. The methodology 
used for this research study is doctrinal research. Data 
has been collected from primary and secondary sourc-
es to meet the purpose of this study. Primary data is 
collected from victims, and secondary data is from 
online journals and books accessible on websites [9].

4. Literature Review
Review of Literature is an essential prerequisite 

for the actual planning of the paper. Various articles 
have been reviewed from secondary sources such as 
Psychology, Domestic violence, Intimate Partner Vi-
olence, and online databases SAGE, Google Scholar, 
and SCOPUS [10].

Indira Sharma, in her article on “Violence against 
women: Where are the solutions?” said that in the era 
of globalization and digitalization, the patriarchal so-
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ciety of India continues to oppress and discriminate 
against women in every sphere of life as she is con-
sidered to be dependant and weak. The dignity and 
well-being of women are threatened by gender-based 
violence, encompassing social, cultural, economic, 
and regional boundaries [11].

Ellsberg tried to explain Intimate partner violence 
as violence occurring between two persons in a close 
relationship. According to him, this form of relation-
ship is found not only in India but also in other parts 
of the world. The perpetrators could be any gender 
without restriction to marital, extramarital, or live-in 
relationships [12].

P. Patra, Jyoti Prakash, B Patra, and Puneet Khanna 
highlighted the typological aspects of Intimate Part-
ner Violence and how it influences a woman’s life and 
well-being.

Preethi Krishnan & Mangala Subramaniam stated 
that in most cases, a woman herself does not wish to 
pursue the criminal case and request for compromise. 
They also highlighted that the factors responsible for 
such violence and the law enforcement machinery fails 
to address the infringement of the basic fundamental 
right, the right to live with dignity [13].

Eva Gerino, Angela M. Caldarera, Lorenzo Curti, 
Piera Brustia, and Luca Rollè, in their study on “Inti-
mate Partner Violence in the Golden Age: Systemat-
ic Review of Risk and Protective Factors,” stated that 
Intimate Partner Violence harms the health of the 
persons involved. Intimate Partner Violence is distin-
guishable from Domestic Violence. It is qualitatively 
classified into different types: violent resistance, situ-
ational couple violence (SCV), separation-instigated 
violence, mutual violent control violence, and coercive 
controlling violence (CCV) [14].

The literature reviewed speaks about the repercus-
sions of violence. However, it does not address the in-
fringement of basic human rights, which is the main 
crux of this research paper.

5. Violence
Violence for what? Under this umbrella term, let 

us see what it means psychologically. By definition, 
violence is a physical force to hurt, damage, or kill 
someone or something with good, bad, ugly sides. Can 
violence have a purpose? Are you capable of being vio-
lent? We have always lived in a culture where there has 
been an oppressor and an oppressed. A hierarchy of 
power has always been established. At the societal lev-

el (caste system), it serves to maintain balance in soci-
ety. Humans have always tried to climb up the ladder 
of social status and gain power. To balance power, we 
always ended up in a war at the national and region-
al levels. Men and women, in order to balance power, 
end up in violence and divorce [15]. If you think you 
are not violent, wait till someone scratches your baby’s 
eyeball. The animal in you wakes up to save your baby. 
It is our need to protect our children. Nobody can dare 
touch anything that is attached to your identity. What-
ever is ‘mine’ or ‘ours’ - it can be family, our culture, 
our nation, our region, our group, our religion, our 
tradition, our profession, money, the list is endless. 
The minute you attach your identity to anything and 
at stake, we are prone to get aggressive. Brain distin-
guishes between them and us in a fraction of a second, 
leading to aggression. You are attached to an ‘in group’ 
and threatened by an ‘out-group.’ It is interesting that 
this changes dynamically and is subjective. A person’s 
mind can become their enemy, as stated by Radhika 
Reddy’s suicide note, “My mind is my enemy.” A very 
recent incident of a software techie committing sui-
cide and her suicide note says that she was madly in 
love with her husband and trusted him blindly. How-
ever, due to the physical cruelty and mental torture as-
sociated with the illicit relations of her husband, she is 
ending her life, and that the person when and how he 
would be punished is left to destiny. A wife, husband, 
child, anyone can become an outsider when their 
needs are threatened. Abraham Maslow, an American 
Psychologist, created a hierarchy of needs. Basic needs 
like food, water, sleep, and air1. Safety needs like secu-
rity. Psychological needs like belongingness and love. 
Self-actualizing needs like to bloom to one’s full poten-
tial. To reach one full potential is always not that easy. 
We are threatened by people and the environment 
constantly only to be told, “you are not good enough.” 
Life is not fair, yet we have to live. As humans, we are 
quite capable of twisting violence to suit our needs. 
Defensive violence and offensive violence. The same 
people who say peace as their values can very well ap-
plaud when a rapist gets killed [16].

Research (Jerome Frank D, (1967) has shown that 
aggression is a learned behavior. Imitation is a very 
rapid and effective learning method, which may be 
another reason children of parents with estranged re-
lationships or who use corporal punishment may be 

1 http://journalpsyche.org/tag/maslow-hierarchy-of-needs/
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more aggressive than children of those who do not. 
Identification with the aggressor, to be precise.

Children imitate violence; they learn to express 
themselves in a way that has been learned. To learn a 
new pattern again, they recognize it as faulty and try to 
unlearn and re-learn a new expression method. Yes, it 
is possible. For now, let us conclude, we are all capable 
of violence but not all kill their wives, or husbands, 
or children. Not all nuclear weapons are being used, 
thankfully, for now. However, why not all are violent is 
when people know how, when, and are allowed to ex-
press themselves violently. It all boils down to tame the 
tiger in you. Emotional Intelligence is not to suppress 
but express your emotions to the right degree and 
right place and what it takes to fulfill human needs. 
Socio-economic status, education, gender, group 
strength, and alcohol directly correlate with domes-
tic violence. Men who grew up seeing women abused 
with violence are more prone to continue the violence. 
Violence can be direct, indirect, or emotional.

A person who lacks empathy lacks sensitivity to 
punishment. Impulsive can find inflicting violence 
rewarding, basically called a psychopath. Alcohol in-
toxication leads to lowered empathy and lack of con-
cern about consequences; this can explain why more 
crimes are committed when drunk. 

Movies and media expose children to thousands 
of acts of justified violence, from fistfights to murders. 
Studies have shown that children, especially boys who 
watch aggressive television shows, are more aggressive 
towards other children. We have managed to glamor-
ize violence in media and failed to distinguish between 
on-screen and off-screen consequences of life. Research 
suggests that violent video games like PubG, for exam-
ple, where there are live incidents of children inculcat-
ing violent attitudes, can be more rewarding and can 
desensitize players to the pain of others. Not all, but 
some people are prone to find violence pleasurable.

Violence comes in many forms, physical, verbal, 
emotional, and sexual. Unfortunately, the abused will 
generally turn into an abuser, and the cycle needs to be 
stopped. Delving more into intimate partner violence 
IPV, we see more atrocities towards women named 
as weaker sections. 70% of women have experienced 
some kind of physical or emotional abuse [17].

6. Intimate Partner Violence
Intimate Partner Violence can be preferably re-

ferred to as Couple violence as it is predominant among 

couples. In Intimate partner violence, irrespective of 
age, marital status, or sexual orientation, any gender 
could be perpetrators. It is a broader term, as it is not 
restricted to couples in marital status but extends to 
non-marital status, extramarital, live-in relationships, 
dating couples, etc., to whatsoever applicable intimate 
relations. The World Health Organization (WHO, 
2012) defined it as “any behavior within an intimate 
relationship that causes physical, psychological or sex-
ual harm to those in the relationship.” It comprises 
physical and sexual violence, emotional-psychologi-
cal abuse, with more control behaviors (Gerino, E et 
al.) prevailing in all settings and among all socio-eco-
nomic, religious, cultural groups. It is neither discrim-
inatory nor restricted to one gender. Intimate partner 
violence (IPV) occurs. It could also be among trans-
gender people, gays, and lesbians. There are instances 
where the women also abuse men in intimate (illicit) 
relations. In cases of self-defense, women can be more 
violent against men. However, overwhelming instanc-
es illustrate women as victims in the hands of their 
male partners, existing or ex-partners.

Intimate Partner Violence is broader than Domestic 
Violence. Earlier understanding of Domestic Violence 
was that it is a kind of abuse, recognized as a crime and 
mostly exist between husband and wife and their fami-
lies. Domestic violence and partner violence comprises 
child or elder abuse or brutality by any household mem-
ber. Later this traditional view has expanded, and Inti-
mate Partner Violence came to be recognized as control 
and abuse in any type of personal and intimate relation-
ships. There are many forms of intimate partner violence 
ranging from slapping, beating, hitting, intimidation, in-
sulting, constant humiliation, forced sexual intercourse, 
constant threats of depriving them of the companionship 
of their partners and children, to controlling behaviors. 
These forms of violence have an ill effect on the personal 
or psychological traits of a person and impact the fam-
ily well-being, with children being the worst sufferers. 
Family is the first to be blamed as children are exposed 
to violent behaviors due to estranged or abusive parents’ 
relationships. There is a connection between emotional 
abuse in childhood and future adult relationships, which 
is an essential part of understanding the intergeneration-
al cycle of maltreatment. A child’s development is com-
pletely dependent on the relationship between the adults 
on which the family base is built. Several other factors, 
like societal impact, peer group pressure, also impact 
their psychological behaviors.
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Real-time stories so brutal a million of them, San-
thoshamma now 50 years, walks in with a swollen face, 
hit by her husband with a cooker lid on her face, asked 
when did the abuse start, she says since 12 years, when 
she was married, the abuse by her husband continued 
for several years. When she did not conceive, she was 
asked to roll around the temple with wet clothes and, 
with a bruised body, had to please the man. She was 
never told she had a choice to leave. The abuser is very 
well aware of how to keep her in the cycle of abuse. A 
man kills his wife because her rotis are not round.

In an eye-witnessing incident at a bus bay, a couple 
conversed with each other, both noticeably and audi-
bly. The lady was reluctant to accompany the man who 
was forcing her to go with him. The conversation was 
very much evident, where the woman was requesting 
to let her go home, as her husband would be back from 
work. Her children would be waiting for her, but the 
man was stamping the foot and causing physical pain 
to the lady, intimidating and insulting with filthy lan-
guage in public. It reflects the controlling behavior of 
a man and the helplessness of the lady in an illicit re-
lationship.

Mrs. X, a highly qualified woman working for a 
government organization and occupying a higher 
rank, complains of physical and mental abuse and con-
stant intimidation by her husband in frequent quarrels 
right in front of their children. She is controlled by her 
husband and leads a secluded life as she cannot speak 
to her neighbors or friends. 

Ms. P, a young lady, is being controlled by her boy-
friend, who is very obsessive and possessive of her. She 
is not allowed to mingle freely with any other gender.

A very peculiar case is of Ms. Z, a highly qualified 
working woman, 35 years of age, mostly seen with 
bruises on her hand, face, and back. She is recurrently 
aggressive and depressive and remains alienated, iso-
lated, and have poor social integration. When ques-
tioned about the reasons for her aggressive behavior 
and changing psychological traits, she narrated her 
story with weeping eyes. She said that she is constantly 
victimized by the man with whom she is in live-in-re-
lationship. She said that she was in love with the man 
and married him and realized soon after that she lived 
with him in the guise of marriage as he was already 
a married person. It was a relationship of almost 25 
years now. Within a week of marriage, she became a 
victim of abuse and cruelty, both physical and mental, 
in the man’s hands. Her so-called husband constantly 

beats her with a leather belt, broomstick, whatever is 
handy. While she was not working, there was constant 
abuse of not seeking a job and humiliated by words 
like a fit for nothing. A very meager amount was giv-
en to run the house, and lived only with two to three 
pairs of dress for many years. While she was pregnant, 
no proper care was taken. When questioned about the 
behavior, she was beaten up by a broomstick on her 
stomach, which led to miscarriage during her eighth 
month of pregnancy. She is intimidated and humiliat-
ed by constant threats. After seeking a job in a private 
company, she was exposed to another kind of abuse. 
She is falsely alleged to have illicit relationships with 
men at her workplace, which would happen in her 
children’s presence. She is always threatened that she 
would be disowned and disrespected by her children. 
Perpetual Physical, Mental and Sexual assault trig-
gered her health, and she is now in a state of depres-
sion and lack of care. When advised of any action to be 
taken against the man, she just walks away without re-
sponding. This instance is a tip of an iceberg as many 
such incidents are not reported in public. In intimate 
partner relationships, women silently experience the 
violence, as they are scared of the consequences of the 
extramarital affairs, which is unacceptable in Indian 
society. The Domestic Violence Act protects women 
with marital status but not for the women/girls with 
boyfriends and intimate partners. Intimate Partner 
Violence is considered to be purely a private matter 
beyond the reach of the state.

There are many legal facets and societal stigma at-
tached to such kinds of relationships. In D. Veluswamy 
v. D. Patchaiammal2 The Supreme Court enumerated 
that to claim benefit under living in a relationship, and 
five essentials need to be satisfied. It is also observed 
that benefit under the Domestic Violence Act shall not 
be afforded without proper evidence. In Reshma Be-
gum v. State of Maharashtra & Anr., the High Court 
opined that Section 2(f) of the Domestic Violence Act 
does not apply to all the live-in relationships, only that 
the provision governs the live-in relationship, which 
is qualified to be like a marriage. Therefore, in such 
cases, no protection is afforded to victims. They are 
destined to be sufferers for their faults.

There are wide reasons for getting into intimate 
relations. It could be an infatuation between a boy 
and a girl, an obsession by a man against a woman, 
or vice-versa. Individuals may land up in extramarital 
2 (2010) 10 SCC 469
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relationships due to various reasons, may be unable to 
bear the ill-treatment by the husband/wife, lack of in-
timacy, proper love, care and support from the spouse, 
attraction or inclination towards another person of op-
posite sex or due to increased sexual desires, etc. Mod-
ern styles of living and rapid technological advances 
have also been blamed. The use of modern advanced 
and improved technological gadgets like Mobiles, iP-
ads, television, access to social media like Facebook, 
WhatsApp, which have become the demand of the 
day, also encouraged such illicit relationships. Women 
are moving out of the houses more freely, and there is 
free mixing of the two genders. 

Whenever a woman’s needs and wants are sup-
pressed, and her anger is turned inward, she is not 
well empowered with emotional, mental health, and 
well-being. She is susceptible to psychological prob-
lems. Studies have shown that it is more women are 
diagnosed with depression and anxiety than men. 
Constant threats and humiliation in private and public 
life lead to depression. It changes the thought process 
and forces the woman to live in isolation. She loses her 
confidence and mental ability to think in a better way. 
Domestic violence or intimate violence against women 
comprising threats, coercion, or arbitrary deprivation 
of liberty in public or private life, results in physical 
and mental suffering. It is detrimental to the female 
victims’ mental health. It results in significantly high-
er use and cost of health care services. A woman who 
is degraded and deprived of her emotional, mental 
health due to abusive behavior and constant humili-
ation in an intimate partner relationship is deprived 
of her basic human right to life and the right to live 
with dignity. In the well-known case of “Munn v. Illi-
nois,” Justice Field stated that “the word ‘life’ is more 
than mere animal existence. It embraces within itself 
not only the physical existence but also the quality of 
life”. Justice Bhagwati extended the concept of “right to 
life” to “living with dignity.” In Francis Coralie Mullin 
v Union Territory of Delhi, [AIR 1981 SC 746 (753)], 
Justice P.N. Bhagwati, while describing Article 21, said 
that, “it embodied a constitutional value of supreme 
importance in a democratic society’ and held: “The 
fundamental right to life … is the most precious hu-
man right and, forms the arc of all other rights”. Arti-
cle 21 of the Constitution of India guarantees to every 
individual, may he be a citizen or a foreigner, that, “he 
shall not be deprived of his life, except according to 
procedure established by law.” Accordingly, any form 

of cruelty or degrading treatment would constitute an 
offense depriving human dignity, affecting the right to 
life. In some the case, Justice Bhagwati broadened the 
concept of the right to life and said that ‘it includes 
right to live with human dignity and all that goes along 
with it, namely, bare necessaries of life. In a recent Su-
preme Court landmark judgment on decriminaliz-
ing homosexuality, Chief Justice of India (CJI), Diak 
Misra, said that “each individual has the right to life 
as well as the right to live with dignity. However, cases 
involving conflicting interest have to be dealt with in a 
balanced manner”.

There is a threat to children growing up in such 
abusive relationships. Children witnessing or experi-
encing violence as a child become susceptible to vi-
olent attitudes become introverts, addicts to harmful 
alcohol and drugs, suffer from personality disorders 
and become acceptable to violence. 

According to Lenore E. Walker, a researcher and 
psychologist studying the four stages of abuse, there 
is a never-ending cycle of abuse. The first stage is the 
tension-building stage. Stress builds from everyday 
pressures of life; just to avoid conflict, the victim tries 
their best to be complacent, obey, please. The second 
stage is acute violence; in this phase, the abuser dom-
inates the victim, abuses physically, psychologically, 
verbally, and emotionally. The third stage is the recon-
ciliation or the honeymoon phase. The victim is made 
to believe that it is all one’s own fault. In this process, 
the partner abuser shows undue affection, showers the 
victim with apologies, and promises this will never 
happen again, and giving tons of hope to the victim 
that everything is going to be okay. The fourth stage 
is the calm before the storm hits again. Hope against 
hope it is a never-ending cycle, women in India are 
always told to bear, she has no choice to walk out of a 
relationship, it is a do or die match for her, she is told 
and conditioned in every possible way not to come 
back to her mother and that she needs to overcome 
everything all by herself. Jane Good all and her col-
leagues have studied chimpanzees for 20years in their 
habitat. Studies have shown that in chimpanzees at the 
onset of puberty, the female chimp emigrates to the 
male group.

In contrast, the male spends their entire life in their 
territory with his closely related group. However, the 
female leaves the in-group to a completely strange 
group and tries to establish herself. Are we not com-
parable to our close ancestors and so animal like to be 
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precise. A woman is left in a group where every person 
is entitled to dominate her and nobody to listen to her, 
not allowed to come back no matter what. 

7. Conclusion and Suggestions
It is a known fact that women were deprived of 

equal rights not very long ago and were dissuaded 
from public work. It only meant that we were so prim-
itive in our ways, on the way to become humans. They 
were victimized in all spheres of life through an Act 
to protect women from Domestic Violence that came 
into force in 2006. Every year, nearly 50,000 women 
are killed by intimate partners, and most of them have 
no remorse for their patriarchal attitudes. We man-
aged to form groups, make laws but, we are still so far 
from treating women with respect. In a male-domi-
nated society, a woman is silently suffering and work-
ing her way to be given basic rights. Is it not her right 
to be a human being, be her best, do her best? When it 
comes to interpersonal relationships, the same wom-
an is treated differently when she is a wife, mother, 
daughter. Every woman needs to be taught to say no to 
abuse, tell what she likes, how to set borders of herself, 
be assertive, reach out for help, and be ensured that 
she is not alone in her journey. Men need to be taught 
how to communicate their anger and be clear that vi-
olence is not an option, and he has no choice but to be 
a gentleman. Women and men need to be very careful 
in falling into such relationships where there is every 
scope of violence. 
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Abstract
Partner management, partner relationship management exam-
ines have a significant spot in writing. We looked for their effect 
on organization performance through the Employee and Social 
parts of Company Evaluation interceding factors in Covid-19. La-
borers were chosen to accomplish the objectives of the examina-
tion. Employees hold and as they are the internal stakeholders. 
Thus, it becomes necessary to explore their effect in stakeholder 
relationship management on organizational efficiency, which is 
highly competitive. The staff was essential to cover the organi-
zation’s accomplishments. If they functioned as a gathering, the 
impact might be exceptional. The organization’s management 
would comprehend the workers’ prerequisites and aspirations, 
and a management style of advanced organization systems was 
resolved. It was found from the investigation that inside partner 
relationship management framework is organizational perfor-
mance. Via the eyes of European multinational organizations, 
the thesis examines the relationship between corporate social 
responsibility (CSR) and organizational success. Furthermore, the 
study investigates the role of corporate reputation as a moder-
ator in the CSR-organizational performance linkages. The final 
data set included 340 responses from senior executives/manag-
ers at European multinational corporations.

Keywords
Stakeholder Management, Stakeholder Relationships Manage-
ment, Organization Performance, Corporate Social Responsi-
bility, Management Style

 Imprint
Mohammad Salim Aslami, Aakanksha Uppal. The Effects of the 
Stakeholders Relationship Management during Pandemic. Car-

diometry; Issue 24; November 2022; p. 617-624; DOI: 10.18137/
cardiometry.2022.24.617624; Available from: http://www.car-
diometry.net/issues/no24-november-2022/effects-Stakehold-
ers-relationship

1. Introduction
Scientific literature found two terms - stakeholders 

and partner gatherings, yet the two concepts are syn-
onymous. The word stakeholders “will be utilized in 
this article. Researchers have made a critical contribu-
tion to the practical comprehension of this term; how-
ever, right up till the present time, most researchers 
unquestionably still underwrite the main partner defi-
nition of (Freeman, 1984) – “any gathering or person 
who may or might be impacted by the accomplishment 
of the organization ‘s targets.” It was recommended by 
Bryson, 2004 that there are regularly two contending 
conditions for stakeholders: a few researchers guaran-
tee that stakeholders must be able to impact the orga-
nizations future-if not legitimately; they ought not to 
be considered stakeholders [1]. Another gathering of 
researchers proposes the stakeholders are theoretically 
unfit to impact the organization’s future. 

The partner theory demonstrates the preferences 
that organizations decide to get from their stakehold-
ers, regardless of which field of industry; this gives you 
various options. Through duty, the business method-
ology is attempted to explain the territory from the 
standards of accomplice theory. With this guideline as 
far as the organization’s serious system, how to affect 
worker relationships and representative conduct, the 
location of the institution in the segment, and how it 
is significant as far as the situation between the con-
tenders [2]. Stakeholder management is important for 
business growth and better development, particularly 
by improving employee performance. The way that 
will happen, deciding the operator’s obligations to the 
workers of the corporation and those duties, by taking 
care of the organization with which they are associat-
ed, is in providing the company with improved results. 
This theory of interacting and developing a relation-
ship with stakeholders, particularly with employees, 
helped manage the company [3].

In this study, we focused on the management of 
stakeholders and the management of stakeholder rela-
tionships in which we focused on the impact of Stake-
holders’ relationships with Organization Performance.
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1.1. Concept of Stakeholder Management
The organization’s position, the essential structure, 

in the territory they are in, the consumers are affected 
by the market, whether they will thrive or will flour-
ish is vital to their wants’ and needs’ responsiveness 
of the stakeholders they serve. Specifically, institutions 
are relationships with outside stakeholders an increas-
ingly significant spot in the serious environment. Or-
ganizations, distinguished as outside stakeholders, are 
basic relationships between the organizations in which 
they partake, both as far as competition and as far as 
workers, just as their impact on the performance of 
the business [4]. Traditional stakeholders; staff, cli-
ents, providers, network, non-legislative organiza-
tions, stakeholders like government and media, affect 
the organization. Therefore, stakeholders are breaking 
down as both inward and outer stakeholders.

1.2. Stakeholder Relationship Management
Goyder finds another principal dimension in such 

a manner. He states, “A company that can thrive in a 
tumultuous world that better understands the inter-
ests of those with whom it has a relationship, as well 
as what they consider to be of concern to them.” The 
same argument is articulated by Rowley, who focused 
on stakeholder relationship networking in his research 
[5]. He has seen that the relationships between accom-
plices are often special and in constant motion. The 
partner’s points of view and actions will change at var-
ious stages. Also, two or three other test works inves-
tigate the mind-boggling concept of partner relation-
ships. They said that organizations must connect with 
stakeholders to decide accomplice aspirations. For a 
few key management research works beginning with 
Freeman, the concept of “regarding center partner or-
ganizations” was a principal theme. Aaltonen and oth-
ers note that management of the undertaking group’s 
organization with its stakeholders is a key issue in the 
management of task stakeholders [6].

Errand communication is a framework, which con-
tains all interactions inside and outside the organiza-
tion. They are known as the market atmosphere or as-
sistance and control framework to be directed for the 
very life and accomplishment of the organization [7].

Controlling the relationships between associates is 
significant, along with the best approach to overseeing 
accomplices and from their bit of leeway. Overseeing 
ties inside and around any endeavor movement in-
cludes adjusting the different stakeholders’ contend-

ing needs and wants. As a matter of first importance, 
it is important to distinguish genuine and noteworthy 
stakeholders and afterward consider their particular 
impact and force to address their conceivable effect on 
the function and effects of the organization. Extraor-
dinary associations with the whole accomplice course 
of action of an organization are critical for the organi-
zation it self ’s long-term manageability and for the ac-
complishment of the organizations working inside it; 
such associations must be guided to such a degree that 
all organization issues and needs are drawn closer in an 
ideal manner, as are organizational requirements [8].

1.3. Organization Performance 
The achievement of the organization has two per-

spectives on money-related outcomes; objective and 
emotional. An emotional view alludes to the perfor-
mance of firms rather than the results of their rivals. 
Even though the supreme performance measurements 
are related to a goal point of view, for this examination, 
an abstract point of view is picked for two reasons. 
Second, for some ventures, for example, the telecom-
munications part, Organization information will be 
considered amazingly confidential where respondents 
might be hesitant to give hard spending information 
[9]. Second, some researchers have not covered the 
relationship between objectives and emotional view-
points. Their study tried to collect data on the three 
issues as contrasted by their organization’s real mon-
ey-related results and their chief opponents: pay de-
velopment, Return on Investment (ROI), and piece 
of the overall industry [10]. In this investigation, the 
theoretical context is depicted as dependent on past 
examinations, as shown in Figure 1.

Figure 1: Organization performance

Various researchers and editorialists have por-
trayed the effect of money-related master manage-
ment ties on organizational achievement as key to 
an endeavor and its reasonability. Consequently, or-
ganizations are approached to fabricate a strong and 
warm relationship with their laborers in the light of 



Issue 24. November 2022 | Cardiometry | 619

the above-mentioned, to stretch out their possibility 
to the farthest potential spans. Staff needs great con-
nections so they can work to get the organization to 
its proposed destination. Against the background, this 
investigation tends to the overall significance of repre-
sentative relationships as far as organizational adequa-
cy. The research is focused on the progress linked to 
the organization’s growth. There has to be a discovery 
in meeting the demand for customers and staff needs 
for a sustainable organization [11].

2. Review of Literature
A few researchers, Matuleviciene, M., & Stra-

vinskija, J., have assessed partner criticalness based 
on the An element’s and stakeholders’ interrelation-
ship. However, the researchers do not specify which 
stakeholders should be regarded as the most or least 
important. For this reason, partner selection was com-
pleted as per their significance to the organization. 
Stakeholders are partitioned into inner and outside 
stakeholders; Guideline and secondary stakeholders; 
regularizing, functional, dispersed and customers; 
money related; corporate, social, and media stake-
holders; sway gatherings and premium. Inside this pa-
per, we incorporated another partner meeting, which 
we term a shadow network because of its unconsti-
tutional effect on the organization or industry. The 
partner gathering study executed that isolating stake-
holders into principle and secondary is advantageous; 
therefore, gathering stakeholders to the organization 
as indicated by their advantage. The understood allo-
cation of the stakeholders to the essential and second-
ary gatherings prompts the presumption that essential 
stakeholders involve the first, for example, the most 
significant job of secondary stakeholders [12]. It has 
been seen that the researchers, dealing with business 
interests, propose that even those stakeholders that 
are in a similar gathering of stakeholders are of incon-
sistent worth organizations offer inclination to recent-
ly considered secondary stakeholders. Consequently, 
because of these two separate conventional systems of 
business-intrigued theorists and researchers, it stays 
dubious. Stakeholders ought to be doled out to which 
bunches that discover their incentive to the organiza-
tion. 

A survey was performed, and analyses were car-
ried out by Adiguzel, Z., Erdil, O., and Artar, A. with 
the white-collar workers worked in the 16 contract 
telecommunications firms. Workers as inward stake-

holders include a noteworthy job inside the definition 
of stakeholders. Therefore, it is critical to investigate 
their impact on the profoundly serious business re-
garding partner relationship management. The labor-
ers will autonomously cover the organization’s accom-
plishment if they carry on as a gathering; the impact 
might be uncommon. Organization management will 
comprehend the laborers’ needs and wants and decide 
a management style that will improve organizational 
methodologies. Business management anticipates that 
their representatives should accomplish elite, and yet 
workers anticipate that business management should 
follow arrangements that will improve their satisfaction 
and motivation. Organization achievement relies upon 
the perspectives and actions between the laborers and 
the organization. In our investigation, a study was con-
ducted with an aggregate of 401 clerical workers to look 
at their effects on organization performance as partner 
relationship management and partner conduct.

The stakeholders’ relationship was considered by 
Bandeira-de-Mello, R., Marcon, R., and Alberton, 
A. as for the accomplishment of residential organiza-
tions contending in the worldwide market from a con-
tractual viewpoint. We contend that the commitment 
of stakeholders inside a contractual set yields syner-
gistic administration instruments that empower firms 
to all more effectively get to outer capital. Utilizing an 
example of 267 Brazilian organizations (secondary in-
formation), we dissected different patterns in culture, 
government, contract with the government, top man-
agement, and a partner Community analysis, general 
straight model estimate, and verification experiments 
were devised as a three-stage inquiry. The findings 
suggest interaction among stakeholders positively af-
fects the performance of the firm. It was discovered 
that the joint effect of government and network con-
tracts yields predominant firm effectiveness as they 
furnish a common contracting framework with other 
connecting stakeholders. 

The examination is to research (done by F. N. Rafi-
ki and Nasution, A.) the relationship between CRM 
organizational elements (top management support, 
client orientation, Getting ready orientation) and me-
dium-sized Indonesian business productivity organi-
zations. Such medium-sized organizations are working 
in the field of telecommunications. The questionnaire 
is an itemized examination utilizing an auto-adminis-
tered rundown strategy. The technique for portrayed 
inspection is picked, and 82 respondents are staff from 
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three organizations. The gathered information was 
examined utilizing correlation and regression exam-
ination to check the model and clarify the interaction 
relationships. The consequences of this test uncovered 
that the organizational components of CRM had a 
positive and titanic impact on organizational perfor-
mance [13]. CRM is a potential system with a gigantic 
and constructive outcome on clients and business per-
formance that has suggested that medium-sized tele-
communications undertakings in Indonesia receive in 
all cases. 

Due to the fragmented nature of the tourism sec-
tor, the promotion and marketing of destinations are 
typically managed by a central company known as a 
Destination Marketing Organization (DMO), as ob-
served by Epp, A.. There is consensus in the literature 
that involving a variety of stakeholders is a fundamen-
tal necessity for good DMO governance. It has been 
suggested that increased participation of stakeholders 
may contribute to the DMO’s efficiency and results. 
This study examines this concept to study the impact 
of stakeholder participation on DMO performance 
satisfaction and perceptions. Research findings show 
that relationship management is a much more organ-
ic method in practice than indicated by stakeholder 
management model models, though the model does 
provide a valuable starting point. The study also pro-
vided briner insightful perspectives on resource-de-
pendence theories, emphasizing the value of efficient 
communication as a key factor in organizational per-
formance. 

A few stakeholders, Krstic, often show more note-
worthy reputational hazards than others. They are 
proprietors, consumers, bosses, and nongovernmental 
organizations. Additionally, one of the automatically 
upsetting impact stakeholders, studied by Krstic or 
improving corporate validity, is media. The media 
contributes to making a general opinion on the orga-
nization from which the corporate reputation devel-
ops. The media can be considered the most hazardous 
and uncontrollable accessory culture, which impacts 
the corporate picture, but it cannot be viewed as the 
most hazardous partner; besides, the researchers do 
not recognize another unsafe partner gathering – the 
lobbyists. As per Walker and Dyck, who accepted that 
various stakeholders consider corporate reputation 
inconsistent, the organization should caution those 
stakeholders who negatively decipher corporate rep-
utation. A negative opinion is surmised to negatively 

affect both a partner’s conduct and an organization’s 
reputation. 

Late researchers have been noted to deal with stake-
holders unexpectedly, contingent upon the incentive 
to stakeholders of the organization. Nonetheless, re-
searchers do not indicate which stakeholders ought to 
be considered the most or the least critical. Neverthe-
less, it is essential to assess the partner bunches in log-
ical writing and offer the stakeholders a need by their 
incentive to the organization [14].

3. Objectives of the Study
1. To study the effects of the stakeholder’s relation-

ship management on organization performance.
2. To establish the role of stakeholder relationships 

in enhancing organizational performance. 

4. Research Methodology
The examination follows the descriptive-analytical 

methodology, which is tried after the arranged infor-
mation collection process has been done. The special-
ist depends on utilizing the (SPSS) to assess the infor-
mation a questionnaire gathers, which is the essential 
source. Books, diaries, papers, periodicals, studies, 
and sites are secondary sources [15].

4.1. Research Design 
The investigation embraced a descriptive plan for 

research. The ebb and flow research configuration was 
picked because the investigation is not confined to infor-
mation collection and description; however, it is planned 
to decide the presence of specific relationships among 
the exploration factors. As applied in the investigation, 
the descriptive structure was utilized to get and portray 
information about the effects on the organizational per-
formance of partner relationship management [16].

4.2. Sources of Data Collection
The data was collected through these ways to ana-

lyze the research objectives.
• Data collection for Primary Data–Primary data 

was collected through a questionnaire to study the 
impact of stakeholder relationships on the organi-
zation’s performance. Respondents were asked re-
garding the variables of the research.

• Data collection for secondary data
It is extracted from various journals discussing the 

management of relationships between stakeholders. 
Many books related to it have been used, too.
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4.3. Sample Size
The author selected 100 respondents according to 

the random sampling technique as respondents, so 
that this study’s sample size is 100 respondents. They 
have drawn from respondents in the organization. The 
arbitrary examination strategy, a technique for proba-
bility testing, was used to deal with the online infor-
mation gathering examination instrument.

4.4. Tools Used for Data Collection
Evaluators and stakeholders autonomously enclose 

a simple questionnaire of queries for data collection. 
After conducting a pilot investigation of 10 partici-
pants and five evaluators, critical adjustments will be 
obtained for the specific survey to gather the details in 
the fieldwork [17].

4.5. Data Analysis
The survey questionnaires were used for data col-

lection, and the scale reliability test was applied to 
the data. The tools, such as correlation and regres-
sion, were applied to the data collected by the ques-
tionnaires. The reliability of various factors has been 
measured through Cronbach’s Alpha. The relationship 
between variables was examined through correlation, 
and the research hypothesis was tested through re-
gression [18].

4.6. Statistical Tools Used for the study
The characterized data are classified with the in-

vestigation’s end goal. The statistical software program 
SPSS 23.00 was used for data evaluation.

5. Data Analysis and Result

5.1. Demographics of Respondents 
After test results, it was indicated that 54% of respon-

dents were men, and 46% were females out of the 100 
tried. Respondents’ age was considered as additional 
information. Concerning the age scope of respondents, 
the audit results show that 25% of respondents were ma-
tured 20-29 years, 45% were matured 30-39 years, 20% 
were matured 40-49 years, and 10% were matured 50-
59 years. It tends to be induced that most respondents 
are professionally taught and fall between the ages of 30 
to 59, which means they are experienced and compre-
hend the investigation and their field of work. Also, the 
investigation contemplated the proportion of the years 
the respondents had utilized with the organization. The 

outcome was that 10% worked 0-2 years, 13% worked 
3-5 years, 21% worked 6-10 years, and 56% worked 10 
years. Respondents were chosen from almost all units 
of the organization to be an agent. The responses are 
recorded underneath as indicated by divisions. The dis-
coveries likewise uncovered that in properly speaking 
to all offices, the example was illustrative of the pop-
ulation of this investigation. The information shows 
the respondents have been drawn from the public or-
ganization in the national procurement authority. The 
current status of the respondents has not been ignored, 
because one way or the other, the position influences 
one’s participation. The outcome demonstrates most 
respondents are CEOs. They addressed 33% of the re-
spondents. The chiefs are twenty-two (22%), while the 
staying 15% is official, the other sub-officers are 30%. 
This outcome confirms the respondents were confi-
dently positioned to communicate their perspectives 
on the issue.

5.2. Reliability Analysis 
Dependability is portrayed as the inner exactness 

of estimating the mean variable-related relationship of 
the questions. All through the writing, the calculation 
of the 0.70 or more Cronbach Alpha coefficient is con-
sidered adequate for the sociologies. Our alpha quali-
ties are higher than 0.70, as found in the table beneath, 
demonstrating the enduring effectiveness of our scales 
and the exactness of our elements inside.

5.3. Stakeholder Relationship Management
Confidence with five questions (Cronbach α mea-

sure of 0.721) and Dedication, Dependence, Part-
nership, and Involvement with three questions each, 
respectively, and Cronbach α check of 0.733, 0.784, 
Cronbach α measure of 0.954, and Cronbach α check 
of 0 questions, respectively, were found in this exam-
ination. Five questions have been excused from the 
scale due to the distribution of various components, 
and 1 question has been forgotten about due to the 
non-participation of the distribution of the factor and 
because they have diminished the ongoing idea of the 
extension [19].

5.4. Organization Performance
The measurable software bundle was SPSS 23.00, 

utilized for factor investigation, bringing about scaling 
of business performance by five questions (α = 0.777) 
and three questions (α = 0.730) to monetary outcomes.
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5.5. Correlation Analysis
Correlation research was conducted to inspect the 

one-to-one relationship between work commitment 
in decision-production (associate dimension of rela-
tionship management) and organizational evaluation, 
social variables (assistant dimensions of impact) and 
accomplishment of mates, and budgetary productivity 
(organizational performance), and the outcomes are 
summed up in the table. The breakdowns (factor re-
view, consistent quality investigation, and clarification 
examination) were performed on test questionnaires 
gathered by the organizations. Until going on to re-
gression test, the information was decreased to firm 
level. Regression examination was completed to com-
prehend the relationship between the assistant man-

agement of the relationship and the accomplishment of 
companions through interventions of the social effect 
component. Table 1 shows the typical factors, standard 
deviation estimations, and the correlation coefficients. 
The correlation coefficient for the assessing factors ap-
peared in the upper diagonal of the framework. At the 
firm stage, the correlation coefficients for factors were 
situated in the lower compose diagonal [20].

Table 1 shows that the accomplice relationship 
management trust, except oversight factors, has a 
strong relationship with all variables at the level p < 
0.01. The association has a gigantic relationship with 
all the stage p < 0.01, besides arranging variables with 
an important yet negative relation. The reliance has a 
significant relation to all factors of the p < 0.01 stage. 

Table 1
Average, standard deviation values and coefficients of correlation of the variables

COM-
MIT-

MENT

TRUST CO-
OR-

DINA-
TION

DE-
PEN-
DEN-

CY

EVALU-
ATION 
OF THE 

ORGANI-
SATION BY 
THE EM-
PLOYEES

PAR-
TICIPA-
TION 

IN 
DECI-
SIONS

MAR-
KET 
PER-
FOR-

MANCE

SOCIAL 
AS-

PECTS

FINAN-
CIAL 
PER-
FOR-

MANCE

COMMITMENT Sig. (2-tailed) ,000 ,000 ,002 ,000 ,000 ,000 ,004 ,000
Pearson Correla-
tion

,227** 1 ,120** -,146** ,228** ,287** ,223** ,145** ,227**

TRUST Sig. (2-tailed) ,000 ,000 ,066 ,000 ,000 ,000 ,000 ,000
Pearson Correla-
tion

1 ,227** ,327** ,083 ,224** ,204** ,459** ,295** ,227**

COORDINATION Sig. (2-tailed) ,065 ,001 ,183 ,910 ,000 ,000 ,132 ,907
Pearson Correla-
tion

,085 -,142** ,062 1 -,005 -,533** ,231** ,071 -,004

DEPENDENCY Sig. (2-tailed) ,000 ,000 ,182 ,000 ,000 ,000 ,000 ,000
Pearson Correla-
tion

,307** ,184** 1 ,045 ,249** ,170** ,432** ,907** ,249**

EVALUATION OF 
THE ORGANISATION 
BY THE EMPLOYEES

Sig. (2-tailed) ,000 ,000 ,000 ,000 ,000 ,000 ,001 ,000
Pearson Correla-
tion

,208** ,291** ,176** -,533** ,191** 1 ,259** ,152** ,191**

PARTICIPATION IN 
DECISIONS

Sig. (2-tailed) ,000 ,000 ,000 ,912 ,000 ,000 ,000 0,000
Pearson Correla-
tion

,223** ,228** ,256** -,004 1 ,187** ,212** ,323** 1,000**

MARKET PERFOR-
MANCE

Sig. (2-tailed) ,000 ,000 ,000 ,000 ,000 ,000 ,001 ,000
Pearson Correla-
tion

,208** ,297** ,177** -,545** ,111** 1 ,261** ,152** ,191**

SOCIAL ASPECTS Sig. (2-tailed) ,000 ,000 ,000 ,000 ,000 ,000 ,000 ,000
Pearson Correla-
tion

,457** ,232** ,432** ,221** ,223** ,246** 1 ,464** ,256**

FINANCIAL PERFOR-
MANCE

Sig. (2-tailed) ,000 ,000 ,000 ,912 0,000 ,000 ,000 ,000
Pearson Correla-
tion

,254** ,256** ,249** -,004 1,000** ,187** ,265** ,334** 1

**. Correlation is significant at the 0.0 level (2-tailed).
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Coordination has a significant variable relationship 
with social angles yet has no noteworthy association 
with Trust, Dependence, and Market Effectiveness. 
Coordination likewise has huge relationships with all 
components; however, in the negative. Inclusion in 
decision making has an unmistakable interaction with 
all factors at point p < 0.01, aside from the variable 
coordination. 

Specialist evaluation of the organization, besides 
variable structure, has a critical relationship with all 
factors at p < 0.01 level; in any case, this has a note-
worthy relationship in a negative direction. Social Di-
mensions has a huge relation to all factors of p < 0.01 
level. The market for business performance and mon-
etary outcomes have a huge relationship with all fac-
tors aside from the variable for collaboration at point 
p < 0.01.

5.6. Evaluation and Results
Our exploration indicated that worker perspectives 

and practices inside the organization do not affect 
business accomplishment in the context of trust fac-
tors, commitment, reliance, and decision-production 
participation. This condition can be considered typ-
ical for the telecommunications organizations inside 
the administration segment. Since the area has a high 
number of clients, and the organizations ‘ business 
yield is directed by the quality of interest dependent 
on the attributes of the merchandise or administra-
tions. Around a similar time, worker commitment in 
actions and social issues has little effect on the asso-
ciation’s monetary outcomes. The absence of impact 
of worker participation in decision-production results 
from the management taking an official conclusion. 
We may likewise expect it is the effect of the manage-
ment decisions on the money-related angle. At long 
last, the investigation of how the social variables do 
not affect the consequences of the business. We state 
that there is no effect on representatives’ market per-
formance because of the effects on the social dimen-
sion of the outrageous outside stakeholders.

6. Conclusion
The chief reason for this examination is to research 

the impact of investor relationship management on 
an organization’s performance. In this pilot study, the 
impact of investor relationships on investor perfor-
mance was discovered that the key partner bunches 
should be painstakingly evaluated and fitting key de-

cisions made to guarantee business continuity. The 
investigations unmistakably demonstrated that the 
organizations would order the stakeholders as indi-
cated by their inclinations and pick, which accomplice 
ought to be given progressively conspicuous need and 
how their requests and wishes ought to be satisfied. 
Our examination analyzed how staff (as significant 
stakeholders) will work for the organization, how 
they think, and how it impacts its efficiency. Accesso-
ry theory clarifies the organization of associates and 
how the interactions impact the relationship’s certain 
or negative consequences. Therefore, the accomplice 
theory shows how bosses ought to carry on towards 
stakeholders in this ever-changing and producing at-
mosphere and effectively interface with stakeholders. 
It is pivotal that business chiefs settle on key decisions 
that influence the specialist’s soul and increment the 
intensity of the organization. The ensures made by the 
executives. Specifically, that permits workers to con-
centrate on their work, increment the organization’s 
profitability, and spot the organization in a higher 
position than their adversaries, as the association de-
pendent on shared interest brings benefits. Plainly it 
has been said that the continuity of this organization is 
established on notable trust and a strong foundation.
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Abstract
Firstly, the motive behind this research is to know about the 
factors that lead to Job Satisfaction; secondly, the most authori-
tative factor of Job Satisfaction; thirdly, to find out which gener-
ation is the most satisfied with their current job across different 
generations of people. The study provides a descriptive and 
comparative analysis of working professionals during pandemic 
from all domains, industries, gender, age, and sectors across 
India selected based on random sampling using quantitative 
research methods. It aims to analyze the results on SPSS based 
on a survey in a close-ended and Likert-scale based ques-
tionnaire. Baby boomers are the most satisfied with their job. 
Generation X is satisfied but lesser than Baby Boomers. Gener-
ation Y and Generation Z are not satisfied. Still, Millennials are 
more satisfied than Generation Z. Their dominant factor for job 
satisfaction is  Job Security, Work Culture, Equality, and Career 
Growth Opportunities. Not much research has been done on 
Gen Z by researchers, as they are young and will be entering 
the market. This study focuses on Gen Z. The findings will help 
analyze people of different ages to their work and participation 
levels.  The HR could formulate their policies and practices ac-
cording to the findings generated, which will help reshape their 
reward structure, decide how they can manage talent, control 
bad attrition, and a basis for further research, if anyone wants 
to study particularly about one factor.

Keywords
Job Satisfaction, Baby Boomers, Generation X, Millennial, Gen-
eration Z, Job Security, Work Culture
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1. Introduction
Job Satisfaction is a unique combination of con-

ditions that psychological, physiological, and natural, 
so that cause an individual can happily agree that he/
she is satisfied with their job. It is full of thoughts, 
which direct people in their respective job, in which 
they currently work. Correct satisfaction of job leads 
to encouragement and motivation to perform a task 
in a better way. Positive perceptions and behavior lead 
to job satisfaction, while negative perceptions and be-
havior lead to Job Dissatisfaction [1].

Many factors influence job satisfaction, such as the 
design of the job, pay, and allowances, working con-
ditions, social relationships, challenging tasks, good 
opportunities at other companies and responsibilities, 
wants, and need achievement. It is divided into two Hy-
giene factors and Motivators like organization policies, 
mentoring, relations with peers and superiors, work 
culture, pay, autonomy and status, job security, rewards 
and recognition, the work itself, accountability, growth, 
and development [2]. Six factors led to employee sat-
isfaction of early-career employees: salary and welfare, 
work itself, leader behaviors, personal growth, interper-
sonal relationships, and job competency. In the phar-
maceutical sector, a good work environment and good 
working conditions play a major role in fairness, pro-
motion and pay, and organizational support [3].

A generation can be defined as people who have 
taken birth simultaneously and have the same features 
and thoughts in terms of their experiences in life. Gen-
eration can also be defined as people born in the same 
year span, at the same place. There are experiences that 
mold specific preferences, expectations, beliefs, and 
work styles for each generation [4]. As indicated by 
the recent study, Generations are divided as follows- 
People born between 1949-1965 are Baby Boomers, 
1966-1985 are Generation X, 1986-1998-Millennials, 
after 1996 are Generation Z. 

2. Literature Review
Baby Boomers have been presented as ‘obsessive 

workers’ whose sole purpose behind living is working 
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while Gen Xers purpose is working because they are 
living and Gen Xers’ have needed to manage ‘self-re-
tained guardians, separation and taking off national 
obligation; however, approached a different scope of 
innovations in the home and work environment  [5]. 
Gen Xers feel acknowledged through positions, ac-
claim, advancement, and money and work-life bal-
ance. In this manner, Boomers are happy to work for 
an extra period to acquire rewards. Generation Y is 
about double as Generation X and a greater number 
of times as Baby Boomers to think of quitting a role 
[6]. An examination among recreational game experts 
uncovered that Boomers are portrayed as faithful and 
devoted workers. Generation X people are considered 
independent and intelligent. Millennials take to the 
work environment: child-rearing, qualification, which 
means extraordinary desires, the requirement for 
speed, long-range interpersonal communication, and 
joint effort. The most important aspect of millennials 
being stuck to an organization is mental satisfaction, 
which does not contrast significantly from a more 
seasoned age [7]. In the nursing industry, job satisfac-
tion had a strong positive correlation with psycholog-
ical behavior. Baby Boomers felt motivated with the 
rewards they were getting than Generation X nurses. 
Generation Y, or Millennials, are “digital natives” be-
cause they enjoy being tech-savvy. They like to work 
in a collaborative work environment and seek positive 
views and  appreciation for their work [8].

The Gen X employees seeks job security in their 
work. They showed good communication between 
themselves. The Gen X generation was very adaptable 
to the desires, which required talking to each other. 
Gen Y was more satisfied with data visualization tech-
niques. We can conclude that young people are aware 
of the need for fairness and equality. Gen Y is very flex-
ible in its methodology for the inclination of timings 
and clothing standards, and working environment. 
They believe besides salary also place major role. They 
are open and quick to changing occupations and not 
partial to stability anymore [9 ].

Generation X has comparative work esteems, while 
Millennials’ and boomers’ qualities contrast significant-
ly. The three indicators of employment fulfillment iden-
tified in this investigation are simply worked acknowl-
edgment and accomplishment. The work itself was one 
of the indicators, while recognition was second [10].

Talking about Generation Z can be defined as the 
generation that will lead to a greater shift in the work-

place. Generation Z is predicted to multi-task and be 
more productive towards their work, so they also have 
higher expectations. Moreover, Gen Z people are en-
trepreneurial and are more self-confident. They prefer 
to work in teams with good interpersonal skills and 
will be more inclined to active listening and commu-
nicating in a virtual environment. Gen Z will be more 
interested in working in a start-up, NGO as freelanc-
ers, Gig workers and prefer ideal working conditions 
with large teams [11].

Gen Z is self-assured and needs to ensure their fu-
ture. If Gen Z cannot discover this bliss on where they 
work, they will think leaving the place of employment 
without any problem. These ages, who are partial to 
his autonomy and do not care for power, do not have 
any huge relation. They realize that working has a sig-
nificant job to make genuine their fantasies, and on 
the off chance that it does not become, they would be 
troubled [12].

3. Research Methodology
The type of research was a quantitative study as the 

responses were converted into scales and ranks. The 
research question was which generation is the most 
satisfied with their job? What factors satisfied each 
generation of people the most? The author of this pa-
per designed all the questions. These questions were 
not tested for convergent and discriminant validity as 
it was not felt necessary [13]. The data collected was 
primary data, collected by the researcher itself. The 
sample was collected using simple random sampling 
through a survey form floated through digital plat-
forms. The results were tested for reliability analy-
sis using Cronbach’s alpha. ANOVA with a post-hoc 
Scheffe test to test the first hypothesis because the 
sample for each generation was not equal, A Friedman 
ranking method was also used to determine the dom-
inant factors for Job Satisfaction to test the second hy-
pothesis. All these tests were done on SPSS [14].

4. Hypothesis
The variables chosen under this study are selected 

based on the literature review to include all the factors 
of Job Satisfaction (highlighted in the review). So, in 
totality, the dependent variable is Job Satisfaction, and 
Independent variables are Compensation, Work-life 
Balance, Social Relationships, Working Conditions, 
Flexibility, Training, Job Security, Career Development 
Opportunities, Rewards and Recognitions, Autonomy 
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and Status, Corporate Social Responsibility, Equality, 
Holistic Wellness, Responsibility, and Accountability 
[15]. The hypothesis under this study is:

H1: There is no significant difference between the 
Job Satisfaction levels of different generations of people 

H2: There is no significant difference between the 
factors that lead to Job Satisfaction across different 
generations

5. Discussion

5.1. Population
The sampling population targets people from all 

generations, gender, and marital status who are cur-
rently employed, working, and salaried across all the 
sectors, including the public, private and other sectors. 
The population belongs to different industries includ-
ing manufacturing, IT & ITES, Telecommunications, 
Automotive, Electronics, Insurance, Defense, Food & 
Beverage, Education, Real Estate, FMCG, Petroleum, 
Consulting, Healthcare, Baking, NGO, Apparel, BFSI, 
E-Commerce, Networking, Digital Marketing, Logis-
tics, Gaming and others across India, the research sur-
vey is conducted through various, social media plat-
forms and online forums such as Facebook, LinkedIn, 
Mails, Whatsapp and personal contacts [16].

5.2. Sampling Design 
Simple random sampling is used as the method of 

sampling. Sampling is done based on various contacts 
made over the past few years. It also includes employ-
ees from various organizations on Social networking 
sites like Facebook and LinkedIn across India. The 
sample is chosen based on whosoever employed peo-
ple interested in taking up the survey provided the 
person falls under the required bands for ages born 
after 1949.

5.3. Questionnaire
The questionnaire is elaborative with all the re-

quired research questions. Most of the questions are 
closed-ended (multiple choices, ranking choice, and 
Likert scales). Firstly, one pilot survey has been done 
to confirm the reliability of the survey and to know 
about required changes or scale problems with the 
questionnaire. Pilot surveys have been tested on a 
random sample of people and have led to improve-
ments to the original survey. For Pilot Survey, there 
are 22 questions with 12 Likert-scale based questions. 

49 people have responded to the questionnaire. The 
Cronbach’s coefficient is (0.77-0.805, above the 0.70 
minimum). It shows the internal consistency is ac-
ceptable and good. A total of 11 items with all 49 valid 
cases and no excluded cases are shown in Table 1 as 
job satisfaction scale.

Table 1
Scale: job satisfaction scale

N %

Cases
Valid 49 100.0

Excluded 0 .0
Total 49 100.0

The reliability statistics are shown in Table 2. Be-
fore the pilot survey, some factors were overlooked, 
like CSR activities, Decision-making authority, Pro-
motions and rotations, Holistic care, Work-from-
Home opportunity, which came into the picture and 
was later included in the final questionnaire. The final 
questionnaire includes 5 pointer Likert scale ques-
tions from Strongly Disagree” to “Strongly Agree.” The 
question, which involved asking the respondents how 
satisfied they are, ranges on a 5 pointer Likert scale 
from “Not Satisfied to Extremely Satisfied [17].” 

Table 2
Reliability statistics

Cronbach’s alpha
Cronbach’s 

alpha Based on 
Standardized Items

N of Items

.787 .805 11

About 220 respondents have responded to the ques-
tionnaire, with male 75% and female 25%. The first 7 
questions involved asking them about their name, age, 
gender, marital status, an organization to which they 
work, sector, and industry to which it belongs. The next 
of 14 questions involved the factors asking them how 
much they agree with the following questions-
1. Do you want to work for a company that offers you 

more pay and allowances?  
2. Do you think there is a balance between work and 

your personal life, you will become more produc-
tive? 

3. Do you feel more included in an organization when 
you get an opportunity to connect with peers, su-
periors, and subordinates? 
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4. Do you prefer to work in an organization where 
working conditions and the work culture are good? 

5. Do you feel happy if you get the opportunity to be 
flexible in terms of working hours?  

6. Do you believe there should be opportunities to 
learn new skills with the tasks you perform?

7. Do you think it is important that your job is se-
cured? 

8. Do you believe it is preferable to work in an or-
ganization that provides promotional and career 
growth opportunities to its employees? 

9. Do you feel motivated if you are rewarded with 
gifts, bonuses, gratuities, and incentives? 

10. Do you enjoy status and autonomy when you are 
at work? 

11. Do you think it is important for you to work in an 
organization that takes the initiative to contribute 
to people and the environment? 

12. Do you want to be a part of an organization that 
treats every employee equally and does not indulge 
in any bias? 

13. Do you think your organization should take care of 
your mental and physical health?  

14. Do you think you prefer to work where you are re-
sponsible and accountable for your work, no mat-
ter how challenging the work is? 

15. The next question involved asking them how satis-
fied they are with their job. They had to answer a 
Likert scale from 1- “Not Satisfied” to 5- “Extreme-
ly Satisfied.”

16. Are you satisfied with your current job? 
17. The last question involved ranking the factors ac-

cording to their preference from most to least. 

5.4. Sample
In total, 220 employees across all generations who are 

currently employed responded with 6.8% of 56 and above 
and are called Baby Boomers. 10.9% of people are aged 
between 55- 44 and belong to Generation X. 38.2% of 
people aged from 43-25 are called Millennials, and 44.1% 
of people are Generation Y whose age is 24 and below are 
Generation Z. Among these respondents, 36.4% are fe-
males, and 63.6% are males are shown in Figure 1.

Also, 70.5% of people are unmarried, 24.5% are 
married, 2.3% are divorced, 2.3% are widowed, and 0.5 
did not prefer to answer shown in Figure 2.

Figure 1: Responses of the gender

Figure 2: Marital status of gender
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Amongst these people, 7.6% belong to the Private 
sector, 18.6 % the public sector and the rest belong to 
other sectors, including Government and non-gov-
ernment organizations. The industry in which they 
work are dominated by IT&ITES 30.5%, Manufactur-
ing 9.5%, service- 8.2%, Insurance 5.5 %, and educa-
tion 6.4%, FMCG 4.5%, Real Estate 3.2%, Food and 
Beverage 3.2%, Telecommunications 3.2 %. Rest is a 
mix of other industries. 

6. Results and Analysis
To go ahead with analysis, since a standard ques-

tionnaire is not used and some factors are added after 
the Pilot survey, it is necessary to check the reliabili-
ty analysis of the final survey. So, a reliability analysis 
is done using Cronbach’s alpha. The job satisfaction 
scale is indicated in Table 3.

Table 3
Scale: job satisfaction scale

N %

Cases
Valid 220 100.0

Excluded 0 .0
Total 220 100.0

The total number of valid cases is 220 with no ex-
cluded cases, representing no invalid or missing values.

The Cronbach’s alpha value should usually be more 
than 0.70 to be acceptable. The value is (0.872, above the 
0.70 minimum) according to Table 4. It shows the inter-
nal consistency is acceptable and exceptionally good.

Table 4
Reliability statistics

Cronbach’s 
alpha

Cronbach’s alpha Based on 
Standardized Items

N of Items

.873 .872 14

Further, Nonparametric Test using Friedman 
ANOVA using SPSS 19 was conducted to determine 
the dominant Factors of each generation.

To determine which of the following generations 
are more satisfied? If there is a statistical difference 
in their job satisfaction levels or not, An ANOVA test 
was carried out with the post-hoc Scheffe test since the 
sample size of each group were different.

In Table 5, we get the descriptive values for each gen-
eration. The number of samples for each Baby boomer is 
15. Generation X is 24. Millennials are 84, and Generation 
Y is 97. The Likert-based questionnaire states that 3 stands 
for satisfied, 4 stands for very Satisfied, and 5 stands for 
extremely satisfied. The results prove that Baby boomers 
are extremely satisfied. Gen X is very satisfied. Millennials 
and Gen Z are satisfied but less than Baby Boomers.

The ANOVA Table 6 depicts variances of differ-
ence between groups. The null hypothesis states that 
there is no significant difference between the Job Sat-
isfaction Levels across generations. Since the p-value 
is < 0.05, it is statistically significant. We do not accept 
the null hypothesis and, therefore, this is proved that 
there is a difference between Job satisfaction levels. 

The post-hoc Scheffe analysis is done to check how 
much indifferent the generations are in terms of Job 
Satisfaction Levels, which is reflected in Table 7.

Table 5
Descriptive

N Mean Std. 
Deviation Std. Error

95% Confidence Interval for Mean
Minimum Maximum

Lower Bound Upper Bound
Baby Boomers 15 4.6000 .50709 .13093 4.3192 4.8808 4.00 5.00
Generation X 24 4.0000 .58977 .12039 3.7510 4.2490 3.00 5.00
Millennials 84 3.6786 1.00793 .10997 3.4598 3.8973 1.00 5.00
Generation Z 97 3.5773 1.01894 .10346 3.3720 3.7827 1.00 5.00
Total 220 3.7318 .98198 .06620 3.6013 3.8623 1.00 5.00

Table 6
ANOVA

Job Satisfaction Levels
Sum of Squares df Mean Square F Sig.

Between Groups 15.586 3 5.195 5.737 .001
Within Groups 195.592 216 .906
Total 211.177 219
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Next, the purpose is to determine which factor 
satisfies the most and least for each generation. This 
Friedman ANOVA test was carried because this test 
helps to know the overall rankings on a ranked data is 
indicated in Table 8.
Table 8
Job satisfaction levels

Scheffe

Generation N
Subset for alpha = 0.05

1 2
Generation Z 97 3.5773
Millennials 84 3.6786
Generation X 24 4.0000 4.0000
Baby Boomers 15 4.6000
Sig. .390 .111

Baby Boomers
The sample size is 15 with 13 degrees of freedom, 

a Chi-square value of 47.960, and a p-value of < 0.05 
that is statistically significant is shown in Table 9.

Table 9
Test statistics

N 15
Chi-Square 47.960

df 13
Asymp. Sig. .000

The mean ranks of each factor can determine the 
ranking among the dataset, which is shown in Table 10, 
the highest and the lowest ranks with Job Security (10.60) 

being the highest followed Status and Autonomy (9.83), 
Responsibility and accountability (9.30), Equality (9.10).
Table 10
Ranks

Mean Rank
Compensation 6.37
Work-Life Balance 6.27
Social Relationships 7.73
Working Conditions 7.63
Flexibility 6.97
Training 4.73
Job Security 10.60
Career Growth Opportunities 5.13
Rewards and Recognitions 7.83
Status and Autonomy 9.83
Corporate Social Responsibility 7.43
Equality 9.10
Holistic Wellness 6.07
Responsibility and Accountability 9.30

Generation X
The sample size is 24 with 13 degrees of freedom, a 

Chi-square value of 50.22, and a p-value of < 0.05 that 
is statistically significant is shown in Table 11.
Table 11
Test statistics

N 24
Chi-Square 50.228

df 13
Asymp. Sig. .000

a. Friedman Test

Table 7
Multiple comparisons

Dependent Variable: Job Satisfaction Levels
Scheffe

(I) Generation (J) Generation Mean Difference (I-J) Std. Error Sig.

Baby Boomers
Generation X .60000 .31321 .302

Millennials .92143* .26674 .009
Generation Z 1.02268* .26401 .002

Generation X
Baby Boomers -.60000 .31321 .302

Millennials .32143 .22025 .547
Generation Z .42268 .21694 .287

Millennials
Baby Boomers -.92143* .26674 .009
Generation X -.32143 .22025 .547
Generation Z .10125 .14183 .917

Generation Z
Baby Boomers -1.02268* .26401 .002
Generation X -.42268 .21694 .287

Millennials -.10125 .14183 .917
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The mean rank of each factor can determine the 
ranking among the dataset, which shows the highest 
as Working Conditions (9.31)) followed by Equal-
ity (9.27), Job Security (9.13), Status and Autonomy 
(8.79), responsibility (8.50) is shown in Table 12.
Table 12
Ranks

Mean Rank
Compensation 7.35
Work-Life Balance 7.10
Social Relationships 7.35
Working Conditions 9.31
Flexibility 7.94
Training 5.85
Job Security 9.13
Career Growth Opportunities 4.98
Rewards and Recognitions 6.88
Status and Autonomy 8.79
Corporate Social Responsibility 7.27
Equality 9.27
Holistic Wellness 5.27
Responsibility and Accountability 8.50

Generation Y or Millennials
The sample size is 84 with 13 degrees of freedom, 

a Chi-square value of 59.401, and a p-value of < 0.05 
that is statistically significant is shown in Table 13.
Table 13
Test statistics

N 84
Chi-Square 59.401

df 13
Asymp. Sig. .000

a. Friedman Test

The mean ranks of each factor can determine the 
ranking among the dataset, which shows the highest 
as equality (8.43) followed by Equality (8.43), Career 
Growth opportunities (8.35), Training (8.33), Work-
ing Conditions (8.20), Work-life Balance (8.04) is 
shown in Table 14.

Generation Z
The sample size is 97 with 13 degrees of freedom, 

a Chi-square value of 68.114, and a p-value of < 0.05 
that is statistically significant is shown in Table 15.

The mean ranks of each factor can determine the 
ranking among the dataset, which shows the highest 
as Career Growth Opportunities (8.49) followed by 

Working Conditions (8.31), equality (8.21), Training 
(8.06), Job Security (8.04).

Therefore, the H2 is rejected as there are differences 
in factors affecting Job Satisfaction for each generation, 
and they vary from most to least is shown in Table 16.
Table 16
Ranks

Mean Rank
Compensation 7.43
Work-Life Balance 7.92
Social Relationships 7.58
Working Conditions 8.31
Flexibility 7.71
Training 8.06
Job Security 8.04
Career Growth Opportunities 8.49
Rewards and Recognitions 7.12
Status and Autonomy 6.48
Corporate Social Responsibility 6.36
Equality 8.21
Holistic Wellness 6.65
Responsibility and Accountability 6.62

Table 14
Ranks

Mean Rank
Compensation 6.85
Work-Life Balance 8.04
Social Relationships 7.40
Working Conditions 8.20
Flexibility 7.01
Training 8.33
Job Security 7.70
Career Growth Opportunities 8.35
Rewards and Recognitions 7.29
Status and Autonomy 6.47
Corporate Social Responsibility 6.29
Equality 8.43
Holistic Wellness 7.45
Responsibility and Accountability 7.20

Table 15
Test statistics

N 97
Chi-Square 68.114

df 13
Asymp. Sig. .000

Friedman Test
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7. Discussions
Results from previous literature have highlighted 

the point that there is dissimilarity in the Job Satis-
faction Levels of each generation. Baby Boomers are 
more satisfied than Millennials and Generation X 
people [18]. However, not much is said about Gen-
eration Z. ANOVA test in this research reveals dis-
similarity between the Job Satisfaction levels of each 
generation and rejects the null hypothesis, i.e., H1 
to Table 5. Therefore, previous research findings, ac-
cording to the literature review holds. The satisfaction 
levels are as follows- Baby boomers > Generation X > 
Millennials > Generation Z. But the addition is about 
Generation Z, who is the least satisfied and has not 
been mentioned in previous researches. The post-hoc 
Scheffer reveals the extent of differences amongst each 
other [19].

The mean value of Job Satisfaction of Baby Boom-
ers is the highest (4.6), which means they are most sat-
isfied with their jobs. Generation X (4.00) people are 
also satisfied with their job but not as Baby Boomers. 
They are still open to new opportunities and positions. 
Millennials with a mean (3.67) are satisfied but not as 
Baby Boomers and Generation X people. Generation 
Z is not so satisfied as all the generations because they 
may be doing the work, which is monotonous and 
does not require much knowledge. They are still ex-
ploring what would make the best out of them [20].

Results of the Freidman test have revealed the fac-
tors that satisfy each generation of people separately. 
Previous results also mention factors as the drivers 
of Job Satisfaction. Different studies reveal that Baby 
boomers are more concentrated on pay, rewards, and 
recognition; they encourage Status and Autonomy in 
their work [21].

According to Table 10 for Baby Boomers, the fac-
tor, which drives them to work in a company, is Job 
Security (10.60). For baby boomers, they must have a 
fear of losing a job and are committed to the company. 
Status and autonomy to work is the second most im-
portant factor because Baby Boomers are born after 
1965. It is important for them that they seek respect 
and have the autonomy to take individual decisions 
for the benefit of the company. They have the respon-
sibility of their tasks as they are self-sufficient and ac-
countable to others. Equality is an important factor for 
them because they have been in the culture for many 
years and must have faced biasness in their careers. So, 
the results hold with previous findings, but not all are 

the same as this study does not indicate rewards and 
pay to be a powerful factor.

For Generation X Table 14, people born between 
1985- 1964, the most dominant factor is the work-
ing conditions and the work culture, in which they 
work with a mean ranking (9.31). Previous research 
through the literature review reveals that Gen X pre-
fers work-life balance, status, growth, and a collabora-
tive work environment. They are stable at their jobs, 
learned, and probably want their jobs to be secure 
(9.13) as they are in good positions. But they seek 
high equality (9.27) as they are in their phase of facing 
some unwanted practices, which they urgently need to 
be waived off. It is important for them that the sur-
roundings in which they work are cordial. After that, 
status and autonomy (8.79) are the next important 
factor as they are in greater positions and want their 
positions to be secured and honored. Responsibility 
and accountability (8.50) go hand in hand with status 
and autonomy. The desire for work culture and status 
holds with previous findings, but growth and work-
life balance do not. However, other important factors 
come into the picture [22].

Talking about Millennials born between 1986 and 
1995, the mean rankings do not differ much across the 
factors. Table 1 Previous findings tell that Millennials 
prefer to work with a good and participative work en-
vironment, work-life balance, and job security. Still, 
they are a bit flexible in terms of Jobs. This study also 
somewhere has the same ideas. The most important 
for them is equality (8.43). They face a lot of issues 
in their work environment with superiors and peers. 
They are neglected from some good opportunities, so 
work culture (8.20) is also an important factor. They 
are the ones who are tech-savvy, but with changing 
scenarios and the VUCA world, they need to upgrade 
and upskill themselves constantly, so Training is also 
an important factor (8.33). For them, a balance be-
tween their work and personal life is important.

Generation Z people born after 1996 are the most 
talked once in the town. Not much has been said in the 
previous findings, but Generation Z wants a collabo-
rative environment; they are highly flexible as they do 
not seek much Job security because they are the fresh 
talents ready to enter the corporate world. Some are 
further studying to upskill themselves, and some have 
already started working. It is especially important that 
Generation Z is satisfied with their jobs because they 
are the future work. They are agile and ready to take 
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on challenges. But from Table 16, we get that Career 
Growth Opportunities (8.49) is the most satisfying 
factor because every entry-level employee wants that 
he/she develop in their career, learn, and upgrade 
themselves. It is also necessary to get Training (8.06) 
for whatever task they have been assigned. Equality 
(8.21) and the work culture (8.31) are also important 
satisfying factors for them as they want to work in a 
healthy environment, fun-filled and full of team spirit. 

Based on this research, one factor that is equality 
has emerged to be an especially important factor for 
every generation, which is not highlighted or talked 
about in the previous researches.

8. Conclusions and Recommendations
This research is directed towards understanding 

the behaviors of the employee in their work. It is im-
portant that people are happy, enjoy their work, and 
are satisfied with the tasks they perform. If employees 
of an organization are satisfied, they may be less likely 
to leave the job, and it will help curb good attrition. 

Through this research, it can be known that dif-
ferent generations react differently to their work. All 
of them have different necessities and preferences for 
work, which drives them towards a company. Gen-
eration Z is not much satisfied as compared to other 
generations. They want to be agile, go-getter, and work 
in a collaborative environment. Baby Boomers are the 
most satisfied, followed by Generation X, Millennials, 
and Generation Z. Previous researches have somewhat 
said the same about Baby Boomers, Generation X and 
Gen Y. However, the unique contribution that this pa-
per brings out is an analysis of Generation Z who will 
be the need of the market in future. Career Growth 
Opportunities are least preferred for baby Boomers 
and most for Gen Z. 

Through this research, the company officials would 
be able to formulate policies and practices according 
to the findings generated, which will help in reshaping 
the reward structure, deciding how they can manage 
talent, controlling bad attrition, and a basis for further 
research, if anyone wants to study particularly about 
one factor. Since Job Satisfaction is an important com-
ponent to calculate Attrition rate, the findings would 
help analyze and apply the engagement programs in a 
better way. Providing those benefits to different gener-
ations would enhance the work culture of an organi-
zation. An incredibly unique thing that came into the 

picture is that equality and trust are important for all. 
Organizations should work readily towards that.

Associations need to pay attention to making them 
more culture friendly. This study is important for In-
dia because this topic is generally ignored, which is 
important for Indian Gen Z workers are about 50% 
of the population, and the number will gradually in-
crease as they enter the corporate. As the ages of Baby 
Boomers and Gen X will be leaving the industries, it is 
essential to offer the enrollment and upkeep of Gener-
ation Y and Gen Z.

Employers must regard employees as people who 
may not have indistinguishable wants and standards 
from the other employee; subsequently, they must 
consider testing their administration or HR rehearses, 
employee improvement rehearses enrollment strate-
gies, and prize structure. “Pick and blend” strategy, not 
many of these will be the best way to deal with con-
tent everyone’s needs. One game plan can be a “family 
overview,” which the managers can use for respective 
families of employees and solicitation. They rate their 
satisfaction with the representatives’ work demands 
and cause proposals about how the board can address 
them. This kind of activity will drive satisfaction and 
engagement, and employees will feel.

9. Limitations
This study focused on Job Satisfaction factors, 

which are always positive, but there is a negative as-
pect of Job Dissatisfaction. It is being ignored, and the 
factors are not divided according to this aspect. Since 
the sample size for each group of generations is differ-
ent with no. of Baby Boomers and Generation X re-
spondents lesser than Millennials and Generation Z, 
the results may not give a true picture.
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Abstract
Today, various studies are going on in every part of the globe 
to minimize operational costs, increase efficiency, and improve 
the Return on Investment by almost all organizations. Technol-
ogy is one of the key factors that aid in the change process 
happening all over the world. Today, organizations are ready to 
implement any technology to help them maintain their market 
position in this highly competitive environment. Robotic Pro-
cess Automation is a technology that could be considered of 
prime importance. It can solve these issues in an organization 
once it is implemented efficiently.
RPA finds use in those organizations. The amount of manual 
processes is more, and the works are repetitive and time-con-
suming. Financial institutions are among those organizations 
that can take advantage of having RPA improve their opera-
tional efficiency. Financial institutions contain a lot of manual 
and repetitive tasks in several departments. This paper is based 
on the study conducted to find out the key areas in which RPA 
can be implemented so that it helps the financial institutions to 
make their lending process easier.
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1. Introduction
Financial Institutions are said to be a part of human 

life from the period of valley civilizations itself. Trad-
ing was an integral part of those civilizations for which 
they had used coins as well. Historical evidence shows 
that temples and the houses of the rich were used to 
store the surplus cash, which was used to distribute 
to the needy [1]. Later, they started developing more 
systematically by providing more services other than 
lending money and storing cash. Along with these 
developments in forming a proper banking structure, 
digitization of the banks also began, but its growth had 
been gradual. The first form of digitization of banks 
was through Digital Accounts followed by Automated 
Teller Machines, Trading Systems, Global Payments 
Networks, Internet Banks, and Mobile Payments [2].

The second wave of digitization has already hit the 
world. In this phase, organizations aim to use technol-
ogies such as Artificial Intelligence, Machine Learn-
ing, Virtual reality, etc., in order to enhance their oper-
ational efficiency and attract customers [3], which has 
created many tensions among the organizations. They 
are competing with each other in the implementation 
of new and better technology. An increase in the no: 
of organizations is also one of the major reasons for 
this. Like other organizations, banks face much com-
petition, customer retention, etc [4]. Optimization of 
costs, rising personnel costs, scarcity of skilled resourc-
es, and increased productivity are also to be addressed. 
Banks have to focus on transforming their modes of 
business operations into a more customer-friendly, 
reliable, and consistent economic mechanism. One 
way of this type of transformation is by the adoption 
of Robotic Process Automation. The robots are ideal 
for doing repetitive tasks with no error, and they can 
deal with a large volume of data. Moreover, banks are 
governed by a set of statutory and regulatory norms, 
which can also be easily handled by automation. There 
are some managerial, behavioral, technical, and eco-
nomic considerations to be considered while adopting 
automation. Security and compliance are also two ma-
jor factors affecting the process. However, a systematic 
and smooth transition will ensure risk failure [5].

1.1. Objective of Paper
There has been much research on the use of Robot-

ic Process Automation in various fields, mainly con-
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cerned with its technological aspect. There are vari-
ous industries, which find the application of RPA as 
it reduces the workload of their employees and helps 
to improve their operational efficiency. Banks are one 
such integral part of the economy without which a 
country fails to have a strong financial position [6]. 
With the advancement of technology, RPA has been 
implemented in different parts of the world in various 
financial institutions. Even in India, with the increase 
in no: of competitors and improving the efficiency 
to attract more customers, banks are forced to bring 
changes to their previous modes and styles of opera-
tions. This paper aims to identify the key areas where 
RPA could be implemented in banks to simplify loan 
processing [7].

2. Literature Review

2.1. Robotic Process Automation
As defined in their whitepaper, RPA can be used 

as a technique that performs simple rule-based pro-
cesses and thereby mimics the actions of humans. RPA 
interacts with the application layer of any application 
and has the potential to work across multiple applica-
tions. “RPA is the natural evolution of labor arbitrage; 
it takes the Robot Out of the Human.” The distinct fea-
tures such as its cost-effectiveness, scalability, and ease 
of implementation make it more useful [8].

As obtained from the whitepaper, “RPA is the 
application of technology that allows employees in 
a company to configure computer software or a ‘ro-
bot’ to capture and interpret existing applications for 
processing a transaction, manipulating data, trigger-
ing responses, and communicating with other digital 
systems. RPA is all about assigning a software robot 
to perform any work process that is rule-based, work-
flow-driven, and repeatable [9].” 

As obtained from the whitepaper, “RPA conceives 
a virtual workforce with skills comparable to that of 
human beings.” In such a competitive world, to retain 
the market position, organizations cannot ignore the 
need for having a virtual workforce, which can pro-
vide better results in a lesser time [10].

According to the comparison with other automa-
tion tools, the three most important features that make 
it unique are: (I) The ease of configuration and imple-
mentation of RPA, suggests that the developers do not 
require any programmable capabilities, (II) RPA soft-
ware being non-invasive suggests that it works similar 

to humans just by sitting on top of the existing systems 
and accessing them, and (III) The enterprise safety of 
RPA suggests that all the IT requirements such as scal-
ability, security and audit ability are met with ease. 

All the literature mentioned above indicates that 
the RPA will be a better option for organizations, 
which will help them reduce the workload on the em-
ployees and help them maintain their market position 
in the competitive environment. Thus, to facilitate 
economic gains, all the repetitive and unstructured 
tasks, which help reduce the human workload, can be 
done with the help of software robots [11].

2.2. Importance of RPA in Banking
As per implementation of robots in banks for the 

operations will have a huge impact on the sector, as it 
improves banks’ but also help to increase the efficien-
cy of operations. These will aid in getting more busi-
ness opportunities for the banks. Other than savings, 
“RPA in banks will result in an improvement of 21% 
due to more efficiency in the management of repeti-
tive tasks, standardization of all workflow procedures 
will result in an increases in efficiency by 19%, by the 
reduction of dependence of work completion on mul-
tiple systems, the efficiency increases by 14% and RPA 
also reduces all the other bottlenecks by 11%.”

The article suggests that RPA or robotic software 
agents have a greater potential for frequent and rule-
based repetitive processes. On the implementation of 
RPA, banks would also be able to answer the queries 
24*7, which will also have a considerable effect on the 
economic gains than on the remuneration of the em-
ployees.

According to robots in various financial sectors 
such as banks, insurance companies, and capital mar-
kets were identified. A study was conducted in sec-
ondary research based on the use cases of Robotics 
in HDFC Bank, ICICI Bank, and SBI. The study con-
cluded that the advent of Robots would help financial 
institutions attain a better quality of services within 
a minimum time and with minimum wastage of re-
sources [12].

The use of RPA among Artificial Intelligence was 
identified. They have suggested new capabilities that 
can be considered using both technologies by analyz-
ing all the possibilities and considering all the aspects 
of robotics. In order to take automation to the future 
level, “RPA uses sophisticated software and techniques 
along with the help of most recent technologies such as 
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artificial intelligence, machine learning, voice recog-
nition, and linguistic communication process.” Thus, 
there is a requirement for combining all the technolo-
gies in the digital transformation journey.

Anuja conducted a study to determine the impact 
of the implementation of robotics in banking for lock-
ers considering the case of Smart Vault used by the 
ICICI Bank. It also checks whether robotic consultants 
supported by a human-like interface could be a better 
option than humans by themselves for solving the is-
sues faced by customers. They used quantitative tools 
in the form of a questionnaire and qualitative tools 
consisting of an interview for the study. They con-
cluded that human touch would be required for the 
activities performed in the banking sector, even if the 
implementation of robots will reduce the daily work-
load and make almost all possible processes relatively 
easy and simple. Moreover, even when the future of 
robotics is highly promising, it might take more time 
to implement as change takes place gradually [13].

Kamat conducted a study to find out the challenges 
of adopting automation in banking and financial ser-
vices. Through the conceptual model, they were able 
to arrive at the benefits of automation, the possible 
challenges to implementation, and build a 7 step RPA 
Adoption model for the banking and financial services 
sectors. Even though there might be some negative 
impacts and challenges, all these effects are to be min-
imized as automation technology adoption is the need 
of the hour.

As per, Robotic process Automation is suitable for 
every organization, which involves completing vari-
ous easy and complex tasks with the help of computer 
systems, and they have conducted a study based on the 
e-commerce industry. The first and foremost thing to be 
considered in the assessment of their RPA capabilities, be 
it any industry, it should be done beforehand, even previ-
ous to finding out whether to automate a certain process 
or not. The launch of RPA tools saves employers mon-
ey and brings a rise in the productivity and security of 
employees. It has even drawn new helpful opportunities 
for many highly skilled workers and apprentices in their 
various respective industries in certain cases [14].

Robotics surely can shape the future of banks, and 
from all the literature above, we see that the banks will 
be under pressure shortly to bring in innovative ideas 
to survive in the highly competitive environment. As 
we see, robots are being used by certain banks for cus-
tomer services in selected branches. Robotics can also 

be used in back-office operations, reducing manual 
errors and enhancing operational efficiencies. These 
works of literature give a thorough understanding of 
an RPA process, the major application area of RPA, 
the benefits of RPA, and its importance in banking. By 
keeping these points in mind, we aim to understand 
whether these benefits will aid in using RPA for loan 
processing in banks [15].

3. Research Methodology
The study has been conducted so that primary data 

was collected through a questionnaire survey con-
ducted among 70 bank employees working in differ-
ent banks all over India. As there are different types 
of loans available in the banks, and most of them have 
different steps involved in processing, thorough learn-
ing was conducted to determine the most important 
steps involved in loan processing. These steps were 
included in the survey to identify the most time-con-
suming step among these from an employee perspec-
tive. They were also asked to suggest areas in which 
they required assistance using the RPA technology by 
identifying a set of possible areas in which RPA can be 
implemented. The survey was also used to identify the 
employees’ views towards the implementation of RPA 
in banks [16]. All the data thus collected were cate-
gorized for the analysis in three stages. The first stage 
of analysis consisted of finding out whether there is 
a correlation between the age of the bank employees 
and their attitude towards the implementation of RPA 
for loan processing in banks. The second stage of anal-
ysis consisted of finding out the most time-consum-
ing part of loan processing and identifying the areas 
in which the employees require the assistance of RPA 
as suggested by them. In the final stage of analysis, a 
regression model was also used to determine the rela-
tionship between the location of the banks and having 
a separate loan processing department along with the 
frequency in the arrival of requests so that the impor-
tance of having RPA could be figured out [17].

4. Modeling and Research Questions
Day by day, there are new changes in almost all 

fields, and technology plays a major role in this change 
process. As the organizations find means to sustain 
their market position in this highly competitive envi-
ronment, it is for sure that RPA, Artificial Intelligence, 
Blockchain technology, etc., will soon be a part of these 
organizations. Along with understanding the possibil-
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ities of RPA implementation in the banking sector, it is 
also important to find out the stand of the employees 
on the introduction of these techniques. As a result, as 
mentioned above, the study is divided into three stages 
so that the first stage of analysis will be useful to iden-
tify the opinion of the employees, the second stage can 
be used to identify the key areas for implementation of 
RPA and the third stage to identify the advantage of the 
implementation of RPA for the identified key area [18].

The research questions to be addressed through 
the study are:
• Which are the major steps involved in the process-

ing of loans?
• What is the attitude of the bank employees towards 

the implementation of RPA for loan processing in 
Banks?

• Is there a correlation between the age of the bank 
employees and their attitude towards the imple-
mentation of RPA?

• Which is the key area of loan processing in which 
RPA assistance is required?

• What are the possible advantages of the implemen-
tation of RPA in the processing of loans?

• Through the analysis of data obtained from the 
questionnaire survey, an overall understanding of 
the possibilities of RPA implementation for the 
processing of loans in banks will be obtained.

5. Data Analysis and Findings

5.1. Major Steps involved in Loan Processing
The banks usually provide different types of loans 

such as Educational Loans, Business Loans, Personal 
loans, Vehicle Loans, Gold Loans, Home Loans, Loan 
against Insurance Policy, and Loan against PPF. All 
these types of loans have different procedures for the 
application. There are certain differences in the steps 
involved in the processing of loans. There are certain 
pre-qualification steps to be taken while considering 
an application for a loan process. However, only after 
a loan proposal is accepted are the major steps taken 
into consideration in our study. Taking all these fac-
tors into account and taking the expert opinion of 5 
bank employees, the major steps of loan processing 
considered for the study includes Data Entry Pro-
cess, Documentation Process, and Sanction Process 
[19]. The analysis consists of understanding the most 
time-consuming process out of the three steps men-
tioned above.

5.2. Attitude of the Bank Employees towards 
the Implementation of RPA for Loan Pro-
cessing

The survey was done among 70 bank employees 
working in different banks all over India. The attitude 
of the bank employees towards RPA implementation 
was found out through two questions.

The Ability of RPA to reduce the workload of the 
employees

The data obtained is represented in the form of a 
pie chart, as shown in Figure 1. The chart indicates that 
55.7% of the employees think that the implementation 
of Robotic Process Automation for loan processing 
will reduce their workload. Even though 34.3% are not 
sure of whether their workload will be reduced, only 
10% are not happy with the implementation of RPA.

Figure 1: Pie Chart indicating the employees’ responses on the 
implementation of RPA to reduce their workload

The Potential of RPA to replace the working skills 
of the employees

From the data shown in Figure 2 obtained, it is un-
derstood that 45.7% of the employees are confident 
that the implementation of RPA will not affect their 
employment, but 31.4% of the employees are not highly 
confident on how the implementation of RPA is going 
to affect their employment, which does not indicate 
that they are unhappy with the implementation of RPA.

Figure 2: Pie Chart indicating the employees’ responses on the 
potential of RPA to replace their working skills
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By combining the results obtained from both the 
questions, most of the employees think that the im-
plementation of RPA can reduce the employees’ work-
load. They are not worried that RPA can replace their 
employability roles because employees are aware that 
RPA alone will not be able to do all the processes, but 
a human touch will be required [20].

5.3. Correlation between the Age Group 
of Bank Employees and their attitude 
towards RPA implementation

Through the second part of the analysis, it was found 
out that most of the bank employees have a positive at-
titude towards the implementation of RPA. In this part 
of the analysis, we analyze whether the employees’ atti-
tude differs depending upon their age group.

The pie chart representing the age group of the em-
ployees is shown in Figure 3, which indicates that the 
data is collected considering the employees of all pos-
sible age groups. 

Figure 3: Pie Chart indicating age group of employees

For the analysis, a null hypothesis and an alternate 
hypothesis were considered to determine the correla-
tion between the age group and the attitude of the 
bank employees.

H0: There is no correlation between the age group 
of the employees and their attitude towards the imple-
mentation of RPA for the processing of loans.

H1: There is a correlation between the age group 
of the employees and their attitude towards the imple-
mentation of RPA for the processing of loans.

From Table 1 indicating the Pearson Correlation, 
it is found that the significance values are greater 
than 0.05 in both the cases, and as a result, we ac-
cept the null hypothesis, i.e., there is no correlation 
between the age of the employees and their attitude 
towards the implementation of RPA for loan pro-
cessing in banks.

5.4. Key Area in which the assistance 
of RPA is required

In order to find out the key are in which the assis-
tance of RPA is required, the major steps involved in 
processing a loan request, found out in the first part 
of data analysis was considered. Of the three options, 
as indicated in the pie chart in Figure 4, 57.1% of the 
employees suggested that, from an employee point of 
view, the most time-consuming process was the data 
entry process.

The time taken for the most time-consuming pro-
cess is around 30-50 minutes, which is shown in the 
pie chart Figure 5.

Table1
Correlation between the age group of the employees and the factors such as implementation of RPA for the reduction of workload 
of employees and the potential of RPA to replace their working skills

Correlations

Age_Group RPA_aiding_Reduction_
of_workload

Potential_of_RPA_to_replace_
Employability_Skills

Age_Group Pearson Correlation 1 .098 -.073
Sig. (2-tailed) .420 .549
N 70 70 70

RPA_aiding_Reduction_of_
workload

Pearson Correlation .098 1 .110
Sig. (2-tailed) .420 .363
N 70 70 70

Potential_of_RPA_to_
replace_Employability_Skills

Pearson Correlation -.073 .110 1
Sig. (2-tailed) .549 .363
N 70 70 70
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Figure 4: Pie Chart indicating the most time-consuming steps 
involved in the processing of loans in banks.

Figure 5: Pie Chart indicating the time consumption of major 
steps involved in processing loans in banks

So, from both the findings obtained, we can under-
stand that an employee takes about 30-50 minutes for 
the data entry process for a single loan request, which 
is a repetitive task.

The employees were also asked to suggest the areas 
of loan processing in which they require assistance on 

the implementation of RPA. As indicated in the graph 
below, five areas in which RPA could be implemented 
for processing loan requests were given to the employ-
ees. They were asked to suggest the areas based on the 
importance. The five areas are Data Entry, setting up 
Email notifications, Document Routing. Setting up 
Customer Portals and Fraud Detection. A scale of 1 
to 5 was set up in which 1 represented the most im-
portant process and 5 represented the least important 
process.

From the graph in Figure 6, it is clear that 47 of 
the total respondents selected Data Entry as the most 
important process in which they require the assistance 
of RPA.

5.5. Advantages of the implementation 
of RPA for Loan Processing

In order to find out the possible advantages of the 
implementation of RPA, there are some more ma-
jor factors to be considered. They are the location in 
which the banks are situated, whether there is a sep-
arate loan processing department in their banks, and 
the frequency of the arrival of requests.

A multiple regression analysis was conducted to 
determine whether there is any significant impact on 
having a separate loan processing department and the 
frequency of the arrival of requests on the location of 
a bank.

From Table 2, it is clear that the significance value is 
less than 0.05; hence there is a significant relationship 

Figure 6: Graph indicating the areas of loan processing where the assistance of RPA is required

Table 2
Model summary of multiple regression analysis

Model Summary

Model R R Square Adjusted R 
Square

Std. The 
error of the 

Estimate

Change Statistics
R Square 
Change F Change df1 df2 Sig. F 

Change
1 .560a .313 .293 .59097 .313 15.279 2 67 .000

a. Predictors: (Constant), Seperate_Dept, Freq_of_Arrival_of_request
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between the location in which the banks are situated 
and of having a separate loan processing department 
and the frequency of arrival of the requests.

The survey found out that the banks located in the 
urban areas and semi-urban areas have separate loan 
processing departments. The requests for loan pro-
cessing frequently occur in those banks. 

Combining all these results, if, on an average, 20 
requests are arriving in a bank for loan processing, 
and if an employee takes around 30-50 minutes for 
the data entry process of a single loan request, then 
the total time taken for processing all the requests will 
be around 10-16 hours, it is evident that an employee 
has to spend a lot of time and energy on this repetitive 
task, which will consume only very few minutes once 
RPA is implemented for the data entry process, which 
can be illustrated using an example.

5.5.1. Pre-RPA Case
Consider an employee receiving a loan request. 

Then the first step will be to conduct a credit check 
to find the customer’s eligibility, which is done by the 
manual transcription of data from the system in which 
the loan is processed to a website, which is external 
to the initial system. Thus, the result obtained in the 
form of a report is saved in a document file and copied 
to the credit score column in the loan processing sys-
tem. After completing this process, the data has to be 
transcribed to separate systems, which are part of the 
core banking systems. Then by logging into a website 
owned by the government, the validity of the customer 
details and the documents provided are to be checked. 
Once the results are obtained, a printout of this will 
also be attached to the initial loan processing system. 
All these together take more than 30 minutes to com-
plete data entry for a single loan request. Moreover, on 
a single day, if there are more requests, more time and 
energy are wasted in this manner [21].

5.5.2. Post-RPA Case
Once a Robot is implemented for this process, after 

the arrival of a loan request, the robot itself logs on to 
the loan processing system and automatically pulls out 
the required data for a credit check from the credit re-
porting website and then forms a document file of the 
report showing credit details by itself and attaches it to 
the system in which loan is being processed. The cred-
it score is also copied to the loan processing system 
by the robot. These results generated are then trans-

ferred to the core of the banking systems. The robot 
itself logs on to the website owned by the government 
for the verification of customer details and the docu-
ments submitted. The results are also then attached to 
the loan processing system.

Thus from the example, it is clear that instead of 
running all the checks manually, the employee will 
have to give a mouse click once the RPA is implement-
ed, which will also reduce the time taken for this pro-
cess. By saving enough time, the employees can con-
centrate on other operations of the banks and can also 
provide better customer service to their clients.

6. Conclusion
Adoption of technology is the need of the hour. 

The search of man for easier and quicker solutions for 
improving their operational efficiency has led to the 
development of several new technologies and their 
adoption in the organizations on a wider scale. Banks 
being a vital part of the economy, has to also adapt to 
this change process shortly. Several use cases of the use 
of RPA in the banking sector are already being seen. 
In this research paper, we have tried to figure out the 
possibilities of implementing RPA for processing a 
loan request considering the employee’s point of view. 
As we have seen through our research, the banks can 
take into consideration the location of their banks, the 
frequency of arrival of requests and then implement 
RPA for the data entry process, which will reduce the 
workload of the employees at a considerable rate and 
will help in improving the overall efficiency of oper-
ations, which will help the banks not only in increas-
ing the Return on Investments but also helps them to 
maintain their position in the highly competitive en-
vironment.

7. Managerial Implications
Technology has been showing its impacts in almost 

all the sectors of our economy. Being an important 
part of the economy, the banking sector has its roles 
in this fast-changing world. This study will be helpful 
for the banks while considering the implementation 
of RPA for their operations as the factor of time con-
sumption is taken into consideration. Banks can also 
use this study to know the attitude of the employees of 
different age groups towards introducing new technol-
ogy. Even though several research papers on the RPA 
technology, only a very few papers are based on its 
implementation in banks. The studies conducted are 
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mostly secondary and based on the use cases. Hence, 
this primary research paper will also be useful for the 
researchers, engineers, and students who would like to 
learn more about introducing RPA in banks and sug-
gesting a model for a key area by analyzing the results.
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Abstract
The concept of Training, Motivation, and Performance are the 
variables examined under the study to evaluate the employee 
performance. Productivity is one of the most significant ele-
ments that influence the organization’s general performance, 
which compromises with different elements like training, atti-
tude, motivation, and work environment for creativity contrib-
ute to the overall success of the employees. The current exam-
ination explores the impact of worker proficiency and efficiency 
of training and motivation. A questionnaire was administered 
during pandemic to employees to identify the perceived lev-
el of training and motivation that emphasizes the overall per-
formance. The three variables were estimated on a five-point 
Likert scale choice. Five were the most important (strongly 
agree), and one being the least important (strongly disagree). 
The sample of the questionnaire schedule was self-prepared. 
The study result shows that training and motivation positively 
impact the effectiveness and efficiency of the employees. Also, 
the study features the training and development procedure of 
the  financial area that should utilize to proper workers and in-
crement their performance and analyzes the needs of training 
and motivation in the workplace.
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1. Introduction
In this rapidly evolving environment, workplace per-

formance management and achievement have gradually 
become more challenging and multi-task. As a result of 
liberalization, legislation, developments in information 
technology, and globalization, the banking sector has 
undergone major changes over the past decades. The lin-
earization of the financial sector resulted in new firms 
joining the market; deregulation broadened the spec-
trum of operations and delimited the banking activi-
ties [1]. Several organizations are initiating various ap-
proaches to achieve their goals and success by achieving 
competitive advantage. Every organization desire to gain 
constant progress, Productivity is one of the most critical 
variables affecting general achievement. For the financial 
segment, various factors enhance employees’ perfor-
mance, such as training, attitude, motivation, working 
environment, etc. The current era is highly competitive. 
Therefore, a strong positive relationship should be built 
between employees and organizations to cope with any 
circumstances shortly. The essential objective of each 
organization is to fortify the exhibition of employees 
[2]. The presentation of the superior’s program came 
into training as an administrative change to determine 
and cure issues organizations have about performance. 
Training and motivation cultivate a positive attitude 
towards profit orientation. Training helps the worker 
be included and foresees motivation for the employ-
ee’s organization by concurrently receiving a portion. 
Employee performance management focuses on every 
management function, such as planning, organizing, co-
ordinating, and decision-making of the activities, which 
add valuable assets for the organization’s creditability. In 
a massively global market, enhanced capabilities, knowl-
edge, and skills offer greater customer value and proven 
to be a remarkable source. So, the research classifies the 
variables (training, motivation, and performance) to an-
alyze results further [3].

2. Objective of the Study
The study’s main objective is to determine how 

training and motivation influence the organization’s 
overall performance and assess training and motivation 
contribute reasonably to employee achievement and 
identify employee understanding of how training and 
motivation have proven beneficial to them for work ca-
pacities improved by training and motivation [4].
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3. Literature Review

3.1. Motivation
Employee motivation leads to expanding the ex-

pertise to meet the organization’s demands and pre-
serve work continuity positively. Motivation is a sig-
nificant factor impacting the human capital of the 
organization. Motivation is the independent variable 
in the study. It influences human behavior in perform-
ing their role. Organization initiative on motivational 
practices enables employees to efficiently accomplish 
their goals, which directly relates to the performance. 
The review highlights its importance for organization-
al effectiveness and should inspire its employees to 
achieve the best performance. Motivation encourages 
subordinates to behave in a proper manner consider-
ing their needs and wants they desire. Motivation is an 
integral part of the management process, which deals 
with how behaviors begin, how they are energized, 
how they are sustained, and how they are directed. Ac-
cording to (Armstrong, 2014) Motivation is the thing 
that makes individuals act with a specific goal in mind 
and start moving, urging people ready to work [5]. He 
stressed the importance of reward and recognition to 
the employees to motivate them to work harder. He 
stressed providing workers with incentives for their 
successful results as a major force for motivating em-
ployees . Employees usually expect something valuable 
in return for the extra effort they spent. So, the organi-
zation’s goal is directly related to the employees’ will-
ingness to work, impacting the overall performance. 
Therefore, the organization’s priority to ensure moti-
vational tools for the employees’ effectiveness should 
be appropriate for a better performance to deliver a 
quality service [6].

3.2. Training
Training culture has many consequences and char-

acteristics to train for a particular relationship. It sets 
the proper learning condition to make, propose, and 
transfer members within the organization. The excep-
tionally trained and inspired workforce is an incred-
ible wellspring of completive to build up the neces-
sary information, abilities. Employees need effective 
training projects to perform well on work for worker 
motivation and duty. Any firm can train its human 
resources, creative, innovative, and inventive to en-
hance and increase competitive profit. Additionally, 
the other free element in the inquiry is in the train-

ing for the test [7]. The audit shows that planning of-
ten has a profound effect on employee presentation. 
It also demonstrates the immediate relation between 
planning and performance for the development of 
the employees. Training is learning new skills and 
awareness of an individual that corresponds to partic-
ular useful skills or behavioral styles. The Manpower 
Services Commission (1981) is an ongoing process of 
improving mindset, expertise, or competency actions 
through training experience to achieve successful 
success in any society. In the work circumstance, the 
goal is to build up the individual ability to meet the 
association’s current and future workforce needs. An 
expansion in representative training and advancement 
rehearses developed in recent decades,  combined with 
a worker request of workers at all levels in the work en-
vironment to improve the exhibition of their present 
business [8]. None of the organizations can show their 
progress without highly skilled and intellectual hu-
man resource development professionals. A persistent 
representative making of human asset improvement 
is essential to the short and long haul of any business 
benefit or non-benefit association. The effect of results 
on staff and organizations’ success is both direct and 
indirect. The role of the training programs is explicitly 
seen as a measure of improving employee ability and 
organizational skills. The training on the part of the 
workers would cause a high level of motivation and 
commitment. The training would cause a high degree 
of motivation and commitment on the part of the 
workers who see the possibility that they will be given 
as a result of their organization’s appreciation of the 
investment they make in them, which is seen in their 
job as a member of such a company [9].

3.3. Performance
Performance is the continuous progress with vari-

ous inputs to attain quality output to achieve organi-
zational goals and objectives. The display of male and 
female accomplishments is equally responsible and 
important to the purpose of the association. Motiva-
tion is a crucial element in affecting the performance 
of employees in such a way that participants are moti-
vated to use their most aggressive efforts to complete 
the job [10]. As indicated by the written survey, the 
output is the dependent variable, which is based on 
the workers’ training and motivation as given below. 
The quality undertaking involves increasingly an-
alytical skills and is promoted mainly by assigning 
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specialized knowledge or criteria to ensure the im-
plementation of research and minimal errors [11]. It 
is an inclination to act deliberately to fulfill specific, 
unfulfilled needs and as per want to satisfy an unsat-
isfied need and a will to accomplish. Likewise, Saeed 
& Asghar explored the nature of organizational suc-
cess metrics for the company, employee training, and 
growth activities. The relationship between training 
and the work output of employees is positive and im-
portant [12]. It sharpens their imagination and asser-
tive behavior. The effectiveness of leadership tasks is 
defined by setting strategic targets that uphold and 
motivate performance levels, guiding subordinates to 
work through encouragement and appreciation. Also, 
training is planned; deliberate in expanding the degree 
of abilities, mastery, and skills for effective activity. 
Similarly, to perform well in an organization, knowl-
edge, and skills also play a vital role in knowing and 
holding experience [13]. Knowledge is a key factor for 
effective operations to build business processes or pre-
dict business or predict outcomes. It is referred to as 
the capability of an individual to perform job opera-
tions in any circumstance. Employee skills and perfor-
mance directly impact one another in terms of a good 
performer. They are classified into three technical, 
human, and conceptual competencies. Training and 
growth, like numerous fields, are further affected by 
category. These political, financial, and social trends 
need to focus on advancing aptitudes and human re-
lations [14].

3.4. Relationship between Training 
and Motivation on Employee Performance

Therefore, training and motivation are the key 
elements for better performance and increase com-
petition among individuals. Organizations are also 
more interested in recruiting professionals and de-
termined employees with a higher work expectation 
and additiona l value, which will adversely increase 
the banking revolution as a formidable threat [15]. 
To adapt up to these banks must organize specific 
training and motivational programs to improve the 
workforce’s ability and channel their ability firmly 
towards the bank’s objectives for constant develop-
ment and advancement chances to understand their 
serious levels. So, the main focus of the study is on il-
lumining organizational achievement through train-
ing and motivation and examining its relationship 
with one another [16].

4. Literature Theories
Herzberg and Maslow Herzberg (1959) initiated a 

famed theory of motivation, i.e., the theory of two fac-
tors. Herzberg’s two-factor Herzberg Theory (1959) is 
associated with Maslow’s (1943) theory motivation; 
Maslow defined its motivation in his book. In his need 
hierarchy, Maslow states that at least five sets of prior-
ities are considered essential [17].
• Physiological needs: These are the basic needs for 

the survival of an individual or species. The desire 
to work our way further up the ladder is focused on 
the psychological needs to fulfill our more nuanced 
needs. Some examples are food, water, breathing, 
shelter, nutrition, air, temperature, etc. The absence 
of these needs directly impacts human capacity to 
function effectively; physiological needs are essen-
tial because these needs are required daily for sur-
vival. Individuals may not skip these needs and go 
for the needs of the other in order to fulfill their 
desires.

• Security needs: Another form of a need is to de-
fend against different threats. Once the individu-
al’s development needs are met equally, priority is 
given to their needs and control behavior. People 
may experience post-traumatic stress disorder due 
to war, natural disaster, family violence, and child-
hood abuse in the absence of physical security.

Economic instability causes employment pros-
pects to be limited; these protection requirements 
can be expressed in choosing occupational wealth. 
These needs provide physical safety and mental se-
curity for employees in order to motivate them. Se-
curity needs provide a secure feeling for anything 
they wish to desire for their satisfaction.

• A social need of belonging to a group: This 
demonstrates the need for the dimension of the 
person who wants to feel accepted by families, 
work, intimacy, friendship, and partners. The per-
son wants to experience belonging by social groups 
in their lives, according to Maslow. These needs 
are necessary for employees to feel accepted in the 
live-in society. Individuals feel valued and appreci-
ated in the group, which motivates them to uplift 
their status in society. Such groups may be large or 
small; they can include several large groups, reli-
gious groups, c0-workers, specialists, groups, and 
committee, a crowd, etc [18].

• The esteem needs, respect, and trust: The needs 
of confidence include a need to feel good about 
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ourselves. According to Maslow, there are two el-
ements of the need for confidence, i.e., self-esteem 
and reverence for oneself. Esteem communicates 
the need for us to understand and value human 
beings, feeling that people have acknowledged 
our accomplishments and contributions. A desire 
for recognition, appreciation, and gratitude; as the 
needs at the bottom three levels are fulfilled, con-
fidence is more influential in encouraging the be-
havior. Individuals typically become interested in a 
career or hobby in order to obtain attention. Such 
behaviors give the person a sense of self-recogni-
tion and feeling good about themselves.

• Personal development: In 1943, Maslow claimed 
that we humans have inner desires that push self-ful-
fillment and personal superiority. Second, people 
are driven by psychological needs; it creates the 
basic survival needs energy, clothes, food and shel-
ter, water, etc. When people are deprived of food, 
housing, they are more driven to satisfy these needs. 
Often, when people have surpluses on those critical 
requirements, they start transitioning to a second 
stage: the protection needs for the health and fam-
ilies of the employees. Similarly, when employees 
need love, affection, warmth to feel secure and safe, 
they go for social needs. Maslow’s fourth level of 
needs is self-esteem, the recognition/ appreciation 
that others can recognize and respect. Maslow’s fi-
nal degree of need is the need for self-actualization. 
Self-actualization has developed into what an indi-
vidual is to be or what he/she can become [19].

5. The Theoretical framework
The accompanying factors have been recognized 

variables as training and motivation, and employee 
performance.

Training

Motivation

Performance

Figure 1: Relationship between dependent and independent 
factors

 The above Figure 1 shows a direct relationship 
between training, motivation, and performance of 

employees. Higher training (+) lead to higher motiva-
tion (+). Thus, increase in employee performance (+). 
Employees trained and equipped properly legitimately 
bring out the performance with a higher motivational 
capacity [20].

Hypothesis Development
The hypotheses developed for analysis are drawn 

as follows
Hl: Training has a direct relationship with perfor-

mance
H2: Training has a direct relationship with moti-

vation
H3: Motivation had a direct relationship with per-

formance
H4: Motivation mediates the relationship between 

“training and performance.”

6. Methodology

6.1. Population and Sample
Respondents for the research were the employees 

of the Nepalese Banking Sector. The research chosen 
is Standard Chartered, Laxmi, Mahalaxmi, Siddhar-
tha, Nabil, Nepal SBI, Sanima, NIC Asia, Mega, Civil, 
Bank of Kathmandu, Nepal Merchant, Global IME, 
etc. There were at least three employees from the par-
ticular bank. Out of 150 respondents, 60 were male 
respondents, and 90 were female respondents. The 
highest number of employees belongs to age group 26-
45i.e 52%, 42 respondents from 46-60, i.e.,28% and 27 
respondents were grouped 25 and below, i.e.,18% and 
the least number of employees that are three respon-
dents from the age group above 60, i.e., 2 % as per the 
data. Due to the ongoing crisis, only the listed banks of 
employees were selected. The questionnaire was float-
ed to the interested participants only. However, the 
targeted population was reliable enough to analyze the 
study and generate the result. The basic data was used 
to research the effect of training and motivation on 
employee performance. The optional information was 
gathered from diary articles, sites, and magazines. The 
main information assortment is the organized survey 
comprised of the components that could influence the 
performance of the employees.

6.2. Measures
The validity alludes to how much the examination 

discoveries are exact. The validity of the results might 
be inside or outer. Internal validity means consider-
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ing the precision of the tests obtained. External va-
lidity applies to the discovery inquiry as to whether 
it is generalizable. Similarly, the reliability of the data 
provides the internal consistency of a measure. Thus, 
the information speaks to the estimation of ” x” more 
noteworthy than 0.7, which is exceptionally valid for 
examination. The following table shows the reliability 
for all the variables that have been used in the study.

As shown in Table 1 we can see the reliability of 
training is more than .07, i.e., 0.964. So, it is appropri-
ate to go for further analysis.
Table 1
Reliability scale (Training)

Cronbach’s Cronbach’s Alpha N of Items
Alpha Based on Standardized

Items

.964 .964 7

As shown in Table 2 we can also see the higher reli-
able data of motivation, i.e., 0.988. So, we can proceed 
with the analysis.
Table 2
Reliability scale (Motivation)

Cronbach’s Cronbach’s Alpha N of Items
Alpha Based on Standardized

Items

.988 .988 12

As shown in Table 3 we can observe the performance 
of employees after training and motivation provided. 
The data collected for performance is highly reliable, i.e., 
0.937. So, the analysis can be done appropriately [21].
Table 3
Reliability scale (Performance)

Cronbach’s Cronbach’s Alpha N of Items
Alpha Based on Standardized

Items

.937 .937 7

7. Data Analysis
The study employs various statistical tools and 

techniques to decide the elements that influence em-
ployee performance. A structured questionnaire was 

administered with the help of two expertise academi-
cians targeting the respective respondents of the bank-
ing sector for the survey. The questionnaire was float-
ed via online and offline surveys. The offline survey is 
conducted only for the personal respondents, whereas 
offline is done with distanced and unfamiliar respon-
dents. Despite the crisis of COVID-19, 150 employees 
actively participated in the survey and presented their 
views towards the respective questionnaire. Before 
taking part in the study, all the respondents were ques-
tioned in advance. As per their interest, the survey was 
conducted. The questionnaire consists of demograph-
ics, Likert scale option where five being the most im-
portant (strongly agree) and one being the least im-
portant (strongly disagree).on training, motivation, 
the impact on performance after effective training and 
motivation, and the rank-based questions where em-
ployees were asked to rank from 1to 6 to identify the 
implication of training and motivation on given fac-
tors ( discipline, creativity, independent work, absen-
teeism, competition, and timely completion). So, to 
examine the result Mediation Regression Analysis  was 
done to evaluate the impact of training and motivation 
on employee performance, finding out the mediation 
effect on motivation that shows positive results for the 
three cases.

7.1. Data Interpretation
From the reliability test conducted above, we can 

observe that the alpha obtained from the entire vari-
able is greater than 0.9, which clearly shows the data 
is way above the acceptable number and is reliable to 
carry the test further. Here we have used Mediation 
Regression Analysis to determine how much of a me-
diation effect Motivation has while evaluating the im-
pact of Training on Employee Performance. We have 
used the Sobel Test (with the help of an online calcula-
tor) to check for the significance of our analysis.

The steps in Mediation Regression are as follows:

7.1.1. Linear Regression – 1
Dependent Variable: Performance
Independent Variable: Training
a. Predictors: (Constant), training
Table 4 shows two values, which are R and R2 val-

ues. The R-value here represents the linear regression, 
i.e., 0.846, which shows one variable is highly depend-
able to another variable with the standard error of 0.289 
where the R2 shows that there is about 71% of the total 
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variation in the dependent variable (Performance) and 
Independent variable (Training) which is higher.

Table 4
Model summary

Model R R Square
Adjusted
Square R

Std. Error of 
the Estimate

1 .846a .715 .713 .289

Table 4.1.shows the first set of values shows 
the regression equation, i.e., Performance (y) = 
1.998+0.657(Training). Similarly, the standard error of 
constant is 0.132, whereas training is 0.34. At alpha = 
0.05 both t-values are statistically significant because 
their corresponding p-values < 0.05, i.e., 0.001. There-
fore, training is useful in the prediction of y (perfor-
mance). So, the regression as a whole is significant, 
and individually each of the coefficients contributes 
meaningful information in the prediction of Y.

Table 4.1
Coefficients

Model

Unstandardized 
Coefficients

Standard-
ized Coeffi-

cients

t Sig.B
Std. 
Error Beta

1
(Constant) 1.998 .132 15.145 .000
Training .657 .034 .846 19.284 .000

a. Dependent Variable: Performance

7.1.2. Linear Regression – 2
Dependent Variable: Motivation
Independent Variable: Training
Table 5 shows two values, which are R and R2 val-

ues. The R-value here represents the linear regression, 
i.e., 0.985, which shows one variable is highly depend-
able to another variable with the standard error of 
0.16229. The R2 shows about 96% of the total varia-
tion in the dependent variable (Motivation) and Inde-
pendent variable (Training), which is higher.

Similarly in the coefficient Table 5.1.the first set of 
values shows the regression equation, i.e., motivation 
(y) = 0.657(Training)-1.804. Similarly, the standard 
error of constant is 0.74, whereas training is 0.19. At 
alpha = 0.05 both t-values are statistically significant 
because their corresponding p-values < 0.05, i.e., 
0.001. Therefore, training is useful in the prediction of 
y (motivation). So, the regression as a whole is signifi-
cant, and individually each of the coefficients contrib-
utes meaningful information in the prediction of Y.

Table 5
Model summary

Model R R Square
Adjusted
Square R

Std. Error of 
the Estimate

1 .985a .969 .969 .16229

a. Predictors: (Constant), training

Table 5.1
Coefficients a

Model

Unstandardized 
Coefficients

Standard-
ized Coeffi-

cients

t Sig.B
Std. 
Error Beta

1
(Constant) -1.804 .074 -24.373 .000
Training 1.309 .019 .985 68.452 .000

a. Dependent Variable: Motivation

 7.1.3. Linear Regression – 3
Dependent Variable: Performance
Independent Variables: Training, Motivation
Likewise, Table 6 shows the relationship between 

the dependent variable performance and independent 
variables training and motivation with R and R2. The 
R-value here represents the linear regression, i.e.,0.853, 
which shows one variable is highly dependable to an-
other variable with the standard error of 0.284, where 
the R2 implies that there is about 72% of the total vari-
ation in the dependent variable (Performance) and 
independent variables (Training, Motivation), which 
are higher.

Table 6
Model Summary

Model R R Square
Adjusted
Square R

Std. Error of 
the Estimate

1 .853a .728 .724 .284

a. Predictors: (Constant), Motivation, Training

Same in the given coefficient Table 6.1.the first set of 
values shows the regression equation, i.e., Performance 
(y) = 1.318+1.150(Training)-0.377(Motivation). The 
standard error of constant is 0.290, training is 0.191, 
and motivation is 0.144. At alpha = 0.05 both t-values 
are statistically significant because their corresponding 
p-values < 0.05 i.e., 0.001. Therefore, training and mo-
tivation both are useful in the prediction of y (perfor-
mance). So, the regression as a whole is significant, and 
individually each of the coefficients contributes mean-
ingful information in the prediction of Y.
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Table 6.1
Coefficients

Model

Unstandardized 
Coefficients

Standard-
ized Coeffi-

cients

t Sig.B
Std. 
Error Beta

1
(Constant) 1.318 .290 4.551 .000
Training 1.150 .191 1.480 6.021 .000
Motiva-

tion -.377 .144 -.644 -2.621 .010

a. Dependent Variable: Performance

7.2. Results of Sobel Test for Mediation Effect

7.2.1. Analysis
So, the Sobel test was used to determine the moti-

vation mediation effect to determine the impact of the 
training. The input values for the test were used from 
the data provided for regression analysis. The value of 
a test is taken from the coefficient table 5.1, where the 
Unstandardized training coefficient is 1.309. Likewise, 
Sa’s input value is 0.019, that is, the standard training 
error. The value of b is -0.377, which is the Unstan-
dardized motivation coefficient extracted from table 
6.1. The value of Sb is 0.144, which is the standard 
motivation error in the table given. Since the p-value 
coming from Sobel Test is less than 0.05 (0.0088923), 
we can reject the null hypothesis and accept the alter-
nate hypothesis, that is, motivation has a significant 
mediation effect (around 70%) when we evaluate the 
impact of training on performance of employees in the 
Banking sector [22]. 

8. Discussion
The segment gives a short examination of the in-

formation gathered from the respondents dependent 
on the survey conducted. The primary idea behind 
the examination of the study was to investigate the 
likely relationship between perceived training and its 
result on performance, which is mediated by the mo-
tivation of employees; the expansion on training will 
expand the performance level essentially. The survey 
was conducted to identify the satisfaction level in their 
working conditions, how efficiently they were able to 
perform, what all are the initiative taken by the orga-
nization to uplift their level of doing things. So, I have 
targeted the banking sector because most of the Nep-
alese population is employed in this sector. As, relative 
to other nations, there are not many multinationals 

enough, so students in management practically have 
more opportunities to enter banks, which are very ad-
vantageous in terms of work aspects. Especially for my 
study, I essentially chose this sector to know the work-
ing conditions and their spacing [23].

The research review of previous literature shows 
that training and motivation affect employee perfor-
mance. This examination infers that an organization 
with great employee training projects will upgrade 
the performance level. All that organization needs to 
improve their employee performance should focus 
on training. It also rouses employees to accomplish 
higher paces of output. The recent study found that 
strong collaboration between motivation and employ-
ee success would promote trust directs smoother cus-
tomer problem judgment because employees did not 
dissociate the time referred to management teams for 
complaints from customers [24]. Higher flexibility 
increases job performance, enhances organizational 
self-efficacy, and motivates them to perform certain 
tasks. The latest investigations of higher frameworks 
point to the estimation of both high interior consis-
tency between different HR practices and the huge as-
sortment of staff-authoritative connections in  which 
such efforts are consolidated. Similar results can apply 
to JS Chandan claimed there are four forms of motiva-
tion, such as positive encouragement involving prop-
er consideration of work performance and apprecia-
tion of employee contributions to the organizational 
aim, negative or fear motivation based on power, fear 
and threats, an intrinsic motivation concerned with 
self-reliance and the pleasure of achieving something 
significant and extrinsic motivation that is driven by 
external forces mainly of a financial type. So, employ-
ees motivate themselves to fulfill their desires and 
needs, which somehow relates to the organizational 
initiative in providing necessary techniques/tools that 
could motivate them to work harder. For example: if 
employees are trained sufficiently, they will be able 
to initiate and step in instantly, which could result in 
their progress/performance automatically fulfills their 
desires and necessities [25].

9. Conclusion
The study examines the two main considerations 

affecting the training and motivation of employees 
inside the organization. It also examines both the in-
dependent variables and dependent variables that are 
linked positively with employees’ performance. Alto-
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gether 150 are taken from the employees of the various 
banking sector. The principal instrument for gathering 
the data is a standardized questionnaire. Both the vari-
ables (training, motivation) contribute greatly to the 
performance; statistical technique such as Mediation 
Regression Analysis was applied to discover their rela-
tionship significantly. The result of the correlation was 
positive so that the performance increases based on 
analysis. The investigation additionally recommends 
if the organization with a decent training and moti-
vation plans for the employees will naturally support 
worker commitment, which is useful for its prosperity 
and a further extent on motivation and training direct-
ly impacts organizational practices and shows a  signif-
icant relationship between employee performance on 
training and motivation. As given in the above Tables, 
the first analysis in Table (4, 4.1) shows the interaction 
between training and performance. In contrast, the 
second analysis in Table (5. 5.1) shows the relation be-
tween training and motivation. Finally, the third case 
in Table (6, 6.1) shows the interconnection between 
training and motivation on employee performance 
for employees to benefit from increased and increased 
profitability, talented labor, etc. Any organization that 
wants to increase its employee performance will con-
centrate on training, employee motivation to reach a 
higher level of success. The study suggests training 
and motivation significantly contribute to employees’ 
success as opposed to other variables such as manage-
ment functions, technology, work climate, etc. The 
variables: motivation and training, and performance, 
are correlated with one another to achieve higher em-
ployee performance.

 10. Implication
The organization should provide effective training 

and motivation in order to get quality performance. 
The research also suggests that training and motiva-
tion will increase workplace productivity with high-
er attainment of goals and desired objectives. All the 
employees are equally responsible for the organiza-
tional objectives to bring in a cohesive culture in the 
workplace. Employees may not know every work skill 
to be performed; it is a firm’s responsibility to make 
their employees competent enough to work effectively 
and productively. At the same time, leaders should be 
valued by leaders to make them feel appreciated and 
motivate them to work harder for efficient workflow. 
Conducting various interactive sessions, flexible work 

hours, health and wellness practices, performance 
evaluation in order to examine employee work behav-
ior and make constant improvement energizing and 
motivating from time to time, which will surely help 
every organization to run smoothly implementing 
better practices required for its success and as well as 
for the employees to build up their strength in deal-
ing with any kind of circumstances in the long run. 
So, Nepalese banking sector analysis shows the level 
of motivation effect from the training reflected on re-
sults.

11. Limitations and Recommendation
One of the drawbacks of this analysis is the intend-

ed population. A sampling method was used to target 
a sample above 200. However, due to time constraints 
and the ongoing crisis, only 150 of the participants 
were targeted. The survey could not target the max-
imum employees due to their inactive participation. 
Most of the employees were less likely to fill up the 
questionnaire due to the Covid-19 situation. How-
ever, only the interested respondents were target-
ed. Analysis was done based on their responses. The 
data presented targets only a certain period which is  
merely impossible to draw hypothesizes of causal re-
lationships and exclude the possibility of opposite 
causal relationships. Another drawback could be the 
close-ended questions. Employees have limited op-
tions to select the answer and give their views. Hence, 
qualitative research would be better for subjective 
analysis and deeper understanding to analyze the re-
sult. Future studies should consist of more interactions 
with different employees working in the other sector 
as well. Future studies for researchers to focus on other 
sectors apart from banking and data collection should 
target maximum employees for more reliable results.
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Abstract
Purpose: In a VUCA world and growing competition within 
organizations to attract the right talent, it is of extreme impor-
tance for the organizations to build employer branding strat-
egies. Organizations need to know these strategies should be 
based on what factors. This study aims to understand how em-
ployer branding can be used as a tool to promote employer 
attractiveness. The study specifically explores the preferences 
of Millennial when they are looking for an employer. The study 
was done on MBA and BBA students, with and without work 
experience to know perspectives of both fresher’s who without 
having any experience aspire and wish their organizations to 
be of a certain kind and students with work experience who 
tend to eliminate difficulties they faced in previous organiza-
tions and prefer for certain values in their new organizations. 
200 students took the survey. This study shows what factors 
the organizations or brand-building vendors should work on to 
target the right talent pool.
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1. Introduction
Employer branding is nothing but selling the trade-

mark policies and values to attract the right talent. It 
is the perception that employees have about the orga-
nization. Every big and small organization brand itself 
portrays how favorable its culture, values, and envi-
ronment are for its employees. Branding strategies are 
decided to keep in mind the needs, which cater to the 
audience. Employer branding is a broader topic that 
covers internal and external branding, brand manage-
ment, and brand positioning. Here, in this study, it is 
more about external branding attractiveness dimen-
sions [1]. We attempted to investigate the aspects of 
persuasiveness affecting employer branding depend-
ing on different age groups of potential talent. The last 
couple of years have been an employee-driven market 
and not the organization/company/employer-driv-
en market. Employees decide the place they want to 
work. Employees want to feel valued and want to feel 
a sense of purpose. Also, they want to work for an or-
ganization whose business objectives are in line with 
their objectives [2]. Nowadays, people do not go to 
work to earn; they have wider dreams and want to feel 
belongingness as a part of that organization. Employer 
branding helps people know whether the organization 
is the best fit for them or not. Employers need to show 
it in the market, what they can offer to the employ-
ees, and overall development, corporate networking, 
up-skilling opportunities, and great work-life expe-
riences. These all factors are increasingly vital. Em-
ployer branding is not just about marketing the com-
pany within and out of the organization. However, it 
is also about communicating with employees and job 
seekers. [3]. Employers often underestimate the pow-
er of employer branding. Employers should consider 
the broader benefits of employer branding. Branding 
helps to find the right talent for the organization and 
also helps in retaining the talent. At times it is difficult 
for organizations to get content for employer brand-
ing. Employers should interview their employees by 
categorizing them according to age, their stage in the 
employee life cycle, gender, knowing the priorities 
accordingly, and building a brand image based on 
candidate experience [4], which is the simplest and 
easiest way to portray the brand image. According to 
Lievens, employer branding includes three stages: The 
first stage is to formulate a convincing workplace value 
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proposition - the qualities or incentives to be provided 
to upcoming and present workers; the next stage is to 
articulate these value propositions to employees; and 
the third stage, referred to as the execution stage, is to 
deliver on the commitments given in the value prop-
osition regarding the persuasion traits are implement-
ed. Employer branding depends on brand equity the-
ories to examine the impact of beauty characteristics 
on humans. According to Collins and Stevens, such 
hypotheses concentrate on people’s attitudes and ex-
pectations about goods and services brands, which af-
fect their choice hierarchies, raising the probability of 
distinction from rivals. According to Cable and Tur-
ban, brand equity values may be extended assumingly 
into the attractiveness and recruiting scenario, where 
candidates can choose amongst appealing employers 
based on their desires for attributes.

1.1. Employee Perceptions toward 
Organizations

Studies have shown that students and job seekers 
look beyond just earning. They want to experience 
the sense of purpose that their job is going to make, 
its impact on the organization, and what the organi-
zation does to contribute to the community’s overall 
economic, social and environmental development. 
So, the branding activities can no more be related to 
simply attracting talent and doing business. It is more 
of a sustainable employer branding. People work reli-
giously when they care about what they are doing. Em-
ployee productivity increases and goes the extra mile 
to get the work done if they find their job purposeful. 
Irrespective of demographic attributes, organizations 
should practice sustainable employer branding [5].

1.2. Employer Attractiveness
Keywords such as “employer brand,” “war for tal-

ent,” “shortage of skilled workers” are found abundant-
ly in the media. In principle, it all revolves around THE 
one thing: attracting the right people’s attention, sign 
them, keep motivation and inspiration up, and make 
them stay. What we need to know is how exactly an 
employer could be “attractive” for applicants. Employ-
er attractiveness, in short, refers to all the advantages 
that a future worker notices in serving for a particular 
company, observed Berthon et al. More simply put, an 
attractive employer has certain characteristics that are 
particularly desirable for a person — or even better, 
a whole group of people. Berthon’s studies show that 

attractiveness is determined by essentially five values 
defined below:

1.3. Social Value
What hides behind these (admittedly) unwieldy 

measurements is very exciting: Employer attractive-
ness is not a one-way street towards attracting only 
new personnel, but it is also about retaining employees 
and offer added value as a company.

There is a tendency of applicants of different age 
groups to have different demands. Generation X, for 
example, attaches more importance to development 
opportunities in the company, combined with a good 
to a very good compensation package, with a focus on 
a workplace in which variety and creativity have their 
place. On the other hand, the main focus in the next 
generation Y, also called millennials, is the more at-
tractive compensation package and only on develop-
ment opportunities and the positive working environ-
ment, as observed by Reis & Braga.

According to Cable & Turban, organizational 
beauty is a strategic advantage for managers in at-
tracting the right recruits (competence and skills). 
Furthermore, businesses like to be seen as appealing 
because it has several advantages, including being 
more well-known, offering more well-known goods 
and services, and having successful applicants, ac-
cording to the report. In a statistical survey, Lievens, 
Hoye & Schreurs and Fulmer et al. discovered that 
the 100 best firms to work for outperformed the gen-
eral market and, in some cases, the matched sample. 
About the fact that the value of organizational per-
suasiveness obvious, job seekers are usually restricted 
in their understanding of a possible recruiting com-
pany. According to Rynes and Miller, who Braddy, 
Meade, and Kroustalis quoted, the most skilled ca-
reer seekers would receive several job offers. They 
should be convinced to, based on the details avail-
able, direct their energies and skills to a particular 
appealing business [6], Work seekers’ perceptions of 
available knowledge, which they derive from job ads, 
blogs, brand advertising, and ideas from other indi-
viduals or employees connected to the organization, 
are generated by job seekers’ perceptions of available 
information, as noted by Elving, Westhoff, Meeu-
sen, and Schoonderbeek. This research looks at how 
the available data can be turned into successful em-
ployer identification and defining factors that assess 
job attractiveness.
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2. Brand Reputation
Brand reputation means the customers, stakehold-

ers, competitors, and the entire market about a spe-
cific organization. It is the amalgamation of emotions, 
ideas, a culture that the customer feels associated with 
during the purchase or after purchasing any goods 
and services from the organization. A commendatory 
brand reputation means that the customers place their 
trust in the brand and highly associate or resonate 
with the brand and take pride in being associated with 
it. Employer brand reputation is an intangible asset of 
the organization. Over the last decade, there has been 
tremendous advancement in the technology that we 
use. Unlike earlier days when newspapers or commer-
cials were the only way, now we get every minute detail 
about the organization at the tips of our fingers with 
the advent of the Internet and smartphones. Even the 
branding activities have gone online. People in their 
20s have seen this transition of technology. They have 
different perceptions of brand attractiveness, which 
we are going to see in this study. Some important as-
pects of brand reputation are trust, employee loyalty, 
word of mouth, business expansion, employee reten-
tion, corporate social responsibilities. Employees tend 
to relate with these aspects highly, and these aspects 
form the employer attractiveness factors.

2.1. Millennials
Any source will offer you a different set of ages. 

Millennials, on the other hand, are staff aged between 
1981 and 1996.ithat does not understand the needs of 
millennials when culture will fall behind. Millennials 
are, in the end, the future. This research aims to find 
out what value proposition these young workers. Em-
ployers who consider how to appeal to the millennial 
mentality recognize that applicant attractiveness is so 
far more than a high wage.

The millennial generation has a reputation for 
changing employers more often than previous gen-
erations. They still appear to be on the lookout for a 
better match. “Millennials act as workplace shoppers, 
shopping around for positions that better fit with 
their wants and life goals,” according to a new Gallup 
survey, which ensures that a good employer identity 
is more critical than ever for any organization trying 
to hire new talent. According to our study in FOR-
TUNE’s Best Workplaces for Millennials (2017), top 
businesses are getting ahead by making their employ-
ees into committed brand ambassadors. As a result, 

millennial employees are more likely to be hired and 
retained.

Thus, our study focuses on knowing the preferenc-
es of millennials when it comes to job selection.

2.2. Factors in brand building
Various factors need to be considered before de-

signing the branding strategies for any organization. 
The most important one is the target audience’s de-
mographics; the organization needs to define this 
target audience. Apart from this, there are internal 
as well as external factors that may affect the brand-
ing strategies. External factors comprise Social and 
Political, Technological, Cultural, labor markets, and 
Economical factors. In contrast, the internal fac-
tors comprise workforce plans of the organization, 
recruitment policies, headcounts/labor demands, 
and overall organizational image. Leadership com-
mitment is also one of the vital factors that build a 
strong employer brand. While discussing factors, we 
cannot miss throwing some light on Employee Val-
ue Proposition EVP itself from an employer brand. 
The organization will always be in talks about what 
it offers to its employees. One of the most important 
factors owing to the current pandemic situation is 
workplace flexibility. Here in this study, we will see 
which factors play a dominant role for millennials 
looking for an employer.

2.3. Age as a Factor
Employment aspirants at a younger age may have 

different needs and perceptions than older aspirants. 
In their early 20s wish to experiment, see for exposure 
and try to find the right organization fit. Factors like 
learning’s and training that can up skill them will at-
tract them in any organization, whereas the pay may 
not be the differentiator for them; however, people in 
their late 20s would be of the idea to settle for the ca-
reer ahead, with whatever knowledge they have they 
will like to align their skill sets to the most convenient 
requirement available also in their case the pay can be 
a differentiator. Also, if we talk about people in their 
30s and above, for this group, needs May completely 
differ; this group will expect job security because of 
family responsibilities, more pay, and good health care 
policies, and so on. So, this difference comes because 
of different requirements of different strata of age. The 
following table 1 shows the distinction between gen-
erations [7].
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Table 1
Generation wise birth years

 Generation name  Yearly Intervals
 Baby Boomers 1994-1964
Generation X 1965-1981

Generation Y (Millennial) 1982-1996
Source: Pînzaru et al., 2016

In this study, we shall see what values are most ap-
pealing to the millennial generation, what this genera-
tion prefers, while looking for an organization to work 
with, what do millennials see in an employer brand, 
and hence how organizations should consider brand-
ing strategies according to the age of the audience.

The study further discusses previously done re-
searches under the head literature review. Then, re-
search methodology is discussed, which contains the 
processes followed for sampling and data analysis. The 
study then closes with research limitations, research 
findings, practical implications, final considerations, 
and future scope of the study [8].

3. Literature Review
Employer branding is quite analogous to any brand 

marketing. Before marketing for any product, the 
company sets and analyses its target audience. It is a 
very basic but best business practice to know your tar-
get audience. The same goes for employer branding 
as well. While the organization creates its branding 
strategies, it will be best to know what talent it wants 
to attract. One important factor in knowing the tar-
get audience knows demographics. One of the most 
important components of demographics is the “age 
group” of the target audience. 

Numerous studies have been done to see the ef-
fect of the brand building’s age factor and see how 
preferences change according to generations. There 
are significant studies showing prioritization of pref-
erences according to generations. Many studies have 
been done on baby boomers, generation X, and gen-
eration Y (Millennial generation). A study consisting 
of 937 respondents, of which 5% were baby boomers, 
66% were generation X, and 30% were generation Y 
respondents belonging to various industrial sectors, 
shows that for Baby Boomers, Interest Value than the 
other qualities, according to Sao Paulo, which could 
agree with surveys showing that people of this genera-
tion are more dedicated to their employment, studied 
by Gursoyiet al.; Dries et al. For generation X indi-

viduals, it is said that members from this group are 
very independent and not too much committed to the 
organization, whereas for generation Y people, also 
called as the millennials, reward package or compen-
sation is more relevant as well as they look for devel-
opment opportunities and positive work environment. 

The generation of millennials is the newest gen-
eration that has joined the workforce. The workplace 
population of this generation of workers is drastically 
increasing around the world. The Indian situation is 
not very different, either. 65% of India’s working pop-
ulation is under 35 years of age. India, therefore, actu-
ally boasts one of the largest available staff members 
of the millennial generation. Generally, millennials 
like to be associated with the organization with mod-
ern employee value propositions. They are considered 
multi-tasking and believe that long working hours do 
not necessarily mean effective working or productiv-
ity. Also, high importance is given by them to the fact 
that the workplace is trendy and prestigious. Thus, the 
employer should brand the organization accordingly, 
as studied by Rupali Khanolkar [8]. 

A study also shows that for younger age individ-
uals (we can say in the early to mid-20s), there is a 
weak correlation between this age group and the orga-
nization’s market value. However, as the respondents 
grow older, they continue to be more drawn by the 
organization’s market value. They are interested in an 
organization that is more customer-oriented and has 
innovative products and services. 

Research further shows that millennials tend to be 
motivated mainly by recognition, job prospects, and 
economic value. Employers should provide a sample 
of vertical and horizontal job progression prospects 
for millennials, as this generation demands constant 
transition and steady advancement. Employers must 
develop a successful and efficient communication at-
mosphere and supervisor/employee relationships and a 
sense of connectedness for millennials to seek accurate 
and honest feedback, coaching, and a great deal of help. 
In the eyes of this century, an organization’s ability to 
successfully manage disputes was highly regarded. Em-
ployers who are aware of transformation should devote 
more time and resources to designing and adopting an 
inclusive and attentive management style.

Millennial are less devoted to their bosses. Fur-
thermore, this generation was motivated by personal 
relationships with friends, versatility to balance work 
and personal life needs, and compatibility with previ-
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ous research by Smith; Burke; Marston; Meister and 
Willyerd; Zemke et al.; Tolbize, Twenge et al.

In the last couple of years, the millennial genera-
tion has been of great interest to researchers, a gen-
eration that has seen it all, be it technological boom, 
age of the Internet, or development of a more inclu-
sive global workforce having no religious, cultural, 
or geographical boundaries. Studies have shown that 
this generation is motivated and focused. They derive 
pleasure from quick promotions, seek assistance, want 
quality of life, and look for a positive and healthy work 
environment. This generation appreciates rewards and 
recognition. This generation is highly confident and 
believes in multi-tasking. For them, work and work-
place is not just a source of money, but they want the 
greater association with the organization; they want a 
sense of belonging [9].

Consultants are warning millennials, a generation 
that is currently heading into the human resources 
and as per Trunk, as indicated in Kowske et al., or-
ganizations that managers have to take special pre-
cautions to entice and sustain Millennials as workers, 
which is due to the distinguished features that several 
analysts put forth, Culiberg & Mihelič; Saussier; Sinha 
& Kshatriya. For instance, Saussier states that one gen-
eral characteristic is that Millennial are the generation 
that shows the maximum understanding of the situ-
ation. In addition to this, Culiberg and Mihelič state 
that Millennial are unlikely to do an action if they find 
it morally dubious.

Parry and Urwin’s other characteristics are also 
mentioned by Millennial, including traits such as a 
preference for teamwork, trust for centralized author-
ity, optimism, and a preference for career flexibility. 
In other words, they are not necessarily loyal to their 
employer, which, among other reasons, can lead to an 
increased turnover irate within the organization. Ac-
cording to Davidson, Timo, and Wang, Turnover has 
hidden costs that cannot be quantified in numerical 
terms, such as the lack of expertise and experience. 
Employee attrition can be avoided by retaining ded-
icated workers. However, as previously said, Millen-
nials are not to the same stuff as previous generations, 
which means that company leaders must understand 
what motivates this generation. [10].

Research studies have looked at the gaps in work 
between generations. Differences in status (levels of 
power and responsibility) and independence (work-
place autonomy), which Millennials admire more, 

were highlighted by Cennamo and Gardner. Twenge 
et al. discovered that younger generations put a high-
er emphasis on recreation at work, and Smola and 
Sutton discovered that younger generations value 
work for its own sake less and have lower work cen-
trality. Differences existed between Mencl and Lester 
in terms of career growth prospects, diversity envi-
ronment, and instant appreciation and input, which 
Millennials consider more highly. According to Ben-
son and Brown, Baby Boomers are more satisfied and 
identified with their work and are less likely to quit; 
Constanza et al., Veloso et al., Silva et al. discovered 
that Baby Boomers and Generation Y pursue less tra-
ditional careers than Generation X, and Lester et al. 
found that the differences perceived between gener-
ations The discrepancies found by real proclaimed 
beliefs are greater than how one generation views the 
other. As a result, the stereotype that “older employees 
are strict and inflexible, younger workers are reckless 
and entitled, and workers in the center are confused 
among younger and older generations” has gained at-
traction. In the study by Lester et al., remains.

According to Smola & Sutton; Jorgensen; Cenna-
mo & Gardner; Constanza et al., Parry & Urwin, these 
variations should be closely examined since they may 
be attributed to other causes like aging, working ex-
perience, life, and professional career level. Further-
more, studies by Cennamo & Gardner, Constanza et 
al., Lester et al., and Mencl & Lester have found more 
similarities than differences across generations.

In the above-mentioned studies, we saw different 
perceptions of employer attractiveness by groups of 
three different generations. The further study shows 
how organizations should focus on the preferences of 
individuals, keeping in mind the above-mentioned 
arguments belonging to the millennial generation 
to attract them by building strategies based on these 
preferences. The whole purpose of this literature re-
view is to understand that organizations have to have 
differentiated branding strategies by understanding 
what the target audience values factors to attract that 
audience and save from letting this audience goes 
to the competitor organization. Further, we will see 
whether branding strategies to attract the right talent 
depend on the applicants’ age or job aspirants. Hence, 
we come to the following objective of this study [11].

Objective: To explore which employer branding 
strategies and values are most appealing to the millen-
nial generation
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4. Research Methodology

4.1. Questionnaire and Data Collection
The questionnaire was based on the employee at-

tractiveness scale, as observed by Berthon et al., this 
questionnaire contained demographic questions. The 
questionnaire was sent to 300 students pursuing MBA 
and BBA; we got 200 responses making the response 
rate 66.6%. The questionnaire was a self-designed on-
line google form.

This particular employee attractiveness scale has 
25 items belonging to Social Value, Economic Value, 
Market Value, Application Value, Cooperation Value, 
Working environment. Respondents were asked to 
rank these items based on what is more important to 

them on a Likert scale of 1 to 5 (1 being least important 
and five being most important). Principal component 
analysis was performed, and valid factors were noted.

4.2. Data Analysis 
A total of 200 respondents took the survey, and 

the excel sheet of the responses was extracted. Later 
this data was entered into an SPSS file to perform the 
analysis. All the respondents are in the age group of 
20-31 years (Respondents belong to the millennial 
generation). 36% were female respondents, and 64% 
were male respondents. 54.7% were students, 38.4% 
were employed, 4.7% were self-employed, and 2.2% 
were unemployed [12]. Principle component analysis 
for Table 2.

Table 2
Principal component analysis for the overall sample
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Factor 1: Social Value
Gaining career-enhancing experience 4.24 1.19 .72 16.86 15.34 0.93
Feelingigoodiiaboutiyourselfiasiairesultiofiiworkingiforitheiorganization 4.20 .95 .77
Acceptance and belonging 4.18 .91 .74
Having a good relationship with your superiors 4.19 .88 .74
The organization both values and makes use of your creativity 4.03 .96 .66
Good promotion opportunities within the organization 4.12 1.00 .86
Recognition/appreciation from management 4.22 .86 .77
Job security within the organization 4.13 1.14 .73

Factori2:iMarketiValue
The organization produces innovative products and services 3.68 1.11 .57 1.62 7.27 0.767
The organization produces high-quality products and services 4.05 1.08 .82
Opportunity to apply what was learned at a tertiary institution 3.84 1.00 .68
The organization is customer-orientated 4.23 .97 .66

Factori3:iEconomiciValue
An above-average basic salary 4.03 1.12 .79 0.5 8.09 0.828
An attractive overall compensation package 4.09 1.13 .71

Factor 4: Application Value
The humanitarian organization gives back to society 3.94 1.10 .61 0.41 5.89 0.571
Opportunity to teach others what you have learned 4.01 .87 .51

Factori5:iCooperationiValue
Hands-on inter-departmental experience 3.97 1.01 .77 0.31 7.57 0.586
Supportive and encouraging colleagues 4.23 1.07 .73

Factor 6: WorkingiEnvironment
A fun working environment 3.98 1.05 .72 0.22 7.02 0.751
Working in an exciting environment 4.20 .92 .58
Overall 51.18 0.944
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Table 3 shows reliability statistics. As we can see, six 
distinct factors have various parameters; the first fac-
tor is “Social Value” which shows the attraction of em-
ployees based on career-enhancing experience, accep-
tance, and belonging, relationship with your superiors, 
values and your imagination, advancement chances, 
job security within the organization and recognition 
from management. The second factor is “Market Val-
ue,” which attracts the employees based on innovative 
products and services, high-quality goods and aids, and 
customer orientation of that organization. The third 
factor, “Economic Value,” tells whether the employees 
are attracted by pay above the basic salary and overall 
compensation. The fourth factor is “Application Val-
ue,” which attracts employees by propositions related 
to corporate social responsibilities like giving back to 
society and teaching back what one has acquired. The 
fifth factor is “Cooperation Value,” which attracts the 
employees based on cooperative cultures like Hands-
on inter-departmental experience and Supportive and 
encouraging colleagues. The sixth and last factor is 
“Working Environment,” which mentions a fun-work-
ing and exciting environment. A scale reliability test 
was done to ensure reliability. The overall Cronbach’s 
alpha value was found to be 0.94; the scale is highly re-
liable. If we see the factor-wise reliability, it is highest 
for “Social Value” and “Economic Value.” The reliability 
of “Cooperation Value” and “Application Value” is just 
low because these factors have fewer items covered un-
der them. However, no changes were made to the scale. 
This scale is widely used for research studies and has 
shown highly reliable results [13].

Table 3
Reliability Statistics

Cronbach’s Alpha N of Items
.944 20

Respondents for the study belong to the millennial 
generation. From the above analysis, we can observe 
that the factors “Social Value” and “Market Value” 
have relevant eigenvalue (greater than 1), which shows 
for the individuals belonging to the Millennial Gen-
eration (58% of respondents were in the age group 
26-28), factors that are comprised in “Social Values” 
are of great importance. These values are imperative 
guidelines that organizations must practice to provide 
certain orientations to everyone who is a part of the 
organization to conduct itself within a Social System. 

So, this generation is inclined towards career-enhanc-
ing experience; taking pride is associated with an 
organization, feeling accepted and belonged, having 
good terms with seniors and supervisors. They will 
like to work in a place that values their creativity, rec-
ognizes them, provides them with promotion oppor-
tunities, and gives them job security. The other factor 
that is important for Millennial is “Market Value.” This 
young generation exactly looks for affiliation with the 
organization based on its products and services, the 
quality of its products and services, and the orienta-
tion that customers have for that organization.

Also, the scale’s reliability is observed to be very 
significant, with Cronbach’s alpha value is 0.944. This 
particular scale consisted of 25 items; however, items 
with a factor loading less than 0.6 were removed. So, 
you can see a total of 20 items under 6-factor heads 
that were considered for further study [14]. The con-
vergent Validity Test is shown in Table 4.

In Table 4, AVE = Average Variance Extracted, SCR 
= Structural Composite Reliability

From the above Table 4, we can see that for “Social 
Values,” “Economic Values,” and “Cooperation Val-
ues,” the factor loadings are greater than 0.7 and AVE 
is greater than 0.5, which signifies that convergent 
validity exists for these three values, which suggests 
“Social Values,” “Economic Values “ and “Cooperation 
Values” are related to each other.

4.3. Discussion
Employer branding strategies are based on various 

factors rather than any single dimension or attribute. 
However, studies show that it is always advisable to fo-
cus on one attribute and address the right audience, 
which justifies targeting the audience based on age 
groups. Undoubtedly, at every age, the requirements 
and expectations that employees have from the em-
ployers can change [15]. The organizations at every 
stage need to cater to the right audience in a way that 
this audience is attracted to the organization and is 
convinced by the employee value proposition it has 
to offer, which in turn will not only help to attract 
the right talent but will also help to retain them. The 
analysis from Table 2 shows that for millennials, “So-
cial Value” and “Market Value” came as an important 
attractiveness factor. Social values consist of having 
a feeling of acceptance and belonging, feeling good 
about themselves and the organizations, having pro-
motion opportunities, recognizing the management 
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and job security within the organization. Market Val-
ue of the organization talks about attractiveness based 
on the organization’s ingenious goods and aids, the 
standard of goods and aids, the chance to implement 
the gained knowledge, and the consumer orientation 
about the organization, which shows that employees 
have a different perception [16].

Hence, we can conclude that millennial look for 
“Social Values” and “Market Values” while searching 
for an employer.

4.4. Findings
The reliability of the scale is significant, with Cron-

bach’s alpha value being 0.944. Analysis of the com-
plete Sample was done as a whole, which shows that 

individuals between the age of 20 and 31 years give 
importance to the dimensions “Social Values” and 
“Market Values” (As the eigenvalue for these two fac-
tors was found to be greater than 1). Also, convergent 
validity exists for “Social Values,” “Economic Values” 
and “Cooperation Values” [17].

4.5. Final Considerations
The study aimed to analyze factors that the orga-

nizations should focus on based on the audience’s age 
to build branding strategies. We used the employee at-
tractiveness scale, studied by Berthon et al., which lists 
six factors of attractiveness. Analysis shows that the 
respondents belonging to the age group of 20-31, i.e., 
belonging to the millennial generation, perceive “Social 

Table 4
 Convergent validity test

Scale Items Mean Std. 
Dev. Fa

ct
or

 
Lo

ad
in

g 
(λ

)

(λ
)2

Er
ro

r 
sq

ua
re

AV
E

SC
R

Factor 1: Social Value
Gaining career-enhancing experience 4.24 1.19 .72 0.51 0.48

0.56

0.91

Feeling good about yourself as a result of working for the 
organization 4.20 .95 .77 0.59 0.40

Acceptance and belonging 4.18 .91 .74 0.54 0.45
Having a good relationship with your superiors 4.19 .88 .74 0.54 0.45
The organization both values and makes use of your creativity 4.03 .96 .66 0.43 0.56
Good promotion opportunities within the organization 4.12 1.00 .86 0.73 0.26
Recognition/appreciation from management 4.22 .86 .77 0.59 0.40
Job security within the organization 4.13 1.14 .73 0.53 0.46

Factori2:iMarketiValue
The organization produces innovative products and services 3.68 1.11 .57 0.32 0.67

0.47 0.77

The organization produces high-quality products and services 4.05 1.08 .82 0.67 0.32
Opportunity to apply what was learned at a tertiary institution 3.84 1.00 .68 0.46 0.53
The organization is customer-orientated 4.23 .97 .66 0.43 0.56

Factori3:iEconomiciValue
An above-average basic salary 4.03 1.12 .79  0.62 0.37

0.56 0.72
An attractive overall compensation package 4.09 1.13 .71 0.50 0.49

Factor 4: Application Value
The humanitarian organization gives back to society 3.94 1.10 .61 .61 0.6279

0.31 0.47
Opportunity to teach others what you have learned 4.01 .87 .51 .51 0.7399

Factori5:iCooperationiValue
Hands-on inter-departmental experience 3.97 1.01 .77 0.62 0.4071

0.56 0.72
Supportive and encouraging colleagues 4.23 1.07 .73 0.73 0.4671

Factori6:iWorkingiEnvironment
A fun working environment 3.98 1.05 .72 0.51 0.4816

0.42 0.59
Working in an exciting environment 4.20 .92 .58 0.33 0.6636
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Values” and “Market Values” as the most important fac-
tor, which shows that while building employer brand-
ing strategies for the young audience, the organization 
should focus more on how to portray social values and 
market values of the organization. The study also shows 
that “Social Values,” “Economic Values,” and “Coopera-
tion Values” relate with each other [18].

4.6. Practical Implications
This study has contributed to the ever-increas-

ing body of research on employer branding factors 
by creating more awareness and arguments support-
ing certain existing employer branding factors in the 
workplace. If companies truly want to attract the good 
and right talent, they need to be more vigilant about 
the needs of the employees. Efforts to create a healthy 
work atmosphere can be made by paying attention to 
their tastes. This research study, therefore, will help 
in creating the base for implementation of employer 
branding strategies based on the attractiveness fac-
tors that are perceived to be vital by the millennials, 
which would help employers to take congruous action 
to build their employer brand based on discussed em-
ployer branding factors to not only attract talent but 
also retaining them [19].

5. Conclusion
When designing messages to satisfy the demands 

of internal and external markets, an employee per-
ceives the company as an extension of expectations 
regarding it, which is a crucial point for organizations 
to remember. The results of this study show that near-
ly all aspects of EB attractiveness, besides economic 
worth, affect millennials’ intentions to apply for work, 
which is an intriguing result both academically and 
professionally. Further insight into what millennials 
find genuinely attractive in an organization and what 
will assist them in deciding whether to apply for a ca-
reer is recommended. Businesses must consider these 
aspects of brand attraction to recruit and retain skilled 
staff. By analyzing the strongest dimensions of their EB 
appeal, companies may create marketing and human 
capital plans based on the desires and goals needed by 
career seekers and existing employees. In the minds of 
current workers, the shifting generations and the dif-
ferent qualities that pique their interest in EB may not 
be given equal weighting. Regarding the study’s limits, 
the results’ generalizability could be questioned due 
to two main restrictions. The thesis only looks at one 

case study initially. Second, it is focused on a limited 
number of participant’s analysis for both qualitative 
and quantitative analyses need interpretation.

6. Limitations
The study was performed on the sample obtained 

from 200 respondents belonging to management studies. 
The sampling method used was convenience sampling. 
However, it is recommended to have random samples 
targeting a wider population to make generalizations. 
The respondents are between 20 and 31; however, ac-
cording to the definition, millennials are aged between 
20 and 38, and we did not get respondents above the age 
of 31. For future studies, if we can get respondents from 
higher age groups, it will give a more holistic idea. Per-
ceptions of future job aspirants were considered; howev-
er, if a two-way study and perceptions of employers and 
knowledge about organizations’ strategies are also con-
sidered, it will give a wholesome idea.

7. Future Scope
The researchers may also focus on knowing the em-

ployees’ perceptions about employer branding charac-
teristics. Also, qualitative research may help identify 
the determinants associated with the brand value of 
the employer as perceived by employees. Initiatives 
in studying the dynamics of employer branding can 
help organizations develop a complete framework to 
attract the right talent. Moreover, in such challenging 
times like the COVID-19 pandemic, the employee 
value propositions need to be more promising. Or-
ganizations may take harsh decisions to continue the 
business profits. It is going to be challenging for the 
organizations to continue to maintain the same brand 
image. Studying employer branding and attractiveness 
factors in such a challenging time will be a topic of 
interest amongst many researchers.
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Abstract
Purpose: The purpose of the study is to investigate the impact 
of gamification options on customer engagement while shop-
ping online. We further investigate the impact of gamification 
on customer experience and sales.
Methodology: A study was conducted on E-commerce web-
sites, which have gamification options (like Flipkart and Am-
azon). These websites were analyzed for games, which had 
brand collaborations. 
The games with immersion-related features such as badges/
medals, points/score, leader-boards, /high-score lists were 
considered. The users on the leader boards were interviewed. 
Interviewees were transcribed and analyzed for understanding 
their level of engagement, which was measured by expressed 
feelings or affiliations towards the brand; posts on their social 
media accounts, the recommendation to their friends, and fi-
nally, if they purchased products of that particular brand. A list 
of standardized questions using a 7-point Likert Scale was used 
to measure brand awareness and affiliation. 
Practical Implications: Brands can use this study to under-
stand the customer’s engagement level to strategize before 
investing in gamification activities online. 
Originality: The article is based on social media analysis of 
customer engagement through Gamification in-e-commerce 
website and the assessment of brand association through in-
terviews. Multiple sourcing helps in reducing common method 
bias to a minimum.

Keywords
Customer Engagement; Gamification, E-commerce, Likert 
Scale, Marketing Ecosystem.
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1. Introduction
Gamification is the process of adding a game-

like environment to not game settings like a website 
or application or with any tool used to communicate 
with the end-user to increase participation and en-
gagement. The goal is to help the user interact with 
the websites and applications further than the primary 
use [1].

In today’s extremely dynamic online marketing 
ecosystem, engagement with the customers is becom-
ing the most preferred method for creating robust, sus-
tainable, and long-lasting consumer & relationships or 
various brand associations. Engaging customers may 
have a significant role in buying behavior and attitude 
formation and boosting brand equity [2]. Within an 
E-commerce domain, the customer to the brand, en-
gagement levels are getting increasingly essential and 
make for an interesting research effort domain.

In the Indian E-commerce retail marketing space, 
less research has been conducted, which will help ex-
plore those various factors; these might slightly higher 
significance based on the brand experience and com-
mitment levels [3].The current literature has already 
demonstrated that customer engagement for brands 
can be built on using a positive and delightful expe-
rience in the E-commerce and retail marketing envi-
ronment. Previously conducted studies showed that 
for the formation of an emotional connection and 
trustworthiness factor, social communists and social 
networking play a vital role [4].

Unique brand experiences in online shopping are 
significant due to the dynamic and rich information 
flow. The challenges of intangibility and uncertainty 
in an online setting are increased due to the lack of 
physical clues [5]. It has been observed that in an on-
line retail environment, there are opportunities that 
tend to open up various possibilities for engagement 
of customers using inter-activities and real-time met-
rics and activities where customers are encouraged to 
engage with brands of their choice; this also helps in 
gathering relevant data insight a real-time scenario in 
a virtual online environment. For creating memora-
ble and unique experiences, we need to explore how 
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brands will react to an online retail environment while 
engaging with consumers [6].

To understand how it works, we need to delve into 
game mechanics. They are rewards or rules which 
appear on a program or a digital platform. Mechan-
ics may include points, badges, progress achieved, 
missions, levels, and leader boards. These mechanics 
are used on how the participants engage with various 
gamification programs [7].

Gamification is about driving engagement to influ-
ence business results. Participants usually engage with 
your game; they interact with your products, brands, 
and services in the most desired manner deemed suit-
able for the business. Gamification business value is 
not limited to the participant. Engaging with game 
mechanics mentioned earlier provides valuable met-
rics which can help influence marketing campaigns 
better, optimum utilization of the platform, and key 
performance goals. Every employee or customer inter-
action gives a sense of how a participant spends their 
time on the platform, their preferences, and how it 
drives interest. This study explores and provides the 
studies showcasing customer behavior showcased on-
line in customer engagement methods used by brands 
in the online retail marketing environment [8].

Shopping is not a daily necessity. How do we keep 
our customers/users engaged and also drive high-val-
ue actions? Games are a platform that can engage users 
and drive high-value actions, which increases brand 
recall and reach. 

Platforms like Flipkart and Amazon are increas-
ingly investing in gamification options; brands want 
their customers to associate with them and have a 
memorable experience; hence during a new launch on 
eCommerce websites, brands do not mind spending 
gamification options [9].

The reasons why brands opt for this Gamification 
are:
1. Driving Actions – Gamification promotes shoppers 

to take actions and interact with a brand which is 
the core concept of engagement

2. Ability to engage users on multiple touchpoints 
within the game – The game has various stages 
points; at some points, the shopper can be forced to 
see an ad to proceed with the game or subtly placed 
it within the game. The ads are usually played be-
fore, in-between, or after a game. 

3. Opportunity to reach out to a large and ever-grow-
ing user base - some platforms have an average dai-

ly user base of more than 1mn+ shoppers; not all 
shoppers come to purchase a product online, but 
some might be motivated to shop seeing the in-ad 
placement in a game 

4. Reaching shopper across genders and throughout 
the countries – Games have the options of being 
targeted to a particular user base based on demo-
graphics, geography, and other filters available on 
the platform so that brands can reach out to their 
target groups 

5. Game Customisation – Games can be customized 
according to a brands preference; they can be used 
customized according to brands events, festivities, 
and seasonality 

6. Integration - Brands can integrate their logo, ban-
ners or even take over an entire game for a day 

7. Metrics - Advanced platforms like Flipkart and 
Amazon offer full-funnel metrics for game of-
ferings, which help brands measure awareness, 
recruitment, and purchase behavior. These help 
brands in supporting their investment decisions 
and what customers want [10].
While Gamification is a great engagement tool, it 

comes with its own set of cons. It is extremely expen-
sive compared to other media options. There are no 
proper methods to check the awareness and engage-
ment levels of consumers. Hence brands need to know 
when and how to invest in Gamification.

This research tries to explore how consumers get 
engaged playing these games, their levels of engage-
ment.

2. Review of Literature
The literature review is done to understand how we 

can explore different perspectives across journals and 
other resources, which is to understand how custom-
ers behave on online shopping portals, what encour-
ages them to buy, and how they change.

We explore and understand the various methods 
previously used to develop a proper structure for this 
paper. Consumers have more recently started to pur-
chase good online it is comparatively new when it is 
compared to the traditional shopping experience; 
the Indian consumer is familiar with the practices at 
modern trade retail, which is one of the most popular 
methods to shop in urban India (e.g., aisle positions, 
Point of Sale materials, salespersons, in-store sam-
pling, customer service kiosks, technology-enabled 
gadgets- touch screen navigation and displays) these 
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have a significant impact on how a customer shops- 
their behavior and presents an opportunity for brands 
to present themselves in front of potential customers 
and helps engage consumers to encourage them for 
their purchase decision [11]. The Internet, on the oth-
er hand, has lesser points of interaction with a con-
sumer in their purchase journey; it is now being made 
possible by e-commerce websites to provide them with 
a delightful experience at each stage of the consumer 
journey, from consideration to purchase and all the 
stages in between. These portals have different media 
such as paid ads, Gamification, social network feeds, 
and even movies to interact with consumers. The In-
ternet has brought about monumental changes in con-
sumers’ purchase and shopping habits online, which 
has further helped understand the consumers’ choices 
and how they behave as platforms have access to re-
al-time information and data based on consumers’ ac-
tions, each action is accounted for and for recording. 
The buying preferences of different shoppers become 
increasingly significant; with these advancements in 
the platforms and marketing tools available to brands, 
the growth of online commerce retail is benefitting 
marketers to reach out to a large new section of po-
tential buyers [12]. Online shopping is witnessing an 
upward trend in the Indian E-commerce space. Pen-
etration of smartphones, cheap mobile Internet, and 
the global pandemic that has forced everyone to stay 
indoors further fuel this growth.

2.1. Tangible Benefits and Motivation 
While Shopping Online

Researchers have highlighted how customers’ pri-
mary purchase intention on online platforms is sig-
nificantly dependent on different shopping behaviors 
demonstrated, which can be impacted with multidi-
mensional components or variables. It was demon-
strated by Gehrt et al., seven different types of such 
orientations- reformation or recreation, novelty or 
newness, impulse purchase decisions, convenience, 
quality, brand, and price. Lower prices and flexi-
ble-payment procedures (such as no-cost EMI, cash 
on delivery) on eCommerce shopping platforms moti-
vate millennial consumers to maximize their shopping 
experience, satisfaction and value [13]. Asides from 
the cost factor, some other factors can also influence 
the consumer and an e-commerce shopping platform; 
some of these influences are as follows: a variety of 
products available, confidence and trust assurance, 

and reliability. Convenience is an important factor as 
well; it supports saving time, personalized shopping 
experience, product status updates, updated informa-
tion, remote accessibility, simplicity of ordering and a 
flexible payment system. Apart from the tangible ben-
efits provided, there are a few intangible benefits that 
help shoppers in their purchase decision online while 
selecting brands that ultimately help to satisfy the con-
sumer or consumer customer satisfaction in the realm 
of marketing [14], which will aid us in understanding 
what the consumer is looking for in an online shop-
ping environment further and aid in understanding 
the type of engagement activities that can be leveraged. 

2.2. Brand Identity Matters 
during Online Shopping

Brand image is an essential associated with the 
online e-commerce space; they explained the prima-
ry methods by which brand image and brand identity 
from which consumers’ preferences and behavior re-
garding their purchase intention can be derived. Few 
prior studies conducted by researchers focus on the 
aspect of the brand attitudes imparted by a consum-
er and how it influences their purchase decisions and 
levels of satisfaction. Hence, the focus on brand equity 
and creating a positive, trustworthy attitude is one of 
the key factors in the success of the brands selling their 
products on E-commerce platforms. The five key ele-
ments on which brands can build a positive attitude of 
consumers or higher brand equity online are customer 
service, trust, delightful experiences, emotional link-
ages, and promise fulfillment.

2.3. Building of Trust Matters 
during Online Shopping 

Trust-based factors support the final purchase de-
cisions and preferences of the potential customers; 
hence building trustful customer relationships online 
is essential. Prior studies have emphasized that retail-
ing online and frequent transactions by customers’ 
trust factor plays a significant role in retailing online 
and frequent transactions. Whereas on the contrary, 
brand distrust can malign the reputation and trust in-
volved while shopping online. 

2.4. A Delightful Experience Matters 
during Online Shopping

Psychological and emotional background plays a 
key role in determining the consumers’ online experi-
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ence (OE). Previous research has suggested that OE’s 
can have an affirmative encouragement in purchase 
decision online. Lack of a smooth consumer experi-
ence, like the lack of proper communication and not 
being able to reach out to brands, can cause dissatis-
faction in consumer. The online retail websites’ attrac-
tiveness, ease of use, and attractiveness of an online 
retail store can help create a positive purchase experi-
ence and consumer attitude, which helps make them 
repeat consumers [15].

2.5. Internet consumers and Fun 
in Online Buying

E-commerce platforms are increasingly adopting 
state-of-the-art capabilities and technology, which 
augments interaction between brands and consumers 
and helps determine their purchase intentions. Enjoy-
ment plays a key role in influencing the purchase de-
cision of an online customer; higher levels of fun and 
enjoyment usually translate to a stronger buying in-
tention. The users who find pleasure and fun activities 
online are likely to spend more time on the platform. 
It was found that users who spend more than twenty 
minutes on an online platform are more likely to make 
a purchase, along with improved intention to be a re-
peat customer and return. On an e-tailer website, fun 
and amusement can be explored with different media 
options, the most popular being gamification, to get 
repeat customers. 

2.6. Association of Emotions 
in Online Buying

Previous research has shown how various emotions 
can act as a driving force for consumer behavior por-
trayed. The emotions of online shoppers in the online 
marketplace can be impacted by atmospherics like the 
content, theme, color, and background. Components 
of e-service quality high impact customer satisfaction 
and repurchase; the components are reliability, trust, 
responsiveness, personalization, commitments, etc. 
Hedonic components play a vital role in decision-mak-
ing, which is considered a sub-division of buyer’s emo-
tional linkages. In online purchases, trustworthiness 
and commitment to satisfy a promise are important 
and play a vital role in the purchase decision.

2.7. Social Linkages in Online Buying
Social groups on the internet and networking com-

munities are linked with positive linkages towards a 

brand when spoken about the post-purchase decision. 
Online brand community and its members highly in-
fluence consumers’ purchase decisions and choices. 
Word-of-mouth (WOM) communication and recom-
mendations on the internet act as powerful tools of 
the marketing mix and for sharing of data. A positive 
word of mouth digitally helps create a positive image 
of the brands on an online platform, whereas negative 
WOM can dissuade buyers from making a particular 
purchase decision [16].

2.8. Online Brand Engagement Matters
Brand engagement aims to help information a 

strong bond between the consumer and the brand by 
using brand proper emotional and rational linkages. 
 Engaging the consumers is a very challenging task in 
an online market place, and the virtual brand commu-
nity development, which may support the brand like-
ability of the online consumers, observed by Wirtz et 
al. In the formation of the online retail brand engage-
ment, the online brand loyalty, and positive brand at-
titude have an important contribution. From prior re-
search, it can be found that online retail is becoming a 
growing and interesting area of research. It deals with 
how a customer evaluates the psychology or thought 
process behind their online purchase decisions in a 
larger context. In the Indian Marketing ecosystem, 
although the internet-based retail business is a grow-
ing phenomenon, fewer academic studies have been 
conducted to study the psychology and behavior of 
the young Indian consumer in association with online 
brand engagement and purchasing in an integrated 
manner. Current research has given evidence of the 
diverse components associated with purchase deci-
sions and buying behavior online. However, in the In-
dian context, a lack of integrated research hinders the 
evaluation process of engagement with retail brands.

 3. Methodology
For the research paper, a qualitative research meth-

od was chosen for a few reasons, mainly because the 
research is in an emergent area of study also as it is a 
social phenomenon that is under study, “why” a phe-
nomenon occurs and in accordance to a particular 
context can only be done by exploratory qualitative 
research. Lastly, qualitative research gives insights into 
real-time events, happenings, and experiences of hu-
mans. The case study-based methodology was used 
to help explore engagement through Gamification or 
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other preferred options on E-commerce platforms and 
how it impacts a brand’s perceived value for the user 
playing a game with different brand affiliations. Re-
searchers have proved that qualitative research meth-
ods act as one of the essential ways in gathering mean-
ingful insights. This method tries to understand the 
different experiences and thinking processes of the in-
terviewees. Researchers often reach a stage called data 
saturation- lack of availability of new data. Interviews 
were the primary method for collecting relevant infor-
mation and avoiding reaching data saturation points 
to get real-time perception and insights into how cus-
tomers behave while shopping online [17].

The interviewees were approached through social 
media their social media platforms, especially those 
on eCommerce platforms’ leader-boards. The second 
set of interviewees was selected from interviewees 
who regularly shop on eCommerce platforms more 
than twice a month. 

Grounded theory is a method or approach which 
calls for a continual interplay between data collection 
and analysis to produce a theory during the research 
process. A grounded theory is derived inductively 
through the systematic collection and analysis of data 
about a phenomenon. This study collects data from 
various interviews to understand Gamification’s con-
sumers’ perception and finds grounded theory as the 
most appropriate method. 

4. Data Analysis
Respondents were asked to enlist the e-commerce 

online shopping sites. They had purchased beauty and 
personal care products in the previous two months; 
those E-tailer sites were checked for evidence of gami-
fication options available.

The research was conducted in over one week to 
study the interviews in their home in ordinary settings. 
Interviews were conducted over video conferencing in 
an online setting to make the interviewees feel confi-
dent and comfortable responding to interview ques-
tions [18]. 10 respondents were surveyed, and their 
interviews and observation were carried using video 
conferencing on a one-on-one basis which took an av-
erage time of 20 minutes. The respondents were asked 
to share their screen during the second half of the in-
terview to understand better, to observe how they shop 
for something of their choice. They were probed using 
aided questions and unaided questions about their be-
havior while using different types of gamification strat-

egies and the factors that motivated them to engage 
with the brand, which used the gamification option on 
an e-commerce platform. The aids provided included: 
‘Snake Smash’ & ‘Quiz-time’ – A fun arcade and trivia 
mobile game respectively, present on the E-commerce 
platform ‘Flipkart.’ The games were score based; the 
highest scorers for these games appeared on the leader 
boards and received a reward as an incentive. Aids pro-
vided are indicated in Figure 1.

Figure 1: Aids provided

The unaided interviews were conducted with avid 
gamers present on leader boards to understand their 
behavior and motivation to purchase and level of en-
gagement. These were set as benchmarks for the next 
stage of interviews. The second stage comprised on-
line shopping enthusiasts who were not avid gamers 
and were asked to play the games while sharing their 
screens; their actions and the triggers that motivated 
them were noted. Once both of the interview groups’ 
respondents’ answers were completed, they were tran-
scribed. Then, the refinement of themes took place by 
categorizing similar characteristics found in the tran-
scripts.

Demographics
The following Figure 2 shows the demographic 

break-up of the respondents.

4.1. Research questions
We can arrive at a core theme from the literature re-

view based on which the five research questions were 
formed. The first question explores how consumers 
perceive their experience online, how they feel while 
shopping on e-commerce. It also explores their behav-
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ior towards shopping online and their interaction with 
media elements online. Grewal et al. explained how 
customer experiences involving fun and surprise like 
Gamification are linked to a positive shopping expe-
rience. The brain registers these surprises as rewards 
and releases a higher amount of dopamine, resulting 
in a positive behavior with brands associated with 
these games [19].

The second question explores how game mecha-
nisms impact attitude changes for a consumer when 
shopping with game elements on E-commerce plat-
forms. 

The remaining question deals with the social as-
pect. If these behaviors translate only to a purchase 
decision or if the shoppers would recommend the pos-
itive experience to someone else and recall the brand 
positively. The following research questions were used 
for guiding the study further, keeping the experiential 
nature of the research in mind: 
1. RQ-1. How do shoppers perceive entertainment & 

engagement while shopping online?
2. RQ-2. What is the behavior of shoppers towards 

brands online after the inclusion of games and oth-
er media?

3. RQ-3. What is the shopper’s attitude towards their 
potential purchase and the actions taken during 
the purchase of that brand? 

4. RQ-4. Do the shoppers recall the brand after the 
game is over?

5. RQ-5. How do shoppers behave towards brands 
post-purchase, is positive word of mouth generated? 
Questions 1,4 & 5 were unaided, and no visual 

aid or prompt was used to get these answers, and 
questions 2, 3 were aided, wherein interviewees were 
made for sharing their screens and asked to play the 
game of ‘snake smash’ on the eCommerce platform 
‘Flipkart.’ 

5. Results
Findings are made according to the five research 

questions posed above. Core thematic areas were iden-
tified regarding each of the research questions with rel-
evant supporting evidence from interviews conducted. 
The themes that emerged from the transcription of the 
interviews were codified using open, axial, and selec-
tive coding. Open coding helped in understanding new 
emerging concepts. Axial coding helped in integrating 
concepts obtained at the open coding stage through sub 
nodes into broader themes [20].

5.1. RQ 1: Theme
Online shopping is viewed as a recreational activity 

5.1.1. Codes Emerging
Relaxation, stay at home, hobby, Shop in small 

spree, Spend more time shopping online. This ques-
tion deals with the different types of ways by which the 
E-commerce shopping experience can be correlated to 
an entertainment experience. The core theme identi-
fied is how shopping online can be seen as a substitute 
for other entertainment sources, for example, by par-
taking in games online rather than watching YouTube 
videos. 

Shopping online was viewed as a way of relaxation 
and had high entertainment value. The primary rea-
son to shop was while away time rather than as an im-
mediate need. Respondents usually spent more during 
sales and offers [21].

“On a Sunday afternoon, where some might prefer 
to watch a TV show, I prefer shopping.”

“For me, shopping online is a hobby in itself; some-
times, in the middle of shopping, I like to view the so-
cial feeds like Flipkart ideas.”

“I prefer to shop at home comfortably rather than 
go to a crowded mall” Respondents enjoyed the con-

Respondent            Gender               Age          Occupation                      Location  

         R1                       M                       35             Sales Manager                Mumbai             
         R2                       F                        23             Student                            Chennai         
         R3                       F                        28             Designer                          Kolkata  
         R4                       M                      20             Student                            Delhi 
         R5                       M                      17             Student                            Pune 
         R6                       F                        45             Home-maker                   Mumbai             
         R7                       M                      39             Teacher                            Mumbai 
         R8                       F                        21             Student                            Ranchi       
         R9                       M                      34             Finance Associate           Bengaluru          
        R10                      M                      53             Businessman                   Mumbai             

Figure 2: Demographic profile
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venience of being able to shop online and did not want 
to go through the hassle of physically going to a store, 
being able to shop “At your convenience with no set 
timings” this primarily enables shopping online as a 
substitute for activities that previously had probably 
been reserved for other entertainment activity, they 
also like browsing for ideas on social to get inspiration. 

“I like to shop in smaller bursts rather than all in 
one go; it reduces the monotony.”

“There are no store opening and closing times; I 
like the freedom of being able to shop any time of the 
day or night.”

“I enjoy shopping online because I can add prod-
ucts to my wish list and then decide what to buy later.”

“I usually tend to spend shop more online when I 
spend more time online” 

The convenience of seemed to play a major role 
in shopping online has them a “position to enjoy it” 
suited to their timings. They did not view shopping 
online as a chore, as they did not perceive it as a chore, 
they could do it in their own free time, and they also 
usually shop more when they spend more time on the 
platform [22].

5.2. RQ-2: Theme
Games & Media add fun to the online experience 

and help break the monotony, thereby influencing the 
purchase decision. 

5.2.1. Codes Emerging
Boredom, Influenced by media, Positive percep-

tion for Ad the second research question considered 
the role of game elements and other interactive media 
options within the shopping experience. The respon-
dents usually viewed Gamification in a positive light, 
especially after during long shopping sprees online. 
They also suggested that media options help them 
make their purchase decisions and influenced them 
to a certain extent to buy a product if it has a good 
recommendation. The respondents also played games 
before their final purchase to get better discount offers 
or coupons received as a reward for that game. 

“I get bored after shopping online for long periods.”
“I play games before selecting items on my cart as 

by then I have spent much time concentrating on what 
products to get for the cheapest price.”

“I like to view the social feeds to get outfit inspira-
tions before my purchase and generally tend to pur-
chase brands recommended in the feeds.”

“Playing games to get discounted offers and cou-
pons before my final purchase”

The respondents were asked to play the games and 
explore other media options as part of the aided in-
terviews. They liked the brands that sponsored; they 
usually recalled the viewed brands. The brands with 
discount offers were seen in a better light than brands 
with ads or banner placements appearing in the mid-
dle of a game and disrupting the experience. As part 
of the aided interview, a game with in-game ad place-
ments of ‘Lifebuoy hand sanitizer’ was chosen; all of 
the respondents had noticed the brand placements 
and would consider lifebuoy as their top choice during 
purchase [23].

“I saw the lifebuoy logo in the game but do not re-
member the color.” 

“I would consider lifebuoy if I purchase hand sani-
tizer online, it would buy it if discounted.”

“Lifebuoy is spreading awareness in the time of co-
rona in games, and that is a great initiative.” 

“I do not like ads appearing in the middle of game-
play, the ones in-game are fine.”

5.3. RQ-3: Theme
Shoppers are aware and would click on brand ads 

after the game 

5.3.1. Codes emerging
Competitiveness, Inquisitiveness & Price discount 

the third research question considered the role of game 
elements and other interactive media options within 
the shopping experience and explored the actions taken 
by the consumer towards their brand. The respondents 
will usually click on gamification adverts but were not 
sure about searching for the brand later in the search 
bar. If co-incidentally they stumble across a brand ad., 
they would click on it. Respondents were also more 
likely to buy products of that particular brand provided 
it gave them good value for money [24].

“I clicked on the brand banner because I found that 
there was a good discount on the product.”

“I would buy only brands I trust; if it is an unknown 
brand, I will not consider it.” “I replay the games quite 
a few times to get more points so that I can redeem 
them for discounts later.” “When I go back to my shop-
ping session after completion of the game, if I see a 
brand banner of ‘Lifebuoy,’ I will buy it, as it does not 
feel forced.” [25] During the aided awareness, respon-
dents presented a different situation to check how they 
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reacted to different circumstances; they viewed brands 
with creative ads positively and preferred games with 
customized topicalities during festive seasons. It makes 
them feel more festive. Actions taken by consumers 
include: sharing their game results, the redemption of 
game coupons, improving their game score by replay-
ing the game, clicking on ads appearing in-game and 
after the game, sometimes researching about the prod-
uct on google afterward, and lastly, purchase of items 
advertised. “I replay the games because I lost and want 
to win the points.”

“I research about the product if it was something I 
was looking for; the in-game ad further prompted me 
to do this” [26].

“I bought the product after I won the discount cou-
pon since I was getting it at a cheap price.”

5.4. RQ-4. Theme
Recall the ad for a short duration, but only if it 

looks creative 

5.4.1. Codes emerging: 
Attractiveness, Special effects, Short-term effect 

of Gamification the fourth research question tries to 
measure the recall value of the brand, thereby measur-
ing its equity. This part of the interview was unaided 
since the brand recall and awareness were to be mea-
sured after the game was over; this is particularly nec-
essary to check as most shoppers go back to shopping 
or their carts after playing the games. 6 out of 8 re-
spondents recalled the ads mainly because of the vivid 
colors; they said that the ad stood out in the game and 
hence recalled it even after the game [27]. 

“The colors in the ad were bright and attractive; 
hence I remember it.”

“I recall the animation of sanitizer bottle.”
“I remember the product because of the discount 

mentioned in the product.”
Respondents were also asked if they took a break 

after their gaming session, they would still recall the 
brand and make a purchase decision based on that. 
Five out of eight respondents would not remember 
the ad or the game played unless they were shown 
a prompt or trigger in the form of another ad while 
browsing through the platform. 

“I will not think of the brand if I do not shop im-
mediately after.”

“The impact of the ad in the game does not last for 
another browsing session.”

“I only remember the ad if I see the same ad again 
while scrolling through the shopping website.” 

5.5. RQ-5. Theme 
Inorganic posts and a neutral impact on Word of 

Mouth 

5.5.1. Codes emerging
Incentives (motive for posts), Aversion to post 

on social media the fifth research question tries to 
measure the brand’s impact even after the game has 
ended if their investments would lead to an organic 
or inorganic word of mouth by shoppers. The social 
media quotient was checked, whether respondents 
would organically or inorganically post about the 
games over their social media accounts. It was most-
ly inorganic as they would post about the game only 
because of an incentive attached to a post over social 
media. Incentives include – higher points, free sec-
ond product, discount voucher, discount on second 
purchase, etc [28].

“I would not like to post about my game results on 
social media.”

“I will only post if the brand gives me a better dis-
count or a free goodie.” 

Respondents were asked if such types of social 
media posts generated likes, comments, or shares to 
measure the engagement of such posts. Only 2 out of 
8 respondents had shared such posts. It is found that 
such posts do not generate much traction in terms of 
likes & comments.

“When I posted about the game, I had got only two 
likes and no comments.” 

6. Discussions
The literature discusses the engagement and how 

it affects a customer buying decision psychology or 
thought process behind their online purchase deci-
sions; the current study further divulges into a shop-
pers psychology towards a particular brand who 
sponsors Gamification on online platforms to check 
whether positive associations of Gamification also re-
ciprocates towards a particular brand and ultimately 
aid the consumer into taking action towards the brand.

Gamification strategy is an expensive one, and 
when brands decide if they should invest in Gamifica-
tion, they should be sure of what the consumer wants 
from a game. Most games, when customized, cost up-
wards of Rs. 5 lakhs, and hence it has a great impact on 
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the Advertising cost of sale – measured as advertising 
costs to the percentage of media attributed sales. 

The being said, Gamification, when done properly 
and at the right time, can prove to be beneficial [29].

6.1. Proposition 1 (P1). 
Games should be interactive and fun for consumers 

seeking entertainment. It is observed from the first and 
second research question that consumers want to break 
monotony associated with shopping and play games out 
of boredom RQ1: “I like to shop in smaller bursts rather 
than all in one go, it reduces the monotony,” RQ2: “I get 
bored after shopping online for long periods.” Shoppers do 
not want a challenging game that will make them use 
their brain cells after shopping and prefer easy-going 
games that let them have fun and entertain themselves. 

6.2. Proposition 2 (P2). 
Promote popular hero products on Gamification. 

Products which are recognized and popular are more 
likely to be bought over a new and unaware product by 
customers. It can be observed from the third research 
question that consumers buy only trusted brands/
products if prompted “I would buy only brands I trust 
if it is an unknown brand, I will not consider” [30].

6.3. Proposition 3 (P3). 
Attractive and distinctive ads with discount call-

outs should be used. Ads that are unique, bold, or 
stand out should be used for advertisements. It can 
be observed from the fourth research question that 
consumers recall such ads “The colors in the ad were 
bright and attractive hence I remember it,” “I recall the 
animation of sanitizer bottle.” 

It is also a common theme throughout those ads, 
and products that are discounted are preferred.

6.4. Proposition 4 (P4).
Gamification should not be used in isolation but 

along with other paid media and visibility assets. Gam-
ification, when used along with other paid media and 
visibility, has a higher propensity for sale of the prod-
ucts as consumers do not always consider purchasing 
the product in the first go, they may decide to buy it 
after resuming to shop in which case there should be 
other product visibility for brand recall, which can 
be observed by the response in the fourth question “I 
only remember the ad if I see the same ad again while 
scrolling through the shopping website” [31].

Hence brands can use gamification options for cre-
ating awareness and stimulating a purchase as evident 
from ‘RQ4’ and ‘RQ3’ and for aiding discovery as evi-
dent from ‘RQ5’.

7. Conclusion
This study highlights the importance of customer 

engagement in an online retail shopping environment; 
it is essential to reach out to your brand’s consumers 
digitally and be present with them at different stages 
of their online purchase journey, just like in a physical 
store. Gamification, when done in a well-structured 
and organized manner, can yield positive results. It 
is important to remember that Gamification should 
not be done in isolation as it decreases the impact and 
would not reach its proper potential. It should be care-
fully done along with other paid visibility on a plat-
form. 

Overall, the research suggests that retailers should 
look beyond games as a promotional tool and consider 
the wider context when considering gamification, par-
ticularly where the retailer may be part of the game.  

The research gives a perspective for different 
brands on whether to use gamification tools and their 
feasibility in different circumstances, and how brands 
can implement Gamification as a strategy for the dif-
ferent objectives of awareness, consideration, and pur-
chase. 

8. Limitations
The limitations were present throughout the re-

search process, owing to no face-to-face contact; the 
biggest hindrance was the virtual video conferencing 
interviews. A face-to-face interview complements un-
derstanding of the body language, helps to form a per-
sonal connection, and builds up an emotional connec-
tion, which portrays their characteristics apart from 
the words they speak. It was also difficult to scout for 
the high-scorers in the games as they usually use a dif-
ferent name for their gaming avatar rather than their 
real name, which made it difficult to search and find 
these people. 

The respondents were comfortable sharing their so-
cial media accounts and handle for analyzing their affini-
ty towards the brand, which made finding the evidence of 
a post slightly weak. Relevant findings from my research 
area were limited to an extremely small audience, and in-
terviewing them to understand their emotional and so-
cial linkages was quite challenging. However, I gathered 
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some meaningful insights despite this. Moreover, due to 
the COVID-19 lockdown, E-commerce platforms had 
changed their look and feel of their websites due to re-
duced investments from brands, especially in paid media 
and games; hence while taking aided interviews, it was 
difficult to find games on the platforms that would be 
appropriate for this research. The ads sponsored in the 
game were dynamic and kept changing on different days; 
hence the interviewee had to log in multiple times to the 
game to see the Lifebuoy ad.

9. Future Scope
The research was limited only to games; in the 

future, the research can be conducted on other me-
dia assets like virtual try-on, smart tools like voice 
assists, picture search, and more smart features. The 
study currently measures only the attitude perceived 
towards a particular brand; the future studies can be 
extended to the eCommerce platforms themselves – 
would consumers prefer a particular platform only be-
cause of the gamification options, social feeds, videos, 
and other features. 
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Abstract
Purpose: To assess the framework adopted by organizations to 
measure, control and evaluate HR costs and support decisions. 
To analyze metrics used by companies for calculating ROI on 
HR cost. To analyze the maturity index on Indian organizations
Proposed Methodology: The paper relies on a quantitative 
analysis of survey questionnaires and data collected from vari-
ous human resource professionals of different industry sectors 
working in Indian geography. Different HR metrics, their role 
and usage, and various models are studies from the literature.
Findings: The study aims to understand the framework em-
braced by organizations for evaluating the efficiency of various 
HR processes. The study shall seek an in-depth understanding 
of the adoption of metrics used to measure and enhance HR 
processes.
Originality/Value: Currently, there is no study on HR metrics 
for Indian organizations. This paper adopts an inter-industri-
al approach for the adaptation of HR metrics. It will provide 
a guide for HR professionals evaluating ROI and supporting 
decisions.
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1. Introduction
This research article’s purpose is to understand 

the popularity of human resource metrics in certain 
domains of the HR department like recruitment, em-
ployee turnover, employee value, and performance 
training and development. An exploratory type of re-
search uses insights from organizations to know what 
is happening to support the decisions or strategies at 
the organizations. It focuses on how the measurement 
happens for four functions of the human resource de-
partment. At what level, the human resource manage-
ment metrics help them achieve or help achieve the 
business goals. It is believed to get the actual measure-
ment rather than what is being discussed at various 
organizations [1].

2. Literature Review
With growing globalization and technology, work-

ers’ and organizations’ expectations are changing. In 
VUCA (volatile, uncertain,) world Human Resource 
Professionals have moved from just administrative 
work to a strategic partner in business, adding value to 
the organization. Human resource function is divided 
into subsections of talent acquisition, human resource 
management strategy, policies and procedures, train-
ing and development, performance management, etc. 
In any organization, when the measurement parame-
ter is applied to any process, it helps support decisions, 
improves the process for the betterment, and uses those 
findings for the future. Human resource management 
metrics present the numeric data for the efficiency of 
different sub-functions of the human resource man-
agement function [2]. By analyzing and understand-
ing the performance effectiveness, achievement of the 
strategic goal can be observed in an organization.

In business, what gets measured gets noticed. Paul 
K. Toulson has explained the importance of human re-
source management accounting, like the importance 
of business accounting. The research finding shows 
the strategic and competitive importance of human 
resource management. Human resource measurement 
has to be in financial terms to have or get credibility. 
For the accounting and credibility of human resource 
measurements, senior management and financial 
managers’ support is highly important. As we intro-
duce the measurement angle in the human resource 
profession that can be used to better organizational 
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decisions [3]. One such framework of human resource 
management measurement and decision support sys-
tem relationship was developed around 1970. The rela-
tionship of HRM metrics and decision support system 
framework can be explained with the framework of 
Gorry and Scott Morton. Two parts of the framework 
structure decision and level of organizational func-
tioning list primary activities to managers for mea-
surement. A significant relationship between human 
resource management metrics and organizational per-
formance has been observed to return on investment. 
The metrics help policymakers develop or betterment 
human resource management policies support the de-
cisions made by the human resource management de-
partment and improve the productivity in the human 
resource management department [4]. Before that, the 
study on the usefulness and importance of human re-
source management metrics was done for industries 
and organizations across New Zealand. The metrics 
were used with relevant changes with the qualitative 
data across industries and organizations. The research 
explains the variance in the human resource manage-
ment measurement model across sectors, unlike the 
strict adherence to the universal accounting model. 
On the same line of quantitative and qualitative analy-
sis, the socially responsible organizational culture can 
be evaluated for the well-being of employees. All hu-
man resource management practices can be checked 
for set standards using performance metrics [5]. Us-
ing human resource management metrics from just 
workforce analysis to diversity metric for human re-
source planning findings can be achieved. With dif-
ferent methodologies used in human resource man-
agement metrics, the organization’s workforce can be 
accessed for the relevant market for better competitive 
advantages. A multi-attribute utility analysis model 
assesses human resource management efficiency. It 
uses a non-monetary metric for examining the train-
ing effects on job performance by comparing pre-and 
post-intervention of training provided [6].

The technology has benefitted all facets of busi-
nesses, and the human resource system is no excep-
tion. The EHR system brings solutions to tradition-
al problems and various new challenges, problems 
associated with its implementation. The model ‘eHR 
acceptance and effectiveness’ (Dianna L. Stone E. F.-
R.) tries to overcome problems associated with it by 
discussing the underlying communication process, ef-
fects of media, and message characteristics [7].

Data analysis has opened a new trend of human re-
source analytics influencing human resource practices 
and management relationships. Now, HR profession-
als have to satisfy management with qualitative analy-
sis and quantitative information and experience. The 
empirical study of human resource management prac-
tices quantitative data shows that there is still more 
awareness required for human resource management 
analytics. Moreover, organizations’ cannot just rely on 
the quantitative form of data but a mix of both quan-
titative and qualitative analysis [8]. Along with human 
resource management analytics, workforce analytics 
and workforce metrics can help employees manage 
and improve their careers by embedding them into 
their processes and routines. A clear understanding of 
metrics and collaboration of practitioners and analyt-
ics promises a significant improvement in the opera-
tional and strategic performance of the firm. Anshu 
Sharma and Tanuja Sharma have explained the effect 
of human resource analytics on employee perfor-
mance improvement with a conceptual framework 
related to subjectivity biasness involved in the pro-
cess. The application of analytics and its effect on the 
organization’s performance has been sighted with a 
business analytical tool. The reflective practice model 
explained the effect on the performance management 
of the organization [9].

3. HR Function Matrix

3.1. Recruitment Metrics
Recruitment is locating, attracting candidates to 

fill the job vacancies at the organization. Recruitment 
is considered the core function of human resource 
management. The process involves job requirement 
analysis, creating the pool of candidates, identifying, 
attracting them, screening, shortlisting, interviewing, 
selecting, and onboarding. Recruitment metrics can 
show the effectiveness of the recruitment team. It has 
to have a measurable goal to track and analyze to show 
where the organization stands [10].

Some organizations use a data-driven approach 
for decisions in recruitment. In the digital technolo-
gy up-gradation, being competitive in business, talent 
war major changes are happening in recruitment strat-
egy and recruitment metrics to improve the entire re-
cruitment process. The article considers some metrics 
from the recruitment process like cost per hire, appli-
cations received per recruiting source, applications 
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per opening, time to hire, offer acceptance rate, accep-
tance to joining ratio, onboarding experience index. 
The recruitment metrics can help realign the talent, 
recruitment strategy with the organization’s business 
goals, vision, and mission [11].

3.1.1. Cost per Hire
The cost per new hire is a metric that helps to access 

the effectiveness and efficiency of the cost involved in 
the recruitment and hiring process. It can guide the re-
cruiting budget. The measurement for cost per hire can 
be done by dividing the total internal and external re-
cruitment process cost by the total number of new hires 
for a given period. The internal and external cost com-
ponents may vary as per job position, organization, etc.

3.1.2. Applications Received Per Recruiting 
Source

This metric is also known as source quality. It con-
siders how many applications one can get for a posted 
job application from a source. It can be calculated as 
the applications received per source for a fixed time 
frame. The metric can help for future job postings by 
considering the applications received [12].

3.1.3. Applications per Opening
The applications per opening metric measure the 

job’s popularity, the metric can be useful to gauge the 
high demand for jobs for a position for a location. It 
can be calculated as the applications received for a job 
position for a location. The applications per opening 
can change as per the detailing of the job description, 
the number of criteria applied, etc.

3.1.4. Time to Hire
Time to hire is also known as a time to accept. The 

time to hire can be measured as the average number 
of days from the start of the recruiting process to offer 
acceptance [13].

3.1.5. Offer Acceptance Rate
The offer acceptance rate tool measures how many 

prospective employees accept the jobs offer from the 
organization. The offer acceptance rate can be calcu-
lated as the total number of offers accepted divided by 
the total number of offers given by an organization. 
The organization’s compensation strategy (leads the 
market, lack the market) can influence the offer ac-
ceptance rate.

3.1.6. Acceptance to Joining Ratio
Acceptance to joining ratio metric is the measure 

of how many candidates join the organization. A low 
acceptance to joining ratio may indicate potential 
problems like compensation, benefits offered, com-
munication, job clarity, external perception of the or-
ganization [14].

3.1.7. Onboarding Experience Index
The onboarding experience index metric is the 

quality measurement tool for the organization’s on-
boarding efforts. Onboarding is the welcoming dis-
cipline for the new hire into the workforce. The on-
boarding can contain different elements as per the 
organization depending upon the onboarding process, 
resources allocated, and efforts taken. It can be mea-
sured as per the organization [15].

3.2. Turnover metric
Employee turnover metric is a critical metric or 

tool for the human resource department as a high 
turnover rate relates to the organization’s high cost and 
time-consuming activity. One way can be to predict 
the risk of employee attrition by using technology to 
handle the turnover issue of employees at organiza-
tions. An employee leaves the organization; the vacan-
cy must be filled with a new candidate. It affects the 
organization to continue the work, get the employee 
with niche skills and business expertise. Filling the 
vacancy can be either internally or externally, but it 
incurs hiring cost, training cost, etc. Organizations 
can approach this particular problem with predictive 
analysis [16].

Although turnover metric is considered as a neg-
ative, a low rate can be healthy for the organization. 
Some organizations use machine learning, but that may 
be possible to invest large funds for it. Human Resource 
Information Systems (HRIS) and metrics are rarely 
useful in their form. The data from the metrics should 
tell a story to look for the possible reasons behind it.

The article considers some turnover metrics, like 
total turnover rate, first-year resignation rate, high 
performer attrition, absenteeism rate, are the top rea-
sons for the exit.

3.2.1. Total Turnover Rate
The overall or total turnover rate can be measured 

as the total number of individuals who have left the or-
ganization over a specific period divided by the average 
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number of employees over the same time period. The 
total turnover rate can be measured on a monthly and 
annual basis. By further detailed analysis of this metric 
can lead to potential problems related to turnover.

3.2.2. First Year Resignation Rate
The first-year resignation rate or new hire turnover 

rate defines the total number of new employees who 
have left the organization before completing the first 
year of employment. The first-year resignation rate can 
be measured as the number of employees who leave the 
organization before completing a year of employment 
divided by the number of separations from the orga-
nization for the same time frame. Analyzing the met-
ric can lead to the culture or communication gap, not 
meeting expectations, problems for job clarity [17].

3.2.3. High Performer Attrition
High performer or high potential (HIPO) employ-

ees who have the right attitude and motivation to con-
tinue to excel in the work and positively impact them, 
Calculating this metric can help access the work en-
vironment, processes, goals, challenges, learning, and 
development, compensation and benefit, career pro-
gression path for employee retention.

3.2.4. Absenteeism Rate
Absenteeism rate or absence percentage is the rate 

of unapproved absence from the workplace or the 
work. It can be measured for an individual employee, 
for the group, or the organization. It can be calculat-
ed as the number of absent days divided by the total 
number of available workdays for a given time frame. 
This metric has been in practice for a long time. This 
metric can be used to analyze the motivation or en-
gagement, openness, culture in the organization [18].

3.2.5. Top Reason for Exit
The top reason for exit metric helps to determine 

the reasons behind attrition. By analyzing this neces-
sary metric, action can be taken to rectify or improve 
the process, culture, compensation, human resource 
strategy, learning, and development, etc.

3.3. Employee Value and Performance Metric
From the beginning, organizations have focused 

on the return on capital invested. Moreover, to check 
the return of talent invested, organizations started to 
measure tangible and intangible value created by the 

employees. Organizations focused on measuring and 
developing talent and saw results through patents, 
skill sets, relationships, and financial results.

Apart from some tangible outputs from employees, 
accounting for intangible outputs is difficult. Employ-
ee value and performance metrics help to remove or 
limit subjective biases. The organization should have 
processes, procedures, or infrastructure which will be 
supportive of employees’ efforts. Employee value and 
performance can be looked at from the lens of both 
employer and employee. An employee will look and 
ask what the organization is offering for me. The or-
ganization can consider how the employee is adding 
value to the big picture by day-to-day efforts [19].

In the same way, when we measure the perfor-
mance of employees, it is the part of the organization 
and in a particular part of human resource managers 
to give back to employees, address the issues, and sup-
port them where they get stuck. In this article, some 
metrics are covered to analyze, like revenue/profit per 
employee, Employee satisfaction rate, Salary hike per 
employee, grievance filled, Overtime expenses, the ra-
tio of human resource professionals to employees.

3.3.1. Revenue/ Profit per Employee
Revenue/profit per employee is one of the tools for 

measuring intangibles. Revenue/profit per employee 
metric estimates how much an individual employee gen-
erates or brings the revenue for the organization. It can 
be calculated as the organizations total revenue or prof-
it divided by the current total number of working em-
ployees for the time frame. This metric can be used for 
benchmarking with other industries in the same sector 
and change the mindset of managers to increase profit 
to the number of employees of a particular department, 
business unit, and ultimately an organization.

3.3.2. Employee Satisfaction Rate
Employee satisfaction can be measured using various 

quantitative and qualitative methods like net promoter 
score, employee satisfaction index, etc. This metric can 
help indicate the improvement in employee experience, 
working environment, culture, and productivity [20].

3.3.3. Salary Hike per Employee
Salary hike per employee metric is a tool to attract 

and retain employees. This metric can help address 
compensation-related questions and help in budget 
allocation and distribution for human resource man-
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agement. The metric can be used as a benchmarking 
tool for attracting, retaining talent.

3.3.4. Grievance Filled
Employee grievances can lead to bad employee 

relations, experience, engagement, and maybe a high 
turnover rate. By tracking the employees’ grievances, 
human resource professionals can get to the root cause 
of the issues and prevent further loss.

3.3.5. Overtime Expenses
Measuring overtime is not just for the complianc-

es but also the cost optimization. Organizations may 
have different overtime expense calculations for dif-
ferent levels of employees. This metric is useful for 
workforce strategy and for managing business goals. 
Analyzing the metric with the revenue generated can 
help or support the workforce strategy [21].

3.3.6. Ratio of HR to Employees
The ratio of human resource professionals to em-

ployees is a useful tool for accessing the optimum ca-
pacity of HR professionals in the organization. The ra-
tio of HR professionals to employees can be calculated 
as the total number of human resource professionals 
divided by the total number of employees in the or-
ganization. This metric can indicate the efficiency of 
human resource management.

3.4. Learning and Development 
Effectiveness Metric

With new technology, skills, and competency, 
learning has become an integral and pivotal role of 
the employees in the changing world. The learning 
and development department does the skill enhance-
ment through workshops, organizing conferences, or 
skill development programs. Moreover, the questions 
asked about the effectiveness of such learning, train-
ing, and development initiatives.

Learning and development effectiveness metrics 
evaluate the impact of learning, change in perfor-
mance and can help to push learning and develop-
ment programs in the right direction. This metric is 
not just helpful for the learning and development de-
partment or employees involved in the learning and 
development programs; it can help to increase reten-
tion, increase sales, increase operational effectiveness, 
customer service points, return on investment, and 
increase in satisfaction rate.

This article covers some metrics like learning and 
development expenses per employee, training pro-
grams completion rate, learning and development ini-
tiatives effectiveness, training participation rate [22].

3.4.1. Learning and Development Expenses 
per Employee

Learning and development expenses per employee 
are an integral part of the learning and development 
department measurement. This metric measures the 
average cost of training a single employee over a cer-
tain period. This metric can help to pattern the spend-
ing, budget allocation, aligning learning and develop-
ment modules accordingly.

3.4.2. Training Programs Completion Rate
The training completion rate metric is the first 

point in measuring training effectiveness. For compli-
ance-based training programs, this metric report can 
be of use. Using this metric, the motivation level of 
employees, interest level of employees in the program 
can be found out. From the analysis, the necessary ac-
tion plan can be laid down.

3.4.3. Effectiveness of Learning 
and Development Program

The learning and development program effectiveness 
can be accessed by measuring the agendas for which 
it was launched and rolled out. It can be like increased 
retention, increase in sales figure, increased operation-
al efficiency, reduction in customer service complaints, 
the organization, business unit defined scorecard, return 
on investment, employee satisfaction, and employee en-
gagement as per the program’s agenda [23].

3.4.4. Training Participation Rate
Training participation rate can be measured as the 

total number of employees who participated or were 
involved in a learning and development program di-
vided by the total number of eligible or invited em-
ployees. This metric helps to understand whether the 
organization offers the right type of programs, oppor-
tunities to learn, the right type of medium platform for 
the program?

4. Research Methodology
This research article is explanatory research focus-

ing on possible human resource management metrics 
in use, its effectiveness towards business goals, the 
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degree of measurement involved in the metric. The 
qualitative approach was considered to know which 
metrics are being used in the organization and their 
effectiveness in the business goals. The draft survey 
was first pre-tested for clarity and sense with an expert 
and professor. The questionnaire contained specif-
ic human resource management metrics from major 
categories of human resource functions, as stated pre-
viously. The questionnaire had five-point scale ques-
tions to know the effect of surveyed human resource 
management metrics on business goals. The data was 
collected through an online survey questionnaire to 
get insights from various industry sectors to under-
stand what is happening within organizations and 
what is used for human resource measurement/sup-
port decisions. It allowed us to get insights into each of 
the organization [24].

4.1. Sampling and Sample Size
The study revolves around India, so the target pop-

ulation for this study was human resource profession-
als from various industry sectors across India. The on-
line questionnaire survey was floated to cover various 
industries in operations. For the research findings, 
the conventional method of non-probability sampling 
technique was used. The survey questionnaire was 
floated to around 260 HR leaders to cover various in-
dustry sectors. It was filled by 201 filled with 77.91% 
of completion rate.

The online questionnaire survey was conducted 
to collect data from 12 different sectors of industry, 
which are automotive & ancillaries, banking, financial 

services & insurance (BFSI), construction/ oil and gas/ 
metals and mining, educational service, fast-moving 
consumer goods (FMCG)/ fast-moving consumer 
durables (FMCD), healthcare & pharmaceuticals, IT/ 
ITeS/ technology, manufacturing & heavy industries, 
service/ consultancy, telecommunications, transpor-
tation and logistics/ e-commerce, wholesale/ retail 
trade. Figure 1 shows the Organization Sectors.

5. Result and Analysis

5.1. Recruitment Process Metric
For the recruitment process in the organization, 

76.38% of human resource management leaders said 
to have recruitment metrics and the rest 23.62% said 
to have no metrics for it.

The organization that has a recruitment process 
tracking metric is shown in Figure 2. They were asked 
which metrics their organization considers. Among 
various recruitment process metrics, cost per hire, 
applications received per recruiting source, applica-
tions per opening, time to hire, offer acceptance rate, 
acceptance to joining ratio, onboarding experience in-
dex were considered [25]. From the analysis, applica-
tions received per recruiting source and applications 
per opening were tracked by 76.94% of organizations. 
The ranking for top recruitment process metrics can 
be listed as below:
1. Applications received per recruiting source
2. Applications per opening
3. Offer acceptance rate
4. Time to hire

Figure 1: Organization sectors
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5. Acceptance to joining ratio
6. Cost per hire
7. Onboarding experience index

5.1.1. Cost per Hire
Among 65.56% of organizations who track cost per 

hire, 33.33% of organizations have fully automated track-
ing, 18.89% of organizations have partially automated 
tracking, and 24.44% of organizations track it manually.

5.1.2. Applications Received Per Recruiting 
Source

Among 76.94% of organizations who track appli-
cations received per recruiting source, 44.44% of or-
ganizations have fully automated tracking, 22.22% of 
organizations have partially automated tracking, and 
30.00% of organizations track it manually.

5.1.3. Applications per Opening
Among 76.94% of organizations who track appli-

cations per opening, 51.11% of organizations have ful-
ly automated tracking, 13.33% of organizations have 
partially automated tracking, and 27.78% of organiza-
tions track it manually.

5.1.4. Time to Hire
Among 73.89% of organizations who track time 

to hire, 44.44% of organizations have fully automated 

tracking, 17.78% of organizations have partially auto-
mated tracking, and 26.67% of organizations track it 
manually.

5.1.5. Offer Acceptance Rate
Among 74.44% of organizations who track offer 

acceptance rate, 35.56% of organizations have fully au-
tomated tracking, 38.89% of organizations have par-
tially automated tracking, and 13.33% of organizations 
track it manually.

5.1.6. Acceptance to Joining Ratio
Among 68.89% of organizations who track accep-

tance to joining ratio, 30.0% of organizations have a 
fully automated tracking, 33.33% of organizations 
have partially automated tracking, and 18.89% of or-
ganizations track it manually.

5.1.7. Onboarding Experience Index
Among 61.11% of organizations who track the on-

boarding experience index, 18.89% of organizations 
have fully automated tracking, 25.56% of organiza-
tions have partially automated tracking, and 36.67% 
of organizations track it manually.

5.2 Turnover Metric
For the employee turnover in the organization, 

69.23% of human resource management leaders said 

Figure 2: Recruitment metrics to track
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to have a turnover metric, and the rest 30.77% said to 
have no metrics for it.

The organization that has turnover metrics to track 
is shown in Figure 3. They were asked which metrics 
their organization considers. Among various turnover 
metrics, total turnover rate, first-year resignation rate, 
high performer attrition, absenteeism rate, the top 
reason for the exit were considered. From the analysis, 
high-performer attrition was tracked by 80.70% of or-
ganizations. The ranking for top turnover metrics can 
be listed as below:

1. High performer attrition
2. Absenteeism rate
3. Total turnover rate
4. First-year resignation rate
5. Top reason for the exit

5.2.1. Total Turnover Rate
Among 77.53% of organizations who track total 

turnover rate, 39.24% of organizations have fully au-
tomated tracking, 39.24% of organizations have par-
tially automated tracking, and 13.92% of organizations 
track it manually.

5.2.2. First Year Resignation Rate
Among 76.58% of organizations who track first-

year resignation rates, 31.65% of organizations have 
fully automated tracking, 46.84% of organizations 
have partially automated tracking, and 17.72% of or-
ganizations track it manually.

5.2.3. High Performer Attrition
Among 80.7% of organizations who track high per-

former attrition, 39.24% of organizations have fully 
automated tracking, 44.3% of organizations have par-
tially automated tracking, and 16.46% of organizations 
track it manually.

5.2.4. Absenteeism Rate
Among 80.7% of organizations who track absen-

teeism rate, 45.57% of organizations have a fully au-
tomated tracking, 27.85% of organizations have par-
tially automated tracking, and 18.99% of organizations 
track it manually.

5.2.5. Top Reason for Exit
Among 80.7% of organizations who track the top 

reason for exit, 15.19% of organizations have fully 
automated tracking, 62.03% of organizations have 
partially automated tracking, and 15.19% of organiza-
tions track it manually.

5.3. Employee Value and Performance Metric
For the employee value and performance, 61.74% 

of human resource management leaders said to has 
an employee value and performance metric. The rest, 
38.26%, said to have no metrics for it.

The organization, which has employee value and 
performance metrics to track, is shown in Figure 4. 
They were asked which metrics their organization 
considers. Among various employee value and perfor-

Figure 3: Turnover metrics to track
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mance metrics, revenue/ profit per employee, employee 
satisfaction rate, salary hike per employee, grievance 
filled, overtime expenses, the ratio of human resource 
professionals to employees were considered. From 
the analysis, salary hike per employee was tracked by 
81.69% of organizations. The ranking for top employee 
value and performance metrics can be listed:

1. Salary hike per employee 
2. Employee satisfaction rate
3. Overtime expenses
4. Revenue/ profit per employee
5. Grievance filled
6. Ratio of HR to employees

5.3.1. Revenue/ Profit per Employee
Among 72.54% of organizations who track rev-

enue/ profit per employee, 25.35% of organizations 
have fully automated tracking, 50.70% of organiza-
tions have partially automated tracking, and 12.68% 
of organizations track it manually.

5.3.2. Employee Satisfaction Rate
Among 78.52% of organizations who track em-

ployee satisfaction rate, 45.07% of organizations have 
fully automated tracking, 33.80% of organizations 
have partially automated tracking, and 11.27% of or-
ganizations track it manually.

5.3.3. Salary Hike per Employee
Among 81.69% of organizations who track salary 

hikes per employee, 50.70% of organizations have ful-
ly automated tracking, 33.80% of organizations have 
partially automated tracking, and 7.04% of organiza-
tions track it manually.

5.3.4. Grievance Filled
Among 72.18% of organizations who track griev-

ance filled, 33.80% of organizations have a fully auto-
mated tracking, 32.39% of organizations have partial-
ly automated tracking, and 22.54% of organizations 
track it manually.

5.3.5. Overtime Expenses
Among 78.17% of organizations who track over-

time expenses, 53.52% of organizations have fully au-
tomated tracking, 18.31% of organizations have par-
tially automated tracking, and 15.49% of organizations 
track it manually.

5.3.6. Ratio of HR to employees
Among 64.79% of organizations who track the ratio 

of human resource professionals to employees, 32.39% 
of organizations have fully automated tracking, 23.94% 
of organizations have partially automated tracking, and 
14.08% of organizations track it manually.

Figure 4: Employee value and performance metric to track
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5.4. Learning and Development Effectiveness
For the learning and development effectiveness, 

66.67% of human resource management leaders said 
to have a learning and development effectiveness met-
ric. The rest, 33.33%, said to have no metrics for it.

The organization that has learning and devel-
opment effectiveness metrics to track is shown in 
Figure  5. They were asked which metrics their or-
ganization considers. Among various learning and 
development effectiveness metrics, learning and de-
velopment expenses per employee, training programs 
completion rate, learning and development initiatives 
effectiveness, training participation rate were consid-
ered. From the analysis, the training program comple-
tion rate was tracked by 77.63% of organizations. The 
ranking for top employee value and performance met-
rics can be listed as below:
1. Training programs completion rate
2. Learning and development initiatives effectiveness
3. Training participation rate
4. Learning and development expenses per employee

5.4.1. Learning and Development Expenses 
per Employee

Among 64.14% of organizations who track total 
turnover rate, 30.26% of organizations have fully au-
tomated tracking, 25.0% of organizations have partial-
ly automated tracking, and 15.79% of organizations 
track it manually.

5.4.2. Training Programs Completion Rate
Among 77.63% of organizations who track train-

ing completion rate, 34.21% of organizations have ful-
ly automated tracking, 44.74% of organizations have 
partially automated tracking, and 18.42% of organiza-
tions track it manually.

5.4.3. Learning and Development Initiatives 
Effectiveness

Among 71.38% of organizations who track train-
ing effectiveness, 19.74% of organizations have fully 
automated tracking, 50.0% of organizations have par-
tially automated tracking, and 26.32% of organizations 
track it manually.

5.4.4. Training Participation Rate
Among 68.75% of organizations who track training 

participation rate, 31.58% of organizations have a ful-
ly automated tracking, 23.68% of organizations have 
partially automated tracking, and 32.89% of organiza-
tions track it manually.

5.5. HR Metric Criticality in the organization
As per human resource management leaders of 

various organizations, 24.81% said, human resource 
management metric is most critical for their organi-
zation, 40.31% said to have critical importance, and 
34.88% said to have neutral importance for their re-
spective organization.

Figure 5: Learning and development effectiveness metric to track
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As per human resource management leaders in 
Figure 6, human resource management metrics help 
identify problems or support the decision. Human re-
source management leaders were asked to rate the ef-
fect of human resource management metrics on some 
business goals like productivity, cost or profitability, 
culture and diversity, employee branding, innovation, 
talent retention. Among the listed business goals, hu-
man resource management metrics help more on cost 
and/or profitability. The ranking of listed business 
goals that are helped or supported by human resource 
management metrics is as follows:
1. Cost or profitability 
2. Talent retention
3. Productivity
4. Employee branding
5. Culture and diversity
6. Innovation

6. Conclusion
The main purpose of human resource management 

metrics in organizations is to get quantitative accurate 
and relevant data to strengthen or support the strategy, 
the decision made. As the function and role of human 
resource professionals have evolved, so the various hu-
man resource management metrics. The findings are 

in line with various studies conducted, which is talked 
further in conclusion. Among the four major aspects 
discussed in the article, recruitment process metrics 
are measured more than employee turnover in the 
organization, employee value and performance, and 
training and development effectiveness. Apart from 
the listed metrics performance enhancement, rewards, 
and recognition, the organizations measured people 
participation metrics. Human resource management 
metrics support various business goals. Among the 
listed business goals, cost and/ or profitability were 
considered major influencing points by human re-
source management metrics. Based on the results, 
human resource professionals can change, develop or 
improve the strategies at the organization. The sup-
port of human resource management metrics for tal-
ent management or talent acquisition department can 
show the improvement areas, which is in line with the 
results from Deborah J Russell and colleagues from 
their research article finding. The higher number of 
organizations talking about human resource man-
agement metrics shows the human resource manage-
ment metric framework will not be challenging than 
machine learning as data collection, analysis, and 
interpretation from the metrics can be comparative-
ly easy. Moreover, one more interpretation from the 

Figure 6: HR metric effectiveness in business goals
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higher usage of human resource management met-
rics can be drawn to add quantifying support for the 
decisions made. The findings correlate with Joshua’s 
research article ‘Human Capital Metrics’ that human 
resource management metrics are a connecting link 
between management policies and expected business 
outcomes.

The study makes some contributions to understand 
various human resource management metrics for ac-
ademics and professionals, the emerging or focused 
metric from four domains of the human resource 
management department, to support various goals of 
the business. Using raw human resource management 
metrics will not be sufficient, but adding analytics and 
industry relevance can be useful for refinement in re-
cruitment, employee turnover, employee value and 
performance, and learning and development depart-
ment or functions to give a more smooth experience 
to employee, candidates and improve the efficiency 
and effectiveness in the current practices. 

The research article helps to understand which 
frameworks are used by the organizations to measure, 
control and evaluate the human resource cost and sup-
port decisions. It shows which human resource metric 
has more focus in the Indian organizations perspective 
and how they see it affects the organizational goals.
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Abstract
When people ignore their cinema, there is a danger of disap-
pearance of it with the times. At such bad times for Maithili 
Cinema, it is worth struggling for this small regional language 
cinema through academic discussions. Despite having its di-
verse art and literature, Maithili cinema strives hard to tackle all 
those indifferences. People and government are solely respon-
sible for this directionless journey of Maithili cinema, and the 
ignorance is majorly coming from their cultural etiquettes. The 
ignorance on the part of the government adds an unfamiliar 
condition for the cinema to sustain itself independently in Bihar. 
This study explores the root causes of the suffering of Maithi-
li Cinema in its land and the financial discrimination between 
Bhojpuri language Cinema and Maithili language Cinema. Mai-
thili Cinema is badly influenced by Bhojpuri Cinema in terms of 
content, losing its originality and independent identity. As the 
researcher did not find any scholarly documentation regarding 
Maithili Cinema, this fresh research is undertaken using a qual-
itative research methodology taking in-depth interviews of the 
experts in Maithili society.
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1. Introduction
The predominant indifferences in its society encour-

age the culture of ignorance towards Maithili cinema. This 
problem creates a very hard struggle for finding its true 
identity. The suffering of the journey is making things 
interesting to look at through different perspectives. Sup-
pose something like cinema hidden under the blanket of 
language attracts most to explore the perspective more 
and collect all such information concerning this cinema. 
The researcher did not find any written material available 
specifically about Maithili cinema [1]. All the documents 
were different art forms except cinema, and mainly they 
talk about the patriotism of language itself. When people 
are not fully aware of the potential of their cinema, when 
they do not want to discuss it in their houses like politics, 
then this insignificance causes a huge gap in those pre-
vious researches, which need to be filled. The study is all 
about a detailed inspection of the struggle of Maithili Cin-
ema, including all other aspects around, which is making 
it the least important part of the society. The rationale be-
hind this struggle and ignorant behavior belongs to their 
people, who lack understanding about cinema and do not 
care at all about how it looks from an outsider’s perspec-
tive [2]. The culture of documentation of a particular story 
through cinema is not happening since its beginning. To 
capture realism in these rapidly changing times and the 
situation is the major concern for the originality and rel-
evance of this cinema on a wider platform. When people 
are not able to see something, which is the reflection of 
its society, they are continuously boycotting that some-
thing in their minds and considering it as an undersized 
art-form to talk about even, that is when the importance 
of this study will help people to analyze themselves and 
make rational choices according to demands of time. This 
research unravels the different layers of its suffering and 
touches the unknown facets of people’s notions regarding 
this cinema. The past is full of chauvinism of language and 
abbreviated study of other art forms. However, this time, it 
is different from their general movement. Now the central 
character is the cinema of that particular language, and the 
story of their negligence is getting told [3].

2. Literature Review

2.1. Setup: A Quick Glimpse
To say that 55 years have passed, the Maithili cin-

ema started its journey in 1965 from the movie called 
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“Kanyadan.” After that, the rate of progression of mak-
ing films was quite slow. Not too much cinema peo-
ple have seen. Meanwhile, when a film like “Mithila 
Makhaan” of 2015 got the national award in this con-
tinuing period, it is supposed to be a welcome turning 
point for the cinema. However, the ironic part was that 
most of the people of that region did not know about it. 
The film is struggling with financial problems because 
it has not yet got the opportunity to release in cinema 
houses; that is the whole current situation of the Mai-
thili cinema; people are not paying attention to this 
art-craft [4]. Maithili Cinema is still not getting pop-
ular in this region of the country despite the fact there 
are many good films to see. Numerous written pieces 
of shreds of evidence show the diversity of art practices 
that happened in these years in that region, i.e., Mithi-
lanchal (mainly the districts of Darbhanga, Madhu-
bani, Samastipur, and Begusarai), the only untouched 
facet of the absolute art form in most of the literary 
pieces was cinema. It is the full reflection of an illicit 
nature towards this visual art form [5]. The language is 
rich with their art and literature, making a strong basic 
structure to explore this kind of art form like cinema. 
However, the restrictions of thoughts for not educating 
or depicting the reality to society through a visual form 
are a matter of worrisome. In all these reviews, the less 
significant part of the debate was cinema because the 
people are not interested in this visual art form. It de-
fined the true orthodox society, which knows the truth 
very well but does not want to see or understand them-
selves in the mirror of others [6].

2.2. Confrontation: Investigating Loopholes
The literature reviews of this particular topic cov-

ered only a subject called “Maithili.” A very vast field 
consists of several other things, including art forms. 
The main philosophy talks about Maithili as a lan-
guage, their patriotic characteristic, the social struc-
ture, the class struggle, and another side of the coin. 
The various arts mainly focused on Poetry, Short Sto-
ries, Plays, and Novels. It could easily understand the 
discrimination and ignorance by these notions, which 
mainly derived from that societal condition [7]. In a 
country like India, where different kinds of languages 
are spoken, various cultural practices are happening 
and making the country a unique place worldwide. 
The Maithili itself is a minority language in Bihar. 
However, the irony is it does not have the status of 
even a minority there, the language suffering from 

the politics of backwardness from the post-indepen-
dence till now. Maithili language as a subject is still 
not compulsory for the students. People are still very 
uncomfortable in speaking the language, even though 
they belong to that community. These instances are 
quite enough to show the true measurement of that 
deep trench [8]. The history of the Maithili art form is 
full of poetry and short stories, and the researchers of 
academic papers mentioned very well to glorify these 
literary artists with their great work and enhanced 
only these literary forms of art. The other facet of this 
strong literature structure gave initial films of Maithi-
li like “Kanyadan” (1965) based on the Novel of Prof. 
Hari Mohan Jha (1908-84), which he wrote in 1933, 
while studying at Patna University. Poetry is another 
well explained true art form in these papers, which 
clearly showed the writer’s inclination towards find-
ing the right medium to express themselves [9]. The 
other following significant aspects of these papers that 
writers fully used to depict the true social condition 
in Novels and Plays have this powerful literature base. 
However, cinema has not got anything from that pillar. 
People are ignoring these great masterpieces by not be-
lieving in them and treating them as a waste that could 
become a major turn out for this regional cinema if 
used properly [10]. The comparative study of the film 
industry leads us to look at the path of the Bhojpuri 
language, which is primarily spoken by the west side of 
the population of Bihar, the Bhojpuri cinema is grow-
ing very rapidly, and it is commercially very successful 
industry regardless of their quality of audiences. This 
productive industry making a wonderful amount of 
film in a year, and these are getting released by the 
makers and distributors in theatres, a single screen in 
every part of Bihar; the major destructive part is it also 
getting releases in that Maithili speaking region and 
the owners of cinema halls are very kind enough to 
allow it [11]. The financial benefits ultimately over-
power the local culture. That is what intellectuals are 
also making their point of demolishing the values of 
that culture against this modern system where their 
people promote the other language film without losing 
the pride of their mother tongue [12].

The absence of practicing theatres made scholars 
think about the shakiness background of the Maithili 
cinema. Initially, in villages, people used to see Mai-
thili Cinema on various puja occasions. They were 
quite showing interest towards it, but nowadays the 
other sources of entertainment, like TV and Cine-
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ma, acquired that natural space, where audiences and 
actors were communicating with each other in the 
name of theatrical plays [13]. They also considered 
this absence of Drama played a very important role in 
making students not aware of that kind of field, which 
could help them create openness in their thought and 
break that conservative chain to establish an interac-
tive ambiance in that society [14].

According to Maithili Scholars, writing for cinema 
needs some exposure to that glamorous world that 
they neither want to look at nor possess. Their idea 
of getting indulged in that business is writing a sort of 
vulgarity that they do not like at all rather than writ-
ing something on a religious subject [15]. The whole 
misconception about cinema, in general, creates that 
bridge for them that could not be exceeded. There are 
two kinds of people living in that society: educated 
and uneducated. The educated groups have some hes-
itance to interact with cinema, whereas other groups 
have no interest in it. The priorities of these two groups 
are changing with time to rely on their entertainment 
interest upon different sources except cinema; on the 
contrary, few people are attracted to cinema in gener-
al. However, the glitch here is that people are unwill-
ing to accept cinema, which is getting made although 
they are promoting simultaneously to get better next 
time [16]. The current cinema halls in these local ar-
eas are very pathetic; either they are converted into 
marriage halls or just get destroyed simply for mak-
ing something market-friendly. This action is directly 
connected to the local people who just started losing 
interest in watching movies on a big screen rather than 
choosing to stay home and watch on smartphones or 
laptops. Nobody could afford to run that entity that is 
making a loss [17].

All the above-mentioned statements somewhere 
point out the ignorance of the state government to-
wards cinema. According to Shah Mohan Jha, a local 
journalist, the state authority always creates a very un-
favorable condition to discourage and make it the least 
important topic among people to discuss. As a result 
of that, shooting films is another challenging part for 
the filmmakers in these locations because they are not 
getting any positive consent from the local author-
itative entity, and this makes them create a film set 
in a different location in the name of the same place 
where they did not get the permission. There are few 
independent cinema institutions for promoting their 
cinema in the state through organizing the Maithili 

film festival without any financial help from the gov-
ernment. It truly breaks the unity, which is supposed 
to be used as a medium to bring some changes in the 
perspective of the society [18].

2.3. Denouement: Filling the Blanks
The unsaid story created some gaps, which are 

yet to be filled. Also, it is time to reorganize current 
notions about cinema nicely. The amalgamation of 
those strong Maithili literature work and contempo-
rary content will break the monotony and gather good 
audiences from every section of the society. The gov-
ernment should take care personally to empower the 
language in that particular area of the state and cre-
ate opportunities for their youth population to make 
a career in this field through theatre and films. They 
also should consider the job opportunity through film 
shooting, which will help stop migration to a good ex-
tent. If they make some good policy for the film indus-
try, it encourages film persons to make movies. How-
ever, the most beneficial part of that decision will be to 
improve people’s mindset, which will surely give anew 
fresh a broader perspective to society [19]. The time 
has come when the producers and distributors have 
to show some courage to create good films, promote 
them in a well-versed manner, and make sure that 
they will get released on a big screen. “Unify people to 
become a part of that small change.” This statement is 
a very powerful fuel to drive the film culture to a great 
extent in that area.

2.4. Research Objectives
1. To analyze the culture of ignorance towards Mai-

thili cinema in the Mithilanchal region. 
2. To understand the influence of Bhojpuri cinema on 

Maithili cinema and how it is creating a bad im-
pression in the Maithili region’s eyes.

3. To examine the Maithili language and find its ob-
structive relationship with cinema.

4. To study the role of government in this discrimina-
tion towards the culture of their local cinema and 
find out the solution regarding its fixation.

3. Research Method
In order to satisfy the objectives of the research, the 

qualitative method was performed. The openness and 
flexible thought process were needed to get a deep-
er and layered narrative according to the topic. The 
semi-structured method of the in-depth interview was 



Issue 24. November 2022 | Cardiometry | 689

selected for the data collection. The open-ended ques-
tions were taken into consideration to derive person-
al experiences and their perspectives concerning the 
study [20].

The selection of a sample group is purely based on 
the indulgence of every individual towards Maithi-
li art and cinema; the one major feature for selection 
was the person’s involvement in the field of art and 
culture of that society; a sample group of seven was 
selected. They gave an in-depth interview, in which 
three in-depth interviews were conducted in person. 
In contrast, the other four were conducted through 
telephone. The sample group comprised local leaders 
of certain organizations. [21]. they mainly focused on 
the empowerment of language and cinema-like film 
directors, theatre artists, and Maithili literature stu-
dents.

4. Results and Discussion
This culture of ignorance is derived from the percep-

tion that people have towards Maithili cinema, which is 
influenced by Bhojpuri cinema. The current content, or 
for the sake of saying, cinema of Mithilanchal region is 
largely persuaded by Bhojpuri cinema. Every aspect of 
the story is somewhere pointing out the actual inspi-
ration behind its [22].The major population has a bad 
impression about Maithili cinema due to increasing 
the sleaziness content around. The problem of Maithili 
cinema is still far from solving because the main issue 
that belongs to the language itself. It is still considered a 
non-existent language outside of the state.

In Bihar, the inter-state migration rate is very high 
after Uttar Pradesh. The Demographic upheaval nature 
of this state causes many of the population to leave their 
homes and find livelihood in other states. The large sec-
tion of people, who migrated from the state for Educa-
tions and Jobs mostly, is the target audience of cinema. 
They consume cinema almost daily, but they are not 
living in that region. The content preferences keep on 
changing according to the audience’s taste. The makers 
already know which section of that society they are tak-
ing into consideration. The improper cinema and poky 
influential content, creating no space for exhibition in 
the region, lack theatres, bringing another problem of 
destruction for Maithili Cinema.

Documentation is another problem that this cin-
ema is facing since it has started. The inability of not 
capturing the place and its culture over time is gen-
uinely a major concern for its not evolving nature in 

these years. It somehow describes the shallowness 
about making films and the infrequent manner of cre-
ating that art –form for the larger population. Some 
people are still stuck in the old phase of stories and 
content, which blocks the new wave of storytelling re-
garding Maithili cinema [23]. 

When the intention is only focused on the patri-
otism of the language, the cinema will never play in 
the foreground, which is the scene of the two inde-
pendent institutions regarding Maithili cinema, which 
largely deals with the agenda of empowerment. The 
social media pages or accounts are only for just shar-
ing whatever contents are coming; they are not well 
aware of the true cinema. In their film festivals, which 
does not happen every year, the selection parameters 
only depend upon the language, not cinema that is 
why people did not find any interest in these events 
because certain audiences’ tastes manipulate the con-
tent somewhere. These festivals are run because of 
their political agenda and without compromising it or 
giving cinema as an art form, creating the indifferenc-
es in finding its true identity.

“Cinema is the reflection of society,” this statement 
is very powerful in the sense of touching the various 
aspects of the world in which we are living through 
a particular perspective lens. The ambition of cinema 
should not be only towards entertainment purposes; 
rather, it should be responsible for showing the real 
stories of that region. Overall, in these years, Maithili 
cinema is unable to capture the socio-cultural aspects 
of society, which keeps changing over time because 
the ideologies behind filmmaking are still stuck in old 
thoughts. The content is also coming from identical 
places. The general trend of content in this cinema 
business always belongs to an earlier notion of the so-
ciety, perhaps not a relatability factor for audiences to 
connect and like these films even though it shows the 
socio-cultural aspects, but not in a documented man-
ner. The entertainment and commercial angle always 
overpower the content. In these movies, the focus 
point is language without concentrating much on the 
contemporary stories. This commercial angle in the 
stories somewhere influences and some of the cases. 
It has copied material from Bhojpuri and Bollywood 
Cinema in terms of genres and music. Documenta-
tion of the stories is what did not happen in Maithili 
Cinema throughout these years. The idea of showing 
the exact society without any exaggerated drama is not 
capturing through cinematic perspective [24].



690 | Cardiometry | Issue 24. November 2022

Let us take an example of one Assamese film, like 
“Village Rock stars,” it is a story about various aspects 
of that particular region of Assam. The political neg-
ligence towards the flood situation causes so many 
deaths, people losing their livelihood and migrating 
from one place to another. The social norms create 
such barriers for the girl in the film to not hang out 
with boys, all around people continuously gossiping 
about the girl and her choices. They are also complain-
ing to her mother about her indulgence in friendship 
with boys. When puberty hits that girl, we see a cer-
tain kind of puja or practices happening for her; this 
shows the cultural aspect of that particular society. 
Despite everything, the major focus of the story is its 
human nature, the desire to play guitar one day, and 
the hopefulness of buying a guitar for the daughter. It 
is so much associated with the reality of the Assamese 
society that sometimes the line between cinema and 
reality gets faded out; that is how well it captured the 
essence of reality. Including socio-political problems 
and cultural norms in the story, the central point is the 
human nature of the story portrayed through a realis-
tic perspective. Because the film is the real depiction 
of that society without manipulation that is what is 
called real documentation.

In the Maithili cinema, the makers are not trying 
to say such real stories. They do not show any interest 
in portraying that particular world through different 
viewpoints. The main idea of inspiration is the com-
mercial feature attached to it. The one valid reason to 
look at the condition of Maithili cinema is that it has 
got influenced by the other cinemas, not by its society. 
The misconception and delusion about the cinema, in 
general, is creating problems of indifference towards 
local cinema in its people. Due to that, the culture of 
watching movies on the big screen is now getting af-
fected. The critical and financial condition of its local 
cinema and ignorant behavior of the general public 
destroys cinema halls and theatres. The harsh attitude 
of people who are not very supportive of promoting 
this art form is mainly because of the cinema’s unac-
ceptance of this modern space. They still want to see 
the Religious kind of movie. It shows their psychologi-
cal phase. They are stuck and do not try to be involved 
in this evolution regarding cinema.

4.1. Limitations
The size of the sample group was relatively small 

because people are less involved in the field of art and 

cinema and did not want to have an interaction about 
cinema, which also speaks volumes about the peo-
ple’s attitude towards Maithili cinema. Some of them 
perceived the topic from a different angle and started 
blabbering about their agendas.

5. Conclusion
The culture of ignorance is a basic root cause of this 

struggle that Maithili cinema faces over many years. 
This ignorant behavior originates from the notions of 
its society. The notion belongs to homogeneous social 
ideologies, creating an intangible barrier to not look 
through it from a different perspective. The content of 
Maithili cinema is largely influenced by Bhojpuri cine-
ma; that is how the idea of cinema is getting corrupted, 
and this copied way of making movies help society to 
create their social ideologies. Everything is connected 
through a chain. It is blocking the way of telling such 
real stories that ultimately matter to society.

According to the study, not documenting any 
story through cinema is a major point of concern. It 
should be done to show the reality of what it is from 
a broader perspective. The flaw lines lie with the state 
government. There is no funding and proper coopera-
tion even from the authority while shooting any films, 
which creates an unfavorable atmosphere regarding 
making. They should start acknowledging the power 
of cinema and spread the awareness about it in its gen-
eral public through supporting the local art and their 
artists, which would help in coping up with the finan-
cial issues for the local cinema and also take care of its 
exhibition problem, so the destruction of cinema hall 
and theatre will stop. After seeing it all, we can say that 
it is high time to shift the spotlight from the patriotism 
of language to empower cinema.

References
1. Ahmed, S. S., (2019, June 13). Money is im-

portant, but I will continue to make Films, Regardless 
of Funding.

2. https:// www.jstor.org/stable/24157120
3. https:// www.jstor.org/stable/24157106
4. https:// www.jstor.org/stable/24158336
5. https:// www.jstor.org/stable/23338826
6. https:// www.jstor.org/stable/23329524
7. https://www.jstor.org/stable/24159076
8. h t t p s : / / o n e s s t a n d p o i n t . b l o g s p o t .

com/2014/02/makers-of-modern-maithili-literature.
html?m = 1



Issue 24. November 2022 | Cardiometry | 691

9. https://www.outlookindia.com/magazine/
story/entertainment-news-money-is-important-but-
i-will-continue-to-make-films-regardless-of-fund-
ing/301816

10. https://m.economictimes.com/industry/me-
dia/entertainment/bhojpuri-film-industry-now-a-rs-
2000-crore-industry/articleshow/57924026.cms

11. https://www.jstor.org/stable/44147593
12. Jha, M. (2015). Maithili Rangmanch and Mai-

thili Cinema: Present and Future. In N. Choudhary 
(Eds.), Maithili: History of theatre and present of cinema 
(pp. 143-145). Vidyapati Sewa Sansthan, Darbhanga.

13. Jha, M. (2015). Cinema and Theatre. In SK. 
Mishra (Eds.), Maithili: History of theatre and present 
of cinema (pp. 168). Vidyapati Sewa Sansthan, Dar-
bhanga.

14. Jha, M. (2015). Modern Maithili Cinema and 
Theatre: Condition and Direction. In S. Jha (Eds.), 
Maithili: History of theatre and present of cinema (pp. 
159-167).

15. Vidyapati Sewa Sansthan, Darbhanga.

16. Jha, D., & Shreesh. (1992). Maithili Scene: The 
Year Disappoints. Indian Literature, 35(2 (148)), 148-
153.

17. Jha, B. (1986). The Maithili Scene: Only a 
Trickle. Indian Literature, 29(6 (116)), 74- 81.

18. Jha, B. (1984). The Maithili Scene: The An-
guish of the Middle Class. Indian Literature, 27(6 
(104)), 89-97.

19. Jha, R. (1969). The Problem of Maithili. Indi-
an Literature, 12(4), 5-10.

20. Jha, R. (1966). Maithili: Needs Popular Pa-
tronage. Indian Literature, 9(4), 54-59.

21. Mishra, J. (1968). Maithili: Struggling Against 
Great Odds. Indian Literature, 11(4), 46-52.

22. ‘Nirala,’ N. (2010). Madhubani: A Contempo-
rary History (1971-2011).Proceedings of the Indian 
History Congress, 71, 1243-1250.

23. https://Roy, T. L., (2017, April 01). Bhojpuri 
film industry, now a Rs. 2,000-crore industry.

24. Thakur, A. K., (2014, February 21). Makers of 
the Modern Maithili Literature.



692 | Cardiometry | Issue 24. November 2022

ORIGINAL RESEARCH Submitted: 20.09.2022; Accepted: 18.10.2022; Published online: 20.11.2022

A comparative analysis of using 
Moving Average Convergence 
Divergence indicator in the forex 
market with risk-free investment 
strategies
1Karan Sejwar, 2*Madhvi Sethi

1,2Symbiosis Institute of Business Management, Symbiosis Inter-
national (Deemed University) Pune, Maharashtra, India

*Corresponding author:
madhvi.sethi@sibm.edu.in

Abstract
Technical analysis has been widely studied in academic liter-
ature. It so is the Moving average convergence divergence 
(MACD) indicator in stock and forex markets. The research on 
MACD indicator mostly shows negative or mixed results when 
applied to the forex market. However, past studies do not take 
the fixed risk for every trade, have a very high value of risk 
employed for every trade that a trader will not mostly un-
dertake, fixed stop loss, or a combination of these. This study 
analyses MACD indicator’s profitability and a strategy of using 
MACD indicator with an exponential moving average as a filter 
for getting into trades, on hourly data for EUR-USD, GBP-USD, 
USD-JPY from 1st January 2019 to 31st December 2019. It then 
compares it with risk-free investment strategies using US T-bills 
for the same period. Fixed and minimal risk of 1% of the ini-
tial account balance is employed for every trade. The findings 
suggest that the strategies fail to give profits more than any of 
the risk-free strategies for the currencies tested in this paper. 
In five out of six cases, three currency pairs for MACD strat-
egy and the same three pairs for the MACD with exponential 
moving average (MACD-EMA) strategy do not generate profit. 
Only MACD-EMA (where EMA is used as a filter) strategy when 
applied to EUR-USD gives profit, which is also less than any risk-
free investment strategy.
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1. Introduction
The users of technical analysis believe that they 

can predict future price movements through analyzing 
historical prices, charts, and related statistics and thus 
use trading rules to realize profits in various markets 
like forex, stocks, commodities, etc [1].

Technical analysts use technical indicators to fore-
cast future price movements. These indicators are 
mathematical tools based on historical data and thus 
produce a buy/sell signal. Moving Average Conver-
gence Divergence or MACD, in short, is one such in-
dicator, which is very popular and has been studied 
widely in academic literature [2].

Technical analysis has been widely studied in ac-
ademic literature. So, is MACD (Moving average 
convergence divergence) indicator for finding the 
profitability of these in stock and forex markets. The 
researches for MACD indicator mostly show negative 
or mixed results when applied to the forex market. 
These researches have the following limitations- one, 
they do not take the fixed risk for every trade, or sec-
ond, they have a very high value of risk employed for 
every trade that a trader will not mostly undertake, or 
fixed stop loss (the stop loss being fixed no. of pips 
away from entry price), or a combination of these. 
This paper analyses the profitability of MACD indica-
tor and also a strategy of using MACD indicator with 
an exponential moving average as a filter for getting 
into trades, on hourly data for EUR-USD, GBP-USD, 
USD-JPY from 1st January 2019 to 31st December 2019 
and compares it with a risk-free investment strategy 
using US T-bills for the same period, and fixed and 
minimal risk of 1% of the initial account balance is 
employed for every trade [3].

The objective of the study is to find whether using 
the mentioned MACD strategies in this research pa-
per, would a trader get more profit (transaction costs 
excluded) than investing in USA T-bills (risk-free in-
vestments), when fixed and minimal risk of 1% of the 
initial account balance is employed for every trade 
using ATR and a risk to reward ratio of two to three 
is employed, unlike previous researches, which use ei-
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ther high risk for every trade, or variable risk or fixed 
stop loss, or combination of these [4].

Considering the positive results obtained when ap-
plying MACD on an hourly timeframe (Vajda, 2014), 
the null hypothesis is that- MACD and MACD-EMA 
strategy can generate greater returns than risk-free 
T-bill investment strategies. The alternate hypothesis 
is that MACD and MACD-EMA strategy cannot gen-
erate greater returns than risk-free T-bill investment 
strategies when applied on EUR-USD, USD-JPY, GBP-
USD [5].

2. Literature Review
There has been no scarcity of academic literature 

on technical analysis. Most forex market professionals 
refer to technical analysis for making decisions. A sub-
stantial portion of foreign exchange dealers considers 
technical analysis self-fulfilling. The profitability of 
this type of analysis is summarized, and it is found that 
almost 59% of the modern studies researching techni-
cal analysis give positive results, and 21% give negative 
results. It is stated that strategies based on technical 
analysis for some spot forex markets yield positive 
results. However, these profits diminish over time, as 
confirmed by other researchers.

The profitability of MACD has been studied for quite 
a while now. The term “moving average strategy,” if not 
stated otherwise, is a MACD zero line crossover [6].

Some researches gave positive results for the MACD 
strategy in stock markets. Using different parameters 
of moving averages crossover on Dow–Jones index for 
approximately ninety years generates returns. It can 
be concluded that these strategies produce better re-
turns than “normal returns” and outperform the buy 
and hold strategy. MACD rule gives better returns 
than buy & hold strategy from 1935-1994 in London 
stock exchange FT30 index. MACD strategy generat-
ed almost two and 0.5% profit from 1986 to 2009 in 
Telephonic Company registered at Spanish stock ex-
change. Nevertheless, it used a simple moving average 
instead of an exponential moving average to calculate 
the signal line. It is known that exponential moving 
average is better for calculating signal lines because it 
can eliminate some lags [7].

However, many research papers give negative re-
sults when the MACD strategy is applied to stock 
markets. For DAX 30, MACD (12,26,9) trading rule 
produces a negative return w.r.t buy and hold strate-
gy, which gives positive returns. No significant differ-

ence is found between buy and hold and the MACD 
(12,26,9) strategy for the S&P/TSX Composite in-
dex, Nikkei 225 stock average, Dow Jones industri-
als. When looked at Australian All Ordinaries Index 
data from 1996 to 2014, it is found that MACD yields 
positive results for short selling only, though only for 
the period 1996-2000, returns are statistically signif-
icant and thus different from returns buy and hold 
strategy. Also, using MACD makes it impossible to 
generate consistent, considerable, sustainable profits 
as the changes in yield (dependent variable) could 
not be explained by the changes in signal strength of 
MACD (independent variable) when applying regres-
sion [8]. The research is based on only three compa-
nies’ stocks: Apple, Amazon, and IBM. It did not use 
stop-loss barriers but ended trades on reversal signals. 
Two trading rules, MACD crossing zero and crossover 
(every crossover considered, the position of crossover 
not given importance for generating trading signals), 
applied on stock markets of seventy-five countries, a 
total of 1336 companies overall, and finds that these 
MACD trading rules cannot generate abnormal prof-
its when looking overall for the stock market world-
wide. However, it can result in some of them [9]. It is 
pretty comprehensive research because of the number 
of companies and stock markets it studies. Thus, it can 
be concluded that these MACD trading rules cannot 
generate abnormal profits when looking overall for 
the stock market worldwide.

In the forex market, most of the research material 
that has been published indicates that MACD strat-
egy either produces either mixed results or negative 
results. The following research proves that the MACD 
strategy produces positive results only for some cur-
rency pairs, but mainly, it yields negative results [10]. 
The moving average strategy is applied to six Europe-
an spot cross-rates. It is found that this strategy is mar-
ginally profitable for two cross-rates and not profitable 
for the other four rates. The moving average strategy 
is applied to ten spot cross-rates, and the results sug-
gest that this trading rule does not yield profit. Results 
show that the MA strategy can yield profits in four out 
of thirteen Latin currencies considered. These four 
are Brazilian real, Venezuelan Bolivar, Mexican peso, 
Peruvian new sol. When the profits adjusted for risk 
for eighteen exchange rate series from 1971 to 1995 
when applying moving-average strategies are assessed, 
it is found that the profits had declined to near 3% at 
the end of 1970s and start of 1980s and to zero 0% in 
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1990s. Also, it is seen that profit can be realized from 
applying moving-average strategies in developing 
markets after applying transaction costs. Profitability 
is somewhat related to the degree of intervention in 
the market. However, when seeing the risk-adjusted 
returns, this trading strategy does not outperform the 
risk-free strategy [11].

For 15 min, 30 min, hourly and daily timeframe, 
when MACD is applied, only the hourly timeframe 
gives profitable results, which are optimized through 
using stop loss and fixed stop loss and take profit lev-
els to give more profitable results. However, the re-
search is based only on the EUR-USD pair and takes 
a constant volume of 1 lot every trade. So, the existing 
research looks at the hourly timeframe and analyzes 
how the MACD strategy fares in not only one curren-
cy pair but the three most traded currency pairs in 
forex markets.

The ATR indicator is used for setting stop losses. 
So, the trading volume and stop-loss are set with ATR, 
so that risk on every trade is 1% exactly for every trade 
regardless of the currency pair and the time at which 
trade is taken.

3. Data Collection
The data collected, the source, and the amount of 

data collected are shown in Table 1.
For calculating profits/losses for each trade tak-

en and for computing all results related to MACD, 

MACD-EMA, and risk-free investment strategies, Mi-
crosoft Excel has been used [12].

4. Methodology
In this research, the primary indicator used is Mov-

ing Average Convergence Divergence or the MACD. 
Gerald Appel developed this indicator in 1979. There 
are two lines in this indicator-first, the MACD line, 
and second, a signal line.

 MACD line = EMA fast period (closing prices) –  
 – EMA slow period (closing prices)  (1)

The signal line is the EMA of the MACD line, given 
by-

 Signal line = EMA (MACD line) , 
 for a period N (signal line period)  (2)

For testing purposes, the settings used are the ones 
that are the default settings on this indicator, fast peri-
od = 12, slow period = 26, N = 9. 

For generating entry signals, it is interpreted as fol-
lows- 

Buy signal - When the MACD line crosses above 
the signal line, and the crossover happens below zero.

Sell signal- When the MACD line crosses below 
the signal line, and the crossover happens above zero.

Another indicator used in this research is the ATR 
indicator, which is used to set stop loss. Volatility in 
the market is measured through this indicator. Wilder 

Table 1
Type of data, source of data, and amount of data collected for the research

TYPE OF DATA SOURCE OF DATA AMOUNT OF DATA
1. Historical ATR values ATR indicator in Meta Trader 5 software 980 (same as no. of trades taken for the 

research)
2. Closing prices of currency pairs Candlestick chart in Meta Trader 5 

software
18792

 = 6264(every trading hour in 2019)
* 3(No. of currencies tested)

3.Daily Coupon Equivalent Rates for 
T-bills

US Department of Treasury website 
«home.treasury.gov»

19
 = 12(4 week T-bill strategy)
+4(13 week T-bill strategy)
+2(26 week T-bill strategy)
+ 1(52 week T-bill strategy)

4. 200-period exponential moving 
average values

EMA indicator with 200 periods in Meta 
Trader 5 software

18792 
 = 6264(every trading hour in 2019)

* 3(No. of currencies tested)
5. MACD and MACD-EMA strategy 
giving entry signals

Traditional MACD indicator and EMA 
indicator in Meta Trader 5 software

980
 = 268(MACD strategy for EUR-USD)
+ 253(MACD strategy for USD-JPY)
+ 252(MACD strategy for GBP-USD)

+65(MACD-EMA strategy for EUR-USD)
+74(MACD-EMA strategy for USD-JPY)

+ 68(MACD-EMA strategy for GBP-USD)
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introduced it in 1980. The period for ATR in this re-
search is taken up as 14.

 TR = Max[(High − Low), Abs(High – Closing Price), 
 Abs(Low – Closing Price )]  (3)

 ATR = (1/n)* ∑TRi , where i = 1,2,3,4, …, n  (4)

Wherein = Time period employed, TR i = A par-
ticular true range 

These are applied on hourly data from 1st January 
2019 to 31st December 2019, and the data is secondary 
data from the Meta Trader 5 platform. The hourly data 
is chosen because only hourly data is profitable using 
the MACD strategy (Vajda, 2014). The currency pairs 
on which these indicators are used in this research are 
EUR-USD, USD-JPY, and GBP-USD because these 
pairs are the top traded in the forex market [13].

The third indicator used is the 200-period expo-
nential moving average (200 EMA). It is used as a filter 
in conjunction with MACD to generate entry signals. 
Thus, the profitability of MACD-EMA on the same 
currency pairs is also arrived at through this research.

Trading rules:
• Starting with an initial capital of $10000 for each 

back-testing is employed.
• For the standalone MACD case, the buy signal hap-

pens when the MACD line crosses above the signal 
line. The crossover happens below the zero lines. 
Similarly, a sell signal happens when the MACD 
line crosses below the signal line. The crossover 
happens above the zero lines.

• For the MACD-EMA case, the 200 EMA is used as 
a filter. Buy positions signaled by the MACD are 
taken only if the closing price of the currency pair 
is already above the 200 EMA. Similarly, sell posi-
tions signaled by the MACD are taken only if the 
closing price is below 200 EMA.

• To set up stop-loss, an ATR indicator is used. To 
calculate stop loss, we fix the stop loss 2*ATR be-
low the entry price for buy positions and 2*ATR 
above the entry price for sell positions.

• The take profit target is set at risk to reward ratio 
of 2:3.

• The trading volume for each trade is set such that 
if the stop-loss is hit, the loss is exact $100 every 
time (1% risk on initial capital of $10000). If the 
take profit gets hit, then there is a profit of $150.

• The trade continues till the take profit or stops 
loss gets hit, or a reverse signal occurs (Buy posi-

tion closed if we get a sell signal & a sell position is 
closed if we get a buy signal).

• The risk for every trade is not 1% on the existing 
account balance but on the initial account balance, 
which is $10,000.
Assumptions:

• When crossover happens, the entry price for posi-
tions is taken as closing prices of the hour.

• All transaction costs like brokerage; swap charges 
are not taken into account.
After all the back-testing is done, the trading prof-

itability through MACD and MACD-EMA is com-
pared with the risk-free T-bill investments.

For the T-bill strategy, the same amount of $10000 
is invested. For T-bills with maturity less than 52 
weeks, the whole face value that is received on matu-
rity of one T-bill is used to buy the next T-bill, on the 
first working day of the month following the month 
in which T-bill matures if T-bill matures nearly before 
or on the last working date of the month, or the next 
working day of the same month if the maturity is near-
ly after the last working day of the previous month, 
and this is done until 31st December 2019 [14].

Considering the positive results obtained when 
applying MACD strategy on hourly timeframe (Va-
jda, 2014), the null hypothesis is that- MACD and 
MACD-EMA strategy can generate greater returns 
than risk-free T-bill investment strategies. The alter-
nate hypothesis will be that MACD and MACD-EMA 
strategy cannot generate greater returns than risk-free 
T-bill investment strategies when applied on EUR-
USD, USD-JPY, GBP-USD. [15].

5. Results
The following results were obtained through the 

back-testing of MACD and MACD-EMA strategies 
are shown in Table 2.

The results for the T-bill returns are summarized 
in Table 3.

Figure 1 shows Account Balance versus Trade No. 
when MACD strategy is applied to EUR-USD. Figure 
2 indicates Account Balance versus Trade No. when 
MACD strategy is applied to USD-JPY. Figure 3 pres-
ents Account Balance versus Trade No. when MACD 
strategy is applied to GBP-USD. Figure 4 presents Ac-
count Balance versus Trade No. when MACD-EMA 
strategy is applied to EUR-USD. Figure 5 clearly shows 
the Account Balance versus Trade No. when MACD-
EMA strategy is applied to USD-JPY. Figure 6 shows 
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Table 2
Starting balance, ending balance, no. of trades, accuracy, No. of buy/sell trades, buy/sell trades net profit/loss, buy/sell profit loss 
per trade, buy/sell trades accuracy, and overall profit/loss when MACD and MACD-EMA strategy applied to EUR-USD, USD-JPY, 
GBP-USD

EURUSD 
MACD

EUR-USD 
MACD-EMA

USD-JPY 
MACD

USD-JPY 
MACD-EMA

GBP-USD 
MACD

GBP-USD 
MACD-EMA

Starting Balance 10000 10000 10000 10000 10000 10000
Ending Balance 6841.96 10007.31 9766.477 9469.87 8968.663 9646.678
No. of Trades 268 65 253 74 252 68
Accuracy 36.56716 40 43.083 40.54054 39.68254 41.17647
No. of Buy trades 137 34 123 42 133 37
Buy trades Net profit/loss -2757.81 -979.688 478.875 -261.726 -1405.58 239.5294
Buy profit/loss per trade -20.13 -28.8143 3.893293 -6.23158 -10.5682 6.473767
No. of sell trades 131 31 130 32 119 31
Sell trades net profit/loss -400.232 986.9949 -712.398 -268.403 374.2384 -592.851
Sell profit/loss per trade -3.05521 31.83855 -5.47998 -8.38761 3.14486 -19.1242
Buy trades accuracy 32.11679 26.47059 46.34146 45.2381 36.84211 45.94595
Sell trades accuracy 41.22137 54.83871 40 34.375 42.85714 35.48387
Overall profit/loss -3158.04 7.307264 -233.523 -530.13 -1031.34 -353.322

Table 3
Final Account Balance for four weeks, 13 weeks, 26 weeks, and 52-week T-bill strategies

4 week T-bill 13 week T-bill 26 week T-bill 52 week T-bill
Final Account Balance 10200.12 10223.85 10232.32 10260
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Figure 1: Account balance versus trade no. when MACD strate-
gy is applied to EUR-USD 
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Figure 2: Account balance versus trade no. when MACD strate-
gy is applied to USD-JPY
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Figure 3: Account balance versus trade No. when MACD strat-
egy is applied to GBP-USD
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strategy is applied to EUR-USD
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that Account Balance versus Trade No. when MACD-
EMA strategy is applied to GBP-USD.

The MACD strategy, when applied to EUR-USD, 
USD-JPY, GBP-USD, could not yield profits, and 
that too when transaction costs are excluded. The 
EUR-USD case is the worst performing one with a 
loss of 31.58% of the amount invested initially. GBP-
USD stands at second with a loss of 10.31%, and 
USD-JPY reports a loss of 2.33%. For EUR-USD, the 
sell trades report a loss of $400.23, and buy trades re-
port a loss of $2757.81 [16].The accuracy of buy and 
sell trades is 32.11% and 41.22%, respectively, with 
an overall accuracy of 36.56%. For USD-JPY, the sell 
trades report a loss of $712.39, and buy trades re-
port a profit of $478.87. The accuracy of buy and sell 
trades is 46.34% and 40%, respectively, with an over-
all accuracy of 43.08%. For GBP-USD, the sell trades 
report a profit of $374.23, and buy trades report a 
loss of $1405.58. The accuracy of buy and sell trades 
is 36.84% and 42.85%, respectively, with an overall 
accuracy of 39.68%. [17]. 

The MACD-EMA strategy applied to EUR-USD 
yields a small profit of 0.07% and is better than the 
MACD strategy. USD-JPY reports a loss of 5.3% and 
proves to be inferior to MACD strategy. For GBP-USD, 
this strategy reports a loss of 3.53% and proves to be 
better than the MACD strategy. For EUR-USD, the sell 
trades report a profit of $986.99, and buy trades report 
a loss of $979.68. The accuracy of buy and sell trades is 
26.47% and 54.83%, respectively, with an overall accu-
racy of 40%. For USD-JPY, the sell trades report a loss 
of $268.40, and buy trades report a loss of $261.72. The 
accuracy of buy and sell trades is 45.23% and 34.37%, 
respectively, with an overall accuracy of 40.54%. For 
GBP-USD, the sell trades report a loss of $592.85, and 
buy trades report a profit of $239.52. The accuracy of 

buy and sell trades is 45.94% and 35.48%, respectively, 
with an overall accuracy of 41.17%.

So overall, only MACD-EMA strategy when applied 
EUR-USD yields a profit of 0.07% without including 
transaction costs, whereas 4-week T-bill strategy yields 
2%, 13-week strategy yields 2.23%, 26-week strategy 
yields 2.32%- and 52-week strategy yields 2.6%.

So, the null hypothesis is rejected. An alternate hy-
pothesis is accepted, which states that - MACD and 
MACD-EMA strategy cannot generate greater returns 
than risk-free T-bill investment strategies when ap-
plied on EUR-USD, USD-JPY, GBP-USD.

Thus, the negative results are in line with what 
most past research papers have found when applying 
MACD strategy in the forex market. 

6. Conclusion 
The MACD-EMA strategy is profitable only on 

EUR-USD, and the MACD strategy is not profitable 
for any currency pair. Also, the MACD-EMA and 
MACD strategies could not produce better results for 
any currency pair than the four-week T-bill invest-
ment strategy, which produces the least profit among 
all four T-bill investment strategies. So, it is concluded 
that these strategies cannot beat risk-free investment 
returns at an hourly timeframe.

This research is limited because only three curren-
cy pairs are studied here. Also, transaction costs are 
not included in the research. Subsequent research pa-
pers can test the profitability of the mentioned strat-
egies in other currency pairs and analyze what result 
they produce, transaction costs included. One limita-
tion is that this paper uses only 200 EMA as a filter. 
Further researches can use other periods for the EMA 
and test the profitability. A risk-reward ratio of 2:3 is 
employed. A 1% risk is taken in this research, so subse-
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Figure 5: Account Balance versus Trade No. when MACD-EMA 
strategy is applied to USD-JPY
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quent research can alter these parameters and analyze 
the results for the same. A moving stop loss using ATR 
values can also be employed by subsequent research.
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Abstract
The paper aims to look at the impact of corporate governance 
parameters on the financial performance of the banks. The 
variables considered for the quantitative analysis are the female 
directors, the chairman changed, the total remuneration, the 
total committees, the cost to income ratio, the non-performing 
assets ratio, and the provision coverage ratio. The performance 
of the banks is explained by the return on equity (ROE) and the 
return on assets (ROA). The descriptive statistics and fixed ef-
fects estimation model are considered for the quantitative anal-
ysis of the panel data. The sample consists of data from eighteen 
public sector banks during five years ranging from 2014-2015 
to 2018-2019 when the banks were in the limelight for various 
discomforting reasons. The results of the study indicate that 
the variable the total remuneration showed a significantly pos-
itive impact on the performance of the banks. In contrast, the 
chairman changed, the total committees, the cost to income 
ratio, the gross  non-performing assets ratio, and the provision 
coverage ratio displayed a significantly negative impact on the 
performance of the banks. The study is a preliminary attempt 
and can be considered as a basis for future research. 
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1. Introduction
Corporate governance has become the need of the 

hour due to the recent issues coming out of various 
banks leading to the degradation of shareholder’s val-
ue. It has called upon major governance reforms and 
stringent policies to maintain the interest of sharehold-
ers in the company. Media and analysts are continuous-
ly monitoring reports, press releases, conference calls, 
and any other token of information about the banks 
to bring out any kind of mismanagement done by the 
board. Regulatory bodies have become more active and 
sensitive towards the management’s business activities 
and created an atmosphere of due diligence by bringing 
a new set of rules and regulations for the banks. Ini-
tially, corporate governance was brought in to reduce 
the abusive and criminal misuse of the company by the 
owners and business partners [1]. However, lately, cor-
porate governance is required to win stakeholder’s trust 
and maintain the utmost reputation for the banks by 
ensuring long-term value creation for the shareholders. 
The accountability of the board members and the trans-
parency of the business management very important to 
ensure the market credibility of the banks, and thus it 
help them attract more investments for the organiza-
tion. Good corporate governance standards reduce the 
probability of a banking crisis and make the banks ro-
bust. The board of directors plays an important role in 
good governance by leading the management through 
strategic decisions in the direction of the shareholder’s 
interest [2]. They are the agents appointed by the share-
holders to manage the day-to-day business operations 
of the banks and generate positive cash flows for the 
shareholders. The major issue is the conflict of interests 
between the management and different stakeholders of 
the company. 

The government nominates an official director. 
The RBI nominates an official director on the banks’ 
board to ensure transparency and supervision. The 
board must have independent leadership to monitor 
and guide the management on particular situations and 
make unbiased decisions. The diversity in the board is 
also very important to ensure the flow of a variety of 
ideas and strategies on the table coming out from mem-
bers belonging to different professional backgrounds 
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[3]. People of different ages, gender, race, culture, ac-
ademics, and experiences should come together on the 
board and provide a mixture of opinions and skills. The 
committees should be autonomous and independent 
in their work. There should be no dominance on the 
committees from the executive directors. The balance 
of assets and liability plays a major role in increasing the 
ROE and ROA. The managing of provisions covering 
stressed assets, maintaining a certain amount of capital 
against doubtful assets, and managing the credit risk on 
the loans and advances are critical activities planned 
and executed by the top management to ensure the 
high market value of the bank [4].

The analyst and media personnel thoroughly fol-
low any news and reports related to the banks and are 
keen on passing the information to the other stake-
holders. Thus, the banks need to keep their books 
clean and follow a good set of corporate governance 
policies. Investors are willing to pay a higher premi-
um on companies with effective corporate governance 
practices. These companies promise growth and future 
cash flows into the company. The recent scams such 
as Yes bank fraud, Punjab and Maharashtra corpora-
tive bank crisis, PNB scams, insider trading practices, 
etc., have attracted the attention of regulatory bodies 
on the governance standards of the banks. This con-
cern has led to the intervention of regulatory bodies 
into the administration of the banks [5].This research 
investigates the effect of corporate governance factors 
on the performance of the selected Indian banks. The 
study used panel econometric analysis constructed on 
the data collected for 18 public sector banks over five 
years. The paper is an introductory study, which ex-
tends the investigation on the corporate governance of 
the Indian banks, which have always been prominent 
for their resilience, vibrancy, and volumes [6].

2. Literature Review
Different researchers from different parts of the 

world have considered a different set of corporate gov-
ernance variables for their study, but the performance 
variables used were mostly the ROA and ROE. The 
study conducted by (Handa, 2018)uses data of 9 Indi-
an banks for eight years. The regressors considered are 
the board size, the proportion of female directors, the 
duality, the board committees, the board meetings, the 
average director remuneration, the other directorship, 
and the dependent variable is the return on equity [7], 
the fixed effect estimation model has been used for re-

gression after running the Durbin-Wu-Hausman test 
on the panel data. The result showed that duality and 
average director remuneration significant and posi-
tively correlated with roe. In contrast, the proportion 
of female directors and board committees are signif-
icant and negatively correlated with the dependent 
variable, namely, the roe.

The next study was conducted in Ethiopia by 
(Ashenafi Beyene Fanta, 2013)who uses nine com-
mercial Ethiopian bank’s data for seven years. There 
were two models created: the capital adequacy ratio, 
the board size, the existence of audit committee, the 
loan loss provision, the loan to deposit and the square 
of capital adequacy ratio, ownership type, and bank 
size regressors and the ROA and ROE as the regress 
and [8], The heteroscedasticity test was done in which 
F and c2 statistics explained no sign of heteroscedas-
ticity in the data. The assumption of uncorrelated er-
ror terms was checked using the Durbin-Watson test 
that showed inconclusive results. The absence of mul-
ticollinearity was checked using Pearson’s correlation 
matrix, which displayed a strong correlation between 
the capital adequacy ratio (CAR) and the capital ra-
tio (CR). Hence, the CR was dropped from the model 
[9]. Finally the Durban-Wu-Hausman specification 
test was performed to find out the best fit model. The 
regression result showed that the capital adequacy ra-
tio and bank size were significant and positively as-
sociated with ROE and CAR; the board size and the 
existence of audit committee were significant and neg-
atively correlated with ROE. In the second model, the 
capital adequacy ratio and the bank size significantly 
impacted the return on assets and the board size. The 
existence of the audit committee and the square of 
capital adequacy ratio were significant and negatively 
related to the return on assets [10].

The study was conducted in Nepal by Suvita Jha to 
differentiate between the financial performance of var-
ious commercial banks in Nepal under different own-
ership structures. Two multivariate regression models 
were created to evaluate the CAR, the NPL ratio, the 
interest expenses to total loans ratio, the Niem and the 
credit to deposit ratio on the profitability of these banks. 
The data set consists of 18 commercial banks of Nepal 
for six years. The mean of each of the profitability ra-
tios was compared among the banks. The result showed 
that the performance of the banks was not satisfacto-
ry. The first regression model results showed that the 
capital adequacy ratio and the interest expenses to the 
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total loan ratio are significant and negatively correlated 
with the return on assets. In contrast, the net interest 
margin is significant and positively correlated with the 
return on assets. The second model showed that the 
capital adequacy ratio was significantly and positively 
correlated with the return on equity.

Another study conducted in Zimbabwe by Prog-
ress Shungu explored the effect of the corporate gov-
ernance factors, namely, the board size, the board 
composition, the internal board committees, and the 
board diversity on the performance of the banks. The 
data was collected from 5 commercial banks of Zim-
babwe for four years. Before performing the multiple 
regression analysis, they used two tests: the augment-
ed dicker fuller test and the Granger causality test to 
check the stationarity and causality between the re-
gressors and the regress and factors. The augmented 
dicker fuller test result showed that all four regres-
sors were significant. Hence, they were stationary 
with first differentiation. The granger causality test 
verified bidirectional causality among the ROE, the 
board size, and the internal board committees. The 
regression result displayed a significant and positive 
correlation of all the four corporate governance vari-
ables: board size, board composition, internal board 
committees, and board diversity with the perfor-
mance parameters [11].

In the research done by Manas Mayur to evaluate 
the impact of the corporate governance factors, name-
ly, the board size, the board composition, and the 
board meetings on the performance parameters con-
sisting of the Tobin’s Q ratio and the market-to-book 
ratio, the dataset is derived from 37 public listed banks 
of India for five years. There are many controlling 
variables considered in the model: bank size, bank age, 
financial leverage, long-term borrowings, short-term 
borrowings, and total capital employed. The result 
showed that no corporate governance factor, namely 
board size, board composition, and board meeting, 
are significantly related to the performance variables. 
It could be seen from the results that bank size and 
bank age has a positively significant correlation with 
the market-to-book ratio. The long-term borrowings 
and the bank age have displayed a positively signifi-
cant correlation with Tobin’s Q ratio.

3. Research Problem and Objectives
In the era of globalization, digitalization, and fi-

nancial innovations, it is seen that many businesses 

have been indulging in mysterious and unethical 
ways of doing business in order to keep up with 
the hyper-competitive markets. The turbulence has 
managed to break the growth, transparency, and 
accountability of businesses worldwide. As banks 
are a mirror image of the economy and a major 
source of liquidity in the markets, there is an ur-
gent need for stringent regulations and supervision 
on the banks to bring back stability, sustainability, 
and clarity into the system. We have seen a spate 
of banking scandals and crises coming out in re-
cent years, such as the Yes Bank scandal, Punjab 
and Maharashtra corporative bank crisis, Punjab 
National Bank bad loans scams, etc., which have 
undermined the trust and confidence of the inves-
tors in the banking sector. The banks have been 
in talks these days all over the country due to the 
conflicts of interest between shareholders and top 
managers, mismanagement of assets and liabilities, 
and poor risk management techniques. Regulators 
and governments are very sensitive to every action 
taken by the banks and continuously monitor every 
transaction daily [12]. Therefore, there is a need for 
better governance practices in the banking system 
to bring back investors’ confidence and bring back 
the growth into the economy. 

3.1. Objective
• To determine whether governance factors have an 

influence over the performance of public sector 
banks or not. 

3.2. Variables and Hypothesis 

3.2.1. Female Directors (Female)
The variable indicates the proportion of female di-

rectors present on the board during a financial year. 
The previous study conducted by Pasaribu displayed 
a strong positive connection between the female di-
rectors and the banks’ profitability. This study also be-
lieves that larger involvement of the female directors 
on the board will enhance the banks’ governance stan-
dards and profitability.

Hypothesis 1: Female directors are positively asso-
ciated with the performance of the bank.

3.2.2. Chairman Changed (Chair change)
The next variable is the chairman change, which 

denotes whether the chairman of the board is changed 
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during the year or not. A chairman is a representative 
of the interest of shareholders and is mostly a non-ex-
ecutive person. This study believes that changing the 
chairman during the year will negatively impact the 
performance of the bank. 

Hypothesis 2: Chairman changed is negatively as-
sociated with the performance of the bank

3.2.3. Total Remuneration (Remuneration)
The total remuneration refers to the total sum of 

salary in cash paid to all the bank’s executive directors. 
The study conducted by Siew Peng Lee on Malaysian 
banks has discovered a positive relationship between 
director’s remuneration and the performance of the 
banks. Sudipta Basu shows the counter results. She 
discussed that the excessive pay given to the firm’s top 
managers leads to the decline in accounting perfor-
mance, which is consistent with the agency problem. 
This study believes that by increasing the remunera-
tion of the executive managers, they become highly 
motivated to perform better, and so the performance 
of the bank increases [13].

Hypothesis 3: Total remuneration is positively as-
sociated with the performance of the bank.

3.2.4. Total Committees (Tcommittees)
The total variable committees denote the number 

of committees present and working in the bank during 
the financial year. A recent study conducted by Han-
da showed a strong negative correlation of the board 
committees to the performance of the banks; but, in 
contrast, the study done by Progress Shungu displayed 
a negative impact of the internal board committees 
on the profitability of the banks. This study believes 
that a greater number of board committees will lead to 
various conflicts of interest, thus degrading the banks’ 
performance. 

Hypothesis 4: Total Committees are negatively as-
sociated with the performance of the bank.

3.2.5. Cost to Income (CI)
It is denoted by the operating expense incurred di-

vided by the total income (the banks’ interest income 
and the non-interest income). The ratio displays the 
efficiency shown by the banks in day-to-day business 
activities. The previous research conducted by Mathu-
va and ALMAZARI displayed a negative relationship 
of the cost to income ratio with the profitability ratios 
of the bank. This research stands consistent with the 

previous studies and believes that the performance is 
increased by decreasing the cost. 

Hypothesis 5: Cost to Income Ratio is negatively 
associated with the performance of the bank.

3.2.6. Gross Non-Performing Assets (GNPA)
The variable is defined by the ratio of the gross 

non-performing assets to gross advances of the bank 
in a year. The variable is used to understand the qual-
ity of the assets, namely standard, sub-standard and 
doubtful assets. The previous research by JONES and 
Andhikatama displayed a negative correlation of gross 
non-performing assets with the profitability ratios of 
the bank. This study is consistent with the results of 
the earlier studies.

Hypothesis 7: Gross Non-Performing Assets Ratio 
is negatively associated with the performance of the 
bank.

3.2.7. Provision Coverage Ratio (PCR) 
The variable is defined by the number of funds set 

aside in advance from the net profit of the banks to 
deal with the future bad quality of assets. It depicts 
the ability of the banks to meet their debt repayments. 
The studies conducted  by Ahmed Raza ul Mustafa  and 
Farooq Ahmad displayed a significantly negative rela-
tionship of loan provisions with the profitability ratios 
of the banks. This study is consistent with the results 
of earlier research papers. 

Hypothesis 7: Provision Coverage Ratio is nega-
tively associated with the performance of the bank. 

4. Methodology 

4.1. Data
The sample contains data from 18 public sector 

banks in India, contributing greatly to the country’s 
GDP. The data is fetched from the annual reports of the 
selected banks for the particular period. The indepen-
dent variables are the female directors; the chairman 
changed, the total remuneration, the total committees, 
the cost to income ratio, the gross non-performing 
assets, and the provision coverage ratio, and the de-
pendent variables are the ROE and the ROA. The data 
has been recorded for five years spanning from2014-
2015 to 2018-2019 in MS- Excel. The total number of 
independent and dependent variables considered for 
the research is 7 and 2. The analysis is conducted in R 
studios on balanced data containing 90 entries.
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4.2. Methodology
A quantitative approach was considered for the 

analysis using descriptive statistics and multivariate 
panel data regression technique, which is considered 
the best technique when the data is cross-sectional and 
time-series. The panel data structure provided control 
over the constant heterogeneity emerging out from the 
specific features of the banks. The test for checking the 
multicollinearity among independent variables has 
been performed with the help of Pearson’s correlation 
matrix in the table given below. A few of the regressors 
were correlated with each other. However, the cor-
relation coefficient was less than 0.5 (r < 0.5) for all of 
them. Hence no variable was dropped due to multicol-
linearity issue from the models given in Table 1.

The following are the two-panel data regression 
models formed to analyze how the corporate gover-
nance variables impact the banks’ financial perfor-
mance.

Model 1: ROE = A0 + A1Female + A2Tremunera-
tion+ A3Tcommittees+ A4Ci + A5Gnpa + A6Pcr + E

Model 2: ROA = A0 + A1Female + A2Chairchange 
+ A3Tremuneration + A4Ci+ A5Gnpa + A6Pcr+ E,
Where 

ROE = Net Profit / Average Total Equity 
ROA = Net Profit / Average Total Assets
Female = The Proportion of the Female Directors 

Chair change = Chairman Changed, which act as a 
dummy variable and input the value 1 if the 

Chairman is changed during a year otherwise the 
value 0. 

Tremuneration = The Total Remuneration Paid
Tcommittees = The Total number of Committees 
Ci = The Cost to Income 
GNPA = The Gross Non- Performing Assets to 

Gross Advances
PCR = The Provision Coverage Ratio
The pooled OLS estimation is not considered for 

the regression analysis because it ignores the correla-
tion between the error terms and assumes that the re-
gressors and error terms are uncorrelated, hence pro-
ducing biased and inconsistent estimates. Therefore, 
the Lagrange Multiplier (LM) test was performed to 
select the better model between the pooled OLS esti-
mation model and the fixed effect estimation model 
[14]. The F test was performed to choose the better 
model between the pooled OLS estimation model and 
the random effect (RE) estimation model. The tests 
clearly rejected the null hypothesis and chose the al-
ternate hypothesis, which means to reject the pooled 
OLS estimation model and select between the fixed ef-
fect (FE) and the RE models. The Durban-Wu-Haus-
man Test was performed to choose between the FEes-
timation model and the REestimation model. The 
result rejected the null hypothesis. Thus, the estima-

Table 1
Pearson’s correlation matrix

Variables Female Chair change Tremuneration Tcommittees CI Gnpa Pcr
Female 1       

Chair change -0.05 1      
Tremuneration 0.25** -0.08 1     
Tcommittees -0.06 0.02 -0.15 1    

CI -0.1 -0.06 0.13 -0.16 1   
Gnpa 0.2* 0.07 0.12 0.16 0.32*** 1  
Pcr 0.35*** 0.1 0.44*** 0.05 -0.06 0.26** 1

Table 2: 
LM test of model 1 and model 2

The Lagrange Multiplier Test - (Honda) for the balanced panels

Data: roe ~ female + tremuneration + tcommittees + ci + GNPA + PCR + ...
Normal = 0.85034, P-value = 0.1976

The Lagrange Multiplier Test - (Honda) for the balanced panels

Data: roa ~ female + factor(chair change) + tremuneration + ci + GNPA + ...
Normal = 1.2385, P-value = 0.1078
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tion model came out as the best fit for the regression 
analysis of the given panel data. From Tables 2 Table 3 
& Table 4, we can see that LM Test of Model 1 & Model 
2, F Test of Model 1 & Model 2, Durban-Wu-Haus-
man Test for Model 1 And Model 2

4.3. Fixed Effect Estimation Model 
It is a statistical model in which parameters are 

fixed or non-random quantities. It represents the 
subject-specific means. It allows the control of the 
time-invariant and unobserved individual characteris-
tics correlated with the observed regressors. The OLS 

model is applied to the time-demeaned equations with 
the help of a fixed-effect or within effect estimator. 

 Yit – Yi’ = β1 (Xit – Xi’) + (Uit – Ui)

Where
Yit = The dependent variable that is observed for 

the individual i at time t.
Xit = The time-variant 1*k (the number of indepen-

dent variables) regressor vector.
Uit = The error term.
Β = The k*1 matrix of the parameters. 
t = 1,2,3……. T

Table 3
F Test of model 1 and model 2

The F test for the individual effects

Data: roe ~ female + tremuneration + tcommittees + ci + GNPA + PCR + ...
F = 1.9437, df1 = 17, df2 = 62, P-value = 0.03016

The F test for the individual effects

Data: roa ~ female + factor(chair change) + tremuneration + ci + gnpa + ...
F = 1.5465, df1 = 17, df2 = 62, P-value = 0.1082

Table 4
Durban-Wu-Hausman test of model 1 and model 2

The Hausman Test

Data: roe ~ female + tremuneration + tcommittees + ci + gnpa + pcr + ...
Chisq = 10.788, df = 10, P-value = 0.03743

The Hausman Test

Data: roa ~ female + factor(chair change) + tremuneration + ci + gnpa + …
Chisq = 21.45, df = 8, P-value = 0.006043

5. Results and Discussions

5.1. Statistics 
Table 5
Overall descriptive statistics (of 18 Public Sector Banks)

Variables Count Mean Median Std. Deviation Minimum Maximum
ROE % 90 -9.48 -4.94 17.12 -61.01 12.23
ROA % 90 -0.51 -0.24 0.98 -4.51 0.68
Female 90 0.10 0.10 0.07 0.00 0.30

Chair change 90 0.41 0.00 0.49 0.00 1.00
Tremuneration 90 8087637.33 7339146.06 3004376.41 1665553.00 19424937.00
Tcommittees 90 17.22 17.00 4.32 7.00 27.00

Ci % 90 51.71 50.24 8.16 35.10 72.38
GNPA% 90 12.32 11.45 5.95 3.31 27.95
PCR% 90 60.27 58.64 9.02 44.48 83.3
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5.2. Discussion
The mean value of return on equity (roe) is -9.48%, 

with a maximum of 12.23% and a minimum of 
-61.01%indicate that the banks’ profitability is negative 
on an average. Thus, on average, the banks generate neg-
ative returns for the shareholder in the particular timer 
period, as shown in Table 5. The mean value of the re-
turn on assets (roa) is -0.51%with a maximum of 0.68%. 
The minimum of -4.51% indicates that the bank’s aver-
age returns were negative. The performance overall was 
unsatisfactory during the particular period [15]. The 
mean and median of the female directors on the board 
is 0.1, with the maximum value of 0.3 indicating that the 
public sector banks included minimum required female 
directors on an average (10%) in the board, mandated by 
the regulations. The total remuneration paid to executive 
directors varies from 16.65 lakhs to 1.94 crores indicate 
that the remuneration policy is different among differ-

ent public sector banks. The mean value of the number 
of committees is 17. A range between 7 and 27 indicates 
that public sector banks have worked through many spe-
cialized committees. Each had a separate set of functions 
and authorities. The mean value of the cost to income 
ratio (ci) is 51.71%. The maximum value of 72.38% in-
dicates that the expenses were high, and the banks were 
less efficient during the particular period. The mean val-
ue of gross non-performing assets is 12.32%, with a range 
between 3.31% and 27.95%. Indicate that the quality of 
assets is bad, and thus, it will impact the banks’ profit-
ability. The mean value of the provision coverage ratio 
is 60.27%, with the range between 44.48% and 83.3% 
during the given period. It indicates that the banks have 
forecasted higher bad loans during this period because 
they kept such high portions of net profit aside to fulfill 
the debt repayments [16].

5.3. Panel Data Regression 
Table 6
Regression results for model-1 (ROE)

Variables  Estimate Std. Error t-value Pr( > |t|)  
Female 1.14E+01 1.62E+01 0.7046 0.483698  
Tremuneration 8.80E-07 4.76E-07 1.8468 0.069543 *
Tcommittees -2.22E+00 7.09E-01 -3.1311 0.002656 ***
CI -3.32E-01 1.65E-01 -2.0127 0.04849 **
Gnpa -2.46E+00 3.98E-01 -6.1751 5.62E-08 ***
Pcr -7.36E-01 2.34E-01 -3.1401 0.002587 ***
Total Sum of Squares: 18854     
Residual Sum of Squares: 3218.1     
R-Squared: 0.82931     
Adj. R-Squared: 0.75498     
F-statistic: 30.1239     
p-value (F-statistic):  < 2.22e-16     

Significance codes:*, **, *** indicates significant at 10%, 5% and 1% significance levels respectively. 

5.4. Discussion
The results of model 1 shown in Table 6reveal a ro-

bust and well-explained regression model with a signifi-
cant F-statistic value of 31.315and the adjusted R squared 
value of 0.7805, confirming the model as a good fit and 
that the independent variables explained 78.05% of the 
variations in the return on equity. Similarly, the results 
of model 2 show in table 4 display a significant F-statis-
tics value of 27.401 and an adjusted R squared value of 
0.7544, indicating it as a good fit model and also guar-
anteeing that the independent variables of the model can 

explain 75.44% of the variations in the return on assets. 
The female variable director displays a positively insig-
nificant relationship with both the profitability ratios, 
and hence the hypothesis 1 is rejected. The variable chair-
man changed shows a significant and negative relation-
ship with the return on assets. The chairman is a bank 
leader and ensures that the bank’s duties to shareholders 
are fulfilled by setting up high governance standards. 
The change of the chairman will lead to a reduction in 
the cooperation and communication ease brought by 
the previous chairman into the board. The governance 
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standards will be affected, leading to poor quality deci-
sion-making and a decrease in the performance of the 
banks. Hypothesis 2 is accepted. The total variable remu-
neration exhibits a significantly positive relationship with 
the return on equity, which can be explained as the incre-
ment in the salaries and other benefits bring happiness 
and satisfaction to the managers, leading to increased 
motivation and determination in getting returns for the 
shareholders. It pushes them to take careful and wise de-
cisions. Hence hypothesis 3 is accepted. The total vari-
able committees display a significantly negative relation-
ship with the return on equity, which can be explained 
by the coordination and communication problems that 
occur due to conflict of interests among members, which 
degrades the quality and efficiency of decisions made 
by the lower performance. Hypothesis 4 is accepted. 
The variable cost to income ratio exhibits a significant-
ly negative relationship with both the profitability ratios, 
which can be described by the fact that banks with high 
costs are less efficient in their operations. They do not 
follow lean management techniques and spend aggres-
sively getting the funds, resulting in lower net profit for 
the shareholders. Hypothesis 5 is accepted. The variable 
gross non-performing assets display a significant and 
negative relationship with the performance ratios of the 
bank. The reason is that the increase in doubtful or bad 
assets can lead to an increase in provisions made for bad 
loans, which are taken out from the bank’s net profit. 
The non-performing assets affect the revenue side of 
the banks as well by lowering the Net interest margins. 
Thus, the profitability of the banks decreases due to the 
increase in the gross non-performing assets. Hypothesis 

6is accepted. The variable provision coverage ratio ex-
hibits a significantly negative relationship with the prof-
itability ratios of the bank [17], which is because the in-
crease in provision for bad loans and other contingencies 
created an additional expense for the banks, which they 
took out from the net profit generated by the bank. Thus, 
this leads to a decrease in the profitability of the banks. 
Hypothesis 7 is accepted, which is shown in Table 7.

6. Conclusion 
The present study is conducted following the me-

dia attention received by the banks in the present times 
due to the disturbing shares of corporate scams and 
crisis, the cutting-edge competition, the disruption 
in the banking industry, and the restructuring of the 
corporate governance regulations in the banking and 
finance sector. The recent decline in the GDP growth 
rate and the rise in unemployment has raised many 
questions on the functioning of the banking sector, 
which is a preliminary effort to analyze the corporate 
governance practices in the public sector banks during 
five years. The study period is from 2014-2015 to 2018-
2019 based on the recent scams, liquidity crisis, incre-
ment in bad loans, and unexpected mergers of public 
sector banks. A set of corporate governance variables 
were selected as regressors. ROE & ROA were chosen 
to be the performance parameters after drawing sup-
port and information from the relevant literature. The 
absence of multicollinearity has been checked by using 
Pearson’s correlation matrix. A descriptive statistics and 
fixed effect estimation model were chosen for the pane 
data regression analysis. The result displayed a signifi-

Table 7
Regression results for model-2 (ROA)

Variables  Estimate Std. Error t-value Pr( > |t|)  
Female 6.65E-01 9.38E-01 0.7089 0.481072  
factor(chair change)1 -1.80E-01 1.01E-01 -1.7843 0.07926 *
Tremuneration 3.18E-08 2.75E-08 1.1541 0.252876  
CI -1.98E-02 9.77E-03 -2.0295 0.046701 **
Gnpa -1.27E-01 2.34E-02 -5.4459 9.39E-07 ***
Pcr -4.51E-02 1.38E-02 -3.2635 0.001792 ***
Total Sum of Squares: 59.067     
Residual Sum of Squares: 11.127     
R-Squared: 0.81163     
Adj. R-Squared: 0.72959     
F-statistic: 26.7132     
p-value (F-statistic):  < 2.22e-16     

Significance codes:*, **, *** indicates significant at 10%, 5% and 1% significance levels respectively. 
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cantly positive correlation between total remuneration 
paid to the executive directors and the performance of 
the banks. The banks motivate their employees to work 
harder. They thus are matching their interests with that 
of shareholders by raising the cash remunerations paid 
to them. The total variables committees, chairman, 
changed, the cost to income ratio, non-performing 
assets ratios, and provision coverage ratio exhibited a 
significantly negative correlation with the performance 
ratios of the banks. The banks can stringently moni-
tor these factors to enhance future performance. This 
study can be appreciated for its share of observations 
and insights into corporate governance practices.

7. Limitations and Future Scope 
The study is limited to the banking sector, where 

the sample is drawn from the public sector banks only. 
The research is done for a limited period of five years 
ranging from 2014-2015 to 2018-2019. The analysis 
is done based on selected corporate governance vari-
ables. Also, the performance of the bank is represented 
by only two profitability ratios. 

Future research can take into account a multidisci-
plinary approach and can also incorporate qualitative 
research design. The upcoming study can consider ad-
ditional performance measures apart from profitabili-
ty ratios. It can work on a larger sample size, including 
private sector banks, to arrive at generalized results. 
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Abstract
For many years, momentum strategy for investment in stocks is 
being investigated, which suggests that investing in the stocks in 
momentum generally generates excessive returns. The study ex-
plores establishing the portfolio based on the momentum strat-
egy adopting the methodology of Jegadeesh and Titman with 
minor modification. Building on Indian data from the National 
Stock Exchange, stocks of Index Nifty 50, and Next Nifty from 
January 2010 to December 2019, this paper analyzes the return 
to see the effectiveness of momentum strategy. The stocks in the 
portfolio are included based on defined criteria like change in 
stock price and moving average. The portfolio returns are fur-
ther decomposed to find the rationale behind the momentum 
returns. Using Auto Vector Regression in R, portfolio returns are 
regressed against macro-economic variables like Net Foreign Di-
rect Investment, inflation, gold price, and money supply to see 
the impact of these variables on the portfolio returns generated 
using the momentum strategy. The study provides insight for an-
alyzing the portfolio based on the concept of momentum.
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1. Introduction
Owing to apparent complexity, it is difficult to pre-

dict the price of stocks for a profitable investment de-
cision. There are mainly two methods that focus on 
predicting the share price, i.e., technical and funda-
mental analysis. The technical analysis explores and 
investigates the past data to tell whether future prices 
will go up or down. On the other hand, fundamental 
analysis is an extensive approach, which involves pre-
dicting the stock price based on the fundamental indi-
cators like dividend payout, volatility, growth rate, etc., 
of the respective companies describing the business of 
the company, [1] which is difficult due to the unpre-
dictable nature of the market and the occurrence of 
the random events. There is no consensus as to wheth-
er the above said method works or not. Hence, most of 
the investing strategies and methods described in the 
literature are not applicable in the real world. Hence, 
strategy based on momentum is one of the exceptions 
to the above-said strategies as it has proven to be prof-
itable. Evidence suggests that a portfolio construct-
ed in this manner generates a higher return than the 
benchmark index [2].

Momentum stocks indicate a constant upward 
trend in the market. It is a strategy, which focuses on 
capitalizing on the existing upward market trend. It es-
sentially involves making an investment in the stock, 
which had shown an upward trend in the market with 
a rationale that prices will rise in the future [3]. The 
underlying assumption for investing in the stocks, 
which have exhibited momentum, is the stock, which 
has performed well in the past period and will also 
perform well in the recent future. It is assumed that 
the bull market tends to last longer than the bear mar-
ket. Hence investors go long on the momentum stock 
and short on the stocks, which have failed to show 
momentum in the past. Technical factors on which 
momentum is determined in the company’s stocks are 
percentage in daily returns over 1, 3, 6 months, daily 
moving average, standard deviation, etc. Many pro-
fessionals, investors, and financial institutions rely on 
momentum investment strategy for investing-related 
decisions [4]. Investors can leverage this information 
by holding the long position in the company stock to 
generate profit. Hence, constructing a portfolio based 
on momentum is based on the simple proposition of 
buying when the price of the stock is high, selling at 
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high prices, or selling the stocks, which have not per-
formed well in the past [5].

Multiple explanations are available explaining the 
momentum returns generated by the portfolio based 
on the momentum investing strategy. The momentum 
in the stock prices is caused due to various reasons 
like innovation in the company processes, product, 
technology, etc. Some professionals believe that the 
momentum returns are generated as compensation 
for taking an unseen risk in the companies that have 
performed well in the past. While some experts be-
lieve that momentum is present in any random data 
series, assuming that the stock prices are random. In 
1985, two pioneers in the field of behavioral finance 
hypothesized that investors have the propensity to sell 
the winning stocks and hold the losing stocks [6]. 

The present study aims to establish a portfolio 
from IndexNifty50 and Next Nifty companies in the 
Indian market based on the momentum investment 
strategy. Further, the study aims at analyzing the port-
folio returns and factors affecting those returns. FDI, 
gold prices, money supply, and inflation rates are the 
macroeconomic factors incorporated in the study to 
see the impact of these factors on the momentum re-
turns. The study explores the portfolio constructed 
based on the stocks, which have exhibited momentum 
in the past 1, 3, and 6 months and analyzes the factors 
affecting the portfolio returns.

2. Literature Review
There have been opposing views and different com-

prehensions about the existence of momentum profits. 
The most popular and widely acceptable work in the 
momentum field is by Jegadeesh and Titman (1993). 
They carried their research for profitable momentum 
trading strategies in the U.S. market. They calculated 
the percentage change in the stock’s share price for 3, 
6, 9, and 12 months. The top 10% of the stocks from 
the calculation above were selected and for construct-
ing the portfolio. The results showed that holding this 
portfolio for 3, 6, 9, and 12 months could generate ab-
normal returns of approximately 1% over and above the 
market return. Their main finding involves buying the 
past winners and selling the past losers. The working 
of Jegadeesh and Titman served as a foundation and 
basis for many researchers in this area [7]. Building on 
the work of Jegadeesh and Titman, Rouwenhorst, in his 
findings International momentum strategies (1998), 
showed that worldwide equity markets had exhibited 

the short term return continuation. He constructed the 
portfolio, which was highly diversified by incorporat-
ing the stocks of European countries between 1980 and 
1995. The result corroborated Jegadeesh and Titman’s 
findings that portfolios based on the past short-term 
winners have done better than the short-term portfolio 
after incorporating the risk factors. Essentially, short-
term winner portfolio returns were more than 1% than 
the short-term loser portfolio. Short-term momen-
tum returns were present in all 12 countries, and they 
continued for one year. On inspection by Ahmad and 
Khan, it was found that momentum returns exist in 
the Indian equity market. For enhancing the practical 
aspect, they also incorporated the risk and behavioral 
models. They also analyzed the derivation of momen-
tum returns. Volatility and decay measures have been 
adopted for examining the behavioral models. They 
have adopted the Jegadeesh and Titman methodol-
ogy for generating the momentum portfolios. Their 
study finds the existence of momentum profits from 
the year 1995-2006. Their result showed that the mo-
mentum portfolio had a positive relationship with the 
risk. Thomas and Kumar carried out technical analysis 
to exhibit the presence of momentum. To calculate the 
momentum return of the winner portfolio, mean dai-
ly returns are calculated for the period during which 
the portfolio was held. On the other hand, contrarian 
returns are calculated as the mean daily prices of the 
loser portfolio. The process is repeated for years from 
2004 to 2009 [8]. The results of the study were signifi-
cantly different from the established results. Momen-
tum returns were not significant as the market returns 
using the momentum and contrarian strategies. Foltice 
and Langer (2015), in their publication profitable mo-
mentum trading strategies, explored the simplified mo-
mentum strategy by exploiting the excess returns from 
individual stocks using the data of NYSE for the period 
from July 1991 to December 2010. The results showed 
that the strategy worked for the initial investment of 
$5000. This strategy involves purchasing the top five 
to 8% of the stocks, which have performed exception-
ally well in the past, after which portfolio returns are 
calculated considering the existing risk factors and 
transaction costs. For enhancing the practical aspect of 
the research, and overlapping momentum strategy was 
also analyzed. Increasing the trading frequency helps 
increase the excess market returns up to a certain ex-
tent, after which transaction costs come into play, and 
the costs exceed the returns. Bernard and Deo in 2015 
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determine the relationship existing between the trading 
volume and momentum profit, ultimately determining 
the existence of the momentum profit. Adopting the 
methodology of Jegadeesh and Titman, they proved 
the momentum profit exists in the stock of the BSE 
Index. They formulated 16 portfolio-based strategies 
for calculating the values of winner and loser momen-
tum portfolios. The study also indicates that the loser 
portfolio was the stocks that are relatively illiquid and 
small. Misra and Mohapatra carried out an empirical 
study, indicating momentum investing style is a more 
constructive growth strategy for investing. The con-
structed the momentum portfolio for the Indian equi-
ty market by calculating the returns based on the mo-
mentum for every security of CNX500. For seeing the 
momentum portfolio’s viability and performance, these 
returns were compared with the CNX Index, which 
showed that momentum returns of the portfolio were 
better than the Index returns irrespective of the market 
situation. Their analysis of momentum returns, which 
was done by using the methodology of VAR, suggests 
that dividend yields, net foreign institutional inflows 
significantly impact the momentum returns [9].

3. Research Objective
Various research and study have taken place in the 

area of momentum investing since 1980. Most of the 
studies taken place has been limited to the developed 
financial markets. Also, the scope of the study is lim-
ited to the momentum returns. The source of these 
returns or the macro-economic factors, which could 
impact these portfolio returns, has not been analyzed.

The main objectives of the study are:
• To explore the momentum returns generated for 

the portfolio constructed for all the securities in-
cluded in the Index Nifty and Next Nifty Index. 

• Inspect the derivation of these returns by ana-
lyzing the contribution made by macroeconomic 
variables like gold prices, inflation, money supply, 
and inflation in the generation of these momen-
tum returns. 

• To make investors realize the benefits of the portfo-
lio construction, based on the momentum strategy 
and enable a wider acceptance.

4. Research Hypothesis
H1: Portfolio returns based on the momentum in-

vestment are not affected by the money supply in the 
economy.

H2: Portfolio returns based on the momentum in-
vestment are not affected by the inflation rate in the 
economy.

H3: Portfolio returns based on the momentum in-
vestment are not affected by FDI in the economy.

H4: Portfolio returns based on the momentum in-
vestment are not affected by gold prices in the econ-
omy.

5. Data and Sample Selection
For investing in the presence of momentum re-

turns, the daily closing share price of every security 
listed in the Index Nifty 50 and Next Nifty are includ-
ed. The investigation time frame period has chosen to 
incorporate all the rise and fall in the stock prices from 
January 2010 to December 2019.

The study sample includes Index Nifty and Next 
Nifty companies listed on NSE based on which prof-
itable momentum strategies are constructed. Incorpo-
rating the Index Nifty and Next Nifty companies is that 
these companies have a strong presence in the market 
and make them one of the most leading investment 
options for both new and experienced stock investors. 
These companies allow one to invest in multiple or-
ganizations and domains at the same time [10]. They 
are the diversified companies representing almost ev-
ery sector in the economy like technology, gas, energy, 
telecommunication, construction, pharmaceuticals, 
automobiles, cement, media, and entertainment. Di-
versification minimizes the potential loss factor. Over 
the years, inflation-beating returns and lower costs are 
the two essential factors that make them phenome-
nal incentives for investors. Corporations which have 
high price-earnings ratio and high growth rate attract 
investments from both active and passive investors. 
Hence, for designing momentum strategies, investors 
prefer to invest in the top valued companies.

Macroeconomic variables like Foreign Direct In-
vestment, gold prices, money supply, and inflation 
rate are chosen as the relationship between these vari-
ables and stock market return is widely investigated. 
Stock markets are likely to be affected by the economic 
policies of the nations. Theoretical explanation shows 
that there is a relation between stock returns and mac-
roeconomic variables. When seen in the isolation or 
the portfolio, all stocks are affected by the macro-eco-
nomic variables. This paper analyzes the momentum 
returns of the portfolio and some specific macroeco-
nomic variables. The data regarding the variables are 
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collected from Organization for Economic Cooper-
ation and Development, Indian macro advisors. The 
data is collected from January 2010 to December 2019 
for regressing it against the portfolio returns.

6. Methodology
For analysis, all the securities included in the In-

dex Nifty and Next Nifty Index are taken into study. 
For selecting the stocks to be included in the portfolio, 
a formation period of 3 months is taken. Percentage 
change in the stock price is calculated by taking the 
closing share price on the first trading day of the for-
mation period and closing share price on the last trad-
ing day of the formation period. For example, the first 
formation period for the study will be starting from 1 
January 2010 and would run till 31 March 2010 [11]. 
(It is assumed that both dates were the trading days). 
If the first day or the last day of the month was not 
the trading day, then the next immediate trading day 
was included in the study, after which filtered moving 
average was given. For every company under each for-
mation period moving average of 20 days and 50 days 
is applied. Suppose the moving average of 20 days is 
more than the moving average of 50 days on the first 
day after its formation period. In that case, the said 
company is eligible to be included in the portfolio, af-
ter which each company is ranked from 1 to 15 based 
on the company’s returns. For establishing the portfo-
lio on 1 April 2010, having the formation period from 
January 2010 to March 2010, the percentage change in 
closing share price from January 2010 to March 2010 
will be calculated. After finding the returns of every el-
igible company will be ranked from best to worst. The 
top 15 companies will be included in the portfolio. For 

calculating the portfolio returns holding periods of 1, 
3, and 6 months have been established. 

Portfolio returns that include the top 15 companies 
according to the formation period criteria are calcu-
lated by taking the difference in the share price of that 
particular stock on the first and last days of the for-
mation period. For instance, the holding period of the 
portfolio constructed on 1 April 2010 would run till 
1 May 2010 for 1 month, 1 July 2010 for 3 months, 
and 1 October 2010 for 6 months. The same process 
is repeated from the year 2010 to 2019. The overall 
return for the portfolio was computed by taking the 
mean of all the stocks included in the portfolio. Later 
in the analysis, to see the impact of the macroeconom-
ic variables on the momentum returns, variables like 
gold price, money supply, Foreign Direct Investment, 
inflation rate are regressed using the Vector Auto Re-
gression in R [12].

7. Results and Analysis
Holding period returns for 1, 3, and 6 months are 

calculated for each portfolio from 2010 to 2019. The 
results are portrayed in the graphs from Figures 1, Fig-
ure 2 and Figure 3.

7.1. Analysis Based on the Portfolio Returns
It is seen that momentum portfolio returns are 

generally higher for the duration from 2010 to 2019 
than the normal market returns. A significant differ-
ence is seen between returns generated by the port-
folio constructed based on momentum strategy and 
normal index returns. Portfolios had the companies 
like Suzlon Energy Limited, Aurobindo Pharma, and 
Bajaj Finance limited, Eicher Motors Limited, etc. An-
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alyzing these companies in the portfolio shows that 
these companies belong to the Automobiles, pharma-
ceutical, and finance sectors. It can be inferred that 
these sectors are profitable for long-term investments. 
If an investor is looking for investing for 6 months, he 
should invest in the different companies belonging to 
different sectors. The companies generating the max-
imum returns are the companies having the strong fi-
nancial statements [13].

Analyzing the portfolio returns of the holding pe-
riod of 3 months, it can be inferred that the difference 
between the portfolio momentum returns and index 
returns was moderate. The returns were better than 
the normal returns for most of the time. Though, the 
difference was not very large. The momentum re-
turns were better than the normal returns for most 
of the time. For investment duration of 3 months, 
companies contributing the most for the portfolio 
returns were Ashok Leyland Limited, Havells India 
Limited, Adani Enterprise limited, Biocon limited, 
etc [14].

Variation in the difference of momentum portfolio 
returns and index returns is not very significant for 
the holding period of 1 month. Momentum returns 
were slightly better than the normal returns. High 
portfolio returns resulted from the high share price of 
the companies in the portfolio like Coal India Limited, 
Shree cement, United Spirits Limited, Axis Bank, etc. 
The portfolio of the 1 month holding period was very 
diverse. There was no one sector from which more 
than 2 or 3 companies were included in the portfolio. 
Also, the difference between the returns generated by 
these companies was not very significant.

The existence of momentum returns for varied 
holding periods is indicated in the Indian equity mar-
ket. It is indicated that momentum returns can give 
returns that are very higher than the normal market 
return. For instance, in the year 2013-14, momentum 
returns of about 50% are generated if the position is 
held for 6 months. For the 3 and 1 month, the momen-
tum returns are significantly high for 2013-14. On the 
other hand, a portfolio selected based on momentum 
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returns has fewer negative returns than the index re-
turns. Comparing the returns of various holding pe-
riods, it is seen that maximum returns are generated 
when the holding period is of 6 months while mod-
erate returns were generated during the holding peri-
od of 1 and 3 months, Companies like Bajaj Finance, 
Eicher motors limited, Adani ports, Titan company, 
Zee Entertainment have generated moderate returns 
during the holding period of 1, 3, and 6 months. Also, 
these companies’ volatility and momentum returns 
are lower than the companies generating maximum 
returns. It is generally observed that the companies 
generating the maximum returns have witnessed the 
higher volatility if the holding period is of 1 month 
and formation 3 months. Table 1 indicates the statis-
tics of returns for various holding periods incorporat-
ed descriptively.

Table 1
Descriptive statistics of returns for various holding period incor-
porated into study
Descriptive statistics 1 month 3 months 6 months
Mean 1.315329 4.047432 7.539563
Standard Error 0.472978 1.363151 3.044736
Median 1.372419 3.079793 3.488873
Mode 4.792042 - -
Standard Deviation 5.116038 8.512876 13.2717
Sample Variance 26.17385 72.46906 176.138
Kurtosis 4.476412 0.910496 7.535855
Skewness 1.064897 0.922561 2.394371
Range 36.03316 39.04515 58.45508
Minimum -8.75291 -9.01536 -5.35966
Maximum 27.28025 30.02979 53.09542
Sum 153.8935 157.8498 143.2517
Count 117 39 19

7.2. Sector Wise Analysis 
of Momentum Returns

Holding of the period for six months is expressed in 
Figure 4. Maximum momentum returns are generated in 
the pharmaceutical, electronics, finance, food and food 
processing, banks, trading, telecommunication sector. 
Returns generated in the electronic sector are most vol-
atile, followed by trading, financial institution, pharma-
ceutical, and bank sector. The reason for returns being 
volatile in these sectors is the uncertainty related to it. For 
instance, rising crises of NPA and NBFC make the re-
turns of the banks and financial institutions volatile. For 
one period, the bank sector may be booming, and during 
the other period, the bank may have suffered a huge 
NPA. Stock prices are hugely affected by these incidents, 
and the momentum gained is lost in just a matter of days. 
A recent instance of yes bank and Punjab National bank 
corroborate the above explanation.

Holding of the period for 3 months is expressed in 
Figure 5. Maximum returns are generated in the Fi-
nance sector, followed by pharmaceuticals, food and 
food processing, cement, software, mining, trading, 
jewelry, and bank sector. Returns of trading, elec-
tronics, automobile, finance, cement, food, and food 
processing have volatile returns during the holding 
period of 3 months. It is seen that most of the sectors 
which have generated momentum return have higher 
volatility than the other sectors. On the other hand, 
other sectors like personal care, computer, diesel, 
and telecommunication with less volatility generate a 
moderate level of returns. Hence the investor target-
ing to hold the portfolio for 3 months and does not 
want to take risk can target the above-said sectors.

Holding of the period for 1 month is expressed in 
Figure 6. The finance sector made a significant contri-

Figure 4: 6 Months holding period
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bution. Sectors like pharmaceuticals, automobiles, travel, 
food, and food processing also contributed to generating 
the portfolio’s returns. Sectors with the most volatility 
are a financial institution, brew, travel, power, transport, 
electronics, mining, and media & entertainment. For 1 
month holding period, the sectors which have maximum 
returns did not have the most volatility. Investors looking 
for short-term investment may target the companies in 
the sector which have the highest momentum return.

It is seen that for holding the portfolio for 1, 3, and 
6 months, sectors generating the maximum momen-
tum returns were the same. For instance, sectors like 
finance, pharmaceuticals, food, and food processing 
have generated the maximum momentum return. The 
selection of sectors also depends on the duration of the 
investment and the investor’s risk appetite. Investors 
looking for six months and have a risk appetite may in-
vest in the sectors that have generated the maximum 
returns during the holding period of 6 months. On the 
other hand, if the investor is looking for a short-term 
investment, he might invest in sectors that have shown 
volatility but have generated momentum returns [15].

After calculating the portfolio returns for the peri-
od from 2010 to 2019, momentum returns for the said 

holding period are regressed against the variables like 
money supply, Foreign Direct Investment (FDI), infla-
tion rate, and gold price. The variables are regressed 
against the portfolio returns for the various holding 
periods of 1, 3, and 6 months using Vector Auto Re-
gression (VAR) in R. The main purpose of regressing 
portfolio returns of the various holding period is to 
determine the significant factors in the economy af-
fecting the portfolio returns. Being aware of the fac-
tors affecting the returns, fund managers can take 
the investment decision, which will eventually help 
them to generate higher returns. For instance, if the 
relationship between the money supply and portfolio 
returns is established, the investment decision related 
to amount and portfolio size can be determined. The 
main objective of incorporating the variables like gold 
price, money supply, FDI, and inflation rate to ascer-
tain the relationship between the portfolio returns and 
macro-economic variables is that these variables very 
well captured the state of the economy and, to some 
extent, the equity stock market. The main aim is to de-
termine to which extent these variables affect the port-
folio returns, which can be further helpful for investor 
decision. 

 
Figure 5: 3 Months holding period

 
Figure 6: 1 Month holding period
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Money supply: Money supply is one of the funda-
mental parameters in the economy. The relationship 
between the stock price and money supply is generally 
positive, indicating the investors usually tend to invest 
in the stock market when the supply of money is high 
in the economy. An increase in money supply will in-
crease the money circulation in the market, and inves-
tors will eventually invest in the stock market, affecting 
the stock prices. Higher stock prices generate higher 
returns, ultimately increasing the portfolio returns.

FDI: Determining the relationship between the FDI 
and stock prices has always raised questions. FDI is con-
sidered one of the crucial factors in determining the 
country’s state as it reflects the perspective of different 
countries on the Indian market. The different analyst has 
different views on this parameter. The inclusion of this 
variable in the study is to see whether the portfolio re-
turns react to the FDI inflows in an appositive manner or 
not. FDI inflow in the various companies not part of the 
Nifty index may not impact the portfolio returns. 

Inflation rate: The relationship between the stock 
returns and the inflation rate has been very subjective, 
but many studies have corroborated the positive rela-
tionship between the two variables. Many researchers 
have supported the claim that stock prices are a good 
hedge against inflation. Regressing is incorporated 
in this paper to see whether this claim holds for the 

portfolio consisting of only Index Nifty and Next Nif-
ty companies and how investment decisions can be 
changed with the inflation rate.

Gold prices: Researchers and analysts have oppos-
ing views on the relationship between gold prices and 
stock price. If the price of gold prices is low, people 
tend to invest in gold more, and eventually, the in-
vestment in the stock price goes down. The purpose 
of adopting the Auto Vector Regression for these vari-
ables is to see if any relationship exists between the 
portfolios constructed based on momentum and the 
price of gold during that period.

For identifying the optimum lag length among the 
variables for regressing, Akaike Information Criteria 
(AIC) is minimized. Estimation of VAR is done using 
optimum lag being 3. 

Dependent variable: Portfolio returns
Independent variable: Money supply, FDI, infla-

tion rate, and gold price
To regressed portfolio returns against these vari-

ables, the duration of the variable undertaken is the 
same as the holding period of the portfolio returns. 
For instance, if the portfolio returns have a holding 
period of 1 month, then the variable under study is 
also taken for that duration.

Various studies explain why the high returns 
generated in the stock market are shown in Table 2. 

Table 2
Summary of the regression coefficient and measure of goodness fit by regressing the portfolio formed, based on formation period 
of 3 months and holding period of 1, 3, and 6 months against macro-economic variables, like Money supply, FDI, inflation rate, 
and Gold price.

6 months
Variables Coefficient Standard error t-ratio p-value Adjusted R-squared F value

Money supply -0.000017 0.0000204 -0.834 0.418 -0.06503 0.481
FDI -0.000344 0.0007527 -0.457 0.654 -0.09903 0.2341
Inflation rate 3.7653 2.768 1.36 0.199 0.07528 1.326
Gold price 8.91E-04 1.00E-03 0.888 0.389 -0.05873 0.5285

3 month
Variables Coefficient Standard error t-ratio p-value Adjusted R-squared F value

Money supply -1.46E-05 1.62E-05 -0.898 0.3752 -0.01057 0.8064
FDI -0.000657 0.0004312 -1.523 0.1367 0.0304 1.58
Inflation rate 2.38524 0.94041 2.536 0.0163* 0.09045 1.895
Gold price -1.46E-05 3.46E-04 -0.042 0.967 -0.03382 0.3948

1 month
Variables Coefficient Standard error t-ratio p-value Adjusted R-squared F value

FDI -0.000438 0.0003235 -1.352 0.179 0.003658 1.211
Money supply -6.55E-06 1.61E-05 -0.406 0.685 -0.01099 0.3752
Inflation rate 0.15986 0.54672 0.292 0.7705 0.0103 1.297
Gold price -0.17406 0.09490 -1.834 0.0693 0.9474 1.25

Significance level: ‘*’ 0.05
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Some investors and analysts believe that the stock 
prices are affected by the change in various macro-
economic variables. For example, gold prices, in-
flation rate, foreign investments, industrial growth, 
term spread, etc. Variables are significant at 0.005. 
The result showed that during the holding period of 
6 months, the inflation rate affects the returns to the 
same extent. However, the impact was not signifi-
cant, while other variables did not significantly im-
pact the returns during that period. Returns generat-
ing by holding the portfolio of 3 months also showed 
that the inflation rate impacted the returns. Howev-
er, the impact was more significant than its impact 
on the returns of the holding period of 6 months. For 
the 3 month holding period, FDI also had an impact 
on the returns generated. For the holding period of 1 
month, gold prices impacted the portfolio returns in 
a significant manner. The portfolio returns were also 
impacted the inflation rate during that period. FDI, 
to some extent, also had an impact on the returns 
generated, but the impact was not that significant. 
The study conducted showed that all the variables 
except inflation rate are insignificant. It can be said 
that except inflation rate, other variables do not im-
pact the portfolio returns generated based on mo-
mentum investing. Hypothesis for all the variables 
(FDI, money supply, gold price) is rejected except 
the inflation rate [16].

8. Managerial Implications
Fund managers and investors rely on factors like 

macroeconomic factors affecting the stock, momen-
tum gained by stock, expected growth of the stock, 
prospective growth of the company, etc. However, 
one of the crucial factors in deciding which stock to 
invest in the stock’s past performance. The investors’ 
common tendency to buy the stock that has generated 
positive returns in the past and selling the ones that 
have generated the negative returns. Considering this 
behavior, momentum investing strategy plays a cru-
cial part in deciding their stock picks. Hence, investors 
and fund managers mainly depend on constructing 
the portfolio based on the stocks that have exhibited 
momentum. They will be able to outperform the index 
returns. From the vast stocks available in the Indian 
equity market, this paper will aid investors in con-
structing the portfolio based on the strategy of mo-
mentum for securities included in the Index Nifty 50 
and Next Nifty [17].

9. Conclusion 
The present study has made an effort to investigate 

the presence of momentum in the Index Nifty 50 and 
Next Nifty companies listed on the National Stock 
Exchange in India and have found evidence of mo-
mentum in the stock market. Also, the impact of the 
various variables on the momentum returns has been 
taken into consideration.

The study has examined the effect of short-term 
and long-term momentum strategies in the Indian 
market by constructing a portfolio from 2010 to 2019 
based on 3 months and holding periods of 1, 3, and 6 
months. The returns are in similar line with previous 
research done in the area. From the study, the compa-
nies that have generated the returns in the short term 
have also generated the return in the long term sub-
ject to volatility. Momentum returns are widely seen 
in companies in the finance sector like Bajaj Finance, 
HFDC, Infosys limited, etc.; however, maximum re-
turns during this period were generated during the 
pharmaceutical sector, but the returns generated were 
highly volatile.

Using VAR methodology in R, factors like gold 
price, FDI, inflation, and money supply were incorpo-
rated into study to see their impact on the momentum 
returns, which can be further helpful for investment or 
trading decisions. The result indicated that the inflation 
rate prevailing in the economy significantly impacts the 
momentum returns for both short-term and long-term 
periods. FDI, to some extent, also impacted the mo-
mentum return for the short-term holding period.

The current study’s findings will help the investors 
construct the portfolio based on the momentum re-
turns and help them generate returns more than the 
normal returns. The scope of the paper can be extend-
ed by increasing the sample size, variation in duration, 
and taking other macro-economic variables.
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Abstract
Recent interest in “marketing techniques” has intensified the 
emphasis on temporary changes in retail types such as malls, 
hyper/supermarkets, grocery stores, department stores, dis-
count stores, and convenience stores. This research found that 
four marketing elements, namely product, price, location, and 
promotion, have a major impact on modern marketing and 
customer satisfaction. Following a brief analysis, this paper aims 
to evaluate retailers’ effective marketing strategies and apply 
them across new retail formats to improve their sales.
The marketing strategy and the actions of the Retailers differ 
from one location to another. There is a common belief that 
persons with varying levels of income live in different regions. 
This research was undertaken to determine the variations in the 
marketing strategies of grocery store owners because of varia-
tions in locations, or rural areas cantered on this presumption. 
For the thesis, grocery store owners of numerous Jabalpur city 
locations are considered. The areas were chosen based on the 
living area of a specific income group of people.
Expected Outcome: 
The retailer can leverage the study for effective marketing.
The study will help to do smart marketing for the retail industry.

Keywords
Retail Marketing, Marketing Strategy, Small Retail Shops, loca-
tion-based marketing strategy, marketing techniques
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1. Introduction
After the First World War, the idea of retail stores 

became popular as businesses began moving from 
centralized management systems to multi-divisional 
product-based organizations. 

There is always room for improvement, and mar-
keting is a field with lots of ideas, creativity, and im-
pact, leading to any firm’s effective business. In this 
current age of technology where Data Science, Artifi-
cial Intelligence are used to make business more effec-
tive and efficient, Retail marketing also has scope to 
integrate with Information technologies and leverage 
the new tech [1].

India is a nation with a large population, a high 
degree of complexity, and different needs. The retail 
market is well structured to fulfill this need. So there is 
a need to develop and introduce modern retail indus-
try strategies and restructure Indian consumer retail 
business models.

Grocery shops satisfy the average people’s basic 
needs regularly. The grocery stores ‘merchandise se-
lection relies on the consumers’ socioeconomic pro-
file. Customer group homogeneity requires a homo-
geneous product group. The variation of the consumer 
groups’ social context makes the activities difficult for 
the grocers since they are expected to satisfy the differ-
ent demands of the heterogeneous customer groups. 
The marketing plan, i.e., commodity, size, place, pro-
motion, is a function of the clients’ socioeconomic 
profile. This article suggests that the city of Jabalpur 
has heterogeneous communities of customers resid-
ing in different areas of the city. The general purpose 
of the report is to see if the marketing tactics of the 
grocery stores situated in the different parts of the city 
differed from one area to another. This work has di-
vided the city of Jabalpur into four locations believing 
that there is a distinctive socioeconomic profile of the 
residents living in those areas [2].

Suvidha Market, Rampur, Gorakhpur, Sadar are 
the four distinct areas on the considerations. Among 
these four areas, Sadar is known to be the town’s pouch 
region and is popular for its costly consumption. This 
region is comprised of a higher-income and highly ed-
ucated population. The area of Gorakhpur is known as 
a middle-income community. Moreover, the Rampur 
region comprises a lower-middle-class community 
with a diverse educational history and distinctive cul-
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tural orientation. Where in Suvidha Market is a fully 
residential area with a mixed income population.

The local grocers are expected to create and imple-
ment location-specific marketing campaigns given the 
variability of consumer demography.

With the advent of online advertising and promo-
tions, some retail industry businesses boomed, and other 
industries were silenced. The small retail stores were pri-
marily affected by it. This paper would concentrate on 
the small retail shops, their effect on sales and marketing 
tactics, and their success in the dynamic marketplace [3].

2. Literature Review
“Retailing in its French origin means to cut up and 

refers to its basic activities: to buy in bulk quantities 
and sell in small. The retail Industry believes in sell-
ing directly to its ultimate customers. It involves the 
business activities right from the design stage of the 
product or from offering to delivery to its ultimate 
customers. This industry is a dynamic and fastest 
changing industry in the world today. Talking about 
the retail industry in India, Indian markets have two 
types of this industry; one is organized, and the other 
is unorganized or small retail. Licensed retailers who 
have registered themselves for sales tax, income tax, 
or corporates with management techniques come un-
der organized retails. Whereas, the traditional type of 
low-cost shops like local Kirana or general stores street 
vendors comes under unorganized retail [4].” 

“Coming across the features of small store v/s su-
permarkets, small stores are generally operated and 
usually owned in the space of 500 sq. ft. or less and are 
easily available within residential localities. Talking 
about the supermarket, a minimum of 2000 sq. ft. 
would be needed in commercial localities. The owners 
themselves operate small stores and thus have low op-
erational costs. Supermarkets eliminate the wholesal-
ers from the chain and thus have saved margins. Small 
stores are responsive to exclusive demands, while Su-
permarkets provide variety to customers and are likely 
to receive the newly launched products earlier than 
Kirana stores. Small stores provide services like free 
home delivery. Supermarkets have stronger advertis-
ing power, probably on the national or state level. At 
the same time, there have been instances that small 
stores sell at prices higher than the MRP and tamper 
with the number of loose products. Each of us knows 
our nearby small stores for a long time, leading to the 
customer-trust ratio as high. The payment and billing 

system is very fast in small stores as and when com-
pared to the supermarket.”

“The organized retailers are better than the small 
stores/Kiranas in terms of offers, cleanliness, and store 
brands. Hence, Kiranas are facing a threat in terms of 
the shopping experience provided to customers. Tak-
ing location as the primary parameter for grocery pur-
chase, the small stores presently has an advantage [5].” 

“Due to differences in location, the marketing strat-
egy, as well as behaviors of the retailers, varies. More-
over, people with different income levels live in differ-
ent areas. Based on this assumption, there must be a 
difference in marketing strategy in different areas.”

“Small grocery shops also deal with beans, edible oil, 
snacks, rice, as well as daily used items such as soap and 
shampoo. Most of these shops provide unpackaged agri-
cultural products and other items, including detergent or 
spices, in large open sacks, which they sell by weight. They 
generally follow the pattern of providing items over the 
counter, but some shops nowadays also allow customers 
to walk inside the store and look for what they want.” 

“Kirana shops are present in the neighborhood and 
have personal relationships with customers and thus 
are widely accepted by Indian people. Some shop’s 
customers can buy on credit basis on trust, which 
helps build a good relationship. People do not make a 
bulk purchase as most of these small shops do not own 
refrigerators, and thus, people tend to buy what is nec-
essary for daily use. Small grocery shops also address 
the needs of the poor who cannot afford to buy a large 
bottle of shampoo by providing them a sachet and 
plays a vital role as they deliver things on one phone 
call. However, when people prefer supermarket, they 
often have to face heavy traffic congestion, go through 
a security check or wait in line to check out [6].” 

“Some companies have started to use small shops for 
promotions of sales. Amazon and StoreKing, an e-com-
merce company, are working to encourage people in 
rural areas having no prior online shopping experience 
to use their platforms. At small shops, applications are 
installed, and customers can use Amazon services. My-
ntra has announced that they will be using the space of 
Kirana shops to display their apparel items.”

“In order to compete with supermarkets in terms 
of marketing strategy, small retailers are concentrating 
on a narrow market segment. The young generation 
generally prefers to visit organized retailer stores due 
to their changing lifestyles, but as their parents’ value 
for money, they consider small stores.”
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“The Indian consumers are moving from the local 
Kirana shopping to supermarkets. Thus, Indian unor-
ganized retailers aiming to grow need to pay attention 
to building their brand to reinforce marketing posi-
tion and communicate quality and value for money.”

“A considerable portion of common people vis-
it small retail stores twice or thrice a week. A major 
chunk of the people prefers to visit supermarkets to 
buy food and grocery items once a month. Less ed-
ucated people prefer to visit the small store more as 
compared to educated customers. Even the retired 
customers prefer to visit small retail stores more fre-
quently. It is also observed from the research paper 
that an increase in the monthly household income 
increases the frequency of visiting supermarkets. Fre-
quency to visit a small store is also found to increase 
with an increase in the family size [7].” 

“Supermarkets are aware of their strength, i.e., low 
prices. They also focus on advertising, colors, lighting, 
product placement, shelves, music, visual effects like 
Maxi and Coop Forum prefer yellow and red colors to 
make their posters as red color perceived as hot, strong 
and is associated with passion and are dominating to 
the customers’ eyes.” 

“The small retailer shops are taking care of the choice 
of the customers with diverse tactics as per the demand. 
They attempt to satisfy their customers with different 
strategies and maintain a good relationship to retain 
them and convert them into their loyal customers.”

“Small retail stores should start using contempo-
rary methods of doing business like taking the fran-
chise of famous brands, Visual merchandising, Gov-
ernment should start some training provide them with 
the low rate loan facilities, Social responsibility to be 
performed to create goodwill, should sale the original 
material to create loyalty, should start giving free of-
fer discount on special occasions or bulk purchasing, 
should use suggestion box, or extend the store work-
ing hours, should accept Visa, MasterCard, etc., train 
employees about professionalism, notify customers 
about new. Government should make a policy regard-
ing the opening of the mall in the area where there are 
more than five shops in the same locality.”

After reading all the above-mentioned literature, 
this paper is made to study how small retail grocery 
shops compete among themselves in their locality, what 
measures they are using to stand in the market and re-
tain their customers. As demographics play a vital role 
in business strategy, so different areas have been select-

ed in this paper to study the type of customers, strat-
egies of sales, and marketing opted by the small retail 
grocery shops in those different locations [8].

2.1. Research Objective
The primary purpose of this study is to observe the 

marketing strategy and behaviors of the various gro-
cers as per the locations. The study is attempting to 
identify the differences in different marketing strate-
gies due to differences in the location of the grocery 
stores. Thus, the study investigates whether the shops 
retain the branded goods, sell on discount, assess the 
price, and create customer relationships.

3. Research Methodology
The nature of the research question will determine the 

correct method of analysis; quantification is sometimes 
needed, sometimes not. Questionnaires provide a means 
of performing a survey in which all respondents in the 
same situations are asked precisely the same questions [9].

3.1. Data Collection
To get the desired result of the research, the pop-

ulation area is segregated into four areas according to 
customer demography, education, and income. A sur-
vey was conducted to identify the different marketing 
strategies adopted by the shopkeeper. The survey in-
cludes a structured questionnaire that has some open 
and close-ended questions.

The sample size of the survey was a total of 40 gro-
cers of Jabalpur city. The city is segregated into four parts 
as Sadar, Gorakhpur, Rampur, Suvidha Market; out of 
this, Sadar is a highly educated and high-income area, 
Gorakhpur is a mid-income and market area, Rampur is 
mixed-income, market and residential area, and Suvidha 
market is a mixed-income and fully residential area.

Of those 40 respondents, 10 have grocery stores 
located in Sadar, 10 have a location in Gorakhpur, 10 
have grocery stores located in Rampur, and 10 are lo-
cated in Suvidha Market. The sampling process was a 
process of random sampling. Finally, both quantitative 
and qualitative analyses were considered in the study. 
Excel is the data analysis used for performing the dif-
ferent analyses [10].

3.2. Questionnaires
A total of 9 questions were formed to get the de-

sired information from the Grocers, which majorly 
aimed to get information with regards to;
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• Proprietorships of the shop, whether they own the 
shop or they have a partnership with others.

• Distribution Channel, whether they have any kind 
of product or brand distributorship channel.

• Whether they keep branded products only or how 
much they prefer to keep branded products.

• They only need-based products, whether they keep 
only local need-based products or prefer to get some 
extra goods, not so essential and luxurious products.

• The extra storage facility, whether they have the fa-
cility of extra storage.

• Price control, whether they have control over the 
product pricing.

• Customer satisfaction, how do they understand if 
their customers are getting satisfied by the selling,
1. By customer behavior
2. By getting customer good quality product
3. By repeat purchase
4. By a large amount of sale
5. By getting good branded or company product

• Delivering higher value, how do they try to deliver 
higher value to their customer,
1. By good behavior
2. By selling a good quality product
3. By repeat sales
4. By a large amount of sale
5. By providing well-branded product

• What do they consider the important factors to 
maintain a good business and for good selling.

• The infrastructure of the shop
6. Behavior of salesperson
7. Technology Management, i.e., Card swapping ma-

chine, online payment options, digital display, etc.

8. Goods Procurement
9. Storing/Sizing/Decorating
10. Inbound Logistics
11. Outbound Logistics
12. External Sales and Marketing
Services, Any Others

4. Results and Analysis
Based on the questionnaire survey and the quan-

titative data collected following are the results found 
from the grocers on the sale and marketing strategy 
based on different locations:

4.1. On a Proprietorship
Among 40 shops, 33 grocers have their own with 

the shop, and only 7 are doing business on partner-
ship-based, whereas for different locations, i.e., Sadar, 
Gorakhpur, Rampur, and Suvidha Market, the sole 
proprietor are 9, 7, 7, 10 respectively Table 1. Also, it 
has been observed that the highest no of owned shops 
is in the Suvidha market, which is 10 [11].Total propri-
etorship is shown in Figure 1. Proprietorship based on 
locations is presented in Figure 2.

Table 1
Count of proprietorship/ownership of the shops as per the location

Proprietorship
Location Yes No

Sadar 9 1
Gorakhpur 7 3
Rampur 7 3
Suvidha Market 10 0
Total 33 7

  
Figure 1: Total proprietorship
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4.2. On Distribution Channel
For the product distribution channel among 40 

shops, not a single shop runs any product distribution 
channel. For all the locations, the count of the distri-

bution channel is zero Table 2. Product distribution 
is shown in Figure 3. Product Distribution Channel 
Based on Location is shown in Figure 4.

Figure 2: Proprietorship based on locations

Table 2
Count of product distribution channel by grocer as per the lo-
cation

Product Distribution channel
Location Yes No
Sadar 0 10
Gorakhpur 0 10
Rampur 0 10
Suvidha Market 0 10
Total 0 40

Figure 3: Product distribution

Figure 4: Product distribution channel based on location
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4.3. Preference for Branded Product
For the preferences of keeping the branded product 

to some range, 27 grocers keep branded product in a 
range of 60-80%, 11 grocers keep branded product in a 
range of 40-60 %, And only two grocers have 80-100% 
branded product in their shops out of total 40 shops 
Table 3. Branded Product Preferences Based on Loca-
tion indicated in Figure 5.
Table 3
Preferences of branded product in shops

Branded Products (%)
Location 20-40 40-60 60-80 80-100

Sadar 0 3 7 0
Gorakhpur 0 5 5 0
Rampur 0 2 6 2
Suvidha Market 0 1 9 0
Total 0 11 27 2

4.4. Products on a Need-Based
For keeping only, the need-based product, 17 gro-

cers prefer to keep 60-80% of the total product on a 
need-based basis, whereas 15 grocers prefer to keep 
40-60%, and only eight grocers prefer to keep 80-100% 
of the total products on a need-based base out of total 
40 shops Table 4. Need-Based Product Based on Loca-
tion can be seen in Figure 6.

Table 4
Need-based product in shop

Need-Based Products (%)
Location 20-40 40-60 60-80 80-100

Sadar 0 5 3 2
Gorakhpur 0 3 5 2
Rampur 0 2 4 4
Suvidha Market 0 5 5 0
Total 0 15 17 8

4.5. Extra Storage Facility
For Extra Storage capacity, we have observed that 

only 12 grocers have extra storage facilities, and 28 
grocers do not have extra storage facilities out of a 
total of 40 shops. Whereas for different locations, i.e., 
Sadar, Gorakhpur, Rampur, and Suvidha Market, extra 
storage capacity are 3, 2, 3, 4 respectively Table 5. also, 

Figure 5: Branded product preferences based on location

Table 5
Extra storage capacity

Extra Storage
Location Yes No

Sadar 3 7
Gorakhpur 2 8
Rampur 3 7
Suvidha Market 4 6
Total 12 28
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it has been observed that the highest no shop with the 
capacity to have extra storage is in the Suvidha market 

4. Extra Storage Facility, Extra Storage Facility Based 
on Location is shown in Figure 7 and Figure 8.

Figure 6: Need-based product based on location

Figure 7: Extra storage facility

Figure 8: Extra storage facility based on location
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4.6. Price Control
When asked for having control over the pricing, it 

is found that only 1grocer at Rampur location out of 
40 grocers have control over the pricing of the prod-
uct; when asked for more clarity, it was recorded that 
it has the capacity of only 2-3% of controlling the price 
that too only for the non-branded product Table 6. 
Price Control & Price Control Based on Location is 
shown in Figure 9 and Figure 10.

Table 6
Price controlling

Price Control
Location Yes No

Sadar 0 10
Gorakhpur 0 10
Rampur 1 9
Suvidha Market 0 10
Total 1 39

4.7. Customer Satisfaction
For the judgment of customer satisfaction, it is 

found that 33 grocers out of 40 say ‘Repeat Purchase’ 
indicates that the customer is satisfied where 20 out of 
40 and 11 out 40 says that ‘by the behavior of custom-
er’ and ‘Large amount of purchase’ show the customer 
is satisfied with the product and service [12]. Custom-
er Satisfaction Drivers is indicated in Figure 11. The 
top Four drivers for judging customer satisfaction are,
• By their Repeat Purchase
• By Customer’s Behaviour
• By a large amount of selling
• By Getting the Good Quality Products 

4.8. Delivering High Value
For Delivering the higher value to the customer, it 

is found that 27 out of 40 says that they deliver the 
higher value to the customer by providing the good 

Figure 9: Price control

Figure 10: Price control based on location
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quality product, whereas 26 out of 40 and 19 out 40 
says that they deliver the high value to the customer. 
Delivering High-Value Drivers is shown in Figure 12. 
Top Four drivers for delivering the higher value to 
customer care,
• By Providing Good Quality product,
• By Good Behaviour towards the customer,
• By Doing Repeat Sale, and
• By Providing Branded Product

4.9. Business Maintenance
For maintaining the business and for having contin-

ued sales it is found the maximum grocers 25 out of 40 
says that ‘Behaviour of Sales person’ is essential whereas, 
22 out of 40 and 19 out of 40 says that ‘Procurement,’ ‘In-
frastructure of the shop’ and ‘Storing/Sizing/Decorating 
the Product’ helps in maintaining for the business [13]. 
Business Maintaining Drivers is shown in Figure 13. Top 
key drivers for maintaining the business are,

Figure 11: Customer satisfaction drivers

Figure 12: Delivering high-value drivers

Figure 13: Business maintaining drivers
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• The behavior of salesperson,
• Goods Procurement,
• The infrastructure of the shop,
• Storing/Sizing and Decoration of production.

5. Discussion 
Based on the above research and the survey data anal-

ysis, many different sales and marketing strategies could 
be inferred, the ownership of the shop owner is almost in 
all the location only in the fully residential area ‘Suvidha 
Market’ has all the owned shop, and no partnership shop 
is there. Out of all the sample shops, no one has a product 
distribution channel. In most shops, we could see that 
there is 60-80 % of the branded product. Also, we can in-
fer that almost 70% of shops have a need-based product, 
about 50-70% of total products [14].

Also, we could see that 70% of total grocers do not 
have an extra storage facility. Out of the entire locality, 
no grocers have price controls. Only one at the ‘Rampur’ 
location has a capacity of 2-3% of control over the price. 
Also, we have seen the main key drivers for customer 
satisfaction and delivering high value to customers [15].

For the business maintenance, we have observed 
that most of the grocers believe that the sales person’s 
behavior can help maintain the business, procure-
ment, infrastructure, and Storing, sizing, decorating 
the shops also helps maintain the business and con-
tinues sales [16].

Also, we might conclude some of the difficulty for 
local small retailers that snacks and everyday needs, 
distributors often visit grocery stores – usually once per 
week or two – however the frequency of visits is not 
enough to avoid stock-outs, and they do not visit ru-
ral areas. Such a distribution system does not exist for 
agricultural goods. If certain items are out of stock, the 
shop owner must buy them from another retail store at 
the market price or spend his time and money visiting 
a wholesaler at a distant location. Business to business 
marketplace aimed at small retail outlets is evolving in 
response to these problems. Start-up companies that 
aim to revolutionize the supply chain are providing 
most of such services. Smartphone applications are of-
fered free to grocery stores to handle any aspect of the 
operation, from order management to packing, ship-
ping/delivery, and payment collection [17].

6. Conclusion
Meeting customer demand is the principal objec-

tive of retailers that benefit from high customer loy-

alty as they achieve sustainable competitive advan-
tages. In Jabalpur city, the marketing strategies of the 
grocery stores vary due to variations in the position 
of the grocery stores. Since consumers from differ-
ent locations are behaving differently as their income 
patterns and product tastes are different. The grocery 
stores set their product, prices, promotion strategies 
and position them differently according to consum-
er desires to meet customer demands. According to 
the study findings, the grocers consider the follow-
ing issues, such as how to deliver the quality of the 
goods to the consumers, calculate the quality of the 
commodity. The grocers do not distinguish between 
whether or not to retain the branded goods, create 
good consumer relationships, advertise the goods, 
etc.; grocers should distinguish their location-based 
marketing campaigns as the custom option and pref-
erences vary due to the difference in income level. 
Otherwise, they will not be able to survive in the in-
dustry for a long time, as they will not fulfill con-
sumer requirements.

7. Limitation
This research is based on location-based; hence, 

the result found is bound to be true for the limited 
location of Jabalpur city. Also, we have seen that the 
marketing strategy varies from location to location, so 
we cannot blindly believe that the finding will be the 
same for the all-different location, although we can 
say that the whole population matches this research 
sample could help small retailers to get some valuable 
insights. 

8. Future Work
Because of time and financial constraints, the re-

search could only study marketing strategies for gro-
cery stores. This study could be expanded in the future 
to other forms of Jabalpur City retailers to find out the 
Marketing tactics varying due to the Place variance 
that will help to conclude location-based marketing 
strategies for retailers.
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Abstract
Contract management has always been a classic task for compa-
nies; the management of vendors to the remittance handling goes 
in a cycle, requiring constant monitoring and risk assessment. The 
vendor-related frauds account for a huge amount of money. It is 
expected that the fraud detection and prevention market is ex-
pected to reach 63.5 billion USD worldwide by 2023, with a CAGR 
of 26.6%. Hence, companies are looking for a unified solution that 
can track the phases in a traditional contract lifecycle so the escrow 
charges can be reduced and centralized monitoring is possible. 
This paper has presented how a traditional contract life cycle hap-
pens, a comparison between traditional contract and smart con-
tract, how a smart contract functions, and its underlying technol-
ogy. High-level documents like architecture diagrams should be 
designed in this phase. An architecture diagram depicts business 
logic in a pictorial format; it also helps developers to follow the 
correct path during the development. We have also presented the 
current business challenges in implementing smart contracts and 
the future scope and further applications.
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1. Introduction
The traditional contract works on a trivial concept. 

The client selects professional services from the ven-
dor and remits money when the goods or services are 
delivered. This entire process is documented and en-

forced by law, making the contract legally enforceable, 
a good old concept for ages on how a contract should 
function. As technology has been deriving new facets 
daily, the contracting process also takes new dimen-
sions from time to time. An example is an e-contract 
or electronic contract, which occurs without parties 
meeting together, such as online payment for the 
goods and services available. This type of contract is 
famous in our day-to-day life; however, in terms of 
scalability, escrow dealing, security, transparency, re-
solving mistrust between parties, even the e-contracts 
face challenges. In order to overcome such difficulties, 
new contracting systems came into the picture, i.e., 
smart contracts. 

Blockchain is the underlying technology of smart 
contract which possess all the characteristics of dis-
tributed ledger database such as spread across sever-
al nodes (devices) on a peer-to-peer network which 
duplicates the copy on all the nodes and updates 
them independently. It works on proof of work con-
cept mode where the transaction needs to be mined 
to include successfully into the blockchain network. 
A smart contract is an account handled by software 
code that means it works on simple, if then else logic, 
i.e., “if you do this then payment will be made. If you 
perform these steps, then payment will be made; else 
do this.” The unique characteristics of smart contracts 
such as self-executing, no escrow, minimal remittance 
charges, no necessity of lawyers, digital signature make 
them different and compelling compared to tradition-
al contracts [2].

2. Literature Review
Several studies came before in the field of block-

chain in terms of cryptocurrency. However, the first 
person to find out a smart contract, which is the un-
derlying usage of blockchain, is Nick Szabo. The term 
smart contract was first used by a person who is a 
computer scientist in 1994 [12]. In his paper, Szabo 
proposed the execution of smart contracts for a mix 
of assets that have the same value, such as Deriva-
tives, Bonds, etc.; very complex transactions can be 
decentralized and can be built efficiently with lower 
transaction charges. The Szabo predictions came true 
now as many of the derivative tradings happens using 
computing networks using complex structure Howev-
er Szabo concept of smart contract was too hard and 



730 | Cardiometry | Issue 24. November 2022

complex such that the smart contracts were difficult 
to be implemented hence when the Ethereum was 
evolved it supported Ethereum account called smart 
contract [13]. In 2017 Werbach and Cornell proposed 
research in a Duke Law Journal stating the smart con-
tracts cannot be replicated and have potential advan-
tages compared to traditional contracts [17]. Smart 
contracts and contracts are to be paired to achieve le-
gal enforcement; this idea was explored by “Ricardian 
Contract” by Information security expert Ian [15] be-
fore cryptocurrencies came into the picture. 

2.1. Smart Contract Working
Before understanding how a smart contract works, 

it is important to understand how the contract is stored 
and validated in the blockchain. As mentioned in the 
beginning, the smart contract work is executed by the 
blockchain nodes, resulting from transactions submit-
ted by the user. A transaction can be submitted to the 
node [3]. That transaction is broadcasted to the entire 
network to maintain uniformity and transparency. 
These transactions are stored in the form of a block, 
and each block is connected to the previous block using 
a hash of the previous block. Any change in underlying 
data makes the block unstable resulting in the incorrect 
block. The incorrect block is corrected by taking the 
data from the majority of the data block; thereby, the 
blocks are maintained correctly for uniformity in case 
of any discrepancy. Each node at some other point pro-
cess the transaction using the executable program in 
the target smart contract, if the transaction is success-
ful, then the blockchain gets updated. Table 1 shows the 
Comparison between traditional and smart contract

Table 1
Comparison between traditional and smart contract

Traditional Contract Smart Contract
1-3 days Minutes

Manual remittance Automatic remittance
Escrow necessary Escrow not necessary

Expensive Fraction of cost
Physical signature needed 

(Wet Signature) Virtual Signature (DSC)

Lawyers necessary Lawyers may not be 
necessary

2.2. Concept of Gas
Before the smart contract gets executed on the 

blockchain, another step needs to be validated, name-
ly payment of transaction fee. In the case of Ethereum 

based smart contracts, they get executed on Ethereum 
Virtual Machine (EVM), for which payment charges 
are made in the form of Ether cryptocurrency called 
GAS. The GAS value increases the more complex the 
contract is. Hence the GAS currently acts as a barrier 
to prevent overloading of Ethereum Virtual Machines 
as per [13].

2.3. Traditional Contract Life Cycle
A traditional contract life cycle works from Con-

cept preparation to Obligations is shown in Figure 1. 
First, the Contract preparation is done in this. The re-
quirements, risk identification, setting expectations, 
and establishment of goals are done clearly [8]. The 
next step is drafting a contract; in this phase, the con-
tract is documented based on the inputs from the first 
step, such as requirements and goals; the in-house le-
gal team is approached to draft the contract.

Contract 
preperatio

n

Drafting 
the 

contract

Negotiate

ApprovalsExecution

Ammend
ments and 
revision

Obligatio
ns , 

Auditing 
and 

renewals

Figure 1: Traditional contract life cycle
All the required clauses and required terms are 

carefully drafted in this stage, as excluding one clause 
can make both parties legally enforceable. In the ne-
gotiation phase, the required terms and conditions 
for the product or service being delivered at the end 
are discussed in detail by both parties. The next phase 
is approvals. In this phase, the required approvals are 
taken from the concerned parties within the organi-
zation, like approvals from the procurement depart-
ment, etc [9]. The contract is signed by both parties 
the making the contract official. The sixth step is 
amendments and revisions.

2.4. Smart Contract Life Cycle Management
The changes happening concerning each party 

have to be recorded efficiently to create evidence in 
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the future. The next step is Obligations, auditing, and 
remarks each time a contract gets executed. The re-
newals and setting deadlines are very important [10]. 
Any missed deadline means it is a missed opportuni-
ty for the firm. Hence the monitoring, auditing of the 
contract should happen for efficient contract man-
agement. Besides, there are several contract lifecycle 
management tools present in the market to handle all 
these phases efficiently, e.g., including Coupa, Agiloft, 
Icertis, Oracle NetSuite, etc. The life cycle of smart 
contracts means the process to be followed for suc-
cessful development and deployment on a blockchain 
is shown in Figure 2 [5].

Understa
nding 

Use case
Architec

ture 
design

Develop
ment

Manual 
Testing

Recond 
transacti

ons

Unit 
testing

3rd 
party 
Audit

Bug 
bounty 

program
s

Figure 2: Smart contract life cycle

2.4.1. Understanding Use case: In this phase, the 
requirements are taken clearly, and the developer 
should be very clear of what needs to be done. Infor-
mation such as business logic, third-party libraries, 
etc., should be considered well in this case and prop-
erly documented [14].

2.4.2. Architecture design: High-level documents 
like architecture diagrams should be designed in this 
phase. An architecture diagram depicts business logic 
in a pictorial format, it also helps developers to follow 
the correct path during the development is shown in 
Figure 3.
• Infrastructure Layer: The base platform/ necessary 

infrastructure
• Data Layer: The data storage area
• Middleware: Generally, RESTful API services
• Application Layer: The java screens needed to han-

dle the business logic
• Interaction Layer: Users need this for interaction 

with the business-like front end
• Integration Layer: Integration layer for integrating 

third-party applications
• Enterprise and Third-party systems: External Sys-

tems
• Security and governance layer: provide core gover-

nance and security all other services needed for the 
secure functioning of the system

• Development: In this phase, the development/cod-
ing starts. Developers can use any IDE for coding 

Figure 3: Architecture diagram
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smart contracts. Popular IDEs such as Remix Ethe-
reum

• Manual Testing: In this phase, the smart contract is 
tested using a test-net (Rinkeby/Ropsten). All the 
transactions are recorded in this phase.

• Unit Testing: Unit testing can be done using any 
IDE framework. Developers should write test cases 
for all the functionalities, and the test cases should 
give accurate business logic as output

• 3rd Party Security Audit: A third party should audit 
all the smart contracts before being deployed on 
the blockchain. Even though the smart contracts 
are error-free as per the developer, the third-party 
audit will find minute errors that can cause security 
breaches. 

• Bug Bounty Programs: Even though the smart con-
tract undergoes several third-party audits, there is 
a chance of potential threat in the form of bugs. 
Hence a bug bounty program helps find out such 
bugs and keep the smart contract safe from hostile 
threats. 

3. Results and Discussion

3.1. Smart Contract for Handling Mobile 
Number Portability 

Mobile number portability is the process in the 
telecommunications field. A subscriber changes from 
one mobile carrier to another carrier while retaining 
his mobile number.

3.1.1. Current Process of MNP (Indian Context): 
An intermediate clearance house called MNP Clearance 

House (MCH) receives porting requests from the recip-
ient operator and forwards them to the donor operator. 
The donor operator performs the required checklist for 
eligibility and approves the recipient operator [16]. Then 
at a certain point, the connection is disconnected from 
the donor operator and transferred to the recipient oper-
ator. Once the number is activated at the recipient opera-
tor’s end, the MCH will send the details to the centralized 
database called (Number portability database), which 
will update its database with Local Routing Number 
(LRN). When a call is made to the ported number, the 
NPD is queried first to find LRN, and the call is directed 
to the destination network [6].
1. MNP Clearance House (MCH)  This handles the 

portability process between the donor and recipi-
ent operators

2. Mobile Number Portability Database (MPDB) 
Central database that contains the details of ported 
numbers and other related details

3. Query Response Database is a database for the ser-
vice providers who want to query at the central lev-
el instead of local.

4. Disaster recovery site for MCH, MPDB, QRDB
5. Servers such as Storage Server, Webserver, Report 

generation server, etc.,
6. Other Routers and Switches  Components are 

required to maintain the network.
3.1.2. Smart Contract Process. The customer who 

wants to port logins to a portal and checks his eligibil-
ity, if he is eligible, then the porting request is trans-
ferred to recipient CSP is shown through Figure 4. The 
recipient operator transfers the request to the donor 

Figure 4: MNP solution architecture diagram
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CSP. The donor CSP receives the request and is fed 
into blockchain and approved using a smart contract. 
The recipient CSP receives a request that the donor 
approves and eligible. The recipient CSP can use on-
board the customer and up sell a plan.
1. Porting Request: The request placed by a customer 

who wants to port
2. Eligibility: The smart contract verifies the porting 

eligibility as per the terms and conditions of the 
Communication service provider.

3. Approval: Before the porting happens, the recipi-
ent CSP and Donor CSP should finish the mutual 
approval process of porting the customer

4. Regulator: A government body to monitor the pro-
cess of porting and check for the transparent flow.

5. Dashboard: A dashboard for CSP and regulator to 
monitor the portability trends.

6. Every month, around 60Lakhs porting requests are 
received by the regulator, and on an annual basis, 
around 500L requests. In order to handle these 
requests, there are heavy investments by the regu-
latory bodies and telecom companies [4]. A smart 
contract-based solution can help telecom compa-
nies handle these operational costs and provide 
seamless services to the customers.

3.2. Smart Contract for 5G Enablement: 
A Concept Model for Spectrum Sharing

Infrastructure sharing in 5G is an obvious oppor-
tunity for telecom service providers to handle the 
spectrum costs and provide better services. The spec-
trum charges for 5g are expected to be at Rs. 492 Cr 
for one unit of 3500 MHz bands means an operator 
should pay Rs. 9840 Cr (TRAI, 2019) [7] minimum 
to buy 5G spectrum on pan India basis. Despite these 
heavy pricing schemes, spectrum sharing will be a 
good option for the effective rollout of 5G services 
across India. The licensed Shared Access (LSA) helps 
overcome spectrum scarcity because of heavy com-
petition for incumbent players in the market. This 
LSA provided part of the unused spectrum to the 
incumbent player and was granted a license for the 
usage. The regulatory body oversees the agreement 
between both parties and issues the LSA license. The 
SLA and KPI concerning this agreement are difficult 
to monitor for the regulatory body; hence, the terms 
and conditions of the contract can be designed as a 
smart contract that monitors efficiently for both the 
incumbent players and the regulatory body. The Fig-

ure 5 illustrates the concept of Dynamic spectrum 
sharing, which resembles Software-defined network 
architecture [11].

Figure 5: Framework for dynamic spectrum sharing application 
and network slicing

The spectrum sharing operates in a trustless en-
vironment where every operator competes for the 
resources. For this, there is a need to track resources, 
ownership, etc. In a decentralized manner, a block-
chain-based smart contract is shown in Figure 5. A 
decentralized application (DApp) installed on the top 
of the blockchain network holds all the spectrums 
and holds the rules and SLAs related to it. The DApp 
also helps for the payment independently between the 
spectrum owners. The DApp also helps for the usage 
of the spectrum even if it is leased once, thereby en-
abling the re-usage of the spectrum.

Figure 6 illustrates the control of Blockchain for 
LSA. Licensee can access the LSA repository through 
data sources, and it is known as Oracles. A reputation 
mechanism is allowed to check the LSA players for 
Spectrum Sharing Rules. The regulatory bodies main-
tain the National Frequency Allocation Table (NFAT), 
which contains the table of frequency allocations. The 
current allocation of registered owners and leases of 
the spectrum is handled using a smart contract. The 
regulating authorities will enforce the spectrum shar-
ing rules and oversee the SLA using the centralized 
repository. 



734 | Cardiometry | Issue 24. November 2022

3.3. Smart Contract Based Ad Sales
This solution enhances the business process and 

streamlining tv broadcasting. It helps to understand 
how blockchain can remove the friction throughout 
the supply chain. The solution goes like the broad-
caster releases the inventory of ad spots (the time 
frame where the advertisement is broadcasted 30sec, 
15 sec) is shown through Figure 7. It is difficult to 
cater to the emergency broadcasting of ads during 
normal days, which involves changing the regular 
schedule of ads, broadcasting the ads, Invoice gener-
ation. Bill settlement is a troublesome process for the 
broadcaster. Instead of this, the whole scenario can 
be replicated using a blockchain-based smart con-
tract. When the broadcaster releases the inventory of 
ad spots, a request is triggered to the Ad agency. Af-
ter receiving the request, the ad agency will approve 
or reject the terms and conditions with the advertis-
er. Once the request is approved, the ledger is updat-
ed with new agreed terms and conditions based on 
which the broadcaster broadcasts the ad. The billing 
report and Invoice are generated automatically. The 

broadcaster needs not to explain to the ad agency or 
advertiser as the terms and conditions are framed in 
a smart contract at the initial stage. This process fol-
lows a seamless integration of advertiser, ad agency, 
and broadcaster with seamless integration of ad ser-
vices [5].

Advertiser – can be any company such as FMCG, 
Telecom, and Manufacturing

Ad agency – is a mediator who looks the ad spots 
on behalf of an advertiser

Broadcaster – Media and entertainment depart-
ment who owns the ad asset

3.4. Challenges
Data Standards: The current telecom industry ad-

heres to data standard structures and transmission in-
frastructure; as such, bringing the smart contracts can 
be challenging to adhere to these data standards

Regulatory Framework: Smart Contract are 
self-executing; however, managing them to make 
compliant to data standards and ensuring security is 
a tough job

Figure 6: Leveraging blockchain for LSA agreement
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Data Management: Due to the retention of his-
torical information, the data becomes unsustainable 
because of continuous operation to safeguard the his-
torical data, which remains a challenging job.

Data Security: It is a well-known fact that the 
data stored in the blockchain is secured; however, any 
bugs/logical error in the coding part can result in se-
curity breaches

Legal Issues: Some countries have legal issues con-
cerning smart contract where there is no accountabil-
ity factor; hence, under such cases, it is challenging to 
overcome the legal aspects

3.5. Usage of Smart Contracts Sector Wise
Figure 8 gives the percentage-wise usage of smart 

contracts sector-wise. The highest beneficiary of a 
smart contract is the Finance sector, with around 30% 
of consumption. The insurance sector with 12 % us-
ability after that the Media and communication sector 
with 8 % usability [1].

4. Conclusion
This paper has presented the traditional contract 

and its life cycle introduced to the smart contract and 
smart contract life cycle working smart contracts and 
applying smart contracts in several scenarios. We have 
also seen the architecture level diagrams and how smart 
contracts can be the driving force in enabling spectrum 
sharing in the 5G deployment. All the required clauses 
and required terms are carefully drafted in this stage, 
as excluding one clause can make both parties legal-

ly enforceable. In the negotiation phase, the required 
terms and conditions for the product or service being 
delivered at the end are discussed in detail by both par-
ties. The next phase is approvals. Any missed deadline 
means it is a missed opportunity for the firm. Hence 
the monitoring, auditing of the contract should happen 
for efficient contract management. We have also seen 
what all the challenges are there in the current scenario 
perspective in applying smart contracts shortly so that 
there can be seamless management of contracts.

Figure 7: A smart contract-based ad sales architecture diagram
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Abstract
As the world of marketing has progressed into the age of the 
Internet, new challenges and opportunities have emerged. The 
online world has become a forum for social networking sites 
where knowledge spreads like wildfire. This form of spread is 
also referred to as viral because it is distributed from person 
to person rapidly. Companies have already started to pick up 
on this trend and have recognized the opportunity behind it; 
however, there is not enough research exploring what makes 
viral distribution happen and how marketers should leverage 
or manipulate this idea. This research is focused on a method-
ological analysis of an exploratory type with an antecedent the-
oretical context. By collating insights and evidence from pub-
lished works on the themes of virality and memes, the paper 
seeks to build on current ideas and address them in the sense 
of the contemporary online climate. The paper identifies the 
rising Generation Z as a new disruptive player in the arena of 
purchase decisions that marketers must acknowledge and keep 
in mind when formulating and executing their marketing efforts 
online. The conclusion of this analysis indicates that although 
the theoretical framework of what we know memes and social 
media marketing is still relevant, it needs to be applied further, 
in a constantly adapting and up to date with the changing so-
cial and political landscape of society. However, a longer quan-
titative analysis with a substantial sample size representative 
of Gen Z candidates can result in a deeper understanding of 
memes, viral content, and how companies can utilize them to 
moderate profitable consumer activity within the online com-
munity.
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1. Introduction
As a result of technical advancements, commercial 

companies generally referred to as “mainstream me-
dia” are no longer the only news and entertainment 
media providers. Rather, new communication plat-
forms and social networks allow ordinary citizens to 
connect to the broader public landscape through their 
online activities [1].

Within our society, virality has become a metric 
of interest. Therefore, material originating from large 
private and obscure outlets may be easily absorbed by 
Web users. Nevertheless, little is currently understood 
about how various forms of user-generated media 
content affect the individuals consuming them, espe-
cially concerning media related to lived experiences 
and contemporary global topics [2].

According to Kariko’s “Basic Guide to Manipulat-
ing Targeting” (2013), customers are more inclined to 
accept the opinions of a third party (e.g., a writer or 
Instagrammer) than the company itself. The influenc-
er, therefore, is like a buddy linking a company to its 
target customers. Not only does the influencer have 
his fans, but they also add the fans to the network. If 
an influencer has loyal fans, they will also boost traffic 
to the company’s page, raise social networking visibil-
ity, and promote its product with a suggestion or tale 
regarding their interaction with its product/service 
[3]. With ad theft and ad filtering issues, businesses 
are heading into earned advertising, as they want de-
livery channels that will not be disrupted and where 
they believe they will target the right market.

The idea that Brown & Fiorella discuss and call the 
“Scientific Reality” is the principle of putting the con-
sumer at the forefront of the marketing system, not the 
influencer. The client is the person who makes buying 
choices, not the influencer. Business companies and 
their media campaigns and influencers are, according 
to Brown and Fiorella, customer-circling worlds com-
peting for their affection [4]. According to Brown and 
Fiorella, there are two main stages in a program of in-
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fluence: The Trickle and the Ripple phases. The Trickle 
process is when the message is first transmitted. From 
here, the path of the message dictates whether or not 
the advertisement is effective. The direction of a post is 
not as easy as sending it to the influencer since the cha-
os of social networking provides several obstacles [5].

2. The Concept of Memes 
and Internet Memes

2.1. Understanding Term ‘Meme’
The word ‘meme’ was coined by Richard Dawkins 

in 1976. The book “The Selfish Gene” According to 
him, it is multiplication, duplication, and dissemina-
tion of cultures and ideas characteristic to human expe-
riences and culture. According to him, lyrics, thoughts, 
patterns of clothing are different forms of memes. The 
concept of meme, however, is generic and not restricted 
to the communication of the Internet. Several scholars 
have attempted to describe the Web phenomenon [6].

Magdalena Kamińska suggests that the memes we 
interact with on the Web make up casual communica-
tion, translated and spread over the Web (2011:61-64). 
Kamińska claimed that ‘a web article, a video clip, an 
animation consisting of a message, a story (...) or an 
image’ might be considered Internet memes (2011:63). 
Another fascinating description is given by Patrick 
Davidson (2012). He suggests that the online meme 
is a humorous piece aimed at eliciting a comedic ef-
fect inspired by internet communication. The Internet 
meme can also be defined as ‘the quick propagation 
and dissemination of a common concept provided as 
a written word, a picture. The above-mentioned re-
searchers call attention to some of the characteristics 
of the memes found online, highlighting the viral na-
ture of it by the speed of duplication and spread [7].

2.2. Understanding Internet Memes
Internet memes are one type of user-generated, 

interactive media material that can have real-world 
effects on audiences. Memes – mostly light-hearted, 
mostly pop culture-referencing and shared online – a 
subject for politics, economics, and sociology in part 
because it may affect how people feel regarding relat-
ed issues. What people feel is crucial to participating in 
knowledge, as it impacts what topics they pay attention 
to, determines how they approach and interpret this 
information, informs how they perceive the environ-
ment, and eventually may alter a variety of policy prac-

tices. While contemplating the connection between 
advertising usage by people and their democratic deci-
sion-making, it is common for memes to be ignored as 
they do not seem to be substance content [8].

Throughout our new media climate, which is 
marked by a participatory online community, dem-
ocratic Internet memes have become a resource for 
people wanting to engage openly and discreetly in the 
global public sphere. This study reflects early, pioneer-
ing studies to quantitatively define some of the media 
impact of Internet memes as a medium of cultural, 
user-generated information. This research reflects on 
the effect of memes and the expectations of the per-
suasiveness of internet memes in finding proof of in-
spired consumer decision-making [9].

3. The Rise of Generation Z

3.1. What is Generation Z?
While millennia’s grow older, the demographic 

of Generation Z increases. Even as companies and 
marketing analysts have started to grasp millenni-
al conduct, the international consumer space sees a 
more dynamic and harder entry to please the group. 
Generation Z is a segment of the new online popu-
lation born in the year 2001 or later, exposed to the 
digital world and social media right from birth. Gen 
Z’s are regarded to be at the front of the turn towards 
a more digital-savvy world, turning the environment 
into a digitalized one while questioning convention-
al forms of doing everything. Undoubtedly, Gen Z’s 
mindset plays a critical position in today’s corporate 
climate. Authenticity, individuality, transparency, so-
cial accountability, and prosperity have been the main 
principles of Generation Z. This quest for value allows 
companies to reach past conventional methods and 
strive to create something meaningful that will align 
them with the newest generation of customers.

Individuals are allowed to express their opinions 
and discuss their perceptions on various topics. On-
line trends have gained significant coverage in recent 
years in the area of mainstream culture and advertise-
ment. An image of a kid with a humorous tag added 
or a photo of adorable animals distributed over Insta-
gram is both instances of this kind of communication. 
Companies understood the importance of hashtags 
and used them as a communication device. Through 
Internet videos, brands aim to create curiosity in their 
goods and draw the imagination of customers [10].
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Memes are used by advertisers as, like celebrities, 
they draw and retain customer interest. Marketers scan 
the Web and other networking media to build engag-
ing, funny images. Many businesses employ a squad 
of analysts who scan the Web to identify appropriate 
slogans for popular products such as Adidas, Apple, 
or Lipton. An effort should be made to describe this 
trend and to analyze its position in the promotional 
campaign [11].

3.2. Generation Z 
and Their Online Presence

During the quickest time of technology change, in 
which social networking plays a vital position in any 
industry field, Generation Z is transforming the re-
tail landscape and influencing the potential in a way 
that no age has been. Being overwhelmed by countless 
technological possibilities after their childhood, the 
leaders of Generation Z grew up utilizing the Internet, 
rendering social networking a strong communication 
device and a significant element in their purchasing 
behavior. Knowing the behavioral habits of Genera-
tion Z, which will hit nearly 40% of all customers by 
2020, is important to every company over the longer 
term [12].

The internet revolution has changed the way 
citizens work, access knowledge, and make choic-
es. For this purpose, it is important for companies 
to implement new communication techniques to 
bring useful goods and services to the next gener-
ation of citizens, which calls for innovative social 
media marketing approaches to reach Generation 
Z, generate relevant material, utilize acceptable so-
cial media platforms, and render social media mar-
keting efficient and appealing to Generation Z par-
ticipants [13].

Uniqueness is a focus for Gen Z. The most ethni-
cally diverse group in memory will not fear them as 
they might have in the past. Among Gen Z, there is 
more focus on developing their course throughout 
adolescence, whether it implies constructing mod-
ern school programs or their brands. Gen Z seeks to 
reframe old societal systems to build modern ones. 
Brands that do the same are going to connect with 
them. We shift toward products that promote self-ex-
pression and confidence. They do not want brands to 
cater to everyone; they want brands to cater to the 
person [14].

4. Results and Discussion
Using Memes to Connect with Consumers

4.1. Nuances of Humour and Sensibility
The word meme has been used colloquially by the 

internet community to apply to a range of objects, 
such as photos, videos, and gifs, which generally con-
vey some humor regarding society [15]. Although In-
ternet memes had very simplistic origins, they grew 
to become steadily self-referential, self-conscious, and 
nuanced [16]. Our memes have recently started to 
convey nihilistic, absurdist facts regarding human life 
while retaining the satirical essence of the medium. 
Memes have become a medium of humor in which we 
can respond to each other; they reflect the prevalent 
form of the feeling of our period, which is defined by 
the oscillation of sarcastic speech and the desire for 
hope [17], which has been challenging to identify the 
first instance of the word meme used about the Web, 
although the only two that can be easily located come 
from 1998: the first is in a paper named “The Net and 
Memetics” by Garry Marshall, and the second is a plat-
form called Meme pool, a discussion forum [18]. 

In ‘The Web and Memetics,’ Marshall argues that 
memetics and metaphors are an important method 
for understanding the nature of the Internet. Marshall 
uses the term meme to identify communication units 
that are transmitted over the Internet. Marshall Notes, 
“The result of the use of both e-mail and the World 
Wide Web is that the Internet is the perfect platform 
for the dissemination, reproduction and storing of 
memes for its users” (Marshall) [19]. While Marshall 
might not have been referring to Internet memes in 
the image-and humor-based sense that we interpret 
them today, this paper may have helped to popular-
ize the word and incorporate it in the background of 
the Web [20]. Conversely, the Meme pool website used 
the word meme to apply to fascinating, mysterious, or 
funny articles and photos, which are somewhat close 
to how the concept is used colloquially (Nagy) [21].

Internet memes, because of their broad variety, are 
challenging to describe; however, in the “Language 
of Internet memes,” Patrick Davison provides a defi-
nition: “Internet meme is a piece of humor, usually a 
joke, which is inspired by internet communication” 
(Davison). The fact that the internet memes are most 
frequently satirical is what most specifically separates 
the concept of memes from the initial meaning of 
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memes [22]. While not defined in Davison’s descrip-
tion, it is valuable to note that Internet memes often 
vary from traditional memes. They appear to take the 
shape of real media, such as text, photos, gifs, and, 
most commonly, pictures. While cultural memes are 
non-corporate, amorphous concepts conveyed by lit-
erature, Internet memes are very strongly related to 
the outlets in which they are communicated and may 
be considered more “tangible” than cultural memes. 
Web memes may often apply to hypothetical concepts 
themselves but are used colloquially; the term typical-
ly applies to areas of the Internet [23].

4.2. Established Models and Guidelines 
for Successful Meme Communication

Age Z, also known as ‘Internet Generation’ and 
‘Virtual natives,’ is of special interest to scholars in the 
nuances that arise from the shifts induced by emerging 
technology in daily life. This generation is considered 
to be particularly susceptible to various economic and 
social threats based on the nature of the environment 
in which they reside [25].

In Guerilla Creativity, Jay Levinson (2001) lists 
three main benefits to utilizing metaphors in promo-
tional campaigns:
• Meme is a simple contact unit;
• It can inspire people to purchase a product;
• Without grammar, it is clear and quick to compre-

hend.
Marketers understand these opportunities and uti-

lize the quality of the Internet to market their com-
panies. Some businesses utilize common styles and 
characters, while others go their way to develop new 
ideas [24]. 

By utilizing videos, advertisers sell their goods. 
Memes have become a form of a conversation between 
the business and the customer. Marketers are trying 
their best to handle promotional references. There are 
several guidelines that advertisers can adopt in order 
to promote the dissemination of memes. Any of them 
contain the following:

Fecundity
Simplicity
Primordial drives
Originality
In their article ‘Memes, memetics and marketing,’ 

Murray and Manrai built a six-stage model to forecast 
meme performance.

These are the following:
• Transmission
• Decoding
• Infection
• Storage
• Survival
• Retransmission 

4.3. Applying Meme Marketing
What both these models and guidelines say em-

phasis on authenticity, relatability, and virality? 
Using memes as part of the promotional cam-

paign of the organization will attract the interest of 
customers and help to support the business creating 
eye-catching images may be an efficient way to cre-
ate interest through social media. One example of 
such a campaign is the 2017 #TFWGucci campaign 
launched by Gucci to promote its newly released line 
of luxury watches. The campaign used the “TFW” 
(an acronym for That Feeling When) meme trend 
that focuses on echoing commonly experienced 
emotions to everyday situations. The #TFWGuc-
ci campaign commissioned well-known meme ac-
counts and artists on Instagram to make memes 
using photos of their new line of luxury watches, a 
juxtaposition of high-value luxury items is consid-
ered to be the low effort medium of communication 
of the technologically savvy masses – memes. The 
campaign helped boost the brand’s online engage-
ment and impressions; however, it failed at tapping 
the need for social accountability and sustainability 
aspired for by the new Z group of consumers [26].

Another brand that hopped on the meme market-
ing trend in its earliest phase and proved successful 
was Denny’s Diner. The brand used its Twitter han-
dle to generate extremely simplistic looking memes 
featuring images of their food products – pancakes, 
burgers, sausages, and overlayed humorous text. Den-
ny’s absurd humor successfully struck a successful 
chord with Gen X consumers, gaining widespread 
engagement and positive reactions. Most central to 
their meme marketing efforts to interact with their 
consumers is the authenticity of their content. Memes 
have now come to be identified as the characteristic 
nature of Denny’s online presence. Consumers have 
come to expect just that from them, pushing other 
brands to recreate the diner’s success by trying their 
hand at creating such promotional content 
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5. Conclusion
The usage of a meme in ads is a modern trend. 

Companies utilize social media platforms, mostly 
Twitter and Instagram, that allow for efficient im-
age-based message sharing to demonstrate that they 
are involved players in the new world. Marketers aim 
to try their best to make the advertising unforgetta-
ble so that customers can be motivated to purchase 
their promoted product and service through the feel-
ings experienced and positive perception of the brand 
formed by them as a response to the meme marketing 
initiative. 

Memes circulate rapidly, and advertisers utilize 
them to satisfy consumer desires. Advertisers aim to 
target customers by producing enjoyable and funny 
memes. Humour is considered to be the most pow-
erful advertising device. Consumers prefer to post 
amusing videos and images that might linger on their 
memories. Advertisers know that Web videos are an 
incentive to be innovative and fun. This paper’s re-
search focuses on memes in the form of an image, 
followed by a short text. Such memes are one of the 
most popular types of advertisement and entertain-
ment in the Internet world and draw the interest of 
netizens. Also, marketers utilize Web images in inno-
vative forms. Memes have been an important part of 
the online climate, and now they influence the offline 
advertisement landscape. Marketers profit from the 
image-driven culture and make Web images the cor-
nerstone of their promotional campaigns.

Because Internet memes have various characteris-
tics that render them prolific and popular online, the 
meanings they convey, especially this dark, nihilistic, 
and absurdist humor, have circulated online for a long 
time. So much so, it is likely that the grim comedy in 
Web videos may be perceived as something general-
ly accepted by the culture. It may be particularly true 
to those introduced to this cultural aspect of Internet 
memes at a young age. 

However, what works with Millennials through 
memes and social media presence does not prom-
ise a similar success with Gen Z consumers, for both 
groups possess different values and expectations from 
brands. Millennials lay more on content being relat-
able and humorous. For marketers to create promo-
tional content with sustainable success with the new 
rising group of consumers, they need to be creative, 
authentic and create meaningful value. As Generation 
Z will most definitely be at the brunt of economic con-

cerns and unemployment, it also makes them critical 
of superficial capitalist profit-driven initiatives.

The increasingly commonplace action of reducing 
important problems for laughter may be attributed to 
media-linked desensitization. It may also be related 
to scientific results relating to the “desensitization hy-
pothesis”–like changes in aggressive behavior. It can 
then be argued that using Internet memes will support 
potential work on social desensitization because it 
continues to be used as a popular type of online ex-
pression.

While the focus on Generation Z’s early exposure 
to social media and tech-centric nature has been much 
highlighted in the paper, it is also necessary to note that 
a good majority of this population faces immense dif-
ficulties in social and economic life in small countries, 
especially with a very high level of unemployment and 
poverty. Given various sources of unsavory influence 
and lack of access to education, the danger to Gener-
ation Z of joining illegal activities remains strong. Im-
plementation of compulsory education in such cases is 
ideal. During this implementation, however, if the steps 
are not properly tailored, they remain unsuccessful.

In the end, the use of memes and viral media to 
market one’s product and service is an extremely new 
and dynamic tool for companies. It has flourished with 
introducing the new age online mediums of commu-
nication and one that only promises to grow with the 
changing demographics. Therefore, marketers must 
not ignore the profitable opportunity offered by this 
form of marketing to establish meaningful and sus-
tainable relationships with its consumers.
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Abstract
Introducing photography to a design student is a challenge. 
They must have a basic understanding of design fundamentals. 
Hence, it becomes easy to visualize a composition and tech-
niques of light painting. Visual literacy is implemented from the 
foundation course of design college. However, they are parts 
of the study of art and design, design fundamentals, sketch-
ing and drawing, and visualization techniques. Students are 
introduced to photography as a core subject. Thus they are to 
be trans-mediate from drawing/sketching-medium to photo/
light-medium from the second year of their college day. To de-
vice a specific task that will get the student an understanding of 
the process of photography. This systematic literature review is 
designing, evaluating, and authenticating the course Introduc-
tion to Photography assignment. Thus, this research is reflective 
research to plan an assignment and evaluate the assignment 
using eye-tracking and other research tools to analyze the 
findings to achieve well-documented outcomes. Thus, helping 
students to comprehend a well-designed and researched as-
signment with confirmed evidence. It is an action plan for the 
prerequisite assignment of Introduction to Photography. This 
research will be a steppingstone for creating photography tax-
onomy in detail to calibrate students learning in photography.
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1. Introduction
The teaching process involves infusing one’s un-

derstanding of the subject on others. The effectiveness 
of education depends upon the teaching method, and 
demand for that subject is the key variable that has to 
be stitch through a common thread [1].

‘Sketching to Photography’ is a process of transmedi-
ation from freehand drawing to light painting. As sketch-
ing is a quick process of executing a freehand drawing, not 
expecting a realistic image but should convey its mean-
ing, photography is a process of light on photographic 
paper to form a realistic image. Moving from hand skills 
to a magical world of photography is a surprise to stu-
dents of design. So, to experience the difference between 
photography and sketching, such an experiment should 
be given and let them experience and explore both the 
system’s advantages and disadvantages [2].

The steps involved in this experiment are firstly cut 
a frame of 2 x 3 inches in a card sheet, which becomes 
an apparatus to use in the experiment. Now arrange 
three objects available around and arrange them to 
form a meaningful composition. Take the apparatus 
and place it between our eyes and object composition 
to give the same meaning. Now sketch it quickly. Af-
ter sketching, take photographs using mobile phone 
cameras to take photographs of the same composition 
to have pictures of the same composition and sketch. 
Both are then compared with each other for their 
meaning. It is to be self-evaluated and then peer-re-
viewed [3]. Then students will undergo eye tracking 
to get further confirmation from the pattern of a heat-
map that correlates with the students finding. Thus, 
getting data related to self and peer for any association 
with each other if it is, and then they have understood 
the process of transmediation.

2. Literature Review
The photographic composition is a common con-

cept used in photography. The camera and the other 
equipment and accessories used to have importance. 
However, the composition plays a significant role as 
it leads to the individual representation of the views 
they see. 
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Photography is a subject, which draws its knowl-
edge from the various fundamental subjects like ‘Psy-
chology, Art, and Science.’ Photography is an applied 
subject that draws its knowledge from chemistry, fine 
art, electronics, optics, computer application, and ap-
plied psychology of composition like leading lines, di-
rect and indirect, light and shade, etc [4].

As an educator, the most important thing is the ‘ap-
proach to photography can be considered, like ‘Pro-
jection, Introjection, and Confluence’ as suggested by 
John Sexton. He says, to study an object, one should 
know what photo you are intended to shoot? Spend 
time with it. Then, it will start revealing itself to give 
a photograph, which will be the best visual interpreta-
tion of what you intended to shoot [5]. These three ap-
proaches to photography talk about the relationships 
between the photographer and the object in the field 
of view. These three approaches are to photography 
talks about the relationships with the photographer 
and the object in the field of view.

In projection, the photographer projects on an ob-
ject, which he or she wants to stand for or signify. Here, 
the photographic output is quite simple and straight-
forward that conveys a direct message. In introjection, 
the photographer spends time looking at the object 
and studying it quietly, trying to listen to what that 
object must reveal its characteristic or symbolize a se-
meiotic relationship [6]. The photographer then cap-
tures the quality of the object with the strongest visual 
language in that composition. In confluence, the ap-
proach is highly reflective, where the object and the 
photographer become one. The photograph taken re-
veals its intimate relationship.

As we all know, that whole world is all about visu-
als, what we are seething around and interpret as we 
perceive it. Truly said in the documentary series, on 
BBC, by John Berger, “Looking is before talking” The 
child looks and recognizes before it can talk clearly,” 
observes Berger, and talks about our perception of 
the world is developed earlier in life than oral com-
munication starts, it justifies that after some years of 
existence we tend to forget the visual language and the 
language of words starts to pick up [7]. Communica-
tion through visual is a complex way of communica-
tion as we have redundant vocabulary and grammar in 
the way of our leaving. Our living is now based upon 
our existence’s logical and emotional rationalization, 
of our artistic and creative intelligence. Such coexis-
tence is discussed when “As we start looking, we are 

also aware that others can look us. The eyes of others 
combine with our own eyes that make it acceptable 
that we are part of the visible world.” Sketches are rep-
resentations to show what an individual sees through 
his eye’s perspective for someone else. Consequently, it 
turns into a record of what is seen by the craftsman for 
the watcher, like; image or work of art [8].

It is an irony of today’s education system, where 
students are being developed as an individual to 
communicate with words and maths. Students learn 
to speak before s/he can develop a visual language. 
Thanks to our education system, there is a space for 
art & design where visual literacy develops [9]. In to-
day’s school education, one period in a week is giv-
en to art, visual performance & creative thinking. In 
today’s economic scenario, the demand for the work-
force is more than the artists who work for himself and 
makes his creation; he tries to satisfy himself with his 
visual arts in drawing, painting, sculpture, and even 
photograph [10].

This “artwork and its visual vocabulary enable us 
to communicate in a relatively complex way.” Visual 
language needs years of practice and dedication to 
develop. We develop our understanding of vocabu-
lary over time through experience, skill development, 
repetitions, or practice, solving various problems, and 
experimentation. Such qualities develop an under-
standing of the field of Art and Design. Students de-
velop their understanding by observation of the world 
around them. Strong observation leads to learning in 
detail; detail learning leads to the meaningful repre-
sentation of the field of view. A meaningful represen-
tation of the field of view leads to a great composition 
[11]. For composition, one must nurture the ability to 
see the ‘point, lines, shapes and forms, texture, color, 
tones in light and shade’ and many more. Their rela-
tionships with each other lead to a good composition. 

Visual language needs years of practice and dedi-
cation to develop. We develop our understanding of 
vocabulary over time through experience, skill de-
velopment, repetitions, or practice, solving various 
problems, and experimentation. Such qualities devel-
op an understanding of the field of Art and Design. 
Students develop their understanding by observation 
of the world around them. Strong observation leads to 
learning in detail; detail learning leads to the mean-
ingful representation of the field-of-view; a meaning-
ful representation of the field-of-view leads to a great 
composition [12].
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For composition, one must nurture the ability to 
see the ‘point, lines, shapes and forms, texture, color, 
tones in light and shade’ and many more. Their rela-
tionships with each other lead to a good composition. 
‘A composition is the strongest way of seeing’ by Ed-
ward Weston talks about the visual language with a 
vocabulary of line, shapes, forms, texture, and color, 
as well as their relationships to each other to lead to 
a meaningful representation of a visual language that 
can be communicated to the masses, by using a cam-
era as a tool is known as ‘Photographic Composition.’ 
Hence composition or framing is commonly associat-
ed with ‘rule-of-third,’ placement of the objects in a vi-
sual plane, but it is more than that. It talks about ‘point 
and line, light and shade, shapes and forms, color and 
texture, morphs the different shapes and forms in the 
visuals’ that links to the ‘Gestalt principles of organic 
grouping from the field of psychology [13].

Another approach is a critical feeling about the 
material world to develop a sense of thinking for pho-
tography. As discussed by Julia A. Sienkiewicz in her 
article about Critical Perception for cognitive gains, 
“Developing a student’s skill for the critical perception 
that can permit them to learn a better understand-
ing of probability and reasoning of students’ actions 
within the visual and material world. To highlighting 
the linkages between objects and teaching to critically 
point out and be aware of the visuals that may aid stu-
dents to understand how thinking can be between el-
ements of composition [14]. However, they should be 
socially and culturally conscious of unwritten norms 
that are developed by such activity.” “Developing a 
student’s skill for the critical perception that can allow 
them to learn a greater understanding of the proba-
bility and reasoning of their actions within the visual 
and material world. To highlight the linkages between 
objects and teaching to critically point out and be 
aware of the visuals that may help students understand 
how they can think between elements of composition. 
However they should be socially and culturally con-
scious of unwritten norms that are developed by such 
activity” [15].

As per the instruction of critical thinking, teach-
ers using methods to give experience in critical feel-
ing must widen the view of cognitive ability among 
students specific to studying photography; primarily, 
in its ability to assist students to expand the scope of 
cognitive ability. Its success can be observed in stu-
dents’ level of mindfulness of their distinct ability to 

contemplate through their association of the visible 
world, thus making a mindful decision for a materi-
al environment using photography or any subject for 
that matter as a medium of expression [16].

In each image of art, its content plays a significant 
role in an artwork’s emotional and intellectual mes-
sage as it contains a statement, an expression, or a 
mood found in the artwork by the observer. Ideally, 
the observer adapted to the artist’s or photographer’s 
purpose. These intentions can be further elaborated 
by categorizing the work of art into ‘naturalism, real-
ism, semiabstract and abstraction with objective and 
non-objective in a limited sense of the object found in 
nature or the field-of-view.

Sketching of a painting of art can be categorized 
into various ideologies. However, photography where 
light and electrochemical reaction or using various 
technologies to form artwork of art are remarkably 
close to naturalism, but the content plays a different 
role in persevering on the observer. As discussed in 
their books, Barber; Figure Drawing for All It is worth - 
Andrew Loomis - Google Books, 2017 observed that to 
achieve good drawing, one should be practicing and 
have the persistence to achieve greater perfection in 
the drawing. So, a skill that requires great ambition in 
drawing or sketching to achieve realistic images, artists 
tend to remove what they do not want to show to its 
viewer. However, a photographer must play with light 
and depth of field, and the angle of view to achieve the 
desired composition [17].

As mentioned by our teacher from our schooling 
days, while still-life drawing, you should keep the pa-
per and object aligned to get the best perspective of the 
still-life from where you are viewing it. Such a drawing 
method gets the best result and satisfaction and con-
fidence, observed Cohen & Anderson. There is ‘the 
act of seeing, visual elements, personal expression, el-
ements of composition, and finally composition’ that 
leads to visual discipline. These building blocks of vi-
sual discipline can lead us to develop a process scale 
for our experiment.

It is confirmed by J. V. Stone that “the shading by 
sketching as a skill of observation and physical action 
in images that depict surfaces of three-dimensional 
objects, cannot be perceived correctly unless the angle 
of the light source is known.” Statistical approach of 
defining a sketch for its meaning that develops the eye 
and trains itself for the three-dimensional form of the 
visual world in our field of view, observes Stone [18].
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Students must understand that visualization to 
‘interpret an artwork’ suck skills requires another set 
of competencies like knowledge, skills, and attitudes. 
To prove competencies is multitasking like discuss-
ing and sketching or thinking and drawing a picture 
or taking a photograph while composing and setting 
exposure. Our experiments have a part of observation 
and reflection over the work of art. It is a process of 
trans-mediation from one medium to another con-
cerning metacognitive activities. 

As said in an article by Helo et al., Ranade, visual in 
a work of art we tend to see it in order of their prefer-
ences as visual order. This visual eye movement is ex-
plained in the psychological concepts of eye movement 
from large object to small one, contrast to less contrast, 
clear to unclear, brightest to the darkest, or vice-versa 
depending on the simultaneous viewing of the object 
background or positive to negative space. Visual in a 
work of art, we tend to see it in their preferences as vi-
sual order. This visual eye movement is explained in the 
psychological concepts of eye movement from large ob-
ject to small one, contrast to less contrast, clear to un-
clear, brightest to the darkest, or vice-versa depending 
on the simultaneous viewing of the object background 
or positive to negative space. As mentioned by spatial 
forces, in an image and their implied forces, there are 
inherent forces of each visual component within the 
image area, which are considered when appreciating 
the image. As observed by Puhalla, 2011, it guides us to 
visual order for an image [18].

Dr. Deepak Mathew has investigated design prin-
ciples through photography, a unique approach for 
the Indian audience to understand local photography 
using a scale of design principles. This formalistic ap-
proach is towards the images are conceived from the 
formal structure, and its clues to its aesthetics worth 
are observed upon other pleasure-giving elements are 
given less importance. 

Visual communication can be appreciated by the 
viewers for its derived meaning extracts from the past 
experiences can develop understanding using analysis 
methods from six perspectives: ‘Personal, Historical, 
Technical, Ethical, Cultural and Critical perspective’ 
mentioned by P. Lester, 2013; P. M. Lester, such study 
can be very useful when one has to appreciate an im-
age in a holistic perspective.

A picture is viewed as a whole according to Gestalt 
theory. It is supported by ‘parts of a shape or the tones 
of a melody that interacts with each other, leading to 

produce as a complete recognizable one that is easily 
distinguishable from the addition of its various parts.’ 
Shape and melody are examples of ‘developing proper-
ties.’ We can say that an overall experience of a shape 
or music can be disorganized if seen as distinct parts 
of a shape or music. For example, the composition of 
normal salt is rather dissimilar from its elements, so-
dium as an eroding metal and chlorine as a toxic gas. 
Equally, the characteristics of a culture are distinct 
from those of the individuals who are part of it. 

Brumberger executed an experiment to search data 
in various articles of Journal of Visual Literacy since 
1975; being an enormous data in size, he used ‘text 
analysis software that methodically inspects a compo-
sition in the manuscript to find repetitions and con-
cepts in ‘word usage, configurations, and idioms.’ Such 
text analyzing software can be used to check students’ 
patterns by using this software.

“The study of visual communication is ‘an interdis-
ciplinary and interdimensional study,’ this interdisci-
plinary has become amplified and even more import-
ant in this digital information era. Those students who 
study visual literacy as a subject, defining a meaning 
from a visual, come from different areas, like ‘arts, 
graphic, communication, education, sciences, histo-
ry, psychology, instructional strategy, and educational 
technology, etc [19].

Pictures can become the most widely used lan-
guage of our everyday correspondence, particularly 
among the more youthful ages. Consequently, tertiary 
instruction in education should exploit visual meth-
ods of information processing and know by presenting 
probably a few components of visual ability to overall 
disciplines. Visual literacy acquaints us with the ‘look’ 
to offer four explanatory components of visual mar-
vels that coordinate the information picked up by dif-
ferent exploration strategies and overcome any barrier 
between the picture and its logical use in comprehen-
sion and making the importance of pictures. The four 
measurements for tending to the ‘look like a medium’ 
centers as firstly; what the look like becomes justifiable 
utilizing its intercessions, secondly; visual as media 
made to take a glimpse, thirdly; what look likes works 
as a vehicle of pictures and fourthly; how looking is a 
gifted practice that should be educated. 

Williams constructs and presents the creative pro-
cedures he structured and instructs to help create bal-
anced and natural insights as complementary and simi-
larly noteworthy segments of entire brain psychological 
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handling. He proposes an instructive interdisciplinary 
model and investigates why instructors may apply his 
hypothesis and procedures to coordinate Omni-phasic 
practice into the bigger scholarly network.

The visual diary has become an educational prac-
tice for profound thought and imagination that under-
pins the content’s comprehension. The use of visual 
diaries in advanced education is certifiably not a re-
corded instructive practice, as it very well may be ap-
plied as a cross-disciplinary learning method to help 
course content learning and to advance visual ability. 
Thus, visual diaries uphold a more extensive concep-
tualization of ability. 

Drawing in visual messages in several different 
modes of activity and ways to allows understudies to 
issue unravel, investigations, decipher, compose, re-
flect, think, and decipher meaning, all of which adds 
to more profound comprehension as described by De-
bes Fransecky & Debes as such visual literacy refers 
to various sensory experiences. That invites ‘a visually 
proficient individual can decipher the visible activities, 
objects, images, natural or synthetic as encountered in 
the environment’ [20].

In the process of teaching Kędra & Žakevičiūtė; Lo-
erts & Belcher, the learning takes place only if some-
one is interested in learning and means something to 
him/her. Thus, it seems that only learning that signifi-
cantly influences behavior is self-discovered, self-ac-
quired learning, or it can be called meaningful learn-
ing. It can be further understood as if a person blindly 
obeys, at least for some time, and tries to think about 
how teachers’ experience seems to him. He will learn 
and understand better, or he will experience teachers’ 
experience with him.

A new learning method is used to introduce to the 
students of visuals communication. The authors, Lo-
erts & Belcher, introduced the idea of the visual jour-
nal in the medium of instruction and discovered how 
visual components in any creation could be fused into 
picture proficiency courses. Visual journaling permits 
understudies to be ‘agentive in making signifying,’ 
which reinforces their basic reasoning, understand-
ing, and joint effort abilities. While simultaneously, it 
challenges a profound established conviction that pro-
ficiency is tied in with perusing, composing through 
reading and writing. As experimented by Loerts & 
Belcher, the outcomes show how members move 
from prior reliance on prevailing methods of corre-
spondence, for example, perusing and composing to 

explore different avenues regarding various methods 
of correspondence. Members or students imagine 
how better approaches for considering imagination, 
possession, reflection, and appraisal. They likewise 
acknowledge extended correspondence alternatives, 
which they are as students and the intensity of trans 
intercession as intelligent practice for adapting course 
content.

According to Dr. L. Dee Fink, the significant learn-
ing experience that is a motivator in teacher-student 
relationship describes it in different ways of significant 
learning in taxonomy. It has different compartments 
of horizontal level foundational knowledge. Learn-
ing how to learn is the second level; application uses 
learned knowledge, integrates learned knowledge, hu-
man dimension by creating new knowledge, And later 
carrying that knowledge and redesigning that knowl-
edge according to the time.

Outcome-based education is a way of planning, 
evolving, conveying and recording instruction in 
terms of its planned goals and outcomes’ [21].

Marsh says in his article that under suitable con-
ditions, students’ assessments of instruction should 
be (a) several aspects; (b) trustworthy and constant; 
(c) mainly a purpose of the teacher who teaches the 
course; (d) indicators of effective teaching; (e) vari-
ables conjectured as potential biases like, ranking 
tolerance, number of students in a class, workload, 
previous subject curiosity; and (f) useful in improv-
ing training efficiency. This concept is used in action 
research by giving students a theory and practice ses-
sion. In practice sessions, students learn the skills of 
using a camera and light on the object. Realization 
takes place when they commit mistakes, and the result 
is not as accepted. Giving critic review in between the 
process of photography Rogers observed that control 
this realization. We would do away with the discus-
sion of assumptions, for we would realize that no one 
learns significantly from assumptions. Consequently, 
students must realize that learning things that matter 
has some significant influence on students’ behavior.

Going through the taxonomy by Benjamin, Bloom 
Krathwohl has reviewed the action research work 
in a channel by placing students on their higher-or-
der thinking scale. The taxonomy is a classified list 
of action verbs used to ask a question related to the 
objective of the course to get the specific type of an-
swer. This type of answer can be evaluated based on 
the order of thinking. Thinking can be of the higher 
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or lower level, so to have a standard scale to measure 
thinking among people or specific to students, a scale 
has been defined by Benjamin Bloom. Moreover, dif-
ferent psychological domains in a classified list known 
as “Bloom’s Taxonomy.” The background expounded 
by Bloom and his co-workers consisted of six major 
classifications: “Remembering, Understanding, Appli-
cation, Evaluation, Synthesis, and Analysis” [22].

The Revised Taxonomy (2001) by Mary Forehand 
for Bloom’s Taxonomy as ‘A Taxonomy for Teaching, 
Learning, and Assessment.’ The use of action words de-
scribes the cognitive processes that can be observable. 
Change can be found in the learner as first knowledge: 
Recollect - Recognizing, Recalling. Secondly, Under-
stand - Interpreting, Exemplifying, Classifying, Sum-
marizing, Inferring, Comparing, Explaining. Thirdly 
Apply - Executing, Implementing. Fourthly Analyze - 
Differentiating, Organizing, Attributing. Fifthly Eval-
uate - Checking, Critiquing. Sixthly Create - Gener-
ating, Planning, Producing. Further in the taxonomy, 
active words are categorized based on their cognition 
levels as factual knowledge, conceptual knowledge, 
procedural knowledge, and metacognitive knowledge. 
According to Bloom’s taxonomy, it is important to 
have an objective or goal for the course, thus helping 
teachers plan and deliver appropriate instruction and 
assessment aligned with the objective. 

3. Results and Discussion
The Photography taxonomy to be developed is 

based on ‘Introduction to Photography.’ The objective 
is to have an assignment, practical and mini-project. 
Methods of instruction will be primarily dealing with 
photography with learning by doing. There is no pre-
requisite for this module introduction to photography 
where students learn to experiment with camera and 
lighting. Except they should have cleared their foun-
dation courses. Students learn the optics of the cam-
era lens shutter and sensor. They also learn to man-
age practical and mini-projects in a specified time to 
manage the real-time project in the future easily. It has 
been compared introduction to photography process 
with the blooms taxonomy to have a standard under-
standing among the student [23].

So, while teaching sketching in design colleges, the 
teacher tries to guide students with at least thinking 
sketches to communicate thought only to its observer 
or client. They are not art students with the high aspi-
ration of realistic production. In a simple term, “how 

we see things of art, objects or in field of view”? What 
meaning do we get from the image? An experiment 
was designed to understand the visual meaning, thus 
perceiving a sketch and a photographic image. Stu-
dents were asked to take few objects and draw a mean-
ingful thinking sketch that will relate the objects and 
create a meaningful story. Making sure they have the 
apparatus well composed throughout the sketching 
process. 

It has been observed that some similarities in the 
process indicator of photography projects can be 
compared with ‘blooms taxonomy’ in photography 
projects. These can be in the three different domains: 
cognitive, affective, and psychomotor pointers can be 
observed as bloom indicators [24].

After many small experiments and discussions 
with the students of photography and teachers to gath-
er information related to evaluation and execution of 
the assignment by the student and authenticates it 
with self, peer, and eye-tracking system. Thus, mak-
ing it scientifically and statistically sure for its associ-
ation with students’ understanding of the knowledge, 
whether sketching and photography have any associ-
ation with each other, as our experiment is trying to 
bridge the gap between sketching and photography.

To keep the students understanding about the knowl-
edge level by specific questioning using active verbs re-
lated to psychological higher-order thinking, doing, and 
feeling, according to their domain-specific [25].

3.1. Cognitive Domain
1. Remember: in the photographic process, students 

are exposed to recognizing, recalling, and elements 
of design, principle of design, gestalt law, and com-
munication design principle. 

2. Understand: in the photographic process, students 
interpreting, exemplifying, classifying, summariz-
ing, inferring, comparing, explaining, using and 
selecting props for the theme/ concept, research, 
brainstorm, references for the projects [26].

3. Apply: in the photographic process, students have 
to execute, implement camera placement and an-
gle, lighting, object placement, visual order, execu-
tion, and creating a storyboard, action plan, layout 
plan, lighting plan. 

4. Analyze: in the photographic process, students tend 
to be differentiating on photograph shoot, defining 
the photograph, operational definition of the output 
matching with the project’s objective. [27].
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5. Evaluate: in the photographic process, students 
should be checking, critiquing, photograph, eval-
uate on the output. 

6. Create: in the photographic process, students take 
part in planning, organizing, brainstorming, con-
cepts. 

7. Share: in the photographic process, students tend 
to take part in discussion presentations, exhibi-
tions, coffee table books, and posters.

3.2. Affective domain is where working 
upon behavior takes place
1. Receive: in the photographic process, the student 

should be motivated to open to experiences, will-
ing to hear, listen to the teacher, openness to new 
thoughts in-group and as individuals, listen to an-
other member in-group. 

2. Respond: in the photographic process, students are 
induced to react and participate actively in discus-
sion, using and selecting props for the theme/ con-
cept, alternative. 

3. Value: in the photographic process, students have 
to attach values and express personal options, 
putting the concept together to decide, giving a 
thought to the concept and output [28].

4. Organize or Conceptualize values in the photo-
graphic process. Students and teachers reconcile 
internal conflicts, develop a value system, build 
thoughts, and put the concept together to make the 
conscious decision out of the different concepts. 

5. Internalize or characterize values: in the photo-
graphic process, students adopt belief systems and 
philosophy, finally deciding on the concept or con-
cepts, prepares to act on it.

3.3. Psychomotor domain is where skills 
are developed among students
1. Imitation: In the photographic process, students try to 

copy the action of others by observing and replicate 
the action and try to be getting the hang of the camera, 
its operation, handling lights, its operation, and equip-
ment operation, tripod working, and handling. 

2. Manipulation: in the photographic process, stu-
dents try to respond to activity from instruction or 
memory, carry out the task from written or verbal 
instruction, camera operation, changing aperture, 
shutter speed, ISO, focusing, zooming [29].

3. Precision: in the photographic process, students 
execute skills reliably, independent of help, exe-

cuting the work, experiment, project, placement of 
objects [30].

4. Articulation: in the photographic process, students 
try to adapt and integrate to satisfy the objective, 
help others without assistance and demonstrate 
an activity, execute the task or assignment inde-
pendently.

5. Naturalization: in the photographic process, stu-
dents should be able to automate unconscious 
mastery of activity and related skills at a strategic 
level, working independently on projects without 
the help of an instructor [31].

4. Conclusion 
This action research and reflective practitioner lit-

erature review lead us to design and develop a specific 
task sheet that will lead us to further questioning are 
on the right path? We have been studying various pho-
tography approaches like projection as simplified ob-
jective photography. Introjection uses proper research 
method of survey and analysis to get the photography 
objective, and confluence talks about the art of pho-
tography, which leads us to question how we make 
meaning to a photograph? This leading to developing 
interest in the photograph to make the viewer find 
the answer in the photograph. What meaning can be 
derived from a photograph leads to a visual language 
and its subset as visual vocabulary that leads us to the 
visual grammar of design elements and principles of 
design. To study visual grammar, one should think 
about the visual in the form of an image or work of art 
critically. Thus, we can understand and develop a vi-
sual language and start making a complete vocabulary 
and later dictionary. It is a small step to develop and 
understand the authority and decipher all images to 
their logical meaning. 

Below is the experiment style to understand and 
learn specific questions using the scientific method to 
come to a logical conclusion and the method used for 
the experiment?

5. Experiment ‘Sketching to Light Painting.’
The specific questions for the research will be 

1. Is there any relation between sketching and pho-
tography?

2. Is there any association between self-review and 
peer-review?

3. Is there any association between eye-tracking re-
views and self-review?
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4. Is there any association between eye-tracking re-
view and peer-review?

5. Is there any relation between expert-review with 
self-review and peer-review for eye tracking re-
view?

6. Task Details for the Experiment 
A task sheet can be created for the experiment ‘ 

sketching to light painting’ to plan such complex ac-
tivities in its execution and evaluation.
• Take three objects having some relationship with 

each other that you can identify to create a mean-
ingful representation.

• Placing these objects in such a way that they are 
displaying a meaningful representation as per your 
thinking.

• Now, place the frame apparatus in between the ob-
jects and your view to compose it in such a way so 
that the meaningful representation can be identi-
fied.

• Now, sketch the composition from the frame.
• After the sketching is complete, then take a photo-

graph from the frame as per the sketch.
• Now, place both images side by side.
• Compare them by answering few questions given 

below
 º Write your meaningful explanation of both 

sketch and image.
 º How many objects have you seen in the sketch 

and image?
 º Name all the objects in sketch and image.
 º Any experience you have had with the objects 

earlier that you recollect.
 º Any technical reference about the objects.
 º Any relationship with each other of the objects 

in the frame.
• There will be another experiment with eye-track-

ing analysis to find any association.
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Abstract
India a country of as much diversity as is a hotspot for numer-
ous contradictions. On the one hand, after much hardship, the 
country has emerged as one of the surging economies and a 
very important player in the new global order. In contrast, on 
the other hand, it is still combating issues related to impoverish-
ment, starvation, and rights of undernourished children, socie-
tal welfare, and the like. The Indian economy sometimes rides a 
wave of boon and sometimes that of bane, which is because of 
an uneven, unseemly distribution of wealth throughout, which 
only increases social unrest; this uneven development and 
growth spread across the nation has targeted companies and 
corporate organizations for their contributions to the society. 
The scrutiny has only been increasing with the rising aware-
ness of the gaps between the haves and the have-nots, which 
has further led to an outpouring in society’s expectations from 
the corporate giants. To this, the government has responded 
proactively, taking most of the corporate houses in its stride to 
provide for the society without commercial success and hence 
developing the nation getting in the way. The concept of Cor-
porate Social Responsibility (CSR), a practice where companies 
realize profits and fulfill philanthropic, societal expectations, has 
taken ground since times immemorial only to become manda-
tory later. In the background of such a premise, CSR has time 
and again presented itself as a wonderful opportunity, the need 
of every hour and also as a serious challenge to be overcome, 
with its implications on almost every sector. Ever since it be-
came a legal mandate in the year 2014, India has been a thriv-
ing “hotbed for innovative CSR scenarios,” in the words of D S 
Rawa, Former Secretary-General of ASSOCHAM.
This paper seeks to trace the advent and growth of Corpo-
rate Social Responsibility in India through the eyes of the law, 
having undergone multiple legislative changes ever since the 
inception of the Companies Act, 2013. The paper also analyses 
the legislative amendments that are already afoot and await-
ing enforcement. The researcher has tried to suggest the best 

possible ideological way forward in light of these multifarious 
changes, illuminating CSR’s import and primacy as a practice in 
the wake of the same.

Keywords
Corporate Social Responsibility, CSR projects, CSR initiatives, 
CSR Ventures, The Companies Act.

Imprint
Pankhuri Swarnim, Damodar Hake. Corporate Social Responsi-
bility: A Legislative Gateway. Cardiometry; Issue 24; November 
2022; p. 752-761; DOI: 10.18137/cardiometry.2022.24.752761; 
Available from: http://www.cardiometry.net/issues/no24-no-
vember-2022/corporate-social-responsibility

1. Introduction
It takes 20 years to build a reputation 

and five minutes to ruin it.”
-Benjamin Franklin

CSR stands for Corporate Social Responsibility. It 
is a management concept whereby a business entity 
integrates social and environmental concerns in its 
operations and its dealings with its shareholders and 
stakeholders. CSR centers on the Triple-Bottom-Line 
Approach. A company is required to achieve equilib-
rium among economic, environmental, and social im-
peratives (United Nations Industrial Development Or-
ganisation [UNIDO] n.d.; and, at the same time, cater 
to its shareholders’ expectations stakeholders. Hence, 
it becomes important to demarcate the two parallel 
aspects of CSR, which can be a strategically devised 
business management concept or a venture of charity, 
sponsorship, or philanthropy [1]. Nevertheless, there 
is only a thin line between the two because the latter 
subserves to make a valuable contribution towards en-
hancing a company’s prestige, strengthening its brand 
value, and maximizing its audience base.

Corporate Social Responsibility (CSR) also in-
cludes the ‘economic, legal, ethical and discretion-
ary (Maheshwary, 2018) roles’ that the society needs 
an organization to step into, at a given point in time, 
which is because an organization needs to shoulder 
moral, ethical and philanthropic responsibilities in 
addition to its compliance with the law of the land 
and its continuance a going concern. Traditionally, a 
corporation is primarily responsible only to its own-
ers, stockholders, or investors, shareholders [2]. On 
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the contrary, CSR necessitates an organization to be 
responsible not only to its stockholders but also to 
its employees, customers, suppliers, the local govern-
mental authorities, the state government, the federal 
government, environmental groups, and several other 
stakeholder groups, which could be affected by its ac-
tions [3]. As part of its economic responsibilities, an 
organization is expected to produce quality goods and 
services that its customer base uses at an affordable 
rate. An organization’s legal responsibilities include its 
compliance with the laws set to regulate its affairs so 
that the existing competition in the marketplace is also 
governed. The ethical dimension of a corporation’s re-
sponsibilities surpasses legal obligations, which means 
that an organization’s dealings are fair, just, and rea-
sonable, adhering to the societal norms [4]. A compa-
ny’s discretionary side is described as its involvement 
in philanthropist activities that are beneficial to a 
community group or the nation. It refers to an organi-
zation’s proactive efforts into dedicating its employees’ 
expertise and skill to causes of import. In a nutshell, 
the term Corporate Social Responsibility can be said 
to be synonymous with “Corporate Conscientiousness 
“and “Accountable, Mindful Business,” whereby an or-
ganization achieves a business model, which requires 
it to self-regulate in all its ventures (Nanjunda). As per 
several types of research, Corporate Social Responsi-
bility has been presented as a green business or sus-
tainable business, which is a kind of business that neg-
atively affects the local or global community, society, 
environment, or economy [5].

2. Historical Development 
of CSR Internationally

Having understood what Corporate Social Respon-
sibility means, let us understand how CSR has come 
a long way, evolving from something, which was con-
sidered a nice thing to do to what has today become a 
mandate for a successful business. The 18th and early 
19th centuries saw monumental changes in manufac-
turing, transportation, mining, and agriculture. These 
changes had tremendous impacts on the cultural and 
socio-economic conditions. The rubric of business was 
affected in an altogether different dimension. Busi-
nesses were yet to identify the sheer extent of their du-
ties and obligations for the future of the civilizations 
to come. The 1800s saw a growing concern towards 
the well-being of the workers due to the Industrial 
Revolution [6]. The mushrooming factory systems 

and the working conditions therein concerning the 
employment of women and children were highly con-
demned, especially in the United States. The reformers 
concurred that the current scenario only contributed 
to increasing social problems of penury and labor deg-
radation, which gave rise to integrating industrial bet-
terment and welfare movements with the encouraging 
force of humanitarianism and business acumen. While 
the 1800s saw the birth of responsible business organi-
zations, the corporate leaders in the late 19th and early 
20th centuries had started to use a part of their wealth 
to advance philanthropic undertakings. Andrew Carn-
egie, a steel industrialist, came to be known as the do-
nator of huge portions of his wealth to welfare causes 
of education and scientific research [7]. Oil Industry 
paternalist John D. Rockefeller followed suit and con-
tributed half a billion dollars to science, religion, and 
education. Around the same time, Wallace B. Don-
ham, in his speech as the Dean of Harvard Business 
School, attributed the recognition to the 1920s as the 
commencement of the modern CSR movement, “Busi-
ness started long centuries before the dawn of history, 
but business as we now know is new in its broadening 
scope, new in its social significance” [8].

Even though corporate social responsibility ex-
isted formerly for almost 100 years, H.R. Bowen was 
the first person ever to speak about Corporate Social 
responsibility, coining the very term in 1953. He was 
an American economist designated with the title “the 
father of CSR” after his efforts to educate the business 
magnates about the incoming sense of social respon-
sibility [9]. He became the catalyst for modern Corpo-
rate Social Responsibility with his publication, “Social 
Responsibilities of the Businessman.” However, CSR es-
sentially gained momentum in the United States, when 
the Committee for Economic Development postulated 
1971, the ideology of “social contract” between corpo-
rations and society; this concept based the existence 
and functionality of the companies on public consen-
sus. Hence, the concept propagated the obligation to 
contribute towards the needs and goals of the devel-
opment of society, which led to further evolution of 
CSR by the 1980s as an increasing number of business 
entities began indulging in societal ventures as part of 
their corporate practices, becoming more accountable 
to the stakeholders, at the same time [10].

Soon came the widespread acceptance and uni-
versal approval of Corporate Social Responsibility in 
the 1990s. Donna J. Wood, a professor from the Uni-
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versity of Pittsburgh, published “Corporate Social Per-
formance Revisited” in 1991. This piece gave breath to 
the erstwhile CSR models, ameliorating them by giv-
ing them a structure, which helped in the assessment 
of the impacts and repercussions of Corporate Social 
Responsibility programs. Archie B. Carroll, a business 
management author, and professor at the University of 
Georgia, subsequently published a paper called “The 
Pyramid of Corporate Social Responsibility” the same 
year. In his article, he covered areas that were of pri-
macy, according to him, in implementing CSR in an 
organization [11]. All of such efforts culminated in 
CSR becoming a quintessential policy for several busi-
ness operations by the early 20th century, which led to 
multi-million dollar companies such as Walt Disney, 
Wells Fargo, Pfizer, and Coca-Cola imbibe the concept 
into their corporate ventures. As CSR practices began 
to build brand image and bring reputation, the orga-
nizations’ competitive advantage and presence in the 
global market was further ensured. These factors per-
suaded business entrepreneurs to increasingly indulge 
in CSR initiatives, aiming to shift from profit maximi-
zation to profit optimization [12].

3. Historical Evolution CSR in India 
CSR might be comparatively new, but this concept 

is as old as 100 years, with India boasting of possess-
ing the world’s richest tradition of corporate social re-
sponsibility. The evolution of CSR in India has been 
through various phases, for instance, community 
engagement, employee relations that are socially ac-
countable and responsible, socially responsible pro-
duction, etc. Moreover, Chanakya, the ancient Indian 
teacher, philosopher, economist, jurist, and royal advi-
sor, had long before stressed over practices and prin-
ciples of ethics while doing business [13]. In the past, 
Indian people from different religions indulged in so-
cially sound practices in mercantile dealings. For ex-
ample, Hindu merchants distributed arms built tem-
ples, and shelters for the poor. Hindus also followed 
a practice called ‘Dharmada’ whereby the customer 
was supposed to pay a specific amount to the seller or 
manufacturer, which was used later for charitable pur-
poses (Jaana Foundation). Islamism dictated that one 
must donate a fragment of one’s earnings to the poor 
for their well-being, called ‘Zakaat.’ Likewise, Sikhs 
followed a practice called ‘Daashaant’ [14].

The first phase dates back to as early as the year 
1850, concluding in the year 1914. This phase was 

known for its philanthropic and charitable tendencies. 
The industrialists like Tata, Birla, Bajaj, Godrej, etc., 
set up educational and healthcare institutions, charita-
ble foundations and several trusts for the development 
of the community. Political motives drove social ini-
tiatives during this period [15].

The second phase between 1915 and 1960 during 
the time of Independence saw Mahatma Gandhi en-
courage affluent industrialists to contribute for the 
benefit of the underprivileged of the society. He gave 
the idea of trusteeship, which furthered the socio-eco-
nomic growth led by the companies and industries, 
which according to him, were the “temples of modern 
India.” A better distribution of wealth in the society 
was brought about by the emergence of Public Sector 
Undertakings (PSUs) in phase three (1960-1990). As 
the PSUs did not succeed significantly, the focus shift-
ed from the public to the private sector when the latter 
took charge in socio-economic advancement. Howev-
er, due to prevailing restrictions on the private sector, 
corporate malpractices led to pertinent laws on corpo-
rate governance. In fact, in 1965, a nationwide work-
shop was conducted by several scholars, politicians, 
and business people, which specifically talked about 
social accountability, responsibility, and transparent, 
ethical undertakings. CSR was viewed as being under 
the “mixed economy paradigm” (Jaana Foundation). 

The last phase that began in the 1990s had sustain-
able business practices and policies at its core. Their 
country saw explosive growth as soon as the wave of 
liberalization, privatization, and globalization (LPG) 
hit the country, synced with a seemingly relaxed li-
censing system. The momentum at which the in-
dustries were growing also augmented due to which 
companies indulged more in socially sound and re-
sponsible practices. 

4. Statutory Mechanism Governing CSR: 
A Historical Perspective

In August 2013, India was the First nation in the 
world that has made CSR expenditure statutorily man-
datory for corporations, which falls within the scope 
of statutory conditions. 

4.1. CSR Voluntary Guidelines, 2009
The Indian Ministry of Corporate Affairs released 

the Corporate Social Responsibility Voluntary Guide-
lines in December 2009. It was ostensibly evident that 
there was an increasing need for inclusive growth, 
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which meant that all the stakeholders would have to 
identify and discharge their duties, which would both 
supplement and complement the government’s exist-
ing initiatives of developmental ventures line-up of 
sectoral programs [16].

Sectoral business practices in India are traditional-
ly recognized as replete with methods of undertaking 
and fulfilling social responsibilities. Even though there 
is an abundance of the workforce and economic ener-
gy available for good usage in this realm, a modus ope-
randi to streamline this energy was found to be truly 
wanting in nature. Thus, it was ascertained that the 
government, the corporate sector, and the communi-
ties needed to collaborate and indulge collectively.

The introduction of these guidelines was nothing 
but to provide the corporations with a framework, an 
outline on how to deal with philanthropic, societal ex-
pectations while working closely with the national as-
pirations and policies (Ministry of Corporate Affairs, 
Government of India, 2009).

4.2. How Were These Guidelines 
to Be Implemented? 

The Ministry also lay down the implementation 
guidelines separately; dividing them into four points 
(Ministry of Corporate Affairs, Government of India, 
2009):
1. The CSR Policy of a business entity must come with 

an implementation strategy, which includes iden-
tifying projects or activities, setting quantifiable 
physical targets in a time-bound manner, regulat-
ing mechanisms, allotting responsibilities within 
set time schedules, and monitoring progress. 

2. Corporations may allot a specific amount to CSR 
activities in their overall budget. This sum could 
profit after tax, separately planned cost allocated 
to CSR ventures, or any other appropriate determi-
nant.

3. Two companies equally well established and re-
sponsible for funding CSR practices could also net-
work with each other to improve and learn from 
each other and project a socially accountable brand 
image.

4.3. The Companies Act, 2013
Sections 134, 135, 166, of the Act Companies Act, 

20l13, and the Rules made there under Constitute a 
complete code governing CSR Affairs in India (Minis-
try of Corporate Affairs, Government of India, 2013). 

If a company fails to spend on CSR initiatives under 
Section 135, the company will not be penalized. It sim-
ply has to explain why not doing so (Ministry of Cor-
porate Affairs, Government of India, 2013). 

4.4. The CSR Policy and Activities 
(Singla, 2013)
• It must also specify how these projects are to be 

monitored. 
• There also has to be a declaratory clause denying 

the usage of any surplus that might arise out of 
these CSR initiatives to the profitable advantage of 
the company.

• Expenses cut out for their employees, or their fami-
lies are not counted under CSR expenditure.

• Contribution to political parties does not form a 
part of the CSR fund.

• The Board of Directors is to certify that a compa-
ny’s activities per its CSR Policy must relate to the 
subjects mentioned in Schedule VII of the Act (The 
Ministry of Corporate Affairs, 2013).

4.5. Schedule VII
CSR was made obligatory by amendment to the 

Companies Act, 2013, which was executed in April 
2014. India became the first country to do so with ef-
fect from the 1st of April, 2014. Having been amended 
several times since its formulation, Schedule VII has 
undergone an expansion in its ambit. With its amend-
ment on the 27th of February, 2014, to substitute sev-
eral items in place of its original entries until its final 
amendment by notification dated the 11th of October, 
2019 [17].

4.6. Company (Corporate Social 
Responsibility Policy) Rules, 2014

The Companies (Corporate Social Responsibility 
Policy) Rules 2014 came into effect on the 1st of April, 
2014. These Rules significantly expanded the coverage 
of the CSR requirements, the Act originally provided, 
to foreign companies who had branch offices or proj-
ect works in India. 

4.7. The Companies (Amendment) Act, 2019
The Ministry of Corporate Affairs introduced the 

Companies (Amendment) Act, 2019, on the 31st of 
July, 2019. This amendment discerns changes brought 
by the Companies (Amendment) Ordinance, 2018, 
the Companies (Amendment) Ordinance Act, 2019, 
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and the Companies (Amendment) Second Ordinance, 
2019 introduced to amend the Companies Act, 2013 
further. The Central Government can generally or 
specifically direct a company to ensure adherence to 
the newly amended provisions.

5. The Existing Statutory Mechanism: 
A Critique

“One of the significant problems with Corporate 
Social Responsibility is that the concept can take on 
different incarnations depending on whom you ask.” 
The bandwidth is such that, at one end, you have cor-
porations driven by the need to epitomize good corpo-
rate citizenship vis-à-vis, which they indulge in busi-
ness activities to increasingly indulge the interests of 
their stakeholders along with a maximization of gains. 
At the same time, the other end enforces spending a 
portion of these profits towards projects stipulated 
by the mandate of law. The statutorily prescribed ap-
proach allegorizes it to corporate philanthropy.

It sure was a voluntary concept, gradually transi-
tioning into a quasi-obligatory socialistic-cum-phil-
anthropic approach under the Companies Act, 2013. 
Even when the legislation was to be brought into place, 
there was a commotion over whether CSR should be 
statutorily voluntary or statutorily mandatory. Initially, 
as per the formative reports, even though the proposi-
tion was to make it mandatory, much resistance from 
the industry mavens and a detailed discourse led to 
a surreptitious compromise called Section 135 of the 
Act. This compromise is erroneously seen as a man-
datory statutory obligation. The CSR directives have 
ever since been like ‘COREX,’ i.e., ‘Comply or Explain’ 
until their direction changed to ‘COPP,’ i.e., ‘Comply 
or Pay Penalty’ (Jaiswal, 2020), with the introduction 
of amendments in Section 135 (Ministry of Corporate 
Affairs, 2019). Thus, spending is not a mandate; it is 
only when the company does not make appropriate 
revelations and penal consequences are levied, which 
has also been problematic. That is not a necessary legal 
contravention either because the question then boils 
down to the extent of revelations describing reasons 
for not spending towards CSR activities. Some com-
panies make explanatory, distinct disclosures, while 
others simply rely on ambiguous and boilerplate dis-
closures [18].

The provisions mandate a double-fold transfer re-
quirement, as discussed in the erstwhile section, first 
into a distinct account termed as “Unspent Corporate 

Social Responsibility Account” and then into any gov-
ernment-specified enlisted funds Schedule VII. Such a 
transfer has to be done when the amount from the for-
mer is not spent on CSR projects and programs. Such 
a provision increases disclosure and accountability on 
the part of companies who under-comply with the 
CSR expenditure mandate. The question arose when 
corporations started carrying forward to future years, 
raveling the same if and when a CSR venture stretched 
across multiple financial years. It concerned the au-
thorities that this only multiplied the non-adherence.

However, if we introspect deep, the new amend-
ment can be likened to a different blessing in disguise. 
It implicitly induces the business entities to mandato-
rily expend money out of their CSR funds and disclose 
the same via a double-layered transfer when unspent. 
The CSR spending has now been mandated through 
the back door. Earlier, the companies either had to 
spend 2% of their profits as a part of CSR initiatives 
or state the reasons for not doing so. Now, reinforced 
with a penalty is the requirement to either spend or 
release the profits into a fund run by the government. 
If we think about it, this amendment will only neces-
sitate all the eligible companies to venture into CSR. 

However, there too are problematic facets to this 
new approach. At first, in the pre-amendment ap-
proach, the companies were the immediate and the 
ultimate decision-makers. They could consider sev-
eral factors while allocating funds and assignment 
of projects accordingly, keeping in mind the well-be-
ing of their immediate stakeholders. Although the 
post-amendment approach ensures a stricter CSR 
legislative measure, transferring turnover to govern-
mental funds is like handing over the decision-mak-
ing reins to the political and bureaucratic components, 
which again has two aspects. A wholesome, responsi-
ble company will be urged to work within the fabric 
to widen their CSR spending in the name of better 
corporate governance. However, others might be dis-
pensed towards simply delegating that responsibility 
to the government. Secondly, the new law imposes a 
time limit of three years, constraining the companies 
to fit their CSR projects in a time capsule of three years 
and abjure those that can be spanned over longer pe-
riods for larger benefits. The amendment somehow 
debilitates the latitude given to companies to manage 
their CSR responsibilities while trying to speed up the 
same. So, as and when the compliance is hoped to be 
ensured de rigueur for fear of potential incarceration, 
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there is also an attenuation of the managerial and op-
erational scope of the corporations who are subject 
to these provisions, which could not only modify the 
original force that drove CSR but also persuade per-
functory conformity. All at the hands of the garb of 
amercement upon failure, which would not do a lot in 
altering the quintessential corporate demeanor? Now 
let us analyze the legislation that is still underway in 
transforming the face of Corporate Social Responsi-
bility in the nation [19].

6. Draft of the Companies 
(Corporate Social Responsibility Policy) 
Amendment Rules, 2020

A draft of the Companies (CSR Policy) Amend-
ment Rules, 2020 was published by the Ministry of 
Corporate Affairs, on the 13th of March (Indian De-
velopment Review, 2020), for introducing the amend-
ments to the Companies (Corporate Social Responsi-
bility Policy) Rules 2014. These rules were drafted to 
make the amendments brought about by the Compa-
nies (Amendment) Act, 2019 operational. They were 
also made available to invite public comments until the 
28th of March. This draft reformulated the definition 
of Corporate Social Responsibility and augmented 
the administrative overheads or responsibility of the 
Board. Legal practitioners and scholars have deemed 
these draft rules to be a potential challenge, diverges, 
as it does from the existing rules.
• Redefining Corporate Social Responsibility

The definition of the term Corporate Social Re-
sponsibility has been made more progressive and in-
clusive. Apart from the activities that already stand ex-
cluded from the realm of CSR projects, in the existing 
scenario, the amended draft demarcates a threshold up 
to which expenditure towards the benefit of employees 
and their families can be considered CSR expenditure. 
The existing rules provide a blanket ban on disburse-
ment towards employee benefits. However, as per the 
new draft, an enterprise with less than 25% employ-
ees as its recipient will be accorded the status of a CSR 
venture. As per Vinod Kothari & Company, Jaiswal, 
CSR should much rather be driven by principles and 
deep-seated objectives of socialism and philanthropy 
rather than simply encumbering corporations with 
heavy rules. Even though the 25% or fewer criterions 
might compel the companies to make a smaller group 
the CSR beneficiary, the benefit derived could still be 
relatively higher. Moreover, there could be a lot of ex-

isting companies that exceed the said numerical lim-
itation, which could impact them considerably [20].
• CSR Policy

The new draft rules anneal the import of CSR in 
spirit and letter alike. The erstwhile CSR Policy did 
not extend to activities like marathons, honors, charity 
contributions, advertisement, sponsorships to Televi-
sion Shows, etc. As the new definition does not omit 
these activities exclusively, they can be said to be with-
in the ambit of the new definition, provided they align 
with Schedule VII (Ministry of Corporate Affairs, 
2013).
• Addition of Two New Definitions

The draft rules bring about a significant change 
by introducing the terms “Ongoing Projects” and 
“Non-ongoing Projects.” However, what is lacking 
here is that there is no clarification on the exact mean-
ing. The term “Ongoing Projects” has been given two 
key features. It has been defined as a multi-year proj-
ect with its completion not exceed beyond three years, 
“excluding the financial year in which it was com-
menced.”(Ministry of Corporate Affairs, 2020). Proj-
ects that were not initially approved as a multi-year 
project but upon being granted an extension, by the 
Board, beyond a year, based on rational justification, 
will fall within the purview of the term. However, what 
is ambiguous is the manner of checking the multi-
year coverage. Moreover, the three-year restriction 
is unwarranted as there could be some CSR ventures 
involving longer gestation periods. The restrictions 
appear to spur contribution to the peculiar “Unspent 
Corporate Social Responsibility Account,” which may 
or may not benefit the company or the society, as is 
the theory behind CSR. Perhaps, the ideal would have 
been to have a 5-year structure, if not completely un-
restricted, with a set-up of yearly apportionment.
• CSR Implementation

Earlier, a company could venture into CSR even 
through registered trusts or societies, given they had 
a performance history of 3 years in similar CSR ac-
tivities apart from section 8 companies. However, the 
new draft narrowed down the implementation to a 
select few, leaving spending through trusts and societ-
ies out of its purview. Companies can implement CSR 
actions with the help of the companies incorporated 
under Section 8 (Ministry of Corporate Affairs, 2013) 
or with the help of international entities with the ap-
provals or with the help of entities established under 
the Union or State Laws. It may prove to be a huge, 
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devastating stumbling block for thousands of compa-
nies that already have established arrangements tuned 
with a registered trust or society foundation. Hence, 
this proposal is highly probable to be disputed by big 
corporations who have set up in-house foundations to 
carry out CSR projects. An amendment should ideal-
ly be forward-looking and reformist. The ideal prac-
tice would have been to include trusts and societies 
along with the new amendments. Disqualifying them 
is only going to impel corporate houses to regress and 
abruptly adjust to the new dispensation. The manda-
tory registration of implementing agencies, suggest-
ed by the current draft, could pose an administrative 
burden in terms of their regulation. However, it could 
also streamline the entire process and create a corpus 
of these agencies for the corporations to bank upon. 
However, it is only a heavy regulatory suggestion to 
seek prior approval of the Central Government before 
engaging international organizations for “designing, 
monitoring, and evaluating the CSR projects” [21].
• CSR Expenditure

Here, the Board is required to ensure that the ad-
ministrative expenses do not cross the statutory limit 
of 5% of the total CSR expenditure of the business enti-
ty for the financial year. Generously, an additional 10% 
has also been earmarked for administrative costs for 
undertaking impact assessment. The most interesting 
segment here is that the revenue generated from CSR 
activities as surplus does not constitute profit for the 
corporation. Neither will the assets acquired for such 
purposes be held by the company. Rather, the compa-
ny must transfer such an asset to a Section 8 company 
having charitable objects (Ministry of Corporate Af-
fairs, 2020), which is nothing but a back-door double 
reinforcement that the CSR fund is spent only on the 
community [22].
• CSR Committee

Indian business houses and their CSR Commit-
tees now have to formulate a year-wise action plan 
in sync with the CSR Policy (Ministry of Corporate 
Affairs, 2020). The CSR Policy will be modeled on 
the approach and direction provided by the Board 
of directors of a company, incorporating the recom-
mendations by the CSR Committee. The suggested 
amendment categorically states that a company that is 
obliged to spend an average sum of 5 crores or more 
in the immediately preceding three financial years has 
to engage in impact assessment for their CSR ventures 
and divulge the specifics Annual CSR Report. A sig-

nificantly welcome shift from a plain philanthropic or 
charitable CSR initiative to a planned, conscious and 
responsible venture for a positive change and contri-
bution for upliftment is because there will not be just 
any mechanical filing of activities anymore (Ministry 
of Corporate Affairs, 2020). Rather, a strategic, action-
able plan will have to be framed.

It is ostensibly clear as we view and dissect the intent 
of the Draft CSR Rules that CSR is not likely to be a 
simple, light-hearted affair. The legislators are aiming 
at a more sustainable CSR. They do not intend to let 
any CSR sum be left unspent either with the company 
or in the National Unspent CSR Fund, which the Cen-
tral Government shall establish (Ministry of Corporate 
Affairs, 2020). The fund therein shall be utilized for 
initiating CSR activities in the areas stated in Schedule 
VII of the Act (Ministry of Corporate Affairs, 2013). 
In a nutshell, the draft rules entail heavy reportage 
and stricter regulation and monitoring. Nevertheless, 
unless the final set of rules is effectuated, the impact 
cannot be truly analyzed. The Indian corporate hous-
es would certainly need some time to respond to these 
shifts to efficaciously pursue the true intent of CSR, as 
demonstrated by the suggested draft [23].

7. The Way Forward for Corporate Houses
The World Business Council for Sustainable De-

velopment has noted that a CSR strategy, which has 
a sound rationale, integrity, and long-term, as its 
foundation, has the maximum potential to offer clear 
business benefits to companies, also contributing 
to the well-being of the society (KPMG). Corporate 
Social Responsibility, in its journey, from ‘Charity’ to 
‘Responsibility,’ has come a very long way. Moreover, 
similar important success factors need to be always 
ingrained in mind that CSR is not charity. A business 
entity needs to continually analyze how corporate 
values can be molded to present a strategic asset that 
helps build a rock of trust and cooperation amongst 
stakeholders. The government’s perspective might 
keep altering concerning introducing new legislation 
and making policy changes suiting the times ahead. 
However, it will always fall back to the company to de-
vise CSR strategies so that business ethics and behav-
iors can be balanced with its growth and commercial 
success, casting a positive change over the stakehold-
ers. Indian corporations need to understand that CSR 
is not just an operational directive. It has to be made 
as central to the company’s core reasons as is making 
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profits in the market. If companies, instead of mechan-
ically venturing into philanthropy, simply to comply 
with the law of the land, actually bring to their best 
use their expertise, core skills, and competencies, then 
will CSR have truly found its place. The suggestion is 
actually to imbibe core business within the purview of 
CSR [24].

The Indian Legislature has played a key role in 
conceptualizing and implementing the array of legisla-
tive changes introduced in this regard. The corporate 
houses have followed suit but have not always been 
kept up with an evaluation. The need of the hour is 
to inculcate an evaluation methodology, which weighs 
both the short and long-term impressions of the prac-
tices. Businesses should endorse long-term, facilitat-
ing their employees’ participation and benefit all their 
stakeholders through a process of social transition 
spun over a longer period.

Several times the term, ‘Corporate Citizenship’ is 
likened to Corporate Social Responsibility. Minimiz-
ing harm, maximizing benefit, accountability, and 
responsiveness to the stakeholders, and eventually 
attracting strong final results are the four pillars of 
corporate citizenship. As is conspicuous, the concept 
is synonymous with the ideology of CSR. Both take 
into account a company’s membership to the political, 
socio-economic, environmental, and cultural commu-
nity to drive social capital.

Now, let us talk about Small and Medium Enter-
prises (SMEs) that have also contributed invariably 
towards India’s economic growth, apart from big cor-
porate houses. SMEs work both independently and 
secondarily to bigger units. Why SMEs are important 
in the picture is because they help generate employ-
ment and industrialize the rural and marginalized 
sections of the nation. SMEs are home to almost 40% 
of India’s employed workforce, and their contribution 
to India’s manufacturing output is not less than 45%. 
They are extremely important to the CSR discourse 
because their businesses are performed very closely 
by the locals, so they are the most privy to the com-
munity’s needs and can maintain expectations and still 
develop CSR programs very effectively (PWC, 2013). 
However, the Companies Act, 2013 only qualifies 
companies with a net profit of Five Crore or above. 
Certainly, micro-enterprises cannot be expected to be 
covered under the scenario, but some SMEs can be. 
However, the revenue in-store, with these SMEs, for 
CSR is expected to be small. However, a possible solu-

tion to this is that qualifying companies in a particular 
geographical area, who more or less affect the same 
community, come together to pool their resources, 
making up for a considerable CSR fund [25].

Let us analyze the option of contributing to CSR 
initiatives by SMEs and how they can collaborate to 
do so, which can in turn also be used to the advantage 
of other companies for the enlargement of their CSR 
initiatives, at the same time cutting down their opera-
tional expenses to manage their fund. 

The following can be the advantages of collabora-
tion:
• Reduction in operational costs: When a compa-

ny takes on CSR efforts individually, it has to go 
through several formalities apart from deciding to 
venture either by it or through an implementing 
agency. A collaboration of a cluster of SMEs will 
render a common entity serving several compa-
nies, carrying out CSR projects cumulatively, re-
ducing operational costs (KPMG).

• Venturing into long-term projects: A doubtful 
CSR budget can majorly impede the origination 
or culmination of a long-term project, which is 
proportional to the financial accomplishments of 
the company. Suppose the monetary performance 
is subject to fluctuation. In that case, there can be 
no budget appropriation to CSR without prejudice 
and incredibility. A project developed earlier is also 
subject to decimation. A blend of resources in such 
a situation can resolve the issue to the extent that 
one faction out of the cluster steps up to compen-
sate when there is a lag from the other. There is a 
reason why long-termism is preferred to short-ter-
mism because it helps maintain better community 
relations. Hence, the above arrangement will help 
achieve that without straining the peace in the 
community and promoting the business’s growth.

• Learning experiences: The existence of a common 
organization with many partakers will only help in 
the better examination of community needs so that 
programs undertaken are germane. Such a collab-
orative effort will also boost growth as it will ema-
nate from the roots of past experiences and, thus, 
focus on and resolve various issues [26].

8. Conclusion
As and when CSR was made mandatory in 2014, 

the CSR expenditure by corporate India went on to 
rise. The year 2018 saw corporate houses spending 
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47% higher than what they did in 2014 and 2015. As 
per a survey, their contribution to CSR programs was 
around 1 billion US$. While the listed companies in 
the country spent almost Rs 100 billion in their CSR 
projects of education, social upliftment, environment 
protection, etc., the Prime Minister’s Relief Fund wit-
nessed an increase of 139% towards CSR expenditure 
year. The maximum funding was bagged by the edu-
cational sector, 38% of the total, with projects towards 
hunger, poverty, and healthcare taking 25%. Although 
areas of technology, sports, and armed forces, etc., saw 
imperceptible investment, 12% of the fund was spent 
on environmental sustainability, with rural develop-
ment being infused with 11%. Researchers from the 
business industry have considered the recent amend-
ments and said that CSR compliance would boost the 
range of 97% to 98% in the upcoming times.

Nevertheless, there already exist praiseworthy 
examples of CSR practices in India. First is the Tata 
Group conglomerate, carrying projects directed to-
wards community welfare and poverty eradication? 
They engage self-help groups to conduct women em-
powerment activities, develop rural areas, healthcare 
projects, AIDS awareness programs, economic up-
liftment in terms of agricultural initiatives, provision 
of sports scholarships, and similar welfare initiatives. 
The Tata Group is not far behind in the education 
sector either, as they provide scholarships to various 
institutions. Second, we have India’s biggest Cement 
Company, the UltraTech Cement, which is engaged in 
social welfare work in almost 407 villages across the 
nation. The e-Choupal program by the ITC Group, 
a Giant with business dealings in hotels, FMCG, ag-
riculture, IT, etc., strives to bring the rural farmers 
and the internet closer to each other. It covers almost 
40,000 villages and over 400 million farmers helping 
those procuring agricultural products. Assistance is 
also given to the farmers for converting wasteland into 
pulpwood plantations via farm forestry programs. 
E-Choupal has helped over 40,000 rural women se-
cure sustainable livelihoods.

The emanation of Corporate Social Responsibili-
ty goes way back into time. The history of industri-
alization as a need was felt to address the hazardous 
concerns arising from that place. Some would say 
that it started as a fad and might have appeared to be 
a passing trend for quite some time. However, if we 
solely talk about a country like India, it has become a 
business imperative with the statute (Ministry of Cor-

porate Affairs, 2013) making CSR practice mandatory 
in the year 2014. Since then, the industry mavens have 
witnessed the legislations undergo several amend-
ments only to make this practice more sustainable, 
more corporate as well as business-friendly, and at the 
same time, a commercial hit, which is because the im-
plications of CSR, with the efforts of corporate hous-
es, are cast directly upon the nation’s developmental 
growth. With The Companies Amendment Bill, 2020 
underway, certainly, as much as there is a lot to look 
forward to, there are also challenges lurking in the 
corner. The challenge to apply quintessential business 
practices to CSR projects in a sharper, smarter, and 
more focused way. The winning idea would be to view 
CSR as an investment and not as simple compliance to 
the law of the land. Companies need to allocate priori-
ties, engage their expert executive force efficiently, and 
make optimal use of the available resources. The con-
tinuous effort should be towards bolstering existing 
services and supplementing the task force. The tool is 
to monitor and regulate activities and work in liaison 
with the government authorities, the implementing 
agencies, and other corporate houses thriving in the 
commercial market to realize the much-coveted out-
comes. The modus operandi is to disclose performa-
tive details in an accessible and transparent way. The 
advancement is measured thoroughly and celebrated 
together for singling out problematic areas for further 
action. 
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Abstract
In a digitally dominated economy, big data plays an integral 
role in furthering a company’s commercial interest and is pro-
cessed by firms to understand how to provide better products 
and services to consumers. To substantially enhance the data-
sets available with a business, mergers and acquisitions be-
tween entities have become common in recent times. While 
such growth increases the potential of innovations and enhanc-
es the economic growth of the merged entity, it also brings to 
light various antitrust dilemmas. 
The paper discusses the competitive implications of such 
deals in the light of the European and Indian competition re-
gimes. The European competition regulator has significantly 
contributed to the growth of the competition regime. With 
a few companies threatening to monopolize the European 
economy, it has become extremely vigilant in handling big 
data mergers. The Indian competition laws are at a nascent 
but are rapidly evolving stage and have been following the 
European competition approach to tacking big data mergers 
while keeping in mind any unique challenges posed by the 
Indian markets.
The paper also analyzes the various competition and allied is-
sues that competition regulars consider while approving big 
data deals. Data privacy and consumer welfare are two issues 
that are becoming increasingly intertwined with competition 
law. The recent Google/Fitbit deal is an instance of the same, 
where privacy of health data concerns and consumers’ welfare 
are two parameters that competition regulators consider. 
Lastly, the article examines the lacuna in merger control of big 
data deals in India. It discusses the provisions added in the 
forthcoming 2020 amendment in the Indian Competition leg-
islation to overcome the challenges posed by big data mergers 
and promote competition in markets.
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1. Introduction 
Big data is characterized by volume, velocity, and 

variety and refers to the large volume of various data 
collected at high velocity (Organisation for Economic 
Co-operation and Development [OECD] 2017). Big 
data is beneficial to businesses as it facilitates a better 
understanding of consumers or trends in the market, 
which allows firms to enhance the goods and services 
provided [1]. With the advent of various technological 
innovations, the amount of big data stored and the rate 
at which it is processed has significantly increased over 
time. Further, another important aspect is how much 
data is used. It is used to allow companies to make ef-
fective decisions and interventions in the market [2].

As firms seek to accumulate larger data sets, a rise 
in big data mergers is witnessed. Big data mergers and 
acquisitions allow a company to inorganically grow 
and gain leverage over incumbent players in the mar-
ket. Big data mergers are not, per se, anti-competitive. 
However, competition regulators have debated how to 
approach them since such deals can pose implications 
in various aspects of competition law and allied laws. 

The European Commission (EC) has become in-
creasingly aware that a handful of firms have accu-
mulated large market share and now often have been 
dominating the market to prevent new competition 
from entering it [3]. The humungous datasets that 
have been accumulated over time through mergers 
and acquisitions have contributed to the same. As big 
data entities pose a threat to monopolize the European 
market, the EC has become vigilant in ensuring robust 
competition is maintained across markets [4].

The Indian regulator, Competition Commission 
of India (CCI), is a relatively new establishment com-
pared to other antitrust regulators. Further, with Indi-
an going through the liberalization and privatization 



Issue 24. November 2022 | Cardiometry | 763

phase in the late 20th century, players have been seek-
ing to enter the Indian market. Various markets are yet 
in a nascent stage in the Indian economy. The CCI has 
to perform the dual role of ensuring sustainable eco-
nomic growth and sufficient incentives for new play-
ers to enter the Indian markets. The modern compe-
tition legislation in India is relatively new. Due to the 
lack of historical bases like in other jurisdictions like 
Europe and America, competition concerns are much 
higher in India [5].

2. Implications of Big Data Mergers 
Big data mergers have lasting implications not only 

on competition law but on various allied laws such as 
data privacy and consumer welfare. The accumulation 
of data in the hands of one entity inevitably leads to data 
protection issues. Further, due to such monopolization, 
other incumbent players will not have an incentive to 
evolve their products and services, which might affect 
the consumers’ right to free choice and force consumers 
a limited range of goods and services [6].

Despite the above, big data mergers cannot be clas-
sified under the per se rule since various economic ad-
vantages are tied to the same. Big data mergers prompt 
two entities. Their own data sets, prior experience in 
the market, financial and other resources come to-
gether. To create a better-merged product, the firms 
will inevitably spend their expenditure on innovation 
and research, which will compel other existing firms 
to constantly keep coming up with innovations and 
upgrades to stay relevant in the market. Consequent-
ly, big data mergers inevitably do promote innovation 
and growth in markets leading to economic prosperity 
[7]. Another implication of growth in the innovation 
of an enhanced set of products is that it will lead con-
sumers to choose better goods and better choices in 
goods and services available for the varied consumer 
data preferred.

One may argue that consumers benefit from big 
data mergers since various services are provided free 
of consideration. However, in Matrimony.com v. Goo-
gle (Case Nos. 07 and 30 of 2012), the CCI discusses 
how consumers are giving up their data, which even-
tually contributes to the datasets of these businesses as 
consideration [8].

3. Data
Data privacy was often perceived as something, 

which is exclusively under the jurisdictions of privacy 

regulators. However, as various big data mergers dis-
closed, privacy is an inextricable part of mergers and 
acquisitions. It often may be used to further business 
agendas by not respecting the privacy of consumers. 
Antitrust regulators are increasingly becoming aware 
of the interplay between the same. Recently the big 
tech companies, GAFA, prominently known to be the 
abbreviation form of Google, Apple, Facebook, and 
Amazon, were questioned by the American Congress 
(Romm, 2020) on various aspects, among other things, 
their implications on the markets and the questionable 
privacy policies which allow entities to unfairly mo-
nopolize the market by compromising user and seller 
data across digital platforms [9].

3.1. European Perspective
European antitrust regulators refused to consid-

er issues arising out of privacy in competition cases. 
Initial cases such as the TomTom/Tele Atlas (Case No 
COMP/M.4854) and Google/ DoubleClick (Case No 
COMP/M.4731) analyzed competition issues in isola-
tion to privacy issues. However, a significant shift was 
seen in the EC’s approach in Facebook/WhatsApp. 
Although the EC held that data protection rules were 
outside its scope of jurisdiction, it did acknowledge 
that personal data has a part to play in the market of 
online advertising (Case No COMP/M.7217) [10]. 
Subsequently, in the recent Microsoft/LinkedIn case, 
it further blurs the separation approach it had once 
adopted to consider data protection as a non-price 
parameter in competition law (Case M.8124). Apart 
from the EC, the German Competition regulator, 
Bundeskartellamt, went ahead to attribute further 
importance to privacy in competition law by holding 
Facebook liable for abusing its dominant position due 
to Facebook’s policy of collecting consumer data from 
third-party apps (Bundeskartellamt, 2019). While data 
privacy regulators continue to have jurisdiction, there 
is also an increased consideration about the extent to 
which EC should take into account privacy-related is-
sues while examining the incentive it may pose for two 
big data entities to merge [11].

3.2. Indian Perspective 
Compared to the European regime, the Indian re-

gime has a relatively restrictive approach to consider-
ing privacy in competition regulations. In Matrimony.
com v. Google (Case Nos. 07 and 30 of 2012), the CCI 
observed that the importance of big data can be equat-
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ed to that of oil in the 20th century and is increasingly 
used by firms to target advertisements and produce 
its revenue [12]. However, in Vinod Kumar Gupta v. 
WhatsApp Inc., the CCI held that privacy concerns 
under the Information Technology Act, 2000 are be-
yond its purview (Case No. 99 of 2016). Thus, the CCI 
is yet to adopt a broader approach to competition law 
vis-à-vis data protection like its European counter-
part. However, since Competition law in India is still 
at a nascent stage, CCI will eventually adopt a similar 
stance as the European regulator [13].

3.3. Leveraging Dominance
Leveraging refers to a dominant firm in its existing 

market, seeking to enter a new market by misusing its 
dominance and bypassing competition (Roy & Ku-
mar, 2016). Recent trends of tech companies, which 
are dominant in their existing market, seek to enter 
different markets by inorganically growing through 
mergers and acquisitions with companies, which 
are incumbent players in the markets. Merging the 
pre-existing dominance of such Tech companies with 
the data that the other firm already possesses has re-
sulted in various antitrust issues [14].

3.4. European Perspective 
As noted in Tetra Park International SA v. Com-

mission (Case C-333/94P), Article 82 of the EC Trea-
ty provides that there must be an associative link be-
tween the dominant position and the alleged abusive 
conduct. An instance of an entity accumulating mar-
ket power and entering different markets would be 
that of Facebook. Facebook, being a big tech, practices 
what is infamously known as killer acquisition. It stra-
tegically acquires or merges with firms, which can be 
its competition in the future to quell the competition 
at the beginning stages only [15]. Facebook’s acquisi-
tion of WhatsApp and Instagram are the most prom-
inent ones, which has allowed the company to enter 
the messaging market and solidify its presence in the 
social media market. EC initially allowed these acqui-
sitions since they did not pose a great anti-competi-
tive threat when concluding the deal. However, as we 
witness now, Facebook has solidified a huge consumer 
database by inorganically growing its company. As a 
result, the EC is questioning whether such deals were 
let off too easily. The recent Facebook/GIPHY acqui-
sition is facing stricter scrutiny by regulators all over 
the world [16].

3.5. Indian Perspective 
Unlike the European Competition regime, the as-

sociate market link does not have to be established in 
the Indian Competition law as discussed by the CCI 
in MCX Stock Exchange v. NSE of India Ltd. (Case 
No. 13/2009). The recent WhatsApp Pay order would 
be an example of alleged leveraging of dominance to 
enter an emerging market by a big data entity (Harshi-
ta Chawla v. WhatsApp Inc., Facebook Inc., and Case 
no. 15 of 2020). WhatsApp had introduced the pre-in-
stallation of WhatsApp pay along with the WhatsApp 
messaging feature. It was challenged before the CCI 
that WhatsApp, backed by Facebook-owned signifi-
cant consumer data due to its dominance in the mar-
ket for Over-The-Top (OTT) messaging apps through 
smartphones [17]. It was alleged that WhatsApp was 
exploiting the dominance and trying to bypass com-
petition to enter the market for Unified Payment In-
terface (UPI) enabled digital payment applications in 
India. The CCI did hold WhatsApp prima face domi-
nant in the OTT market. However, it also considered 
that the UPI market was nascent. There was a presence 
of enough competition with incumbent players like 
Google Pay and PayTM. It held that pre-installation 
did not mean mandatory usage of the payment fea-
ture. People could still opt to avail themselves of just 
the messaging services. Thus, WhatsApp would not be 
able to leverage its power and abuse the dominance it 
enjoyed [18].

Thus, the CCI took into consideration the market 
power of the entity and the fact that various markets 
are merely emerging markets in the economy. Compe-
tition needs to be promoted by allowing such entities 
to enter the market.

3.6. Google/Fitbit 
The recent big data deal would be Google and Fit-

bit, which has various regulators scrutinizing it in light 
of the increased awareness of the potential implica-
tions big data has on the markets. The acquisition rep-
resents a traditional case of a big data merger, which 
has potential implications on antitrust and data priva-
cy, and consumer welfare. The acquisition has been re-
viewed by the Australian Competition and Consumer 
Commission, which released a Statement of Issues 
outlining their concerns (Australian Competition and 
Consumer Commission [ACCC] 2020) [19].

The Commission noted that Google claimed it 
would not utilize the personal data of Fitbit to further 
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Google’s stake in the market. However, big data enti-
ties are known to mislead regulators regarding this. 

The most relevant example would be that of Face-
book/WhatsApp (Case No COMP/M.7217). Facebook 
had, before the merger, assured the European Compe-
tition Commission that it would be unable to merge 
WhatsApp customer data. However, subsequently, 
WhatsApp introduced significant changes to its priva-
cy policy. It had surfaced that Facebook had knowing-
ly provided misleading information to the regulators 
(European Commission [EC] 2017). Albeit a fine was 
imposed, it did not adversely affect Facebook. Thus, 
the ACCC noted that big data companies could not be 
taken for their word. A proper regulation mechanism 
has to be put in place to ensure the data is not merged 
subsequently [20].

ACCC noted the implications of this deal in the 
markets of online advertising and wearables. It stated 
that Google would receive much information about 
their customers due to this acquisition, which would 
make it favorable to online advertisers. It already has a 
dominant position in the stated market. It can poten-
tially be able to monopolize and use unfair methods 
to curb competition. Further, having access to such 
health data would also deter other upcoming health 
appliances from a fair chance of flourishing in the 
market. 

Google already provides its applications to certain 
wearable brands. If it were to acquire Fitbit, it would 
introduce its applications in Fitbit and have the poten-
tial to reduce competition in the emerging wearable 
market eventually. 

The EC also initiated a probe in the matter (Eu-
ropean Commission [EC], 2020). The two consider-
ations of the EC during this investigation is the fact 
that firstly, Google acquiring Fitbit, the database main-
tained by Fitbit about its users’ health would be with 
Google, and secondly, the technology of Google to 
develop a database similar to Fitbit’s one to lessen the 
competition in wearables market substantially. (Euro-
pean Commission [EC], 2020) Google had a strong 
market position in online advertisement services. (Eu-
ropean Commission [EC], 2020), which would have 
a potential impact on the online search, display, and 
ad-tech markets. 

Like the ACCC concerns, the EC also pointed out 
the implications in the digital health sector and Goo-
gle’s ability to decrease the interoperability of its oper-
ating system with other wearables. 

The EC will continue its investigation of the same 
and adjudicate the matter by the end of the year, simi-
lar to the ACCC [21].

It is yet to be seen whether the matter will be no-
tified in India. However, considering India’s wearable 
market is still an emerging market with the potential 
of players to enter and dominate and that Google al-
ready has a dominant position in various other Indian 
markets, the matter should be scrutinized by the CCI. 
The deal can affect not only online advertising mar-
kets but also the wearables market in India. 

4. Results and Discussions
As per the Competition Act, 2002 (Act) those 

mergers, which meet the threshold under Section5 
will be scrutinized as per Section 6. However, in the 
digitally backed economy, various companies often 
elude the traditional thresholds. Various deals that 
have serious implications on the Indian economy in 
recent times, such as Facebook/WhatsApp and Snap-
deal/Free charge, were not scrutinized by the CCI 
since they did not match the traditional threshold Act. 
Thus, there is a need that is felt to scrutinize the deal 
value of a deal. It focuses on whether the value of a 
transaction exceeds the set threshold.

However, the Competition regulators also have to 
consider that such deals often lead to innovation and 
contribute to the growth of the economy. In Matrimo-
ny.com v. Google (Case Nos. 07 and 30 of 2012), the 
CCI considered this fact. It discussed that digital econ-
omy markets include innovation cycles. Public inter-
vention in such markets should be proportional to the 
fact that it does not restraint such innovation. Howev-
er, at the same time, the market is regulated [22].

Regulators have to consider the amount of data 
that an entity will possess once a said big data merg-
er goes through. In the recent Apple/Shazam case 
(Case M.8788), one of the main concerns of EC was 
the amount of commercially sensitive data that Apple 
would acquire due to the acquisition. Commissioner 
Margret Vestager said that data is the key in the digital 
economy. It is important for deals, which include im-
portant sets of data to be reviewed [23]. It considered 
whether the commercially sensitive data of consum-
ers, which Apple would be able to access due to the ac-
quisition, would allow it a competitive edge in the mu-
sic market (European Commission [EC], 2018) [24].

Thus, there has to be a balancing line between reg-
ulators to ensure that innovation is guaranteed in mar-
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kets. There is no inherent bias against such big firms 
and mergers of the same. However, at the same time, 
regulators have to be careful and ensure that they do not 
exploit the dominant position that they have achieved 
in the market. As new start-ups are coming up rapidly 
in various markets, they have to be ensured that they 
have a fair chance of competition with incumbent pay-
ers and the entry barriers are not so high [25].

Breaking up Big Tech companies is a proposition 
that has been suggested recently to control the unfath-
omable dominance that some firms have acquired in 
the economy till now. However, this has not been a 
very common trend that regulators adopt, which may 
lead to a discouraging message to companies that have 
genuinely, through merits, acquired dominance and 
market power in a particular market. Big Data merg-
ers are something that is a reality in the economy. The 
contemporary competition regime in the world has to 
be adjusted accordingly [26].

5. Forthcoming Indian 
Competition 2020 Amendment

The traditional way to regulate only those mergers 
in which the asset or the turnover crossed a particular 
threshold according to the Section 5 of the Competi-
tion Act, 2002 (Act) has been falling short of consider-
ing the potential implications of a big data merger. As 
a result, this has been introduced in the Draft Compe-
tition Amendment Bill, 2020 (Ministry of Corporate 
Affairs, 2020) [27]. Germany and Austria have intro-
duced such provisions in their national legislations. 
However, the EC has resisted so far since it believes 
too many transactions will be captured due to this pro-
vision (European Commission [EC] 2019). Whether 
this provision will have a positive effect on the Indian 
economy is yet to be seen. Since India has shifted to-
wards a free-market economy, the concern of the EC 
that it may capture too many transactions should be 
one that Indian legislators should consider. However, 
at the same time, a type of regulation must be intro-
duced to ensure big deals do not go unnotified like in 
the past. It would be interesting to see the implications 
that this provision will have in Germany and Austria 
in the future and then understand it from an Indian 
context [28].

The forthcoming data privacy legislation, such as 
the draft Non-Personal Data Report (Ministry of Elec-
tronics and Information Technology [MEITY], 2020), 
may also imply the Competition Law regime in India. 

However, it is to be seen to what extent this would af-
fect the CCI. 

6. Conclusion
Antitrust regulators have often been criticized for 

not considering the potential effects of a big data deal 
on the markets. European legislators have recognized 
the harmful implications that big data mergers have in 
monopolizing the economy and scrutinizing the po-
tential ones with greater detail. The market scenario in 
India is different from that of Europe, which is relative-
ly established. India is still a growing and nascent mar-
ket with developing Competition Laws. India would 
want to invite big investments such as the recent Face-
book/Jio (Competition Commission of India [CCI], 
2020). There has been further news of Google invest-
ing in the home-grown Reliance Company (Ghosh, 
2020). While these are deals that are welcoming news 
to further the Indian economy, the Indian regulators 
must learn from past big data deals of Europe, which 
have had adverse effects, and scrutinize such activities 
in India. Such deals and investments cannot be at the 
cost of harming the Indian economy in the long run 
and raising entry barriers for new players to enter.

While big data mergers do lead to innovation and 
growth, they also can cause serious implications in the 
long run. Further such deals cannot be approached 
from a strict competition view. The markets and busi-
nesses have become interconnected, and CCI should 
consider the effects of data to its extent affecting com-
petition and not straight out preclude itself from the 
ambit of the Information Technology Act, 2000. It is 
yet to be seen if the forthcoming 2020 Amendment 
has a positive implication in preventing particular 
deals from eluding the thresholds. Further, the Indi-
an government has acknowledged the importance of 
data in the economy. It has introduced various legisla-
tions such as the Personal Data Protection Bill and the 
Non-Personal Data Report, which may also have fu-
ture implications in how companies handle consumer 
data. Big data mergers need to be assessed carefully, 
keeping in mind past mergers and the future implica-
tions they may hold. 
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Abstract
Purpose: This study aims to explore the influence of organi-
zational culture and learning orientation on the organizational 
identification of the employee. Organizational culture is defined 
through various parameters in an organization depending on 
various internal and external factors. This relationship between 
culture, learning, and identification would help organizations 
enhance the employees’ performance and commitment to-
ward the same.
Proposed Design/Methodology/Approach: To assess or-
ganizational culture, including all four types Clan, Adhocracy, 
market, and hierarchy, an organizational culture evaluation in-
strument by Cameron and Quinn with a 7-point Likert scale 
would be used. For organizational learning styles, assessment 
is to be done through a modified instrument of Jashapara’s 
38-question questionnaire. Organizational identification con-
sisting of positive, ambivalent, neutral, and disidentification 
would be evaluated by the modified questionnaire developed 
by Kreiner and Ash forth. The sample has been collected from 
employees working in the pharmaceutical sector.  
Findings: Hierarchy and market culture show a direct positive 
impact on identification, while adhocracy and clan culture show 
a decent negative impact. SL and DL learning styles show a 
minimal effect on all identification types except for Positive. 
Almost all the culture types impact all the identification types 
through learning types as a mediator variable.
Practical/theoretical implications: This study would help 
strengthen the theory that the factors responsible for culture can 
be influenced by other internal factors like learning and identi-
fying the employee in an organization. The study can then be 
extrapolated for its validity across various sectors of the industry.
Originality: This study is an original work; it has not been sub-
mitted anywhere for publication consideration.

Keywords
Organizational culture, organizational identity, and organiza-
tional learning, involvement in decision-making activities, phar-
ma Industry.
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1. Introduction
Every organization aims to attract the best talent 

to expand the business, gain profits, and develop the 
organization. Thus, the human resource, which is also 
termed as the company’s human capital, is of utmost 
importance. Organizations want their employees 
to feel like part of their own and work towards the 
well-being of the organizational goals [1]. Employer 
branding of the organization represents what kind of 
people can resonate with the company’s values and 
working style. The cognitive engagement between an 
employee and an organization decides the extent of 
effort the employee will put towards achieving the or-
ganizational goals and working in tandem with peers, 
subordinates, teams, and leaders [2]. It is crucial for 
the organization that employees identify themselves as 
a part of the organizational umbrella. Organizational 
identification is a form of social identification that oc-
curs when a member’s beliefs about the organization 
stand for becoming self-defining with the increasing 
emphasis of the organizations on the topic; the em-
ployees have also become aware of the kind of organi-
zation they would want to work with and where they 
feel identified with the organizational representation 
[3]. Various factors affect organizational identification 
as a whole for organizations and employees. For phar-
ma sector employees, this research study proposes un-
derstanding the influence of a practiced or propagat-
ed culture and how people learn, and how employees 
identify themselves (cognitively or socially) as a part 
of their organizations [4].

The importance of perceived identity practiced 
culture and imparted knowledge through learning in-
terventions has been analyzed and debated in various 
literature and management discussions. As mentioned 
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in Gagliardi, the culture results from the company’s 
organizational values, which the leader generally de-
fines as a vision by which the leader tries to carry the 
organization [5]. After noticing the changes coming 
into the company. Slowly, the employees start follow-
ing those visions, and thus culture is developed. In 
contrast, Nikula figures out how an individual’s learn-
ing is the flow of knowledge among employees. Or-
ganizational learning is how a company learns from 
its experiences, and employees’ decisions are different 
from each other. Employees do not want to land up in 
a company where they cannot work freely; they are not 
trained properly and thus regret finally and leave [6].

Since culture practiced in the company cannot 
be changed overnight, the companies have started 
recruiting employees, which are more comfortable 
working in a certain kind of culture. Consultants hired 
by the companies help them get the appropriate kind 
of talent compatible to both sides, observed Vanden-
berg he [7]. On the other hand, employees have be-
come more aware of where they want to work and for 
how long. How employees learn and the kinds of cul-
ture practiced, namely clan, hierarchy, adhocracy, and 
market, would be considered for this study [8].

 2. Literature Review
The interconnection of attitudes and behaviors of 

the employees is explained by comprehension and de-
scription of organizational identification. It is a cog-
nitive assembly that connects the employee and its 
organization. By relating to the social identity of an 
organization, researchers have explored and studied 
how people define their relationship with the organi-
zation [9]. The belief that an employee would resonate 
with the organization’s values and ethics, as observed 
by Ashforth & Mel, comprises a major part of iden-
tifying the employee. Organizational identification 
contributes to inculcating a deep sense of belonging-
ness, meaningful and self-resonating work desired by 
the majority of the companies from their employees. 
In studies and research about organizational behavior, 
Organizational identification has now started playing 
a very important part. Identification has not only been 
limited to an individual, but it has spread out to af-
fect individuals, teams, leaders, and companies [10]. 
A team consisting of employees who identify them-
selves as part of the bigger organization and its goals 
and values tend to perform better and eventually lead 
the team towards positive results. It is found to be true 

that there are positive associations of identification 
with performance. At the same time, various research-
ers and studies have concluded that identification has 
negative implications like regretted and non-regretted 
attrition [11].

While this concept of organizational identification 
seems very one-dimensional, identifying an employee 
through its organization draws itself into four broad 
dimensions: Positive, Ambivalent, Neutral, and Dis-
identification. When both employees and the organi-
zation resonate with each other’s identities, and thus 
the employee develops cognitive relation with the or-
ganization, identification is displayed by both parties 
[12]. In ambivalent identification, few facets of the 
perceived identities concur with each other. In con-
trast, some other identities do not concur with each 
other, and thus the employee identifies itself with those 
facets only which resonate with his/her own identity 
[13]. Neutral identification is the one that occurs most 
frequently with the majority of the employees because 
neutral deification is the one where the employee does 
not resonate with the identity of the organization. Nei-
ther does the organization resonate with the employ-
ees, but both the parties tend to ignore this incongru-
ency and continue to be together with each other for 
various reasons [14]. The last dimension deals with 
the disorientation of the employee with the organiza-
tion where their identities do not match at all. Thus, 
he/she prefers discontinuing the relationship with the 
organization, if not physically but at least psychologi-
cally [15].

Since various research and studies have empha-
sized the correlation of organizational identification 
and efficiency at the workplace, organizations have 
started noticing and implementing steps that would 
help increase the identification of the employees with 
the organizations. Satisfaction regarding communi-
cation to employees is also related to organizational 
identification [16]. Organizations need to improve 
the extent of communication satisfaction in person-
al feedback, communication, and communication 
climate to improve organizational identification as 
both have a positive relationship. The majority of 
the people management practices including, rewards 
and recognition, Fairness across all employees, in-
volvement in decision-making activities, learning 
and development programs, and grievance redressal, 
affect whether people identify themselves with the 
organization [17].
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2.1. Organizational Learning 
and Identification

Organizational learning is generally a type of pro-
cess in which employees have imparted knowledge 
and are thus enhanced in their knowledge levels. The 
learning is not restricted to any specific topic or area of 
expertise. Still, an overall change in the organization’s 
knowledge levels is termed as learning, as studied by 
Cole & Bruch. With changes in business types and 
culture, every organization emphasizes different types, 
modes, and amounts of learning. Therefore, the em-
ployees who work there start identifying themselves 
on a certain level with the organization [18].

Researchers have indeed tried to relate the learn-
ings of the employees with their behaviors and im-
provement strategies. There are various types of learn-
ing broadly, but Argyis and Schon have tried to make 
the division simple into two broad types of learning:
1. Single loop learning (SLL):- Single-loop learning is 

majorly that kind of learning. Any differences be-
tween the expected outputs and the actual outputs 
are sorted by changes in policies and governing 
or leadership styles. People or organizations alter 
their actions according to those differences in the 
outputs.  

2. Double Loop Learning (DLL): - This type of learn-
ing method is also called proactive or behavioral 
learning, which deals with radical changes in the 
way people presume or assume about a certain out-
put and what is expected.
Organizational learning and identification work 

together as learning changes the perception of a few 
employees about a certain topic or policy of the orga-
nization. Thus, it becomes crucial for the organization 
to enhance a sense of organizational identification [19].

2.2. Organizational Culture 
and Identification

Every organization has its way of handling various 
issues about people and the policies related to them, 
observed Vijaykumar & Padma. The behavior or re-
ply to these values and beliefs of the organizations 
is termed organizational culture. Organizations are 
identified in the market based on their culture. They 
are perceived in a certain way based on the rationale 
on which they make decisions for others. A conceptual 
framework is suggested by which deals with dominant 
culture types with unique approaches, expectations, 
and values regarding culture, studied by Gagliardi, 

Cameron & Quinn. The four types of culture are based 
on two sets of internal and External sets of focus and 
integrations and flexibility and discretion and stability 
and control [20]. Based on these factors, the four cul-
ture types are: -
1. Clan Culture: - The two dimensions for this culture 

type are internal focus and integration and flexi-
bility and discretion. The members in this culture 
type have mutual concern for each other and al-
ways work as a team. There is also a very high fo-
cus on developing an individual and prepare them 
for the coming challenges, observes Hofstede.  This 
type of culture is generally noticed in family-run 
businesses where the leaders are only fixed and 
from the family. Therefore, the next generation of 
leaders is being promoted to those positions. 

2. Adhocracy Culture: - This type of culture pro-
motes a risk-taking environment where people 
have the freedom to handle things in their ways, 
and thus, they are accountable for the outputs. It 
encompasses external focus and differentiation 
with flexibility and discretion (Baumgartner, 
2009). Innovation is a major driver and is also val-
ued a lot. These generally have people who are of 
the entrepreneurial mindset and are always trying 
to find something new for business that has not 
been tapped. The dynamic nature of this culture 
type also makes it favorable for newer businesses 
like start-ups.
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3. Market Culture: - External focus and differentia-
tion with stability and control are the major dimen-
sions of this culture type. All the activities that are 
carried out in these organizations are very much 
oriented towards results. Competing with each 
other or competing with competitors outside are 
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crucial parts of this culture type, as observed by 
Gagliardi.

4. Hierarchy Culture: - Integration and stability con-
trol and internal focus are the dimensions. This 
culture type has a very well-defined structure to it, 
which everyone in the company is supposed to fol-
low regarding the leadership or decisions. All the 
rules and regulations laid out for the employees are 
expected to be followed by all without much inter-
ference. The control of all major decisions, policies, 
business, strategy lies in the hands of the leader-
ship, as observed by Jandeska & Kraimer, 2005.
This exploratory research approaches finding 

a relation between the three areas: Organizational 
identification, organizational culture, and organiza-
tional learning. Although some of the studies repre-
sent that there is a perceived relationship between 
these three. Still, this paper attempts to determine 
how employees identify themselves in terms of the 
culture they perceive for their organization and the 
kind of learning they get from there [21]. This study 
aims to find out whether culture and learning are 
two major areas that most employees consider while 
becoming a part of the organization and owning the 
organization’s identity and resonating with it. The 
study’s implications are also going to be very use-
ful in designing people management policies for the 
companies in terms of employees identifying them-
selves with the organization [22]. Various ways in 
which companies are trying to enhance the identity 
of the employees would also find the scope of im-
provements in the fields of culture and learning as 
they are also supposedly impacting the organization-
al identity of an individual [23].

3. Research Methodology 
This research aims to analyze the effect of organi-

zational culture and learning on identifying the em-
ployees, which was done with the help of standard-
ized questionnaires that provide information about 
culture, learning, and identity [24]. To get results on 
organizational culture, the OC assessment instru-
ment developed by Cameron and Quinn, which has 
24 questions, where a group of 4 questions each rep-
resents a particular characteristic of culture, namely, 
some dominant characteristics, organizational leader-
ship, management of employees, organizational glue, 
strategic emphasis and area of success [25]. Each sec-
tion in this set of questions resonates with a particular 

type of clan culture, adhocracy, market, and hierar-
chy. The rating scale of the questionnaire is a 7-point 
Likert scale, with options from 1-strongly disagrees 
to 7- strongly agree. All the questions related to each 
culture type would be analyzed accordingly [26].For 
organizational learning styles assessment, Jashapara’s 
38-question assessment is being used. These questions 
are designed on seven major areas of concern based on 
Mintzberg’s system of seven forces, namely efficiency, 
innovations, direction, proficiency, concentration, co-
operation, and competition. Under these are both sin-
gle-loop learning and double-loop learning questions 
are included? In learning as well, the same 7-point 
scale is used to ensure better accuracy of the options 
provided to the respondents [27]. Among these ques-
tions, the ones more relevant to the pharmaceutical 
industry are being asked to the employees. For analyz-
ing the organizational identity, the modified questions 
have been designed. These questions are based on the 
four dimensions of organizational identification that 
is identification, ambivalent identification, neutral 
identification, and disidentification [28]. There are 24 
questions, where six questions each are attributed to 
each dimension of the organizational identification. 
All the questions are relevant for the pharma industry, 
which falls in the scope of analysis for this study. This 
assessment also has a 7-point scale to achieve better 
accuracy in the analysis [29].

4. Sampling 
Started in the early 18th century in India, the phar-

maceutical sector is one of the oldest industries in the 
country, which has always been challenged from time 
to time. The industry has the greatest responsibility of 
looking after precious human lives. The industry has 
only grown since then and is currently estimated at 100 
billion USD by 2020 (www.ibef.com). Since the gov-
ernment had opened the doors for foreign companies 
very early in this sector, the Indian market currently 
consists majority of multinational players [30].This 
study aims to determine whether the pharma sector 
respondents influence organizational culture and or-
ganizational learning on organizational identification. 
The samples are taken from all over the country to ac-
knowledge the subcultures of different demographics 
to get a holistic view of the matters, which would also 
shed some light on the fact as to how different compa-
nies have a unique view about culture, learning, and 
identity [31].
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The responses were taken with the due permis-
sion of the particular company. After the permission 
formalities, the respondents were explained how the 
questions are to be answered to get unbiased and ac-
tual data from them. A brief was given to the respon-
dents about the options as well, as the options in the 
Likert scale may seem to become very close or sim-
ilar for a few of them [32].The respondents and the 
companies were assured about the ethical use of the 
data received after the survey. The data will not be 
disclosed to any other third party and is completely 
confidential. The data would not be shared even with 
the companies whose employees have filled the survey 
to maintain the respondents’ secrecy. Questionnaires 
were sent to more than 500 employees working in 
Pharma Industry across India. Out of those, 278 filled 
questionnaires were returned; few questionnaires were 
incomplete and therefore rejected. The effective sam-
ple for the study came out to 255 Pharma employees 
from different designations across India [33].

Before the questions, details of the demographics 
were to be filled by the respondents like name, gen-
der, an age which had four divisions that are from (in 
years) 20-30, 30-40, 40-50 and 50 and above; desig-
nation of the respondents, experienced in the present 
organization had four divisions  (in years) 1-5, 5-10, 
10-15 and 15 and above; total experience in the career 
was divided into four divisions (in years) of 1-5, 5-10, 
10-15 and 15 and above. 

Out of all the respondents, about 49.21% were 
women, and about 50.78% were men. Around 45.2% 
of the respondents are of the age group 20-30 years, 
29.52% were in the age group of 30-40 years, 11.81% 
were in the age group of 40-50 years, and 13.38% were 
in the age group of the 50 years and above. 38.9% of 
the respondents worked in the company between 
1-5 years, 40.9% were in the group of 5-10 years, and 
13.3% were in 10-15 years. Of all the respondents, 
32.6% had work experience of about 1-5 years, 35.03% 
of the total respondents have a total work experience 
of about 5-10 years, and 19.6% of the respondents have 
an overall experience 15 years above. 

5. Results and Analysis
For all data analysis in this study, IBM SPSS Statis-

tics has been used. Since the questionnaire taken into 
account for circulating to the respondents were al-
ready validated in various studies and researched, the 
validity of the survey questions is well within limits, 

therefore to initiate the analysis, all the data that was 
collected from a total of 255 respondents was checked 
for its reliability through running the test of reliability 
through using the SPSS tool with the help of Cron-
bach’s Alpha. After 

Running the reliability test, the results thus ob-
tained are shown in Table 1

Table 1
The table depicts the reliability test conducted on the obtained 
dataset.

Reliability Statistics

Cronbach’s Alpha Cronbach’s Alpha 
by Standardization Items (number)

0.902 0.9 86

 
From Table 1, it is clear that the reliability of the 

data that was recorded is well beyond the permissi-
ble limits. Any data is reliable when the value of the 
Cronbach’s Alpha is more than 0.70. Here, as obtained 
in the results after analysis, the Cronbach’s Alpha is 
found to be 0.902, which shows that the data collected 
for the sampling in the study is reliable, and further 
analysis can be done. Even Cronbach’s alpha stan-
dardization-based value is also around 0.90, which is 
also permissible. The data collected for organizational 
learning, identification, and culture individually have 
Cronbach’s alpha values like 0.937, 0.891, and .756, 
respectively, within limits. Thus, the data collected is 
reliable.

For further analysis, Structured Equation Model-
ing (SEM) is used in the AMOS (An extension of IBM 
SPSS software). As this study here intends to find out 
the impact of organizational culture and organiza-
tional learning on organizational identification, each 
type of identification, namely positive (Positive ID), 
Neutral (Neutral ID), Ambivalent (Ambivalent ID), 
and Disidentification (Disidentify ID) is analyzed 
separately in the instrument. Each type of identity is 
studied for the impact of the other types of learning 
and cultures. In the process, a path is drawn on an 
exploratory basis. For each factor that does not meet 
the expected P-value criteria for the relation, the stan-
dardized and unstandardized estimates are calculated, 
and the relationship based on direct effects, indirect 
effects, and total effects is established. Different fits, 
namely, absolute fits, incremental fits, and parsimoni-
ous fits, are also noted to check the feasibility of the 
model, and the modifications are done in the models 
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unless the desired results are obtained. In any obser-
vations below, the modification is not done more than 
two times. For each separate identity type, the degree 
of freedom is calculated to find out whether the model 
is Just identified (that is, degree of d=freedom is zero), 
unidentified (that is the degree of freedom is negative) 
or overidentified (that is, degree of freedom is more 
than zero). The value of chi Square should also be not 
very high as compared to the degree of freedom. The 
probability values are given for all overidentified mod-
els. The absolute fit index should be greater than 0.05, 
but for just and unidentified models, the probability 
values are zero and not defined, respectively. 

5.1. Positive Identification
Figure 1 shows the SEM model of identification. 

Market culture (.30) and Hierarchy culture (.32) shows 
a positive impact on Positive ID, while adhocracy (-.59) 
and Clan culture (-.26) show a negative impact on Pos-
itiveID. It is noteworthy here that DL and SL learning 
have no impact on PositiveID as such. Except for clan, 
all culture types impact the Dl Learning type while only 
adhocracy culture impacts the SL learning type. (Chi 
Square=4.455, DOF=6, Probability level=.615)

For all the paths displayed in Table 2, here, the val-
ues of P are under permissible limits that are 0.05. The 
various fits value is (CMIN/DF =.743 (should be under 

Figure 1: Positive ID

Table 2
Displays p values for positive ID

Relationship of variables Estimate SE. CR. P-value
DL Learning  Adhocracy Culture .478 .099 1.852 0.00
DL Learning  Market Culture .485 .099 1.917 0.00
DL Learning  Hierarchy Culture -.232 .085 -2.745 .006
Positive ID  Clan Culture -.257 .150 -1.714 .057
Positive ID  Adhocracy Culture -.593 .153 -0.886 0.00
Positive ID  Market Culture .302 .150 2.006 .045
Positive ID  Hierarchy Culture .320 .131 1.438 .015
SL Learning  Adhocracy Culture .098 .052 1.889 .059
SL Learning  DL Learning .848 .032 19.267 0.00
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5), NFI=.993, TLI=1.00, CFI=0.89 (all indices that are 
greater than 0.95 are acceptable), RMSEA= 0.069 (ac-
ceptable between 0.08-0.05). The strong correlation be-
tween DL Learning with the market and Adhoc culture 
can be noticed from the P values as they are very small. 

5.2. Neutral Identification
Figure 2 shows the SEM model of Neutral identifica-

tion. Hierarchy culture (-.12) and market culture (-.05) 
show a negative impact, while hierarchy (.08) shows a 
positive impact on PositiveID even though the values of 

these impacts are very less. Therefore, the impact of cul-
ture overall on Neutral ID is very less.  It is to be noted 
here that Adhocracy (.30), market (.31), and hierarchy 
(-016) impact on DL learning type. At the same time, DL 
(.29) has a positive impact, and SL (-.12) negatively im-
pacts this identification. The total effects of all cultures 
except clan are shown in the figure calculated through 
their indirect and direct effects of DL learning type. 
(Chi-square=5.387, DOF=6, Probability level=.495).

For all the paths here, the values in Table 3 show 
that P is under permissible limits that are 0.05. The 

Figure 2: Neutral ID

Table 3
Displays p values for neutral ID

Relationship of variables Estimate SE. CR. P-value
DL Learning  Hierarchy Culture -.232 .085 -1.745 .006
DL Learning  Market Culture .485 .099 4.917 0.00
DL Learning  Adhocracy Culture .478 .099 4.852 0.00
SL Learning  DL Learning .873 .030 17.444 0.00
Neutral ID  Clan Culture -.188 .102 -1.848 .055
Neutral ID  Hierarchy Culture .112 .093 1.209 .027
Neutral ID  DL Learning .274 .123 2.219 .026
Neutral ID  SL Learning -.114 .121 -.941 .047
Neutral ID  Market Culture -.073 .106 -.690 .090
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various fits value is (CMIN/DF =.898 (should be under 
5), NFI=.991, TLI=1.004, CFI=1.00 (all indices that are 
greater than 0.95 are acceptable), RMSEA= 0.077 (ac-
ceptable between 0.08-0.05). The correlation of Neutral 
ID with market and clan culture is of a very small val-
ue which is also being confirmed by the slightly higher 
value of P. Neutral ID also has a very small correlation 
with the two types of learning. Overall, Neutral ID has 
a lesser effect on culture and learning on it. 

5.3. Disidentification
Figure 3 shows the SEM model of disidentification. 

Adhocracy culture (-.27) shows a negative impact 
while the market (0.06) and hierarchy (0.16) culture 

show a positive impact on disidentification. The im-
pact of market culture is very low and relatively hier-
archical, and adhocracy impacts disidentification ID.

A minor impact of only hierarchy culture (-.03) 
can be noticed here with DL learning, whereas, for 
SL learning, market (.24) and adhocracy (.31) cul-
ture have a major impact. Thus, for disidentification 
SL learning becomes a major moderator variable for 
Adhocracy and market culture. The total effects of all 
cultures except clan are shown in the figure calculated 
through their indirect and direct effects of DL learn-
ing type. (Chi-square=14.250, DOF=6, Probability 
level=.027). Therefore the: Displays P values for Dis-
identify ID are shown in Table 4.

Figure 3: Disidentify ID

Table 4
Displays p values for disidentify ID

Relationship of variables Estimate SE. CR. P-value
SL Learning  Adhocracy Culture .489 .100 2.901 ***
SL Learning  Market Culture .366 .096 1.819 ***
DL Learning  Hierarchy Culture -.051 .044 -1.152 .049
DL Learning  SL Learning .888 .030 19.311 ***
Disidentify ID  Adhocracy Culture -.595 .152 -3.903 ***
Disidentify ID  Market Culture .135 .150 .899 .069
Disidentify ID  Hierarchy Culture .314 .125 2.504 .012
Disidentify ID  SL Learning -.242 .177 -1.370 .071
Disidentify ID   DL Learning .162 .170 .952 .041
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For all the paths here, the values of P are under 
permissible limits, that is, 0.05. The various fits value 
are (CMIN/DF =2.375 (should be under 5), NFI=.977, 
TLI=.952, CFI=.986 (all indices that are greater than 
0.95 are acceptable), RMSEA= 0.0124 (acceptable be-
tween 0.08-0.05). Disidentify ID has a greater correla-
tion with DL Learning than SL Learning compared to 
the P values. Disidentify ID also has a large impact on 
hierarchy culture than that compared to market culture. 

5.4. Ambivalent Identification
Figure 4 shows the SEM model for ambivalent 

identification. Hierarchy culture (.08) and adhocracy 

culture (-.09) show positive and negative impacts on 
ambivalent identification, respectively, even though 
they are very small impacts. While the total effect of 
adhocracy through SL. Interestingly, the total effect 
of hierarchy and market culture is .38 and .55, which 
means that if DL learning is a moderator variable, then 
these two culture types have a good impact on ambiv-
alent identification. DL learning (.23) and SL learning 
(.18) type have a good impact on ambivalent ID. (Chi-
square=1.413, DOF=5, Probability level=.923)  

For all the paths, here, the values in Table 5 show 
the P is under permissible limits that are 0.05. The var-
ious fits value is (CMIN/DF =.283 (should be under 

Figure 4: Positive ID

Table 5
Displays p values for ambivalent ID

Relationship of variables Estimate SE. CR. P-value
DL Learning  Clan Culture -.085 .099 -.859 .031
DL Learning  Adhocracy Culture .498 .101 4.926 ***
DL Learning  Market Culture .498 .100 4.996 ***
DL Learning  Hierarchy Culture -.214 .087 -2.462 .014
SL Learning  Adhocracy Culture .098 .052 1.889 .049
SL Learning  DL Learning .848 .032 17.267 ***
Ambivalent ID  Adhocracy Culture -.163 .120 -1.362 .055
Ambivalent ID  Hierarchy Culture .133 .098 1.355 .053
Ambivalent ID  SL Learning .207 .141 1.468 .042
Ambivalent ID   DL Learning .255 .140 1.827 .068
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5), NFI=.998, TLI=1.204, CFI=1.00 (all indices that 
are greater than 0.95 are acceptable), RMSEA= 0.029 
(acceptable between 0.08-0.05). Ambivalent ID has 
a stronger correlation with Single loop learning than 
double-loop learning, as observed from the P values in 
table 5. Adhocracy and hierarchy also have a smaller 
correlation, but both have an equal impact on it.

6. Findings
The findings through this study have shown that 

different types of cultures have different impacts on 
different learning types and various organizational 
identifications. At the same time, individually, the ef-
fect of a particular culture or learning type may not 
be very high, but the total effect of the path that is the 
sum of the direct and indirect path with learning as 
moderator variable and culture as the independent 
variable with identification being dependent on the 
other two variables. The covariance between the dif-
ferent culture types is also well within limits. While 
learning types did not show any strong positive im-
pact on identification, when people positively identify 
themselves, they have a lesser tendency to pay atten-
tion to their learning and feel as if everything is going 
well. They still identify themselves positively with the 
organization. Other than positive, all other identifica-
tion types that are neutral, ambivalent, and disidenti-
fication are impacted by learning types. Market and 
adhocracy culture types are the ones that have a larger 
number of total effects towards the positive and neu-
tral identification. A clan is one culture type, which 
harms positiveID and some minor impact on neu-
tralID. Still, there are no impacts on ambivalent and 
disidentifyID with clan culture, which implies that 
employees generally try to avoid clan culture as it does 
not provide the competitive nature of the environment 
to develop and build their careers in it. 

7. Conclusion and Discussion
Every type of culture has a unique impact on the 

different types of identification types. Suppose looked 
upon closely the effect of clan culture on all types of 
identity. In that case, it is concluded that it has an only 
negative influence on positive and neutral identities 
and no impact at all on the remaining two identities 
whatsoever, which concludes that not all employees 
prefer a clan culture and as noted from various liter-
ature and studies in the past employees no longer are 
in favor of having a clan culture as they think it as a 

dampener in their growth prospects as this culture 
type does not challenge and individual. The person is 
always working in his/her comfort zones. People now 
want to work in a culture where they are challenged 
and are given newer tasks to do so that they can learn 
new things. 

Observing the impact of Adhocracy culture on the 
types of organizational identification, neutral identity 
has no direct effect coming from adhocracy. It has a 
minor effect from neutral and ambivalent. Still, it has 
the maximum negative impact on positive identity, 
which concludes here that people who want to work 
in the entrepreneurial and risk-taking environment, 
where innovation is value, identify themselves majorly 
positively because they are very well aware of the fact 
that how the work conditions are going to be and how 
they will have to be very dynamic in their approach 
of working. Since they need recognition from others 
about working in an innovation-driven company or 
environment, they tend to identify themselves posi-
tively. 

 Upon observing the effect of market culture on 
identifying an employee, ambivalent identification 
type does not affect it, while positive ID has a strong 
impact.  The other two IDs that are neural and dis-
identification have a minor impact on the market type 
of culture. Since competition is very high, people tend 
to learn and develop themselves to do better in their 
roles. Thus, among all the four models above, SL and 
DL are similar to no major impact through the learn-
ing types, as observed by Vijayakumar & Padma. They 
do not expect the organization to make them better in 
their roles by providing training. Still, out of the flare 
of delivering better results, every person or employee 
is motivated to do better and achieve something more 
than others. 

 Finally, the type of hierarchy culture has major im-
pacts on positive and disidentification types of iden-
tities and very low effects on ambivalent and neutral 
identity types. The concluding reason for this effect 
maybe with the structured and coordinated way of 
working in the hierarchy where every person has a 
specified work and responsibilities to handle. In al-
most all, the four model’s hierarchy is very closely im-
pacting through Double-loop learning type because 
the employees in such cultures want to learn and get 
trained for new things to perform better. Also, such a 
culture ensures that employees are not assigned to jobs 
where they are not trained properly to execute that job.
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8. Managerial Implications
Organizations and managers are always on the go 

to prepare policies and regulations for their employ-
ees, improving their productivity and output. Still, all 
the policies may become useless if the employees are 
not very comfortable with the kind of culture being 
propagated and the types of learning interventions 
they are offering. From the study and analysis that is 
being done here in this paper, people tend to identify 
themselves with organizations that provide them with 
challenging work and, at the same time, a well-struc-
tured one too. Managers also need to understand that 
when amalgamated with learning intervention types, 
the culture has the maximum impact on the employees 
identifying themselves as a part of a particular organi-
zation. In alignment with the people want to associate 
themselves with organizations that provide them with 
a culture where they can make decisions, innovate, 
learn new skills, and where process and procedures are 
well defined, and all the employees are treated equally.

9. Limitations
Even though this study aims to find out the effect of 

culture and learning on the organizational identity of an 
employee, the outputs through the analysis do not repre-
sent an exclusive effect pattern of the mentioned factors. 
Also, since the directed towards the pharmaceutical sec-
tor employees, there is a possibility that the results may 
differ for other companies, especially the new-age start-
ups and technology companies; a very traditional sector 
to work in is pharma. The company’s field provides its 
goods and services and implies the kind of culture prev-
alent in the company. Thus, this study was only focused 
on the traditional sector. Thus, the results obtained for 
some relations were also not very high, or there want any 
specific culture, learning and identify matrix that came 
out to be most relevant. Therefore, an increased number 
of participants in the surveys from different companies’ 
backgrounds would probably provide clearer interpreta-
tions for the above-studied factors.
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Abstract
Organizations focus a lot on their culture to attract the best 
talent to work with them. Leaders of these organizations ex-
pound their values on social media, employ PR agents and 
consulting firms to fine-tune their values, commonly stated 
through their websites, newsletters, and official communi-
cations, but how do people working there actually perceive 
these values? How are they driven from leadership to the 
lowest level of employees? This article attempts to address 
these issues by a qualitative research methodology based on 
Grounded Theory. Responses of employees working at lead-
ing organizations discuss their perceptions of culture in ac-
tion, how values are driven, their anticipations for the future, 
and areas of improvement in their organizations. A thematic 
frequency-based analysis method is used to derive common 
themes, which can infer common patterns in action across 23 
organizations with a strong Indian presence. The respondents 
span mainly across HR and marketing, with responses from 
finance, strategy and technology also included.
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1. Introduction
According to a collaborative research project by the 

MIT School of Management Research & Glassdoor 
by Sull, there is a difference in the way companies & 
employees describe the culture at work, also focusing 
only on quantitative responses. In contrast, surveying 
employees on culture can limit our understanding of 
culture due to the individual nuances lost. Employees 
also place significant value on the kind of workplace 
culture a company has before applying for a job there, 
& workplace culture can be directly linked to employ-
ee satisfaction rather than just a high salary, according 
to popular survey reports [1]. The gathering of quali-
tative data from respondents and the development of 
Grounded theory by Strauss & Corbin, in which theo-
ries are constructed through data gathered, have been 
utilized to develop the research methodology for this 
exercise without any preconceived notions in mind.

2. Literature Review
According to Bellot, while there are numerous 

methods, frameworks & psychometric tools based 
primarily on a quantitative perception of employees 
in the traditional corporate structure, there is no per-
fect method to measure organizational culture despite 
those methods. The existing tools can be supplement-
ed with further qualitative data gathering for a partic-
ular type of organization to understand better how to 
apply the findings of the methods utilized to the par-
ticular context of that organization avoiding a one size 
fits all approach. Organizational culture can also be 
considered as a foundation for locally perceived com-
mon actions & behaviors, which are often grouped 
under the term organizational climate according to 
Ostroff et al. Continuing on that same note, Linnen-
luecke & Griffiths bring forth the argument that there 
may also be different subcultures present within an 
organization (referred to as company in the paper as 
well) & expresses hope that a positive culture can also 
lead to a culture of sustainability across the organiza-
tion, which may eventually lead to sustainable devel-
opment for society if widely adopted [2].

A positive organizational culture can also be linked 
to better financial performance for a company, as Den-
ison shows. Companies with a flexible way of working 
focused more on the results rather than the rigidity of 
methods in getting things done, where those affect-
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ed by a decision by their leaders are given a voice in 
the decision-making process have consistently shown 
to lead in terms of ROI, the companies that do not. 
High-performance work culture is put forth by Den 
Hartog & Verburg, characterized by creating a culture 
of meritocracy & transparency within the organiza-
tion. Workers are driven by purpose, opportunities 
for development & free sharing of information. In ad-
dition, Schneider states that for the service industry, 
in particular, customers report better service where 
employees perceive a strong customer service focus & 
enthusiasm within their branch & team [3]. A culture 
of effective knowledge exchange may lead to compet-
itive advantages for the organization through faster 
decision-making & collaboration opportunities, states 
Zheng et al., which may not have been possible with-
out a culture of shared learning. The role of organiza-
tional culture through freedom or rigidity relating to 
innovative output for the company has also been high-
lighted by Naranjo‐Valencia et al., which only high-
lights the overall importance of culture for the bottom 
line and employee satisfaction & engagement at work. 

An employee’s job satisfaction can be linked closely 
to organizational culture, as discussed by Roodt et al. 
Certain traits, including longevity within the organiza-
tion, can also be linked to satisfaction because a long 
time with the company shows a good cultural fit. Peo-
ple working in very senior management have higher 
levels of job satisfaction, which have also been report-
ed by Kline & Boyd, which may be partly due to their 
role in shaping the culture & policies at work. Schein 
has stated that leaders should avoid patronizing their 
subordinates through vague or superficial definitions 
of culture, avoiding change management & promoting 
stereotypes [4]. To create an inclusive culture, compa-
nies first need to develop a supportive & welcoming 
framework for diversity-based hires to provide their 
best to the company as stated by Dwyer et al. Compa-
nies also need to brace themselves for a larger number 
of employees from the millennial generation & upcom-
ing generation Z, along with their expectations of digi-
tal working culture, expectations for constant feedback 
& mentorship as per Schawbel & Prensky. It will be-
come even more crucial for organizations to go digital 
to survive to post the COVID-19 pandemic. The case 
has been made by Westerman et al. for traditional or-
ganizations to learn from more digitally savvy ones by 
embracing technology without losing their core values, 
which made them strong in the first place [5].

3. Research Methodology
The research to gather & analyze data was carried 

out in the following sequential stages.

3.1. Secondary Research & 
Benchmarking Company Selection

To study quantification of culture in leading 
companies, the MIT-SMR Glassdoor 500 research 
project by Sull, Grounded theory by Strauss & 
Corbin, GPTW (Great Place to Work) methods by 
(“Great Place to Work® Model© - Great Place to 
Work,” 2020) were studied. After this, an open-end-
ed, qualitative questionnaire was designed with key 
themes, which could significantly affect organiza-
tional culture from an employee perspective [6]. 
Selection of companies was done based on them 
being:
• GPTW Certified basis of positive work practices 

and employee reviews
• Sector competitors within industry segments
• Industry leaders across business sectors
• Startups in a high growth phase

3.2. External Benchmarking Interviews
In depth, interviews were carried out for data 

gathering ranging from 1 to 1.5 hours each, with re-
spondents across HR & non-HR functions & varied 
industry sectors & varied work experience durations. 
Open-ended questions were asked to avoid creating 
any bias in the minds of the respondents.

Topics discussed with the respondents included, 
but were not limited to, the following topics concern-
ing their company:
1. Culture in action as seen at the workplace
2. How are cultural values-driven till the last mile
3. Culture evolving in the coming decade, future 

workplace culture trends seen in industry-leading 
companies

4. Diversity & Inclusion initiatives for gender, the 
LGBTQIA+ community, Generational equality

5. Pathways towards becoming a more digital com-
pany 

6. Employee health, safety & wellbeing initiatives go-
ing above & beyond legal requirements

7. Measures used to quantify workplace culture
8. Promoting innovation at work – new product de-

velopment, process optimization & spirit of contin-
uous improvement

9. Driving culture during & post-COVID 19
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4. Data Analysis
Interviews & experience range of respondents cov-

ered for primary research included 46 plus hours of 
interview time, 23 In-depth interviews, 9 Senior HR 
leader interviews, 6 Mergers & acquisitions covered 
ranging from 1 to 18 Years of work experience. Sectors 
covered were conglomerates, telecom, infra, pharma, 
chemical, tech, auto, consulting, hospitality, educa-
tion, life sciences, FMCG, FMCD & finance, which 
was a four-stage activity carried out simultaneously as 
interviews were conducted:
• Analyze transcripts of interviews conducted con-

sisting of qualitative data
• Develop concise themes for each topic (question 

asked to respondents) 
• Conduct frequency analysis of themes by topic
• Higher frequency themes were selected as key in-

sights, with sub-themes as additional details for 
understanding the in-depth nuances of a particu-
lar insight.
As similar themes began emerging for particular 

questions asked, the number of interviews was capped 
to 32 once there were enough responses to ensure a 
significant number of additions for a particular theme, 
& no new insights were being covered in subsequent 
interviews.

5. Results and Key Insights

5.1. External Benchmarking: 
Top Cultural Traits in Seen in Action 
at Leading Companies

5.1.1. Rank 1: 35% of respondents mentioned
Result orientation – There is a strong focus on the 

bottom line, with ambitious targets, extreme focus on 
acquiring and retaining a maximum number of cus-
tomers. The culture is based on high performance.

Cross-functional work – People get an opportunity to 
work on challenging projects across business functions. 
Their function, e.g., someone working in sales, would 
also have an opportunity to work in digital marketing, 
product management, etc. Freedom to choose your proj-
ects was notable for those working in consulting [7].

5.1.2. Rank 2: 30% of Respondents Mentioned
Employee-centric policies – Policies designed with 

employee care and convenience in mind, respect for 
everyone’s opinions were valued.

R and R – Benefits over and above what is included 
in CTC for themselves and family members. Acknowl-
edgment for work contributions also matters.

5.1.3. Rank 3: 26% of Respondents Mentioned
Freedom – Having the freedom to drive the proj-

ect the way you want to upon agreed-upon results, set 
standards others can follow. Regionally driven busi-
nesses with a decentralized hierarchy also scored high 
on freedom.

5.1.4. Rank 4: 21% of Respondents Mentioned
Approachable Leadership – Having an informal 

culture where junior employees can freely interact with 
leaders, a culture of mentorship with seniors guiding 
juniors on more than just work-related projects.

5.1.5. Rank 5: 17% of Respondents Mentioned
Work-life balance – Maintaining boundaries between 

work and personal time, do not disturb policies helped 
employees manage work and personal commitments.

Ownership – Having a profit-sharing mechanism, 
being proud of the fact that the company you are work-
ing for is disrupting the market, your products are be-
ing used by millions of people is a matter of pride.

Continuous learning – You get opportunities to 
upskill yourself while working through functional and 
technical training [8].

5.2. External Benchmarking: 
How Values Are Driven till the Last Mile 
at Leading Companies

5.2.1. Rank 1: 70% of Respondents Mentioned
Leadership Connect – Leaders are accessible and 

also reach out to employees on their own. They clearly 
explain the rationale for major decisions and changes.

5.2.2. Rank 2: 47% of Respondents Mentioned
Leading by Example – Particularly relevant for 

field workers in sales and marketing, leaders from all 
business functions work with field staff in markets 
at regular intervals, For technical roles, leaders work 
closely with junior employees to help them build up 
the knowledge to work on complex projects.

5.2.3. Rank 3: 43% of Respondents Mentioned
Customer Obsession – Customer satisfaction 

is given prime importance. Adding maximum 
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value to customer business (in case of consulting 
services), sharing knowledge to enable innovative 
solutions

5.2.4. Rank 4: 22% of Respondents Mentioned
Training & Testing – There is a strong compliance 

mechanism with anonymous reporting tools for eth-
ics and safety violations. Learning & development 
modules rolled out at regular intervals to reinforce the 
rules [9].

5.2.5. Rank 5: 13% of Respondents Mentioned
Set Clear Expectations – Ensure that there are ac-

tion points linked to values and employees know what 
is expected in terms of roles and responsibilities at-
tached to them.

Employees as Ambassadors – There are no formal 
initiatives to drive culture; local employee-driven ini-
tiatives, observing and absorbing what works is how 
culture is driven.

5.3. External Benchmarking: 
Most Desired Areas of Improvement 
at Leading Companies

5.3.1. Rank 1: 26% of Respondents 
Mentioned

Procedural approach – Lots of bureaucracy, top-
down strategy, and decision making, junior employees 
are not given a voice in the process.

5.3.2. Rank 2: 17% of Respondents Mentioned
Work-life balances – Too many responsibilities si-

multaneously, being available continuously, leading to 
burnout.

5.3.3. Rank 3: 13% of Respondents 
Mentioned

No Standard Experiences – Different teams have 
different cultures. There are no formal mechanisms to 
drive processes leading to confusion; this also leads to 
compliance issues.

5.3.4. Rank 4: 9% of Respondents Mentioned
Working in silos leading to redundant work, poor 

diversity & inclusion, generation gaps between millen-
nials and older employees causing conflicts, Lack of 
recognition for efforts made at work as part of R&R 
policy [10]

5.4. External Benchmarking: 
Anticipated Cultural Trends Leading 
Companies in the Future Will Have

5.4.1. Rank 1: 43% of Respondents Mentioned
Innovative R&R – Comparing perks and pay with 

competitors, personalized perks according to employ-
ee areas of interest for the same value of money. 

5.4.2. Rank 2: 26% of Respondents Mentioned
Fast Career Growth – Getting to work with talent-

ed peers, responsibilities, and fast track career growth 
like in a startup

5.4.3. Rank 3: 22% of Respondents Mentioned
Cross-functional work – Exposure to multiple do-

mains across functions, getting hands-on knowledge 
about other functions while focusing on your domain

Data-driven decisions, digitization – Every employ-
ee should develop a Technology Quotient along with IQ 
& EQ, even if they are not working in a technical role. 
Digitization will be important to save time and money 
while making data available for better decision-making.

Outsourcing – Non-core business functions are 
outsourced to gig/contract workers while essential 
functions stay in-house.

5.4.4. Rank 4: 17% of Respondents Mentioned
Clear communication of responsibilities with 

honest feedback, adaptability of the company to new 
trends and business models, remote working becom-
ing normal, and ending visa hassles

5.5. External benchmarking: How D&I 
is driven at leading companies (Focusing 
on Gender, Age & LGBTQIA+ community)

5.5.1. Rank 1: 61% of Respondents Mentioned
Targeted hiring – Setting official and unofficial tar-

gets to increase diversity across levels by diversifying 
sources, not compromising merit, Having mentorship 
programs and specific leadership development pro-
grams for women has also been marked as relevant [11].

5.5.2. Rank 2: 52% of Respondents Mentioned
Leader-driven LGBTQIA+ initiatives – Having 

strong leadership support for being inclusive towards 
the LGBTQIA+ community is essential due to social 
prejudices against this community. Sensitization and 
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Employee Resource Groups (ERGs) are effective in 
creating a welcoming atmosphere.

5.5.3. Rank 3: 26% of Respondents Mentioned
Managing the age gap – Campus-led reverse men-

toring so that younger employees understand how 
business works and senior employees can increase their 
technology quotient. Informal bonding activities and 
sharing of experiences can also lead to mutual respect.

5.5.4. Rank 4: 22% of Respondents Mentioned
Post maternity support – Flexible timings, reduced 

workload for an extended duration post maternity 
break can help reduce attrition. 

Women-only micro-communities – Informal sup-
port groups, with or without a specific purpose, e.g., 
women in marketing, technology can help create an 
inclusive culture.

5.5.5. Rank 5: 17% of respondents mentioned
Career 2.0 – Providing back-to-work training for 

women on a career break, specific hiring policies can 
open up a new talent pipeline [12].

5.5.6. Rank 6: 13% of respondents mentioned
Leader-driven conversations – Focusing on issues 

important in local areas, e.g., LGBTQIA+ rights in In-
dia, where more work is required. Leaders must also 
focus on explaining why D&I add to the business.

5.6. External benchmarking: 
How leading companies are embarking 
on a digital journey 

80%+ respondents say that their organization has a 
strong focus on going digital and has special teams or 
initiatives involved in digitizing processes, leading to 
savings in time, money and enhanced decision-mak-
ing skills by easier data availability.

5.6.1. Rank 1: 74% of Respondents Mentioned
Communication – Using digital tools and plat-

forms to communicate, collaborate, connect with 
leaders, form special interest communities, share suc-
cess stories and recognize employee performance that 
proves values in action.

5.6.2. Rank 2: 30% of Respondents Mentioned
KX: Knowledge exchange – Using technology to 

enable centralized access to business data, share com-

mon project templates and learnings on a common 
platform similar to a library of best practices. R&R for 
best contributors to the repository

5.6.3. Rank 3: 17% of Respondents Mentioned
Leadership Connect – Apps to directly communi-

cate with senior leaders, leader dashboard to keep track 
of employee and customer sentiment, quality control. 
Whistle blower platforms and reporting mechanisms,

Smart Assistant – Bots for routine query solving 
and helping employees with policies, and knowing the 
company better.

L&D – Byte-sized learning modules for learning on 
the go, hybrid learning model with a mix of in-class, 
on the job and self-paced learning.

5.7. External benchmarking: 
How are leading companies measuring 
culture & common themes used 
by leading companies to understand 
employee perception of culture?

5.7.1. Methods to Measure Culture
Chatbots – Certain organizations conduct an al-

most continuous survey asking a question every day 
or at short intervals.

Surveys – This includes online and offline surveys.
Focused Group Discussions – To understand em-

ployee perceptions in-depth and for a specific com-
munity within the organization, FGDs are used.

Levels of measurement – enable companies to get 
a granular understanding of culture across different 
levels:
• Employee, manager, team, Sr. Manager levels
• The business unit, group/organization, business 

function.
• Geography.

Vendors – Companies also employ vendors apart 
from their regular efforts to gain insight from indus-
try competitors. SEREIN, RestartHer, Avatar focus 
on gender diversity, while Pride Circle focuses on the 
LGBTQIA+ community

Themes used to understand employee percep-
tion of culture
1. Individual level

• Pride - Work & Org
• Learning Opportunities
• Referral to friends
• Daily happiness
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• Resources for work effectiveness
• R&R, C&B
• Satisfaction with work
• Reason for negativity & proposed solution
• Career growth prospects

2. Interpersonal level
• Addressing conflicts
• 360 Degree feedback
• Freedom to ideate
• Leadership approachability
• Managers - Did you welcome, reassure, recog-

nize?
3. Organizational level

• Safety
• Customer satisfaction
• Overall culture
• Ethics
• Physical accessibility
• Adoption of ERGs
• Inclusion
• Travel
• Work-life balance

5.8. External Benchmarking: 
How Are Leading Companies 
Encouraging Innovation

5.8.1. Rank 1: 39% of Respondents Mentioned
Technical hackathons – Idea Fridays, weekend 

hackathons where the technology team spends 48 
hours to develop new features, fix bugs in the prod-
uct, which can then be immediately be rolled out to 
the users. Top teams are rewarded for ideas that are 
implemented. 

5.8.2. Rank 2: 34% of Respondents Mentioned
Informal process – Employees brainstorm in teams 

and present their ideas to the leadership based on 
time, money, and resources required. Based on the 
idea being judged feasible by a particular leadership 
level, it is presented to the higher-ups in the hierarchy.

5.8.3. Rank 3: 30% of Respondents Mentioned
Business Case Study Competitions – These take on 

cross-functional problems the company faces at a re-
gional/global level based on the optimization of exist-
ing business processes or finding new ideas to launch 
in the market. They can be at an individual/team level 
with cross-functional team building encouraged to 

encourage networking and bringing varied perspec-
tives to the table.

Special Cross-Functional Teams – These teams are 
formed from high potential performers with consis-
tently high-performance ratings in execution and gen-
erating ideas that drive the bottom line. These teams 
gather and analyze internal and external data to drive 
decisions quickly about where the company should be 
focusing its resources towards. They also learn new 
technologies and techniques, pilot them and then 
teach them to the rest of the organization [13].

5.8.4. Rank 4: 13% of Respondents Mentioned
In-house incubators – This involves the company 

acting as a venture capitalist by investing in their em-
ployees or external person ideas, becoming a stand-
alone business. The company also encourages its em-
ployees to focus on R&D by helping them file patents.

5.9. External benchmarking: 
How are leading companies going above 
and beyond in the health, safety, 
and wellbeing of their employees

5.9.1. Rank 1: 43% of Respondents Mentioned
Mental wellbeing – Family wellbeing being a 

unique practice at certain companies where employ-
ees and their families are offered counseling assistance 
to deal with their issues, which has been particularly 
helpful during the COVID 19 crisis, Stress manage-
ment and mindfulness workshops with trained coun-
selors over and above a regular Employee Assistance 
Program (EAP) helps employees manage their emo-
tional health

Coaching for leadership – Helping leaders work on 
the emotional aspects of being a leader and help tech-
nical workers transition into managerial roles

Certifications in counseling – Allow employees 
to get trained in mental health counseling and act as 
mental wellbeing ambassadors in the workplace. 

5.9.2. Rank 2: 26% of Respondents Mentioned
Travel safety – Offering travel, weather, regional 

and hotel safety advisories, cab travel for women after 
working hours, allowing women to take their domes-
tic help with them while traveling, safety apps all help 
in building a sense of confidence in employees that 
they are taken care of while traveling for work. Certain 
companies also allow employees to refuse a job post-
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ing in a location they may not want to work in without 
fear of repercussions on their career path. 

DIY Fitness to Improve Employee Health and 
Engagement – Sports challenges to encourage team 
building, home yoga, and ergonomics workshops are 
low-cost ways companies engage with employees fo-
cusing on physical health. 

5.9.3. Rank 3: 22% of Respondents Mentioned
Compliance & Reporting Mechanisms – A strong 

mechanism for compliance is driven through learn-
ing & development, specific training, and testing at 
regular intervals so that safety and compliance rules 
become ingrained in employees’ minds. Having whis-
tleblower apps and an anonymous reporting policy, if 
implemented sincerely, can help employees speak up 
without fear if they see any wrongdoing at the work-
place.

5.9.4. Rank 4: 17% of Respondents Mentioned
Self & External Certification – Self-level & store 

level declarations along with surprise checks, audits, 
and exams to ensure that all locations owned by the 
company follow safety SOPs. Consistently high safety 
scores and innovations for promoting safety & com-
pliance can also be included in the rewards & recogni-
tion policy to promote compliance.

5.9.5. Rank 5: 13% Of Respondents Mentioned
Onsite Medical Care, Fitness App Subsidies – Cer-

tain companies have onsite medical care facilities 
covered over and above health insurance provided 
to employees. Providing employees’ apps to book ap-
pointments and subsidized subscriptions to fitness 
on-demand apps like Cure fit and Healthify. Enable 
physical wellbeing.

Emergency Drills & ERTs (Emergency Response 
Teams) – Conducting drills for terrorist, biological, 
and fire incidents can save lives if done sincerely. ERTs 
operate via a one-stop number where employees can 
seek help for any emergency, regardless of their loca-
tion, time, and nature of the emergency. The ERT will 
take care of the situation.

5.10. External benchmarking: 
Perspectives from senior HR leaders

This segment adds a leadership perspective from 
nine HR leaders with an average of 14 years of in-
dustry experience about culture in their company, 

beliefs on driving diversity & inclusion & building a 
future-ready company culture [14].

5.11. Culture in Action at My Company – 
How Is Culture-Driven In Action 
Where Those Leaders Work

Rank 1: 55% of Respondents Mentioned
Employee care – There is a focus on the person-

al and professional growth of the employee during 
discussions and making sure employees have a good 
idea of their career path in the company. Respect and 
care for blue-collar workers and their needs, particu-
larly during the COVID 19 crisis, ensure their finan-
cial and workplace safety needs. Work-life balance 
and employee wellbeing initiatives – both physical & 
mental-are ways companies demonstrate care for their 
employees.

Rank 2: 44% of Respondents Mentioned
Quality & Customer Obsession – Extreme ac-

countability and integrity while providing maximum 
value to the customer and transforming their lives and 
businesses was a matter of pride for these companies. 
Competitive behavior – going above & beyond what 
was done earlier & expected leading to customer satis-
faction was a key driver for culture.

Rank 3: 22% of Respondents Mentioned
Purpose Driven – Employees in a company gen-

uinely believed in the transformative powers of their 
products and services, be it an agriculture technology 
manufacturing business or a medical equipment re-
search company, employees feels much pride in what 
their company does.

Diversity & Inclusion – There is a focus on build-
ing strong diversity and inclusion frameworks across 
all levels of hierarchy in the organization.

5.12. How will my company drive culture 
during and post the COVID 19 crisis, 
when a significant number 
of employees will be working remotely?

Rank 1: 88% of respondents mentioned:
Focused Communication – Leaders anticipate an 

increased number of one-on-one conversations with 
their teams, discussions about work and personal life, 
not just work all the time. Leaders need to make sure 
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workers have a complete understanding of their re-
sponsibilities and timelines.

Rank 2: 55% of Respondents Mentioned:
Wellbeing – There is an increased focus on physi-

cal and mental wellbeing, with flexible timings for em-
ployees to look after their children, complete house-
hold chores, and focus on their health to maintain 
proper work-life balance.

Rank 3: 44% of Respondents Mentioned:
Work from Anywhere Hybrid Model – Companies 

will need to overcome the stigma attached to working 
from home or remote locations & make sure that these 
employees are treated the same as in-office workers. 
Culture & values will remain the same; only the means 
of driving them will change.

Rank 4: 33% of Respondents Mentioned:
Still figuring out – It may be too early to predict any 

concrete changes in work culture in the post-COVID 
world; we may need to wait & watch.

Rank 5: 22% of Respondents Mentioned:
Care of Lowest Level Staff – This can be demon-

strated by senior leadership entering the trenches 
regularly, across functions to understand what people 
directly working in factories or the marketplace ex-
perience daily. Field staff must be given proper tools 
& benefits to make their work smoother – it can be 
through travel assistance, safety kits & the latest tech-
nology access [15].

5.13. What will culture in industry-leading 
companies be like in the future? 
How can these leaders attract the best talent 
to stay ahead of the competition?

Rank 1: 66% of Respondents Mentioned
Lots of Digitization, Automation – There will be 

faster automation of routine processes using RPA (Ro-
botic Process Automation) & digitization of workplace 
platforms to enable easier access to information. There 
will be a focus on enhancing this in sales & manufac-
turing to avoid dependency on human workers. 

Rank 2: 44% of Respondents Mentioned
Work from Home, Gig-Based Work – Along with 

an increased acceptance of working from home, lead-

ers anticipate that non-core business functions will be 
increasingly be outsourced to cheaper vendors. Short-
term projects will be done by gig workers who will 
work with the company for the project’s duration with 
incentives attached to quality & speed of completion 
before moving on to the next job.

Rank 3: 33% of respondents mentioned
Innovation in Learning & Development – Upskill-

ing of employees will move to a hybrid model with a 
significant part of training delivered in a hybrid mod-
el as a mixture of classroom, bite-sized learning mod-
ules through apps & experiential job projects. Better 
XK (Knowledge Exchange) & internal networking 
platforms will enable workers to reach out to subject 
matter experts within the company to learn about any 
specific subject & access pre-made templates for com-
monly occurring business use cases.

Diversified Business Ideas – Companies will need 
to form unconventional business alliances & enter into 
new business areas to survive in the future. A case can 
be a ride-sharing aggregator that delivers parcels in 
the car’s trunk while traveling with riders, opening a 
new revenue stream [16].

Rank 4: 22% of Respondents Mentioned
Ease of Doing Business – Leaders expect the gov-

ernment to work closely with businesses to provide 
realistic taxes, simplified labor laws enabling greater 
foreign investment into India & job creation. The gov-
ernment will need to create a stronger social safety net 
for those left behind by automation & outsourcing.

Micromanagement – There will be increased mi-
cromanagement by managers to ensure that all team 
members work on the same page for the projects. Proj-
ect types will change to give the end-to-end responsi-
bility to one person rather than dividing work between 
too many people making it difficult to coordinate vir-
tually.

5.14. How does my company drive 
innovation in optimizing existing 
processes & new product development?

Rank 1: 66% of Respondents Mentioned
Continuous Improvement – Optimization is part 

of the company’s performance management system, 
& employees are rated on how they have managed to 
change existing processes for the better, saving time & 
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money. A team level focuses on an optimization strat-
egy where regular meetings to work only on process 
improvement are carried out.

Rank 2: 33% of Respondents Mentioned
Remove Fear of Failure – Leaders encourage em-

ployees to keep trying & without fearing or getting 
disappointed by failure. Someone might fail nine times 
out of ten, but might develop a business-changing idea 
on the tenth, so leaders need to support these efforts.

Check While Hiring – Recruiters can check for in-
stances where a prospective hire has demonstrated in-
novation in their professional experiences & also hire 
top talent, which might be expensive, but can increase 
existing standards at the company.

Crowd sourcing – Companies can solicit new 
product ideas from employees and regular customers 
who are loyal to the brand. Problems faced can be con-
verted in case study competitions open to the public or 
employees only [17].

Rank 3: 22% of Respondents Mentioned
Training & Infrastructure – Providing designated 

spaces within the office area like ideation playrooms 
with a relaxing atmosphere, sketch boards to just start 
discussing an idea can nudge employees to come to-
gether to create new things in a positive atmosphere. 
Training for the 5 thinking hats methodology by Ed-
ward de Bono & talks by entrepreneurs can inspire 
people to incorporate these methods in their working 
styles. Enhanced XK (Knowledge Exchange) plat-
forms are commonly used in consulting & technology 
firms to upskill employees on the latest technologies & 
prevent redundant efforts.

R&D focus – New ideas come through progress 
made by long-term investments in research and con-
sumer insights based on how users interact with cer-
tain products & services & what they expect in the 
future.

5.15. How can companies effectively drive 
diversity & inclusion (D&I) across all levels 
of hierarchy without indulging in tokenism?

Rank 1: 55% of Respondents Mentioned
Sensitization Against Biases – Starting from on-

boarding employees, respectful behavior should be 
defined. Line managers should be trained on how 
to work with people from different socio-economic 

backgrounds as well. This training in terms of gender, 
socio-economic backgrounds & sexualities should be 
repeated at regular intervals to make the workplace a 
safe space for all employees.

Rank 2: 44% of respondents mentioned
Increasing Numbers Across All Levels – Consider-

ing gender diversity & the LGBTQIA+ community, it 
can be a challenge for companies to focus on numbers 
versus inclusivity as one cannot exist without the oth-
er. A starting point would be to increase the number 
of employees from underrepresented communities by 
broadening talent sources. Many organizations like 
restart HER, Pride Circle & Avatar Women provide 
consulting services to companies to improve their di-
versity & inclusion policies & act as a bridge for tal-
ent. While hiring at an entry-level is easy, maintaining 
diversity at higher levels in the organization can be 
challenging. Providing leadership development pro-
grams & career mentors within the company can help 
improve this.

Rank 3: 33% of Respondents Mentioned
Leaders show D&I Business Value – Leaders need 

to have conversations with employees on why a di-
verse set of employees is helpful for the business, with 
examples. They need to believe in D&I for the compa-
ny themselves before asking others to embrace it.

Rank 4: 22% of Respondents Mentioned
Life Stage Support for Women, Setting Tone on 

Merit – Providing flexibility in working hours or short-
term projects can help women rejoin the workforce or 
continue with an existing job after maternity leave, a 
large source of attrition by women from many compa-
nies. However, it is very important not to compromise 
on merit during those initiatives and post-maternity 
benefits as no one wants to be seen as a diversity quo-
ta hire or receiving benefits without performing at the 
same level as the rest of the employees.

Specific Support for the LGBTQIA+ Community – 
Due to social discrimination widely occurring against 
the LGBTQIA+ community in India, it is important 
to have separate nondiscrimination policies & to train 
against bias against them. Subtle support in addressing 
a person’s spouse as a partner rather than husband or 
wife can make people feel welcome. Having ambassa-
dors at an office level to discuss concerns, usually, se-
nior leaders can also help [18].
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Rank 5: 22% of Respondents Mentioned
Inclusion across backgrounds, Safety & Acces-

sibility – As companies open up to the idea of a gig 
worker-based economy, it is just as important to make 
policies are keeping blue-collar, remote & different-
ly-abled workers in mind. Offices need to be accessi-
ble for all physical abilities with proper IT hardware & 
software to make work smoother for differently-abled 
workers. Gender-neutral washrooms, sanitary napkin 
dispensers are some small ways companies can make 
the workplace more accessible.

ERGs Employee Resource Groups) – These are 
employee-driven, local groups, sometimes with a se-
nior leader in a supervisory capacity. They provide 
a platform for employees to group with common in-
terests informally & seek guidance & mentorship for 
work-related & personal issues. Many companies have 
groups for women in technology, LGBTQIA+ issues, 
multi-generational mentorship, etc [19].

6. Conclusion
After looking at the results after analyzing the data 

collated as a part of the research, we can see that there 
are linkages between many of the top themes within 
& across topics the respondents were queried upon, 
which presents a holistic aspect of culture as a result 
of multiple interlinked factors rather than one or two 
distinct ones. Considering the top traits seen in action, 
how culture is driven & diversity & inclusion, we can 
observe that there is a common thread of leaders con-
necting closely with employees to communicate the 
values, purpose & strategy of the company along with 
work-related issues, which has been noticed by the re-
spondents who found it a significant part of the culture 
they experience at work. The kind of work projects 
given, learning opportunities for career progression 
through work & learning & development initiatives, 
working with peers who are the best amongst the in-
dustry & rewards & recognition over & above the sal-
ary they are paid also act as notable factors for the re-
spondents indicating that companies must stay on the 
top of their game to provide challenging work projects 
& career growth opportunities if they intend to have 
the best talent work for them. In order to develop a 
culture of inclusion, which goes beyond just adding 
numbers, companies must have leaders encouraging 
conversations on why diversity matters while also al-
lowing employees to come together to create commu-
nities within the company to put forth what employees 

want to experience & give a voice to those not always 
represented well. Diversity & inclusion will also move 
beyond gender, sexuality & age to address the differ-
ently-abled, gig workers, remote workers, blue-collar 
labor & those not financially privileged. The COVID 
19 crisis has made it even more important than before 
for companies to invest in digitization to keep things 
working. Companies can effectively embrace technol-
ogy to enable internal communication within teams, 
knowledge sharing & learning & allow a more open 
culture by enabling employees to communicate with 
their leaders faster & for leaders to reach out to keep 
an ear on the ground. Culture can also be driven ef-
fectively by these platforms when employees cannot 
work from the office by building communities, regu-
lar face-to-face video calls, sharing values & success 
stories. Digitization can also help the human resources 
function build tools that regularly measure employee 
sentiment & engagement levels to use data effectively 
to drive solutions quickly across business functions & 
locations. 

7. Recommendations
In order to utilize the findings from the results in 

a real-time environment, questions can be frames by 
a company based on the topics with top themes as re-
sponse options. For example, asking employees what 
they would anticipate in the future with innovative 
rewards, cross-functional projects, etc., as options. 
Any other related options can also be added, which 
the company finds relevant but may not be directly 
mentioned in the theme definition & is a part of the 
sub-theme explanation. A four-point scale is asking 
how closely this theme is present in their current orga-
nization. This type of scale will also remove ambigu-
ous answers from the respondents for the themes to be 
present or absent without confusion of their existence. 
After gathering the responses, they can be measured 
compared to the results & analysis discussed earlier 
to see where the company stands concerning lead-
ing companies in India for specific topics queried & 
themes within.

8. Limitations
The results of this exercise are based on respon-

dents from a variety of industries ranging from infra-
structure development to software products & con-
sulting. Their perspectives have been analyzed & then 
grouped to form common themes, which emerged 
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after that. To build a targeted model, which would 
be specifically suited to a particular industry, further 
research can be conducted based on topics & themes 
covered in this research, which will enable research-
ers to develop surveys with additional details, which 
might be more related to their industry of interest. The 
research can be drilled down further into subsections 
of gender, years of work experience, business func-
tions like sales & marketing to understand & compare 
their perceptions about culture in their companies & 
how it can be made better.
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Abstract
Ergonomics is said to have a great potential when it comes 
to designing of any artefact. Office ergonomics, a branch of 
ergonomics, seeks to understand how physical characteris-
tics of humans are relevant in designing the workplace and 
is often used by organisations as an input to minimize the 
amount of discomfort faced by the employees. The provision 
of this input by the organisation generates a need to under-
stand if it has any impact on the output produced by the em-
ployees. This paper seeks to understand this relationship and 
study the impact of office ergonomics on the performance 
of the employees. Additionally, it tries to discover the pres-
ence of participatory ergonomics (PE) in the organisation. 
75 employees were randomly drawn from different depart-
ments of Larsen and Toubro, Surat, India and a question-
naire was administered to assess the relationship between 9 
ergonomic elements (independent variables) and employee 
performance (dependent variable) by building a multiple re-
gression model in R. The regression was first carried out for 
the 75 employees, post which the type of department that 
employees belong to (manufacturing or non-manufacturing) 
was added in the multiple regression model to test if de-
partment type moderates the relationship between the in-
dependent variables and the dependent variable. The study 
also tried to understand the implementation of PE in the 
organisation. Overall, for all employees, architectonic de-
tails and colour of the walls showed significant impact on 
performance. When departmental setup was introduced in 
the model as a moderating variable, it did not change the 
results of the model. Thus, departmental setup was found 
to be irrelevant in moderating the relationship between the 
variables. 

Keywords
Ergonomics, Employee Performance, View from the workplace, 
Architectonic details, Colour of the walls, Participatory Ergo-
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1. Introduction
(Wilson, 2000) defines ergonomics as “the the-

oretical and fundamental understanding of human 
behaviour and performance in purposeful interacting 
socio-technical systems, and the application of that 
understanding to design of interactions in the context 
of real settings”. In other words, it is the study of un-
derstanding the interaction of people with the envi-
ronment in which they work, which is then adjusted 
to suit their needs in order to ensure greater efficiency 
in their work. Historically, the concept of ergonomics 
dates back to writings found in ancient Greece, Poland 
and Germany about 100 years ago [1]. The modern 
history emerges from the UK and the USA, wherein 
scholars explored different disciplines like anatomy, 
psychology, engineering, architecture etc. and paral-
lelly studied the effectiveness of human performance.

An ergonomic friendly environment allows work-
ers to perform their tasks accurately and comfortably. 
A commonly used term in this regard is “ergo-eyes”, 
which refers to using a lens of ergonomic principles to 
see the world around you [2]. This would enable one 
to see through the potential risk factors that could lead 
to an injury and taking measures beforehand to pre-
vent the same. These injuries could range from strains 
to musculoskeletal problems to even arthritis.

Office ergonomics, also known as work ergo-
nomics, is a branch of ergonomics that deals with the 
physical characteristics of human beings and how 
these are taken into consideration while designing the 
workplace [3]. In simple words, work ergonomics can 
be defined as a science that undertakes a multidisci-
plinary approach to improve the health and welfare of 
employees. 
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In order to maintain a good ergonomic workspace, 
employers should aim to minimize the amount of dis-
comfort faced by employees. The Office Ergonomics 
Handbook identifies adjustable computer screens and 
workbenches, arm and foot rests, temperature con-
trols, proper illumination as some of the key compo-
nents that should be included in an office to enhance 
human capabilities and minimize their limitations [4].

One of the major tools used by organisations to as-
sess the performance of employees is the amount of 
output they produce, given the various inputs avail-
able to them from the organisation’s end. Thus, there 
arises a need to understand whether the presence of 
good ergonomics in a workplace resonates upon the 
performance levels of employees [5].

A concept that is becoming popular these days is that 
of Participatory Ergonomics, which refers to the active 
involvement of workers to develop and implement er-
gonomic changes in their workplace in order to reduce 
risks to their safety and health and improve their produc-
tivity. The underlying assumption is that workers are best 
placed to identify their problems and devise solutions for 
them, since they are the ones who are directly involved 
with the tasks that require ergonomic elements to be in 
place. Such participation is usually consultative or rep-
resentative wherein workers elect their representatives 
to express their ideas and opinions. (Burgess-Limerick, 
2018) has found evidence about the implementation of 
participatory ergonomics across a wide range of organ-
isations, for example construction, mining, newspapers, 
healthcare institutions etc., and have identified a range 
of variations in such programmes including nature of 
involvement of the worker, mix of participants involved, 
location of decision-making power etc.

This paper seeks to understand if quality work-
places can speak volumes about the efforts of the em-
ployers to improve their employees’ comfort levels and 
boost their morale by making them content with the 
environment they work in, thereby leading to better 
performance. It also delves deeper into testing the 
moderating impact of departmental setup in the re-
lationship between ergonomics and employee perfor-
mance. Additionally, it also tests the presence of par-
ticipatory ergonomics in the organisation [6]. 

1.1. Research Questions
1. Is there a positive relationship between an ergo-

nomic-friendly workplace environment and the 
performance of employees in the organisation?

2. Does departmental type have any moderating im-
pact on the relationship between office ergonomic 
elements and employee performance?

3. Is there a presence of participatory economics in 
the organisation? 

1.2. Relevance and Importance 
of the Research

This research will enable the organisation to un-
derstand if ergonomics is crucial to improve the per-
formance levels of its employees. If the relationship is 
found to be positive, it will encourage the organisation 
to adopt ergonomic-friendly measures, which will not 
just result in fewer workplace injuries, but will also re-
sult in reducing absenteeism caused as a result of those 
injuries, reduce its turnover rate, and increase overall 
output and productivity. If the state of a particular er-
gonomic element is found to be negatively impacting 
the performance levels of the employees in the organi-
sation, this study will act as a recommendation for the 
management to ensure provision of adequate quality 
of that ergonomic element in order to boost employee 
performance [7].

2. Literature Review
In the year 1943, Abraham Maslow introduced the 

concept of ‘Hierarchy of Needs’, which included five 
different motivational needs. In order to fulfil higher 
order needs, an individual must meet the lower level 
needs first. From an organisation’s context, an employ-
ee cannot move up in the hierarchy unless his basic 
physiological and safety needs are met. These lower 
level needs could only be fulfilled when an adequate 
work environment is provided to the employees. Thus, 
work/office ergonomics plays a critical role in affect-
ing the level of engagement of employees with the or-
ganisation they work in [8].

A study by the University of Warwick in 2014 re-
vealed that financial incentives cannot solely deter-
mine the happiness of an employee. An ergonomic 
friendly environment is also one of the keys motiva-
tors for employees to enhance their productivity. The 
study also proved that unhappy workers are 10% less 
productive on an average, irrespective of the type of 
work they indulge in.

Various researches have been published to under-
stand the impact of ergonomics on the performance, 
productivity and job satisfaction of the employees in 
different parts of the world [9].
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(Omar, Dahalan, Mohammed, Shah, & Azman, 
2016) studied the effect of ergonomics on job perfor-
mance of the employees in a government agency in 
Malaysia. They used standardised questionnaires and 
quantitatively analysed the results using a regression 
model. Ergonomics significantly and positively im-
pacted the job performance of the employees and was 
then adopted in the organisation as a tool to ensure 
that all employees get to work in a comfortable envi-
ronment. 

In a similar study in Nairobi, (Nanzushi, 2015) 
sought to understand how comfortable the employees 
were with the physical working environment of their 
company and whether that aided in their contribution 
to the organisation. The descriptive statistics used to 
analyse the results of the collected data revealed that a 
well illuminated work environment, with less distrac-
tions due to noise and a comfortable seating, played 
a huge role in improving the individual performance, 
which in turn contributed to the overall organisational 
performance as well [10].

(Yeow & Sen, 2003) undertook a slightly differ-
ent approach to their study. They sought to discover 
the problems faced by employees in the workstation 
of an electronic factory in Malaysia and then used 
ergonomic interventions to test whether such inter-
ventions were helpful in solving those problems. The 
post ergonomic-intervention productivity levels were 
higher than those before the interventions, as indicat-
ed by a paired T-test analysis. Ergonomics not only 
helped the factory employers in terms of improving 
the productivity of their employees, but also provided 
the company a competitive advantage to improve its 
position in the world market. 

Another research conducted in the Oil Palm Plan-
tations in Pahang, Malaysia by (Mustafa, et al., 2018) 
revealed that the presence of good ergonomics in the 
form of less noise, proper illumination and a con-
trolled temperature environment helped in minimis-
ing employee stress and fatigue at work and led to a 
subsequent improvement in performance.

(Saklani & Jha, 2011) carried out an experiment 
among computer operators in a PSU in Uttarakhand, 
India to analyse if ergonomic interventions reduce the 
amount of error in typing. The mean errors in typing 
were lower in the presence of ergonomic interventions 
as compared to the pre-intervention stage, indicating 
an improvement in accuracy and an enhancement of 
productivity. A further analysis was carried out on a 

different set of workers to test for the applicability of 
Hawthorne or Placebo effect, wherein only pseudo ac-
tions were carried out to mimic the ergonomic inter-
ventions, but the differences in the errors as a result of 
mere simulation were not significant and thus did not 
result in any improvement in productivity [11].

(Pickson, Bannerman, & Ahwireng, 2017) investi-
gated the impact of ergonomics on employee produc-
tivity in a Food Cannery in Ghana using a descriptive 
survey methodology. The major ergonomic elements 
included were workplace equipment, furniture, level 
of noise, quality of lighting, spatial arrangement and 
air quality. All the elements were found to have a sig-
nificant positive relationship with the productivity of 
the employees and it was recommended that the em-
ployees be given proper training to be fully aware of 
the advantages of working in an ergonomic-friendly 
environment. The importance of ergonomics training 
was further highlighted in a working paper by (De-
Rango, et al., 2003). They conducted an experiment on 
employees working in the revenue collection depart-
ment of a government agency to find out the impact 
of ergonomics on their performance and productivity. 
It was found that the workers who received training 
on the new ergonomic-friendly equipment performed 
better in the subsequent years, thereby indicating that 
training enables employees to be aware of their envi-
ronment and thus motivates them to not only improve 
their effectiveness, but also share this information with 
their co-workers. The ideal environment thus creat-
ed, helps improve overall organisational productivity. 
However, the paper also described that mere training 
is not sufficient for improvement of productivity; the 
employees should also be given a chance to work in 
the changed environment [12].

(Roelofsen, 2002) described the effect of office 
environment on employee productivity in The Neth-
erlands. They constructed a regression equation with 
worker evaluation of productivity as the variable de-
pendent on indoor environment, job stress and job 
satisfaction. They proved that the level of dissatisfac-
tion with the indoor environment is a highly signifi-
cant variable in reducing the level of productivity. Al-
though thermal comfort was the key element used to 
understand the indoor environment, other elements 
like sound level and lighting were also included in the 
model.

While studies by (Hameed & Amjad, 2009) and 
(Thangavelu & Komalanathan, 2014) describe the pos-
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itive impact of ergonomics on employee performance 
and productivity on all the ergonomic elements stated 
in The Office Ergonomics Handbook, 2008, the study 
by (Chacko & Bansal, 2015) presents slightly different 
results. They tested the contribution of proactive ergo-
nomics to job satisfaction in the Indian banking sector 
and found out that seating design, namely adjustable 
chair height and lower back support while sitting, and 
the frequency of breaks taken to reduce fatigue were 
positive contributors to job satisfaction, while other el-
ements like humidity, body posture, lighting etc. gener-
ated varied responses from different respondents. 

(Lan, Lian, & Pan, 2010) sought to understand the 
effect of air temperature on the productivity of office 
workers in China. Participants were asked to appear in 
various neurobehavioral tests while being exposed to 
different temperatures in the test lab. In the presence 
of thermal discomfort, i.e. very low or very high tem-
peratures, participants were demotivated and this had 
a negative influence on their productivity [13].

(Deouskar, 2017) conducted a T-test among em-
ployees in the city of Bhopal in India to study if there 
is any difference in the impact of ergonomics on the 
productivity of males and females. The research results 
concluded that both male and female employees react 
similarly to ergonomic elements in their workplace and 
thus, gender does not play any role in this regard. 

The analysis by (Halin, Marsh, Hellman, Hellstrom, 
& Sorqvist, 2014) reveals different results from the oth-
er reviewed literatures. Thirty-two Swedish students 
were given the task to read a text in two different back-
grounds - one quiet and the other very noisy. When the 
students were asked to recall the texts they read, they 
could easily recall what they read in the quiet surround-
ings but faced difficulties in remembering what they 
read when they were exposed to the background noise. 
This indicated that noise does act as a hindrance to 
performance. However, when the same students were 
given two different texts – one in an easy-to-read font 
and another in a hard-to-read font, background noise 
impaired recall, but only in the easy-to-read font. These 
points to the fact that while performing difficult tasks, 
individuals increase their focus and give selective atten-
tion to complete that task, irrespective of the hindranc-
es faced. Thus, difficult tasks sometimes act as a shield 
against background distractions and enable individuals 
to perform better. 

Another related concept that is currently doing the 
rounds and is being adopted by few organisations is that 

of participatory ergonomics. An experiment was con-
ducted by (Vink, et al., 1995) to understand the effect of 
participatory ergonomics in reducing the physical as well 
as mental workload of employees in one of the national 
ministries in The Netherlands. Workers, in collabora-
tion with their managers were involved in brainstorming 
ideas to improve their workplace, and since every worker 
was aware of the goals and was effectively involved, the 
implementation was successful [14].

Another evaluation of participatory ergonomics 
has been done by (Rivilis, et al., 2006). The study was 
conducted at a courier company in Canada, where-
in an ergonomic change team was formed based on 
a representative model. The results of the experiment 
indicated the association between greater participa-
tion and improvement in the work role function via 
increased improvements in job levels and communi-
cation.

2.1. Conceptual Framework
The reviewed literature identifies spatial arrange-

ment, furniture, ventilation, office equipment, noise 
and illumination as the major factors that affect the 
performance and productivity of employees in an 
organisation. Poor designing of furniture with in-
adequate special arrangement set in a noisy, dull lit 
and poorly ventilated environment may increase the 
chances of stress for employees and may lead to oth-
er negative outcomes like fatigue and musculoskeletal 
disorders. This might in turn affect the performance 
levels of the employees and act as a loss for the organi-
sation as a whole. Following from the previously docu-
mented literature, this research takes up the identified 
ergonomic elements to study their impact on the per-
formance levels of employees [15]. 

2.2. Gaps in Existing Knowledge
The existing literature talks about ergonomic ele-

ments like temperature, illumination, office furniture, 
and noise and workplace equipment. But it excludes 
other ergonomic elements like colour of the walls, 
view from the office and other architectonic details. 
This paper will also divulge in those areas and test 
their impact on employee performance. 

Colour of the walls should be soothing and pleas-
ing to the eyes. The general perception says that light 
colour walls make the room feel larger, while dark co-
lours can make it feel smaller. Studies also indicate that 
wall colour also changes the perception of individuals 
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towards the temperature of the place. For instance, the 
use of warm colours like red and yellow, for painting 
the walls of a particular place, lead people to think that 
the room temperature is warm, while using cool co-
lours like blue and green, to paint the walls, lead peo-
ple to think that the room temperature is cool. Thus, it 
is important to ensure that the walls are painted with 
light, soothing colours to uplift the mood of the work-
ing employees and aid them in their performance.

View from the workplace can be defined as any ob-
servable feature that is visible from the area of one’s 
workspace, be it natural or built. Having a contact with 
nature might attenuate the stress that employees face 
in the workplace, thereby improving their job satisfac-
tion. Evidence suggests that windowless rooms have a 
negative impact on the general well-being of employ-
ees in the workplace [16].

Architectonic details refer to the materials which 
are displayed in the work environment to embellish it 
and give a positive aesthetic feel. One common theme 
of architectonics found in most offices is that of per-
sonalised workspaces for the employees, which reflects 
their identity and demarcates their personal territory. 
Such an effort from the employers might positively 
impact the motivation and well-being of the employ-
ees. (Mazumdar, 1992) carried out an ethnographic 
study in the organisational context by introducing the 
concept of environmental deprivation, which refers 
to eliminating indicators of status such as a personal 
office. The study found out that employees view this 
as loss of their pride and prestige and often feel em-
barrassed and humiliated by any such act. Thus, archi-
tectonic details are a crucial element of an ergonomic 
friendly environment, which if not paid attention to, 
might negatively impact employee performance [17].

The research also introduces the departmental type 
that the employees belong to in order to understand 
its moderating impact on the relationship between an 
ergonomic-friendly work environment and the per-
formance levels of the employees. In times of the glob-
al pandemic and beyond, managing a change in the 
experience that companies provide to their employees 
becomes all the more important and a decent and sat-
isfactory workplace is one of the crucial elements of 
this employee experience. 

Additionally, owing to the limited amount of re-
search carried out in the country of India, this re-
search might help in new discoveries pertaining to 
Indian companies and divert their focus towards the 

importance of ergonomic elements in the workplace 
to ensure a comfortable and satisfactory work envi-
ronment for the employees, which would translate 
into a satisfactory performance from their end.

3. Research Methodology

3.1. Research Design
The research is quantitative in nature. Primary 

sources were used to gather quantifiable data to assess 
the impact of ergonomics on employee performance, 
and whether participatory ergonomics is present in the 
organisation being studied. The research was adminis-
tered on 75 employees of Larsen and Toubro, Hazira, 
Surat via convenient sampling method and the results 
were analysed using R programming language [18].

Additionally, secondary sources were used to obtain 
existing information that would help in informing the 
primary research of the study. In this study, secondary 
data was gathered to find out about the ergonomic ele-
ments that organisations of today include in their work-
places in order to boost their employees’ morale. Six er-
gonomic elements were identified through qualitative 
secondary research, namely ventilation and thermal 
comfort, spatial arrangement, state of furniture, level of 
noise, state of office equipment and quality of illumi-
nation. The elements identified through the secondary 
research were used in the primary model, and addition-
ally, three other ergonomic elements, were also includ-
ed. View from the workplace and architectonic details 
were described as workplace stressors, while colour of 
the walls was described to have a close connection with 
the temperature of the place. 

3.2. Methods and Sources
A questionnaire was designed to answer each of 

the research objectives as stated in the introduction. A 
multiple regression analysis was carried out for under-
standing the impact of all the ergonomic elements on 
employee performance with average employee perfor-
mance as the dependent variable and 9 ergonomic ele-
ments as the independent variables. The questionnaire 
used for measuring employee performance was the 13-
item task performance instrument developed by (Koop-
mans, et al., 2013). The responses of each individual for 
the 13 items were averaged out to find the average per-
formance of an employee. The respondents were also 
asked to indicate their satisfaction levels on a 7-point 
Likert Scale for all the 9 ergonomic elements used as 
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independent variables. The respondents were also giv-
en a short description of participatory ergonomics, and 
were then asked if they are aware of any participatory 
ergonomic practices in their organisation. The analysis 
was done for all the 75 employees first, post which an 
additional variable capturing the department type of 
employees was added to study if it moderates the tested 
relationship in any way. Department was taken as a cat-
egorical variable with two categories of manufacturing 
and non-manufacturing. This was done since the type 
of work of the manufacturing department employees 
differs from that of the other departments [19].

3.3. Hypothesis Formulation
The following two null and alternate hypotheses 

can be formulated based on the objectives of this re-
search:

Hypothesis 1: 
H0: There is no impact of ergonomic elements on 

the performance levels of all the employees
H1: There is an impact of ergonomic elements on 

the performance levels of all the employees
Hypothesis 2: 
H0: There is no impact of the departmental setup 

that the employees belong to in moderating the rela-
tionship between office ergonomic elements and the 
performance levels of employees 

H2: There is an impact of the departmental setup 
that the employees belong to in moderating the rela-
tionship between office ergonomic elements and the 
performance levels of employees

3 .4. Test of Reliability
Reliability refers to the accuracy and precision of 

the procedure of measurement of a particular set of 
items. It is calculated to understand the consistency of 
a measure, which can be of three types, consistency 
over-time, consistency across items and consistency 
across different researchers. The type of consistency 
relevant for this model is that across items, which also 
known as internal consistency is. The research aims at 
understanding if the 13-item scale that has been used 
as a proxy to measure the task performance of the em-
ployees in the organisation is reliable or not, i.e., to 
understand if all the items are reflecting the same un-
derlying concept of employee performance [20]. The 
measure of internal consistency used in the research is 
Cronbach’s alpha, which is a coefficient of reliability. It 
was developed by Lee Cronbach in the year 1951.

 

Figure 1: Cronbach’s alpha for employee performance

As per the rule of thumb for measuring reliabili-
ty through Cronbach’s alpha, the value of 0.775 lies in 
the acceptable range of internal consistency is shown 
in Figure 1. Thus, the 13-item scale for measuring the 
performance levels of employees can be considered 
reliable and can be used to measure employee perfor-
mance in the organisation of study.

3.5. Overview of Larsen and Toubro
Commonly referred to as L&T, Larsen and Toubro 

is an Indian engineering, manufacturing, technolo-
gy, financial services and construction conglomerate, 
globally headquartered in Mumbai, Maharashtra. It 
was founded in Mumbai in 1983 by two Danish engi-
neers, as a manufacturer of dairy equipment and later 
expanded into a number of business services. It cur-
rently runs its operations across 9 countries across the 
globe, including India. The company constantly aims 
to achieve professionalism, sustainability and high 
corporate governance standards. 

The company’s multi-facility campus at Hazira, Su-
rat is spread over a 40 acres vast area along the coast 
and is equipped with a one of its kind Modular Fab-
rication Facility, Defence and Shipbuilding, Heavy 
engineering and manufacturing facilities for Power 
equipment [21].

4. Results

4.1. Demographic Characteristics
The demographics considered in the research were 

age, department (manufacturing or non-manufactur-
ing) and length of service in the organisation is shown 
in Figure 2. Most of the employees in the sample group 
are below 40 years of age.

In the sample group, there is an almost equal distri-
bution of employees belonging to manufacturing and 
non-manufacturing sectors are shown in Figure 3.

Most of the employees in the sample group have 
been associated with the organisation for a period of 
6-10 years is shown in Figure 4.
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Figure 4: Respondents’ length of service in the organisation

4.2. Findings
The p-value of the multiple regression models is 

quite high; indicating that the null hypothesis of no 
impact of ergonomic elements on the performance 
levels of all the employees cannot be rejected is shown 
in Figure 5. Thus, overall, these ergonomic elements 
do not affect the employee performance in the organ-
isation.

However, we can infer from the above figure that 
architectonic details in the workplace have a signifi-
cant negative impact on the average performance lev-
els of the employees at 95% confidence level, while 
colour of the walls is seen to have a significant positive 
impact on the average employee performance at 90% 
confidence level.

 

Figure 5: Multiple regression results for all employees (Hypothesis 1)

 

Figure 6: Multiple regression results with inclusion of departmental setup as a moderating variable (Hypothesis 2)
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The p-value of this model is even higher than the 
previous one and the same ergonomic elements of ar-
chitectonic details and colour of the walls show a sig-
nificant impact. The type of department does not show 
any significant impact is shown in Figure 6. Thus, the 
null hypothesis of no impact of the departmental setup 
of employees in moderating the relationship between 
office ergonomic elements and the performance lev-
els of employees stands true and cannot be rejected. 
This indicates that irrespective of the department type 
of the employees, be it manufacturing or non-man-
ufacturing, the performance of the employees in the 
organisation is negatively affected by architectonic de-
tails and positively affected by colour of the walls.

For the presence of participatory ergonomics, more 
than 80% of the respondents stated that there is no par-
ticipatory ergonomics model currently in practice at 
their organisation. This was later cross-checked with 
the senior managers, who mentioned that the claim of 
the respondents is true. When the same set of respon-
dents were asked if they are willing to adopt a partici-
patory ergonomics model in their organisation, more 
than 90% of them answered in the affirmative [22].

5. Discussion
Employees are the most valuable assets of an organ-

isation. Their performance is a key element in ensur-
ing the success of an organisation as the organisational 
performance is realised through the performance of 
its employees. The findings from the study reveal that 
although all the ergonomic elements do not play a very 
crucial role in impacting employee performance for 
Larsen and Toubro, Surat, but there are few which the 
organisation should definitely lay focus on to improve 
the working conditions of the employees, and thus, 
their performance as a whole. According to the study 
by (Nanzushi, 2015), a comfortable and spatial seating 
arrangement leads to improvement in individual per-
formance, which further translates into an improved 
organisational performance as a whole; The findings 
for this study are inconsistent with that of the study by 
(Nanzushi, 2015) and reveal that spatial arrangement 
is an insignificant ergonomic element in determining 
the performance of the employees. State of furniture 
and quality of illumination are also found to be insig-
nificant in this model. While the insignificance of fur-
niture is in contradiction to the findings of (Chacko 
& Bansal, 2015), the insignificance of quality of illu-
mination is consistent with (Chacko & Bansal, 2015) 

to some extent. (Pickson, Bannerman, & Ahwireng, 
2017) showed the importance of workplace equipment 
training as a crucial element to improve employee 
performance. However, this study did not find office 
equipment as an ergonomic element relevant in im-
proving employee performance. Similar results were 
found for level of noise and ventilation and thermal 
comfort, disagreeing with the results of the studies by 
(Halin, Marsh, Hellman, Hellstrom, & Sorqvist, 2014) 
and (Lan, Lian, & Pan, 2010) respectively. 

However, two of the three new elements added in 
this study, namely architectonic details and colour of 
the walls, do have an effect on the performance levels 
of the employees in the organisation. While architec-
tonic details negatively impact employee performance, 
colour of the walls is seen to have a significant pos-
itive impact. Architectonic details are described as 
workplace stressors by (McCoy & Evans, 2005) and 
colour of the walls are considered to be productivity 
enhancers [23].

This study adds value by providing organisations 
with two new ergonomic elements which they should 
focus on, architectonic details and colour of the walls, 
to enhance the performance of their employees. Man-
aging changes in the experiences of employees, espe-
cially during times of the global pandemic of Covid-19 
is crucial for organisations to be able to live up to the 
expectations of their employees and keep them satis-
fied. With work from home becoming the new normal 
for companies across the globe, companies will have to 
adapt to the changing working conditions. Ergonom-
ics becomes a crucial component in order to facilitate 
that changing experience, and the element of archi-
tectonic details, which includes setting up a personal 
workspace for the employees, can be a step ahead in 
that direction. The management should also be care-
ful about the maintenance of social support in times 
when personal interactions are getting replaced by vir-
tual ones. 

Additionally, the research also contributes unique-
ly by introducing the variable of departmental setup, 
which is used as a categorical variable to understand 
its moderating impact on the relationship between the 
ergonomic elements and employee performance. The 
results indicate that department type is irrelevant in 
moderating the relationship being tested. Thus, irre-
spective of the type of department, be it manufactur-
ing or non-manufacturing, architectonic details have a 
negative impact on employee performance and colour 



Issue 24. November 2022 | Cardiometry | 799

of walls has a positive impact. Thus, it would pay for the 
organisation to invest in improving its architectonic de-
tails and retaining the colour of its walls, which would 
in turn contribute to increased employee satisfaction. 
Satisfied employees would resort to less absenteeism, 
enhanced productivity and better overall organisation-
al performance, growth and development [24].

6. Conclusion and Recommendations
This study introduces three new elements of office 

ergonomics that rarely have a mention in previous lit-
erature related to ergonomics. They are view from the 
workplace, architectonic details and colour of the walls. 
While the study does not indicate view from the work-
place as a critical element to impact employee perfor-
mance in the organisation, it finds that architectonic 
details and colour of the walls play an important role in 
affecting the performance levels of the employees.

Since architectonic details have a significant nega-
tive impact on the performance of employees of Lars-
en and Toubro, Surat, the management should focus 
on improving the architectonic details of the organi-
sation. These are materials or ornaments that are put 
in place to embellish the work environment and im-
prove the aesthetics of the workspace. These may in-
clude decorative styles, artwork or even personalised 
artifacts displayed on the desks of employees. If such 
details provided by the management are considered 
meaningless or irrelevant by the employees, they may 
leave the employees dissatisfied. Thus, it becomes cru-
cial for the organisation to understand what architec-
tonic details are not preferred by its employees and 
take measures to improve those for improvement in 
overall employee performance. Moreover, the man-
agement should also ensure that there is no case of 
environmental deprivation in the company for any 
employee, as described by (Mazumdar, 1992). These 
are indicators of the status and prestige of the employ-
ees, such as the privilege of having a personal office. 
These, once provided, should not be taken away from 
the employees, unless there is some negative action on 
the part of the employee, which mandates such a pun-
ishment. 

For colour of the walls, it is recommended to retain 
the current condition since the study indicates that 
it has a positive impact on the performance levels of 
employees. The management should however strive to 
understand if there can be any other improvement in 
the colour of the walls that may be deemed more ad-

equate by the employees of the organisation and aid 
them in their performance.

By implementing these employee-preferred chang-
es, the company can ensure employees’ satisfaction 
with their workplace environment and thereby im-
prove the overall organisational performance.

7. Limitations
There are certain limitations in this study. The 

independent variables selected for research are not 
exhaustive enough to represent all the ergonomic el-
ements that might be present in the workplace. There 
may exist other elements that might be useful in pro-
viding a better image of the relationship between office 
ergonomics and the performance levels of employees.

The study also limited itself to employees of a par-
ticular company in a particular city of India. The re-
searcher wished to conduct the research in other parts 
of the country and across different company, but that 
could not be done due to paucity of time and other 
related constraints.

Another limitation is that of the affective events 
theory. This theory connects the internal influences 
of the employees (emotions, mental states etc.) with 
their reactions to incidents taking place in their work 
environment. Mood cycles may also have a significant 
psychological impact on the way an individual per-
ceives his environment, but they could not be account-
ed for in this study due to certain constraints posed by 
Covid-19.

8. Directions for future research
The research also delved into understanding the 

presence of participatory ergonomics in the organi-
sation. The findings indicated that at present, there is 
no model of participatory ergonomics being followed 
in the company. Several studies have found evidence 
of the successful implementation of PE programs 
across different sectors and industries. However, such 
programs also come with their own set of challenges. 
For instance, (Dixon, Theberge, & Cole, 2009) point 
out problems in establishing personnel who will act as 
change agents for implementation of a PE model and in 
the lack of time to be devoted to the project as a whole. 
Employees associated with such a program often feel 
that it is not solely their responsibility to care about the 
ergonomic-friendly environment at workplace. Even 
if such concerns are addressed, it is often difficult to 
secure permission from the management to run such 
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joint committees who may be interested as well as en-
thusiastic in taking such programs forward. The man-
agement usually fears the compromising of production 
over such activities. (Dixon, Theberge, & Cole, 2009) 
identified three different areas of concern which need 
to be addressed properly before implementation of a 
PE program in any organisation. These include having 
personnel ready to implement changes, agreement of 
all the goals of the program by several different levels 
of management and the provision of all the required re-
sources to meet the objectives of the model. 

Larsen and Toubro, Hazira, Surat can take exam-
ples from the varied, successful PE models established 
across other companies and test if such a model would 
work in their organisation to boost employee perfor-
mance at different levels. In doing so, they should en-
sure that the above-mentioned concerns are well ad-
dressed beforehand.
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Abstract
Purpose: To identify the challenges faced by virtual teams and 
study the impact of employee engagement practices on perfor-
mance, team effectiveness of Virtual workforce/Virtual teams.
Research Problem: With the Gig Economy coming in and the 
worldwide disruption in the operation of many organizations 
due to Geo-political or Biological Factors, organizations should 
be well prepared to continue to give an uninterrupted perfor-
mance. Under such circumstances, managing the virtual work-
force becomes very important. Due to technological advances, 
people all across the globe can collaborate without traveling. 
However, as a result, organizations operate change and require 
developing a new set of competencies from both managers 
and employees. Therefore, to ensure the smooth running of an 
organization, it is imperative to have a concrete performance 
management system in place as far as the virtual workforce is 
concerned. Execution of virtual work calls for extensive scientif-
ic research because managing a virtual team is different from 
managing an ordinary team.
Research Methodology: The stratified sampling method has 
been used as the mode of data collection for this research, 
which has been done by floating a set of questionnaires among 
the sample set of respondents. Stratified sampling would help 
classify the sample set into different strata as required and op-
timize the sample size accordingly to have better precision. 
In this case, the sample has been categorized primarily into 
two strata of Gender (Male and Female). The responses have 
been then analyzed through SPSS by Factor analysis to reach 
the objective from a grass root level. In this case, the respon-
dents were selected from only those organizations where the 
work-from-home nature is a viable option. Then the respon-

dents were selected and segregated based on gender to en-
sure a diverse sample set. Once the data has been run through 
factor analysis and the independent variables have been iden-
tified, linear regression analysis has then been performed on 
the data to understand the relationship between the deduced 
independent variables and team effectiveness. Finally, based on 
the literature review and the responses received through the 
questionnaire, this piece of research will analyze the inputs and 
recommend suitable practices in leading virtual teams, taking 
the challenges faced by the virtual teams into consideration.
Expected Outcome/Findings: Through this research, it is ex-
pected to conclude the challenges that virtual teams face and 
the factors that affect the performance of the virtual teams, 
It is then required to map the associated factors influencing 
performance to recommend viable, practical, and virtually im-
plementable employee engagement practices.
Practical / Managerial Implications: The study shall help 
virtual team managers better identify the needs of the employ-
ees, which would lead to better employee engagement and, in 
turn, improve productivity. It would help the Human Resource 
specialists pay specific attention to certain areas of employee 
engagement and motivational factors while introducing a vir-
tual work ecosystem to optimize the workforce’s performance.
Originality/Value: The paper’s originality comes from its 
methodological approach to identify the factors or the clusters 
of factors that impact the performance of virtual teams and the 
in-depth analysis of the factors to incorporate the same while 
designing employee engagement practices in an organization 
for its virtual workforce.

Keywords
Virtual Workplace, Employee Engagement, Team Effectiveness, 
Human Resource, Biological Factors. 
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1. Introduction
With the increasing rate of globalization in the 

business landscape and ever-advancing communica-
tion technologies, organizations’ ways have changed. 
At times of uncertainty in the market, business con-
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tinuity planning becomes a critical aspect of facing 
global business challenges. Also, with the advent of 
the gig economy, the nitty-gritty of workforce plan-
ning has significantly drifted to a virtual paradigm [1]. 
A virtual workforce with people dispersed geograph-
ically across borders is connected through technolo-
gy to operate on business projects. Such a concept of 
operation has led organizations in business continui-
ty planning at adverse and uncertain times, reducing 
travel expenses for personnel and adapting to the gig 
economy. While it is imperative to keep the employ-
ees of an organization engaged in improving perfor-
mance, the dynamics of the same drifts significantly 
from the ordinary work edifice in the case of a virtual 
work edifice [2] With more and more people prefer-
ring to work from home given improved work-life 
balance, telecommuting has become indispensable 
to firms. Team leaders or managers need to develop 
virtually implementable employee engagement prac-
tices, which will be effective enough to enhance team 
effectiveness. With many organizations resorting to 
working from home or flexible-working arrangements 
for the employees, the challenge lies with the HR to 
ensure the relevant tools and technology to create a 
viable virtual work ecosystem. Irrespective of the ef-
fectiveness of the employee engagement activity in a 
virtual work ecosystem, a poor communication sys-
tem or technological issue with connectivity may irk 
the employees and make them feel disengaged from 
the work. Such a shift in the business regime from a 
work-from-office to a work-from-home setup due to 
market uncertainties and other changes in the busi-
ness landscape have exposed people of the organiza-
tions to a different learning environment [3]. As far as 
training and development is concerned, with the em-
ployees working from home, the HR has to monitor 
the training needs of the employees as well because the 
entire mode of work has become digital. Employees 
with lesser digital dexterity might find it difficult to 
figure out the ongoing way of working. It is the role 
of HR to identify the deficiencies in the teams with 
regular communication with several line managers 
and address the same with a virtually implementable 
solution. For example, TCS has offered its employees 
free access to online Udemy courses, thereby helping 
them up-skilling themselves. The first and foremost 
way of engaging an employee effectively into the work 
is to ensure a technologically advanced and robust in-
frastructure to support the virtual work set up. Virtual 

team members being geographically isolated in terms 
of time zones and cultures are comparatively more dif-
ficult to manage. Moreover, such a workforce should 
be led and not managed to ensure optimal operation 
of the same [4]. Leadership in the context of the virtual 
workplace is pivotal to the engagement of the virtual 
workers. Leadership comes with empathy and a clear 
vision for the team. In order to result in the effec-
tive working of the team, team leaders and managers 
should work on uniform distribution of doable jobs 
in a particular time frame so that overworking does 
not become an issue for the employees, which might 
further lead to stress. Another important aspect of 
good leadership is to avoid micromanaging the team 
members and mutually discuss with the teammates, 
and set daily goals to be achieved in a day. Even in a 
virtual work setup, it is essential to clearly define the 
goals and guide them in achieving the same. The team 
leaders should keep themselves readily available to the 
team to easily reach out to the fellow teammates when 
needed [5].

With the recent COVID-19 outbreak creating hav-
oc worldwide, worldwide businesses have been going 
through turmoil to sustain in the market. As people are 
the lifeline of an organization, while their health and 
safety are at stake, the challenge of workforce manage-
ment has taken a gargantuan shape, thereby creating 
pressure on the Human Resource department of the or-
ganizations to cope up with the situation. However, the 
pandemic situation has led to a forced demonstration 
to the business leaders of a massive work-from-home 
or Flexi-work experiment. HR leaders have been push-
ing for quite a long time with the advent of the gig econ-
omy and millennial workforce. However, the adversity 
in workforce management brought out by the current 
situation has challenged the HR professionals in an 
unprecedented manner [6].The significance of the role 
of HR has become more prominent amid the ongoing 
situation because, under such a tough time, the orga-
nizations appear to depend heavily on HR to come up 
with an implementable business continuity plan. Amid 
worldwide lockdown in several countries, the busi-
ness will continue only when the employees continue 
to work. However, with boiling employee safety issues 
in the pandemic situation, it becomes pretty difficult to 
keep that going. The HR has to come up with alterna-
tive options with the required necessary arrangements 
in place to ensure the continued operation of the busi-
ness. Organizations such as Infosys, Paytm, TCS, etc., 
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have completely shifted to a work-from-home model 
to continue their operation while keeping in mind the 
safety of their employees [7].

The prompt response to such an extreme situation 
is what the HR professionals have to deliver for the or-
ganizations now. 

Employee Engagement is the ability to involve an 
employee/worker in organizational activities to instill 
a sense of belonging to the organization. It makes an 
employee bring his/her cognitive and behavioral as-
pects to the performance, which in turn leads to bet-
ter involvement and better quality of output. Lack of 
physical interaction in a virtual work setup prevents 
team members from building relationships and good 
rapport, forming a successful virtual team. Many orga-
nizations across the world, such as HP, Lenovo, TCS, 
Cisco, etc., have resorted to using technology with 
tools like Zoom, Google Hangout, MS Teams, etc. col-
laborate virtually for meetings and ensure optimum 
employee engagement [8]. With the entire workplace 
going virtual amid the recent pandemic of COVID-19, 
performance management again comes out as anoth-
er tough job to do. An organization’s HR needs to re-
view its performance management system to ensure it 
does not get disrupted if a similar situation creeps in 
further. Performance Management is an efficient way 
of keeping employees motivated if the review system 
is formulated through manager-subordinate mutual 
discussion. With the skyrocketed level of uncertainty 
in the present scenario, it is imperative to revisit and 
review the HR policies of the organizations and revise 
the same accordingly so that they serve a long-term 
purpose even at times of future market fluctuations 
and uncertainties [9].

Employee Engagement also plays an important 
role as a retention strategy to make the employees feel 
like a part of the organizational family and transcend 
the organizational values and philosophies to the in-
dividual employees to enable them to have an organi-
zational perspective towards doing the job. Working 
from home or a remote location changes the dynamics 
of employee engagement in the virtual context. There-
fore, keeping the employees engaged also changes due 
to the lack of peer-to-peer interaction and learning. It 
may so happen that not all the members in a virtual 
team know each other. In such a case, engagement ac-
tivities need to be designed accordingly to boost their 
interaction through productive and engaging com-
munication and help build cordial relationships with 

colleagues [10]. A virtual engagement activity needs 
to be such that it would enhance interaction among 
employees and help in knowing each other in a team. 
In order to assess the level of engagement among the 
virtual employees, it is wiser to utilize technology to 
its full capacity, which would make it more reliable. 
Henceforth appropriate measures can be taken to ad-
dress the same though virtually implementable ways. 
As the traditional ways of performing HR jobs are be-
ing challenged by the disruptive and volatile market 
in the VUCA (Volatility, Uncertainty, Complexity, and 
Ambiguity) world, HR analytics stands out to be the 
savior to fast-track the HR jobs and simplify the role 
of the HR professionals in a manner that would ensure 
improved efficiency and reliability of the system. With 
the incessant increase in the penetration of the inter-
net and smartphones across the public domain, an 
exorbitant quantum of data is being generated on the 
web [11]. HR Analytics uses the internal data generat-
ed and the external data available to carry out a gamut 
of HR activities that, in turn, aids the decision-making 
process of an organization. Data generated or collect-
ed can be both quantitative and qualitative, fed into 
the appropriate analytical tool to decipher any signif-
icant information or pattern out of it. HR Analytics is 
now extensively used by organizations to evaluate and 
manage the performance of their employees to align 
the tasks of individual employees with the business 
goals. Human Resource Management (HRM) is now 
being called Strategic Human Resource Management 
(SHRM), which deals with designing people strate-
gies in an organization by data analysis. Traditional 
Performance management strategies were inefficient 
in evaluating an employee’s performance, leading to 
higher attrition and higher employee turnover rate. In 
order to ensure a fair performance appraisal and per-
formance management system, Data Analytics has a 
significant role to play in this context. Accurate Data 
Mining can predict employee expectations, which will 
help HR professionals design appropriate ways to ad-
dress the issues. People are the lifeline of an organiza-
tion, and hence the onus of organizational success lies 
majorly on its people management [12]. Every indi-
vidual’s performance needs to be analyzed and acted 
upon accordingly to ensure better productivity of the 
organization. Timely resolution of employee grievanc-
es also seems to be an effective way to keep an employ-
ee emotionally engaged in the organization. While it is 
extremely important to keep the employees (virtual or 
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ordinary) emotionally and behaviorally engaged in the 
work, it is also significant to make them feel engaged 
enough with the organization in terms of its values 
and principles [13].

The more the team effectiveness, the more will be 
the efficiency of the team members. A good level of 
team effectiveness fosters innovation and the gener-
ation of ideas across the team. It is more likely for an 
emotionally and professionally engaged to come up 
with innovative ways of operation, which would ulti-
mately benefit the organization at large. 

Maslow’s Hierarchy of Needs can be applied to em-
ployee engagement to understand the nuances of em-
ployee engagement from a grass root level [14]. Fig-
ure 1 shows Maslow’s Needs Hierarchy:

While the most basic needs of survival at the bot-
tom of Maslow’s pyramid from an organizational or 
workplace perspective depend on internal and exter-
nal factors, they may not be considered to design em-
ployee engagement practices. However, the factors that 
significantly engage an employee to the work form the 
top three human needs in the hierarchy, as shown in 
the Figure [15].The demonstration of the level of em-
ployee engagement as per Maslow’s Needs Hierarchy 
is shown in Figure 2:

Employee Engagement practices at an organization 
need to be designed by focusing on the top three hu-
man needs in the pyramid of Maslow’s Needs Hierar-
chy. Better Employee Engagement better will be the 
organization’s productivity as the organization’s people 
are the major stakeholders of the organizational output.

2. Literature Review
With the advent and advancement of Information 

Technology, people have access to their data anytime, 
anywhere, and everywhere. Such flexibility in the ac-
cessibility of information at any given instant has en-
abled managers and employees to stay connected vir-
tually and enhance the rate of productivity. However, 
with teams working virtually, there has always been an 
exploration going on in the organizations to ensure 
a concrete way of optimum collaboration among the 
employees. This chapter will discuss an overview of 
the challenges that virtual teams face and the factors 
that influence their effectiveness [16].

Effective knowledge sharing across virtual teams 
has turned out to be one factor that influences per-
formance and hence the organizational output. (Bhat-
nagar, 2010) With a global virtual workforce and 

employees from diverse cultural backgrounds consid-
ering both intrinsic and extrinsic motivation factors, 
it is necessary to have a regime of efficient knowledge 
sharing among employees to operate seamlessly. With 
the increasingly dynamic global economy and the 
increase in outsourcing, effective knowledge sharing 
across geographical boundaries is abundantly im-
perative. Knowledge sharing in global virtual teams 
is implicitly dependent on two main components in 
group dynamics: Motivation and Team environment. 
According to the study conducted by Liu in 2016 in his 
journal, knowledge sharing across globally dispersed 
virtual teams is quite influenced by team environment 
factors like trust and affiliation, motivation factors 
like perceived reciprocal benefits. All these factors in-
fluence an individual’s attitude to knowledge sharing. 
Other control variables include nationality, comput-
er expertise, age, and gender, impacting the knowl-
edge-sharing behavior [17].

Figure 1: Maslow’s needs hierarchy

Figure 2: Hierarchy of engagement
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The research journal by Manz addresses virtual 
team collaboration from a “back door” perspective 
by realizing the conditions that require being pres-
ent for the same to occur effectively. It is quite natu-
ral that collaboration is the only way to take the work 
forward when teams are working virtually at several 
physical locations. In order to collaborate effectively, 
there should be a support system to enable it, which 
is quite naturally technology at large. Technology has 
enabled the virtual workforce to collaborate effectively 
and efficiently through various virtual platforms. Vir-
tual teams have connected people across disciplines 
and functions despite being geographically dispersed 
aided by advanced communication technologies. Ac-
cording to the study, three important factors impact 
the Degree of Virtual Collaboration as Quality of Rela-
tionship, Trust, and a Shared Understanding [18].

In a highly competitive market, virtual teams have 
become indispensable for organizations to continue 
operation cost-effectively. Two of the main challeng-
es associated with the virtual workforce are confusion 
among the team members and isolation. In order to 
maintain an engaging workforce, proper communi-
cation channels need to be ensured across the team, 
failing, which may lead to consequences like commu-
nication gap, trust issues, and inability to establish a 
level field for optimal functioning of the team. Despite 
the complications of geographical isolation, the tasks 
performed by virtual teams are interdependent of each 
other [19]. Any gap in communication or missing in-
formation going unnoticed may have a ripple effect on 
a series of jobs associated with a project. An impera-
tive challenge for virtual team building is the need for 
trust and identity. Trust and understanding are the es-
sential components of the existence of virtual teams as 
they operate from different locations, for which they 
have to rely on each other to function optimally. Trust 
is a hinge to handle the anxiety and uncertain features 
of virtual teams [20].

Technology has enabled employees working vir-
tually at different physical locations to collaborate ef-
fectively by effective means of organizational commu-
nication among employees. Communication is very 
important as far as teamwork is concerned. When it 
comes to a virtual workforce, the strategy of effective 
communication changes as it becomes tech-enabled. 
Ineffective communication among employees leads 
to lower job satisfaction and poor trust among team 
members while experiencing higher levels of job stress 

(Jungsun (Sunny) Kim, The impact of using a virtual 
employee engagement platform (VEEP) on employ-
ee engagement and intention to stay, 2017). A study 
by Harris in 2004 showed that there are six different 
organizational communication factors such as - re-
lationship with team lead, communication environ-
ment, overall communication satisfaction, horizontal 
communication, organizational integration, and per-
sonal feedback, on which virtual workers have higher 
levels of job satisfaction. Innovation occurs in a social 
setting. Computer-mediated processes impose certain 
qualities on the social interaction and group function-
ing of teams handling innovation projects [21].

With the advent of Internet Technology, there has 
been a paradigm shift in learning and development 
as far as the virtual workforce is concerned. E-learn-
ing has become a facilitator of self-learning practices 
among the employees. Such facilities have turned out 
to be a motivator to the employees. Employees have 
been able to upskill themselves when required with the 
help of virtual training programs, which have helped 
the organizations achieve better employee engage-
ment. However, with increased demand for learning 
new skills and competencies, reduced travel expenses, 
and ongoing uncertain market conditions, organiza-
tions are now compelled to look for virtual learning 
solutions. Virtual offices are supported by virtual 
learning technologies, which provide new avenues for 
developing human capital. The success of future orga-
nizations will be their capability to use their human 
capital in the virtual workplace to learn, generate and 
manage new knowledge in both traditional and virtual 
work environments [22].

Virtual teams are geographically or administra-
tively distributed groups of people that are connected 
by telecommunication and information technologies. 
This paradigm of virtual operation of an organization 
has its own set of collaborative challenges among its 
employees. It is supported by dispersion, diversity, 
and technology. Virtual teams’ challenges are Lack of 
Trust, Lack of physical interaction, Loss of Team spir-
it, Cultural conflicts, and technical glitches leading to 
poor communication [23].

Physical interaction and face-to-face communica-
tion help develop a conducive working relationship 
that aids the employees’ productivity. As a result, it be-
comes difficult to develop trust among the members 
of a virtual team, which acts as a deterrent to effective 
team dynamics. Virtual workforce dispersed all across 
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the globe involves people from various cultural back-
grounds. While diversity aids innovation in a team, 
it also brings cultural conflict among the employees. 
Employees working remotely face technological chal-
lenges at times due to various reasons like poor in-
ternet connectivity or technical glitch in the software 
used, which creates a communication gap in the team. 
Ineffective communication is again another challenge 
that virtual employees face because of technical issues. 
The challenge of uneven participation and Lack of Ac-
countability are two more challenges identified in his 
study [24].

Leadership has been considered as one of the most 
significant enablers of employee engagement in the 
context of both virtual and non-virtual workplaces. 
However, the ways of executing effective leadership 
change in the virtual context [25]. In studying the re-
lationship between leadership and employee engage-
ment, Marie Carasco-Saul referred to the two types of 
leader behavior that go hand in hand, viz., task-ori-
ented and relationship-oriented behavior. The study 
drew the interdependence between leadership and 
employee engagement. It demonstrated a significant 
correlation between the same that helped to under-
stand the concept that the quality of a relationship 
between a leader and the employees is predictive of 
the outcomes at individual and organizational levels 
[26].The study showed that when leaders demonstrate 
emotional support and recognition of employees’ con-
tribution, they feel more secure and attached to their 
work. Various forms of leadership, such as Transfor-
mational Leadership, Charismatic Leadership, Ethical 
Leadership, and Authentic Leadership, work different-
ly under different situations. A leader needs to build 
an engaging climate across the team as it would help in 
developing self-awareness among the team members. 
Self-awareness is the conceptual cornerstone of emo-
tional intelligence. Leaders demonstrating the will to 
respond have been proven to have better engagement 
in their team [27].

When employees are productively engaged, they 
demonstrate their cognitive, emotional, and behav-
ioral aspects towards their performance. The inter-re-
lationship was articulated by Farheen Fathima Shaik 
between the drivers of virtual employee engagement 
and team performance. The study showed the follow-
ing drivers of employee engagement in the virtual con-
text: focus on goal clarity, coordination issues, cultur-
al diversity, trust and maturity, technology medium, 

interpersonal relationships, informal communication, 
and temporal distance. Employee Engagement also 
depends on the quality of the symbiotic relationship 
between the employees and the organization. An em-
ployee seems to be more engaged with a decent work/
life balance and, therefore, a mere transformation to 
the virtual edifice of work would not suffice in achiev-
ing productive engagement of employees until the job 
allocation of employees are not meticulously crafted to 
let them have a good work/life balance [28].

3. Research Methodology
The stratified sampling method has been used as 

the mode of data collection for this research, which 
has been done by floating a set of questionnaires 
among the sample set of respondents. Stratified sam-
pling would help classify the sample set into differ-
ent strata as required and optimize the sample size 
accordingly to have better precision. In this case, the 
sample has been categorized primarily into two stra-
ta of Gender (Male and Female). The responses have 
been then analyzed through SPSS by Factor analysis 
to reach the objective from a grass root level. In this 
case, the respondents were selected from only those 
organizations where the work-from-home nature is a 
viable option. Then the respondents were selected and 
segregated based on gender to ensure a diverse sample 
set. Once the data has been run through factor analy-
sis and the independent variables have been identified, 
linear regression analysis has then been performed on 
the data to understand the relationship between the 
deduced independent variables and team effectiveness 
[29]. As far as the research methodology is concerned, 
the questionnaire to understand the virtual employ-
ee engagement practices and the factors that need to 
be addressed while designing an engagement activ-
ity, which would result in improved virtual team ef-
fectiveness, had been floated across 104 respondents 
(68 Males, 36 Females) from various sectors like IT, 
FMCG, Manufacturing, Retail, BFSI, E-Commerce, 
etc. The responses received from the respondents 
were then put to exploratory research to figure out 
and understand the independent factors of employ-
ee motivation and engagement in the context of the 
virtual workplace. A Factor Analysis is conducted on 
the available data from the respondents on SPSS for 
Dimension Reduction. 

Once the three components had been identified, 
the quantified average of the responses for each group 
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of statements that indicates one component/variable 
was considered in order to understand the impact of 
those independent variables on the team effectiveness/
productivity, the response for which had been collect-
ed through the same questionnaire. 

In order to measure the dependence of Team Ef-
fectiveness on the deduced independent variables, a 
multi-linear regression analysis was performed on the 
data [30].

Finally, based on the literature review and the re-
sponses received through the questionnaire, this re-
search has analyzed the inputs and recommend suitable 
practices in leading virtual teams, taking the challenges 
faced by the virtual teams into consideration.

4. Results and Analysis
As far as the research methodology is concerned, 

the questionnaire to understand the virtual employ-
ee engagement practices and the factors that need to 
be addressed while designing an engagement activ-
ity, which would result in improved virtual team ef-
fectiveness, had been floated across 104 respondents 
(68 Males, 36 Females) from various sectors like IT, 
FMCG, Manufacturing, Retail, BFSI, E-Commerce, 
etc., which is shown in Figure 3.

The questionnaire was designed to decipher the in-
formation on the independent factors that help an em-
ployee working from home to be productive and effi-
cient, as shown in Figure 4. Feedbacks on individual 
virtual engagement practices at various organizations 
and several aspects of the source of motivation and 
enthusiasm of a virtual employee had been recorded 
on a Likert scale of 1 to 5 (1 = “Strongly Disagree,” 2 
= “Disagree,” 3 = “Neutral,” 4 = “Agree,” 5 = “Strongly 
Agree”).

In Figure 5, the X-axis represents the rating of 
Agreeableness among respondents to the impact of 
their virtual engagement activities/practices on their 
work effectiveness, where, 1 = “Strongly Disagree”, 2 
= “Disagree”, 3 = “Neutral”, 4 = “Agree”, 5 = “Strongly 
Agree”.

Out of 104 respondents, almost 79% agree that 
their virtual engagement activities/practices influence 
their effectiveness and efficiency.

A Factor Analysis is conducted on the available 
data as received from the respondents on SPSS for Di-
mension Reduction to figure out and understand the 
independent factors of employee motivation and en-
gagement in the context of the virtual workplace. 

Figure 3: Questionnaire respondents’ gender distribution

Figure 4: Questionnaire respondents’ working sector 

Figure 5: Distribution of responses on impact of virtual employ-
ee engagement practices on team effectiveness and produc-
tivity

Before conducting the Factor Analysis, Chron-
bach’s alpha Reliability test had been conducted to 
measure the reliability and internal consistency of the 
data recorded for the research. The test result for the 
Reliability Statistics is as shown in Table 1.

Table 1
Reliability statistics
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Chronbach’s alpha = 0.909
Chronbach’s alpha based on standardized 

items = 0.910
The above result of 0.909 ( > 0.70) or 90.9% reli-

ability is quite decent to show that the data collected 
has high reliability and internal consistency. The high 
reliability of the data shows that the data recorded 
would measure what it should.

4.1. KMO and Bartlett’s Test

4.1.1. KMO Measure of Sampling
Adequacy measures the adequacy and sufficiency 

of the data recorded for analysis. High values ( > 0.50) 
indicate that sampling is adequate.

As per Bartlett’s test, small values ( < 0.05) of the Sig-
nificance level show that the data is statistically significant. 
The factor analysis would be appropriate with the data.

The result of Table 2 for KMO and Bartlett’s Test 
shows a sufficiently high value of Sampling Adequacy 
and a significance level of .000 ( < 0.05), which is small 
enough to indicate that the data recorded is statistical-
ly significant for the research.

Table 2
KMO and Bartlett’s test

KMO Measure of Sampling Adequacy 0.879

Bartlett’s Test of Sphericity
 Chi-Square 785.131

df 91
Sig. 0.000

4.1.2. Factor Analysis
As the data were run through Factor Analysis, the 14 

variables were reduced to 3 independent variables that 
would be helpful and needed to be considered to design 
a virtual engagement activity for the employees working 
from home or a remote location. With factor loadings 
greater than 0.4, the 14 variables were grouped into 3 ma-
jor independent components considered in the design of 
Virtual Employee Engagement activity, which may result 
in better virtual team effectiveness and productivity.

As per the result of the Factor Analysis shown in 
Figure 6, the 3 major independent variables are men-
tioned below:

1. Leadership
2. Relationship and Communication
3. Knowledge Sharing

4.2. Regression Analysis
Once the three components had been identified, 

the quantified average of each group of statements that 
indicates one component/variable was considered to 
understand the impact of those independent variables 
on the team effectiveness/productivity. This response 
had been collected through the same questionnaire. 
The respondents were asked to rate on a Likert scale 
of 1-5 (1 = “Very Low”, 2 = “Low”, 3 = “Neutral”, 4 = 
“High”, 5 = “Very High”) for the impact of their virtual 
employee engagement practices on their team/indi-
vidual productivity.

Figure 6: Virtual team effectiveness and productivity
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In order to measure the dependence of Team Ef-
fectiveness on the deduced independent variables  – 
Leadership, Relationship & Communication, and 
Knowledge Sharing, a linear regression analysis was 
performed on the data.

The result shown by the analysis is as stated in Ta-
ble 3

Table 3
Leadership, relationship & communication and knowledge 
sharing

R R 
Square

Adjust-
ed R 

Square

Std. 
Error of 
the Es-
timate

Change Statistics
R 

Square 
Change

F 
Change

Sig. F 
Change

.883 0.779 0.773 0.350 0.779 117.732 0.000

According to the model summary, 
• p < 0.05, which means that the independent vari-

ables are statistically significant in the model for 
predicting the dependence of the dependent vari-
able on the independent variables.

• The independent variables explain more than 77% 
of the variance in the dependent variable (Team Ef-
fectiveness).
The linear equation demonstrating the relationship 

between Leadership (A), Relationship & Communica-
tion (B), Knowledge Sharing (C) and Team Effective-
ness (Y) is as indicated in Equation 1.

 Y = 0.384A + 0.228B + 0.277C + 0.339  (1)

From Figure 7, graphical representation demon-
strates the linear and direct relationship between the 
stated dependent and independent variables.

4.3. Discussions
The pandemic situation of COVID-19 has con-

fined people into their own spaces of four walls there-
by making work-from-home the only viable mode of 
work for business continuity considering the health 
and safety of the employees. Under such unavoidable 
circumstances where social distancing is the new nor-
mal, people-to-people interaction has come to a halt. 
The pandemic situation has not only taken a direct 
toll on people’s physical health. However, it has also 
unleashed adverse effects indirectly on their mental 
health [31]. The four-walled confinement of the peo-
ple for almost the entire day has been enhancing the 
frustration level of the people. Then they have to work 
with such a state of mind keeping them engaged with 
the work. Such a situation calls for effective Employee 
Engagement practices in the virtual context more than 
ever. Understanding the factors influencing employee 
engagement and collaboration in the virtual context 
is essential to streamline the designing of the practic-
es according to the need of the employees. The three 
deduced variables affecting virtual team effectiveness 
will be useful in coming up with virtual engagement 
practices that specifically address those aspects of em-
ployee needs and wants. Thus, this research paper’s 
findings will be helpful in the post-COVID-19 era of 

Figure 7: Graphical representation
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businesses if new ideas of application of the same can 
be generated. 

Effective leadership activities and line managers 
with leadership qualities stand out to be very influ-
ential in keeping the virtual employees engaged and 
productive. Proper guidance and the right mentoring 
of the employees working from home by the team 
leaders would help reduce stress and enhance the 
team’s productivity. More than 70% of the respondents 
feel overworking is an issue and a source of stress in 
a work-from-home setup. Working for more than 11 
hours a day turns out to be a source of stress, which 
irks the employees, thereby leading to disengagement. 
Uniform distribution of work and mutual setting up 
of daily goals are aspects the team leader should look 
up to improve team effectiveness. Engagement prac-
tices need to be so framed to enable the employees to 
achieve their daily goals while enjoying their work. 

Working from home or a remote location changes 
the dynamics of employee engagement in the virtual 
context. Therefore, keeping the employees engaged 
also changes due to the lack of peer-to-peer interac-
tion and learning. It may so happen that not all the 
members in a virtual team know each other. In such 
a case, engagement activities need to be designed 
accordingly to boost their interaction through pro-
ductive and engaging communication and help build 
cordial relationships with colleagues. From the re-
sponses received from the questionnaire, ~60% of the 
respondents feel that lack of face-to-face interaction 
leads to trust issues and team conflicts in the context 
of the virtual workplace. A virtual engagement activity 
needs to be so designed to enhance interaction among 
employees and help in knowing each other in a team.

While being in a virtual work ecosystem, accessi-
bility to organizational information (company acco-
lades, accomplishments, position, industry status, etc.) 
remains restricted to many employees. A holistic view 
of one’s work and the knowledge of its impact on the 
organization seem to engage an employee significantly 
into the work and helps in understanding his/her ac-
countability well. Almost 55% of the total respondents 
feel that virtual team conflicts arise from poor facil-
ities and infrastructure of knowledge sharing among 
peers and colleagues.

4.4. Recommendations
The paper encourages organizations to employ 

employee engagement practices in the organizations 

rather than employee engagement activities. The en-
gagement practices of the organizations need to be de-
signed considering the three independent variables – 
Leadership, Relationship and Communication, and 
Knowledge sharing. The engagement practices should 
be such that Leadership, Communication, and Knowl-
edge sharing become the norm of the organization in-
stead of merely reflecting the same in some activities 
conducted for a few minutes or hours.

As far as leadership is concerned, team leaders and 
line managers should lead the team instead of man-
aging the team. Out of the total responses received on 
the challenges faced in a virtual work ecosystem, more 
than 50% of the respondents consider Overworking 
(more than 11 hours a day) as an issue associated with 
it, which leads to work fatigue and stress. Leadership 
comes with empathy and a clear vision for the team. 
In order to result in the effective working of the team, 
team leaders and managers should work on uniform 
distribution of doable job in a particular time frame, 
avoid micromanaging the team members, mutual-
ly discuss with the teammates, and set daily goals to 
be achieved in a day, clearly define the goals to be 
achieved and guide them in achieving the same and 
also the team leaders should keep themselves readily 
available to the team so that they can be easily reached 
out by the fellow teammates when needed. In order to 
do so, they can keep themselves available through mul-
tiple channels by technological means such as E-mail, 
Phone, WhatsApp, official Video Calling applications, 
etc. Recognizing one’s work and appreciating the same 
virtually may also encourage an employee by bestow-
ing digital coins to their employee portals, a consider-
able accumulation of which would get an employee a 
gift in the form of voucher/cash/coupon, etc.

Lack of face-to-face interaction prevents the virtu-
al employees from building good and healthy work-
ing relationships with their colleagues, leading to 
trust issues, as responded by more than 60% of the 
respondents. Employee Engagement activities may 
be designed in such a way that it is not only a mere 
face-to-face interaction but also a productive com-
munication among peers. Virtual Activities like short 
storytelling, experience sharing, extempore, or any 
other activity that makes the team members know 
each other well may be conducted. The team leaders 
may conduct a face to face video conference, where 
the teammates can be apprised of the career path they 
are moving on in the organization and discuss the pos-
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sibilities and opportunities of development in the or-
ganization because even when an employee is working 
remotely, he/she should still feel the sense of belonging 
and attachment to the organization. It is about build-
ing healthy working relationships with peers and the 
organization as a whole. A team with rich cultural di-
versity may organize an engaging activity for the em-
ployees to share their cultural experiences and present 
their cultural significance to the group. Such activities 
may help make the team members feel more engaged 
with the group itself, which would ultimately let them 
enjoy working. 

As already discussed in the previous paragraph, it 
is of utmost importance to make the remote workers/
virtual employees feel connected to the organization 
and retain a sense of belonging to the organization. 
Hence, knowledge sharing is a very significant way of 
engaging the employees and making them feel a signif-
icant stakeholder. More than 45% of respondents feel 
they would be more motivated and enthused about 
working if they know their progress and position in 
the business market. Intra-Organizational Leadership 
Talks or Webinars may be conducted to inform the 
team members about the organization’s progress and 
accomplishments operating in the industry. Such in-
formation of accomplishments would induce a sense 
of pride in the employees about their organization. 
It may induce a sense of competitiveness in the em-
ployees that would make them work more effectively. 
Discussions about the company’s past accolades and 
accomplishments through video conferencing appli-
cations may be used to enlighten employees about the 
values and philosophies of the organization.

The above three broad factors especially cater to 
employee engagement in the virtual context. In the 
present era of technological advancements, consider-
ing these factors is technologically feasible and imple-
mentable. 

5. Conclusion
To conclude, it is quite clear from the analysis that 

there are mainly 3 broad factors that virtual employ-
ees look up to work effectively, viz., Leadership, Rela-
tionship & Communication and Knowledge Sharing. 
These 3 factors have a proportional effect on the virtu-
al team effectiveness, as evident from the respondents’ 
data analysis.

Therefore, the virtual employee engagement prac-
tices should be so formulated that they consider these 

factors to better employee engagement leading to effec-
tive and efficient team performance. Virtual job is here 
to remain, and many businesses have had to embrace it 
wholeheartedly. Organizations did not have the facili-
ties for workers to operate easily from home at first, and 
employees did not know how to communicate to zoom 
meetings, among other annoyances. After four months, 
people become more at ease and relaxing into what will 
most likely become the new standard for the foresee-
able future. Companies who previously believed that 
remote work would be difficult to implement are find-
ing that, when performed correctly, it can be very effec-
tive. As the virtual study continues to gain momentum, 
I believe a few holes in my research should be filled. In 
order to communicate with teams and leadership, fu-
ture studies should look at feelings of participation and 
exclusion. Examining the backgrounds of people of col-
or in interactive workspaces, for example, may provide 
useful information for integration programs. It is also 
worth looking at if people with poor socioeconomic 
backgrounds are unwittingly shut out of job opportuni-
ties due to a lack of internet connectivity.

6. Limitations
The researcher cannot control certain characteris-

tics of research due to the following limitations:

6.1. Time Limitation
Due to time constraints, although the study has 

been carried out across diverse verticals, it confines 
itself to respondents across India only. Therefore, the 
study results may not transcend well to the global 
landscape of the virtual workforce. Covering a wider 
area of surveying would have helped in considering 
the greater social and cultural differences.

6.2. Questionnaire Limitation
While conducting the research, the responses could 

not be verified from the respondents by cross-ques-
tioning them to follow up with varied ideas, which 
could have enriched the conclusions more. 

Different questionnaires where respondents have 
to respond descriptively are not applicable because 
of the shorter attention span of the audience. There-
fore, the researcher has to resort to a fixed set of ques-
tionnaires based on which the analysis has to be done 
while ensuring that the questionnaire covers all pos-
sible angles of consideration of several aspects of the 
research problem.
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Abstract
Communicational language clarity, which conveys a message, 
decides intensity of impact of language used. Thus, this era ev-
idences a well-executed presentation of television commercial 
ads, with wise and cautious use of words and language. Thus, 
semantics are being fully exploited by copywriters to win audi-
ence’s attention and make a difference. Present study intends to 
highlight linguistic approach of semantics and analyzes linguis-
tic tools used in LUX soaps’ TV commercials. Understanding 
effect of linguistic approach and choice of language used by 
copywriters on viewers also aimed. A systematic thematic re-
view conducted on earlier research on a topic, which well sup-
ported by quantitative research done on different age groups 
to maintain data’s main neutrality. Researcher has used different 
hypothesis testing and chosen factor analysis of SPSS 22 ver-
sion, suitable for data. However, in course of research work, it 
was realized subject was not widely analyzed from any quan-
titative scale. However, a vast study with qualitative evaluation 
made in past. Lack of intensive study found to be one of lim-
itations of study.
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1. Introduction
A scientific and philosophical study of meaning 

is called semantics. Derivative word has a Greek ori-
gin with term “semainein”, which means to signify or 
intend to indicate. In English’s linguistic aspect, word 
has got prevailed as a generic term in purport dogma 
usage.

Branch of linguistics study about meaning is se-
mantics, and thus, it is accounted to be a most sig-
nificant branch of linguistics, attributed to a detailed 
study of meaning in language. Palmer stated technical 
term used to indicate study of meaning is in seman-
tics, and as meaning of words is of utmost importance 
for communication in a language, it is a part of lin-
guistics. Adding to it, he also states a variety of aspects 
of language are covered under umbrella of meaning, 
and nature of meaning can have no. 1 casual agree-
ment relevant to meaning’s nature or way it must be 
expressed [1].

2. Literature Review
Study of meaning stands as a central aspect of a lin-

guistic hunt to analyze tone of language, and living lin-
guistic abilities are known as semantics. Every word, 
grammatical tools, inflection series, and rest all plot 
together to achieve fullest goals in a language. Under-
standing working of a particular language, Goddard, 
C. (2011), there is a dire need to formulate an indi-
vidual framework as a convoluted device to commu-
nicate. Another aspect of semantics is to highlight a 
correlation between cultures and languages of specific 
regions. One of main tools through which socializa-
tion of belief systems, values, and practices are embed-
ded in a child is language.

Semantics’ prominent application is a contextual 
advertisement, including commercial use of textual 
ads within TV commercial ads’ principles. Broder, A., 
Fontoura, M., Josifovski, V., & Riedel, L. (2007, July) 
studied semantic approach to contextual advertising 
and found with an object of optimization of selection 
of an ad along with a goal of increased revenue and im-
proved user experience, rather than having generic ads, 
it is wiser to have ads relatable to content of a page.

Tools used for a discourse of advertising studied 
by Hosney M. El-daly (2011). Research conducted to 
uncover prime elements of most influential and per-
vasive use of language in advertising. Analysis of a few 
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ads with a different interpretation approach conclud-
ed inter-relationship between advertising discourse of 
advertising and culture.

A Quasi-Experiment to Assess Effectiveness of TV 
Advertising conducted by Goldberg, M. E., (1990) in-
tended towards Children. English-speaking children 
showed positive results in significantly recognizing 
toys available on a shelf than French-speaking chil-
dren. Correlation analysis used to confirm an impact 
of exposure to TV advertisements [2].

Psycholinguistic approach of language used in ad-
vertising studied by Harris, R. J., Sturm, R. E., Klas-
sen, M. L., & Bechtold, J. I. (1986), and methodologies 
and theories of psycholinguistics have a wide scope in 
language processing claimed. Thus, different areas of 
psycholinguistic approach were explored for studying 
linguistics aspects of advertising. 

Foreign language’s emphasis with context of visu-
al and symbolic aspects studied by Vizcaíno, M. J. G. 
(2011), rather than use of informational by parts. They 
used Spanish airline company Vueling’s advertising 
campaigns and explained how companies create dif-
ferent code-switching forms in an advertisement.

Advertisement placement method and system related 
to advertisement to database were studied by Calistri-Yeh, 
R. J., Ruan, W., Mah, C. P., Howatt, M. L., McKenna, M. 
E., Forrester, M. J., ... & Snyder, D. L. (2011. These data-
sets were designed, and their respective semantic repre-
sentation advertised based on trainable semantic vector 
or TSV. As per comparison, system enables relation of 
advertisements with their database sets. 

Semantics to be study of a meaning system of lan-
guages says Emodi, L. N. (2011). Author studied over 
20 English advertisements, and on analysis, it con-
cluded advertisers use metaphors, coined words, pun, 
connotative meaning of words, non-existing words to 
create a fuzzy impression on a target audience, thus, 
can turn ad to acquire more customers. Paper empha-
sized semantic components of advertisements to pro-
vide copywriters a better content to develop. 

However, in 2014, Solík, M studied semiotic ap-
proach of analyzing advertisements, which refers to 
use of different functions and mechanisms of visual 
communicators and texts better understand nature 
and intention of social processes. Assuming adver-
tisements are made up of connotative and denotative 
stimuli, advertisements’ reception is linked to semiosis 
and its characteristics and how it can influence recip-
ients [3].

Meaning must be made clear to make study of 
meaning completely successful. As per most accept-
ed semantics theory, speakers’ ideas and concepts can 
be communicated to hear through words, in one lan-
guage or other, are referred to as meanings. So, it can 
be summarized semantics is part of linguistics which 
deals with study of meanings and is applied to make 
communication clearer with surroundings, irrespec-
tive of any specific person. It is also implied to analyze 
literary works of artists and professionals.

Following definition, semantics is best to use for 
investigation of TV commercial advertisements in 
terms of typology of meanings, as it deals with mean-
ing of language, commonly used by people to express 
what they want to convey.

2.1. Objectives
• Present study intends to highlight linguistic ap-

proach of semantics and analyze linguistic tools 
used in a TV commercial of LUX soaps

• To study effect of linguistic approach and choice of 
language used by copywriters on viewers.

2.2. Scope
This research dimension into linguistic approach 

of TV commercials can be extended to other HUL 
product categories. A huge potential of study would 
explain how it affects consumer durables products’ 
perception when advertised by content writers. Fur-
ther scope of research study lies in qualitative research 
of concerned subject of study. A leech analysis of vari-
ables can be done to analyze use of language and help 
justify qualitative aspect of language [4].

2.3. Limitations
To have practical implications from results of this 

study, it has to be well-proved from a large sample, 
and results have to be in compliance with a considered 
number of demographical regions. Study is limited 
to demographics of a particular region. Specificity of 
study is for Pune city, which again hinders research. 
Further, a study is also limited by FMCG products 
from HUL. Results for consumer durables are ex-
pected to vary as consumer sentiments vary for every 
product category.

2.4. Research Gaps
Understanding subject of study, an in-depth re-

search on language used by content writers reviewed, 
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and linguistic approach concerns have not been ac-
knowledged extensively. A detailed study in language 
used by TV commercial makers would explore po-
tential of language that could influence psychology 
of audience, and further, it can prove to be very in-
strumental in gaining revenues and generating profit 
for company. Hindustan Unilever, known to be one of 
leading FMCG giants in industry and further, LUX as 
a global soap brand has been a prominent brand ruling 
for more than a century, started as a “Sunlight Flakes.” 
Being closer to a brand, audience, and sample target-
ed is expected to be aware and have a strong opinion 
about soap advertisements aired on television. Depth’s 
study shows 
• An approach to analyze subject has always been 

through a quantitative method.
• There is very limited research available highlight-

ing quantitative and qualitative aspects of con-
cerned topic.

• No research on language-based approach has been 
done with consideration to any FMCG product of 
HUL.
This research focuses on filling in gaps of research 

found in linguistic analysis of TV commercial adver-
tisements, an instrumental count of 200 respondents 
taken which addressed audience from age-groups and 
occupation, to have no bias in ideology, based on de-
mographic fronts [5].

3. Research Methodology and Design
Many social and commercial advertisements’ lin-

guistic characteristics were studied by Skorupa, P., & 
Dubovičienė, T. (2015). Given that there is no definite 
explanation for advertisement slogans in scientific lit-
erature, many attempts were made to define slogans 
concerning marketing communications. It is believed 
that language, either written or spoken, always has a 
strong impact on an audience, and this research study 
is conducted focusing, semantic dimensions of TV 
commercial ads of LUX by Hindustan Unilever.

This study is Quantitative Research. As a part of 
Quantitative research, questionnaire filled with sam-
ple respondents from different professional back-
grounds and students. A structured questionnaire 
aimed at evaluating variables for determining lin-
guistic approach of TV commercial ads is designed. It 
will be followed by intense quantitative research with 
a descriptive study. Data collected based on periodic 
changes in content writers’ approach in projecting TV 

commercial advertisement for about a few years since 
present year, and it has to be analyzed for its charac-
teristics. 

Analysis of all TV commercial advertisements cre-
ated in past 10 years, from 2009 to 2019, presented a 
frequent emphasis on various variables like Degree of 
modernity, Information content, clarity of message, 
Degree of conformity, and type of presentation. It real-
ized that a concentrated usage of these traits while de-
signing DNA of a visual advertisement makes it more 
memorable, easy to recall, and highlights product, 
supported by full informative features about brand 
and product.

It is very necessary to emphasize this study’s results 
are based on audience’s perception of commercial ad-
vertisements’ presentation [6].

3.1. Questionnaire Design
A questionnaire designed, based on fact, should 

testify all variables under study. Various statements 
were constructed that could help to evaluate different 
aspects of variables. Methodology consisted of a ques-
tionnaire with a defined set of multiple-statements, 
each filled by respondents, who varied in their age 
groups and belonged to varied academic and profes-
sional backgrounds. Five attributes, which were asso-
ciated with multiple factors, were extracted, being an 
‘integral part of all advertisements produced by LUX 
ads is shown in Table 1.

Table 1
shows five attributes of all advertisements by LUX Ads.
Degree of modernity Conventional 

Modern
Information content Highly informative

Lacking information content
clarity of message Directed message 

Indirect message

Degree of conformity Conformity
Non- Conformity

Type of presentation Prominent product presentation
Backed by a musical background

Ads are very closely observed, and these variables 
are found to be wisely presented in a form or anoth-
er. Degree of modernity states about ad’s trending 
components to maintain all age groups’ psycholog-
ical synchronization. This modernity can be used to 
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use most glamorous stars, be featured in an ad, or use 
any creative and innovative trend or any upcoming 
social event in buzz. Ad’s information content can be 
defined as pure information about a product, talking 
about product’s price variation, or brief discussion 
about product features and brand essence. Clarity of 
message refers to ease with which message conveyed 
can be understood. According to Yang C (1988), this 
is considered a significant attribute as they found 
Chinese people as a community more driven by ad-
vertisements’ simplified language. Degree of confor-
mity is also believed to be a very important attribute 
shows advertisement’s validity. Type of presentation 
is denoted by how ad’s different components were 
expressed, and it deals with factors like use of attrac-
tive music or execution of a strong message through 
ads [7].

3.2. Population under Study
Sample considered included a close network of 

individuals who have at least a basic knowledge of 
LUX TV commercial ads. Questionnaire floated, doc-
umented in form of google forms. 200 complete re-
sponses were considered out of all responses received. 
Respondents were from different age groups and var-
ied occupations, which had already seen TV commer-
cial ads of LUX soaps and kept an opinion.

3.3. Population Size: – 200 audience

4. Data Collection Method
Tool of research used in whole process of study a 

questionnaire, collected data naturally very well inter-
pretative and entirely based on audiences’ perception 
and understanding of TV ads’ language. Apart from 
a personal question of gender, age, and profession, 
questionnaire consisted of 25 questions, considering 
respondents’ time-constraints and interest to fill in all 
25 questions patiently, without perception bias. Initial 
reports were made based on frequency of responses of 
each question in each category of evaluation. It pre-
sented using bar graphs and charts to highlight key-
note factors which could significantly influence final 
results.

Survey also has a qualitative aspect of research 
which can be explored as future research scope for top-
ic. Descriptive study approach instrumental in evalu-
ating concerning factors and strategically identifying 
trigger points in ads’ language, and developing content 

accordingly. It will also provide a base for secondary 
research in same field. Besides primary research being 
collected from questionnaire’s audience and respon-
dents, secondary data also collected to lay a firm foun-
dation of research work. At beginning, a pilot study 
of sample 32 also conducted to check questionnaire’s 
reliability. Timely improvements were made in ques-
tionnaire model to get best and significant results in 
research [8].

4.1. Reliability 
Table 2 represents Reliability Statistics of Cron-

bach’s alpha test and a pilot study conducted with a 
sample of 32, where 32 respondents were made to fill a 
physical questionnaire. Pilot study subjected to Cron-
bach’s alpha test, which measures reliability of ques-
tionnaire.

Table 2
Reliability Statistics

Cronbach’s 
Alpha

Cronbach’s Alpha Based 
on Standardized Items

N of Items

.803 .802 25

5. Results & Discussion Analysis of Data
Researchers used different kinds of tools to keep 

data analysis to table, including MS Excel and IBM-
SPSS. Respondents’ responses were collected data, and 
it tabulated in excel and coded before it got import-
ed onto SPSS. After coding, data imported on SPSS, 
and statistical tests like Cronbach’s alpha test and fac-
tor analysis were performed on data. Final results and 
analysis of data are presented in Table 3.

5.1. Data Interpretation

5.1.1. Interpretation
Table 4 shows KMO and Bartlett’s Test.
KMO shows proportion of variance, for variables 

included in study. A high value of this statistic (0.5-
1.0) indicates appropriateness of factor analysis. Range 
here is > 0.7 (middling) and computed as 0.859, indi-
cating value in factor analysis’s accepted region.

Barlett’s test of sphere city tests hypothesis of 
whether correlation matrix is an identity matrix. 
Correlation between variables, if p < 0.05, is signif-
icant, null hypothesis is rejected. In this case, value 
of significance is 0.00, which is appropriate for factor 
analysis [9].
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Table 3
Final Results and Analysis of Data

Appealing_Age_Groups Number % Presentation Number %
Strongly agree 28 41% Strongly agree 28 14%

Agree 81 17% Agree 55 28%
Neutral 52 26% Neutral 59 30%

Disagree 34 14% Disagree 34 17%
Strongly Disagree 5 3% Strongly Disagree 24 12%

believable_ verbal_ claims Number % ad_ image Number %
Strongly agree 15 24% Strongly agree 30 15%

Agree 47 29% Agree 73 37%
Neutral 61 31% Neutral 51 26%

Disagree 58 8% Disagree 28 14%
Strongly Disagree 19 10% Strongly Disagree 18 9%

ads_ more_ informative Number % creative_ presentation Number %
Strongly agree 23 12% Strongly agree 27 14%

Agree 58 29% Agree 49 25%
Neutral 55 28% Neutral 64 32%

Disagree 50 25% Disagree 39 20%
Strongly Disagree 14 7% Strongly Disagree 21 11%

slogans_ influence_ purchase Number % advertisement_ encourage_ 
purchase

Number %

Strongly agree 18 9% Strongly agree 12 6%
Agree 62 31% Agree 34 17%

Neutral 53 27% Neutral 77 39%
Disagree 42 21% Disagree 44 22%

Strongly Disagree 25 13% Strongly Disagree 33 17%
use_ of_ songs Number % Clear_ message Number %
Strongly agree 30 15% Strongly agree 16 8%

Agree 78 39% Agree 56 28%
Neutral 36 18% Neutral 69 35%

Disagree 39 20% Disagree 42 21%
Strongly Disagree 17 9% Strongly Disagree 17 9%
Idea_ of_ features Number % slogans_ easy_ understood Number %

Strongly agree 19 10% Strongly agree 29 15%
Agree 74 37% Agree 65 33%

Neutral 45 23% Neutral 59 30%
Disagree 45 23% Disagree 33 17%

Strongly Disagree 17 9% Strongly Disagree 15 8%
music_ and_ verbal Number % Direct_ message Number %

Strongly agree 34 17% Strongly agree 20 10%
Agree 55 28% Agree 52 26%

Neutral 56 28% Neutral 76 38%
Disagree 34 17% Disagree 38 19%

Strongly Disagree 21 11% Strongly Disagree 14 7%
attention_ seeking_ commercials Number % Ads_ message_ of_ beauty Number %

Strongly agree 28 14% Strongly agree 36 18%
Agree 49 25% Agree 62 31%

Neutral 51 26% Neutral 53 27%
Disagree 49 25% Disagree 28 14%

Strongly Disagree 23 12% Strongly Disagree 21 11%
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Table 4
KMO and Bartlett’s Test
Kaiser-Meyer-Olkin Measure of Sampling 
Adequacy.

.859

Bartlett’s Test of Sphericity
Approx. Chi-Square 1801.082
df 300
Sig. .000

5.1.2. Communalities
Table 5 shows Extraction Method of Principal 

Component Analysis

Table 5
Extraction Method: Principal Component Analysis

Initial Extraction
successful_ glamorous_ stars 1.000 .583
verbal_ modern_ approach 1.000 .541
appealing_ age_ groups 1.000 .572
believable_ verbal_ claims 1.000 .633
ads_ more_ informative 1.000 .643
theme_ based_ projection 1.000 .737
slogans_ influence_ purchase 1.000 .661
use_ of_ songs 1.000 .501
Idea_ of_ features 1.000 .625
Modernity _brand _identity 1.000 .719
Idea_ of_ message 1.000 .579
actors_ in_ ad 1.000 .475
picturization 1.000 .558
music_ and_ verbal 1.000 .522
attention_ seeking_ commercials 1.000 .603
Presentation 1.000 .701
Proper_ price_ information 1.000 .487
ad_ image 1.000 .601
creative_ presentation 1.000 .592
advertisement_ encourage_ 
purchase

1.000 .620

clear_ product_ presentation 1.000 .503
Clear_ message 1.000 .593
slogans_ easy_ understood 1.000 .656
Direct_ message 1.000 .523
Ads_ message_ of_ beauty 1.000 .572

5.1.3. Interpretation
Communalities describe amount of variance a vari-

able share with all other variables. It can be seen initial 
communality value is equal to 1. Greater extraction, 
better it is. A relatively small value of communal-
ity suggests concerned variable is a misfit for factor 

solution and can be dropped out from factor analysis. 
Here, low-value variables like actors in ads and proper 
price information can be struck off straight. Table 6 
shows Total Variance [10].

5.1.4. Interpretation
% variance column indicates percentage of vari-

ance accounted for by each specific factor or compo-
nent.

To Extract Factors, Eigen Value Should Be > 1 
(Arranged In Descending Order, And Cumulative 
% Should Be Greater Than 60%.

Eigen Value is > 1 (in descending order), and Cu-
mulative % is 59.186%, which is less than 60%, which 
implies to change questionnaire.

From Figure 1, Component Matrix2 is determined.

5.1.5. Interpretation
We are interpreting Rotated Component Matrix. 

Main objective of rotation is to produce a relatively 
simple structure in which there may be a high factor 
loading on one factor and a low factor loading on all 
factors.

One factor can have one variable or a combination 
of more than one variable.

Cut-off for factor loading is more than or equal 
to 0.605, and highest factor loading is 0.802 and we 
ensured there should not be a repetition of variables 
for two different factors [11]. Table 8 shows identified 
factors.

5.1.6. Findings

5.1.7. Factor Identification
1. First factor is represented by variables like (mu-

sic_ and_ verbal, attention_ seeking_ commercials, 
Presentation, ad_ image, creative_ presentation, 
advertisement_encourage_purchase, Clear_ mes-
sage, slogans_easy_understood, Direct_message, 
Ads_message_of_beauty). 

2. Information presented through ads is a major 
component of interest to members of every tar-
get group. So, also, second factor is represented 
by three variables, and they are (Appealing_Age_
Groups, believable_verbal_claims, and ads_more_
informative). 

3. Third factor is represented by three factors again: 
(slogans_influence_purchase, use_of_songs, Idea_
of_features). Now, slogans used in LUX ads, like 
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Table 6
shows Total Variance

Compo-
nent

Initial Eigenvalues Extraction Sums of Squared Load-
ings

Rotation Sums of Squared Loadings

Total % of vari-
ance

Cumulative 
%

Total % of vari-
ance

Cumulative 
%

Total % of vari-
ance

Cumulative 
%

1 6.704 26.818 26.818 6.704 26.818 26.818 5.426 21.704 21.704
2 3.361 13.444 40.262 3.361 13.444 40.262 2.236 8.945 30.649
3 1.307 5.229 45.491 1.307 5.229 45.491 2.130 8.519 39.168
4 1.248 4.992 50.483 1.248 4.992 50.483 1.831 7.322 46.490
5 1.151 4.605 55.088 1.151 4.605 55.088 1.739 6.958 53.448
6 1.025 4.098 59.186 1.025 4.098 59.186 1.434 5.738 59.186
7 .973 3.891 63.077
8 .853 3.412 66.489
9 .780 3.120 69.609
10 .745 2.980 72.589
11 .638 2.553 75.142
12 .625 2.498 77.640
13 .600 2.402 80.042
14 .563 2.254 82.296
15 .561 2.243 84.539
16 .544 2.175 86.713
17 .522 2.087 88.801
18 .472 1.887 90.688
19 .444 1.778 92.466
20 .402 1.610 94.075
21 .393 1.571 95.647
22 .325 1.302 96.948
23 .308 1.233 98.182
24 .257 1.027 99.209
25 .198 .791 100.000

Extraction Method: Principal Component Analysis.

Figure 1: shows Component Matrixa
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Table 7
shows Extraction and Rotational Method

Component
1 2 3 4 5 6

successful_ glamorous_ stars .582
verbal_ modern_ approach
appealing_ age_ groups .622
believable_ verbal_ claims .776
ads_ more_ informative .701
theme_ based_ projection .802
slogans_ influence_ purchase .802
use_ of_ songs .622
Idea_ of_ features .739
modernity_ brand_ identity .741
Idea_ of_ message .606
actors_ in_ ad .435 .483
picturization .597
music_ and_ verbal .610
attention_ seeking_ commercials .709
Presentation .767
Proper _price _information .641
ad_ image .721
creative_ presentation .625
advertisement_ encourage_ purchase .632
clear_ product_ presentation .619
Clear_ message .743
slogans_ easy_ understood .642
Direct_ message .680
Ads_ message _of_ beauty .605
Extraction Method: Principal Component Analysis
Rotation Method: Varimax with Kaiser Normalization. 
a. Rotation converged in 9 iterations

Table 8
shows Factor Identification

Variables
Factors

F1 F2 F3
music_ and_ verbal YES
attention_ seeking_ commercials YES
Presentation YES
ad_ image YES
creative_ presentation YES
advertisement_ encourage_ purchase YES
Clear _message YES
slogans_ easy_ understood YES
Direct _message YES
Ads_ message _of_ beauty YES
Appealing _age _groups YES
believable_ verbal_ claims YES
ads_ more _informative YES
Slogans _influence _purchase YES
use_ of_ songs YES
Idea_ of _features YES
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‘Jaldi Kijiye, offer Kal Ho Ya Na Ho, use of songs 
like ‘ Sone Se Bhi Salona Lage,’ ‘Roop Tera Mastana, 
Pyar Tera Deewana’ in LUX ads, and captions like 
#Bas Zara Sa LUX helps viewer to relate to brand 
and thus, ads highly influence them. Thus, these 
factors are factors of reliability [12].

5.1.8. Recommendations
Semantics is broadly categorized into logical se-

mantics and lexical semantics. Logical semantics deals 
with reference, sense, implications, and presuppo-
sition, whereas lexical semantics is concerned with 
word meaning analysis and inter-relations between 
them. Paper tries to emphasize both logical and lexical 
semantics of linguistics. Data collected through a de-
signed questionnaire analyzed using factor analysis to 
correlate variables. This statistical method is used for 
data reduction to correlate various outcomes resulting 
from multiple underlying factors. It also intends to 
represent a set of variables in terms of a smaller num-
ber. Results will throw light on what major factors 
have evolved over years that play a significant role in 
communicating a message centralized by advertisers. 
Identified factors should be worked upon and brought 
to table with diversification to use its full potential to 
encourage customers to purchase a product [13].

6. Conclusions
1. Clarity plays a very significant role in impacting 

consumers’ decision-making. On studying consid-
ered attributes, it was found that it shows clarity of 
language used in ads, and thus, they are factors of 
drawing audiences’ attention.

2. As per collected data, a few factors are observed 
significantly, contributing to fact these ads are very 
informative in terms of their content and thus are 
highly appealable to every age-group of audience.

3. Ability to connect with audience while presenting any 
product or service is of utmost importance. For this, 
advertisers need to get into shoes of audience and set 
content concerning need creation of an audience. 
Slogans help customers to relate themselves to brand. 
So, language of slogans should be used effectively. 

4. Bridging research gap, where no prior study has been 
performed in FMCG sector for a populated country 
like India, which is known for its diversification in 
preferences and evolving choices, this study enlight-
ens perception of Indian audience about commer-
cial ads being developed by copywriters.

5. This is very first research work done concerning 
HUL. 86 years old company has many brands un-
der its umbrella, and this paper would offer an im-
mense opportunity to marketers to present a prod-
uct as desired and reflect effective sales results.

7. Learning’s
This research gave me a great insight into suitable 

research methods applicable for various data chosen 
for research process. It allowed looking upon linguis-
tic tools and their wise use by content-writers to posi-
tion product most appropriately in audience’s mind. 
Reliability check uses Cronbach’s alpha test is also an 
important aspect that needs to be checked for every 
questionnaire variable before data collection.

An in-depth cognizance of a data presentation tool 
like MS Excel used in an early stage of research and 
further apprehension of a statistical tool like SPSS 22 
proved to be a great help in successfully completing 
research. Sagacious English and Hindi language by 
copywriters from a reputed brand like LUX (HUL) 
gave a sapient vision of linguistic presentation tools. 

Further, this research work has helped develop a 
basic foundation of language’s implicative tools [14].

8. Managerial Implications
Language plays an important role in communicat-

ing with party of interest. In a commercial ad, linguis-
tic approach is a concerning factor that drives audi-
ence’s interest and decides. This study is believed to 
be of great help to content-writers to create ads with 
maximum potential to gain audience attention. A 
very limited study on subject is believed to provide re-
searcher with a wider quantitative study about linguis-
tic semantics. As per results obtained, it is clearly con-
cluded that clarity of language used in TV commercial 
ads, information content, and slogans used for audi-
ence to relate to an ad is highly influencing target and 
thus, these factors need special attention, every time a 
content developer is creating content for an ad. An an-
alytical approach to study evolution of language used 
in advertising will help predict market trends, and ac-
cordingly, changes could be made in execution. Future 
research scope lies in qualitatively evaluating factors, 
giving a new dimension to research subject [15].

References
1. Broder, A., Fontoura, M., Josifovski, V., & 

Riedel, L. (2007, July). A semantic approach to con-



824 | Cardiometry | Issue 24. November 2022

textual advertising. In Proceedings of the 30th annual 
international ACM SIGIR conference on research and 
development in information retrieval (pp. 559-566). 
ACM.

2. Calcagno, M. V., Barklund, P. J., Zhao, L., Az-
zam, S., Knoll, S. S., & Chang, S. (2007). US Patent No. 
7,177,799. Washington, DC: US Patent and Trade-
mark Office.

3. Calistri-Yeh, R. J., Ruan, W., Mah, C. P., 
Howatt, M. L., McKenna, M. E., Forrester, M. J., ... & 
Snyder, D. L. (2011). US Patent No. 7,912,868. Wash-
ington, DC: US Patent and Trademark Office.

4. Emodi, L. N. (2011). A semantic analysis of the 
language of advertising. African Research Review, 5(4).

5. Goatly, A. (2012). Meaning and humour. 
Cambridge University Press.

6. Goddard, C. (2011). Semantic analysis: A 
practical introduction. Oxford University Press.

7. Goldberg, M. E. (1990). A quasi-experiment 
assessing the effectiveness of TV advertising direct-
ed to children. Journal of Marketing Research, 27(4), 
445-454.

8. Harris, R. J., Sturm, R. E., Klassen, M. L., & 
Bechtold, J. I. (1986). Language in advertising a psy-
cholinguistic approach. Current Issues and Research 
in Advertising, 9(1-2), 1-26.

9. Hosney M. El-daly (2011). Towards an Un-
derstanding of the Discourse of Advertising: Review 
of Research with Special Reference to the Egyptian 
Media: African Nebula

10. Leech, G. (1990). The study of meaning. L.: 
Penguin Books.

11. Noor, M., Mustafa, R. E., Muhabat, F., & Ka-
zemian, B. (2015). The language of TV commercials’ 
slogans: a semantic analysis. Communication and Lin-
guistics Studies, 1(1), 7-12.

12. Skorupa, P., & Dubovičienė, T. (2015). Lin-
guistic characteristics of commercial and social adver-
tising slogans. Coactivity: Philology, Educology/San-
talka: Filologija, Edukologija, 23(2), 108-118.

13. Solík, M. (2014). Semiotic approach to anal-
ysis of advertising. European Journal of Science and 
Theology, 10(1), 207-217.

14. Vizcaíno, M. J. G. (2011). Code-breaking/
code-making: A new language approach in advertis-
ing. Journal of Pragmatics, 43(8), 2095-2109.

15. Yang C, “Advertsing Effectiveness Across Cul-
tures: A comparison of American, Japanese and Chi-
nese Ad appeals,” presented at Lianhe Zaobao Desaru 
Weekend, November 1988.



Issue 24. November 2022 | Cardiometry | 825

ORIGINAL RESEARCH Submitted: 20.07.2022; Accepted: 18.08.2022; Published online: 20.11.2022

Sovereign Wealth Fund and Economic Indicators: 
An Exploratory Study

1Jainandan Sharma, 2*Arti Chandani

1,2Symbiosis Institute of Management Studies, Symbiosis Inter-
national (Deemed University), Pune, Maharashtra, India

*Corresponding author:
arti.chandani@sims.edu

Abstract
Sovereign Wealth Fund (SWF) is a term which is related to 
investments made by sovereign in other countries or simply 
a cross-border investment. This term has gained popularity 
in recent times because of these funds’ huge investments 
and getting more and more Sovereign Wealth Funds post-
1990s. A Sovereign Wealth Fund is a capital investment 
made by governments to earn a higher return on their total 
reserves. It is a part of their diversification strategy, where 
earlier, all investments made by sovereign were in risk-free 
investments, namely, US Treasury Bills and bank deposit. De-
valuation in dollar price has added more value to Sovereign 
Wealth Funds. 
Today, there are around 122(SWF Institute, 2020), Sovereign 
Wealth Funds across globe, but most of wealth is concentrat-
ed in Middle East countries. Reason for this concentration is 
revenue generated by exporting oil and gases, used to cre-
ate a dedicated Sovereign Wealth Fund. Developing countries 
like Indonesia and India providing different incentives to these 
kinds of funds to invest in their country,like in recent budget of 
2020, Government of India has provided 100% tax relief on in-
come such as interest, dividend, and capital gains to Sovereign 
Wealth Funds, investing in infrastructure sector with a minimum 
locking period of three years. This paper will analyze, relation 
and Impact of Economic Indicators on SWF, whose asset un-
der allocation is around $7,757.36 billion (SWF Institute, 2020) 
worldwide, which originated from commodity and non-com-
modity earnings of government. Pearson correlation and Linear 
regression applied to find impact and relation between eco-
nomic indicators and SWF’s Asset Under Management. Study’s 
outcome positively related to SWF’s AUM, whereas only total 
reserve impacts Sovereign Wealth Fund.
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1. Introduction
Investors are assumed to be rational, i.e., they pre-

fer low risk to high risk, and they prefer higher return 
to lower return. Given a chance, an investor will select 
for minimum risk and maximum return. This shrewd-
ness is true not only in individual or retail investors 
but also in other investors, such as institutional in-
vestors and national (government) investors. In most 
economies, government funds are governed by central 
banks and control country’s monetary affairs. Primary 
objective for central bank is to have economic liquid-
ity and to have sufficient reserves for future. As indi-
vidual investors, government (hereafter referred to as 
sovereign) is risk averse, and they invest in traditional 
instruments, such as US Treasury Debt, where risk is 
very low, and return is also very low. 

Risk aversion principle of investment cannot be 
pursued forever, especially when sovereign is hav-
ing surplus funds. If sovereigns have surplus budget 
or balance in their current account or have an export 
surplus, which is more than what is required to meet 
immediate requirements, they may choose some risky 
investments, where a return will be higher. Thus, sov-
ereign may also act as an individual investor, i.e., to 
have some riskier assets, where returns are high, com-
pared to US Treasury Bills or bank deposits. It is also 
justified if sovereign has enough cash to meet short-
term requirements, additional cash can be invested to 
earn higher returns. 

A Sovereign Wealth Fund (SWF) is a govern-
ment-owned investment fund composed of finan-
cial assets, such as bonds, stock, real estate, precious 
metals, or other financial assetsacross borders. Funds 
are managed by government and governed separately 
from official reserves of monetary authorities. These 
funds are deployed overseas for superior returns. It is 
also known as “Cross Border Investment” or “Cross 
Border Nationalization.” In few instances, govern-
ment may choose to create more than one Sovereign 
Wealth Fund, which will serve a different purpose. 
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Countries like China, Singapore, and UAE are having 
more than two Sovereign Wealth Funds [1]

Until recently, major exporter such as China and 
Arab were content to have their investment in US trea-
sury debts and bank deposits, where risk and return 
were low, but increasingly, they have started channel-
izing their funds from there to private sectors, where 
returns are supposed to be higher than those tradi-
tional risk-free investments. It is as simple as those; 
now governments are going for diversification or port-
folio investment. With availability of huge funds, these 
sovereigns can diversify and pursue riskier investment 
opportunities.

1.1. History of Sovereign Wealth Funds
Sovereign Wealth Funds (SWF) got its popularity 

in 20 years. Highoil prices, globalization in financial 
market, and huge global imbalance have resulted in 
rapid accumulation of foreign securities by oil ex-
porters, like Saudi Arabia and other Asian countries, 
which have grown as a manufacturing hub like China. 
As a result, number of Sovereign Wealth Funds and 
assets under management has reached its highest lev-
el. Their influence in international financial markets 
is becoming more prominent. Currently, 65 countries 
created at least one Sovereign Wealth Fund three more 
than a year ago. Gulf nations, People’s Republic of Chi-
na, Southeast Asia, and Norway are currently most ac-
tive worldwide Sovereign Wealth Funds. Assets under 
management totaled $7,757.36 billion for worldwide 
Sovereign Wealth Fund. [2]

Sovereign Wealth Fund has existed since 1854, but 
in last 25-35 years, investments made by Sovereign 
Wealth Funds have drastically increased, which has 
brought Sovereign Wealth Funds into publicity glare. 
SWF started way back in 1854s when Texas Perma-
nent School Fund (TPSF) started, but it not federal 
Sovereign Wealth Fund; most researchers consider 
Kuwait Investment Agency (1953) as first Sovereign 
Wealth Fund.

1.2. Purpose of Sovereign Wealth Fund
First federal Sovereign Wealth Fund, Kuwait, es-

tablished to invest surplus oil earnings to reduce 
country’s dependency on limited oil resources. With 
time, different types of Sovereign Wealth Funds have 
emerged, which suit investors’ specific requirements.

According to IE Sovereign Wealth Research, most 
of Sovereign Wealth Fund has a purpose of saving fund 

total AUM, as saving fund in 2018 $5,300 bn, which 
aims to generate a future return for government. Stabi-
lization Fund is next best purpose of Sovereign Wealth 
Fund. Total AUM under these kinds of funds is$1134 
bn, which aims to mitigate commodity risk and cur-
rency market price fluctuations.[3]

Figure 1 shows breakup of SWF into different types 
and SWF amount in billion US $. Saving funds con-
tribute to maximum SWF, having 73% followed by 
stabilization fund as 15%. Least is a development fund 
with 12%. 

5300

859

1134,

Amount (in US $ Billion)

Saving

Development

Stabilization

Figure 1: Type of SWF funds
Source: IE Sovereign Wealth Research

1. Stabilization fund: - Prime objective of stabiliza-
tion fundis to hedge risk of fluctuation in currency 
market and commodity market.

2. Savings fund: -Savings funds are created for future 
generations. These kinds of funds have diversified 
asset portfolios to get more returns than country’s 
current risk-free rate.

3. Development fund: - Development fund typically 
maintained for socioeconomic projects or to sup-
port industries which can raise a country’s poten-
tial output growth. [4]

1.3. Sources of Sovereign Wealth Fund
Earlier source of Sovereign Wealth Fund is always 

a surplus oil amount, but in current scenario, govern-
ment uses other sources to invest through this chan-
nel to generate extra alfa from market. According to 
IE Sovereign Wealth Research, there are 26 Sovereign 
Wealth Funds, which are from oil and gases, and 14 
are from pension funds, belonging to different coun-
tries, 13 SWF are non-oil commodities, 1 SWF is from 
Diamond, i.e., PULA SWF Fund belongs to Botswana 
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andESSF fund from Chile is created from revenue of 
copper. Figure 2 shows Sovereign Wealth Fund. [5]
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Figure 2: SWF Sources 
Source: IE Sovereign Wealth Research (2018)

These funds can be divided into two types: 
1. Commodity Funds: - These funds are created 

through commodity exports (like Diamond, Copper, 
etc.), either taxed or government-owned. Oil-produc-
ing countries were among first few to establish Sover-
eign Wealth Fund, as they had huge money from oil 
exports alone. Kuwait, UAE Sovereign Wealth Fund 
is an example of commodity (oil) funds.

2. Non-Commodity Funds: - These are usually cre-
ated from foreign exchange reserves. GIC and 
Temasek holding of Singapore, SAFE Investment 
Company, and CIC of China are examples of 
non-commodity funds. Non-Commodity Funds 
are not created out of revenue of a particular com-
modity; rather, it is created simply by transfer from 
country’s foreign exchange reserve. [6]

2. Literature Review
European Commission defines Sovereign Wealth 

Fund as government-owned investment vehicles, 
which hold a diversified portfolio of international 
and domestic financial assets. Objectives of Sovereign 
Wealth Fund are to provide intergenerational equity 
and economic stabilization, in same contextwhich di-
vides objective of Sovereign Wealth Fund into three 
broad groups: 1) intergenerational wealth transforma-
tion, 2) strategy-based investment, 3) intergeneration-
al wealth cumulation.

Countries with natural resources abundance or 
having concentrated exports will establish SWF, while 
others are less likely to do so. SWF can be divided into 
two groups, commodity-based and non- commodi-
ty-based; both groups’ investment patterns also vary 

investment in bonds, common in commodity-based 
SWF, whereas equity is more popular for non-com-
modit- based Sovereign Wealth Fund.

Around two-thirds of Sovereign Wealth Funds are 
created in 20 years, which plays an important role in 
country’s economy. It will rescue country from external 
fluctuation in financial market, and also it has an im-
pact on a country’s balance sheet, balance of payment, 
and public finance. Had also analyzed through econo-
metrics a Sovereign Wealth Fund can reduce economy’s 
negative growth risk effects on an average. These funds 
provide a high return and diversified portfolio toa 
sponsored country for their foreign exchange reserve. 
However, it also provides capital to host countries for 
their development, which will lead to stability in global 
financial market if funds’ accountability and transpar-
ency are managed properly. Cross-border investment 
of Sovereign Wealth Fund depends upon government 
regime, inflation, foreign exchange rate, government 
stability, and openness degree in economy. [7]

Operations ofSovereign Wealth Funds have in-
creased exponentially in 20 years, due to which it has 
an impact on global financial system, which means 
these funds need to come up with structural changes 
in investment policy, operations, and risk management, 
which require transparency in funds. All Sovereign 
Wealth Funds are owned by government. It can be mis-
used to hamper host country’s economy, proposing a 
regulatory model for SWF and urge regulatory available 
at domestic and international level to implement these 
regulatory models to provide security to host country’s 
public interest. Examined Russian SWF and concluded 
transparencyandderegulation will have their benefits 
on performance metrics of a Sovereign Wealth Fund.

Nowadays, SWFs Consider Environmental, Social, 
and Governance (ESG) as important parameters while 
investing in equity. SWFs do consider ESG score of 
different target companies before taking ownership of 
target organization. [8]

2.1. Research Gap
A Sovereign Wealth Fund is an investment of a par-

ticular government, whereas GDP and other economic 
indicators are government financial reports. Most of 
past research on sovereign wealth is related to asset al-
location, objective, return, and regulations on Sovereign 
Wealth Fund, but only a few studies have been conduct-
ed as to how a Sovereign Wealth Fund is linked to world’s 
economy and a particular country’s economic indicators.
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3. Research Methodology and Research 
Design

Research methodology is a scientific process of 
finding a solution to a research question. It helps read-
er to find validity and reliability of study has been con-
ducted, and research design is a blueprint of research 
which has been conducted.

3.1. Sampling and Data Collection
Sovereign Wealth Funds data are extracted from 

SWFI institute’s website, and data forworld’s GDP 
growth rate for last 40 years has been extracted from 
International Monetary Fund (IMF) website and for 
export, total reserve, and current account balance, 
data exported from World Bank website.

For studying impact and relation between Sover-
eign Wealth Funds and economic indicators, data tak-
en from 53 countries with 84 SWFs. Other Sovereign 
Wealth Fund have not been included because of lack 
of data available in public domain.

3.2. Nature Of Data Collected For Study
To fulfill objectives of research, secondary data 

have been taken; purpose behind taking secondary is 
using currently available data, which is collected for 
some different purposes; trial made to create a new set 
of knowledge using the same.

3.3. Statistical Tools Are Used In Study
Pearson correlation used to find a relation between 

two variables, and used linear regression analysis to 
find impact of one variable on another variable.

3.4. Objectives
Research objectives of this paper are as follows:

• To find region-wise contribution of Sovereign 
Wealth Fund 

• To analyze how Sovereign Wealth Fund – AUM is 
related to world’s Gross Domestic Product (GDP) 
growth rate 

• To explore relation between economic Indicators 
and AUM of SWF

• To study impact between economic Indicators and 
AUM of SWF

3.5. Hypotheses
Hypothesis 1

• H01:There is no relation between economic Indica-
tors andAUM of SWF 

• H11:There is a relationship between economic In-
dicators andAUM of SWF 
Hypothesis 2

• H02: Economic Indicators does not have Impact on 
Asset under management of SWF 

• H12: Economic Indicators have Impacted on Asset 
under management of SWF [9]

4. Data Analysis

4.1. SWF Region–Wise 
SWF funds have been analyzed based on re-

gion in which these are operating. Data source is 
SWFI (https://www.swfinstitute.org/profiles/sover-
eign-wealth-fund)

a) Middle East - Sovereign Wealth Fund has a dif-
ferent presence in different regions. SWF popular in 
Middle East from 1980s till now. According to SWFI 
institute(SWF Institute, 2020), around 25 Sovereign 
Wealth Funds belong to Middle East, and it has a to-
tal AUM of $2,696.90 bn. These crude oil and natural 
gas-rich countries had tried to diversify their portfolio 
by investing money they earn from oil or natural gas 
into Sovereign Wealth Funds, and these funds invest 
an amount in different companies, government bonds, 
etc. In Middle East region, UAE alone has seven Sov-
ereign Wealth Funds, having a total AUM of $1,161.5. 
In this region, second-highest SWF exposer belongs 
to Kuwait, which has only one SWF, i.e., Kuwait In-
vestment Authority (KIA), which holds a portfolio of 
$533.65 bn, and it is also considered as oldest SWF of 
Middle East region. Some new funds added in this re-
gion are Cyprus NationalInvestment Fund belonging 
to Cyprus, established in 2019. Oman Investment Au-
thority belongs to Oman, and it established in 2020, 
and Egypt’s Sovereign Fund established in 2018. [24]

b) Recently, Asian region had become biggest hold-
ing of SWF AUM. Currently, Asia holds around $ 
3,110.55 billion, i.e., 40.1% of world total SWF AUM, 
which is because manufacturing hubs like China or 
countries like South Korea, Singapore, etc., which have 
a positive current account surplus and have started 
investing more amount in SWF to get extra alfa than 
transferring this amount to central bank. China is 
biggest investor in Sovereign Wealth Fund countries 
wise in world, having two funds with a total AUM of 
$1,265.60 bn, i.e., 16.31% of world’sthe SWF asset under 
management. Asian countries have started creating ef-
ficient investment vehicles geared towards nation’s eco-
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nomic development objectives taking Singapore’s ex-
ample, which has started investing in Sovereign Wealth 
Funds way back in 1970s. Asian countries have invested 
around $2000 billion in 30 years in these funds. Most 
recent funds in this region are Mongolia Future Heri-
tage Fund belonging to Mongolia, established in 2019, 
and other is Japan Investment Corporation belonging 
to Japan, and established in 2018. [25]

c) North American - oldest region, which started Sov-
ereign Wealth Fund is North American region, world’s 
oldest Sovereign Wealth Fund is Texas Permanent School 
Fund (TPSF) started in 1854 to support primary and sec-
ondary education of students in state of Texas. In North 
American region, USA has around 14 funds, but most are 
state-run funds and are mainly for social works. [26]

d) African region had started investing money in 
SWF in 1994 when Pula Fund launched by Botswana 
government from foreign exchange, which they get 
from rough diamonds’ export. Currently, Pula fund 
has an AUM of $4.93 billion. Biggest SWF in African 
region is Libyan Investment Authority (LIA) which 
has an AUM of $60.00 bn. This SWF created to man-
age surplus Libyan oil revenues. Most African SWFs 
have started after 2010 to support nation’s develop-
ment. most recent SWF in this region is Fonds Sou-
verain de Djibouti Belongs to Djibouti 2020).

e) Europe - European region holds 17.66% world’s 
SWF AUM, and this is only because of one fund, which 
is also oldest SWF in European region and largest fund 
in world; fund is Norges Bank Investment Management 
(Norway GPFG). Norges Bank Investment Manage-
ment created in 1990 and currently has securities worth 
$1,108.70 billion under their umbrella. Other European 
nations have started creating SWF in 2000s, and cur-
rently, there are 15 European Sovereign Wealth Funds.

f) Australia And Pacific - Australia And Pacific 
region has 8 SWF whose total assets under manage-
ment Are $156.31 billion, mainly two countries have a 
huge share in this region, Australia and New Zealand. 
Australia has three funds with a total AUM of $108.37, 
whereas Kiribati, Papua New Guinea, East Timor, Tu-
valu, and New Zealand have one – one fund each. New-
est fund in this region is NSW Generations Fund which 
belongs to Australia, and established in 2018, having a 
total AUM of $7.64 billion; this is world’s first Sovereign 
Wealth Fund to guard against intergenerational bud-
getary pressures and keep debt sustainable in long term.

g) Latin America – Latin American countries have 
not invested much in SWF compared to other regions 

globally. Oldest SWF in Latin America is Fondo para 
la EstabilizaciónMacroeconómica (Macroeconomic 
Stabilization Fund) of Venezuela, started in 1998, but 
currently, it is inactive because of current issue of Ven-
ezuela. Largest funds in this region are Chile Pension 
Reserve Fund and Economic and Social Stabilization 
Fund (ESSF), and both belong to Chile and having a 
composite AUM of $24.47. Newest SWF in this region 
is Bank of Guyana Natural Resources Fund belongs to 
Guyana and established in 2018, and Savings and Sta-
bilization Fund of Suriname, established in 2017. Ta-
ble 1 shows Sovereign Wealth Fund Region Wise. [10]

Table 1
Sovereign Wealth Fund Region Wise

Region SWF AUM 
(In $ Billion)

% contri-
bution

Biggest SWF in region 

Africa $ 69.86 0.90% Libyan Investment 
Authority (LIA)

Asia $ 3,110.55 40.10% China Investment 
Corporation (CIC)

Australia 
And Pacific

$ 156.31 2.01% Future Fund Manage-
ment Agency (Future 
Fund)

Europe $ 1,370.28 17.66% Norges Bank Invest-
ment Management 
(Norway GPFG)

Latin Amer-
ica

$ 44.93 0.58% Economic and Social 
Stabilization Fund 
(ESSF)

Middle East $ 2,696.90 34.77% Abu Dhabi Investment 
Authority (ADIA)

North 
America

$ 308.53 3.98% Alberta Investment 
Management Corpo-
ration (AIMCo)

Total $ 7,757.36 100.00% Norges Bank Invest-
ment Management 
(Norway GPFG)

Source: Author’s calculation 

4.2 Sovereign Wealth Funds AUM 
Have Impact of World’s GDP Growth 
(Annexure-II)

World GDP growth is always considered as replica-
tion of world’s economy. In this part, trial undertaken 
to determine whether world’s economy has any rela-
tion with SWF asset management growth rate. World’s 
GDP growth is taken from IMF website, and Sover-
eign Wealth Fund’s asset under management is taken 
from SWF Institute website. Sample size of data is 40 
years, starting from 1980 to 2019. Application of Pear-
son correlation to find relation between two variables, 
and result comes out to be -.036, which is near to zero, 
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so it can be said there is no relation between world’s 
economy with SWF investment. However, significance 
level is above .05, hence data is not significant. Table 2 
shows growth rate of SWF and World GDP.[11]

Table 2 
Growth Rate of SWF And World GDP

Correlations of SWF’s AUM growth rate and world’s GDP 
growth rate

Worlds_GDP_
Growth_rate

SWF_AUM_
growth_rate

Worlds_GDP_
Growth_rate

Pearson Cor-
relation 1 -.036

Sig. (2-tailed) .825
N 40 40

SWF_AUM_
growth_rate

Pearson Cor-
relation -.036 1

Sig. (2-tailed) .825
N 40 40

Source: Author’s calculation 

4.3. How SWF Investment Is Related 
ToHome Economy (Annexure-II)

To find a relation between a home country’s econ-
omy with Sovereign Wealth Fund investment, four 
factors were considered: country GDP (PPP), Total 
Reserve, Export, and current account balance. Study’s 
sample size is 53 countries and 84 Sovereign Wealth 
Funds, whose data are available in public domain. Sig 
value for all with SWF Asset under management is 

below .05, signifying data is statically correct. Pearson 
correlation applied on it and, results are as follows:

i) GDP(PPP) and SWF AUM – Correlation be-
tween Sovereign Wealth Fund and GDP(PPP) of a 
country is .429 which, means GDP(PPP) and asset 
under management of Sovereign Wealth Fund has 
positive, medium correlation with each other and Sig 
value is .001 which is less than .05 which indicates data 
are significant.[21]

ii) Current account Balance and SWF AUM – 
Current account balance is a major Economic factor 
for every country; this is equal to a company’s net 
profit. Correlation between current account balance 
of country and Sovereign Wealth Fund investment is 
.275, which indicates a low correlation between both 
variables and, sig value is below .05, which shows data 
is statistically significant. [22]

iii)Exports and SWF AUM – Exports are source 
of earnings for a country. Correlation between Export 
and SWF AUM is .439 which, shows Export and SWF 
investment has a positive moderately correlation, 
which means SWF investment of a country is mod-
erate dependent on export of particular country. [23]

As all variables have positive correlations with SWF 
assets under management, authors reject null hypoth-
esis for all variables, i.e., economic indicators do not 
relate to AUM of SWF. Table 3 shows correlation be-
tween a country’s Economic Indicators and SWF. [12]

Table 3
Correlation of Country’s economic indicators and SWF

Correlations of Country GDP(PPP), Total Reserve, current account balance, and SWF Asset under management
GDP Current_account_balance Total Reserve SWF_AUM Exports

GDP Pearson Correlation 1 -.073 .831** .429** .885**
Sig. (2-tailed) .603 .000 .001 .000
N 53 53 53 53 53

Current_account_balance Pearson Correlation -.073 1 .379** .275* .076
Sig. (2-tailed) .603 .005 .046 .586
N 53 53 53 53 53

Total Reserve Pearson Correlation .831** .379** 1 .578** .729**
Sig. (2-tailed) .000 .005 .000 .000
N 53 53 53 53 53

SWF_AUM Pearson Correlation .429** .275* .578** 1 .439**
Sig. (2-tailed) .001 .046 .000 .001
N 53 53 53 53 53

Exports Pearson Correlation .885** .076 .729** .439** 1
Sig. (2-tailed) .000 .586 .000 .001
N 53 53 53 53 53

**. Correlation is significant at 0.01 level (2-tailed).
*. Correlation is significant at 0.05 level (2-tailed).
Source: Author’s calculation
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4.4. Regression Analysis
It has been found there is a degree of relationship 

between Investment in SWF, GDP(PPP), Current ac-
count balance, export, and total reserve of a county 
now it needs to be analyzed how X variable is GD-
P(PPP), Current account balance, export, and total re-
serve affects Y variable, i.e., Investment in SWF. Cor-
relation of coefficient is .610, which shows a positive 
relation and dependency between Investment in SWF 
and other economic Indicators. Coefficient of deter-
mination (R2) is .372, which means a 37.2% change in 
county’s total investment in SWF because of change 
in variable X. Table 4 represents Model summary of 
Regression. [13]

Table 4
Model Summary of Regression

Model Summary of Regression
Model R R Square Adjusted R 

Square
Std. An error of 

Estimate
1 .610a .372 .320 250.35178

a. Predictors: (Constant), Current_account_balance, GDP, 
Exports, Total Reserve

Source: Author’s calculation

Table 5
ANOVA Results

ANOVAa
Model Sum of 

Squares
df Mean 

Square
F Sig.

1 Regres-
sion

1784636.405 4 446159.101 7.118 .000b

Residual 3008448.722 48 62676.015
Total 4793085.127 52

a. Dependent Variable: SWF_AUM
b. Predictors: (Constant), Current_account_balance, GDP, 
Exports, Total Reserve

Source: Author’s calculation 

Statistical Outcome
Sig. value of F value is < 0.05, which implies tha-

tit is statistically significant. X1(GDP(PPP) Sig. value 
is .1.21 > 0.05, which implies it is not statistically sig-
nificant. X2 (Current account balance) Sig. value is .369 
> 0.05, which implies it is not statistically significant. 
X3(Exports) sig. value is 0.137 > 0.05, which implies it 
is not statistically significant.X4 (total reserve) .10 < .05, 
which Implies thatit is statistically significant. Table 6 
shows coefficient table of regression analysis. [14]

Only Total Reserve is statistically significant, and 
change 1 % in total reserve will change 1.012% change 
in SWF Asset under management which means for 
total reserve null hypothesis (H0) will be rejected and 
for GDP (PPP), Current account balance, export null 
hypothesis (H0) is accepted. [15, 16]

5. Conclusion
It is examined ASIA and Middle East region coun-

tries have created more SWF compare to other regions 
and, also find in last 20 years, African nations started 
investing their money into Sovereign Wealth Funds.

Then, a trial made to find relation between world 
GDP growth and SWF assets under management 
Growth of last 40 years. Application of Pearson cor-
relation to get relationship between two variables and, 
result comes out to be -.036, which is near to zero, so it 
can be said there is no relation between world’s econo-
my with SWF investment.

Then the finding is the relation and Impact of GDP 
(PPP), Current account balance, Export, and Total re-
serve on Investment in SWF, which comes out to be 
GDP(PPP), Export, and Total reserve have a moder-
ate positive relationship with Investment in SWF and, 
Current account balance has Low Positive correlation 
with Investment in SWF. Regression analysis found 

Table 6
Coefficient Table of Regression Analysis

Coefficients
Model Unstandardized Coefficients Standardized Coefficients t Sig.

B Std. Error Beta
1 Investment in SWF 69.380 40.063 1.732 .090

GDP -.053 .033 -.815 -1.581 .121
Exports .239 .158 .438 1.511 .137
Total_Reserve .688 .258 1.012 2.667 .010
Current_account_balance -.618 .682 -.201 -.907 .369

a. Dependent Variable: SWF_AUM

Source: Author’s calculation 



832 | Cardiometry | Issue 24. November 2022

total reserve has a significant impact on Investment 
of SWF, whereas other indicators do not significantly 
impact SWF assets under management.

Ostensibly, Sovereign Wealth Funds run purely to 
increase their respective nation’s wealth and improve 
financial standing. Sovereign Wealth Fund can be seen 
as a welcome move, as it adds to capital flow in com-
pany and country.

Undoubtedly, Sovereign Wealth Fund is going to 
be a major player and investor in 1st century. Sover-
eign Wealth Funds were unnoticed until 20 years, but 
because of a sizeable increase of current account sur-
plus, Sovereign Wealth Fund surge. From 1990s, many 
sovereigns started establishing Sovereign Wealth Fund 
and investing in huge amounts.

5.1. Scope and limitations
Scope of further studies in Sovereign Wealth Fund 

context is wide because word itself came into limelight 
in last few decades; further studies can be conducted 
using more economic indicators and adding new funds 
data created, which will give a wider picture of study.
[17] Study is limited only to economic factors. Another 
limitation of study is time used in present study. Data 
availability is another limitation for these studies, as all 
countered data is not available in public domain. [18]

5.2. Practical Implications
Study is very useful for government and its bod-

ies, which study will provide them a model which can 
manage their investment in SWF based on their eco-
nomic indicators [19], which is also useful for various 
financial institutions, who are working closely with 
Sovereign Wealth Funds. They can estimate move-
ment of asset under management of Sovereign Wealth 
Fund on movement bases in economic indicators. [20]
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Annexure 1
YEAR world GDP growth rate  SWF AUM (growth rate) 
1980 2.1 70%
1981 1.9 -5%
1982 0.6 11%
1983 2.8 7%
1984 4.5 24%
1985 3.6 1%
1986 3.7 69%
1987 3.9 -1%
1988 4.6 -3%
1989 3.8 43%
1990 3.4 10%
1991 2.6 -10%
1992 2.3 20%
1993 2.1 20%
1994 3.3 8%
1995 3.3 12%
1996 3.8 9%
1997 4 12%
1998 2.6 16%

1999 3.6 15%
2000 4.8 -2%
2001 2.5 11%
2002 3 13%
2003 4.3 14%
2004 5.4 15%
2005 4.9 21%
2006 5.5 30%
2007 5.6 11%
2008 3 10%
2009 -0.1 14%
2010 5.4 5%
2011 4.3 13%
2012 3.5 10%
2013 3.5 8%
2014 3.6 4%
2015 3.5 4%
2016 3.4 10%
2017 3.9 3%
2018 3.6 3%
2019 2.9 2%

Annexure-II (All figures are in US $Billion )
Country GDP(PPP) Exports SWF AUM Total Reserve Current account Balance

Angola 200.83 41.39 2.27 15.41 5.82
Australia 1362.07 312.66 108.37 53.88 6.93
Austria 476.81 253.97 25.81 23.19 12.46
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Country GDP(PPP) Exports SWF AUM Total Reserve Current account Balance
Azerbaijan 187.35 25.48 42.46 6.67 17.3
Bahrain 187.35 29.96 18.67 2.33 -2.25
Belgium 187.35 448.41 2.7 26.86 -7.03
Bhutan 187.35 0.75 0 0.99 -1.83
Bolivia 187.35 10.47 0.41 8.93 -3.01
Brunei Darussalam 36.63 7.05 60 3.41 1.58
Canada 1904.39 550.53 86.31 83.93 -37.52
Chile 495.18 85.26 24.47 39.86 -19.48
China 27306.98 2655.59 1265.6 3168.22 264.6
Colombia 785.84 53.02 3.23 47.89 -33.5
Egypt 1391.27 47.45 11.96 41.84 -50.13
Equatorial Guinea 28.21 7.81 0.17 0.05 -1.64
Finland 265.88 106.49 9.31 10.31 -0.27
Gabon 39.81 8.52 0.14 1.32 -0.33
Germany 4443.57 1872.72 26.01 198.03 317.54
Ghana 204.81 23.12 0.98 6.29 -5.59
Greece 323.65 78.81 1.56 7.58 -6.82
Hong Kong SAR 482.23 681.28 590.18 424.62 30.14
Iraq 3735.64 98.61 0.9 64.72 -8.52
Ireland 417.88 468.11 16.91 5.22 -39.52
Islamic Republic of Iran 417.88 29.06 91.02 133 -0.87
Kazakhstan 540.98 67.48 124.34 30.98 -19.6
Kiribati 0.25 0.02 0.61 0.007 0.11
Korea 2320.5 716.29 157.3 403.08 85.63
Kuwait 308.67 79.77 533.65 40.28 27.5
Libya 83.54 29.96 60 85.34 -0.25
Luxembourg 68.82 150.04 0.27 0.94 3.08
Malaysia 1076.37 246.55 20.2 101.45 35.43
Malta 23 21.16 0.64 1.02 1.94
Mauritania 25.46 2.77 0.05 0.93 -2.7
Mexico 2616.29 479.6 9.52 176.39 -5.08
mongolia 46.72 7.67 0.32 3.55 -5.78
New Zealand 208.74 58.18 31.38 17.66 -6.2
Norway 407.41 166.9 1108.7 63.15 16.13
Panama 112 27.71 1.53 2.12 -5.87
Peru 476.01 56.35 5.77 60.33 -6.49
Qatar 358.87 102.56 295.2 30.36 8.51
Russia 4389.96 509.5 178.38 468.65 167.78
Rwanda 30.97 1.84 0.21 1.24 -2.86
Saudi Arabia 1900.89 313.84 360.79 509.47 119.49
Senegal 64.1 5.35 1 0.9 -5.86
Singapore 593.8 663.14 828.58 292.72 100.77
Taiwan Province of China 1339.81 663.14 1.57 468.1 141.1
Timor-Leste 2.02 0.04 15.82 0.67 0.17
Trinidad and Tobago 44.95 2.47 6.26 8.11 2.3
Turkey 2361.78 227.78 222.28 92.98 25.18
Uganda 118.69 4.97 0.12 3.36 -11.28
United Arab Emirates 744.09 392.86 1161.57 99.5 54.8
United States 21427.68 2510.25 215.97 449.91 -498.41
Uzbekistan 303.32 14.13 20 27.08 -17
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Abstract
Public sector transport, especially Railways, solves an important 
mobility issue for people in India due to its long stretched net-
work and potential to cater to every individual. Funding con-
straints, however, make it difficult to achieve service level and of-
ferings at par with private players. Potential of Indian Railways has 
been underutilized for ages due to a lack of initiatives and a tight 
budget. PPP worldwide has set examples towards progressive-
ness of public assets. India has now proceeded on similar lines 
by launching world’s biggest transit-oriented development in 
public transport sector through Indian Railways. Railway Station 
Redevelopment program incorporating PPP model is believed to 
keep customer value at center. Main purpose of this study aims 
at analyzing which factors under this new Government initiative 
will play an important role in enhancing satisfaction level and 
experience of consumers after transformation and an attempt 
to fill research gap on perception of existing customers of Indian 
Railways on new offerings against what they are used to experi-
encing has been made. Exploratory factor analysis using a survey 
method on 250 respondents has been used to achieve results.

Keywords
Indian Railways, Railway Stations Redevelopment Program, PPP 
Model, Factor Analysis, Public sector transport
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1. Introduction
Public transit system provides most efficacious 

means of moving people in huge numbers, mostly 
in densely populated urban centers. In Indian public 
transport, Railways stands to be in Asia, largest rail 
network and fourth-largest in world which comprises 
an approximate of 8000 railway stations across India 
and 23 million passengers commuting every day. Ap-
proximately rupees 1.97 lakh crores of revenue were 
generated in financial year 2018-2019 by Indian Rail-
ways [1].

When a person visits a city, consciously or uncon-
sciously, railway stations especially play a significant 
role in having an immediate city experience. Railway 
stations are not simply stations but also a combination 
of societal agents include symbolic value, traffic, ser-
vices, stations, landscapes, and location. However, ad-
ministrative delays and shoestring operational budgets 
have led to many financial, infrastructural, and social 
issues like theft, pickpockets, inadequate waiting room 
facilities, congested platforms, lack of basic amenities, 
stale washrooms, and many issues of a similar kind 
being encountered at these Indian railway stations. 
Also, lack of initiatives and poor delivery of services 
on behalf of railway administration has resulted in 
a lag and progressive decline in performance. It has 
made it difficult to manage it and global challenges. 
With a massive consumer base to service and creak-
ing infrastructure has put immense pressure on Indian 
Railways to renovate and upgrade its current services 
and offerings at various railway stations. 

It is now evident how important is Indian Railways 
in solving mobility issues all over country since it is 
only source of transportation accessible and afforded 
by every section of society. Railways also have a signif-
icant impact on economy of a country and welfare of 
population. Apart from mobility convenience and wel-
fare of country, factors associated with service quality at 
railway platforms are considered a determinant for cus-
tomer satisfaction. A pivotal consideration for trans-
portation companies to encourage differentiation and 
customer loyalty is by enhancing travel experience. As 
a result, travel service providers are becoming aware of 
relevance of understanding customer experience better. 
It has also been found in areas where there is a lack in 
service quality due to infrastructure’s inappropriate-
ness; passengers could become more sensitive towards 
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service quality perceived from railway stations. Ad-
dressing current problems underlying, modernization 
of railway stations needs an hour to have sustainable 
development and growth [2].

Hence, to overcome budget constraints and im-
prove passengers’ current daunting facilities, Indian 
Railways has initiated a mega infrastructure develop-
ment project for India’s railway stations, making it one 
of biggest transit-oriented development projects glob-
ally. Transit-oriented development includes mix-use 
developments around journeying station. It is gaining 
popularity as a tool for sustainable development and 
smart growth worldwide.

The initial plan of Indian Railways is to redevel-
op 400 railway stations of A1, and A category spread 
across 100 cities in India by monetizing land around 
railway stations through development. Around 2700 
acres of vacant plots and lands are being monetized for 
commercial purposes on a lease of 45 years to 99 years 
depending upon region of railway stations and com-
mercial work nature to be carried out under a Pub-
lic Private Partnership model of management. Profits 
generated from these commercial developments will 
be used to fund station modernization. Hence, under 
Ministry of Railways, a special purpose vehicle be-
tween Ircon International Limited (IRCON) and Rail 
Land Development Authority (RLDA) with an equi-
ty stake of 50:50 has been formed in form of a joint 
venture by name Indian Railway Station Development 
Corporation Limited (IRSDC) under Companies Act 
1956 on 12 April 2020 which acts as a project develop-
ment agency in order to realize dream of this Railway 
Station Redevelopment Program [3].

A long-term partnership between public and pri-
vate parties so public assets and services provisioning 
could happen with private parties sharing consider-
able risk is known as Public-Private Partnerships. Fea-
tures of PPP form a powerful incentive mechanism. 
Cost savings can be generated over the entire life cycle 
of infrastructural assets. Newly obtained economic 
dynamism due to globalization and liberalization has 
made India consider PPP and redevelop large public 
properties. Such huge volumes of development are 
difficult by public funds alone. Also, Indian Railways 
is considered a nation’s lifeblood, and mantle to car-
ry economy lies on its shoulders. As a part of overall 
strategy, major thrust has been given to PPP to restruc-
ture, enhance and improve railway infrastructure. 
Implementation of such a Public Private Partnership 

will provide a world-class airport-like structure with 
modern state-of-art offerings to passengers at Indian 
railway stations [12].

In light of above background, I decided t conduct a 
study to dig deep into this Railway Station Redevelop-
ment Program in India, PPP model with its offerings 
to consumers, how current issues would be resolved 
and made an attempt to find out customer’s opinion 
and which attributes under this new initiative would 
be important to consumers in enriching their experi-
ence and satisfaction [4].

2. Literature Review
A research study in 2010 evaluated service quality 

provided to passengers by Indian Railways by devel-
oping RAILQUAL instrument based on Rail Trans-
port Quality and SERVQUAL. A study found out 
rail services does not meet passenger’s expectations. 
Overall quality of rail services scored low among sev-
en dimensions of Tangibility, Reliability, Assurance, 
Responsiveness, Empathy, Comfort and Convenience 
under study. It highlighted necessary steps towards 
improving service quality, and comprehensive adjust-
ments to meet passengers’ demand are needed [13].

When quality of services specifically at Indian 
railway stations measured using different attributes, 
results indicated passengers were highly dissatisfied 
by extent of waiting while purchasing tickets, finding 
travel information at concourse or footbridge area, 
and wanted improvements in security provided at 
railway stations. Also, travel-associated facilities like 
ATMs, facilities supporting cashless transactions at 
ticket counters, and amenities provided to passengers 
like refreshment rooms and station furniture were 
ranked high where improvement is needed. Safety 
and security concerns remain highly important since 
ancient times. Noticeable fact is threat perception to-
wards safety and security has increased late. There is a 
strong requisite for Indian Railways to implement an 
effective and efficient security management system. 
Transit service, station, and terminal quality are im-
portant factors influencing traveler behavior and anal-
ysis quality, showing female travelers seeking higher 
value of service quality than male travelers. Also, cus-
tomer satisfaction survey confirmed catchment area 
for a high architectural station is much greater than 
traditional structure [5].

An analysis of causative factors for poor perfor-
mance of railway stations in India with an assessment 
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of largest railway station of Delhi, NDLS addresses ma-
jor issues at stations which affects station productivity 
such as gap exists in use of land resources available for 
infrastructural development which are under-utilized 
as per permissible norms, inadequate hold-up areas 
for crowd management, a large amount of luggage 
carried by passenger and provision of less space at in-
land platforms as compared to side platforms. Also, 
providing public transport services, adequate parking 
facilities, integration, and airspace utilization through 
commercial developments or mix-use development 
based on PPP model is highlighted in study.

Railways and stations play an important role in 
helping communities protect their living environment 
and promote a sustainable lifestyle. Public-private Sec-
tor stations are one type of station that can contribute 
to community improvements. In such a setting, public 
nature of stations can attract customers, and a wide 
range of facilities in such a unique urban environment 
creates an opportunity to buy consumer goods and 
take advantage of services in demand. 

There have been mentions about stations built in 
public-private settings in different countries world-
wide in various studies. On examining design strat-
egy and integrating new facilities into an existing 
system with an illustration of Tokyo Station Rede-
velopment, it found out how redevelopment proj-
ects are transforming railway stations by including 
fashion trends and new ideas into physical settings 
[15]. Apart from being a transportation hub, sta-
tion became a commercial operation for business 
travelers, exchanging ideas and promoting lifestyle 
by incorporating technology and innovation. Study 
also highlights such redeveloped railway stations are 
becoming nerve centers of city. In case of Europe-
an cities, study emphasizes on revamping of railway 
stations along with surroundings. A set of factors fu-
elling these initiatives are there for more than two 
decades. Expansion and up gradation of railway in-
frastructure, privatization of railways, a quest for sus-
tainable development, and increasing attractiveness 
of cities and spatial dynamics of contemporary soci-
ety remains a driving force. Study also puts Europe-
ans’ efforts at par with similar efforts worldwide and 
reviews emerging experiences with Transit-Oriented 
Development. Concerning Netherlands Railways, re-
search study prioritizes on importance of keeping at 
center quality of customers’ train journey including 
railway stations. In-depth analysis reveals presence 

of commercial facilities and hospitals accounted for 
an attractive atmosphere, attracting more passengers 
in a common eating space, where passengers will be 
willing to wait comfortably. Attractiveness of station 
is a most important thing which needs improvement. 
Improving stations will result in an experiential in-
crease in value over time [6].

Impact of Public Private Partnership in developing 
countries, including India, has observed an increase 
in awarding construction and operations of urban 
transport infrastructure and public transport services 
to private companies. results of such a move are very 
positive and benefitting to urban public transport 
bringing in innovation, technical, managerial, de-
veloped and mutual capacity building of public and 
private sectors of country through effective commu-
nication despite delays and mistakes made during de-
velopment of projects and side effects on poor people’s 
health, increasing rate of road accidents and air pollu-
tion levels [7].

Public Private Partnership is an innovative model 
for infrastructure development for Indian transport 
sector with major significance on railways. Govern-
ment of India has off late recognized importance of 
PPP. Several such initiatives have gone to a satisfactory 
level with many transport sector projects and impor-
tance of PPP in driving infrastructure provision in In-
dia. Even though Indian Railways have picked up PPP 
initiatives, it is still lagging in modernizing railway 
stations.

Indian Railways can make better revenue and keep 
up its name and fame by enticing many passengers and 
providing satisfying services. Basic power of realizing 
modernization and productive power lies at breaking 
bond of conventional management and forms a core 
to passenger transport system in improving business 
image, raising quality of service, and strengthening 
functions [8].

3. Research Objective
To study consumer perception towards attributes 

proposed under Railway Ministry of India’s initiative 
in revamping railway stations under PPP model for in-
creasing customer satisfaction and experience.

4. Research Methodology
The above is descriptive research done based on a 

quantitative research approach. Quantitative research 
involves quantification and analysis of variables so 
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results using specific statistical techniques can be ob-
tained. Study is based on a collection of primary data 
through a structured questionnaire. It is confined to 
facilities listed under Railway Ministry’s initiative of 
revamping railway stations in India which fall un-
der ‘A1’ and ‘A’ category.5 point Likert scale ranging 
from very important to highly unimportant has been 
used to put on all items. Theoretical foundation of 
study is based on various secondary sources such as 
news articles, websites, journals, and reports pub-
lished by organizations. This study’s sample unit is a 
person, typically a passenger or a railway customer, 
who visits railway stations and opts for train services 
in India for mobility convenience. All such people 
of similar behavior and fashion form population. A 
sample size of 250 respondents has been drawn from 
population-based on simple random sampling under 
probability sampling techniques. Sampling frame 
here consists of a list of passengers visiting railway 
stations and traveling via train irrespective of class 
of ticket they book for traveling, be it AC, non – AC 
or unreserved general class or gender or age. A pi-
lot study has also been done with 50 respondents to 
make sure respondents understood what questions 
meant and framed correctly before circulating them 
to other respondents and, henceforth, carrying out 
analysis [9].

Exploratory factor analysis is applied for data anal-
ysis as a statistical tool, and Cronbach’s alpha is used 
to measure reliability. SPSS version 22 for analysis and 
MS Excel 2013 for storing responses collected are soft-
ware has been used.

Figure 1 shows human beings’ gender, whether a 
person is a male or a female or others.

Figure 2 shows how human beings travel, i.e., by 
classes like AC Class, AC Sitting Class, Sleeper Class, 
Second Sitting, or unreserved. 

Gender

Figure 1: Gender

Travel Class -

Figure 2: Travel Class

Out of 250 respondents involved in study, gender 
composition consists of 43.2% female participation 
and 56.8% male participation. In terms of class of 
traveling preferred by these respondents, 45.2% prefer 
traveling in AC class, 25.2% in sleeper class, 13.6% in 
AC sitting class – CC/1A, 9.2% in second sitting 6.8% 
is an unreserved general class [10].

5. Data Analysis and Interpretation
Table 1 indicates KMO and Bartlett’s Test. Kai-

ser-Meyer-Olkin Measure of Sampling Adequacy here 
shows study’s appropriateness. A high value of Kai-
ser-Meyer-Olkin, 0.898 in this case, which is greater 
than this case 0.50, indicates factor analysis may be ap-
propriate, and other variables can explain correlations 
between pair of variables.

Table 1
KMO and Bartlett’s Test

Kaiser-Meyer-Olkin Measure of Sampling 
Adequacy. .898

Bartlett’s Test of Sphericity Approx. Chi-Square 3464.822
df 210
Sig. .000

Source: Primary Data

Bartlett’s test of Sphericity shows correlation. It 
tests whether there is a correlation between variables. 
Not all variables, but some variables must be correlat-
ed. A value less than 0.5 is desired as it indicates data 
do not produce an identity matrix. As one can see 
in above table, there exists a significant relationship 
among variables taken for factor analysis as Bartlett’s 
test value is 0.000 [11].

It can be observed four factors have been extract-
ed based on criteria only factors with an eigenvalue 
of one or more than one should be extracted (Ta-
ble  2). Cumulative percentage of Total Variance Ex-



Issue 24. November 2022 | Cardiometry | 839

plained for four factors extracted together accounts 
for 66.601% of total variance of information contained 
in original 21 variables and were able to get four un-
derlying factors from 21 variables, with only 33.399% 
of information content lost. Also, it can be seen from 
Table 3 of Rotated Component Matrix how rotation 
achieves simplicity and enhances interpretability. In 
this analysis, cut-off point is +/- 0.600. Factor 1 is a 

combination of 6 original values with loadings which 
are CCTV (0.806), Screening (0.772), Bomb Detection 
(0.715), ATM and Kiosks (0.708), Sufficient Parking 
Spaces (0.694), and Increased Waiting Rooms (0.646). 
In such a case, Factor 1 could be named as “Security 
& Essential Services.” Similarly, Factor 2 is a combina-
tion of 5 original values of Hotels (0.824), Office Spac-
es (0.818), Shopping Malls (0.777), Helipads (0.721), 
and Restricted Parcel Movements (0.637). In this case, 
Factor 2 could be named “Modern Facilities.” Factor 
3 has three original values, namely Well Illuminated 
Circulating Areas (0.780), Green Buildings (0.741), 
Concourse (0.688), and could be named as “Pro-En-
vironmental Facilities.” Similarly, Factor 4 comprises 
of 3 original values, which are International Signage 
(0.694), Transport Integration (0.648), and Hospitals 
(0.643), and could be named as “Assistance.” [14]

Reliability Statistics is shown in Table 4. Here, Cron-
bach’s Alpha value for all 21 items can be observed to 
be 0.933, which shows excellent consistency as a value 
of 0.7. Anything above is acceptable where more than 
10 items exist. Also, four components extracted by us-
ing factor analysis method show consistency of 0.883 
for component 1, 0.897 for component 2, and 0.790 
for component 3, and 0.771 for component 4 above 
acceptable limit of 0.7.

Table 4
Reliability Statistics

Cronbach’s Alpha
Component 1 .883
Component 2 .897
Component 3 .790
Component 4 .771

All 21 items .933

6. Findings
Exploratory Factor analysis has reduced 21 vari-

ables to 4factors for our study. Four factors influence 
consumer perception towards offerings following rail-
way station redevelopment, which are:

Security and Essential Services 
Variables like fully equipped CCTV cameras, 

personal screening system, and baggage screening 
system, equipment for bomb detection and disposal 
system, provision of facilities at concourse like ATM, 
washrooms, pharmacy, internet, catering services, 
cloakrooms, small retail, kiosks, and other essential 
services, provision for sufficient space for parking, 

Table 2
Total Variance Explained

Component Rotation Sums of Squared Loadings
Total % of Variance Cumulative %

1 4.254 20.258 20.258
2 4.057 19.321 39.578
3
4

2.877
2.861

13.698
13.625

53.277
66.601

Source: Primary Data
Note Extraction Method: Principal Component Analysis

Table 3
Rotated Component Matrixa

Component
1 2 3 4

CCTV .806
Screening .772
Bomb Detection .715
ATM and Kiosks .708
Sufficient Parking Spaces .694
Increased Waiting Rooms .646
Congestion Free Entry and Exit
Segregated Entry and Exit
Hotels .824
Office Spaces .818
Shopping Malls .777
Helipads .721
Restricted Parcel Movement .637
Well Illuminated Circulating Areas .780
Green Buildings .741
Concourse .688
Heritage
International Signage .694
Transport Integration .648
Hospitals .643
Both Side City Integration
Source: Primary Data
Extraction Method: Principal Component Analysis. 
Rotation Method: Varimax with Kaiser Normalization. 
a. Rotation converged in 7 iterations.
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pick up and drop off. An adequate number of waiting 
rooms for all classes of passengers have been clubbed 
together [16].

Modern Facilities
Exclusive hotels for stay, provision for office spac-

es around station, malls for additional facilities like 
shopping, retail stores, hospitality, spa, restaurants, 
food courts, etc., helipads for multi-purpose use, and 
restriction parcel movements across length of plat-
forms come together to form second factor [17].

Pro-Environmental Facilities 
Well-illuminated areas, attractive infrastructure 

with green buildings to promote natural ventilation 
and lighting, and adequate concourse, mostly above 
platforms/lines to avoid overcrowding by passengers, 
are clubbed together.

Assistance
Putting up international signage, which is us-

er-friendly and understood by all passengers’ sections, 
integrates buses, cabs, metro and other modes of pub-
lic or private transports, and provision of hospitals and 
medical facilities in vicinity of railway stations forms 
fourth factor.

7. Discussion
First factor is labelled as Security & Essential Ser-

vices. It emphasizes how security and essential services 
play a major role in influencing customer perception 
towards Indian Railways. Earlier researches have high-
lighted need for security and poor quality of even ba-
sic services at railway stations in India. With this new 
initiative of Indian Railways, partnering with private 
sector solves such major, sought-after problems of se-
curity and services lying for ages. Improvement in se-
curity and provision of essential services is something 
for passengers of all gender. No matter which class 
they travel to, they are looking forward to optimisti-
cally. They agree they are looking forward to having 
a much-increased experience when they visit railway 
station with these improvements. Need for implemen-
tation of a proper security management system has al-
ready been highlighted in previous studies. Passengers 
highly appreciate this step towards bringing in person-
al screenings, baggage screening, CCTV installations, 
and bomb detection. It has rated them as really import-
ant and services, making their experience more conve-
nient like ATMs kiosks, pharmacy, internet and many 
more. Along with it, passengers will not have to worry 
anymore about limited capacity of waiting rooms and 

scare of waiting with luggage at platforms or sitting on 
floors. Rush at pickup & drop-off points and conges-
tion at parking spaces is also under resolution as pri-
vate parties solve such issues and increase customer 
satisfaction towards railway services [18]. Second fac-
tor is labelled as Modern Facilities, as infrastructure at 
railway stations and railways lands nearby are getting 
a huge makeover through providing many modern 
and leisure facilities such as helipads, shopping malls, 
hotels, and office spaces along with restricted parcel 
movement along with platforms. These are something 
which only airline passengers used to experience while 
traveling [23]. However, with this new PPP initiative, 
even railway passengers would witness and experience 
these unimagined facilities. Such modern infrastruc-
tural facilities would even make railway stations, heart 
of city, and even Indian railway infrastructure ready 
to compete with global standards. Many railway sta-
tions in progressive countries worldwide have already 
adapted to, like Japan, France, cities in Australia, and 
many others. Customers are strongly opinionated to-
wards such a change driving their experience and sat-
isfaction in coming future.

It is an appreciative decision of railways and cus-
tomers to focus on and give due weight age to third 
factor [21] Pro-Environmental Facilities, which is very 
much in line with what different companies and sectors 
have started to adopt towards environment. Custom-
ers are an open-heartedly welcoming concept of green 
buildings and adapting to be more nature friendly with 
demand for good natural ventilation and illumination. 
Also, building of adequate concourse will avoid over-
crowding by passengers [22]. All such provisions will 
provide a very pleasant atmosphere and peaceful wait 
at railway stations, which researchers have already 
highlighted. Even this study highlights impact of such 
a step on customer perception [19]. Fourth factor in 
study is labelled as assistance. Consumers have given 
due weight age to this factor since it would add up to 
making their travel journey more hassle-free at railway 
stations. International signage would enable people to 
read instructions and information and interpret it since 
it has multiple language options. Also, integrating all 
modes of transport, be it metro, bus, cabs, etc., will re-
duce mobility issues for railway stations. Hospital and 
medical facilities are a practical approach, keeping in 
view casualties, and emergency could arrive anytime. 
Assistance associates itself with consumer perception 
of making entire journey less panicky and convenient.
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Hence, these four factors play an important role, as 
per consumer perception of having much-enriched ex-
perience and building greater satisfaction; also solving 
issues pertaining with passengers getting highlighted 
from time-to-time in different research studies [20].

8. Conclusion
[24]Indian Railways provides transportation conve-

nience to a massive population in country. Fund restric-
tions have, however, caused a lot of quality, maintenance, 
infrastructural and security issues among passengers. 
A move of Indian Railways of inviting private sector to 
intervene is expected to solve these existing issues to a 
great extent since these private players would be bringing 
many funds for railways and state-of-art offerings to pas-
sengers [25]. This concept of station redevelopment with 
PPP is not new, as we have already witnessed many sta-
tions worldwide built similarly. Hence, already have their 
experiences, how they overcame challenges, and success 
stories. These stations have built their mark as world-class 
railway stations with state-of-art facilities and delightful 
customer experiences [26]. Primary purpose of study is 
to analyze passengers’/customers’ perceptions of these 
offerings, which private parties will provide under India’s 
public-private partnership model. Such a mega initiative 
has already marked its beginning in India with two proj-
ects, namely Habibganj and Gandhinagar railway station 
nearing its completion. Findings clearly show customers 
consider enhanced security &e essential services, modern 
facilities, pro-environmental factors, and assistance to play 
an important role in achieving greater customer satisfac-
tion and enriching experience at railway stations. Hope 
has such a positive outlook both by authorities and pas-
sengers; such transformation will bring grandeur to Rail-
ways and public transport sector shortly.
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Abstract
The advent of advanced digital technologies has already caused 
disruptions across many industries. The financial services sector 
is also collaborating with Fintech to transform digitally. Post- de-
monetization, the Indian government created a favorable envi-
ronment for Fintech. Many new financial products are brought 
in by new start-ups. Fintech has created a paradigm shift in 
availingof Financial Services.
The primarily data-driven capital markets have been positively 
affected by Fintech. However, the technology implementation 
is still at a very nascent stage, and there are impediments and 
challenges along the way.
 This paper studies the application of advanced digital technol-
ogies in Indian capital markets through secondary research. It 
analyses gaps addressed by advanced digital technologies. It 
opens new avenues for potential breakthroughs and the imped-
iments and challenges for implementing the technology. Fintech 
is an abbreviation for financial technology, which offers alterna-
tive technologies for banking and non-banking finance services. 
Fintech is a new term in the finance sector. The primary goal of 
this paper is to examine the opportunities and problems in the 
fintech sector. It describes the fintech industry’s evolution and 
the current financial technology (Fintech) in the Indian finance 
market. Fintech makes transfers safer for consumers by digitizing 
them. The advantages of Fintech platforms include lowering op-
erating costs and a user-friendly interface. Indian Fintech services 
have the maximum growth in the country. Its services will alter 
the habits and behavior of Indian financial institutions.
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1. Introduction
Financial technology or Fintech is the technologi-

cal advancements applied to financial services. It is one 
of the causes of disruption in finance that has changed 
the status quo and has also introduced new revenue 
streams by introducing new financial Wallets, digital 
banking, etc. FinTech has also led to the financial in-
clusion of an untapped population. Financial services 
form a backbone for the economic growth and devel-
opment of a nation. Hence financial services must be 
at the forefront, for which the sector must grow and 
evolve. FinTech has emerged as a way for the growth 
and development of the Financial Services sector. The 
Financial Services is trifurcated into segments as Cap-
ital Markets, Insurance and Non-Banking Finance 
Companies (NBFC’s), and then into further sub-seg-
ments as shown in Figure 1.

Financial Services

Capital 
Markets

Asset 
Management

Broking

Wealth 
Management

Investment 
Banking

NBFCs

Asset 
Finance 

Company 

Investment 
Company

Loan 
Company

Insurance

Life

Non-Life

Figure 1: Scope of Financial Services
(Source: IBEF, Indian Financial Services Report)

This paper focuses on Fintech in capital markets by 
analyzing the current and future trends and develop-
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ments in stock markets by secondary research through 
various sources.

Capital Markets refers to the avenue where capital 
is channeled from the suppliers like Institutional in-
vestors, retail investors to those who need the capital, 
e.g., start-ups, governments, corporations, etc. Capital 
Markets channel equity instrument and Debt Instru-
ment. Equity instruments comprise partial ownership 
of a company in shares traded on stock exchanges, and 
fixed incomes instrument are traded in the debt mar-
ket. The stock and debt market together constitute the 
capital market. 

These markets are a good platform for long-term 
fundraising. A developed capital market from an in-
vestor’s perspective is the one that offers a wide range 
of financial products. Capital Markets play a pivotal 
role in the growth of the economy and the overall fi-
nancial system. In 2019 $2.85 Billion was raised across 
17 IPO’s in India[1]. Figure 2 shows the amounts 
raised by IPO in India.

Figure 2: Amounts raised by IPO’s in India(Source: IBEF, Indian 
Financial Services Report)

2. Objective Of the Paper
This paper studies the application of advanced dig-

ital technologies in the Indian capital markets through 
secondary research. The paper analyses the gaps ad-
dressed by advanced digital technologies, open new 
avenues for a potential breakthrough by these tech-
nologies, and impediments to the effective implemen-
tation of the technology. 

3. Literature Review
This paper culminated in several research papers, 

corporation whitepapers, and other credible sources 
on applying financial technology in stock markets.A 
stock market is an important place for corporate fund-
raising. A paper by [2] shows a dwindling percentage 
of participation in stock markets in the early ’90s. 

However, the earlier adoption of disruptive technol-
ogies had led to an increase in stock market partic-
ipation. However, the number was still not enough. 
With the rapid advancement of mobile technology, in-
ternet penetration, policy support, and infrastructure 
as a backbone, Fintech growth has shown an upward 
growth surge, with several reports such as [3] and 
[4] corroborating with the fact. This growth, howev-
er, has accentuated after the global financial crisis of 
2008. Theenablers of the second wave of FinTech are 
Advanced Digital Technologies such as AI,ML, Block-
chain, Cloud, etc., [5],[6] explains how FinTech can be 
leveraged across different segments. A paper by (Ya-
dav et al., 2018)and a corporation report [7]describe 
the application of advanced digital technologies in 
stock markets. A deep review of how future trading 
may look like by (Verma, 2018) shows the specific ap-
plication areas of advanced digital technologies.

Delving deep into a by-product of immense com-
puting power has led to high-frequency trading [8], 
gaining a competitive advantage. However, the specula-
tion of it being unfair to retail investors is still a topic of 
debate. Artificial Intelligence can provide competitive 
insights and trends from various structured and un-
structured sources. [9] Moreover, [9] shows how ma-
chine learning and artificial intelligence can be lever-
aged to predict stock prices; however, it is still a difficult 
job because of the trend’s stochastic nature. Blockchain 
has emerged as a very promising technology. A white-
paper by [10] in ‘Blockchain in Capital Markets’ ex-
plains how blockchain can be leveragedstrategically by 
capital market players. However, it also comes with its 
own set of challenges, as explained by [11]. Cloud com-
puting is also one of the disruptive technologies. [12], 
[13] explains how the cloud can be leveraged by cap-
ital market players and factors for its increased usage. 
[14] explains the challenges concerning cloud deploy-
ment. RegTech, although considered different from 
Fintech, is also aproduct of technological advance-
ment.[3] explains the difference between both Fintech 
and RegTech, along with the factors leading to its rise.
RegTech can help players immensely by bringing down 
compliance costs [15]. A Deloitte analysis [16] explains 
the various applications in the RegTech segment. 

4. Research Methodology
This paper analyses application of advanced digi-

tal technologies in the Indian capital markets through 
academic research journals, scholarly professional ar-
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ticles, technical forums, and other respected sources 
on the Internet.

4.1. Fintech Wave 1
In the early ’90s, the Indian capital market was 

very underdeveloped with obsolete procedures, lack of 
transparency in procedures, inappropriate use of cli-
ent money/funds, lower participation in capital mar-
kets, etc. The stock exchanges in India, like NSE and 
BSE, gave impetus to the paradigm shift in how the 
markets function with the first wave of Fintech solu-
tions, such as electronic trading, dematerialization, 
transparent procedures, and nationwide telecommu-
nication network, assured settlements, etc. In the ab-
sence of a telecommunication network, NSE had setup 
its satellite-based communication network to augment 
the accessibility of capital markets across several cities 
in the country. Trading terminals eliminated the need 
for a relay network comprising of series of sub-bro-
kers, finally leading to the main broker in Mumbai.

Other initiatives such as dematerialization of equi-
ties, faster settlement, surveillance system, real-time 
risk management, strict implementation of rules and 
regulations, compliance for enhanced investor pro-
tection, and redressal mechanism re-oriented the face 
of Indian capital markets. Due to the significant ex-
pansion of infrastructure and capacity, India has more 
than 2.5 Lakh exchange terminals present across about 
2400 cities/towns/villages[2]. There is the direct par-
ticipation of more than 2.5 crore investors in the capi-
tal markets. Over the last three years,there is a further 
addition of 50 Lakhs new investors [2]. About 25% of 
the trading activities are done through the Internet 
and mobile phones. 

However, let us compare the participation of 
the total population in capital markets. It is roughly 
around 2-3%, of which only a fraction of participants 
are active, indicating very shallow participation[2]. 
Only around 2% of Indian household savings go into 
equities. Even today, many financial products are in-
accessible to a major sizeable portion of the total pop-
ulation. These numbers indicate a very poor financial 
inclusion in capital markets.

4.2.FinTech Wave 2
Given the current spread and penetration of broad-

band Internet and smartphones, it has provided a sig-
nificant opportunity to participate in capital markets. 
Due to the burgeoning size of the capital markets, it 

is imperative to have technology deployment for effi-
ciency and transparency.

The suite of advanced technologies like Artificial 
Intelligence, Machine Learning, Blockchain, Cloud, 
etc., can help accelerate growth in the capital markets. 
The Capital markets also need to become truly agile. 
They need to design their business and technical ar-
chitectures to evolve toward new business and orga-
nizational models constantly. Currently, the capital 
markets players invest heavily in maintaining legacy 
IT systems for regulation compliance.

A change to the core process by redefining it very 
essential for technology deployment. A simple tech-
nological replication is not enough to create value out 
of technological deployments. The rapid advancement 
in technology has led to innovations in Fintech, which 
has opened new avenues for effective wealth manage-
ment. Technology has also enabled discount broker-
age, making trading available for even the uninitiated.

4.2.1. High-Frequency Trading (HFT)
In High-Frequency trading, powerful computers 

perform millions of transactions at extremely high 
speeds. In the equity markets, the rates of many asset 
classes such as equity, futures, options, etc., change on 
second basic or even faster depending on various factors 
affecting the market sentiment, which can be leveraged 
by detecting pricing inefficiencies arbitrage. HFT uses 
complex algorithms to analyze spot market prices and 
future trends in prices. Several variables across Curren-
cy and commodity markets, macro-economic indica-
tors, and market news can be clubbed to form an effec-
tive trade strategy. Equity transactions, for instance, are 
aiming at a sub-millisecond transaction window. The 
service request from a trading application to stock ex-
change and back be executed in milliseconds. One way 
of also doing this through the co-location of servers.

Co-location of servers can execute much fast-
er tradesthrough smart order routing applications 
which can select a route to the stock exchange with 
the highest probability of execution. As the technolo-
gy spreads, high-frequency trading will move beyond 
equity markets to other asset classes such as Futures 
and Options, Foreign exchange. This technological 
deployment eventually has a setback as critiques spec-
ulate whether this would provide an undue advantage 
to a few players makingit unfair for retail investors. 

HFT constitutes Algorithmic trading which has 
volumes is increasing in India. Currently, around 50% 
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of trading in NSE is contributed through Algorithmic 
trading[17]. The contribution through algorithmic 
trading is relatively lower compared to other countries. 
However, the trend is expected to rise as the required 
infrastructure will be nascent to an intermediate stage.

4.2.2.Artificial Intelligence and Machine 
Learning

Artificial Intelligence (AI), a modern-day technol-
ogy in synergy with immense computing power, can 
produce a paradigm shift in how trading strategies are 
made. AI & ML can identify patterns from a huge pool 
of data to a human eye that may appear incomprehen-
sible. AI & ML algorithms can process millions of data 
points to carve sense out of chaos. These technologies 
are capable of processing structured data and un-
structured data sets such as news feeds, social media, 
geospatial data, etc., to make strategic decisions with 
proper timing to enter the trade. These can also be de-
ployed to tackle risks through risk management solu-
tions by detecting anomalies in processes, reports, etc. 
Other applications include management of adminis-
trative tasks by automation of key activities, automat-
ed report generation, chatbots, and voice assistance, 
hence reducing humans’ manual intervention.

AI also finds its application in KYC compliance 
by remotely checking theoriginality of documents by 
checking through multiple publicly accessible docu-
ments, which is a time-consuming cumbersome pro-
cess by current traditional means. Many hedge funds 
have already deployed such technologies to gain a 
competitive advantage.

4.3. Blockchain
Blockchain, a decentralized, immutable ledger, can 

have several applications across the capital markets. 
The capital markets are all set to be disrupted using 
blockchain with advantages such as decentralized 
storage and data immutability. Blockchain is poised 
to remove intermediaries and mediators due to its de-
centralized nature allowing for faster peer review of 
transactions. 

In the capital markets context, the adoption of 
blockchain can have a profound impact by reducing 
or eliminating the role of intermediaries such as bro-
kers, traders, regulators hence reducing transaction 
cost, faster clearings, and settlement, ledger consolida-
tion, detailed and precise and accurate history of asset 
movement which can enhance operational efficiency. 

Usually, the equity transactions take 3+ days to settle, 
which can be further reduced to a very low settlement 
time of minutes. Since transaction confirmation is 
done on everyone’s network, this would eliminate the 
need for an additional transaction verification layer.

Blockchain maintains an immutable record that 
can be instrumental in the audit trail for good gov-
ernance and compliance. The ownership of assets can 
be bundled with the volume of equity instrument with 
corresponding prices. The timing of trade of each 
transaction can be recorded perpetually. Blockchain 
provides a digital identity to an individual or a corpo-
rate entity over the network hence reducing the efforts 
for KYC. Blockchain can also have applications in the 
surveillance of markets by incorporating inbuilt char-
acteristics to track and reporting illegitimate attempts 
to modify network attributes. All these advantages can 
lead to advantages such as lowering transaction costs 
and enhanced liquidity in the market.

However, the new technology also comes with 
its own set of challenges, such as legal and regulato-
ry challenges; the capital markets are skeptical about 
promised returns. Its decentralized nature would lead 
to new safety standards at a decentralized level and 
raises concerns about scalability. However, blockchain 
can disrupt Capital Markets, and blockchain is a more 
economical platformthat can bring value to its inves-
tors.

4.4. Cloud Computing
Cloud computing is the remote hosting of servers 

on the Internet to process, store, and manage data. 
Cloud computing has several advantages: scalability, 
flexibility, data security, mobility, cost reduction on 
maintenance, efficiency, etc. Due to these advantages, 
cloud computing is the “new normal” for deploying 
IT infrastructure, especially for start-ups who are cap-
ital-constrained in investing in expensive standalone 
IT systems. 

In Capital Markets, cloud computing can bring 
immense value to the financial institution through 
quick scalability due to data’s exploding size. Acces-
sibility of cloud computing can make trading acces-
sible to everyone, everywhere. Services and products 
from capital markets can be effectively deployed using 
the SaaS model. With immense computing power and 
data storage capability in the cloud, big data and re-
al-time analytics will serve as an important platform 
for knowledge, insights for decision making, and in-
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vestment strategies, hence gaining a competitive ad-
vantage. Financial Institutions can deploy cloud solu-
tions at a fraction of standalone IT systems costs and 
reduce heavily on the maintenance cost of IT assets.

However, the financial institutions in the capital 
markets currently invest heavily in the legacy IT sys-
tems primarily due to unfamiliar technology, no focus 
areas for immediate deployment, security concerns, 
interoperability, portability, etc., making legacy tech-
nology an impediment to newer technology. Second-
ly,the IT landscape is not regulation-compliant and 
comes with a large redundancy. Despite the challeng-
es faced, strategic readiness is very imperative in an 
era of intense competition. Cloud computing is the 
fundamental foundation that makes it truly agile to 
gain a competitive edge; hence among all the available 
technologies, investors have a great appetite for cloud 
technology.

4 .5. RegTech
RegTech, an amalgamation of the terms “Regulato-

ry” and “Technology,” is applying technology in finan-
cial services to streamline and improve the efficiency 
of the regulatory process. After the 2008 Global Finan-
cial Crisis, there was a surge in the fragmented devel-
opment in FinTech due to the entry of many entrants in 
Fintech space from IT firms, e-commerce companies, 
etc. Earlier, regulators’ focus was only on Traditional 
Financial institutions. However, due to Fragmented 
development in the Fintech space, it caught the at-
tention of regulators, which warranted new complex 
regulation to maintain the financial system’s integrity 
avoid another instance of the global financial crisis of 
2008, which led to the development of RegTech space 
separately and parallelly. Currently, RegTech is used 
by both the Regulator and the Regulated bodies to 
manage the cumbersome compliance process.

RegTech provides solutions in Regulatory Report-
ing, Risk Management, Identity Management & Con-
trol, Compliance, and Transaction Monitoring. The 
enabling technologies consist of Cloud Computing, 
Blockchain, Machine Learning, Big Data, Data Mining 
and Analytics, Smart contracts, etc. There are around 
600 firms worldwide that provide RegTech solutions 
using open Application Programming Interface (APIs) 
and SaaS models.

These technology enablers of RegTech can bring 
down the compliance cost, which has amounted to close 
to $375 [16] billion globally. RegTech in the securities 

market context is used for several purposes. One such 
purpose is the Surveillance and Monitoring of traders, 
registered representatives, customers, and employees. 
The tools aim to move beyond rule-based systems to 
predictive systems using past data sets to find suspi-
cious patterns in data warranting escalation. RegTech 
tools can also provide capabilities to link multiple data 
sources such as structured and unstructured data such 
as e-mails, voice recordings, etc., to detect anomalies. 
Another use of RegTech is in KYC for the legitimate 
conduct of Financial markets to avoid Money Laun-
dering, terrorist funding, etc. Regulatory Intelligence 
tools can focus on identifying the changes in regulation 
across multiple jurisdictions to perform compliance 
operations effectively. RegTech tools can also be used 
for reporting risk indices and metrics through risk data 
aggregation and regulatory reporting.

RegTech provides organizations effective Risk 
Management, Automation of regulatory compliance 
bringing in effectiveness and efficiency in regulatory 
procedures, which is eventually incentivized in lower 
compliance costs, leading to its increased usage. The 
Indian RegTech space has grown fivefold from $7.26 
million in 2018 to $43.5 million in 2019 [18]. Owing 
to the fast pace of developments, the RegTech Mar-
ket is poised to grow at 25.4% CAGR [18]. However, it 
comes with its own set of challenges, such as Custom-
er Data Privacy. Many RegTech tools are outsourced 
from third-party vendors, interoperability, personnel 
training, cybersecurity, data-related risks, etc. These 
gaps can be used to evaluate the RegTech tools for de-
ployment to bring value to the organization.

5. Conclusion
Currently, Indian capital markets are at a critical 

juncture of transformation where new technologies 
are shaping the business’s future. To take maximum 
value out of technological deployments, the players 
involved in capital markets must redefine the business 
models. Firms also need to become agile so that they 
can incorporate new developments strategically and 
effectively. It would be interesting to see how these 
transformation turns out to be as the transformation is 
still in a nascent stage. On the other hand, new devel-
opment also draws the attention of market watchdogs 
to protect consumer interest by regulating it. Howev-
er, the regulators also need to strike a perfect balance. 
The ecosystem is not too liberal or too regulated to 
hamper its growth and development.
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Collaboration is the need for providing a good eco-
system for the financial market participants to function 
in synergy.According to this report’s findings, the Fin-
tech sector is changing India’s financial services, and 
India has the world’s fastest-growing fintech industry. 
According to NASSCOM, the Indian fintech app in-
dustry is expected to reach USD 2.4 billion by 2020, 
up from USD 1.2 billion. The traditionally cash-driven 
Indian economy has reacted favorably to the fintech 
opportunity, fueled primarily by an increase in e-com-
merce and smartphone penetration. The transaction 
volume for the Indian fintech industry is projected to 
be around USD 33 billion in 2016. It is expected to hit 
USD 73 billion in 2020, rising at a CAGR of 22% over 
the next five years.
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Abstract
With the recent pandemic due to COVID-19 and several oth-
er uncertain events (due to human error or natural disaster), 
designing and implementation of Business Continuity Plan 
(BCP) has become a vital part of any organization. The or-
ganizations must prepare in advance and identify all possible 
uncertain events which may cause hindrance in their services. 
They must also access the consequences due to such events, 
which helps them devise such a plan that their operations 
do not pause even in such a disaster. This research explores 
the possibilities and finds a standard set of steps that must 
be taken care of while designing, testing, and implementing 
BCP. In this research paper, a systematic literature review has 
been performed on a previous research paper in the area of 
Business Continuity Plan to explore various options that an 
organization may adopt during a disaster. The studies were 
of moderate quality and had a low chance of being skewed 
by publishing prejudice. Subgroup analyses were not possible 
due to the heterogeneity of outcome tests, follow-up dura-
tions, and research forms. The new research should be used 
to help create and evaluate executive training strategies that 
facilitate long-term adaptive coping with PSP and reduce PT-
SIs. The aim of this systematic review and metanalysis is to 
assess PSP coping effects over time. The number of patients 
born with congenital heart disease need to be monitored for 
the rest of their lives. Discontinuity of treatment, on the other 
hand, is a well-known issue that tends to be worsening at the 
time of transition to adulthood.
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1. Background
In today’s world, Information Technology (IT) has 

become the backbone of all industries. Every domain, 
may it be manufacturing, banking, insurance, health-
care, or aerospace, all need IT to support their vital 
functions. Many IT organizations provide support and 
services to such organizations. Also, the better the IT 
infrastructure of an organization is, the better the ser-
vices it provides to its customers. If something goes 
wrong with the IT system, it can cause a major dis-
turbance in business operations. Thus, recovering as 
quickly as possible from any type of disruptions is very 
important for businesses’ survival.

Recently, due to the COVID-19 pandemic, many 
organizations faced business disruption. They suffered 
huge losses, and some even got bankrupted. However, 
many organizations were well prepared in advance to 
deal with such uncertain events. They had an effec-
tive Business Continuity Plan (BCP) that helped them 
tackle this business disruption due to COVID-19 suc-
cessfully. Business Continuity Plan (BCP) is a method 
or process by which any organization prepares to deal 
with any uncertainties that may occur due to human 
error, system failures, cyber-attacks, or natural calam-
ity. BCP is designed to protect the assets, information, 
and personnel during and after the time of disaster.

An IT organization is a combination of people, 
software, policies, infrastructure, and many other 
things. So, designing an effective BCP for an IT or-
ganization is a complex task. BCP must ensure high 
availability, planned backup, recovery systems, and 
safety measures for employees. Also, it should ad-
dress the integrity and security of the organization. 
Most importantly, an effective BCP should not miss 
any area and must include a safety plan for all possi-
ble areas, including human assets, physical assets, and 
technological assets. The best way to ensure all these is 
to have a Business Continuity Management team who 
can plan and implement it.
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Since there is no straightforward legislation that 
mandates organizations to have a BCP moreover, it 
is also seen that sometimes few organizations have a 
BCP that compromises the employees’ interests. Many 
well-settled organizations also ignore the need for 
BCP. On the other hand, many IT organizations in 
developing countries fall in areas prone to natural di-
sasters. They have not yet formulated or implemented 
BCP. Hence, to address these problems, this research 
paper aims to systematically review the available lit-
erature and uncover some initial findings in the Busi-
ness Continuity plan for IT organizations, which will 
also help us to develop a Roadmap to be followed by 
every IT organization in order to plan, test and imple-
ment the BCP fully. Additionally, this will help IT or-
ganizations identify the most critical areas to focus on 
during designing BCP. This paper targets IT organiza-
tions and addresses the IT department’s BCP planning 
questions of manufacturing, retail, healthcare, bank-
ing, and other sectors. So, in order to address these 
problems following important research questions are 
prepared:

I. How important is a Business Continuity plan for 
an IT Organization?

II. What are the various stages and most import-
ant areas to be considered while designing a Business 
Continuity plan?

The rest of this research paper’s structure is: Sec-
tion 2 describes the detailed methodology that is fol-
lowed to select the primary studies for analysis. It also 
contains a meta-analysis of the primary papers. Sec-
tion 3 consists of important findings from the anal-
ysis of selected papers. Section 4 contains answers to 
the research questions. This answer is prepared after 
carefully analyzing the findings from previous papers. 
Finally, the conclusions and recommendations for de-
signing an “effective BCP” for IT organizations are in-
cluded in Section 5.

2. Research Methodology
The established method of a systematic literature 

review (SLR) was followed according to Kitchen ham 
and Charters’ guidance in his paper to find answers to 
the research questions. Also, previous research papers 
were identified, selected, and reviewed to achieve the 
research goals. Initially, primary studies were selected 
from the Scopus database. The filtering of those stud-
ies was done according to formulated inclusion and 
exclusion criteria. An in-depth study of that paper was 

done to find answers to the framed research questions 
and conclude the research.

2.1. Selection of primary studies
Since the Scopus database provides easy availabil-

ity of research papers and enables researchers to de-
clare their research, including proper accreditation, 
the Scopus database was chosen as a database for the 
Systematic Literature Review of this paper. In the Sco-
pus database, keywords were passed to identify pri-
mary studies related to this research field. These key-
words were selected in such a way that they can give 
research results that would assist in finding answers to 
the framed research questions. Since many things have 
changed in the last ten years regarding the technology 
used in the IT industry with the emergence of cloud, 
big data, the Internet of things, etc., most papers that 
were selected belonged to 2010-2020. The advance 
string used for the search was:

TITLE-ABS-KEY (“Business” AND “Continuity” 
AND “Plan” AND “Disaster” AND “Recovery”)

This search was run against title, abstract, or key-
words. This search was performed on 20th June 2020. 
Then filtering of the results was done as per the inclu-
sion and exclusion criteria mentioned in section 2.2. 
After this, short listing of relevant papers was done for 
further consideration.

2.2. Inclusion and Exclusion Criteria - 
Filtering the search results

Studies and research work that can be included in 
SLR contained empirical findings and related work to 
BCP. Moreover, to meet this paper’s aim of analyzing 
the previous research work, books, short surveys, and 
trade journals were excluded from the search criteria. 
To find relevant papers, we filtered the search results 
by excluding on the following basis:

Language: Non-English
Source type: Book, Trade Journal, Book Series, Un-

defined
Document type: Review, Book Chapter, Short Sur-

vey, Book
This filtering was performed with the options avail-

able on the Scopus website. The resulting advanced 
query after this filtering was:

TITLE-ABS-KEY(“Business” AND “Continuity” 
AND “Plan” AND “Disaster” AND “Recovery”) AND 
( EXCLUDE ( DOCTYPE,”ch” ) OR EXCLUDE ( DOC-
TYPE,”re” ) OR EXCLUDE ( DOCTYPE,”sh” ) OR 
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EXCLUDE ( DOCTYPE,”bk” ) ) AND ( EXCLUDE ( 
LANGUAGE, “Portuguese” ) OR EXCLUDE ( LAN-
GUAGE,”German” ) OR EXCLUDE ( LANGUAGE, 
“Japanese” ) ) AND ( EXCLUDE ( SRCTYPE, “k” ) OR 
EXCLUDE ( SRCTYPE, “d” ) OR EXCLUDE ( SRC-
TYPE, “Undefined” ) )

2.3. Selection results
After the initial search based on title, abstract, or 

keywords in the Scopus database, 176 results were 
found. This number was reduced to 173 after exclud-
ing duplicate results. Further, after applying filters for 
exclusion criteria, this number was reduced to 124. 
Then 43 papers were selected based on Title and Ab-
stract. These 43 papers were read in full, and then 25 
papers (P1 to P25) were selected based on full text. 
This whole process is depicted in Figure 1.

2.4. Data extraction and Interpretation
To collect numeric data from primary studies, a 

meta-analysis on the collected papers was performed. 

Figure 1 shows the number of research works selected 
at every stage of the process and the paper’s attrition 
from the initial search based on keywords.

2.5. Research works overtime
Uncertainties due to human error, system failures, 

cyber-attacks, or natural calamities can strike an or-
ganization at any point in time. Hence organizations 
need to keep themselves prepared to deal with such 
situations. Researchers understood this, and research 
related to BCP started in the 1980s. Every year some 
researchers add or modify something to the strategies 
adopted for any organization’s preparedness to deal 
with uncertainties. Also, such researches are expected 
to increase after the recent COVID-19 pandemic, for 
which many organizations were unprepared. For dis-
playing an overlay visualization of keywords related to 
BCP and the corresponding year of publication, VOS 
viewer (Eck & Walt man, 2010) was used. The resul-
tant relation between publication year and keywords 
is displayed in Figure 2. This diagram shows the key-

Figure 1: Attrition of papers through processing

Figure 2: Overlay visualization concerning keywords and publication over time
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words and corresponding year of the publication year 
of the paper in which it was used. It is observed that 
papers related to disaster recovery increased in 2010, 
because many businesses stopped functioning. Some 
were bankrupted due to the 2008 recession. So, after 
that, there was regular research happening in the area 
of BCP.

2.6. Keywords count
A meta-analysis based on keywords was performed 

on the title and abstract of the 25 selected papers to 
outline common themes among all selected prima-
ry studies. Table 1 depicts the number of occurrenc-
es and the total link strength of the most frequently 
used keywords in the primary studies. The total link 
strength indicates co-occurrences of keywords con-
cerning other keywords (Eck & Waltman, 2011). It can 
be seen from the table that the greatest number of the 
occurrences are for keywords – “business continuity 
plans,” “disaster recovery,” “and business continuity,” 
which shows that BCP is the central topic of the se-
lected papers. Additionally, BCP keywords like risk 
analysis, risk assessment, and risk management also 
occurred often, which shows that risk management is 
an important part while designing BCP.

Figure 3 is a representation of the distribution de-
pendent on keyword element number, utilizing VOS 
viewer. In this form of representation, the greater the 
overall link intensity of a keyword, the brighter the 
point color representing the keyword, and the lighter 

the paint color of the keyword, the smaller the con-
nection strength (Eck & Waltman, 2011) is described.

3. Findings
From the paper’s data extraction and meta-analysis, 

it is clear that all the selected papers revolved around 
the common theme of “Business Continuity Plan.” 
So, all the primary research paper was read, and the 
appropriate data was collected. There is a significant 
growth in the electronic data of today’s world. A huge 
number of data storage units are required to hold a 
vast quantity of data. Since it comes at a high expense, 
most businesses typically tend to hold vast private data 

Figure 3: Density visualization based on item density of keyword

Table 1
Occurrences of keywords in title and abstracts and correspond-
ing total link strength

Keywords Occurrences Total link 
strength

business continuity plans 9 44
Disasters 10 44
disaster recovery 13 40
Recovery 10 40
business continuity 10 31
disaster recovery plan 6 30
risk analysis 4 24
risk assessment 4 22
disaster recovery planning 4 18
Disaster prevention 4 15
Risk management 4 15
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volumes in the cloud [2]. Maximum papers also fo-
cused on a “Cloud-based model” for data storage, re-
trieval, and usage for IT organizations. However, even 
a cloud-based model can be prone to disaster. Table 2 
shows various kinds of human error or human-made 
or natural disasters behind outrages caused to enter-
prises [3].

Table 2
Different human-made or natural disasters

Causes for Disaster Percentage Contribution
Failure due to Hardware causes 61%
Power-Cut 41%
Software errors 35%
Corrupt Data 25%
Backup power Failure 21%
User Error 16%
Breach in Security 15%
Fault of Service Provider 14%
Physical Security 10%
Staff Sabotage 8%
Nature-born Disaster 7%
Others 2%
Unknown-reasons 1%

These disasters can result in various risks that must 
be managed for every organization to deal with uncer-
tain events. The overall Business impact of these disas-
ters can be measured by referring to overall enterprise 
risk and managing them independently. There exist 

different components of the enterprise risk universe 
[4] that must be managed. The classification of this is 
represented in Figure 4 [5].

Risk linked to Information Systems (IS) manage-
ment and/or information technology (IT) has a differ-
ent function within each enterprise [4]. IS/IT systems 
deal with data and information management that is 
very critical to any organization. Hence, managing IT 
risk reduces the probability of IS / IT vulnerability − 
poor quality information [4]. Proper management of 
IT risks can help the overall organization during a di-
saster. Based on the two research questions identified 
in the previous section of this research paper, each pa-
per’s focus was categorized. Some important findings 
related to the design and implementations of BCP are 
mentioned in the next paragraph.

Since maximum transactions are done online in to-
day’s world, it is also very important to have a backup. 
According to a study [6], if 85% of all the transactions 
are performed electronically or in digital mode, it will 
help the healthcare industry save around $4.7 billion 
per year. Imagine a situation if the IT team does not 
have a proper storage and monitoring system for these 
records, which may result in a heavy loss for such or-
ganizations. Even not having the backup for these re-
cords could result in heavy losses. An integrated BCP 
and DRP model address decision problems at all lev-
els of management [7]. Selecting a backup strategy to 
minimize the losses due to the failure of the applica-
tion system using expert choice software may be done 

Figure 4: Types of enterprise risk
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to identify all possible risks and minimize their im-
pact [8]. Risk Analysis should be done of the entire 
area and business processes within a company, based 
on ISO 27002:2005, followed by risk assessment and 
risk mitigation [9]. Using ISO 22301:2012 standard, 
implementing BCP in any organization can be done, 
which focuses on the plan-do-check-act method for 
designing and implementing BCP [10]. 

Developing procedures for restoring systems, cre-
ating maintenance schedules, analyzing IT services, 
and devising IT disaster identification and notifica-
tion are some of the most important BCP tasks [11]. 
A case study performed by Mon Heng Goh [12] on 
developing suitable BCP for Standard Chartered Bank 
helps us to know that special BCP software is available 
for organizations. Standard Chartered Bank purchas-
es similar BCP software to assist in developing BCP 
plans [12]. The bank trains its employees to use this 
software to be properly utilized for the resumption of 
critical services during the disaster. Similar software 
may be purchased by IT organizations that can help IT 
organizations to be ready to face any challenge occur-
ring due to human-made or natural disasters. Also, an 
enterprise must ensure protocol for its BCP. The step-
by-step process can be devised into eight core steps 
[13], which are:

Step 1. Initiating the Business Continuity Planning 
project

Step 2. Identifying the threats for business
Step 3. Conducting Risk-analysis
Step 4. Establishing the BCP and the Recovery 

team
Step 5. Designing the business continuity and re-

covery plan
Step 6. Defining the process for business continuity 

and recovery
Step 7. Testing the designed continuity and recov-

ery plan
Step 8. Reviewing the recovery plan
These steps must be performed in the cycle to en-

sure a speedy and robust recovery of operations after 
the disaster. It must also be ensured that the recovery 
plan should cover all units and departments of the 
business. A simple example can be in a human re-
source context [14], where business continuity man-
agement system can use vulnerability data for employ-
ee screening, which may cover the ability of individual 
staff to respond to challenges that occur during and af-
ter the time of the disaster [30], which ensures the or-

ganization to identify the most suitable staffs that may 
play a key role during the time of disaster. It is also im-
portant to determine Recovery Time Objective (RTO) 
and Recovery Point Objectives (RPO) for every crit-
ical resource. RTO helps the organization determine 
the maximum time that a firm can survive without 
critical resources, which plays an important part while 
devising the recovery plan. RPO helps determine the 
quantity of data that an enterprise can recreate once it 
is lost, which plays a major part while planning regular 
data backups for critical information. 

Every activity in any organization has some budget 
associated with it. Cost is an important parameter that 
must be taken care of while choosing an optimal BCP 
[15]. A proper and effective disaster recovery manage-
ment system can help save much money and secure 
the future of any organization [16].

According to Mahendra Sagara Fernando [16], the 
process in designing and implementing BCP should 
consist of these mandatory steps:

Step 1. Identification of key assumptions during 
the crisis period

Step 2. Deployment of steps to mitigate the effects 
of the hazard

Step 3. Declaration of techniques for controls and 
monitoring mechanisms during the disaster

Step 4. Identification and defining critical operat-
ing procedures for the organization

Step 5. Defining the recovery/restoration ap-
proaches for service delivery

These are the important steps that help the orga-
nization understand its critical processes that must be 
taken care of to deal with uncertainties [31].

4. Discussion
A substantial number of papers were retrieved from 

the Scopus database from the initial search results based 
on title, abstract, and keywords. The research on BCP 
in IT organizations started in the late 1980s when many 
organizations and researchers felt the need to plan a 
backup option for an emergency [32]. Many IT organi-
zations set up in cities prone to hurricanes, floods, and 
earthquakes started working on Disaster recovery plans 
to minimize the loss and resuming services as quickly 
as possible after a disaster, which increased the number 
of studies in this field [33]. 

After the recent COVID-19 pandemic, it is expect-
ed that the number of studies will increase in the field 
of BCP. Many organizations that did not focus much 
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on BCP realized its importance. They included this 
plan in their top priority list after disasters [34]. Fig-
ure 5 shows the work done in the “Business Continuity 
Plan” in the last ten years. The data for these figures 
were obtained from the Scopus database.
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Figure 5: Research work is done in the last ten years

Many of the selected papers focused on the lack of 
awareness among the top management for BCP [17], 
which resulted in very less or no budget for designing, 
planning, and implementing BCP in the initial phase. 
However, it was observed that after suffering service 
interruptions and closure because of human error, ar-
tificial or natural disaster, they realized their mistakes, 
and BCP was moved to top priority in many organiza-
tions [35]. 

This paper addresses the two research questions:
4.1. Research Question1: How important is a 

Business Continuity plan for an IT Organization?
Any firm’s primary objective is to earn a profit, 

which is achieved by providing better goods and ser-
vices to clients, ensuring that there should not be any 
gaps or hindrance in any organization’s functioning. 
This organization should ensure that they must have 
a business continuity plan that keeps the organization 
ready to perform its operations even during a disas-
ter, which the Business Continuity plan ensures [36]. 
Let us take a particular type of organization and study 
the importance of a Business continuity plan. The key 
business of many IT organizations is to provide sup-
port and services to enterprises of all domains. Devel-
opment and maintenance of applications used world-
wide are taken care of either by the IT department of 
the respective company or by any IT organization pro-
viding similar services [18]. In case of emergency, if 
the IT infrastructure goes down for any enterprise, the 
functioning of the entire business is either affected or 
terminated. Practically the entire business functions 
remain suspended until systems are restored [19]. 

Nowadays, businesses earn millions while operating 
24*365 by their services. Disruption of services even 
for a minute can cost them a huge loss. Thus, orga-
nizations should plan to deal with such disruptions. 
Having a business continuity plan helps organizations 
mitigate the risks of these unforeseen events [1]. Ac-
cording to S Maitra, M Shankar, and PK Mudholkar 
[19], BCP is not just planning. However, it can mean 
success or failure for Businesses. It is observed that 
many organizations get bankrupted after certain cy-
ber-attacks, human error, or disaster because they do 
not keep any backup plan. So, after the attack, they 
practically have nothing or very little left for continu-
ing their operations [37]. As a result, they lose most of 
their clients, which causes heavy losses and may lead 
to business closure. So, having a BCP in place should 
be the topmost priority of the management of enter-
prises. It should also be taken care that the BCP plan 
must be looked upon by someone in senior manage-
ment. The CIO must implement the RACI (Respon-
sible, Accountable, Consulted, and Informed) model 
[20]. He must take the lead in framing and practicing 
BCP to strongly ensure the organization’s capability 
to react to any attack or disaster. The organization’s 
pro-activeness for having a BCP helps to save much 
capital, such as operation downtime losses, operation 
recovery cost, organization reputation, etc. [21].

Nowadays, according to many governments world-
wide, BCP planning should be an integral part while 
company set-up. For example, according to Sarbanes–
Oxley Act, the firms’ directors and officers are held 
responsible for control failures in their organization 
(Peterson, 2009) [22]. It is a law in US financial firms. 
It is followed by all financial institutions doing busi-
ness in the United States of America. It is becoming 
very important for business partners and directors to 
ensure having a BCP in place [29].

4.2. Research Question 2: What are the various 
stages and most important areas to be considered 
while designing a Business Continuity plan?

According to Edward Tijan, Sedo Kos, and Dario 
Ogrizovic [23], a BCP should include three important 
measures:

a. Preventive Measures
b. Detective Measures
c. Corrective Measures
Preventive measures are included in a BCP to avoid 

disruptions in services due to unwanted events. These 
are useful for preparedness to either prevent or deal 
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with the disaster [38]. For IT organizations, these may 
include antivirus software, database backup, intrusion 
detection, and prevention system, sprinklers to avoid 
fire, fences for physical security, password-based login 
systems, earthquake-resistant offices, etc [28]

Detective Measures help to know the cause behind 
the un wanted activity. So that organization can ei-
ther respond properly or include controls to deal with 
them. These include fire detection system, CCTV sys-
tems, logs for detecting person or software behind cy-
ber-attack, antivirus software, etc [27].

Corrective measures must be included in BCP that 
help the organization restore its services. The best cor-
rective measure for an IT organization has a dedicated 
backup facility. High availability services, work from 
home facilities, a dedicated team for cyber and phys-
ical security that may respond appropriately after any 
unwanted event, etc [26]. 

Additionally, four cyclic processes must be done 
while designing a business continuity management 
system according to Federal Financial Institutions Ex-
amination Council (FFIEC) (FFIEC Press Releases - 
2015, n.d):

a. Business Impact Analysis
b. Risk Assessment
c. Risk Management
d. Risk Monitoring and testing
These four processes must be performed periodi-

cally to know the risk associated with a business and 
its impact [39]. The business impact analysis is a very 
important part of the entire planning process that 
must determine the requirements in terms of capital, 
resources, tools and technologies for BCP, target re-
covery time for enterprise, relevant data required for 
continuity plan, existing plan for disaster recovery and 
likely points of failures, etc., (Karakasidis, 1997) [24]. 
The risks with more impact are identified first, and 

appropriate response measures may be prepared on a 
priority basis.

A BCP should be designed by keeping in mind the 
Individual level plan and the Global level plan. An in-
dividual level can be a backup plan for a server room, 
particular department of IT organization, or organi-
zation building. Since IT organizations nowadays op-
erate from multiple branches from different cities or 
countries, having a global level plan are equally im-
portant. The global level backup plan recognizes the 
comprehensive, organization-wide impact of the di-
saster. Having both individual and global level plans 
helps to resume services effectively in a very short 
period. It is also observed that industries spanning di-
saster response strategies are strengthened by wireless 
communication and networking and transportation 
provider organizations [25]. These companies also 
play a major part while planning for business conti-
nuity.

A proper BCP should have a plan for all possible 
scenarios and areas like:

a. Identification of organization’s critical functions
b. Identification of risks most likely to affect the or-

ganization.
c. Plan to deal with all possible identified risks.
d. Plan to backup organizations’ crucial data.
e. Alternate working options (like working from 

home) if the organization’s key locations are not op-
erational.

Based on various papers, a standard set of steps 
may be devised that can be used for designing BCP 
for IT organizations which are represented in Figure 6:

5. Conclusion
A business continuity plan is a continuous process 

that helps restore the critical functionalities of busi-
ness when the organization’s business is paralyzed due 

Figure 6: Set of steps to be followed in designing and implementing BCP
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to viruses, human error, natural disasters, and other 
uncertain events. Hence, top management must en-
sure having a BCP in place to deal with uncertainties. 
They must form a BCP team and provide them all pos-
sible support to keep the organization risk-ready. BCP 
team should ideally have a representative from every 
department of an organization to learn about the im-
pact of risk on each department and plan accordingly.

While designing a BCP for any organization, four 
underlying principle must be taken care of, which are:
a) Prevention – Protecting the system
b) Contention – How to deal and minimize the im-

pact of disaster
c) Recovery – How to restore the normal functioning 

of the system
d) Contingency – How to keep the business going un-

til the system is recovered
Moreover, the BCP plan should be working. Proper 

testing of the plan must be done at regular intervals of 
tim to ensure this. 
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Abstract
Radical changes in the business scene request that ventures 
relook their plans of action, include imaginative capacities, and 
plan to remember new goals. Getting by in an altogether ver-
itable business network requirements other than the capacity 
to sell; searching for analyzing existing business structures for 
seeing bottlenecks, forming dynamically momentous structures 
for improving operational ability, and most blend of advances, 
approach and undertaking plans in the framework for the no-
table client experience. Purchasers have chosen to purchase 
decisions at the store, giving physical retailers extraordinary 
ability to get some answers concerning and sway practices 
and tendencies. With the ascent of web-based business, on-
line shopping, and most as of late keen advancements, new 
contenders undermine this long-standing matchless quali-
ty. Accepting a value creation perspective, we separate how 
digitization started the breaking down institutional retailing as 
the basic interface to the customer. With individual shopping 
experience transforming into the best approach to improving 
customer experience, it is the perfect open door for retailers to 
move from ‘customer association’ with ‘ customer duty.’ Appli-
cations and corners are overriding pieces of the conventional 
shopping experience, calling for store conditions to advance. 
Furthermore, with a stretching out number of clients moving 
to online stages, retailers consider their essentials by prerequi-
site development models and improving shopping encounters 
overall touch-focuses and channels.
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1. Introduction
Retailers explore different avenues regarding a 

heap of approaches to react to new customer desires, 
connect advanced and physical shopping encounters, 
and attempt many approaches to change the retail ex-
perience, handle back-office forms better, and signifi-
cantly more. 

How we shop and purchase has experienced a cru-
cial transformation, with shoppers outfitted with addi-
tional information, force, and decision than they have 
ever had. As buyer desires have changed and requests 
increased, the physical retail experience needs to keep 
up. Purchasers are bringing they are on web desires – 
customized and bother-free shopping – into the store.  

Retailing as a capacity is fundamental to all econo-
mies: it connects shoppers’ differed needs with partic-
ular contributions of makers. On the most fundamen-
tal level, these retailing capacities involve the structure 
of varieties, physical coordination of product, and 
lawful exchanges with the buyer, data   and correspon-
dence when all is said in done and subordinate admin-
istrations’ daring. Generally, bricks-and-mortar phys-
ical retailers have taken on these capacities more often 
than not. Different types of retailing have existed, 
for example, mail-request activities, entryway to-en-
tryway designs; physical fixed retailing has been the 
backbone. Inside the retail esteem chain, the matchless 
quality of fixed retailing is fundamentally tested as ex-
panding parts of the retail exchange are moved from 
store-based arrangements to web-based organizations, 
including unadulterated plays, maker online activities, 
furthermore, stages. While conventional store marks 
take an interest in moving through multichannel 
methodologies, a critical lump of exchange goes to 
new players in the industry, most outstandingly Am-
azon (Keyes, 2018). In the year 2017, Amazon repre-
sented around 4-5% of the whole US retail volume [1].

1.1. Digital Transformation 
in Retail Industry 

Advanced change is going into each field and in-
dustry that we know today, beginning with broad com-
munications, instruction, medicinal services, money, 
and banking. That is only the tip of the iceberg. Asso-
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ciations go advanced to improve their administrations 
and offices to raise the fulfillment level of their clients. 
The thought behind the advanced change in retail de-
pends on the necessities and prerequisites of clients. 

While choosing about going advanced, retailers 
consider how they can utilize rising advances to dis-
cover better approaches to drive income and make 
creative plans. As computerized tools and advance-
ments develop, they will have an impressive effect on 
the administrations offered by the organization and its 
association with the work process. 

Advance change for retailers is tied with the intu-
ition of negligible enhancements. It is tied with mak-
ing an associated commitment encouraged by the uti-
lization of innovation. It is not only about information 
knowledge, nimbleness, client centricity, new incen-
tives, and creativity but also about decreasing costs, 
upgrading efficiencies, and smoothing out procedures. 

When pondering the computerized change in re-
tail, retailers need to re-think each part of their busi-
ness, from sourcing to stock administration, repre-
sentative administration, and preparing and client 
experience the executives [2].

Computerized retail change can explore client 
maintenance and fulfillment by offering clients the 
administrations and items they need. Enormous infor-
mation examination, area-based administrations, and 
portable applications have acquired a critical change 
in how retailers direct business. Be that as it may, the 
way to advanced change may need to confront differ-
ent difficulties. The digital disturbance is changing the 
world in which brands associate with their purchas-
ers. New advancements have made new markets that, 
thus, make new purchasers and new contenders. These 
new shoppers and contenders lead to new desires and 
eventually change how worth is and should be made by 
brands. One of the fundamentally advanced interrup-
tions numerous brands face is the changing idea of in-
termediation – regularly in any event, coming about in 
disintermediation – permitting producers to switch or 
dispense with middle people whose additional expens-
es may surpass the worth they give. For instance, the 
development of online commercial centers associating 
shoppers and makers has killed the requirement for 
makers to incorporate (a few) retailers in their worth 
chain, permitting brand makers to execute with their 
buyers straightforwardly. This immediate access to 
shopper’s prompts beforehand absurd significant data 
that may bring about better assistance and products.

The reason for selecting this topic is it gives a sense 
of writing and understanding of both management 
and the digital perspectives. Everything in today’s 
world has moved to digital, especially after COVID 19 
impact. Therefore this topic will help me better under-
stand how business was operating before COVID 19 
and after the brace of digital tools due to COVID 19 
impact [3].

1.2. Transforming in-store Experience
Stores are something other than sales channels in 

today’s world. They are experience focuses - expand-
ed arms of a venture’s computerized contact focus. 
Associations, accordingly, try to incorporate creative 
computerized encounters to guarantee an associated 
captivating in-store understanding. Advanced change 
in-store is made when retailers convey custom-made 
encounters to the client through an assembly of var-
ious advancements – for instance, examining client 
inclinations through social examination, identifying 
client area available, and conveying setting mindful, 
customized advancements on cell phones. 

Another model is utilizing stands and intelligent 
computerized showcases to assist clients with perus-
ing through the whole inventory furthermore, pick the 
things they need, particularly clothes, guaranteeing 
predominant experience for clients. Moreover, em-
powering store partners through selling and warning 
devices where store partners are equipped with client 
data and bits of knowledge needs the day to spare a 
deal from the showroom or to empower client mainte-
nance and faithfulness.

1.3. Objectives of the Study
This research’s main objective is to find and inves-

tigate any kind of digital changes that have occurred 
over the years in the retail industry. Also, what kind of 
strategies retailers can adapt to survive in this compet-
itive market and how these changes have affected the 
retail sector in the long run - certain comparisons to 
demonstrate the changes in the retail sector before and 
after digitization? 

As just a bunch of Research papers and diaries 
have been distributed explicitly concentrating on 
Digital patterns in the retail industry, I would sum up 
every individually and gradually develop my insight 
base on the current issue while at last certifying all the 
thoughts introduced underneath into my further ex-
ploration regarding the matter [4].
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2. Literature Review
During the latest decade, there has been a devel-

opment in the number of associations introducing 
propelled change. The modernized change contains 
not simply the usage of new headways (for instance, 
advanced examination, AI, human-made thinking ap-
plications, the Internet of Things), yet also the move-
ments of the key business parts, including approach, 
game plan, business structures, progressive structures, 
and legitimate culture. 

The continuous-time has been viewed as an improve-
ment of Indian-created retail promote with various folds. 
Different business houses are pulled in the past relatively 
few years, including some reestablished business houses 
like Bharti, Reliance, and Aditya Birla to develop hold, 
showing the future improvement in times to come. In ex-
tension, the created retail region has moreover grabbed 
the attention of outside associations. Retailing is one of 
the best businesses in India and the best wellspring of 
work in the nation. Retail deals in India to $180 billion 
and record for 10-11% of complete national yield. The 
Indian retail units have almost 14 million outlets and 
have the best retail fate on earth. The retail business in 
India is generally messy and commonly involves little; a 
free proprietor oversaw shops. Anyway, India’s retail di-
vision is considering fixing up training, as the customary 
retailers are making way for new arrangements.

The accompanying traits are considered for char-
acterization and investigation of papers: time part; the 
nation of case birthplace; case industry, and; advanced 
change idea understanding. Examination indicated 
that associations – open, just as private ones, know 
about change need and utilize advanced change ven-
tures. Likewise, the progressions concerning advanced 
change influence both assembling and administra-
tion-based enterprises.

I have also conducted my research by interviewing 
some people from the industry who have seen a plethora 
of changes over a decade in the retail industry. The inter-
view was conducted, keeping in mind that the said persons 
are aware of the retail industry changes, any new strategies 
that retailers could adopt in this competitive market, have 
adequate knowledge about the retail sector, and are also 
frequent users of various online retail apps [5].

2.1. Vineet Kumar (Founder and President, 
Cyber Peace Foundation)

Mr. Vineet Kumar is the founder and President of 
Cyber Peace Foundation. He was also responsible for 

the Cyber cell in the Jharkhand Police department. 
According to Vineet, who seldom uses retail apps, it 
has seen the retail sector transform gradually in the 
post-digital era. Since he uses online retail apps and 
sites to order online, he has personally benefitted by 
shopping online and has noticed that products are 
cheaper online than in physical stores. When he buys 
online, he has seen certain product recommendations 
based on his search and buying habits using Artifi-
cial Intelligence. He also says that retailers or websites 
should maintain a decent pricing technology and keep 
it constant or decrease the product’s price instead of 
launching few gadgets at a competitive price and then 
later, after few days, increasing the product’s price.

2.2. Dr. Raghu Nath Datta 
(Vice-Chancellor, Seacom University, 
and NAAC Co-ordinator)

Dr. Raghunath Datta, who is aged around 63 years 
of age and hails from the education sector, has seen 
tremendous change in the retail sector. Earlier since 
he used to out shopping and buying vegetables, digital 
India now orders vegetables and medicines since us-
ing the internet and after digital India online store. He 
has personally compared certain gadgets while buying 
with that of the physical store and online store and saw 
a huge price difference in both platforms where the 
latter offered gadgets at much cheaper rates than phys-
ical stores. Also, in terms of getting service from clean-
ing his house and certain equipment, he saw that he 
could do all those with a single click from his mobile. 
Being a diabetic patient, he needs not buy medicines; 
he uses online medicine apps to order medicines and 
even gets hefty discounts. Also, he still believes that 
there is still room for development for these retail sec-
tors and a plethora of products in the online market.

2.3. Ritwik Das (Journalist, ABP News)
Ritwik Das, who works with one of the leading 

news channels, is a vivid online retail customer and 
feels that the retail scenario has transformed to a great 
extent with digital India. Since he gets prices cheap-
er therefore frequently orders online, be it any things 
ranging from clothing, furniture, gadgets to television 
and spectacles. However, since he is working with the 
media industry; therefore, certain items/gadgets need 
tailoring and customization, which is not available 
in the online retail space for which he needs to visit 
a physical store. Therefore, he believes that since ev-
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erything has gone online nowadays, websites such as 
Flipkart or Amazon should keep. He frequently orders 
Amazon as he gets much cash back and pays bills from 
Amazon, which also acts as a reminder every month.

2.4. Dinesh O Bareja 
(CEO, Open Security Alliance)

Mr. Dinesh O Bareja is a resident of Mumbai and 
CEO of Open Security Alliance. He is also the advisor 
of many startups. Having occupied with work always 
he hardly has any time for physical shopping. Accord-
ing to him, although the retail sector has transformed 
to a great extent, many businesses have not been able 
to use the advantage of digitalization due to insuffi-
cient infrastructure. He benefitted by shopping online 
mainly due to the availability of a wide range of prod-
ucts and cheaper prices. However, he also says that 
he was compelled to buy certain things based on the 
recommendations on his buying pattern, which made 
him shed out more money due to the use of Artificial 
Intelligence [6].

3. Research Problem Statement
Improvement degrees of progress and types of 

progress present a changing effect on the retail busi-
ness through direct customer modification. Clients, 
the world over, have been quick at getting a handle on 
new electronic versatile headways empowering access 
to the Internet every snapshot of reliably. Advanced 
adaptable improvements bring the retail location in-
side clients’ homes or rather their gadgets. 

Despite hard money-related occasions, client re-
quests have not chilled out. Clients look for time ca-
pacity, shirking of social occasions and lines, comfort, 
and adaptability while inspecting for things that would 
fulfill their necessities and wishes while striking the 
best strategy, the best an impetus for-the-money, and 
maintaining a strategic distance from disappointment 
(for example, from void racks or rude shop partners), 
for example getting the best-spurring power from 
each to buy using energy improvements [7].

Later, clients have a touch of elbowroom over re-
tailers as they can rapidly analyze the Internet for 
thing and association-related data and think about 
retailers’ duties (Shankar et al., 2011). Clients are re-
garding shopping and, in this way, are logically tireless 
in their buying, with the Internet seen as a beneficial 
vehicle to build up that immediate. Access to the Inter-
net has moved a clear impact on clients.

Clients are changing the rules of coordinating, and 
retailers must adjust in like manner. Retailers like this, 
need to fulfill moving client needs both online and in 
the physical stores through the presentation of note-
worthy imaginative courses of action and the blend of 
online and isolated shopping encounters. They have 
to build share gain, keep clients upbeat. Customers are 
changing the principles of collaborating, and retail-
ers must adjust following the prerequisites. Retailers, 
accordingly, need to satisfy moving client needs both 
online and in the physical stores through the presenta-
tion of significant inventive blueprints and the mix of 
online and isolated shopping encounters. They have to 
help share gain, keep clients energetic. As will be bat-
tled later, the developing section of the Internet and the 
rising social affair of adaptable motorized gadgets are 
generally speaking models with noteworthy ramifica-
tions for retailers in each market and nation. Retailers, 
subsequently, are constrained to change their standard 
strategies. Retailers need new frameworks, structures, 
methods, and instruments to disregard client encoun-
ters all channels. They are truly obliged to blend social 
and conservative channels into their frameworks and 
show the estimation of physical spares keep up busi-
ness regardless of online unadulterated plays, such as 
Amazon and eBay, while being awe-inspiring about it 
the degree contributed capital [8].

As we seek to collect information into past findings 
and digital transformation in the retail industry, I opt-
ed for the keywords “digital transformation” in “retail 
industry.” I looked at papers published in the last 20 
years. The search strategy was therefore employed as 
follows:

[for Scopus database] (Title-Abs-key (“digital 
transformation”) AND Title-Abs-key (“retail indus-
try*”)) and Doc type (are OR cp) and pub year > 2000.

4. Results & Discussion: 
Comparative Analysis in the Retail Industry:

4.1. Arun Kumar G., Shiva Shankar. 
KC and Dr. S. J. Manjunath (2012) 
“Organized retail strategy-a study 
at reliance mart”; International Journal 
of Engineering and Management Research

Indian retail has typically has been a muddled divi-
sion, where retailers did not have the methods likewise 
as the will to make or widen. Retail could like way nev-
er esteem the help of the Indian purchaser, who treats 



Issue 24. November 2022 | Cardiometry | 863

shopping as a sort of diversion, getting a charge out of 
the vitality of finding deals and markdown bargains 
time permitting. The western demeanor of free for all 
spending, pleasing, and shop-till-you-drop has a tiny 
bit at a time entered the nation and induced made re-
tailing. While in numerous countries, it is those sifted 
through retailers who overpower the portion, in India, 
the confused retailers request around 94 percent of the 
general business’s bit. Most conventional retail shops 
have a business-led by relatives who dwell in the house 
behind. The retail part additionally utilizes around 8 
percent of the nation’s populace.

4.2 Deepika Jhamb and Ravi Kiran (2011) 
“Organized retain in India-drivers facilitator 
and SWOT analysis”; Asian journal 
of management research

Retailing is one of India’s best businesses and, in 
all probability, the best wellspring of work in the na-
tion. The assessment portrays that foundation, cash 
related unforeseen development, and changing socio 
monetary parts of buyers are the basic driver of made 
retail in India uncovers that more youthful age, devel-
oping retail coordinates, expanding care and move-
ment in new things, are the attributes and chances of 
filtered through retail in India [15]. Then again, sec-
tion changes, contracting of business parts, high land 
cost, and developing worth dispute among retailers are 
a portion of the Indian retail industry’s hazard and in-
sufficiencies. There is a crushing need to beat the dan-
gers and lack and get the open passages by retailers to 
accomplish retail division in India. [9]

4.3. Prof. Lakshmi Nair (2011) 
“Private Labels Brands in Food and Grocery: 
The Changing Perceptions of Consumers 
and Retailers in India”; Journal of arts, 
Science and commerce

The Indian retail industry is the fifth most notewor-
thy on earth, counting filtered through and tangled seg-
ments.  Indian retail industry is one of the snappiest tries 
making in India, particularly over the most recent cou-
ple of years. The development of private imprint brands 
(PLBs) is critical in the food and staple part, despite the 
proximity of driving national makers’ brands in a huge 
bit of the classes. At first, PLBs were considered as mod-
est other options. In this way, obvious in copycat and 
nonexclusive classes, today they are a piece of all-around 
characterized retail blend methodology. They have cre-

ated in esteem trendsetters and premium classifications 
revenue-driven boost and client reliability.

4.4. Sushma Rani (2013) “Retail industry
in India-a study on growth development 
opportunities and challenges”; 
International Journal of Computing 
and corporate research

The retail part has expected an astonishing move-
ment worldwide in developing viability of buyer things 
and attempts. Indian retail industry is evaluated to be 
worth around US $500 billion beginning at now. Home 
to one of the essential five retail displays on the planet, 
India offers tremendous headway and openings in the 
field. Formed retailers have a great deal of space for 
additional infiltration in this thriving economy. 

India is being viewed as a likely goldmine for re-
tail budgetary experts worldwide. The most recent 
examination has evaluated India as the top target for 
retailers for an engaging, developing retail advance. 
India’s retail business has moved closer as one of the 
most phenomenal and steady undertakings, with a few 
players entering the market. The Indian retail industry 
is reliably crawling its way towards changing into the 
going with sway industry [10].

5. Research Methodology

5.1. Exploratory Research
Exploratory exploration is “the major examina-

tion to clarify the particular thought of the issue to be 
handled.” It is used to ensure the additional examina-
tion is considered during preliminary research, such 
as choosing investigation needs, gathering data, and 
concentrating on explicit subjects that may be difficult 
to see without exploratory assessment [11].

Investigators use exploratory assessment to get 
shared characteristics with a current to ponder and get 
new information into it to shape an inexorably definite 
issue. It begins reliant on an overall idea, and the after-
effects of the assessment are used to find related issues 
with the investigation subject.

5.2. Digital Retail Value Chain/Tools 
used to transform Retail Sector

The retail sector has seen a plethora of changes over 
the years. Companies are now focusing and investing a 
lot in technological advancements to compete with one 
another. Some of the most sought-after technologies that 
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have made a tremendous change in the retail sector are 
discussed below. Five new advancements are required to 
disturb the retail ventures. They will be received at var-
ious rates, and as per its utilization in the market, each 
will, on a very basic level, change some part of the start 
to finish esteem imminent. Each will reclassify the center 
activities of the retail. The five innovations are:
a. Artificial Intelligence/Machine Learning
b. Robotics 
c. Augmented Reality/Virtual Reality 
d. Blockchain 
e. Internet of Things (IoT)

5.2.1. Internet of Things
Web of things innovation is pushing development 

in retail locations that will change in-store shopping 
encounters. In contrast to some other areas, retail has 
direct contact with one of the biggest populaces of po-
tential purchasers that completely grasp innovation and 
advancement. Retailers need to remain current with the 
most recent advances to win the cutting-edge buyer’s 
reliability and gain by developing business openings. 

With the quantity of IoT introduced units expected 
to contact 20.8 billion in 2020, retailers cannot over-
look IoT’s effect on their business. The association be-
tween Internet of things and the retail industry gives 
enormous efficiencies to be picked up for both shop-
per and retailer at the point when gadgets can gather 
information on present and utilize ongoing data in 
significant, noteworthy ways. It helps retailers develop 
increasingly deft because the data and bits of knowl-
edge they need are promptly accessible [12].

e.g., Wal-Mart has adopted IoT for inventory man-
agement

General Electric is the best instance of using IoT 
for judicious upkeep in its fly motors, turbines, and 
wind farms to decrease superfluous occasional outings 
as a feature of booked upkeep.

Figure 1 shows Opportunities provided by the In-
ternet of Things in retail.

5.2.2. Artificial Intelligence/
Machine Learning

Sooner rather than later, human-made brainpower 
(AI) would be insignificant interest by the customers 
to make collaborations as consistent as expected un-
der the circumstances. Many of us as end-client are ig-
norant of how Google employs Artificial intelligence 
to improve their pursuit.

In the background of any AI-fueled frameworks, 
there is a long and complex computational procedure 
associated with the prepared informational collection 
for the calculation to perform. Hence, the client gets a 
staggering experience. This experience is so quick and 
consistent that the client thinks everything is occur-
ring mysteriously [13].

5.2.3. Case Implementation
• Amazon’s Alexa- voice assistant powered Echo 

speaker has already been introduced in the mar-
ket through which the customer can place an order 
with voice commands. The advantage of Amazon 
lies in the vast inventory of products that is avail-
able.
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Figure 1: Opportunities provided by IoT in retail
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• Pizza Hut- has enabled a chat bot through which 
the customer can place an order using Twitter ac-
counts or Facebook messenger.

5.2.4. Virtual Reality/Augmented Reality
Online business is changing the – face of retail – 

and not because shoppers are covering their eyes with 
VR goggles. The idea of a customized, independent-
ly curated customer experience exhibiting items you 
want in a domain you identify with without going out 
is sufficient to meet the shopping craving of even the 
thriftiest purchaser.

Also, retailers are quick to use the advantages of VR, 
with the computer-generated simulation/expanded real-
ity industry anticipated to be worth $150 billion by 2020. 
Beginning applications, for example, the – World’s First 
VR Office Store propelled by Australian brand Myer in 
organization with eBay have been generally welcomed, 
with the cardboard – “Shoptical” VR watcher giving cli-
ents a customized understanding of significant items cu-
rate through prescient examination dependent on close 
to home inclinations and buy history [14].

E.g., Ikea dispatches enlarged reality application lets 
you see computerized furniture in a physical house.

Lenskart has used VR capability to showcase how 
one would look while wearing specs or sunglasses. The 
customer just needs to click their photo, and then it 
will show in real-time how the person is looking with 
specs of his choice.

Even many mobile companies like One Plus have 
started launching mobiles using VR capability.

5.2.5. BlockChain
Buyer trust is hard-earned and effectively lost. 

When an ever-increasing number of exchanges are 
going on in the Internet ether, figuring out how to le-
gitimize that trust is a gift from heaven additionally. 
Blockchain offers a guarantee around there. A com-
mon record where every single budgetary exchange is 
recorded – disposing of the blunders that can happen 
when each party gathering in exchange keeps up its in-
formational index for that exchange – blockchain has 
a developing after even in its nascence.

5.2.6. Digital Retail Transformation in India 
and other parts of the country

Digital Transformation has had a tremendous im-
pact on the retail industry all over the world. There 
have been some considerable changes in the last few 

years. The customer now comes to the physical store 
not to buy any products but instead to get an in-store 
feel of the products, check it out, and then go back and 
compare them online before ordering them. Even in 
the US, there are no people to scrutinize; you just need 
to pay whatever you buy, and then you get the prod-
ucts there themselves. Even Amazon has started work-
ing on a unique concept where a customer need not 
have to wait in the queue for payment instead what-
ever products you add to your basket while you shop, 
the basket will be equipped with AI capabilities where 
it will detect the total cost of the products and then 
it will directly get subtracted from the customer’s ac-
count. Even in a few countries’ drones have started de-
livery of items and ordered food packets? Since India 
is a developing country and we as Indians follow and 
imitate what the other countries are doing, these ser-
vices will take a few more years to arrive in India [16].

5.2.7. Limitations
The digital revolution’s main problem is that the 

digitalization of retail via mobile or using Internet 
does not reach all population groups in the same way 
as it has always been in stationary retail. 

The in-store experience and shopping have also 
transformed to a great extent, enabling customers to 
view or shop using an iPad or touch screen. However, 
to adopt such a facility, many people are not accus-
tomed to handling or using such services. Therefore, 
to use such services, these customers need to be ed-
ucated to use such services. Also, since India is a de-
veloping country and due to the fast advancement of 
technology, many small business houses cannot engulf 
digital transformation because they neither have the 
proper infrastructure nor the finance to adopt such 
technology [17].

6. Conclusion
The computerized age presents open doors for re-

tailers to acquire more noteworthy degrees of opera-
tional effectiveness and client centricity in their plans 
of action. Advanced is as much about individuals and 
attitudes for what it is worth about innovation. Hence-
forth, the computerized plan in any retailer association 
is driven by the President (Chief Executive Officer). 
Rivalry is progressively not between singular retailers 
yet the more extensive group of stars of collusions that 
the retailer works inside their system. Advanced digi-
tal innovation encourages firms to remain associated 
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with this system of merchants, representatives and cli-
ents consistently and factor in the system’s input into 
business procedure on a day-to-day premise. Hence-
forth, the plan of action of retailers and execution will 
be driven by how rapidly the digital revolution gets 
inserted to build union, readiness, and responsiveness 
inside this system.

To summarize, in the retail business, another show-
casing marvel is rising, with the incorporated develop-
ment of huge information innovations and the foun-
dation of the advanced society. On the off chance that 
retail organizations would prefer not to be “deserted” 
by the customer, retail organizations need to crush 
through the chain of traditional advertising models 
and forcefully receive accuracy promotion to support 
their center intensity successfully. It is conceivable 
to acknowledge long-haul economical advancement 
among retailers, providers, and shoppers by utilizing 
information innovation, changing ordinary advertis-
ing strategies, precisely gathering exact showcasing 
assets for important clients, and setting up another 
promoting model. 
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Abstract
The purpose of this paper is to understand the impact of vari-
ous elements of ads like ad timings, ad placement, ad type, ad 
frequency, duration of the ad, celebrity’s ad endorsement influ-
ence, etc., on sports fans’, in particular, cricket fans mood and 
attitude during a live sporting event like Indian Premier League 
(IPL). The study involves a mix of in-depth telephonic inter-
views and Microsoft Teams video call interviews of 35 sports, 
especially cricket enthusiasts. A snowball sampling method was 
used. Based on the respondents’ viewing experience of a live 
T20 cricket match, the impact of various ads’ elements on their 
attitude change while viewing the live cricket match was as-
certained. The study suggests that individual responses to an 
advertisement vary based on its elements like type, location, 
timings, frequency, duration, and celebrity’s ad endorsement 
influence during the cricket match. The paper has a limitation 
with references related to the Indian context, as most of the 
work has been done with a different set of people (other than 
Indian) and on a different sport. The research seems to be one 
give insights about cricket fans’ mood and their perception of 
advertisements in a developing country like India.
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1. Introduction
The behavior of people towards advertisements 

has changed over the years. People want to see more 
of the content they have subscribed to and less of the 
program’s ads. Hence, the advertisement industry fac-
es a major challenge to attract customers’ attention or 
catch their eye, make them aware of the brand’s offer-
ing, and finally convert a viewer into their customers 
[1]. Further skip ads, ad blocks, or ad-free experience 
features have given a big blow to the advertisement in-
dustry. Thus viewers have more power over what they 
want to see and what they do not. These features of 
blocking or skipping the ads are preferred now on dig-
ital platforms by the viewers. 

However, sports industry or sporting events like 
the Indian Premier League (IPL) still have not faced 
such resistance by fans or viewers even though there 
are so many brand ads, sponsorships, and ad exposure 
to the fans during it look more lucrative and fancier 
event. However, this does not mean that fans are keen 
to watch ads. Today, viewers’ attention span has de-
creased so much that other than the required content, 
customer hardly shows interest to see ads of brands 
that make presence or appear on the big screen or 
their TV for some duration [2].

Ad Types, both conventional TV commercials, and 
virtual ads, significantly impact the viewers’ attitude 
and have a difference in the level of influence they 
could make on them. TV commercials are TV ads that 
are played when there is a break in the event (for crick-
et, this could be innings break, drinks break, or over 
break, i.e., break after each over is bowled).

Virtual advertising is virtual signage or electronic 
billboard. It is thus a technology that allows real-time 
videos or images into a television broadcast. Thus, 
they could be broadcasted even without any interrup-
tion in the event or the live match.

Ad placement and timings play a significant role in 
how much customers are interested in watching those 
ads. Ad placed at the center of the ground, i.e., near 
bowlers’ run-up or around the boundary line or next 
to the scoreboard, gets a different visibility level. Ad 
timings for both conventional TV commercials and 
virtual ads are important as people might become in-
terested in watching the match either at the start or the 
end and might not pay interest attention in between, 
or they may start to watch the match from in between 
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and miss the start, or the match might get abandon 
and ending of the match never happens. Hence, slot 
timing for ads is equally important to garner more at-
tention and viewership [3].

Further, ad slot timing and the duration of the ads 
during a live match are impacting the viewer experi-
ence. Viewers often lose interest if the ad’s duration is 
too long and if they did not find it interesting as well. 
The number of ads exposure to the viewers is also a 
key element that impacts the mood of the viewers. It 
is equally important for brands to grab attention by in-
creasing their brand ad exposure to the viewers. Celeb-
rity-endorsed ads are often seen as more credible than 
others, building the trust factor among the viewers.

The advantage of virtual ads is that it is good for 
increasing brand exposure for sponsoring brands as 
technology does not interrupt the game’s flow. Hence, 
a virtual ad catches more of the eyeballs while it is be-
ing displayed. The ad placement and timings of the ads 
are also equally important for the increased exposure. 
Ad placed at different positions and aired at different 
times varies in the viewers’ response due to the level of 
interest they had in the game at that very moment [4].

Virtual ads are highly used in sporting events to 
show scores, players’ performance where these ads are 
placed just next to it, to get more eyeballs as people are 
keen to look at those stats (statistics). Thus, compa-
nies choose both conventional ads and virtual ads to 
increase their reach and attract attention.

The purpose of this study is to know the impact 
of the ads on attitude change among sports fans (here 
cricket fans) because of its elements like ad types, their 
placement, timings, frequency, duration, and celebri-
ty’s ad endorsement influence during the event and 
this would help the companies or sponsors to know 
what type of ad works, where and when to show the ads 
and even how frequently ads to be displayed. Through 
semi-structured in-depth interviews, the interaction 
with these cricket fans was to understand the impact 
of elements of ads on cricket match viewers [5].

2. Literature Review
The impact of advertisement and its effects on 

consumers’ attitudes has focused on several adver-
tisements and marketing literature. Studies do suggest 
that there are effects of advertisements on brand atti-
tude and purchase decisions. A study by Stotlar and 
Johnson (1989) suggested the varying effects of ad-
vertisement based on its location inside the stadium. 

Further, individuals’ attitudinal response varies based 
on the type of advertisement that was indicated in the 
research by Bennett et al., (2006) [6].

A study by Bauer and Greyser (1968) proposed 
that more people had a favorable attitude towards 
advertisements than unfavorable. However, after the 
year1970, studies suggested that advertising started to 
generate a somewhat negative perception. The intru-
sive strategy increasingly employed by advertisers an-
noyed the consumers and resulted in negative public 
attitudes towards advertising. Thus, the proportion of 
advertisements with honesty and enjoyment becomes 
less. Most of the advertisements were misleading, bor-
ing, irritating, offensive, trivial, and silly. Further, it is 
possible to find a situation where advertisement’s in-
fluence can be observed easily and find the situation 
of no influence towards advertisement [7].

Many studies have provided conceptual frame-
works about the importance of advertisement. As per 
the model prepared by Brackett and Carr (2001), the 
variables of entertainment, informativeness, irritation, 
credibility, and relevant demographics are key dimen-
sions to attitude towards advertising. Using these di-
mensions, we can better judge the impact of various ad 
elements like ad type, placement, timing, frequency, 
duration, and celebrity’s ad endorsement influence on 
the cricket fans watching the live match [8].

Advertisement can enhance the experience of users, 
consumers, or viewers by delivering entertaining con-
tent. Consumers found advertisements, mostly com-
mercial ads, amusing and interesting in many research 
pieces until now [9]. Viewers feel that advertisements 
complement their program-watching experience. IPL, 
which is about advertising, brands, and sponsorships 
as it is about the game, could also face similar reac-
tions by viewers. It is the content of the advertisement 
which makes it quite interesting for viewers. Gener-
ally, virtual ads and hoardings have the limitation of 
entertaining their viewers via their content. These ads 
appear for a limited time and are superimposed on the 
program being broadcasted without causing any inter-
ruption [10].

The perceived information is a critical factor in 
evaluating advertisements’ impact on consumers (Du-
coffe, 1996). Consumers generally approve of seeing 
advertisements if they can deliver information. Many 
researchers suggest that consumers who find adver-
tisements giving sufficient information about prod-
ucts tend to spend more time viewing such advertise-
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ments. Consumers feel that these advertisements keep 
them up-to-date about products and services. Virtual 
ads, being short duration, occupy less space on the 
screen as it simply blends into the broadcast rather 
than interrupting the game, limiting the capability of 
virtual ads to give more information than TV com-
mercials [11].

Many studies have discussed the annoyance caused 
by advertisements. The study suggests that the reason 
for disliking and harsh criticism of advertisement was 
its irritation and annoyance that it causes. The intru-
sive strategies that advertisers increasingly employed 
annoyed the consumers and resulted in negative pub-
lic attitudes toward advertisements [12]. Irritation for 
each element has varied meanings, i.e., for ad type, ir-
ritation is caused when there is overexposure of the 
ads and repetition of the same content or ad being dis-
played. For ad placement, irritation is caused because 
of the intrusiveness of the ads on the screen, as the user 
can see ads everywhere (on the jersey, playing equip-
ment, animation or graphics, posters and hoardings in 
the stadium, and even on the TV commercials) and 
thus, users or cricket fans get distracted from fulfilling 
their original purpose of watching the event or match 
on TV, thus, hampering the viewing experience. For 
ad timings, irritation is caused by the long duration 
of advertisements. It also depends on the level of in-
terest the person had at the moment in the program 
or event. Also, ads run at the wrong time causes irri-
tation or annoyance, i.e., ads being run when there are 
nail-biting moments on the field [13].

Consumers have trust issues when it comes to 
advertisement claims. Most customers believed that 
the advertisement’s claims are not credible or honest 
enough and are thus, misleading. Credibility thus cre-
ates a positive impact if claims are true. Credibility to-
wards the brands increases because of reliable content 
and because of the product being endorsed by or is 
sponsoring the famous personality or team [14].

There are contradicting opinions regarding the 
extent to which age, gender, and other related demo-
graphic variables would influence the advertisements’ 
attitude. However, it is suggested to keep these dimen-
sions in mind to predict perceptions about an adver-
tisement [15].

The visibility of an advertisement creates an impact 
on consumers by creating awareness about the brand. 
More is visibility means more chances are there that 
customer notices the brand and remembers the logo 

or jingle or the brand offerings. However, overexpo-
sure to a brand does irritate the viewers [16].

3. Research Methodology

3.1. Data Collection
A qualitative approach was taken into account for this 

study to get a first-hand insight into cricket fans’ viewing 
experience, which otherwise would have been missed 
in the survey. The data was collected during April and 
May, usually when the IPL matches are conducted. The 
research study participants were Indian citizens, residing 
in Tiers 1 and 2 cities from different parts of India. The 
individuals coming from a different occupational and 
economic background, mostly middle and upper-mid-
dle-class were sampled. Certain precursory inquiries 
were conducted to classify them as sports (cricket) 
enthusiasts based on their prior behavior, which was 
achieved by filtering participants based on the responses 
to question to check their involvement while watching 
the match and about their basic knowledge about IPL 
and its teams. These participants were, thus, typically IPL 
or T20 cricket fans. This format of cricket is very much 
loved and enjoyed by the youth. The participants for 
the study included both males and females. The age of 
participants was between 15 and 38 years old, who pas-
sionately follow cricket and other sports as well and are 
quite involved in the events like IPL by supporting their 
favorite team. The participants include college students, 
homemakers, office goers, and self-employed [17].

3.2. Interview Procedure
Telephonic interactions and Microsoft Teams video 

calls were the primary media for the interviews, de-
pending on the participants’ convenience. The partic-
ipants were encouraged to share their TV viewing ex-
perience during the live cricket match (T20 IPL match). 
A pre-constructed list of questions was used to guide 
the interview in a pre-determined flow and conduct 
the whole of the interview smoothly. The interview was 
taken individually for each participant [18].

The interview was conducted in English, a lan-
guage comfortable for all the interviewees; with the 
participants’ due permission, interviews were record-
ed for study purposes. The recorded files of interviews 
were transcribed to text, and further responses were 
cross-checked.

The question asked was meant to understand the 
elements of advertisements that trigger the attitudinal 
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change in cricket fans while viewing live IPL match-
es (T20 cricket format). The tournament is as much 
about ads, sponsors, brands as it is about cricket. The 
tournament is well known for its fanciness and high 
spending [19].

4. Data Analysis
The interviewee’s names are pseudonyms, created 

to maintain the anonymity of the participants of the 
research study. In revealing findings and quoting ex-
cerpts from the transcripts, all attempts were made to 
maintain exactness to the actual words and phrases 
used by the interviewees to describe their viewing ex-
perience and what element of ads influence their atti-
tudinal change mood while watching the live cricket 
match. Some minor grammatical corrections were 
made to the excerpts for clarity incomprehension [20].

5. Findings
A lot many insights were drawn out from the con-

versation about participants’ viewing experience. The 
interaction with these cricket fans and the answers to 
the set of questions being asked to them was to un-
derstand the impact of ads impact on cricket match 
viewers. Even being from different parts of India, fit-
ting into different age groups, and coming from differ-
ent strata of background, there was quite a similarity 
in terms of their viewing experience. The majority of 
them agreed that elements of the ads are influencing 
their attitudinal change while watching the live cricket 
match [21].

Several elements of ads were being talked about re-
peatedly. Further, some of these elements were some-
what dependent on the entertainment, informative-
ness, intrusiveness, credibility, and visibility that these 
ads deliver. Each of these elements has been presented 
in chronological order of their occurrence in the in-
terviewees’ accounts to understand their version of the 
viewing experience better [22].

5.1. Impact of Ad Type
Participants do mention the fact that different ad 

types had a somewhat different impact on their view-
ing experience. Most of them talked about TV com-
mercials and how they could keep them entertained 
more than any other ad type like virtual ads, posters, 
and hoardings while watching the match. Some of 
them even mentioned that commercial ads are one of 
their main sources of information regarding brand of-

fering awareness, then comes the print ads and hoard-
ing, which usually deliver a one-liner message, which 
Mohan establishes in the excerpt:

“I had been watching IPL matches since the first 
season, and I never got bored while watching the 
match. Not just the fanciness, the drama on the field, 
the branded jerseys, the team theme songs during the 
match that kept me engaged but also exciting and en-
tertaining ads consisting the hilarious as well as infor-
mative content has won my heart, especially the differ-
ent version of ads of Fogg Deodorant with the catchy 
slogan ‘India mein Fogg chal Raha hai’ depicted in the 
ad makes me laugh every time with their storyline. 
Not just this, the commercials also show the informa-
tion regarding the product as well as the next matches 
in the schedule in a creative way; hence it keeps me 
well informed” [23].

5.2. Impact of Ad Location
Participants generally felt that the ad placement 

or location on the TV (or OTT platform) screen was 
often irritating or intrusive and hamper their viewing 
experience. Some of the virtual ads that appear next to 
a scorecard on the screen, and even though these ads 
superimpose the broadcast and do not stop the flow 
of the game, the exposure of too much of these graph-
ics on the screen running on the top or the bottom 
or at the sides appearing as a banner ad or a pop-up 
ad often distracts the viewers from the cricket match, 
which Rakshit establishes in the excerpt:

“I am not a big fan of in-game ads, which people 
refer to as virtual ads because these are quite irritating. 
Though they are not stopping the game’s flow, they are 
intruding on my screen unnecessarily. Sometimes on 
the top of the screen, sometimes at any of the sides 
of the screen and even at the bottom, right next to 
the scorecard, which often hides the important stats 
(statistics) mentioned at the bottom like individual 
player scores, bowling speed, and required run rate, 
etc. which are important for the viewer like me who 
watches the game ball by ball and keep a watch on 
these stats (statistics).” [24].

Some of the interviewees have described that there 
are few locations in the stadium where the in-game 
ads and hoardings hardly irritated them, and those lo-
cations to them were the natural locations inside the 
stadium where these ads need to be placed like on the 
boundary line banner or digital board, on the player’s 
jersey, ad behind bowler’s run-up (on the playfield), 
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banners on the stands, ads on third umpire screen 
board, sponsor’s posters and hoardings at the post-
match presentation ceremony, etc., which would give 
them better visibility, rather than just intruding on the 
screen, which Abhay establishes in the excerpt:

“Rather than showing too many of ads to us using 
graphics on the screen, the brands should use different 
locations inside the stadium, like just behind bowler’s 
run-up on the field, I believe, this is the best spot to 
showcase any ad, considering the visibility factor. Oth-
er positions like boundary line banners and even the 
brands’ logo on the players’ jersey are quite noticeable. 
So, brands could gain more visibility by intruding on 
our TV or OTT platform screens and irritating us. I 
hardly pay any attention to what these banner or pop 
ads are showing. These are just disturbing elements 
that are degrading my viewing experience. I am not 
against virtual ads, but how smartly you can show this 
to us without actually irritating us with its presence 
and yet delivering the message or showing the product 
which, it wanted to, is what these modern-day mar-
keters and TV programming team has to think.” [25].

5.3. Impact of Ad Timings
It was found that most of the interviewees were not 

happy with ad slot timings. Most of them complained 
that the ads that are run during highly tense situations 
or nail-biting moments during the match are the most 
irritating of all. Interviewees also complained about 
the number of ad slots that are there in the game. Most 
of them agreed on the fact that the number of ad slots 
needs to be reduced. Hardly anyone agreed that sim-
ply making the matches ad-free would improve their 
viewing experience, but at the same time wanted a 
fewer number of ad slots, which Vandana establishes 
in the excerpt:

“I believe that cricket is the only game that shows 
too many ads. I am not saying that it should stop show-
ing ads, but the number of ad slots could be reduced. 
I mean, there is no point in showing ads during some 
key moments of the game like death overs or if some 
wicket falls, or some eventful happens at the last bowl 
of the over. I am interested in seeing the replays of the 
delivery and noticing how bowlers took the wicket or 
how the batsman has hit the boundary or six in the last 
ball of the over. However, instead of showing replays, 
they simply run a 30 to 40 seconds long break which 
simply distracts me and hampers my interest in the 
game. I know advertisers want to gain more visibility 

during the game’s death over when almost everyone 
sits on their seat and does not move away from their 
TV screens. However, trust me, nobody pays atten-
tion to the ads when the situation is tense or if it is a 
nail-biting finisher at the end of the game. Everyone is 
too involved in the game that people discuss or think 
about what would happen next in the game rather 
than paying attention to the ads during the ad slot. I 
believe showing ads during the start or even during 
the middle of the innings would still be ok, but the 
ads annoy me during the death overs. So, I would rec-
ommend that 14 to 15 ad slots are more than enough 
in 20 overs innings which includes those extra-long 
duration, drinks break or what you call the strategic 
timeout as well.” [26].

5.4. Impact of frequency of the ad
When asked about the impact of frequency of a 

particular ad on the viewing experience, the responses 
elicited indicated that increased frequency of a par-
ticular ad is creating hatred for that ad amongst the 
viewers as the participants are already been overex-
posed to so many ads during a particular match and 
over that they are shown the same ad again and again. 
Participants mentioned that after a particular number 
of times, they hardly paid attention to the ads. When 
those ads were shown interrupting the match’s key 
moments, they simply cannot bear it. It was recom-
mended that brands should rather focus on their con-
tent of the additionally and bring variety or different 
versions of it instead of just focusing on the increased 
frequency of the ads if they wanted to pursue the view-
ers. This aspect was talked in detail by Kartik:

“I am still not sure why a particular brand appears 
more than 14 to 15 times in a 20 over innings. There 
is no point in showing an ad with so much frequency. 
It looks irritating! I already believed that the number 
of ad slots being shown per innings should decrease 
and also wanted to see a lesser number of ads per slot, 
which is generally two to three ads as per current ads 
per slot, even if I see an ad twice or thrice within an 
hour, I would remember it. So, there is no point to 
show a particular ad 10 to 12 times within an hour. 
At times, it becomes unbearable. Showing ads with 
increased frequency will not change my decision to 
buy, the brands should remember this! Rather brands 
should focus on the content of the ads and should re-
duce the frequency of the ads. I know the brands do 
repetitive ads to seek attention. However, an ad with 
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good content would serve this purpose even without 
running it after every over or so during the match. As 
a viewer, I can simply tell you that this increased fre-
quency can even backfire on these brands. These ads 
appear during the game’s crucial time, as ads during 
the nail-biting situations would make me angry. If I 
have to set the limit for the frequency of ads, then I 
believe 5 to 8 times per innings would be a perfect fre-
quency instead of more than 14 to 15 times per in-
nings” [27].

5.5. Impact of the Duration of Ads
The impact of the duration of ads was something 

that every participant agreed to. The ads’ long dura-
tion or ad slot is the most exasperating thing that a 
viewer feels while watching the match. The longer the 
duration of ads or ad slots, the more are the hatred 
level for ads. The long duration ads make cricket fans 
lose their interest in the game, which Jhanvi further 
explains:

“It is not just me, but everyone who watches the 
match would be irritated with the long duration ads. 
Sometimes due to ads, I miss the live-action or broad-
cast of next delivery being bowled immediately after 
the ad, which is unacceptable. Even if brands want to 
run the ads, then do it within the time slot being al-
lotted. Why do these ads hamper my experience of 
watching the match by extending the time duration 
given per slot? I even hate the long duration ads during 
the drinks break. Rather, it should show highlights and 
engage more audience, who just joined the TV sets. 30 
seconds ad or ad slot is the maximum I can still bear 
somehow but anything above is seriously irritating. I or 
any cricket fan is there to watch a cricket match and 
showing ads to us should be a secondary thing. Howev-
er, the way, this advertising world is engulfing my time 
spent watching the cricket alone, I would rather prefer 
for premium subscription in future if the choice is giv-
en to have ad-free or minimal ad experience.” [28].

5.6. Impact of Ads being endorsed 
by cricketers

The majority of the participants agreed that they 
watch the ads with sports stars or cricketer in it with 
more or extra attention than the other ads. They feel 
such ads as more credible than the others. Cricket fans 
trust the cricketers to the level that whatever cricketers 
would claim in the ad, fans would believe it as gos-
pel truth. In India, cricketers are treated as God, and 

cricket is considered the biggest religion that binds 
the country together. So, even those respondents were 
willing to watch such endorsed ads that were earli-
er annoyed by watching ads. During the interview, 
Faraaz elaborated about the impact of ads that cricket-
ers were endorsing.

“Let me tell you one thing, I am a big cricket fan. 
Apart from the cricket field, I follow cricketers on 
Facebook, Instagram, and other social media. So, 
whatever they do, I enjoy it. So, even if I have problems 
with ads’ time duration and frequency, I still enjoy it 
if some cricketers are involved in those ads. I certain-
ly feel the impact of their presence, whether on or off 
the field. When Sachin Tendulkar said ‘Boost is the 
secret of my energy,’ I believed his word. I was never 
irritated by any ad that involved endorsement by any 
sports fan. Well! I do not have the exact reason for it. 
Maybe I feel connected by it, or you can say that hav-
ing celebrities like cricketers in the advertisement adds 
the level of trust in the brand and gives credibility to 
the brand’s claims. It is very disturbing to see the fake 
claims made otherwise in the ads, so I do not want to 
watch those ads. However, the strange part is that the 
broadcasters’ programming team makes us see those 
fake claims ads often with an increased frequency to 
grab our attention. However, this does not mean that 
they can show me long-duration ads or more repeti-
tive ads in the name of cricketers. There is a limit to 
everything. I have a few soft corners for cricketers, but 
this does not give the advertisers the right to exploit 
my viewing experience.” [29].

6. Discussion
The findings of the studies suggest that different 

elements of advertisement like ad type, ad placement, 
ad timings, frequency of ad, ad duration, and celebrity’s 
influence in the endorsed ads have an immense impact 
on the cricket fans’ mood or interest while watching the 
cricket match and thus suggest what type of ad works, 
where and when to show the ads and even how fre-
quently ads to be displayed and of what duration [30].

For instance, there was a clear impact based on the 
ad type. While virtual ads that simply superimpose 
the images during the broadcast, due to its limited 
capability, cannot provide the viewers’ entertainment 
value, the way TV commercials have provided. Virtual 
ads because of its limitation in the duration and loca-
tion on the screen, it is thus, considered less informa-
tive when compared to TV commercials, hoardings, 
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or posters. The level of visibility and irritation that a 
virtual ad and hoardings get depends on the ad’s loca-
tion on the screen or stadium. Locations such as be-
hind bowlers’ run-up, at the boundary line hoarding, 
player’s jersey, etc., are considered the perfect places 
in the stadium to display ads or brand logo without 
even irritating any viewer and at the same time getting 
the maximum visibility. These locations are by far the 
natural places where ads can be shown, and no view-
er has any objection with all these locations. Hence, 
irritation and intrusiveness caused by virtual ads are 
location dependent [31].

TV commercial by far proves to be far more enter-
taining and informative compared to other ad types. 
However, at the same time, it is not considered credi-
ble because of the false claims being made. Interesting-
ly, celebrity-endorsed ads are still considered credible 
than any other brand ads, which suggests that celebri-
ty or cricketer’s influence in the ad does impact users 
and can influence their mood and even pursue them 
to buy have positive sentiments towards the brand’s 
advertisement [32].

Hence, for creating awareness and informing the 
customers about the brand and its product offerings, 
TV commercials are still by far a better option as it has 
no restriction of space or location or even the dura-
tion, i.e., for 5 to 6 seconds, as it is for the virtual ads. 
TV commercials are not considered credible enough, 
but using the celebrity’s influence on the ad for pro-
motions can overcome this issue. Virtual ads should 
be used to gain more eyeballs as it appears during the 
live stream itself on any location on the screen. Hence, 
its location is of utmost importance. It will make that 
the ad does not irritate the viewer’s experience during 
the match [33].

Ad timings are making the cricket fans angry. Ad 
slots during the key moments or nail-biting situations 
(such as in death overs) are the most hated ones. 14 to 
15 ads per innings were the maximum number of ad 
slot that was being suggested, with only one response 
asking for ad-free broadcast. Thus, the love for adver-
tisement is still not over yet. However, certainly, the 
viewer wants to see the same match with a lesser num-
ber of ads.

The long duration of the ads or ad slots is never 
appreciated while watching a live cricket match. View-
ers tend to lose their interest in the match because of 
it, and hence, this too harms viewers’ mood. An ad or 
ad slot duration of maximum 30 seconds was the most 

suitable duration for the slot as per the interviewees’ 
suggestions [34].

Increased frequency of the same ad is another 
element of the ad hurting the viewers’ mood while 
watching the match. Increased frequency is done to 
gain more attention and visibility. However, this might 
backfire, and annoy the viewers. Showing a particular 
ad 5 to 8 times per innings was the apt number for 
the frequency of a particular ad that the interviewees 
suggested in their response. Instead, ad content was 
considered to be the positive element of an ad, and a 
good ad with an eye-catchy content is preferred over 
increased frequency according to the viewers [35].

7. Conclusion
It is advised to follow four measures for ensuring 

a sporting event (offer) to customers-fans (demand) 
in a marketing context. Motivating sports fans is an 
important part of gaining a competitive advantage in 
the industry; moreover, sport organizations must clas-
sify fans to achieve this uniqueness, which is because 
different types of fans need different types of attention 
and, as a result, different targeting and motivating 
methods; some are inspired by their family and social 
contexts, while others are motivated by the sport event 
itself. Finding the right balance is difficult, but it is cru-
cial to begin exploring the extents of these motivations 
within various sport venues, which will be the second 
stage of this review. The development of advertising 
campaigns and marketing strategies centered on these 
sport-specific motivations will help in marketing a 
specific sport, resulting in increased participation and 
consumption. When customers are faced with a grow-
ing number of entertainment choices, sport marketers 
may use these sport-specific motivations as a means 
of segmentation and revenue generation. Marketers 
will approach sport fans appropriately and satisfy their 
needs more thoroughly if they have a thorough under-
standing of their different motives.
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Annexure 1

Table 1 
Interviewee’s Details
Respondents Gender Age Job Role
R1 Male 21 Engineering Student
R2 Male 29 Patent Analyst
R3 Female 26 Software Engineer
R4 Male 27 Software Engineer
R5 Male 25 MBA Student
R6 Male 34 Electrician
R7 Female 33 Home Maker
R8 Female 28 Nurse
R9 Male 25 Athlete
R10 Male 35 Shopkeeper
R11 Female 32 Project Manager
R12 Female 31 Home Maker
R13 Male 23 Athlete
R14 Male 36 Businessman
R15 Female 27 Content Writer
R16 Male 33 Fitness Trainer
R17 Male 33 Teacher
R18 Male 20 Engineering Student

Respondents Gender Age Job Role
R19 Male 31 Marketing Manager
R20 Female 24 MBA Student
R21 Male 34 Cricket Coach
R22 Female 32 Home Maker
R23 Male 26 Web Designer
R24 Female 25 Graphic Designer
R25 Male 23 Photographer
R26 Male 22 Athlete
R27 Male 24 MBA Student
R28 Male 16 High School Student
R29 Male 27 Software Engineer
R30 Female 30 Accountant
R31 Female 25 MBA Student
R32 Female 31 Makeup Artist
R33 Male 36 Entrepreneur
R34 Female 29 Teacher
R35 Female 33 Home Maker
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Annexure 2
Semi-Structured Interview
Q1. Do you believe ads run during the match im-

pact your viewing experience?
Q2. Do you enjoy watching ads?
Q3. What kind of ad type that runs during the live 

broadcast of the match is entertaining?
Q4. What is so interesting about this ad type?
Q5. Do you find ads informative? If yes, then which 

ad type is informative?
Q6. As you know, virtual ads are displayed on the 

screen during the broadcast. Do you think the ads’ lo-
cation on your TV/mobile screen matter or affect your 
viewing experience?

Q7. What according to you is the perfect place on 
the stadium and even on the screen where the ad could 
be placed without annoying you?

Q8. Do ads annoy you sometimes?
Q9. Which ad type annoys you the most and why?
Q10. Do you think the timings of the ad are poor 

during the match? If yes, then why?

Q11. Does the frequency of a particular ad effect 
your viewing experience?

Q12. What frequency of a particular ad is ok for 
you before you start getting annoyed by it?

Q13. Does the duration of the ad have any effect on 
your interest in the match?

Q14. What is the maximum duration of the ad 
which you find as appropriate one?

Q15. Which ad type you find credible and why?
Q16. Do the presence of your favorite celebrity or 

cricketer in the advertisement adds the credibility of 
that ad?

Q17. Does the presence of a celebrity or cricketer 
in the ad excites you?

Q18. Does celebrity’s ad endorsement influence 
your decision making?

Q19. If given three options which one would you 
prefer:
• Watching the match without ads.
• Watching the match with the same number of ads.
• Watching the match with a lesser number of ads.
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Abstract
The purpose of this study is to identify the factors that aid in 
the measurement of the effectiveness of consumer promotions 
in brick-and-mortar retail. The already highly competitive land-
scape of retail is set to undergo a huge transformation post the 
COVID-19 outbreak, which will inadvertently lead to manufac-
turing cutting down costs wherever possible to maintain their 
margins and stay afloat. Advertising spends are bound to go 
down, and there is a need for a statistical model to measure the 
effectiveness of the capital spends by a firm towards consumer 
promotions. For the study, national level sales data of 4 sub-
brands of a particular toilet soap brand (shower soap bars) was 
analyzed for a leading retail chain in India from January 2018 
to February 2020. Regression analysis was used to do the data 
analysis. The study focused on price-off consumer promotions 
only for the designated period for four variants of a popular 
Indian soap brand. The discount percentage (including both 
promotion spend by the manufacturer as well as a retailer), 
the quantity of the particular unit sold on which the promo-
tion was run during the period when the promotion was run, 
the effective price to consumer per gram, and profitability for 
the manufacturer in terms of the net contribution percentage 
were the factors which were found to show a strong correlation 
and formed the input variables for the regression equation. The 
regression analysis showed that all the factors, namely: over-
all discount percentage, quantity sold, the effective price per 
gram, and the net contribution (profitability), were statistically 
significant in determining the uplift in sales quantity due to the 
discount (the effectiveness of the price promotion). The equa-
tion provides retailers and manufacturers a model to measure 
the effectiveness of promotion spending for price promotions 
that are run every month at a national and state level by giving 
state-level values as inputs. It also helps arrive at a baseline 

sales quantity for a particular SKU if no price-off promotion is 
run.
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1. Introduction
The retail function serves as the supply chain’s fi-

nal link and facilitates the final purchase of the good 
by the end consumer, making it all the more crucial. 
The retail space has undergone a sea change over the 
years. Digital transformation and newer retail chan-
nels, including e-commerce platforms, have acted as a 
catalyst for this retailing evolution. A lot has changed 
since the inception of e-commerce when online retail-
ers and the traditional brick-and-mortar ones could 
be distinguished. Traditional brick-and-mortar re-
tailers find themselves at a point where it is difficult 
for them to turn a blind eye to the competition and 
growth of online retailing. Moreover, since 2010, the 
retail industry has shifted focus towards providing an 
integrated customer experience to end-consumers ir-
respective of their channel choice [1].

The aforementioned factors have led to a perma-
nent restructuring of the retail segment, with tradi-
tional retail players bearing this transformation’s ma-
jor brunt. Widespread acceptance of online shopping 
along with new promotions has contributed to chang-
ing consumer perception and expectations. Retailers 
and marketers, especially those employed in the phys-
ical brick-and-mortar landscape, face the increasingly 
complex challenge of maintaining their top-line while 
preserving the bottom-line [2].

The transitions in the retail landscape and in-
creased competition have led to the power equation 
between consumers and retailers tilting in the former’s 
favor, which means that the consumers’ perceptions 
and experience of the retail environment now have a 
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huge impact on new developments marketers’ deci-
sion-making process. It is important to point out here, 
that even “stationary selling” includes online activities 
to a certain degree. In principle, the economic model 
of these retailers rests on the profitability of their of-
fline operations. 

In today’s competitive and dynamic retailing land-
scape, sales promotions become all the more import-
ant as a marketing activity for manufacturers, repre-
senting most of their marketing budgets. Retailers see 
a 300% increase in sales on an average during promo-
tions, and a minimum of 50% of their total sales comes 
from the promotional period. These figures serve as 
a testimony to the increased importance of promo-
tions in retail. Sales promotions are most common-
ly defined as a collection of heterogeneous incentive 
tools designed to simulate and/or larger purchases of 
products and services by consumers. In other words, 
they can be seen as incentives intended to act as cat-
alysts for the purchase or sales of products and ser-
vices. These include all kinds of activities undertaken 
by manufacturers or dealers, or businesses to boost the 
sale of a product or service over some time. The aim 
of these activities being motivating and persuading 
a consumer to purchase and encouraging repetitive 
purchases, Sales promotion tools can be categorized 
into three broad brackets: consumer-oriented sales 
promotions, trade-oriented sales promotions, and 
sales force promotions. Consumer promotions are the 
incentives aimed at the end-users or final consumers 
of a product or service. Some examples are temporary 
price promotions, the volume offers, sweepstakes, and 
contests, free trials, buy a get b free, and free product 
trials. Trade promotions are the ones that manufactur-
ers direct at retailers, including free goods, advertising 
and display allowances, and price reductions. Sales 
force promotions are the ones that are focused on the 
manufacturers’ sales force. A good example of this is a 
contest run for sales representatives. The study focus-
es on consumer-oriented sales promotions in (brick-
and-mortar stores. Henceforth, promotions should be 
read as “consumer promotions” in the context of in-
store promotions for brick-and-mortar outlets for the 
remainder of the study [3].

The major developments in retail have served as a 
major motivation for this paper. Firstly, the ever-dy-
namic, highly competitive marketplace compels pro-
motional spending by marketers. Moreover, promo-
tional expenditure has come under greater scrutiny by 

top-level management as it has increasingly become 
a major avenue both for cost-cutting as well as max-
imizing profits, which examines the effectiveness of 
consumer promotions imperative which appears to 
be all the more crucial in light of the unprecedented 
pandemic that is set to bring about a host of changes 
in consumer behavior. 

All the pre-existing research is done related to de-
termining whether consumer promotions only focus 
either on a single factor or a group of similar factors 
of a single category. There has only been limited re-
search that has examined consumer valuations of dif-
ferent kinds of promotions. Despite researchers exam-
ining price promotions from multiple perspectives, 
price reductions have not received adequate attention 
than monetary sales promotion. Moreover, in modern 
trade, retail outlets find most products at the mature 
stage of the product life cycle. Increased brand pro-
liferation, increased exposure, and experience of con-
sumers with multiple brands make the end customers 
better informed, price-oriented and lead to lesser hesi-
tation among consumers towards brand switching. On 
top of these, inflating costs, media clutter, and legal 
constraints have reduced advertising efficiency. In a 
firm’s promotional budget, sales promotion expendi-
tures make up for the largest segment of discretionary 
expenditure; marketing professionals end up putting 
considerable efforts and energy into analyzing the im-
pact and profitability of each of the different kinds of 
promotional tools. Researchers have examined price 
promotions from various perspectives in the past; 
price-offs have received less attention than monetary 
sales promotions [4].

The reasons mentioned earlier make for a compel-
ling case for evaluating all kinds of consumer promo-
tions, both monetary and non-monetary, in the context 
of retail outlets as offline retail still represents a major 
chunk of business source for manufacturers. The paper 
aims to bring out an in-depth review of existing liter-
ature and develop a comprehensive set of factors that 
will help marketers and manufacturers decide on the 
effectiveness of consumer promotions and, in turn, 
help with the choice of specific promotions basis these 
vital factors that are arrived at the post the study [5].

2. Literature Review
Sonal and Preeta (2002) conducted a study to un-

derstand the toilet soap category’s sales promotion ac-
tivities and ascertained that price discounts were the 
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preferred type of consumer promotion. FMCG com-
panies allocate roughly 74% of their entire marketing 
budgets to promotions, which partially served as the 
motivation for our focus on the toilet soap category in 
the context of Indian retail. Through the paper, not only 
are price promotions on singular units looked at, but 
multi-unit promotions (MUPs) are also considered to 
offer a price-off for a particular quantity of the promot-
ed product bought by the consumer. Having a stron-
ger impact on sales off take (volume) than single-unit 
promotions (SUPs), they appear to present an alluring 
option for manufacturers and retailers a like [6].

The literature review aims to do a systematic anal-
ysis of the various factors that have emanated from 
the existing literature and past research that influence 
consumer promotion effectiveness in brick-and-mor-
tar retail. This review serves as the basis for our anal-
ysis of the available data as the independent variables 
identified and analyzed in the existing literature serve 
as the paper’s starting point; each of the major inde-
pendent variables that are put to the test in the analy-
sis is reviewed in the context of the existing literature. 
The findings of the most relevant existing literature 
and past research are consolidated in Table 1.

Table 1
Literature Review

Independent 
Variables

Literature 
Review

Design/Methodology/Approach

Brand Reputation Kukar-Kinney 
and Carlson 
(2015)

9 (discount level) *2 (retail channel) *2 (brand reputation) between-subjects experiment with 
918 respondents with reputable store image as a constant. Consumer perception of various 
brand reputations in brick-and-mortar, as well as the online channel, was analyzed.

Consumer 
Perception

Lowe (2010) Cross-sectional experimentation for manipulation of promotion type, promotion size, 
perceived promotion risk measuring purchase intentions and value perceptions (shopper 
experience simulation)

Consumer 
Involvement

Kim and Han 
(2019)

2(Promotion type) *2(Cause involvement) *2 study with 215 participants. Two-way ANOVA 
was applied on purchase intention for promotion (regular, price discount) and cause 
involvement (less, more).

Font Mead et al. 
(2020)

Five different controlled experiments with the participation of 68 undergraduate students 
in exchange for course credit. 

Message 
Framing

Gamliel and 
Herstein (2012)

Examination of purchase intentions of 189 participants with random assignment to 
negatively and positively framed promotions with consumers’ perceived monetary benefit 
and involvement measured

Koo and Suk 
(2019)

Experimental field study on an online community website with a banner promoting free 
promotion as “$0” or “free,” measuring the actual customers CTR (click-through rate)

Chen et al. 
(1998)

The main study consisted of a 2*2*2 between-subjects experiment with 119 business UG 
students. The questionnaire was aimed at controlling product price levels, promotion 
type, and the form of presentation. A second study was conducted upon 129 business UG 
students to gauge reaction to the main study’s promotion scenarios.

Büyükdağ et al. 
(2020)

Two hundred ninety-nine responses from millennial with a convenience sampling method 
were applied to four different scenarios: fixed price, absolute price reduction, “40% 
discount,” and “20%+25%” discount measuring price attractiveness and purchase intentions. 

Mao (2016) Two studies were conducted with 252 university graduates from China, with a survey 
administered to Study 1, whereas 108 university graduates participated in Study 2. 

Nature of benefit 
sought by the 
consumer from 
the promotion

Pallazo and 
Delgada-
Ballester (2013)

Three experiments were conducted with the nature of premium as a treatment factor, 
hypotheses tested by regression analyses.

Ivanova (2012) A survey among 3130 respondents concerning discounts, sampling, bonus packs, gifts, 
sweepstakes, loyalty programs, and charity gifts is popular for FMCG. 

Product 
Category

Sinha and 
Verma (2020)

A sample study of 400 Indian consumers was conducted to evaluate the research 
assumptions, Sample Equation Modelling applied with product category as the 
moderating variable. 

Rational Thinking 
Style

Yang and 
Matilda (2020)

2 (Promotion type) * rational thinking style quasi-experimental study involving 71 
participants, measuring rational thinking. Multiple regressions were then conducted with 
purchase intention being a function of rational thinking style and promotion type. 

Seasonality, 
day-of-the-week 
effect

Kondo and 
Kitagawa (2000)

Combination of time series analysis and regression analysis on price promotion effect 
derived from daily store-level scanner data 

Store attachment Badrinarayanan 
and Becerra 
(2019)

Online collection of data from 195 respondents via a survey administered to a south-
western university in the US.
Post this; confirmatory factor analysis was done for refinement and validation of scales 
and testing of the proposed model.
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2.1. Discount Percentage/
Intensity of Price-off

Existing literature provides evidence that consum-
ers display high sensitivity to the amount of money 
they stand to save in discounts or price promotions. In 
the past, researchers have also attributed the effective-
ness of price-offs to transaction utility theory which 
talks about the perceived value of a promotion with 
the changing intensity of discount percentage, eventu-
ally suggesting that a higher price-off increases valua-
tion and purchase likelihood of the promoted product 
follows a benefit based-approach to come up with a 
method of customer segmentation based on the ben-
efits identified and insights on how to increase the ef-
fectiveness of consumer promotions. The article notes 
that discounts alter the price/product equation and 
provide a monetary saving perception by decreasing 
unit price, offering additional quantity for the same 
price, increasing quality, or offering refunds on future 
purchases. In their study on time series analysis of 
daily scanner sales, Kondo and Kitagawa (2000) opt 
for using the price-cut intensity as inputs for the price 
function in their basic statistical model [7].

The intensity of price-offs becomes important be-
cause previous studies have pointed out that reduced 
selling price may inadvertently lead to a decrease in 
the perceived quality of the product being promoted. 
Thus the intensity should be optimized such that the 
product’s acquisition value and transactional value are 
not negatively affected concerning the customer’s ref-
erence price [8].

2.2. Seasonality
In the context of brick-and-mortar retail in India, 

there is a different kind of seasonality effect that can 
be observed for different kinds of toilet soaps in India 
(herbal, glycerine, germ protection, and so on) with cat-
egory under such a classification exhibiting a distinct 
seasonality, which is corroborated by the monthly data 
for purchase volume (kilograms) and the total stock 
(volume in kilograms) as per the Soaps RMS +Deep-
dive Nielsen Report as of February 2020. During the 
peak selling months for each category of toilet soap, 
manufacturers often increase consumer discounts ex-
pecting a higher demand. Price promotions are intro-
duced during the typically strong months to stimulate 
sales throughout the period. Hence, decision support 
becomes integral to the determination of the timing 
and intensity of price-offs [9].

2.3. Profitability
Price promotions offered to consumers on prod-

ucts are directly linked to profitability because the 
manufacturer bears the cost of promotion either par-
tially or fully depending on the overall discount per-
centage passed on to the customer. Madan and Suri 
(2001) pointed out that even though price-cuts might 
lead to short-term uplift in sales, the gain comes at the 
expense of profitability. 

The question of profitability becomes even more 
pertinent for the FMCG sector, including the catego-
ry under our study – budget toilet soaps. Goel (2017) 
notes that retailers of FMCG products generate more 
revenue even though the profit margin is low, as the 
sales quantity is higher than other categories of prod-
ucts. FMCG products are characterized by high sale 
volume, leading to a healthy overall profit amount for 
the sellers [10].

3. Research Methodology
For our research relating to a comprehensive anal-

ysis of the effectiveness of consumer price promotions 
for a popular budget toilet soap brand in India, the fol-
lowing datasets were made available, allowing for the 
extraction of the data points needed for our analysis. 
Off take data in terms of sales quantity and sales val-
ue for the brand in question for a modern trade offline 
retail chain with data from 350 outlets from across In-
dia. This particular dataset had all values (sales quan-
tity and value) every month and was available for the 
period extending from January 2017 to February 2020. 
Penetration and consumption data for the period Janu-
ary 2018 to February 2020 and the data were obtained 
from leading market research, survey, and business 
consultancy firm. This penetration and consump-
tion data were specific to each of the four variants of 
the budget toilet soap brand considered for the anal-
ysis. Dataset had penetration and consumption values 
every month and every quarter to observe the overall 
quarterly trend. The penetration data was calculated as 
the percentage of households out of the total number 
of households understudy to calculate the penetration 
every month. For example, for a particular month, 100 
households were understudy, and in that particular 
month, 75 households used this particular soap brand; 
hence the penetration for that month would be 75%. 
The number of households taken into account was on 
a national level across the country. For the consump-
tion data, the calculation was presented in the form 
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of average consumption per household in kilograms 
used/household for that particular month. The number 
of households under study was the same as those for 
the calculation of penetration [11]. The national-level 
retail chain’s price promotion database contained data 
for the price promotions that were run every month 
for each of the four soap variants from January 2018 to 
February 2020. This particular database also contained 
data points related to the article code, article descrip-
tion, MRP, landing price to the retailer (price at which 
the retailer purchased from the manufacturer), pro-
motional offer that was run for that particular article, 
the final selling price to the customer, the landing price 
after incorporating the discount promotion. In these 
geographical regions, the promotion was valid. The pe-
riod for which the promotion was run, which in our 
case was monthly for each promotion [12], the cost of 
manufacturing each article as per the article code was 
also available to us. The COGS dataset also had the to-
tal weight in each article’s grams per the article code of 
soap variant. The article codes were different for each 
of the different SKUs (stock-keeping units). The COGS 
was provided as an average for a fiscal year as the man-
ufacturing soap kept fluctuating. 

Post review of the existing literature and past re-
search on measuring the effectiveness of price promo-
tions and the datasets available to us, a master sheet 
was compiled. This master sheet would then form the 
basis which would be used for the analysis. From the 
factors that came up from the review of the literature 
and considering the data available, the independent 
variables that were initially considered for measuring 
the effectiveness of price promotions on the four vari-
ants of the budget toilet soap were as follows [13].

3.1. Overall discount percentage 
(G Promo Ratio)

One of the most important factors determining 
the effectiveness of a promotion when it comes to a 
price-off invariably becomes the discount percentage 
calculated as the ratio of the difference between the 
shelf price and marked price, with the article’s MRP 
the denominator. Pauwels (2007) noted that the retail-
er’s margin goes up in case of a price promotion from 
the manufacturer’s end. The retailer may either pass 
on 100% of the price promotion in terms of reduction 
to the end consumer, he may bear the additional cost 
from his pocket and pass on greater than 100% dis-
count to the customer, he may hold on to some portion 

of the price promotion and pass on lesser than 100% 
benefit of the promotion to the consumer or he may 
pocket the entire discount and choose not to pass on 
any benefit to the customer, selling the product at the 
MRP itself. The above observation holds in the context 
of modern trade as well. Hence, it becomes important 
to include the overall discount percentage, which con-
siders the final shelf price to the end consumer. The 
consumer evaluates a price promotion concerning 
what he ends up paying for a purchase [14].

3.2. Seasonality
A clear season trend could be observed from the 

historical data for penetration and consumption data 
and the off take data (sales quantity and sales value). 
The trend observed showed a clear indication of the 
demand for the toilet soap brand being higher in cer-
tain months of the year depending on the season and 
the demand being low in the other months, which 
could be seen for the same months over the two years 
data available to us. The seasonality effect observed 
was specific to each of the four variants of the soap. 
Each exhibited a particular trend wherein they per-
formed well in certain seasons (months of the year). 
The seasonality trend in the sale of the toilet soap 
was accounted for in the master database in terms of 
the monthly penetration, consumption data, and the 
monthly off take quantity (units sold) for the month 
where a particular price promotion was active. Pen-
etration was calculated by arriving at the penetration 
percentage and the total number of households un-
derstudy for that particular month. So, the penetra-
tion captured in the master sheet was in terms of the 
number of households that bought a particular variant 
of the soap brand in a certain month [15].

3.3. Profitability
From the review of past literature and the price 

promotion database available to us, it was evident that 
whenever the manufacturer decided to run a price-
off, the retailer’s landing price would be lower than 
the case when the manufacturer did not run a promo, 
which meant that in running a price promotion the 
manufacturer’s profitability was taking a hit and hence 
it seemed imperative to consider the profitability fac-
tor when analyzing the effectiveness of price promo-
tions for this soap in the modern trade. For capturing 
the profitability in the statistical model initially, the 
following two factors were considered:
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Gross Contribution (GC) is calculated from the fi-
nal manufacturer sale price at which the retailer buys 
it from the manufacturer post adjustment for the pro-
motion and tax deduction. The final manufacturer 
sale price (let us denote that with Sale P) is calculated 
as the final landing price divided by the “1+tax rate” 
(in percentage terms). GC is then calculated as (Sale 
P – Manufacturing cost) divided by Sale P.

Net Contribution (NC) is calculated from the GC, 
price-off in absolute terms, and Sale P. NC is calculated 
as GC – (discount in absolute terms/ Sale P). - [1] [15]

3.4. Price per gram
The prevalence of toilet soaps in the retail context 

of India and the availability of each variant in multi-
ple SKUs inadvertently means that when a consumer 
is making a purchase decision, more often than not, 
the price per gram (PPG) takes centre stage, especially 
in the case of budget toilet soaps. For each of our four 
variants, there are multiple SKUs available. The man-
ufacturer prices each to maintain the price laddering, 
making all the prices per gram all the more pertinent 
when evaluating the price point when there is a price 
discount offered. The PPG was calculated by dividing 
each article of soap’s shelf price by the total weight of 
that particular SKU (in grams) [16].

3.5. Off take quantity
Another important measure of a particular price-

off ’s effectiveness for a month was the off take quan-
tity (quantity of toilet soaps sold during the month 
when the promotion was run for each SKU). The sales 
quantity was considered instead of the value because 
of the differential pricing for each of the four variants 
and the various SKUs for each variant. Given the sea-
sonal nature of each of the four budget soap variants 
under study, the off take quantity values about each 
entry in the master database were depersonalized. The 
depersonalization was done by dividing the actual 
sales quantity by the seasonality factor for that month. 
For example, for June 2020 for one out of four variants 
of the soap, in order to find the seasonality factor, we 
take the arithmetic mean of the off take quantity for 
June 2017, June 2018, and June 2019 divided by the av-
erage monthly off take quantity for the 36-month pe-
riod from June 2017 to December 2019. This exercise 
gave us a seasonality factor for each of the 12 months 
for each of the four variants that are 48 seasonality fac-
tors in total. 

The dependent variable used for the analysis was 
the uplift in off take (sales quantity) compared to the 
same period in the previous year. For example, if a 
price promotion was run on a particular toilet soap 
SKU in July 2019, the uplift in off take was arrived at 
by calculating the off take difference in July 2019 from 
July 2018. This uplift was calculated as the difference 
in sales [17].

Once the short listing of the independent variables 
relevant to our study of measuring the effectiveness 
of price promotions four our budget toilet soap in 
brick-and-mortar retail, keeping in mind the datasets 
available to us, was done, a correlation analysis was 
done. This correlation test was done using IBM SPSS 
software. Using a correlation analysis as the first step 
was to filter out the insignificant correlation and move 
ahead with the statistically significant regression anal-
ysis factors. 

The correlation analysis run was a bivariate test 
with independent variables as G Promotion, Pene-
tration, Consumption, GC (Gross Contribution), NC 
(Net Contribution), Qty (de-personalized off take 
quantity during the promotion period), and PPG 
(price per gram) with the correlation being tested con-
cerning Uplift Q (off take difference concerning pre-
vious year’s depersonalized sales in the same month). 
Once the correlation analysis was run, the statistical 
significance and the value of Pearson were taken into 
consideration for deciding which independent vari-
ables were statistically and significantly correlated 
with our dependent variable (Uplift Q). The direction 
of correlation was also considered by considering the 
Pearson value sign to check if the value captured the 
direction (positive or negative) concerning uplift in 
quantity [18].

Post the correlation test, the independent variables 
that were initially considered was discarded. The rest 
were taken into account for performing a linear regres-
sion analysis to arrive at a best-fit regression equation.

4. Data Analysis and Findings
The correlation analysis results are shown from the 

output generated from IBM SPSS in Table 2.
From the correlation output table, it is evident 

that the correlation values for the dependent variable 
concerning the independent variables with the sig-
nificance values for penetration (0.971), consump-
tion (0.769), and GC (0.110) have significance values 
much greater than 0.05 and hence were discarded for 
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moving ahead with the linear regression analysis. The 
values for Pearson correlation in the first row show the 
intensity and direction of correlation with each of the 
independent variables, and the following observations 
were made:

Overall discount percentage (GPromoRatio) 
showed a statistically significant moderate positive 
correlation with the dependent variable, which signi-
fies that the higher the overall discount provided on an 
SKU during a price promotion higher the promotion’s 
effectiveness. [19].

Net contribution showed a statistically significant 
moderate negative correlation with the uplift in deper-
sonalized sales quantity, which is in line with the price 
promotion system. The manufacturer bears some cost 
(partially/fully). The profitability takes a hit, which 
means that the profitability goes down by increasing 
the price discount’s intensity. Hence, it is a significant 
factor that impacts the effectiveness of price promo-
tion in offline retail. The off take/sales quantity (Qty) 
for the month where a particular price promotion is 
active throughout the country displays a statistically 
significant positive Pearson correlation value (0.577) 

which signifies that the higher the number of units sold 
during the active period for a promotion, the more ef-
fective that particular promotion would be [20].

The Pearson Correlation value for the relation-
ship between the dependent variable concerning the 
PPG (price per gram), which stands at -2.16, signifies 
a negative correlation value, signifying that the lower 
the value of price per gram, the higher would be the 
effectiveness of a particular SKU’s discount. 

For the four independent variables identified 
above, a linear regression analysis was performed with 
Uplift Q (uplift in de-seasoned sales quantity) as the 
dependent variable using IBM SPSS software, and the 
result obtained is tabulated below in the model sum-
mary presented in Table 3 [21].

From the model summary as seen in the output 
window post running linear regression, R Square’s 
value is 70.8, which means that the regression model’s 
accuracy stands at 70.8%. From the Coefficients table, 
we can see the value for the intercept on the X-axis and 
the values for coefficients from the B column from the 
Unstandardized Coefficients column for each depen-
dent variable G Promo Ratio, Qty, PPG, and the NC, 

Table 2
Correlations Among The Constructs
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which means that the statistical regression model is in 
the form of an equation: 

 (G Promo Ratio * 41457.523) + (Qty * 0.501) + 
 (PPG * 99779.858) + (NC * 2695.113) – 
 – 35495.368 = Uplift Q  [2]

Once the regression equation is obtained, it is used 
for forecasting the baseline sales quantity (sales off 
take achieved when no price promotion is run) for 
a particular month in the future. For example, if we 
want to arrive at a baseline sales quantity for Septem-
ber 2020, we set the GPromoRatio variable to 0, set 
Qty to the September 2019 sales quantity, PPG calcu-
lated on MRP (since price-off 0), and NC calculated 
by considering discount as 0. The value of the uplift in 
sales quantity obtained by inputting these values in the 
regression equation essentially gives us the additional 
or lesser number of units expected to sell in September 
2020 compared to September 2019 [22].

The value of Uplift Q is then added to the quanti-
ty (number of units) sold in September 2019 to arrive 
at a baseline sales quantity for September 2020. The 
baseline obtained can be depersonalized by dividing 
the baseline quantity value with the seasonality factor 
for September for that particular brand [23].

5. Discussion
The primary analysis wherein a bivariate correlation 

analysis was done to determine the statistically signifi-
cant relationships with the independent variables con-
sidered showed that the overall discount intensity and 
the monthly sales quantity were positively correlated 
with the uplift observed in quantity sold over the same 
period in comparison to the previous year and the re-
lationship is statistically significant. On the other hand, 

net contribution (a measure of profitability) is negative-
ly correlated with the uplift in sales quantity, and the 
relationship is statistically significant. The PPG (price 
per gram) shows an inverse relationship (negative cor-
relation) with the dependent variable. The regression 
equation arrived at also serves as a forecasting model 
to help calculate a rough estimate for the value of base-
line sales which would also help the manufacturer do a 
more accurate ROI or cost-benefit analysis before de-
ciding on the monthly budget for price promotions for 
each SKU of the four different variants of the budget 
toilet soap considered [24].

There are limitations with regards to the data captured 
wherein a lot of the constructs identified from the review 
of existing literature and past research such as store at-
tachment, rational thinking style, consumer perception, 
message framing, font style, and the brand reputation 
because of the qualitative nature of these constructs and 
inability of the linear regression model to capture these. 
Another major drawback that data of competitor re-
sponse and the average promotion intensity by competi-
tors could not be incorporated in the model owing to the 
unavailability of reliable competitor spending on price 
promotion because competitor spending plays a major 
role in the promotion planning, especially for a highly 
competitive budget toilet soap category in the FMCG 
sector. The prediction for the baseline sales quantity can 
be further improved by including macro-economic fac-
tor-like consumer confidence in the initial master sheet 
and deriving a regression equation [25].

6. Conclusion
Because the technological age is here to stay and 

can only become more creative, it is up to B&M shops 
to become versatile and creative to remain relevant. 

Table 3
Regression Analysis
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B&M will become less appealing as online shopping 
experiences become more rewarding. Environmen-
tal factors such as crime and weather would drive up 
online shopping, providing better security and con-
venience. As both B&M retailers and online retailers 
compete to deliver the best, the basis for the compe-
tition will be price, convenience, experience, and per-
ceived value. In addition to demonstrating the frame-
work’s explanatory value, the cases proposed many 
new research subjects for better understanding the 
factors on and effects of click and mortar e-commerce 
models. We need to learn more about the roadblocks 
to successful click and mortar growth. Our cases indi-
cated a few impediments, but our sampling approach 
restricted our ability to elaborate on this point. Three 
potential issues arose from our discussions: 1)a sense 
that taking a click and mortar approach forced several 
cases into a slower pace of e-commerce innovation, 2) 
a sense that taking a click and mortar approach forced 
several cases into a slower pace of e-commerce inno-
vation, and 3)a sense that taking a click and mortar ap-
proach forced there are not enough metrics available 
to determine the value of investments in click-and-
mortar strategies completely.
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Abstract
This paper aims to explore advertising on music streaming 
platforms as an opportunity for brands to advertise in India 
by studying users’ attitudes towards advertisements while lis-
tening to music on these platforms. The paper is an outcome 
of reviewing several published journals and articles referring 
to music streaming services, their revenue models, and their 
impact on consumer listening behaviors. The paper presents 
an overview of the music industry’s evolution, the piracy issues 
involved, and revenue models of music streaming platforms; 
free streaming and paid/premium models. It discusses the 
music consumption behavior of users and the effect of audio 
advertising on the platform. Finally, the paper emphasizes the 
targeting and personalization of ads. The research only con-
centrates on the Indian consumer of music streaming platforms 
and is limited to advertising on India’s streaming platforms. The 
paper critically examines India’s potentially growing industry – 
the audio streaming industry, which has not been previously 
reviewed. It studies the users of music streaming platforms in 
India to conclude their listening patterns and behavior towards 
ads on the platform and further research. 
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1. Introduction
Audio has been prevalent in India for a long time, 

but the way people consume it has largely evolved over 
the years. Way back in the black and white days, when 
people used to rely on the radio for their daily con-
sumption of news, weather forecasts, and entertain-
ment needs, audio was a dominant medium. Up until 
the late 1970s, when television was introduced in In-
dia, people started to consume more video, and audio 
became a supporting medium, which led for audio to 
take a backseat in people’s lives, wherein a proportion 
of people still listened to the radio, but not as active as 
they previously used to [1].

Audio largely became associated with music where 
people used to buy cassettes and CDs and play it on 
their Tape recorders or Walkman. With time, the in-
ternet became popular, and people started to down-
load their music onto their devices or transfer it into 
a CD, which gave rise to music piracy and the subse-
quent fall of the music industry. 

Music streaming platforms came into play in the 
international markets that curbed this issue by making 
deals with record companies to make their artists’ mu-
sic available on the platform, which could, in turn, be 
consumed by the users over the internet for free or by 
paying a minimum fee. The variety of music content 
that became available on these platforms free of cost 
has completely transformed music consumption [2].

Today, it has become increasingly dominant in the 
music industry and contributes 67% of India’s total 
recorded music revenue. Currently, India is known to 
have nine streaming platforms existent in the market, 
including Gaana, Wynk, JioSaavn, Hungama, Spotify, 
Apple Music, YouTube Music, Amazon Prime Music, 
and Google Play Music. With the rise in the number 
of audio OTT platforms over the years, India has been 
streaming music for 19.1 hours/week on an average, 
which is higher than the global average of 17.8 hours/
week (Bhat, 2019). Imagine reaching out to this audi-
ence to promote a product/service [3].

India’s audio industry’s potential rise has changed 
the way music is being consumed, with exponential 
growth in the number of users on streaming platforms 
in India. Audio advertising on music streaming plat-
forms is one of the less tapped avenues for marketers 
to promote their products and services. While most 
marketers are striving to make their advertising more 
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appealing and creative for their consumers to stand 
out, advertising on a less cluttered platform will also 
help them achieve more visibility for their brand. 
Moreover, Music streaming services are providing 
brands with that platform [4].

From listening to podcasts and music on these ser-
vices, over 200 million Indians use music streaming for 
their listening needs, and 68% of online adults around 
the world have used some kind of music streaming in 
the past month. 

With the battle of attention becoming fiercer, au-
dio advertising is a way for brands to stay connected 
to their customers throughout the day as people stay 
online on these platforms while they are engaged in 
numerous other activities such as cooking, cleaning, 
exercising, etc. Thus, advertising in audio format is 
convenient and profitable for marketers to communi-
cate with their audience, backed by further research in 
the next section of the paper [5].

This paper aims to understand the impact adver-
tising on these platforms has on a consumer to help 
advertisers better understood what their consumers 
want. The purpose of this paper is to study music 
streaming platforms more closely to make it a prospec-
tive medium for advertisers to promote their services/
products and reach their consumers more effectively 
throughout the day, which is done through a system-
atic review that closely studies the business model of 
music streaming services around the world, their rev-
enue models and the music consumption patterns of 
users on these platforms. The next section provides an 
overview of the literature studied, the research meth-
odology, and the discussion [6].

2. Methodology
Several journals were collected from various 

sources to search for relevant literature covering mu-
sic streaming platforms and their impact on consum-
ers’ listening behavior. The initial literature review 
involved an understanding of the different music 
streaming platforms globally, the business models 
through which they operate, and an overall under-
standing of the music industry. For this, keywords like 
“music streaming platforms” and “music marketing” 
were used. 

The next phase of research was about advertising 
on music streaming platforms. This involved under-
standing consumer behavior towards advertisements. 
The literature review was limited to published journals 

and articles that provided an overview of the music 
streaming industry worldwide and was not just lim-
ited to India [7].

The collected journals were then assessed in terms 
of their relevance to the topic at hand. The selected lit-
erature’s main reasoning was to gain knowledge about 
how the music streaming model works, how consum-
ers use the platform, advertising on streaming plat-
forms, and consumer perception towards those ads. 
Once the papers collected were analyzed, the literature 
review’s writing commenced and was structured to 
provide more clarity about the topic to the readers [8].

3. Literature Review

3.1. The emergence of music streaming
The traditional form of music consumption in-

volved the purchase of DVDs and cassettes, with sev-
eral music stores lined up with shelves full of music re-
cords by various artists. The way artists have started to 
sell their music to fans has also evolved. Previously, re-
cord labels made deals with individual stores to make 
albums available in stores sold to consumers. They 
were also offered to radio stations for promotional 
purposes. With digital advancements, music started 
to be available online through various websites. Con-
sumers downloaded music through these websites for 
free or even recorded music on tapes and made money 
out of it [9].

Artists faced huge losses due to their music being 
available for free, and thus, the music industry faced 
much backlash with piracy increasing. Gradually, with 
the availability of high-speed internet, music stream-
ing services were introduced. In 1999, Napster, a P2P 
file-sharing software, was launched and soon became 
popular among music lovers. It significantly changed 
the way people consumed music on a day-to-day basis. 
The users could easily download music and own a dig-
ital copy for free without purchasing CDs or albums. 
However, the free availability of music caused much 
disruption with several lawsuits filed against the com-
pany, and thus, the company’s operations were ceased 
in 2002 [10].

With Apple’s iPod’s introduction, the company lev-
eraged its brand to launch the iTunes Store, a digital 
music store in the market in 2003. Initially, it charged 
a price for users to download songs that were 33% less 
than the price of a CD, but record labels were willing to 
compromise this price to redefine legal music down-



Issue 24. November 2022 | Cardiometry | 889

loading. In less than five years, iTunes conquered the 
music industry and became the largest music provider 
in the United States.

Following the trend, several other web-based 
streaming platforms emerged. Spotify launched in 2008 
in Europe and gained widespread popularity, and, by 
2010, became available in the United States. In India, 
music streaming services became popular only recent-
ly, with data prices being dropped by almost 90% in the 
last two years. Since then, India’s music service market 
has been flooded by various music streaming apps – 
Gaana, JioSaavn, Wynk, Hungama, along with Amazon 
Music and YouTube music as their big rivals [11].

3.2. Piracy issues
Since the inception of the music industry, piracy 

has been existent. However, its nature has changed. 
One of the earliest forms of music piracy was pro-
ducing songs and selling them later on cassette tapes. 
When CDs came into use, people started to transfer 
the CD files by burning/copying the contents onto an 
empty CD and later sold them at a price, which result-
ed in the next phase of music piracy. Acquiring music 
for free online became the third phase of music piracy. 
In more recent years, people began to argue that music 
streaming services have become recent music piracy 
cases. Various music artists have argued the concept of 
making music available for free on streaming services 
like Taylor Swift (Coffey, 2016) [12].

A music streaming service is like an information 
system with hedonic and utilitarian qualities (Hampton 
and Sosa, 2017). The users are satisfied by creating and 
sharing playlists while artists can showcase their origi-
nal work and interact with their fans. Hence, such sys-
tems are useful and provide enjoyment and thus, do not 
contribute to digital piracy. Weijters-Goedertier-Ver-
streken (2013) argues that low willingness among users 
to pay a fee or subscribe to streaming services is pro-
portional to a higher likelihood of engagement in illegal 
downloading of music. They discover that the extent of 
illegal consumption of music differs with age [13].

Aguiar (2017) indicates that free and limited 
streaming on music platforms positively affects digital 
music’s purchase behavior. In their study, a listening 
cap on the streaming service was introduced to un-
derstand the effect of free and restricted streaming on 
music purchase and piracy behavior. 

The results showed that on the imposition of the 
streaming cap, the users visited illegal download web-

sites around 2% less than usual due to a limit imposed on 
their listening, which indicates that restricted listening 
behavior has a positive effect on free music streaming. 
However, the results do not depict a positive effect of pre-
mium subscription services on digital music piracy [14].

3.3. Music streaming and its Revenue models
While the argument is about the music industry 

losing much money because of consumers engaging 
themselves in digital piracy, the music industry also 
has to search for new ways to generate revenue. The 
introduction of music streaming filled this gap. This 
model allows a user to consume music digitally from 
an online server without having to own physical al-
bums, CDs, or even download music. Such a busi-
ness model is generally funded through two sources: 
ad-supported free music consumption where revenue 
is generated from sponsors and advertisers; and sub-
scriber-based paid consumption, also called the pre-
mium model with enhanced features and ad-free lis-
tening that requires users to pay a monthly/yearly fee 
for consumption [15].

While this is usually the business model most mu-
sic streaming services offer, referred to as the freemi-
um model, there may be some exceptions. For exam-
ple, Apple’s iTunes Store allows people to buy music 
on their platform, and the free mode of listening is not 
available. With both these models made available to 
the users, it adds to such platforms’ business model’s 
complexity. 

The revenue model offered to consumers through 
subscriptions makes the value proposition for ad-
vertisers relatively weak as consumers do not prefer 
ads, which results in constant backlash faced by the 
streaming services in terms of attracting advertisers 
on their platform and retaining consumers who wish 
to consume music for free [16].

The digitalization of music consumption has shown 
that, although people hear music has changed over the 
years from tangible records to intangible data, more 
people have been exposed to music consumption 
through music streaming platforms being an easy al-
ternative to the usual ways of obtaining musical relief. 

3.3.1. Free music streaming supported 
by advertising

The users of this model enjoy music for free but 
with certain restrictions on their consumption. They 
can browse through the catalog of songs and play 
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them, but the streaming services offer such users lim-
ited access to the music library and require them to 
play songs over the internet only. The users for this 
streaming type are also excluded from other features 
offered in the paid version, such as downloading 
songs, high-resolution audio, and can hear songs as 
part of a shuffle-play option only [17].

The commercial breaks in between songs that con-
stitute this model are a major revenue source that mu-
sic platforms make from advertisers for this mode of 
streaming. Apart from this, free streaming is known to 
positively impact music piracy as the users no longer 
shift their focus to illegal downloading sites for their 
music listening needs. 

The proportion of free music listeners is also grad-
ually decreasing over the years as more and more lis-
teners are opting for the paid subscription model to 
enjoy additional features in listening to their favorite 
songs [18].

3.3.2. Subscriber-based paid music streaming
In addition to the free-of-charge model to con-

sume music, consumers can subscribe to the services 
of the music platform for a monthly/yearly fee to gain 
unlimited access to the music library and the option 
to hear music offline by downloading them on the de-
vice. The users have to renew their subscriptions after 
the termination of their plan to keep enjoying these 
services. Once the plan gets terminated, all download-
ed songs also vanish from the device. 

The major revenue source in this streaming model 
is generated from the users, with streaming platforms 
offering a range of plans for its users to choose from. 
Most importantly, there are no ads that run on the paid 
subscription model, which gives users all the more in-
centive to purchase these plans. However, the decision 
to opt for the paid version of streaming depends on 
whether a user is ready to sacrifice a cost in return for 
an ad-free listening experience [19].

By way of their revenue models, the music streaming 
services earn revenue either way from active users or ad-
vertisers through their platform. 70% of this revenue is 
used for paying artists and record labels in the form of 
royalty for their content based on the number of streams 
on their music, i.e., the number of times an average user 
has listened to their music at least 30 seconds. This way, 
music streaming platforms make a lot of revenue and 
profit by partnering with major record labels and mak-
ing their music available to the masses for free. Artists 

are also left with no other option than distributing their 
music for free on these platforms as fans majorly listen to 
music on streaming platforms [20].

However, it becomes difficult for emerging artists 
to earn revenue for their music through streaming 
platforms as 99% of this revenue is majorly distributed 
among a small number of established artists associated 
with major labels such as Universal, Sony, or Warner. 
Research has also been conducted on implementing 
blockchain technology in the music industry which 
will protect artist rights and automate royalty pay-
ments and licensing with smart contracts. Thus, it be-
comes important for streaming platforms to maintain 
a balance between the two models to generate maxi-
mum revenue from both the users and the advertisers 
with such revenue models.

3.4. Music consumption behavior
Music streaming platforms tend to offer a ‘brand-

ed musical experience to their users by providing un-
limited music content and also, helps users discover 
new music. The International Federation of the Pho-
nographic Industry (IFPI) stated that the global music 
market witnessed a 24% growth in paid streaming rev-
enues in 2019, which is now 42% of the total, bringing 
the total number of paid streaming users worldwide to 
341 million. The advertising revenues grew 5.8%, and 
overall streaming income grew by 22.9% in 2019 [21].

The premium-based music streaming service is 
probably on the rise because of the additional features. 
However, most users prefer to stream for free with 
their content consumption disrupted by advertise-
ments that act as a price these users pay for their free 
consumption. Weijters-Goedertier-Verstreken (2013), 
in their research, found the music consumption habits 
among the age groups of12-20 years (youngsters), 21-
35 years (young adults), and 35-55 years (middle-aged 
adults). Their research pointed out that youngsters 
and young adults prefer streaming online more than 
middle-aged adults who would rather prefer to down-
load their music. Streaming increases the amount of 
music consumption, provides more variety, and facili-
tates new music discovery [22].

Other researchers in the field have also studied 
the music consumption patterns of users, outlining 
how likely a user is to shift to a premium model of 
the streaming service on being confronted with too 
many ads; in their research, identify both quality and 
variety of content as the main drivers that influence 
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the decision to subscribe to a music streaming service. 
Variety induces music platforms to provide their users 
as much content as possible. Consumer’s definition of 
quality may vary depending upon a platform’s recom-
mendation system, sound, page layout, etc [23].

As far as streaming music is concerned, the con-
sumers get a feeling of psychological ownership of 
music and, therefore, exhibit loyalty in their music 
streaming platform choice. Besides, the free and paid 
streaming models of streaming platforms are quite 
similar, except for price as a differentiator; the benefits 
of using both the models are similar. Thus, consumers’ 
preference for a streaming model largely depends on 
their ability to pay to avoid advertisements to enjoy a 
better listening experience [24].

3.5. Audio advertising on music platforms
Advertising-supported streaming is the free mode 

of listening to music offered by music streaming plat-
forms to use their services without paying any min-
imum fee. Although it is being used extensively by 
users, most artists criticize this streaming model, ex-
posing their work to a wide audience and, in return, 
not being compensated adequately. Hence, the music 
streaming market might act as a threat to artists. For 
example, the relationship of artists with Spotify has 
been quite controversial, with many artists urging 
Spotify to remove the freemium service and shift to a 
paid-only model.

On the consumer end, however, Spotify is quite pop-
ular. The daily music consumption for cross-platform 
users using the free version of the service is recorded 
as 148 minutes. Many record labels have also invested 
in music streaming services to facilitate their growth. 
Consumption of music without any charge does not 
necessarily cannibalize the paid business model [25].

Some labels have also adopted the practice of giving 
out their artist’s music for free to promote an album, 
a tour, or an artist in general. For example, Coldplay, 
a British band, allowed their fans to download a song 
from their upcoming album in 2008 for free, direct-
ly from their website a week before its release. Papies 
(2011) found that the freemium model of streaming 
services in the German marketplace “attracts new cus-
tomers rather than cannibalizing incumbent business 
models” and limits the tendency to download music 
from online sites illegally.

When listening to commercial music streaming 
services, advertising was regarded as a minor inconve-

nience. Logan (2017) stated that consumers are more 
likely to listen actively when they used music for emo-
tional reasons, such as seeking to relax, cheer up, or 
escape. However, most of the time, they used apps to 
fill time (zone out) and tended not to pay much atten-
tion to the content. Weijters-Goedertier-Verstreken 
(2013), in their research, also indicated that the max-
imum number of respondents were tolerant of adver-
tising by considering it an everyday reality [26].

While the middle-aged adults would be willing to 
pay for the service to avoid advertisements, youngsters 
rather look for other ways of avoiding it than paying 
to consume music. Consumers will likely switch to 
paid streaming services if the nuisance caused by ads 
increases significantly. Huang-Reiley-Riabov (2018) 
experimented by dividing listeners of a streaming 
platform into nine treatment groups facing different 
advertising levels. The results showed that listeners 
under the age of 25 would react to increased ad load 
more likely by leaving the platform than paying a sub-
scription fee [27].

In contrast, listeners over 55 years old would be 
more likely to react to advertisements by switching 
to an ad-free subscription than leaving the platform 
altogether. Thus, the incremental probability of leav-
ing a music streaming platform based entirely upon 
increased ad load is monotonically decreasing with 
age. Thomes (2011) said that launching a business 
that offers free service for its subscribers can be highly 
profitable if advertising does not cause much nuisance 
to music consumers. 

As a result, by imposing a considerate level of ad-
vertising by homogeneous advertisers, their analysis 
shows that a monopolistic streaming platform would 
aim at increasing the price of its premium model to 
capture higher revenues from advertisers and, there-
fore, stimulate demand for their free-of-charge ser-
vice. A study conducted by Edwards et al.’s (2002) rec-
ommends that the best way to minimize the nuisance 
caused by ads is to target consumers, increase the rel-
evancy of the ads, and provide value with the ad being 
discussed further in the next section [28].

3.5.1. Targeting and personalization 
of ad types

Now that we know the perception of advertising 
among listeners, it is important to study advertising 
methods that can cause minimal nuisance and thus, 
retain the free users or even convert them into pre-
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mium users. Providers of media content and digital 
services face a market with two sides. Consumers val-
ue the platform’s content or service and wish to use 
it, while advertisers value the consumers’ attention. 
Thus, the platform’s success in attracting the consum-
er is imperative for attracting the advertiser [29].

Research has found that music streaming services 
record user data in terms of their music preferences, 
favorite artists and recommend music accordingly. 
This data collected can also be used to target ads to 
users effectively. Based on the artists to whom the us-
ers listen to the future value can be calculated. Various 
music streaming services study their listeners to target 
them better and provide a holistic listening experience 
on the platform. For instance, Spotify uses a technol-
ogy called ‘The Echo Nest’ that analyses streaming 
users’ music listening behavior to identify their psy-
chographic characteristics such as their personality, 
opinions, attitudes, values, interests, and lifestyles. 
‘Taste Profiles’ are built based on a user’s music tastes 
depending on the artists and songs he/she listens to 
and music behavior that includes favorites, ratings, 
skips, and bans. As a result of this, users are segmented 
into different lifestyle categories to be targeted accu-
rately for ads run on the platform. As customization 
tends to increase, a company’s relationship with its 
customer also increases, along with its perception of 
trust/integrity and attitude toward the ad.

Considering the factor of age, GenY users prefer 
more personalized, creative, and engaging messages. 
The ad format most suits these users is the click-to-
expand ad that gives more information without being 
redirected to another page [30].

Consumers prefer the idea of music streaming 
services charging advertisers rather than its users. A 
platform can increase its revenues by exploiting the 
heterogeneity in consumer attitude towards ads: the 
platform should offer a menu of price/advertising op-
tions targeting each consumer type rather than offer-
ing a single price/advertising option to all consumer 
types. Moreover, this differentiation’s value can be 
larger with competition than in monopoly, suggest-
ing that competition heightens the need for expanded 
price offerings.

A study conducted by Huang et al. (2018) regarding 
consumer sensitivity to audio advertising found that 
advertising should be redistributed across more in-
terruptions, keeping the number of ads per hour con-
stant, rather than including more ads within a single 

interruption, which results in having a smaller impact 
on customers’ while they are consuming music. The 
inclusion of appealing sounds in the advertisement 
may grab their attention and, therefore, lead them to 
pay attention to the brand’s message. The context of 
communication is becoming more important nowa-
days than the channel. The listeners use their mobile 
at home and commuting, but their needs at home sig-
nificantly differ from their needs when they are on the 
road [31].

Marketers can also place their ads within podcasts 
that are largely evolving on the streaming platforms 
with a huge follower base. Due to listeners’ engage-
ment in the topic, podcasting gives advertisers a more 
targeted approach to their advertising communication 
and the opportunity to reach people who are passion-
ate and highly involved in a topic. The audience, in 
turn, learns about a new product through the pod-
cast they have subscribed to, with personalities and 
programming they enjoy listening to (Ritter, 2007). 
Therefore, audio advertising can be effectively utilized 
by marketers in communicating their message across 
in creative ways and engaging users of the streaming 
platform by blending the story of their brand with the 
consumers’ personalities.

4. Discussion
While music streaming platforms are becoming an 

essential way for consumers to consume music online, 
brands are hardly seen advertising and taking advan-
tage of the vast consumer base on these platforms. 
The main aim of this research is to ascertain whether 
advertising on these platforms will be valuable for an 
advertiser or not [32].

Programmatic audio advertising is the only way 
brands can reach their consumers while they are on the 
go or are occupied in other activities. With technolo-
gy advancing, it has also become possible sure audio 
advertising outcomes and gain interesting consumer 
insights. However, most users of streaming platforms 
prefer ad-free listening as a mode of listening from 
the literature that has been studied. However, not all 
of them would be likely to pay a fee to switch to the 
ad-free version of streaming apps, where brands can 
monetize themselves by reaching out to a younger and 
targeted audience. Music is a useful resource that has 
a positive influence on a user’s emotions and moods. 
Users usually tend to be relaxed while listening to 
music, and advertising can, therefore, have a positive 
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impact on these users. Moreover, to make advertising 
effective, it becomes essential for an advertiser to de-
velop personalized communication for a well-targeted 
user group, which makes the user tolerant of adver-
tising and can also relate to the brand message better. 

This review also provides insights into the music 
streaming industry in general and also talks about how 
artists’ are affected by music streaming in parts. Like Cof-
fey (2016), Carroni-Paolini (2020) and Swanson (2013) 
have pointed out in their research – artists have not com-
pensated adequately for their music because of which 
several artists have withdrawn their music catalogs from 
streaming platforms and have also urged steaming plat-
forms to discontinue their free streaming model. Music 
piracy from the perspective of a consumer is also studied. 
Further, the paper discusses how advertising affects users 
of different age groups on the platform and what can be 
done by marketers to reach them effectively. By gather-
ing consumer data on the type of music they prefer, the 
artists they listen to most, and their listening patterns, an 
advertiser can ascertain a consumer’s mood and proba-
bly even ascertain the age group to which he/she belongs, 
which can help in better targeting of ads and make the 
message more relevant for a user of the platform, as has 
been discussed by Prey (2016) and Douglas- Pracejus 
(2020) in their research [33].

With the number of smartphone users growing day 
by day, audio is fast becoming the best way for brands 
to connect with their audience. Moreover, it is a cheap-
er medium to advertise on which can be benefitted 
by smaller companies too. Overall, there exists much 
scope for marketers to advertise on music streaming 
platforms in India by reaching a relatively younger and 
more attentive audience. 

While the paper studies a relatively important as-
pect of media currently evolving in India – audio 
and advertising on one of the fastest-growing audio 
mediums, i.e., music streaming platforms, certain 
limitations in research exist. As an overview, the pa-
per focuses on advertising on only a few of the music 
streaming platforms thriving in the market [34].

Brands may not be necessarily restricted to ad-
vertise on those mediums. Also, a major portion of 
online music consumption takes place on YouTube 
free-of-cost, where along with audio, users can choose 
to watch the video. This aspect of online music is not 
considered in the research. Besides, this research only 
considers the Indian consumer and covers the stream-
ing platforms that are available to users of this country. 

However, despite these limitations, there is still 
scope for future research in music streaming plat-
forms. Firstly, through the research, it was found that 
artists who make their music available on streaming 
platforms are not compensated well, and hence, a lot 
of global artists have raised this issue. Further research 
on this in the sphere of Indian artists would be valu-
able. Next, advertising on music streaming platforms 
from advertisers’ perspective can be conducted to 
understand what goes in an advertiser’s mind while 
choosing their media mix. 

Also, the future scope of advertising on music 
streaming platforms can be studied. I believe that mu-
sic streaming platforms are here to stay and will see an 
upward trend in their growth given the vast number of 
users who are willing to consume content online and 
consume quality content at a price. The user base for 
these platforms is likely to grow in the coming years, 
which would help marketers in a way to communicate 
with their target consumers better [35].

5. Conclusion
Despite the fact that much has changed in music 

production and distribution since the days when sheet 
music or satellite radio were the primary means of 
distribution, the normative claims in favor of payola 
control are, if anything, weaker than they have ever 
been. Traditional payola justifications aren’t especially 
compelling, and they’re much less so in the streaming 
sense, where pay-for-play provides an unintended en-
try point for smaller musicians with less money while 
posing little or no risk to customers. Since short-form 
music videos do not clash with subscription sales and 
also require substantial transformation of the content 
at issue, the concept of fair use supports a hands-off 
legislative approach to streaming payola. Finally, a reg-
ulatory restraint programme protects private ordering 
as a viable choice for those who can benefit from it. 
We surveyed and analyzed the attack surface of var-
ious OTT Music streaming services, especially those 
of Indian origin, in this article. Our findings lead us 
to believe that most streaming platforms were highly 
vulnerable to simple stream ripping and reverse engi-
neering attacks, owing to their increasing success as 
the de facto norm of media consumption. To demon-
strate our case, we examined four of India’s most pop-
ular music streaming apps, Wynk, Gaana, JioSaavn, 
and Hungama, and were able to successfully steal 
protected content without restriction. In the case of 
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Wynk, we’d like to point out that even after the attacks 
were revealed, the patched version of their protocol 
was broken again using the same methods, demon-
strating the dangers of patchwork rather than a sys-
temic approach. A quantitative comparative analysis is 
provided to demonstrate the scale of the divergence 
from the state-of-the-art, as well as potential mitigat-
ing strategies. We hope that as a result of our efforts, 
certain sites will become more aware of the weak secu-
rity mechanisms in place and seek to strengthen them.
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Abstract
With web-based media, there developed huge open doors 
for individuals to develop their thoughts, interests, business, 
brands, or just themselves. Different applications cleared the 
way; however, just a couple of them were acknowledged by 
the crowd to endure and remain in the evolving scene. In such 
a domain, video content utilization and creation kept devel-
oping and growing with included highlights and channels, 
which brought forth the short-structure video creation appli-
cation TikTok in 2016, hailing from Beijing. TikTok is a free short 
video-making application that is accessible on both AppStore 
and Google Play. It is difficult to look here and there to watch 
different recordings, remake, download, and share, make du-
ets, and utilize various channels and sounds. The application 
broke the web due to its intriguing outcomes through the 
least endeavors. Fifteen seconds of name, fame, and achieve-
ment – TikTok is the main objective for short-structure versatile 
video. It is principally famous in pre-adolescents and teenag-
ers; numerous youths are getting well known; however, at this 
stage. There are numerous major parts in the video stage like 
YouTube, Facebook, Instagram, Snapchat, etc. TikTok has its 
clients in millions everywhere over the world, including India. 
TikTok turned into another subculture that is arbitrary, chaotic, 
and addictive for the teenagers of the world. The application 
was a significant hit for Gen Z, as it involved the greater part 
of the dynamic clients and substance makers. TikTok optimizes 
content based on user-centric theory, user experience theory, 
UGC, and suggested algorithms, increasing consumer loyalty 
towards the app. This paper centers on building up and un-
derstanding the purpose for the enormous fame and devel-
opment of Gen Z’s application as of late through a research 
paper.
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ry, UGC, Suggested algorithm

Imprint
Pooja Jain, Josraj Arakkal. Perceived Popularity of TikTok among 
Gen-Z Cardiometry; Issue 24; November 2022; p. 896-902; 
DOI: 10.18137/cardiometry.2022.24.896902; Available from: 
http://www.cardiometry.net/issues/no24-november-2022/per-
ceived-popularity-tiktok

1. Introduction
TikTok underpins innovation. It offers plenty of 

sounds and special visualizations, which offers more 
opportunities for makers to show their imagination. 
TikTok is one of the quickest developing online me-
dia platforms which permit clients to make short re-
cordings with different highlights like music, audio 
effects, channels, etc. The youths of the present world 
cannot get enough of this application. It is entertain-
ing; in some cases, it is cringe, yet the greater part of 
the occasions, it is addictive. TikTok realizes what you 
need and will customize your feed on which record-
ings you draw in with or observe more than once. The 
more you scroll, the more personalized your feed will 
feel. TikTok pulls you in quickly. When you open the 
application, a video begins playing. In case you are 
exhausted and searching for a little diversion, TikTok 
scratches that tingle right away. Short snappy music 
cuts play on loop and stall out in your mind. Music 
is a fundamental component of TikTok because of all 
popular moves seen everywhere on over the appli-
cation. The application is an energizing new passage 
point for exceptional artists who can upload original 
music or audio. People cannot get off this application 
due to what clinicians call “random reinforcement.” 
TikTok works like a gaming machine. Each time we 
see a post we like, we get a dopamine hit. We need to 
feel that fulfillment once more, so we continue looking 
over and over again. We will not appreciate each video 
we see, yet TikTokers get simply enough “rewards” at 
economical stretches to keep us looking for additional. 
Everybody, youthful and old, is searching for a break 
and an approach to occupy the time. TikTok gives you 
a brief look into others’ lives such that it feels more 
private than Instagram or Facebook and (kind of) 
scratches that tingle for the human association while 
stuck at home. TikTok was the most downloaded ap-
plication in 2019, with a developing client base every 
day. India alone represented 277.6 million downloads 
in the same year. This examination essentially rotates 
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around one inquiry concerning what makes this ap-
plication so well known in such a limited capacity to 
beating platforms like YouTube, Instagram, and Face-
book. Do individuals consider it a better platform to 
make content and grow their business, or is it a simple 
type of amusement? Is TikTok flourishing because it 
has democratized content creation as a type of self-ar-
ticulation? The application has vanquished the teenag-
ers of the world with its promotion. 41% of its clients 
are matured between16-25. Have they perceived the 
propensities and inclinations of Gen Z serving them 
exactly what they would require? These are a couple of 
holes which should be provided answers to. To answer 
these territories, Gen Z will be locked in as they are the 
essential client base and understand TikTok better [1].

2. Literature Review
TikTok is an Android and iOS put-together video 

application for online media for making and sharing 
short lip-sync, satire, and music recordings. Prior, 
TikTok used to be musically – a similar substance, yet 
TikTok, which Byte Dance claims got it for I billion 
dollars – so they converted into one application. Since 
the time and the passing of Vine, the application has 
taken of wherever around the globe. 

With online media’s appearance, the characteriza-
tion had been restricted to Instagram, Facebook, Twit-
ter, etc. For certain individuals in the current world, 
TikTok is another age stage to grandstand their inno-
vativeness and ability. Clients generally have changed 
interests and henceforth get a chance to draw in across 
topics: Comedy, travel, DIY, Dancing, sports, etc. In 
contrast to some other stage, the 15-second configu-
ration drives them to improve. Everybody is making 
the most of consistently. Aside from this, the modest 
web, effectively accessible cell phones, and an essen-
tial comprehension of online media are different for 
their tremendous development. The nation’s not ad-
vantaged populace is on TikTok too, which pulls an 
antagonistic response to the application’s substance. 
Also, India has been a nation of allure and marvelous-
ness. Hollywood entertainers are dealt with like God, 
and thus the chance to lip-sync their discoursed and 
play spruce up gives the clients a feeling of fame [2].

The hustling movement in TikTok recordings 
strengthens the detachment of energetic video cre-
ation from other versatile video creation and utiliza-
tion applications. Play is a noteworthy classification 
of kid conduct, given its significance to improvement 

and inventiveness. It is theoretical conduct that re-
quires broad examination to get a handle on complete-
ly. The ubiquity of the application springs from its vul-
nerability. Indeed, even the most outrageous thoughts 
can trigger video subjects to spread through the client 
base. It is hard to foresee how to open substance may 
be repurposed or appropriated in Duet and React re-
cordings. Clients do not have the foggiest idea of what 
will occur straightaway, and the obscure keeps clients 
tuned to the application. One player decides the power 
and bearing, sending the other part in an obscure di-
rection. This two-way physical communication on the 
teeter-totter is why part screen video remixing adds 
vulnerability and intelligence to media creation.

TikTok permits clients to make and offer short re-
cordings with enhancements. It has gotten gigantically 
famous in provincial India, home to many of the na-
tion’s 1.3 billion individuals. The explanation it is more 
famous in provincial India is because it offers the cli-
ents a chance to associate with the urban or semi-urban 
populace and stay in contact with the most recent pat-
terns. It is their pass to break the disconnection, which 
provincial networks face for not developing socially at 
an equivalent pace as their advanced society partners, 
which should be seen and perceived more among the 
young. For a straightforward explanation that creating 
of individual’s character experiences plenty of logical 
inconsistencies at a youthful age throughout everyday 
life, one is pulled between close to home wants, ac-
cepted practices, and developing patterns, particularly 
among the companion gathering [3].

While the facts confirm that we do not require 
online media, its worldwide prevalence has demon-
strated that all around, we need the social capital and 
significant associations that web-based media offers. 
Web-based media’s eventual fate will probably be one 
of bifurcation, with per formative stages like TikTok 
and informing stages like WhatsApp. TikTok compre-
hends the crowd brain research as clients do not have 
to pursue a record to begin swiping down an intermi-
nable transfer of recordings. The calculation-driven 
nature of substance recommendation organizes cli-
ent commitment which implies TikTok’s calculation 
will recollect your excusal for specific recordings and 
show you less substance like that. The status game on 
TikTok is more about staying aware of the most recent 
images and putting your sharp turn to it. 

The most well-known short – video stage in youths, 
TikTok in India and other parts of the world, has allowed 
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the youthful uniquely pre-adolescents a youngster to 
grandstand their ranges of abilities in numerous struc-
tures like singing, acting, and other innovative record-
ings to spur others to grandstand their abilities. Unlike 
other social locales, it is immediate in telephone applica-
tion where clients can record their inventive recordings 
and become popular in only 15 seconds. Fifteen seconds 
of name, popularity, and achievement, your one video 
can go viral and give you prominence short-term. Nu-
merous TikTok clients have the status of superstar like 
film stars. TikTok is where you can get a great many ad-
herents. Furthermore, you can follow the millions, and 
numerous TikTok clients turn out to be Influencers and 
win an opportunity to procure cash from their ranges of 
abilities. When you know well on this stage, numerous 
promoters can move toward you to embrace their item. 
Aside from that, the picture of a superstar in the eye of 
individuals in your city has its significance; this should 
be possible in just 15 seconds [4].

Video creation on TikTok is a discussion. The 
impromptu to and from movement between makers 
makes the application an inconceivably social play 
area. Clients emulate rising patterns (alluded to as 
“labels” or “challenges”) and team up through an act 
of repurposing and remixing peer content. This so-
cial movement has achieved a tongue of expressions, 
terms, and jokes (for example, web images) discon-
nected to the application and its young clients. One re-
peating kind is the “challenge video,” in which clients 
re-play a given undertaking or action in their style.

The facts confirm that Consumer is the ruler. Re-
garding TikTok and its image of faithfulness, individ-
uals are colossally drawn towards it due to its capacity 
to customize. Because of headway in innovation, the 
video creation application deciphers information and 
presents what an individual client enjoys or follows. 
TikTok allows the crowd to feature their inventiveness 
and interface with their very own network bringing 
about brand steadfastness towards the stage [5].

There is no disavowal that TikTok is the new most 
loved for brands and influencers to devour and mark 
their substance on. One purpose for this is the ubiqui-
ty of the application and the worldwide populace uti-
lizing the stage consistently. A few missions that were 
run on this stage have ended up being enormous ac-
complishments in the market. It is essentially a fantasy 
for each brand to collect client-created content that 
naturally utilizes different components of the item or 
mission and drives prominence to their doorstep. 

With the appearance of TikTok, there was a flood 
in content delivered from each social class universally. 
Individuals became more friendly to create fun sub-
stances or as a technique for self-articulation. TikTok 
additionally roused individuals to investigate their 
imagination and feature it while collaborating with in-
dividuals of comparative premiums. The support level 
has been high contrasted with different stages uniting 
individuals and developing socially [6].

The scientists have set up how TikTok is the new 
age medium that is revamping the world and building 
its prevalence through many downloads and created 
content. It is continually gaining from the clients and 
developing likewise, making it one of their most pre-
ferred applications. It proudly grasps command over 
your preferences and impacts you to utilize the stage for 
amusement, self-articulation, and social association.

Another greatest favorable position TikTok has is 
the huge information calculation which IT employees. 
It guarantees that clients are made to see substance 
dependent on their past ventures, which guarantees 
steadfast clients. It additionally utilizes the divided 
available season of clients as the video length ranges 
from 15 seconds to 1 moment. TikTok needs to cre-
ate other one-of-a-kind highlights to guarantee its de-
velopment. Uniqueness incorporates highlights that 
make TikTok not quite the same as other comparative 
applications [7].

2.1. Theoretical Framework and Hypothesis
The research paper tries to find the relationship be-

tween ease of use, content variety, vast networking, and 
interpersonal skills as the most evident attributes with 
the perceived popularity of TikTok among Gen Z in spe-
cific. For this purpose, responses were calculated from 
people belonging to Gen Z across India. A google form-
based questionnaire was used to collect the responses. 
The questionnaire consisted of around ten close-ended 
questions focusing on the app’s various attributes, and re-
sponses were generated according to what people think 
propelled the app to its massive growth and success, 
which will help in evaluating what pulls in a consumer 
towards the app and get them addicted to the same. For 
analysis, below is the conceptual model and hypothesis:

Figure 1 shows the Conceptual Model. With the 
help of the conceptual model, below are the hypothe-
ses that can help us evaluating our study?

H1: Ease of Use has a significant impact on Per-
ceived Popularity of TikTok among Gen Z
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H2: Vast Networking has a significant impact on 
Perceived Popularity of TikTok among Gen Z

H3: Content Variety has a significant impact on 
Perceived Popularity of TikTok among Gen Z

H4: Interpersonal Skills has a significant impact on 
Perceived Popularity of TikTok among Gen Z

3. Result and Discussion
The section discusses the result of analysis and hy-

pothesis testing through responses given by respon-
dents ranging in Gen Z:

Table 1, Table 2, Table 3, Table 4, Table 5, Table 6, to 
Table 7 reveal how each attribute contributes towards 
the increased popularity of TikTok among Gen Z. al-
though the impact varies for each attribute. However, 
as a whole, every factor comes together into the mak-
ing of TikTok as a successful and addictive app among 
the younger generations. After analyzing the answers 
by the respondents, Table 8 shows the impact on the 

perceived popularity of TikTok among Gen Z can be 
described as follows:

Ease of Use: What separates TikTok from its rivals 
and past endeavors on short video stages like ‘Vine’ is 
its incredibly basic yet imaginative stage that enables 
users to catch recordings legitimately from their cell 
phones and offer their creative energy expressions or 
daily moments through their recordings. For people 
consuming the content, the app permits them to pe-
ruse recordings with a smooth ‘swipe,’ keeping them 
engaged and giving the moment satisfaction. The al-
gorithm is yet another feature based on the user expe-
rience, which shows similar content as seen in the past 
by the user. This way, the app draws in people from all 
across everywhere and makes it easier for them to get 
addicted to the app [8].

Vast Networking: TikTok permits its clients to have 
worldwide supporters – a fast alternate way to fame. 
The application is generally utilized by youngsters 
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Figure 1: Conceptual Model

Table 1
Gender of Respondents 

Frequency
Male 52
Female 48
Total 100

Table 2
Favorite app for video creation and consumption

Frequency
YouTube 65
Instagram 81
TikTok 34
Facebook 8
Snapchat 6
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who dream of being renowned in a limited capacity 
to focus time. TikTok gives them a stage to showcase 
their skills and become an influence. The idea can be 
identified with 15 seconds to acclaim as one cool video 
can make you noticed by millions of viewers across the 
globe. TikTok’s “For You Page” varies between show-
ing the user extremely popular TikToks and TikToks 
with only a handful of view, thus promoting greater 
equality than on other traditional social networks, 
which is not it, TikTok also allows you to save your 
video and share it on other platforms helping you gen-
erate traffic for every social media handle, which helps 
both TikTok and the user benefit across platforms as 
they can generate value and recognition [9].

Content Variety: As the app’s tagline suggests - “Ev-
ery second count!” A user has the creative freedom to 
be as raw or creative as they want in those 15 seconds. 
The simple tools and special effects add to its output, 

making the content exponentially grow and potentially 
get viral. TikTok indeed allows the younger generations 
the road to stardom through creative freedom. One of 
the app’s fascinating parts is “Challenges”- a viral con-
tent followed by getting responses from other users 
and becoming a popular meme. The “feed” empow-
ers a web-based media buyer to look over a few bits of 
scaled-down substance every moment, separating data 
in a substantially more proficient manner than from 
a transmission. In blend, these patterns make looking 
through the “For You Page” a tornado experience, a 
huge development in data thickness, which keeps the 
users engaged as there is something new to dive into 
and add their magic to it. TikTok also gave users the 

Table 3
What attracts the younger generations to TikTok the most?

Frequency
App Interface 43
Nature of Content 51
Vast & Diverse Network 29
The content creators 41
New Trends 72

Table 5
People can learn new skills through TikTok

Frequency
Strongly Agree 3
Agree 33
Neutral 27
Disagree 28
Strongly Disagree 9

Table 7
TikTok can be a great place to find people of similar interests 
and hobbies

Frequency
Strongly Agree 5
Agree 15
Neutral 34
Disagree 31
Strongly Disagree 15

Table 4
What propelled TikTok to success?

Frequency
Strong Visual Appeal 29
Global Reach 24
Short Form Video Content 73
Diversification in terms of consumable content 42
The Algorithm 39
Trending Challenges 70

Table 6
People can generate traffic to other social media handles 
through TikTok

Frequency
Strongly Agree 16
Agree 34
Neutral 27
Disagree 17
Strongly Disagree 6

Table 8
Impact of TikTok and Gen Z

Hypothesis Impact
Ease of Use has a significant impact on the 
Perceived Popularity of TikTok among Gen 
Z.

Major Impact

Vast networking has a significant impact on 
the Perceived Popularity of TikTok among 
Gen Z.

Neutral Impact

Content Variety has a significant impact on 
the Perceived Popularity of TikTok among 
Gen Z.

Severe Impact

Interpersonal Skills have a significant impact 
on the Perceived Popularity of TikTok 
among Gen Z.

Neutral Impact
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potential to grow their business through the platform as 
various influencers and brands jumped in to promote 
their assets while keeping the audience entertained 
with the help of other features from TikTok [10].

Interpersonal skills: TikTok is rewriting the digital 
world by providing entertainment and the interpersonal 
skills to grow hand in hand. In the fast-moving world, 
TikTok asks only for 15 seconds of your time to invest in 
similar interests or hobbies that people can learn from. 
People are showcasing their creativity in the simplest 
way giving it a platform to nurture and expand. Many 
users provide key learning on various topics and share it 
globally, helping millions of users with similar interests, 
which is reshaping the experience of learning creative 
skills with visually engaging materials and communi-
cation features to socialize with other users who have 
similar interest, which helps in building a community of 
people with similar likings into a larger one [11].

TikTok was huge in India, and its removal has left 
hundreds of millions of Indian users without any sort 
of comparable platform. As of April, TikTok had 600 
million active users within India. In a country that 
contains such diverse, sprawling cultures and lan-
guages- as well as oppressive systems against those 
of different ethnicities, religions, castes, abilities, and 
social classes - TikTok achieved ubiquity [12]. The 
short, visual format was welcoming and easy to under-
stand on a budget-friendly phone. In such a situation, 
we have to comprehend why the Indian government 
chose to boycott this application with 58 other apps. 
There have been reports proposing that applications 
beginning from China are taking client data and send-
ing it to Chinese workers. Hence, another question 
asked the respondents if they would continue to use 
the TikTok app for video consumption and creation if 
the Indian government did not ban it. Figure 2 shows 
using of App TikTok if it was not banned in India [13].

Would you still use Tik Tok if it wasn’t banned in India?

Yes No Maybe

Figure 2: Ban on the usage of TikTok

It is important to notice how some people belonging 
to Gen Z would still not mind a Chinese app like Tik-
Tok inside their phones for some visual entertainment 
even after various similar apps. TikTok holds a strong 
identity in the market even after it is ban due to its var-
ied features and benefits. [14] We see people from other 
countries still sharing their TikTok videos on other so-
cial media handles, which gets viral and hence followed 
and tweaked by various Indians. Here, we can estimate 
how strong the content base of TikTok is [15]. It still 
holds a vital place where people learn and adapt to new 
things. “Content is King” holds in TikTok’s case, which 
made sure the right content is delivered to its users at 
the right time, making the app highly successful and 
appreciated even after its dismay [16].

4. Conclusion
Contrasting TikTok and other advanced media 

stages show what makes it exceptional. Like YouTube, 
TikTok comprises altogether of recordings. Like Face-
book and Twitter, the essential method of expanding 
TikTok is by exploring through a feed of short, ab-
sorbable posts. Like Netflix, the default method of 
experiencing content is through the recommendation 
algorithm, not through the development of “friends” 
or “followers” system. Furthermore, like Snapchat and 
Instagram, TikTok must be delivered on cell phones, 
preferring more youthful clients who are more famil-
iar with cell phones than PCs. TikTok is the primary 
web-based media stage to join these attributes. The 
outcome is a one-of-a-kind method of passing on 
and devouring data. Before TikTok’s ban in the Indi-
an market, it truly became the new sweetheart in the 
digital world for video creation and consumption. An 
average user was spending around 52 minutes of their 
time on this app exploring content from across the 
globe. Although TikTok has not been given enough 
importance in the Indian context to be studied and 
leveraged, it still made a mark within a really short pe-
riod, especially for the younger generations. The app’s 
curiosity level was so impactful that people from every 
caste and class jumped in to explore the app and their 
hidden talents. The fun-loving, short-video design 
and direct UI have transformed smartphones into a 
maker’s studio, permitting performers, artists, and en-
tertainers a long way from Hollywood’s blazing lights 
to pick up acknowledgment. It is a without judgment 
stage that does not request users to imagine that they 
are on the web for a valid justification. 
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Abstract
India’s policy of public consultation in the legislation process is 
currently not mandatory. The concept of pre-legislative scrutiny 
and inclusion of the public has proven to be an invaluable ad-
dition to the democratic process, and the absence of the same 
has led to instances of widespread protest and discontentment. 
The policy of pre-legislative scrutiny was introduced in 2014. 
However, certain bills passed post-2014 have witnessed public 
outcry over its lack of consultation and majority stakeholders’ 
adverse effects. This paper aims to highlight the importance 
of pre-legislative scrutiny and provide for a mandatory meth-
od to be followed while implementing a mandatory process of 
pre-legislative scrutiny. A democratic political structure is one 
that is based on the rule of law. Without the rule of law, there 
will be no political future. The aim of this paper is to examine 
the status of the rule of law in the current political environment, 
with the rule of law as the dependent variable and fundamental 
rights, inequality, an open parliament, and an autonomous judi-
ciary as independent variables. The requisite data was gathered 
from written and online media in order to assess the rule of law. 
Only the rule of law and effective state institutions will enable a 
federal democratic republic to thrive.
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1. Introduction
“By the people, for the people…,” famous words, 

said by Mr. Abraham Lincoln during his Gettysburg 
address, is the quote most commonly associated with 
democracy and highlights the key ingredient to de-
mocracy -‘people.’ Democracy is almost synonymous 
with its people. The signs of a good democracy lie in 
citizen participation, and discussion and deliberation 
form its crux.

In democracies worldwide, citizens are accorded 
the power to vote and play an important role in cre-
ating governments. The Legislature, one of the gov-
ernment’s branches - performs a crucial role in the 
law-making process, and these laws directly impact 
the people of the country. In India, bills originate in 
the Legislature. They are debated and discussed in 
the House and put to the vote. Post being passed by 
the Parliament, the bill is sent to the President for his/
her assent. The bill becomes law as soon as it gets the 
assent of the President. In India, citizens play an ac-
tive role in deciding who governs the country during 
elections. However, in the years following the election 
of a new government, a noticeable decrease in citizens 
involving themselves in governance matters. One of 
the most important roles in a government is that of a 
legislator. Though the key stakeholders of these laws 
are citizens, they are often left in the dark when draft-
ing new bills [1].

As stated by Fernando Cardoso, “Democracy is not 
just a question of having a vote. It consists of strength-
ening each citizen’s possibility and capacity to partici-
pate in the deliberations involved in life in society.” The 
idea of legislative consultation is not new. In 2013, the 
Indian National Congress’ National Advisory Council 
recommended a mandatory-legislative consultation 
process to make public participation a reality. Follow-
ing this, and the ‘National Commission to Review the 
Working of the Constitution’s recommendations, a 
pre-legislative consultation policy was formulated in 
2014. The policy directed the Ministry and its various 
departments to publicly the proposed legislation and 
welcome views and critiques. It also laid out specif-
ic instructions regarding laws that affected particular 
groups of people and emphasized consulting with im-
portant stakeholders [2].

Before the existence of this policy, there have 
been instances where the government has encour-
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aged public participation to draft new laws. Post-
2014, though certain laws have considered public 
opinions, the policy’s non-mandatory nature has led 
to the passing of various laws that have adversely af-
fected its stakeholders.

Numerous academicians and scholars have ex-
pressed the need to make pre-legislative consultation 
mandatory. However, mandatory consultation will not 
solve the entire issue at hand. This paper’s main objec-
tive is to arrive at an efficient method of mandatory 
pre-legislative consultation and scrutiny to ensure that 
stakeholders are not adversely affected by new laws. It 
will go into an analysis of the laws passed by the Gov-
ernment of India that employed public opinion and 
those that were passed hastily, with limited scrutiny. It 
will also delve into the effectiveness of public scrutiny 
and dialogue [3].

Devising the most effective model to be followed 
while consulting the public on legislation matters will 
allow for the public interest to be kept at the forefront 
at all times. New legislation, especially those that will 
affect specific vulnerable populations, must be dis-
cussed and deliberated upon in great and intricate de-
tail. The study seeks to answer questions of the effec-
tiveness of pre-legislative scrutiny in India, the faults 
in the current model of public consultation, and how 
pre-legislative scrutiny can adhere to the interest of 
the public more effectively. This paper’s scope is re-
stricted to a study of a few select legislations passed by 
the government and an analysis of its circumstances 
and outcomes.

The study follows a doctrinal method of research 
and analyses relevant academic material and newspa-
per reports [4].

1.1. An Analysis of Recent Legislations
This paper will primarily focus on an analysis of 

specific legislation passed by the government post-
2014 to examine the role of pre-legislative consulta-
tion. All the legislation that will be scrutinized in this 
paper has witnessed a large public outcry and much 
attention. They have resulted in protests and discon-
tentment among the major stakeholders, which indi-
cates the public’s unhappiness with the legislation pro-
cess and lack of participation. The main reason behind 
choosing these specific pieces of legislation lies in the 
fact that each has had wide ramifications on person-
al laws, concepts of liberty, identity, and the people’s 
right to know pertinent things [5].

1.2. Public’s Right to Information
The RTI (Right to Information) Act is a crucial 

piece of legislation in India. It is one of the most im-
portant pieces of legislation in India due to massive 
public outcry. The amendment to RTI Act, 2005, led 
to a massive protest and campaign from RTI activists, 
former Information Commissioners, and social activ-
ists for failing to follow the pre-legislative consultation 
policy before bringing the amendment. The amend-
ment has reduced the rank of the Information Com-
missioner from the rank of Election Commissioner to 
Secretary’s rank to the Government of India, which 
interferes with the independence and autonomy of 
the Information Commissions, as they are the bod-
ies to decide appeals and complaints about not com-
ply with the RTI Act. The provisions of the Act have 
been criticized as an attempt to “kill” the Act. How-
ever, among the varying critiques of the provisions of 
the amendment itself, the most important criticisms 
are the fact that there was no discussion or large-scale 
consultation that the government conducted. The lack 
of public participation points to a “larger fear, that of a 
government which will do as it pleases, no matter the 
consequences for the populace”[6].

1.3. Public’s Right to Identity and Equity
The Transgender Bill 2019 is also a stellar example of 

a law enacted with close to no public consultation and 
scrutiny. It sparked many protests amongst activists and 
the transgender community for its embedded draconian 
nature and the lack of information given to the public be-
fore its enactment. The Act was criticized for its narrow 
outlook towards understanding the community. Its defi-
nitions of family, intersex persons, lack of remedial and 
punitive measures, the unwavering authority accorded 
to the district magistrate, and the mandate of sex reas-
signment surgery certificates have all come under the 
limelight having adverse effects on the transgender com-
munity. Moreover, the sheer suddenness of the Act and 
the lack of advice and opinion sought by the community 
and experts add to the Act’s draconian nature. “The bill 
was not made available to the affected communities and 
the public at large till the morning it was tabled in the 
LokSabha and did not incorporate any of the recommen-
dations of the Standing Committee» [7].

1.4. Interference in Personal Laws
The Muslim Women (Protection of Rights on 

Marriage) Act, 2019 was passed by the Parliament to 



Issue 24. November 2022 | Cardiometry | 905

protect vulnerable Muslim women and abolish talaq. 
Muslim personal laws have always been portrayed as 
regressive and cruel. Through this clouded lens, most 
of India initially viewed this new, seemingly impres-
sive piece of legislation. However, the lack of consul-
tation, accurate and diverse research and discussion, 
was reflected in the whirlwind of criticisms surround-
ing the Act [8].

One of the main critiques behind the Act was that 
it failed to consider the nuances of Islamic law and 
was passed without an “iota of understanding” of Is-
lam’s institution of marriage. The Act in question was 
brought about extremely hastily, in the form of an or-
dinance followed by its re-promulgation. There was 
also a discrepancy in the statements passed by the law 
minister regarding the number of talaq cases report-
ed post the Shayara Bano judgment and the revelation 
of the falseness of these statements through an RTI, 
which points to a lack of proper reasoning provided by 
the government behind the passing of the Act. In the 
words of Flavia Agnes, “If a large segment among cam-
paigners against Triple Talaq does not support the move 
to criminalize Triple Talaq, then what is the justification 
for bringing out this ordinance in great haste?” [9].

Due to the lack of adequate research, and the lack 
of public consultation, the Act seems to have fallen 
short in its objectives. The debate of whether the Act 
provided for adequate relief to Muslim women, as the 
government claims, is a whole other study. However, 
the key point to be taken from this example is how 
inclusive research and public consultation would have 
provided a better approach to the codification of Is-
lamic law and the movement to emancipate Muslim 
women [10].

2. Results & Discussion:

2.1. Right to Equality
One cannot address pre-legislative scrutiny with-

out including the infamous example of the Citizenship 
Amendment Act. It witnessed a large-scale uproar 
from India’s citizens and also gained international 
recognition for its controversial nature. The massive 
outcry that was witnessed post the Act brought much 
confusion amongst the people regarding the provi-
sions of the Act and the reasoning behind the same. 
Without going into the nitty-gritty of the reactions to-
wards the Act, what is to be noted is the hurried nature 
of enacting the Act and the lack of public consultation 

and dialogue involved in making the Act. The amend-
ment bill was passed by both Parliament houses and 
given assent by the President in December 2019. How-
ever, the Home Ministry had sought an extension of 
three months (of the prescribed six-month period to 
frame rules) to enforce the statute in question. The bill 
was passed, and the major public outcry reflects the 
ineffectiveness or inclusion of better consultation. A 
lot of the people’s concerns, especially the major stake-
holders, and clarifications could have been addressed 
if there was a means of achieving a better level of dis-
cussion and dialogue [11].

The striking common features between the exam-
ples of amendments and bills passed over the last few 
years are the widespread reactions they received and 
the lack of pre-legislative consultation with the public. 
Two of the most recent and most successful forms of 
public engagement and scrutiny have been the pro-
posed amendments to the “Persons with Disabilities 
(Amendment) Bill, 2020” and the Environmental Im-
pact Assessment (EIA) amendment.

The proposal to amend the disabilities act was pub-
lished on a website and was provided to India’s citizens 
for scrutiny. The public was given ten days to send in 
their grievances and suggestions to the government. It 
was met with criticisms and backlashes from the dis-
abled community and concerned citizens. Due to this, 
the proposal was withdrawn by the government [12].

The EIA amendment was met with severe criticism 
and opinions. The nature of the Act was such that it di-
luted the assessment’s very objective and provided an 
easier way for nature to be exploited. Though the de-
cision on whether to pass the amendment has not yet 
been finalized, the tremendous public opinion against 
it and the pressure from activists and environmental 
experts point to how important it is to consult with 
the public before formulating legislation. Due to right-
ly timed judicial intervention, the Centre was directed 
to accept public recommendations and critiques of the 
proposed amendments. There was also a postpone-
ment by the court to give the significant public time 
to respond [13].

2.2. Legislation Making and Pre-Legislative 
Scrutiny in India

The primary objective behind making legislation is 
to help citizens of India lead better lives in all aspects. 
The legislator’s role is to draft a piece of legislation that 
brings to life the policies that have been well thought 
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out and are effective. When legislation has been passed 
without prior notice or consultation with the public, 
there are much backlash from the citizens, especial-
ly affected communities, seen in the aforementioned 
examples. Since the laws are made for the public’s bet-
terment, commonsense dictates that such laws must 
be made after a thorough discussion and consultation 
with the public [14].

Thornton’s five stages of legislation drafting set out 
a reasonable standard to be followed while drafting 
legislations:
• Understanding
• Analysis
• Designing
• Composition and Development
• Scrutiny and Testing.

His stages are more nuanced than just a few lines. 
However, the gist includes a thorough understanding 
of the policy, an analysis of it, the circumstances sur-
rounding it, designing and composing the legislation, 
composing and developing the legislation, and scru-
tinizing the piece of legislation and testing it before it 
becomes a law. In the final stage of scrutinizing the 
policy at hand, apart from parliamentary and expert 
scrutiny, one of the important factors Thornton has 
addressed is consultation and scrutiny by the public.

There is great merit in involving citizens in the pro-
cess of legislation making. Citizens, especially major 
stakeholders, can provide a deeper insight into the is-
sue at hand and shine a light on the need of the hour. 
“Consulting stakeholders and the public, in general, 
can raise issues previously unnoticed by the drafters 
and police officers.” [15]

It is relevant to understand that each piece of legis-
lation seeks to rectify different wrongs in the commu-
nity. Regardless of whether a law will affect a specific 
vulnerable community or all India’s citizens, it cannot 
be kept in the dark and sprung on the public over-
night. There is an imminent need to restructure the 
legislation’s consultation process and provide for the 
policy of pre-legislative consultation to be mandatory. 
Further, before such a policy is made mandatory, it is 
essential to provide for a system of checks and regula-
tions that will ensure thorough research, multilateral 
discussions, examination of public opinion, and par-
liamentary debate.

It has been observed that in India, pre-legislative 
scrutiny differs with each bill. A comparative study 
conducted by the PRS legislative research organiza-

tion found that “there is no mandatory requirement 
to publish draft bills and rules, but it is done at times, 
and comments are sought. The speaker is the decisive 
head behind deciding whether a bill requires a com-
mittee consultation. It is up to the committee to take 
comments, as there is no mandatory requirement. 
The regional consultation was seen as rare, and access 
modes were primarily newspapers, the internet, and 
the radio. There has been no noticeable response of 
governments to committee reports, and there is the 
scarce availability of submissions to the public” [16].

3. Conclusion and Recommendations
As per the findings of this research, the problem 

lies in the non-enforceable nature of pre-legislative 
scrutiny and a lack of a structured and accessible 
method of collecting public opinion.

Keeping the population of India in mind and the 
gap between ideologies and realities, the researcher 
has proposed a mandatory system to be followed for 
drafting laws. The first system is to be followed when 
dealing with laws pertaining to the general public. The 
second system is to be followed when dealing with 
laws pertaining to vulnerable communities, victims of 
brutalities, 

All bills pertaining to the general public (such as 
financial matters) must be brought to the public’s no-
tice before they are made into law. If the process be-
comes mandatory, publication through newspapers, 
radio, and the internet should happen as usual. There 
must also be an outreach program that allows the low-
er section of society to be educated on the law-making 
process, to understand that they have a say in what is 
being drafted [17].

Bills that are made due to necessity or that involve 
national security and defense can be exempted from 
this mandate. However, keeping in mind the possi-
bility of misuse, these bills must also mandatorily un-
dergo consultation with a select, diverse group of aca-
demicians, scholars, and experts, who can allow for a 
check to be kept on its provisions. The currently exist-
ing standing committees and select committees need 
to be more effective and inclusive of diverse opinions.

Bills that are specific and seek to help certain per-
sons and communities follow a stricter process of con-
sultation. Apart from following a mandatory notice 
and consultation, the bill must seek to hold multiple 
stages of discussion and dialogue with people from the 
stakeholder community. These people should be invit-
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ed by the government, through an open invitation, to 
each district/state level. These various discussions and 
dialogues must be summarized and put forth to the 
government to understand the community’s woes bet-
ter. Similarly, if the law in question seeks to address 
victims of a crime or stakeholders of a similar nature, 
the same process must be followed, but with experts 
from across the country. Bills that pertain to import-
ant decisions that affect rural populations must also 
follow a similar method and include the local govern-
ments in decision-making. Panchayat Committees 
and other local forms of governments must be con-
sulted, and dialogues should be conducted to better 
the legislation’s content [18].

The public is always the stakeholder when it comes 
to legislation. The legal system was envisioned to pro-
tect the nation’s citizens and work towards their wel-
fare, which needs to always be at the forefront when 
policy making is considered. Through this proposed 
pre-legislative scrutiny method, the researcher hopes 
to improve the quality of consultation if the process 
becomes mandatory (as it should). In Ireland, the 
method of pre-legislative scrutiny was found to ben-
efit the process of legislation making. In countries like 
the USA and South Africa, pre-legislative public con-
sultation is mandatory. In the USA, the stakeholders 
are given notices and records of the bills and the re-
search behind them.

Without an effective and compulsory set of guide-
lines in place, a mandatory process of pre-legislative 
scrutiny will be like running a race with no finish 
line-meaningless and unfruitful. Public pre-legislative 
scrutiny will only be effective when fully built into the 
legislative drafting process. The Indian government 
must take into accord the time taken to collect infor-
mation through the process of public consultation and 
be equipped to filter through the influx of responses it 
will get from the public. 
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Abstract
Purpose: The paper revisits the correlation between the stock 
and bond market. Theoretically, these two asset classes should 
have a negative correlation. However, there are times when the 
negative correlation does not hold, and the paper attempts to 
identify the macro/micro factors leading to this anomaly.
Methodology: The study would use secondary data from var-
ious websites (SEBI, NSE, BSE, FIMMDA) for the past two de-
cades and employ various statistical tests - such as Pearson’s 
Correlation, Spearman’s Correlation and Regression Analysis to 
ascertain the extent of correlation between equities market and 
bond market in India.
Findings: The paper would validate the negative correlation 
and test the relationship during times of financial crisis - like 
the 2008 global melt-down and the ongoing COVID-19 pan-
demic. 
Implications: The study would help develop a better under-
standing of equities and bond markets’ performance in differ-
ent economic conditions - especially during black swan events 
like the present global pandemic.
Originality: The Study would also focus on events/situations 
when the traditionally accepted relationship between equity 
market and bond market transforms.
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1. Introduction
When it comes to investment, there are different 

asset classes available for worth acquiring. Some of 
them are Equities, Fixed Income Instruments, Com-
modities, Foreign Exchange, etc. There are some sys-
tematic risks associated with each asset class that can-
not be avoided but can be mitigated by diversifying the 
portfolio. It is important to understand and quantify 
the correlation between these asset classes to mitigate 
these risks. The proportion of each asset class in the 
portfolio will change over time with changes in the 
economic factors to adhere to the investor’s risk ap-
petite. 

So, why look at the stock-bond correlation? As 
historical evidence suggests, the stock and bond cor-
relation is negative. This negative correlation acts as a 
hedge when one market witnesses a sell-off. The other 
one will perform better. [1]

 When it comes to financial markets, it is important 
to look, how fast the new information is reflected in the 
prices. Suppose one market is more efficient than the 
other. In that case, it will incorporate the information 
faster and would have predictive power over the other. 
Information incorporation also depends on the types 
of investors involved in each market. Institutional in-
vestors have better and faster access to information and 
can act quickly, making the information incorporation 
faster. Ancillaries to markets like research reports also 
have a significant role in determining the prices. The 
stock market’s equity research reports have a greater 
frequency of publishing and revision, which helps in 
faster information dissemination, which speeds up the 
incorporation. In contrast, that bond market is largely 
limited to the credit rating agencies, which have com-
paratively less frequency of revisions and publishing. 
These factors lead to information asymmetry in the 
markets, which affects the prices, which impacts the 
correlation between the markets.

 The fair value mechanism is bringing into contact 
to value financial assets like equity & debt instruments. 
It consolidates future economic cash benefits at a giv-
en adjusted discounted factor. The adjusted discounted 
factor carries an identical influence on both stocks and 
bonds. However, there are other factors at play here. 
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Like the discount rate should be adjusted according 
to the risk profile of the instrument/market. As stocks 
carry more risk than bonds, they are discounted at a 
higher rate to justify additional market and business 
risk. Also, dividend streams from both instruments 
differ significantly. As bond yields are nominal, when 
an inflationary shock occurs, they are significantly im-
pacted, while the price of a stock is less affected as div-
idends tend to increase because of such shock. At the 
same time, bonds will be impacted positively as the dis-
count rate decreases, which increase the present value 
of the future inflows. Hence stocks and bonds should 
be negatively correlated because of the opposite impact 
of interest rates on both of them. [2]

The phenomenon “Flight to Quality” in the finan-
cial market validates consequences on prices of stocks 
and bonds. Another phenomenon is called “Flight 
from Quality,” during which the markets witness a 
shift to stock markets from the bond markets. Flight 
from quality generally takes place because of a crisis 
in the bond market. The table summarizes the “Flight 
to Quality” and “Flight from Quality” phenomenon:

This study examines the correlation between the 
stock market and bond market from different perspec-
tives to analyze the relationship during difficult mar-
ket conditions and identify the factors that affect the 
normal negative correlation. Table 1 shows the Flight 
to and from the Quality phenomenon.

Table 1
The “Flight to Quality” and “Flight from Quality” phenomenon
Stock markets 
tumbling

Shift from stocks to bonds indicating 
“Flight to Quality.»

Stock markets 
growing

Shift from bonds to stocks indicating 
“Flight from Quality.»

Bond markets 
tumbling

Shift from bonds to stocks indicating 
“Flight from Quality.»

Bond markets 
growing

Shift from stocks to bonds indicating 
“Flight to Quality.»

2. Literature Review
Real interest rates are identified by John Y. Camp-

bell, inflation and future expected earnings as variables 
to check the correlation between stocks and bonds’ 
prices and considering monthly returns from 1952 to 
1987 concluded that there is a small positive association 
between the stock and the bond market. [3]

In “The lead-lag relation between the stock and 
the bond markets suggests that the lead-lag relation 

is primarily due to the time taken to incorporate the 
new publicly available information in the prices. The 
time taken decides whether the relationship would be 
positive or negative. The lead-lag and positive-negative 
relation depend on the credit rating of the bond. Better 
rated bonds like Aaa are more efficient in incorporat-
ing the information as they attract more erudite insti-
tutional investors who have quicker access to pertinent 
information, enabling them to transact fast in the mar-
ketplace. The returns for safer bonds (Aaa) and lower 
bonds (Ca-D) lead to the stock market returns.

In contrast, bonds with other ratings have an in-
verse relationship. The paper also states that bond 
prices are sluggish to adjust than stock prices to vary-
ing default risk, which indicates that stock returns are 
earlier to predict defaults. Thus, bondholders might be 
at an advantage to protect their capital because of early 
signals. The results of the study depend on the overall 
creditworthiness of the bond portfolio examined.

“Assimilation between Bond Market and Stock 
Market” is analyzed by Dr. Roopali Patodaby, which 
data from January 2005 to December 2010 in the In-
dian context. Therefore, the paper analyzes the stock 
and bond market correlation during three periods: 
Pre-Recession, Recession, and Post-Recession. “S & 
P CNX Nifty Index” and “NSE Bond Index” are used 
for analysis. The data analysis tools used were “Cor-
relation,” “Regression,” “T-test,” and “Durbin Watson 
test.” Here, the stock market was taken as the depen-
dent variable and the bond market as the independent 
variable. The study found that the correlation between 
these markets is positive and significant during the 
pre-recession period. During the recession, the cor-
relation became weak positive and insignificant; the 
post-recession period observed a weak negative cor-
relation between the markets. The study also analyzed 
the R-Square values for these periods. The R-square 
value was highest during pre-recession and decreased 
during the recession and lowest during the post-re-
cession period. The limitation of this study is of data 
points. As monthly data is analyzed, only 60 data 
points and wholesale debt market were considered, so 
the study does not extend to the retail and corporate 
debt market. [4]

In “Co-Movements of India’s Stock Market with 
Bond Market and Select Global Stock Markets” ex-
amines the association of Indian equities market the 
bond market along with the correlation of Indian mar-
kets and US, UK, and Japan’s markets. Weekly prices 
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have been analyzed from 2007 to 2015, amounting to 
570 data points. The paper concluded that there was a 
negative association between the Indian equities and 
the bond market. The correlation with other coun-
tries’ stock markets was positive and significant. Also, 
the correlation among developed countries was more 
than that with other countries, which means that the 
US and UK’s stock market was more closely correlated 
than the US and India.

“An examination of co-movements of India’s stock 
and government bond markets examines Bharat Kol-
luri by which the cointegration of Indian equity and 
bond markets along with the cointegration of Indian 
stock markets with other countries’ equity markets. 
Weekly closing data for indices and Indian 10-year 
G-sec from January 1997 to 2014 was taken for anal-
ysis. Unconditional correlation tests were used for 
analyzing the correlations. In contrast, for examining 
the relationship and impact of other equity markets on 
the Indian equity market, “Johansen’s multivariate and 
vicariate cointegration test” was used. The paper con-
cludes that the Indian equities and bond markets share 
a common cointegrating vector and are related to each 
other in the long run. Also, a statistically inverse sig-
nificant relationship is found among the Indian equi-
ties and bond markets. [5]

Analysis of the correlation between the Philippine 
equities and bond markets using the dynamic correla-
tion model (DCC) in “Forecasting Time-Varying Cor-
relation using the Dynamic Conditional Correlation 
(DCC) Model” is done by Mapa. The data is analyzed in 
two samples viz. January 2000 to December 2008 and 
January 2009 to December 2010, which helps under-
stand the correlation during crisis times and that after 
the crisis. The correlation was positive during the crisis 
and remained so until the economic state was restored. 
During the normal period, it was found to be negative.

The Fed model is a popular model to measure the 
fair value of US markets. It links the stock market’s 
earnings yield with the yield of government bonds is-
sued over a long term in “Fight the Fed Model: The 
Relationship between Stock Market Yields, Bond Mar-
ket Yields, and Future Returns” discusses the problems 
with the fed model. One is it does not consider the ef-
fect of interest rates on the equities market. Clifford S. 
Asness (2002) indicated that the difference in volatility 
and instability among the stock and bond market, in 
the long run, is due to the causality and the difference 
between the equity and bond returns. [6]

Stock–bond correlations found that economic cycles 
and monetary policy changes substantially influence 
stock and bond prices and price trends given by Ilama-
nen. He observed that the equities market is likely to out-
perform the bond market during business-cycle expan-
sions. The bond market tends to outperform the stock 
market during economic contractions. However, mone-
tary policy easing has a constructive impact on both the 
markets. The stock market has a forward-looking nature, 
resulting in higher average returns during the end of a 
contraction. Hence late recession and initial expansion 
are better for the stock market. Bonds give maximum 
return during the middle of a contraction. Also, mon-
etary policy tightening benefits the bonds, while it is 
detrimental for stocks. Inflation also has a major impact 
on the correlation. High inflation results in a positive 
correlation across all asset classes. Deflation results in 
increased equity risk premiums and decreased bond risk 
premiums which turn the correlation negative.

In “Equity-Bond Correlation: A Historical Per-
spective” analyzes the stock-bond correlation over ap-
proximately 140 years from 1870 to 2017. The correla-
tion turned negative in the 1990s after almost 40 years 
of positive correlation. The author also argues that no 
economic theory or empirical model fully captures 
this correlation’s dynamic nature. [7]

“Why does the correlation between stock and bond 
returns vary over time?” analyzes the effect of infla-
tion, future economic advancement expectations, and 
uncertainty in the stock market on the association be-
tween stock and bond markets at Magnus Andersson. 
The results show that a positive correlation is observed 
between stocks and bonds’ returns during high infla-
tion expectations. In contrast, the correlation turns 
negative during low inflation expectations. The study 
also concluded that growth expectations had no im-
pact on the correlation.

“Stock-bond co-movements and cross-country link-
ages” analyzes the stock and bond correlation for eight 
developed countries by Baur. The paper analyzes the cor-
relation between equity markets, equity and bond mar-
kets, and bond markets of different nations. There is an 
inverse association between stock and bond correlation 
and correlation across different nations, i.e., during lower 
correlation value among the nations, the correlation be-
tween stocks and bonds is high and vice-versa. [8]

“Stock and Bond Relationships in Asia” compares 
the stock and bond markets of nine Asian countries by 
Johansson. He observes that both markets exhibit dif-
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ferent patterns. The bond markets of all nine countries 
have positive means and lower returns than respective 
stock markets. The paper also analyzes the volatility. 
The observation is that the bond markets have less 
standard deviation and are less volatile than respective 
stock markets, which favors the generally held view 
of the stock market being riskier than the bond mar-
ket. The paper concludes that the correlation between 
countries’ markets in the study is positive except 
during some small intervals. Also, correlation tends 
to increase during financial turmoil, which points to a 
probable decrease in asset diversification.

“Fiscal Deficits and Stock Prices in India: Empirical 
Evidence” discusses the impact of a country’s fiscal defi-
cit and money supply on its stock market by Pooja Joshi. 
The study finds that fiscal deficit impacts the stock mar-
ket in the long run, and short-term fluctuations in the 
deficit do not impact the stock markets. A budget deficit 
negatively impacts the stock market as investor confi-
dence is lessened, impacting a firm’s capital-raising abil-
ity in the long run. An increased deficit comes with an 
increased tax burden in the future and increased inter-
est rates leading to decreased profits for firms, decreas-
ing the equity prices. Money supply impacts the stock 
market positively in the long as well as short term. The 
reason given behind this is that increased money supply 
leads to increased economic activity, which results in 
higher profitability for the companies. [9]

In “Active Monetary or Fiscal Policy and Stock-Bond 
Correlation” analyzes the impact of monetary and fiscal 
policy on the stock-bond correlation in the United States. 
The study outlines four structural shocks for an economy, 
namely “Permanent Neutral Technology (PT) shock,” 
“Marginal Efficiency of Investment (MEI) shock,” “Mon-
etary Policy (MP) shock,” and “Fiscal Policy (FP) shock.” 
The correlation depends on which shocks are dominant 
during that period. The findings point out that PT shock 
drives the economy and positively during times of ac-
tive monetary policy and passive fiscal policy. When the 
equation is reversed, MEI shock drives the economy, and 
the correlation turns negative. The study concludes that 
a positive monetary policy is seen as a driver of growth 
and boosts investor confidence.

While studying the previously published litera-
ture, it was observed that most of them did not distin-
guish between the stock and bond market relationship 
during normal times and during times of crisis. Also, 
most of the published literature either did not consid-
er a longer period, or those who did, used weekly or 

monthly data. This paper tries to overcome some of 
these issues by selecting a longer period for review and 
considering daily data. [10]

3. Research Methodology:
Being the deductive nature of research work, we 

adopted various statistical analyses like correlation, the 
significance of various variables using regression analy-
sis to analyze the stock and debt market’s behavior.

Daily data from January 2000 is used for the analy-
sis. The daily closing prices of BSE Sensex are taken for 
the stock market, and 10-year G-Sec daily average pric-
es are taken. Sensex comprises 30 financially sound and 
well-established companies. It acts as a benchmark that 
represents the Indian stock market. Hence it is used in 
the study. 10-year government bonds act as a bench-
mark for the bond markets, and hence they are used to 
represent a bond market in general. [11]

The data is analyzed in different ranges to observe 
the relationship between the markets during normal 
economic conditions and during a financial crisis. The 
data is broken down into the following ranges:

Table 2 relationships between the markets during 
normal economic conditions. Correlation and Regres-
sion Analysis was performed on all these ranges.

Table 2
The relationship between the markets during normal economic 
conditions

Economic State Range
Normal 2000 to 2007
Crisis 2008 to 2009
Normal 2010 to Feb 2020
Crisis Feb 2020 to June 2020

Pearson’s and Spearman’s correlation tests were per-
formed on the data. It was found that the data for G-Sec 
was normally distributed. At the same time, Sensex 
does not follow a normal distribution. Owing to con-
troversy over the effectiveness of the output given by 
Pearson’s correlation test when one variable is not nor-
mally distributed, Spearman’s test was also performed 
as it accepts not normally distributed variables. [12]

4. Results and Analysis
The graph shows the distribution of G-Sec inter-

est rates. As observed, the data is normally distrib-
uted. Table 3 shows Correlations, Significance, and 
R-Square values.
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As is evident from the above table, during normal 
times, the stock-bond correlation is negative. During 
the 2008 financial crisis, a weak positive correlation is 
observed among the markets under review. The stron-
gest negative correlation was observed for the period 
after the financial crisis up to the period before the 
COVID-19 crisis affected the markets.

For regression analysis, Sensex was the inde-
pendent variable, and G-sec was the dependent 
variable. The Adjusted R-Squared values show that 
both the variables are independent as the model 
assumed is not a good fit to predict the values of 
G-Sec. Table 4 shows correlations for the period 
under review. [13]

Graph 1: Normal Distribution of 10-Year Government Bond Yields

Table 3
Correlations, Significance, and R-Square values

2000 to 2007 2008 to 2009 2010 to Feb-20
Pearson’s Correlation -0.037 0.431 -0.633
Significance 0.107 0 0
Spearman’s Correlation 0.036 0.391 -0.642
Significance 0.115 0 0
Adjusted R Squared 0.001 0.186 0.401

Feb-20 to Jun-20 2000 to Jun-20
Pearson Correlation -0.202 -0.136
Significance 0.077 0
Spearman’s Correlation -0.353 -0.042
Significance 0.002 0.003
Adjusted R Squared 0.041 0.019
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It was observed that as the correlation weakens, 
i.e., as it approaches zero, the significance or p-value 
starts increasing. In 2006 and 2015, the p-value saw a 
sharp increase as both the correlation values were near 
zero. In 2008, the p-value for Spearman’s correlation 
became 0.888, which was the highest ever recorded in 
the period under review. Figure 1 shows the correc-
tion pattern.

4.1. Hypothesis Testing
Null Hypothesis,
H0: There is no significant correlation between the 

stock market and the bond market
Alternate Hypothesis, 

H1: There is a significant correlation between the 
stock market and the bond market.

4.1.1. For the period – 2000-2008
From Table 1, it is clear that there is a very weak 

correlation between the markets. As the significance 
level (p-value) is greater than 0.05, the Null Hypothe-
sis accepted no significant correlation between the two 
markets during this period.\

4.1.2. For the period – 2008-2009
From Table 1, it is clear that there is a positive asso-

ciation between the markets. As the significance level 
(p-value) is less than 0.05, the Null Hypothesis is re-

Table 4
Correlations for the Period under Review

Year Pearson Correlation Spearman’s 
Correlation Year Pearson Correlation Spearman’s 

Correlation
2000 -0.57 -0.576 2013 0.433 0.412
2001 0.667 0.792 2014 -0.739 -0.801
2002 0.273 0.43 2015 0.051 0.032
2003 -0.859 -0.879 2016 -0.541 -0.661
2004 0.26 0.12 2017 0.363 0.332
2005 0.535 0.446 2018 0.402 0.38
2006 -0.073 0.059 2019 -0.488 -0.464
2007 -0.331 -0.492 2020 0.582 0.522
2008 0.261 -0.009 2016 -0.541 -0.661
2009 0.792 0.843 2017 0.363 0.332
2010 0.607 0.572 2018 0.402 0.38
2011 -0.577 -0.62 2019 -0.488 -0.464
2012 -0.526 -0.575 2020 0.582 0.522
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Figure 1: Correlation Pattern
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jected. Hence, there was a significant positive correla-
tion between the two markets during this period.

4.1.3. For the period – 2010-February 2020
From Table 1, it is clear that there is a negative as-

sociation between the markets. As the significance 
level (p-value) is less than 0.05, the Null Hypothesis is 
rejected. Hence, there was a significant negative cor-
relation between the two markets during this period.

4.1.4. For the period - February 2020-June 2020
Table 1 shows that there is a negative association 

between markets. However, as the significance level 
for Pearson’s correlation is greater than 0.05, hence 
we accept the null Hypothesis. However, the signifi-
cance level for Spearman’s correlation is less than 0.05, 
which leads us to reject the null Hypothesis. Due to 
the limitations on the applicability of Pearson’s cor-
relation viz. variables should be normally distributed; 
we consider Spearman’s correlation and reject the null 
Hypothesis. Hence, there has been a significant nega-
tive correlation between the two markets during the 
pandemic period of February-June 2020.

4.1.5. For the entire study period – 
2000-June 2020

From Table 1, it is clear that there is a negative as-
sociation between the markets. As the significance 
level (p-value) is < 0.05, the Null Hypothesis is reject-
ed. Hence, it is clear that there is a substantial negative 
correlation between the two markets. [14]

5. Discussion
The analysis clearly shows that the correlation be-

tween the stock and bond market fluctuates noticeably 
over time. As postulated in theory, there is a negative 
correlation between the stock and bond markets. 
However, this theory holds when the correlation is 
analyzed over a long period. In the study, we found 
that the nature of correlation during a crisis depends 
on the crisis type. In 2008, when the crisis was finan-
cial, the correlation turned positive. Many investors 
lost confidence in the markets, and bond yields also 
fell along with the stock markets. While from Febru-
ary 2020, we face a completely different type of crisis 
that has not emanated from financial markets, so we 
can see a clear negative correlation, as investors have 
become more risk-averse and are shifting to less risky 
assets; therefore, having observed this, it is important 

to identify the factors due to which the variation oc-
curs. The factors are identified from the asset pricing 
theory, which indicates that an asset’s value is equal 
to the present value of all the future cash flows from 
the asset, which are discounted at an appropriate rate. 
Similarly, the value of a bond is the sum of all future 
coupon payments and principal repayment discount-
ed at a rate deduced by considering the market condi-
tions. This rate called “Yield” can be categorized into 
real interest rates and reimbursement for the antici-
pated inflation over the bond’s residual life. Yield also 
includes the term premium, which the investors ex-
pect for longer holding periods. Hence bond yields are 
determined by inflation and growth expectations. As 
yield is the discount rate to get the real value of a bond, 
we can conclude that bond prices negatively correlate 
with inflation and growth.[15]

The effect of inflation and growth expectations on 
stock prices is not quite clear. There may be no im-
pact of rising inflation and growth expectations if the 
discount rates are equal to the expectations. However, 
studies have shown that increased inflation expecta-
tions harm stock prices. Apart from these factors, the 
association between the stock and bond markets is af-
fected by changes in the equity risk premium and term 
premium of bonds.

Investors are likely to take lesser risks during finan-
cial turmoil, leading to a reallocation of funds from 
equities to safer asset classes like investment-grade 
bonds. This “Flight to Quality” can be construed as a 
decrease in the bond term premium and an increase in 
the equity risk premium.

Another factor affecting the correlation is the 
volatility inherent in each market. The stock market 
volatility is measured by an indicator called Volatility 
Index (VIX). It was observed that correlations have a 
predictive power to forecast VIX. As the correlation 
increases, the VIX also spread increases. Correlations 
can also predict potentially unstable swings in values 
of VIX.

As the bond under consideration is a government 
bond, we also have to consider its fiscal deficit. They 
are an important factor while issuing credit ratings 
that affect the bond yields and hence the stock-bond 
correlation. The fiscal deficit also affects the real in-
terest rates, which directly impacts the correlation. 
Though fiscal deficit is not under the purview of this 
paper, previous studies show that lower fiscal deficits 
lead to positive correlations. It improves bond yields 
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and boosts investor confidence in the stock market be-
cause of a better economic outlook.

6. Conclusion
The previous literature either did not take a longer 

period under consideration or did not categorize the 
analysis based on the state of markets/economy. This 
paper attempts to overcome both these shortcomings 
by analyzing the data over two decades and categoriz-
ing it according to the economy/markets.

The analysis concludes that against the theoretical 
understanding of stock and bond, correlation is always 
negative. It is quite volatile and largely depends on the 
market sentiment. In theory, it is assumed that investors 
tend to shift funds to bonds from equities during market 
turmoil, as bonds carry lesser risk than equity, leading to 
a “Flight to Quality” phenomenon. However, during the 
2008 financial crisis, the observation was that the inves-
tors did not shift funds from equities to the bond market. 
Even if they did, the volume/value was not sufficiently 
high to render the correlation negative, which could be 
the loss of confidence in the financial system as invest-
ment grade instruments were defaulting during that pe-
riod. Hence, investors were fleeing from the stock mar-
ket and the bond market simultaneously, due to which 
the stock indices and the bond yields also crashed, and a 
positive correlation was observed.

Compared to the 2008 crisis, the recent crisis is quite 
different when it comes to financial markets. As the on-
going crisis is due to factors external to financial mar-
kets, there is no confidence loss regarding the ability of 
markets. In India, the general assembly elections also 
have a deep impact on the financial markets. The elec-
tions were held in 2014 and 2019, during which there 
was a strong negative correlation. It can be attributed to 
the election decision being in line with market expec-
tations. The market expected the economy to perform 
better under the NDA regime, leading to a shift from 
government securities investment to equities. 

Overall, from 2000 to June 2020, the correlation 
was negative, which resonates with theoretical consid-
erations. However, large swings were also observed in 
the correlation. The correlation was significant during 
some periods and insignificant during other periods.

We believe that this paper will help provide a better 
understanding of financial markets’ response to a cri-
sis - depending on its type and help investors make an 
informed decision regarding their investments as they 
try to mitigate the risks.

7. Limitations:
While this paper tries to overcome some of the ear-

lier studies’ gaps by selecting a longer period for review 
and considering daily data, it still has some limitations/
gaps. As stated earlier, “Pearson’s correlation” has been 
used. However, due to the controversy around the dis-
tribution of variables used in the correlation test and 
the stock market not exhibiting normal distribution, 
the model is considered a limitation. Also, some ad-
vanced statistical tests can be used along with the tests 
used in this paper. Lastly, volatility is always inherent in 
all financial instruments. However, this study has not 
considered the effect of volatility on the correlation.
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Abstract
Financial Technology (Fintech) has attracted much atten-
tionand is increasing swiftly. The emerging technologies 
adopted by Fintech have made innovation a general term 
among the Financial Institutions and the Businesses using 
them. The techniques from data security to the deliveries of 
financial services are a few of the critical enablersof Fintech.
This research is a descriptive study to understand Fintech 
Innovation’s impact in transforming the Businesses, the com-
prehensive benefits of Fintech, on how it has the edge over 
the Traditional Financial Institutions. The research also focus-
es on the exploratory study of the upcoming technologies 
adopted by Fintech and its critical issues that need to be 
addressed. It analyses thepotential of this emerging technol-
ogy by winning the Investors’ confidence and disrupting the 
market to venture into the Financial Industry. The research 
findings indicate the positive impact of FinTech in Transform-
ing the Business and the trust factor that the Investors have 
gained on the innovation.
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1. Introduction
The “financial technology” or the “Fintech,” which 

seemingly has got the most attention in the past decade, 
has transformed as one of the disruptors in the Finan-
cial Sector, is on the pace to gain the entire market focus. 
Fintech simply means Finance in collaboration with the 
technology creating the products and the services which 
support the Business Transformation and the ease of us-
age to the customers. Fintech has been evolving rapidly. 
Improving the services’ quality, cutting down the costs, 
and bringing in the diversity of serviceswith the Finan-
cial Industry’s stability are the major focus areas that 
Fintech promises to bring in the industry and reshape 
financialland escape. Artificial Intelligence, Big Data, 
Big data analytics, and mobile embedded technologies 
are the backbone of Fintech, which are the technologies 
that form the combined strength for the development of 
Fintech. Fintech enables customer service automation 
with the help of chatbots and Artificial intelligence.These 
technologies can facilitate the customers with certain op-
erations and brings down the staff.The industry offers a 
widevariety of digital financial services. However, it faces 
a number of security and privacy challenges; the reason 
being the IT systems in use creates a vulnerable environ-
ment. The challenges that Fintech should address are to 
maintain confidentiality, integrity, availability, and au-
thorization. Trustworthy integration of the IT applica-
tions is impossible without addressing these issues. They 
are considered the most prominent challenges to address 
when it comes to measuring the performance of Fintech. 
The threats to the applications, the mechanisms to detect 
those threats, and the number of approaches to protect 
these applications and maintain privacy will be discussed 
as a part of the research study. Along with them, much 
research that has been an eye-catcher is the Blockchain 
Technology;the financial regulators are attempting to 
grab the opportunities enabled by Fintech by developing 
the regulatory measures.

The emerging technologies enabled by FinTech 
have augmented the new entrants in the Fintech In-
dustry and the traditional competitors. These tech-
nologies include Artificial Intelligence, cognitive com-
puting, and Machine Learning, to name a few. These 
technologies have the potential to reshape the Finan-
cial Industry. The investment in the financial sector 
has been growing immensely and gaining the inves-
tor’s trust over the years.
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The evidence presented shows and the hype stage 
of Fintech. We can state the technology has positioned 
itself as a competitive player in the financial world. 
Artificial Intelligence and Machine Learning havecon-
tributed immensely to Fintech. Analyzing and helping 
people make rapid decisions over investment or crit-
ical business needs has been a blessing. Furthermore, 
the research analyses the security measurement, vari-
ous other data-oriented techniques, and data process-
ing, whether Fintech will be a disruptor in the future 
or not? We will also be discussing the services that 
are influenced by the Blockchain and other FinTech 
innovations. These services include the financial mar-
kets, investments, risk management, trading in stock 
markets, and Robo-advisory. The sourced informa-
tion from the International organization of Securities 
Commissions Commission in 2017 reported a pos-
sibility of intersection between certain aspects of the 
Fintech enabled services. The services include lend-
ing, crowdfunding, trading and investments, and se-
curity. Hence there is a need for the innovation to look 
into such critical factors for its development.

1.1. Research Question
The main objective for carrying out this research 

is to analyze Fintech Innovation and the embedded 
technologies, how they help to transform a business 
to cope with the competitiveness in the market, does it 
prove to be secure enough. How it wins the Investors 
Trust, and does it have the potential to disrupt the Fi-
nancial Industry [1].

1.2. Research Question
Based on the objective of the Research Study, a key 

question has been identified:
“Is FinTech having a significant impact on the Finan-

cial Industry, and does it have the potential to disrupt 
the market?”

The above question’s answer will provide the in-
tended information to resolve the research dilemma. 

2. Literature Review

2.1. Evolution of Fintech 
and the approaches used by the Nations 
to tackle the Global Financial Crisis of 2008 

Fintech being an ever-trending technology slowly 
disrupting the Finance Industry has been evolving for 
over a decade; the three major eras have been studied 

to define how the industry has grown over a while. Fin-
tech 1.0, which started from 1866 to 1987, Fintech 2.0 
from 1987 to 2008. Fintech 3.0 post the 2008 financial 
crisis. The most challenging era for Fintech was post-
ing the financial crisis where the Financial Sector had 
to grow and develop in terms of the regulations, creat-
ing opportunities, and balancing the upcoming threats 
and the risks to provide security of the data. The entire 
Fintech 3.0 was public-driven based on the demands 
and the expectations of the consumers. Slightly differ-
ent for the developing nations, precisely for Asia it was 
Fintech 3.5 where it just not had the tackle the ongoing 
crisis but had to develop more innovatively, the oppor-
tunities and the innovations had to be made, develop-
ing and filling the gaps between the current financial 
system and thinking about the future. Since it was an 
emerging smartphone era, new technologies relating 
to mobile communications had to be derived. Regula-
tors had to focus on building a regulatory framework 
that supports innovation but does not threaten the 
financial industry’s stability. Several approaches were 
employed by many other nations like the UK hired a 
principle-based approach that mainly focuses on the 
consumer protection protocol. In contrast, China em-
ployed the product-based approach with a two-tiered 
system. The finance companies monitored the small 
and medium transactions, while the huge institutional 
players managed the large transactions.In other cases, 
the regulators welcomed the new approach to compet-
itive markets with diversity and allowed the markets to 
be more efficient. Approaches had yielded the oppor-
tunities and combat the risks.The post-financial crisis 
has proved to use Risk Management as an effective tool 
to deal with the Financial Crisis and decrease operat-
ing costs. It is not the best time to set it right now since 
there has been much experimentation to be done, in-
novative technologies and regulations approaches are 
to be made to set the regulation standards [2].

2.2. Emerging Technologies disrupting 
the Financial Sector

One of the new concepts, “depth of innovation,” has 
also been studied by the researchers, which are useful 
to find how impactful innovation is and how far it can 
strive in the financial sector. The depth of innovation 
is categorized into surface, genuine, and foundation. 
More than half of the innovations come under the 
surface ones, which are not very huge. Genuine inno-
vations have a slightly deeper innovation where many 
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factors are taken care of while creating them. Strength-
ening the infrastructure and fostering the Financial sys-
tem are enabled by the foundation is the deepest and 
most significant Financial Innovation level.

There have been major factors that act as oppor-
tunities and force the Enterprises to make innovative 
products and services. Since [3] Fintech has entered 
into the markets, it provides two major areas for in-
novation. 
• One can be a large amount of data of the people 

containing customer’s demographic and the psy-
chographic information. Their spending patterns 
help create an Automated Investment Advisor us-
ing Machine Learning. Fintech Services are cate-
gorized to generate opportunities through ventures 
like efficient payment processes through e-wallets, 
peer-to-peer transactions, crowdfunding, Ro-
bo-advisor. These are some of the solutions that 
have opened opportunities in the Fintech Industry.

• With these, it also includes the Fraud Detection 
Techniques helping find real-time anomalies with 
timely responses, examining log files, and using the 
investigative tools to rebuild the links. Hong Kong 
being the leader during the GFC of 2008, which 
strategically tackled the crisis, was analyzed, and 
their approaches were adopted to strengthen the 
E-banking controls and advocate cybersecurity. 

• Data-oriented techniques such as Big Data Analy-
sis and data mining, big data processing. Data-ori-
ented techniques such as big data processing play a 
major role because huge data and its processing and 
analyzing whether the transactions are genuine can 
overpower the human brain capacity. Hence, huge 
innovative protocols are required and are of huge 
scope in Fintech. One of the areas, which open op-
portunities in Frauds Detection and have a huge 
Future Scope. 

• Much advancement has been made in the Risk De-
tection Explorations, Authentication and Access 
Control Methods, Data Usage Cycle Protection, 
Data Storage and processing, Risk Reduction, and 
Prevention. Other than these handling of the data 
while its analysis is being worked upon too [4].

• Since the Financial markets have extended their 
way to the Equity markets, it opens opportunities 
for balancing the securities issues and protect-
ing the Investors from the risks of frauds. It also 
gives an area to provide the ease of access with a 
trustworthy environment for the Investors as the 

end-users(International Organisation of Securities 
Commissions, 2017).

• Artificial Intelligence and machine learning skills 
today help the investing methods with efficient de-
cision-making processes through the market’s best 
analysis. Fintech platforms have hugely benefitted 
the unbanked and the underserved consumers of 
the Banking Financial Systems.

• Blockchain technology is a one-stop solution for 
protecting ideas, encouraging the industry for its 
wide adoption.

• Data transmission, storage, and sharing over the 
network have been made possible by emerging 
technologies like Cloud Computing, IoT, and Vir-
tualization, to name a few.It has been identified 
that the maintenance of hundreds of datasets that 
are generated daily is next to impossible. Hence 
looking at this as an opportunity, Fintech has ad-
opted a larger IoT field to transform all the cus-
tomer information into the cloud [5].
A survey shows how huge investments in start-ups 

have immensely increased from 2010 to 2015, which 
simply adds trust over the industry and the indus-
try’s innovation to disrupt the market.Several Fintech 
applications, those of which are trending, have been 
studied. Examples: Mobile Finance and E-commerce, 
Fintech in Management. Fintech not just has a sin-
gle branch. It is vigorously diversified and provides 
services in the areas such as Information Flow Opti-
mization, Cloud Computing, and the smart city, etc. 
Since most of the payments are now done with smart-
phones’ help, much focus has been drawn over the 
smartphones as they are now in the frame as a new 
vulnerability to be exploited. For the vulnerabilities 
to be addressed, the government needs a strong reg-
ulation to avoid data breaches and illegal stealing of 
Consumer data. The key factors for Information secu-
rity in Fintech Applications include maintaining the 
users’ authentication for trusted usage and reliability 
over the devices for the transactions. The Data Ana-
lytics Techniques huge requirement to analyze today’s 
business needs. Fintech applications are playing the 
facilitator’s role in assisting businesses [6].

There have been many concerns regardinghumans 
being replaced by advanced technologies. On the con-
trary, the employees’ skills regarding the advanced an-
alytics will enhance the human capabilities benefiting 
the Businesses will be a significant requirement that 
the Industry experts believe.Fintech does come with 
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several benefits, but there are several risks associated 
with them with the benefits. The new risk that revolves 
around the Regulators of not creating an environment 
such as over-regulation or under regulation has been 
worked upon constantly. The right balance between 
providing consumer protection and financial stability 
is an ideal requirement expected out of Fintech. With 
this, sufficient incentives for the Fintech Innovators 
must be simultaneously looked upon. Since many 
technologies have to be studied, with and its imple-
mentation still in process, the increase of cyber attacks 
by 2025, posing as a security threat to Fintech, has 
been predicted [7].

2.3. Hype for Fintech
The other question that arose why the phenome-

non of Fintech occurred now? The traditional finan-
cial services lacked the potential to satisfy the cus-
tomers. Increasing risks of frauds in the transactions, 
low performance, and the long procedures for getting 
the services. These were the factors that force the 
market to make innovative products. The supply and 
the demand drivers studied thus helped in the analy-
sis, which was carried out during the 2008 financial 
crisis. The banks curbed back the lending activities, 
and the competitive Fintech entrepreneurs supplied 
the services at a lower cost with innovative services. 
There have been many Surveys conducted among the 
consumers who use Fintech Technologies. It has been 
observed that most people find these services easy to 
use, the personal mobility available, and also because 
of the usefulness [8].

2.4. Research Gaps
With the opportunities come potential problems, 

like frauds. Some of the factors that lead to the frauds’ 
exposure are Regulatory uncertainties, excessive com-
pliance cost, big data overpowering the human brain, 
the technological skills required for the internal con-
trols are lacking, and the loss of visible audit trails. In 
the usage of IoT, it can be seen that the data is not the 
only thing that is shared, but the sensitive information 
also gets shared, leading to a compromised state. It 
can be stated that, with the increase in the use of IoT, 
there is an exponential rise in the risks of cyberattacks.
Data Encryption is very common to secure the data in 
the systems, but there have been cases where the data, 
while it is processing in many different systems during 
the transfer, gets leaked. It is also seen that MSMEs 

still do not use Fintech Services and the main reason 
found in the survey was the awareness gap, security is-
sues, and no socialization, which would let them know 
the benefits to use the services [9].

3. Methodology
The research focuses on studying Fintech Innova-

tion by analyzing its key technological innovations on 
how it succeeded in transforming the Businesses and 
how the Financial Industry gains trust among the In-
vestors. The hype that has been created over the years 
under the name Fintech can standby and stabilizes 
the Financial Industry. Along with that, it helps the 
end-users gain trust over the Fintech applications to 
use them with ease and does not need to have concerns 
over the security issues. The research also focuses on 
getting the predictions over Fintech Technology’s fu-
ture, along with the emerging innovative concepts 
that might upgrade the Financial Industry. The risks 
associated with the existing technologies are worth 
the transformation, or will they be faded with time. 
The research is limited to the scope of the financial 
services enabled by Fintech. It has a significant focus 
on the technologies to identify whether they can strive 
into the financial markets for long. This section of the 
study provides details on the research design, data col-
lection, and the analysis methods used to conclude the 
Research topic. 

This section of the research deals with the pro-
posed design a shown in Figure 1 on how to plan the 
entire study and come up with the analysis. Research 
Design is nothing but a draft plan or a strategy used to 
research systematically. It helps provide a framework 
of how the data will be collected, who will be the sam-
ples for the data collection, and how the data analysis 
will be carried out [10].

3.1. Research Design
The research strategy elements for investigating 

the research question will involve a survey conducted 
through an online mode, precisely through a Google 
Form Survey Method for the collection of responses 
from the participants. The sampling methodology 
chosen for the study is the Purposive Sampling meth-
od because the researcher sincerely believes that there 
is a need for expertise in both the domain as well as 
technology for finding out how these experts perceive 
the usefulness of Fintech or what value additions can 
Fintech brings to the Traditional Financial Industry 
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and Insurance. People will be identified who the Ser-
vice Providers of Fintech or the Developers of Fintech 
people working on the Fintech Technology as experts, 
as well as the people who are currently exploring and 
studying the Fintech Innovation are, these people will 
be connected through social media platforms as well 
as through LinkedIn Profiles for the collection of data. 
They are identified as the sample for the data collec-
tion through an online survey.

The reason for choosing this type of research strat-
egy is to evaluate the potential impact and the emerg-
ing innovative technologies giving back to the Finan-
cial Industry. The research design has proposed two 
studies,namely study 1, followed by study 2. Study 1 
provides the analysis of the relationship and the dif-
ference in the respondents’ opinions participating in 

the survey using MANOVA. Study 1 study2, where the 
research objectives are studied and analyzed to fulfill 
or not use an ANOVA. Both the studies will be carried 
out, after which the inferences will be drawn for the 
research to be completed [11].

The type of questions asked in a survey would be 
closed-ended ones. The emphasis here is to study the 
situation through the questionnaire survey and collect 
the data to explain how Fintech impacts the Financial 
Industry and its challenges. The questions thus asked 
in the survey address the research objectives directly. 
The research objectives are to understand the Fintech 
services which has transformed the traditional finan-
cial services to meet the new technology-based mod-
ern services; the other objective is to find the benefits 
that have been produced because of the services, the 
last objective is to find out the critical factors that need 
to be addressed for the development of Fintech[12]. 
Table 1 presents the categorizations of the questions:

3.2. Research Choice
For this research, we will be using the Quantitative 

Method. We will use this method Quantitative Meth-
od to measure, categorize, and identify the patterns 
and make generalizations. 

3.3. Data Collection Method
This section of the research deals with the methods 

deployed for Data collection. We will be collecting the 
Primary data as a part of our data collection method. 
The primary data, which is also known as the raw data 
is collected from the sources. In our research study, we 
will be carrying out a Survey on the people working in 
the Traditional Financial Industry and the experts in 
Fintech as working professionals or even the ones ex-
ploring Fintech; they will be identified as our samples 
or data sources [13].

3.4. Ethics Statement
While carrying out this research, ethical issues will 

be given significant importance. Confidentiality from 
the researcher’s side is a crucial requirement consid-
ering the nature of the Financial Industry. It can be 
assured that the information of the respondents will 
not be disclosed in any circumstances. The survey’s 
motive will be communicated to all the people before 
any research is taken place, which will give them time 
to consider the purpose and then consciously take part 
in the survey. The consent and confidentiality state-

Figure 1. Research Design
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ments will be issued for the research purpose. The an-
onymity of the respondents will be an added feature of 
the survey.

3.5. Survey
A Questionnaire Survey has been carried out, and 

responses are being collected. The process is in prog-
ress. The minimum sample size or the respondents 
for the survey to be carried out is 160. The questions 
were framed in such a way that they address the re-
search objective directly. The research objective is to 
determine how financial technologies can transform 
the traditional domain of Banking Financial Services 
and Insurance. The purpose of the survey is to find the 
critical factors expected from Fintech that are to be ad-
dressed in the traditional domain. To what extent can 
Fintech augment the security and privacy concerns 
of the BFSI Sector?The type of questions asked in the 
survey is categorized as to how Fintech has brought-
transformation, the benefits or the advantages of Fin-
tech Services, and the critical challenges[14].

4. Analysis, Findings, and Interpretation
An online survey was conducted where prima-

ry data collection was the source of data. The survey 

was conducted on the 9th of June and was open until 
the 30th of June. One hundred sixty data samples were 
collected from the survey. The samples were collected 
from the people who are into Fintech; these include the 
Fintech Service Providers who are mainly working in 
start-ups and provide Financial Services to businesses. 
The sample was also collected from the Fintech Devel-
opers working into developing the services of Fintech. 
The sample was also collected from the Fintech con-
sumers; these consumers can be best known as those 
who use the Fintech technologies or the applications 
for carrying out the transactions. These are the peo-
ple who are also aware of Fintech Technologies and 
its features. In these, the Fintech enthusiasts who are 
carrying out study or research have been considered 
as well [15].

The sample segregation as shown in Figure 2 is as 
follows: Approximately 52% of the samples who re-
sponded are the Fintech Service providers, 26% of the 
respondents are Fintech developers, and 22% of the 
respondents are Fintech Consumers.

The respondents who are the service providers or 
the developers of Fintech have experience working in 
the Fintech Industry in Table 2. The minimum expe-
rience is 0-3 years working in the industry, and it goes 

Table 1
Categorization of Survey Questionnaire.

Business Transformation Benefits of the Fintech Critical factors need to be addressed 
in Fintech

With the evolution of Fintech services, 
the mobility of people to the banks has 
been reduced. How much does this 
affect the bank’s traditional model of 
extending the branches at every different 
location?

What do you think are the most 
important reasons for the customers to 
opt for Fintech services? 

Considering the issues faced by 
traditional banking services, which of the 
following will be addressed by Fintech 
Solutions?

With the increase in the number of 
online financial transactions, can we 
assume that the consumers are open to 
adopting more Fintech services?

Do you agree that Fintech services have 
increased the access to the financial 
markets like Mutual funds, equity 
markets, systematic investment plans 
SIP by making the transactions easy and 
secure?

What do you consider to be the critical 
risks, if any, that could be introduced 
from automated financial advice tools?

With the help of financial services 
available on a smartphone, do you agree 
that the inquiry and the approval of 
banks’ loans will become easy? 

Do you agree that Fintech can bring the 
right balance in ease-of-access and the 
investor’s protection in crowdfunding or 
peer-to-peer lending? (funding a project 
or venture by raising small amounts of 
money from a large number of people, 
typically via the Internet)

In your opinion, which technologies 
are set to transform the way financial 
services are delivered within the next two 
years?

Do you think that development in 
Artificial Intelligence (Voice-based 
transactions, e.g., Alexa) will change the 
way we see Fintech now (application-
based)?

Compared to traditional banking 
services, do you agree that Fintech 
technology has more potential in the 
long run?

On a scale of 1 to 5, how likely have 
investors gained trust in the emerging 
Financial Technologies?
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beyond 10 years of experience in this sector. Out of 
the total data samples, approximately 60% of the re-
spondents have approximately more than three years 
of experience in Fintech Services; they do not exact-
ly mean that they have working experience but also 
poses experience of using the Fintech Services when 
considered as end-users [16]. The questions thus 
asked in the survey directly address the objectives of 
the research. The five-point Likert Scale was used in 
the closed-ended questions, ranging from “strongly 
disagree” to “Strongly Agree.

4.1. Data Analysis Tools and Methods
The sample data of 160 respondents have been 

received, and the analysis of the Survey data has 
been done using the one-way Multivariate Analysis 
of variance using the tool SPSS to identify wheth-
er there are any differences between the indepen-
dent groups (in our case, they are the respondents) 
on more than one continuous dependent variables. 
The main objective of doing a statistical analysis of 
MANOVA is to determine the relationship between 
the respondents, whether they pose any similarity 
in the opinions regarding each other, or they com-
pletely differ in their perspective and understanding 
of Fintech. The other method is descriptive statis-
tics. The Fintech enabled Business Transformation, 

its benefits, and the critical factors that need to be 
addressed according to the respondents will be in-
ferred. This method uses a Quantitative approach to 
determine the Impact that Fintech has created after 
its adoption [16].

4.2. Data Analysis Strategy
The research initiative focuses on the respondents’ 

perspective and their opinions to determine the differ-
ences in their thoughts and thinking and their under-
standing of the Fintech Services, which is determined 
statistically using Multivariate analysis of variance. 
Since the data was collected and analyzed so that they 
had an Independent Variable with several Dependent 
variables to be isolated and analyzed, the extended 
version of ANOVA, which seems to be MANOVA, is 
used. The model is designed to understand the Inde-
pendent Variable, and the Dependent Variables are 
explained in Figure 3.

The model explains the statistical approach to 
determine the relationship between the respondents 
who seem to be the Fintech Service Developers, Fin-
tech Service Providers, and the Fintech Service Con-
sumers. The opinions on the understanding and the 
transformation occurred after Fintech Services were 
introduced and the Benefits observed. Under Trans-
formation factors, T1, T2, T3, and T4 are the Surveyed 

22%

26%
52%

Fintech Services Consumer

Fintech Services Developer

Fintech Services Provider

Figure 2. Summarized details of the Respondents.

Table 2
Summarized details of the Respondents on their experience in Fintech.

Experience
Frequency Percent Valid Percent Cumulative Percent

Valid 0-3 Years 65 40.6 40.6 40.6
10+ Years 17 10.6 10.6 51.2
4-7 Years 58 36.3 36.3 87.5
8-10 Years 20 12.5 12.5 100.0
Total 160 100.0 100.0
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questions that directly address the objective of deter-
mining whether the transformation is taking place in 
the Business after Fintech Innovation is used. Sim-
ilarly, in the Benefit Factors, B2, B3, and B4 are the 
surveyed questions directly addressing the Benefits 
of the Businesses or the end-users after the Fintech 
Innovation is introduced. Note: No B1 has been used 
since it is not based on the Likert scale data and is also 
categorical data that could not be isolated with oth-
er variables and analyzed. The second study followed 
by the MANOVA analysis to determine the relation-
ship between [17] the Respondents is the Univariate 
Analysis, which individually focuses on each of the 
research objectives:
1. Transformation factors analysis descriptively, its 

impact on the Businesses with how much it has 
transformed the traditional way of dealing in the 
Financial Industry. 

2. The Benefit factors analysis in the description of 
how the Fintech Innovation has opened opportu-
nities and its advantages

3. The critical factors analysis to predict the Future of 
Fintech and the issues that need to be addressed.

4.3. Findings and Interpretation

4.1.3. Business Transformation
Independent Variable: Role of the respondents 

(Developer, Service Provider, End-user)

Dependent Variables: Transformation Factors (T1, 
T2, T3, T4)

H0: There is no significant difference between the 
respondents’ roles and their opinions on the Business 
Transformation enabled by Fintech.

HA: There is a significant difference between the 
respondents’ roles and their opinions on the Business 
Transformation enabled by Fintech.

If the p-value < 0.05 (95% confidence)- Reject null 
Hypothesis

The multivariate tests result in Table 3 define the 
joint relationship between the respondents’ profile as 
a combined effect. As shown above with its p-value in 
the Multivariate Tests, considering the Wilks’ Lamb-
da significance as 0.328, which is not less than 0.05, 
we do not reject the null hypothesis (H0). Here we can 
infer that the respondents, whether they be the De-
velopers, Service providers, or the end-users, do not 
have any differences in their opinions regarding the 
Business Transformation Factors enabled by Fintech. 
They prove to be insignificant. Equation 1 shows the 
p-value = 0.328.

  p-value = 0.328 < / 0.05 àdonotrejectH0-[1]

After moving forward with the Multivariate 
tests, we consider Levene’s Test of equality, which 
talks about the Univariate nature, for each of the 
Dependent individual variables T1, T2, T3, and T4 
(Tests, n.d.)

Figure 3.Data Analysis model for MANOVA Analysis.
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Levene’s test of Homogeneity of Variance presented 
in Table 4 returned statistically significant for T3 and 
T4 whereas insignificant for T1 and T2.

Particularly while analyzing the ANOVA of the Pro-
file and the Transformation factors with its p-values, it can 
be seen that all the values turn out to be insignificant as 
in Table 5. Considering this evidence, we can prove that 
the respondents do not vary in their opinions regarding 
the Business Transformation factors observed because of 
the Fintech Innovation. The reason behind this could be 
the Literacy or the understanding of Fintech Innovation 
amongst the respondents. We now focus on understand-
ing the Transformation Factors as in Table 6 possessed by 
the Fintech Innovation, on how impactful it has proven 
to the Businesses while transforming from the traditional 
markets to the Fintech enabled advancements. 

The above is the Descriptive Analysis of variances, 
also known as the Univariate Analysis of each trans-
formation factor as shown in Table 6. On analyzing 

each of the factors, we can observe that the results are 
inclined positively towards the Business Transforma-
tion that has happened on accepting the Fintech Inno-
vation over traditional Financial Services. The nega-
tive results or disagreement are hardly seen [18].

This entire study on the Transformation factors is 
the Study 1, proposed in the research design, which 
can be interpreted as, the development of Fintech Ser-
vices, even in its evolving stage, has seen an impactful 
change by decreasing the banks’ cost for extending its 
branches at different locations. The changes that oc-
curred in utilizing the Fintech Services at the comfort 
of the homes for the end-users have increased Fintech 
Technology’s adoption because of its transformation 
from the traditional way of Banking. The banks’ tra-
ditional loan procedures have been transformed to a 
significant extent as the Fintech enabled mobile bank-
ing services allows the inquiry and loan approval at 
the comfort of home without many documentation 

Table 3
Multivariate Analysis for the Respondents’ Relationship.

Multivariate Tests
Effect Value F Hypothesis df Error df Sig.

Intercept Pillai’s Trace .984 2295.574b 4.000 154.000 .000
Wilks’ Lambda .016 2295.574b 4.000 154.000 .000
Hotelling’s Trace 59.625 2295.574b 4.000 154.000 .000
Roy’s Largest Root 59.625 2295.574b 4.000 154.000 .000

Profile Pillai’s Trace .058 1.159 8.000 310.000 .324
Wilks’ Lambda .943 1.153b 8.000 308.000 .328
Hotelling’s Trace .060 1.147 8.000 306.000 .332
Roy’s Largest Root .038 1.469c 4.000 155.000 .214

Table 4
Levene’s Test Analysis For Respondents’ Relationship.

T1: p-value = 0.133 < / 0.05 Not significant
T2: p-value = 0.974 < / 0.05 Not significant
T3: p-value = 0.01 < 0.05 Significant
T4: p-value = 0.001 < 0.05 Significant

Table 5
Individual ANOVA Analysis onthe Dependent Variables of the Transformation Factors.

Tests of Between-Subjects Effects
Source Dependent Variable Sig. Partial Eta Squared

Profile T1 .363 .013
T2 .293 .016
T3 .125 .026
T4 .197 .020
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procedures. The respondents agree that Fintech has 
transformed the way the traditional banks used to car-
ry out the procedures. With the increase in technolog-
ical development, the respondents agree that Artificial 
Intelligence (voice-based transactions) will change the 
way we see Fintech today; it can transform the Fintech 
services we use today. With this, we can conclude that 
Fintech Innovation’s adoption has significantly trans-
formed the way the traditional Business models used 
to Function,[19] which ends with the study 1 criterion 
and is followed by Study 2 hereafter be the Benefits 
factor.

4.3.2. Benefits of Fintech Innovation
Independent Variable: Role of the respondents 

(Developer, Service Provider, End-user)
Dependent Variables: Benefits Factor (B2, B3, 

B4)

H0: There is no significant difference between the 
respondents’ roles and their opinions on the Benefits 
that occurred because of Fintech Innovation.

HA: There is a significant difference between the 
respondents’ roles and their opinions on the Benefits 
that occurred because of Fintech Innovation.

If the p-value < 0.05 (95% confidence)- Reject null 
Hypothesis

As discussed earlier,the multivariate tests define 
the joint relationship between the respondents’ pro-
files as a combined effect. As shown in Table 7 with 
its p-value in the Multivariate Tests, considering the 
Wilks’ Lambda significance as 0.125, which is not less 
than 0.05, we do not reject the null hypothesis (H0). 
Here we can infer that the respondents, whether they 
are the Developers, Service providers, or the end-us-
ers, do not have any differences in their opinions re-
garding the Benefits factors enabled by Fintech, and 

Table 6
Analysis of the Transformation Factors.

T1
With the evolution of Fintech services, the mobility of people 
to the banks has been reduced. How much does this affect 
the bank’s traditional model of extending the branches at 
every different location?
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T3
With the help of financial services available on a smartphone, 
do you agree that the inquiry and the approval of banks’ loans 
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they prove to be insignificant. Equation 2 shows the 
p-value = 0.125.

 p-value = 0.125 < / 0.05  do not reject H0  [2]

Levene’s test of equality as in Table 8 talks about the 
Univariate nature for each of the Dependent individu-
al variables B2, B3 and B4.

Levene’s test of homogeneity of variance presented 
returned statistically significant for B2 whereas insig-
nificant for B3 and B4.Table 8 talks about Levene’s Test 
Analysis for respondents’ relationship

Table 8
Levene’s Test Analysis for respondents’ relationship.
B2: p-value = 0.041 < 0.05 Significant
B3: p-value = 0.073 < / 0.05 Not significant
B4: p-value = 0.374 < / 0.05 Not significant

Particularly, while analyzing the ANOVA of the 
Profile and the Benefits factors enabled by the Fintech 
with its p-values, it can be seen that the values for B2 
and B3 turn out to be insignificant but significant for 
B3 in Table 9. Here we can assume that there is a dif-
ference of opinions amongst the respondents when 
considering B3 as a Benefit Factor. We should, there-
fore, decrease the stringency level for a revised alpha 
value beyond the Bonferroni level when evaluating B3.

Considering the evidence above, we can majorly 
prove that there is no significant difference of opinions 
amongst the respondents when discussing the Bene-
fits enabled by the Fintech Innovation, which could be 
because of the ease of usage or a user-friendly envi-
ronment with a lower cost and faster transactions. We 
will now discuss the specific Benefit factors enabled by 
Fintech[20].

We now understand the individual Benefit Factors, 
which discusses the advantages as the doors opened be-
cause of the FintechInnovation as shown in Table 10.

The top major reasons for the end-users to opt for 
Fintech are its nature of accessing it 24/7 with its Us-
er-Friendly interface and faster transactions enabled. 
These key features prove to be the Benefits of Fintech 
Innovation for the Businesses and the end-users to 
adopt Fintech Innovation. The respondents’ major 
agreement that the Fintech’s access to the Financial 
markets like the Mutual Funds, equity markets, SIP’s 
has made it beneficial for the Users to adopt the Fin-
tech Innovation because of its easy and secure nature. 
The Investors opting to invest in a project venture will 
have the ease of access and the protection from poten-
tial frauds as an added benefit. There has been a strong 
agreement in the Fintech Innovation response that it 
poses the potential to disrupt the Financial Industry 
in the long run [21].

Table 7
Multivariate Analysis for the Respondents’ Relationship on the Benefits Factor.

Multivariate Tests
Effect Value F Hypothesis df Error df Sig.

Intercept Pillai’s Trace .983 3065.726b 3.000 155.000 .000
Wilks’ Lambda .017 3065.726b 3.000 155.000 .000
Hotelling’s Trace 59.337 3065.726b 3.000 155.000 .000
Roy’s Largest Root 59.337 3065.726b 3.000 155.000 .000

Profile Pillai’s Trace .062 1.670 6.000 312.000 .128
Wilks’ Lambda .938 1.680b 6.000 310.000 .125
Hotelling’s Trace .066 1.689 6.000 308.000 .123
Roy’s Largest Root .062 3.198c 3.000 156.000 .025

Table 9
Individual ANOVA Analysis of the Dependent Variables of the Benefit Factors.

Tests of Between-Subjects Effects
Source Dependent Variable Type III Sum of Squares df Mean Square F
Profile B2 .243 2 .121 .244

B3 1.466 2 .733 1.878
B4 3.944 2 1.972 3.872
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4.3.3. Critical Factors
The issues faced by traditional banking systems 

like the speed of transactions being low, the security 
level of transactions, the risks of fraud, privacy, and 
the data protection concerns with each transaction’s 
cost level. The Innovators have seen the critical fac-
tors and must be looked upon to address these is-
sues. Some of the innovators also predicted or may-
be developing the Fintech such that the issues like 
the speed of transactions, cost level, and the risks 
of fraud are the three major factors that will be ad-
dressed [28].

According to the Developers of Fintech, when the 
automated financial advice tools will be introduced, 
the predicted critical risks that might be faced could 
be a misspelling of the financial advice being on the 
top, and the flaws that can be encountered in the fi-
nancial tool’s algorithms are the major risks which 
must be addressed. At the same time, its development 
and has currently been worked up [22].

The predictions for the Future of Fintech have 
been taken into consideration where the Innovators 
discuss the development in technologies like Artificial 
Intelligence, Blockchain, Voice technology/ Natural 
Language Processing, Biometrics and identity man-

Table 10
Analysis of the Benefits Factors of Fintech.
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What do you think are the most important reasons for the 
customers to opt for Fintech services?
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agement as some of the upcoming technologies which 
will be an added beneficial Fintech Innovation to be 
developed in the next two years[23].

Investors trust in Fintech
Figure 4 discusses investors’ trust in Fintech. The 

research study’s most prominent objective was to 
identify whether Fintech Innovation has won the in-
vestor’s trust and see the innovation as a glowing Tech-
nology in the future. With the above analysis, we can 
infer that about 68% of the respondents feel that the 
Investors have likely gained enough trust in the Fin-
tech Technologies and are ready to invest in them. The 
data sourced by the Economic Times from the Busi-
ness Intelligence platform Transaction reported that 
the Investments in 2019 were doubled that of the capi-
tal that flowed to the sector in 2018 when $1.25 billion 
in 206 rounds were raised [24]. Fintech Innovation in 
India has an exciting time right now to work with it. 
It plays a critical role in bridging the gap between the 
existing solutions and the growing need for quicker, 
smoother, and safer solutions. [25]

68%

Extremely unlikely

Unlikely

Neutral

Likely

Extremely likely

Figure 4. Investors trust in Fintech.

With the above analysis of the Primary data collected 
from the survey, it can be interpreted that Fintech has 
widely changed the Financial Landscape. It has trans-
formed the way the financial services provided by the 
Traditional Institutions were seen earlier. The key fea-
tures of Fintech are its accessibility throughout, ease 
of use, user-friendly interface, performance, and fast-
er transactions; prove to be the major reasons for the 
end-users and the Businesses to adopt Fintech. Critical 
issues like the risks of fraud and regulatory uncertainties 
are still being developed. The embedded technologies 
and their continuous evolution have proved that Fintech 
can overcome its issues and stabilize the Financial Ser-
vices Industry [26]. On its continuously evolving nature, 
the Investors have predicted that innovation can disrupt 
the market, resulting in huge investments [27].

Some of the open-ended opinions from the Inno-
vators of Fintech discuss:
i. The long-term Investments in Fintech Innovation 

could be very fruitful. 
ii. With security as an issue, the development and 

deployment of Blockchain will transform the busi-
nesses in the real sense. Blockchain technology 
will not only provide security but also enhance the 
speed of transactions with accuracy.

iii. Round the corner, Covid-19 has increased the de-
mand for Fintech because of its key features of ac-
cessibility at the comfort of home [28].

iv. For the adoption of Fintech on a large scale, there 
is still a door of security and speed of transactions 
that need to be enhanced. 

5. Conclusion
Fintech Innovation is believed to be a game-chang-

er for the Traditional Financial Industry. Fintech tech-
nology which is still in its evolution period has already 
created a new financial landscape. Financial Markets 
have benefitted from these technologies, and it has sig-
nificantly transformed the way the Financial Industry 
was looked upon earlier. The Fintech addresses the 
critical issues observed by the Traditional Financial 
Institutions like the security measures, low-perfor-
mance indicators, and the risks of fraud. The limita-
tions or the differences faced in the research as being 
discussed in this part. 

The research has to be conducted within the lim-
ited sample size: The respondents participating in the 
survey were limited to approximately 160. The scope 
of the responses was very limited. The research only 
limits the knowledge of those respondents regarding 
this limited scope. A nation-wide study of Fintech In-
novation could not be done, which does pose a lim-
itation. The research was only conducted over the 
respondents have a decent knowledge about Fintech 
and its features, which precisely means that the Re-
spondents must be Literate enough and technology is 
accepting to take the survey; this fact acted as a lim-
itation since the research was seen through the eyes 
of the people who have access to the Fintech Innova-
tion. The urban population who could afford to use 
the Fintech services was the main focus of the study. 
In contrast, the people who cannot or have not used 
the services are excluded from the scope, which is also 
a limitation because the innovation’s niche study could 
not be done.
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Additionally, the issues faced by the technologies 
adopted by Fintech are also in the developmental 
vogue predicted to be enhanced. The development in 
the upcoming technologies like Artificial Intelligence, 
Blockchain, Voice-based technology or the Natural 
Language Processing, Biometrics, and the Identity 
management technologies are predicted to enhance 
the Fintech Technology and its features. Innovation 
has prominently won the Investors’ trust as a major 
player with its potential to standby and stabilizes the 
Financial Industry. It does have the potential to dis-
rupt the financial market to come up as the Next gen-
eration of Banking. 
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Abstract
Indian Banking sector is a blend of Private as well as public 
sector banks. In the Economy of a Nation, banks keep a de-
posit with themselves and interest the depositors. The banks 
are responsible for the majority of the lending operations that 
took place in the economy. However, since 2008, the returns on 
Indian banks’ assets are continuously falling. A healthy bank-
ing system is the backbone of a healthy economy. Hence, to 
help banks make wiser decisions about creating fruitful assets 
in the future, the paper advises Business Intelligence to help 
decision-makers make sound decisions and ultimately prevent 
productive assets in the future.This paper is an attempt to use 
the Business Intelligence tools to predict if the loan application 
will turn stressed or not. The outcome of this paper will be on 
suggesting parameters for the Indian Banks to judge an asset-
to-be about its fruitfulness so that the NPAs of these banks will 
be reduced in the future.
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1. Introduction
In the Economy of a Nation, banks keep a deposit 

with themselves and interest the depositors. To pay 
the interest, salaries to staff and make profits for 

banks’ future development, they use the depositor’s 
money to generate revenues. They either invest the 
money in the sources with fetching them a higher 
rate of returns for revenues [1]. Lending the money 
to borrowers at a higher interest rate is one of the 
ways. The difference between the depositor’s inter-
est rates and the borrower’s interest rate is the bank’s 
income. Hence, the borrowers are an ASSET to the 
banks. The banks generate revenue from these assets, 
which is a very general and crude language. The pro-
cess is much more complex, and many rules and reg-
ulations play a major role in the process. However, 
that is not the topic of the paper [2].

Now, that is the ideal case. All borrowers return 
the money on a pre-determined time and with interest 
and let us bank make money. Every borrower comes 
with a risk. A risk of not being able to return the mon-
ey in the future [3]. When the borrowers are repaying 
their loans at the pre-decided installments, it is the 
Performing Asset of the Bank. However, when the en-
tity stops paying the banks towards his borrowings, it 
becomes Non-Performing Asset (NPA) for the bank. 
In India, before lockdown, if an entity fails to pay for 
its borrowing for 90 days, it becomes a Non-Perform-
ing Asset for the bank. The NPAs are further classified 
as per their types [4].

Now, let us understand the vicious cycle. The 
banks generate their revenue from their Assets. If the 
assets are non-performing, their revenue reduces. 
More non-performing assets, the lesser revenue for 
the banks. Hence, banks will start investing more in 
less risk-bearing sources, such as Government secu-
rities, which ensures them limited earnings [5]. They 
will also reduce the interest rate for depositors, leading 
the depositors to move their money out of the banks. 
Now, as the bank’s assets are not performing, they can-
not pay more to the borrowers coming for borrowings. 
In short, they cannot generate more assets for them-
selves as they do not have the resources to generate the 
assets [6]. As the borrowers do not have lenders, they 
cannot start or expand their business, which might 
have generated more employment, which might have 
given more money in the hands of people which they 
might deposit in the banks, giving them resources to 
lend further, which is a very general picture of how the 
banks and borrowers complement each other for each 
other’s development [7].
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The NPAs are on the rise since 2008 and increasing 
every year as shown in Figure 1, which leads to de-
grading the quality of the Assets the banks have with 
them; the following chart gives a clear relationship be-
tween the Gross NPAs and the Return on Assets for 
Banks as shown in Figure 2.

Figure 1: Gross NPAs (% of total loans)
Source: Reserve Bank of India$ PRS

Figure 2: Return on Assets (%)
Source: Reserve Bank of India$ PRS

However, when the cycle is broken, it affects the 
entire country at large. The banks have Non Perform-
ing Assets, which leads to restrictions on their lend-
ing abilities, which prevents business developments, 
which leads to unemployment, which leads to reduced 
resources for banks, which even prevents their ability 
to asset creation, and this vicious cycle goes on [8]. As 
of March 31, 2018, provisional estimates suggest that 
the total volume of gross NPAs in the economy stands 
at 10.35 lakh crore, which accounts for 9.3% of the to-
tal lending lent by the Indian Banking Sector [9].

The major reason for these NPAs is the evergreen-
ing of stressed assets. The easy availability of loans 

made companies and businesses take loans in the 
mid-2000s. Due to the 2008 crisis, the loans became 
stressed, and companies could not repay the loans, 
which gave rise to Twin Balance Sheet Problem and 
the chain of NPAs started [10]. A report by RBI in 
December 2019 says the share of large borrowers in 
banks’ total loan portfolios and their share in GNPAs 
was at 51.8 percent and 79.3 percent, respectively, in 
September 2019 [11]. That implies that 79.3 percent of 
defaults are from large loans. 

Now, let us come to the other keyword of the paper, 
Business intelligence. Business intelligence (BI) may 
be defined as a set of mathematical models and anal-
ysis methodologies that exploit the available data to 
generate information and knowledge useful for com-
plex decision-making processes [12]. So, we can say 
that BI is a set of instructions or models that help us in 
decision-making by using the available data. So, in the 
case of NPAs, the banks can use mathematical mod-
els for a loan proposal to help them predict if the loan 
will be defaulted or not. In that way, the lending will 
be done in a more structured and disciplined manner. 
They will be backed by a scientific methodology that 
will help prevent and reduce defaults in the future.

In this paper, I would like to discuss the parameters 
that can provide an effective model to accurately pre-
dict the lending proposal and help the banks to reduce 
their NPAs in the future.

2. Objectives
To suggest a BI-based model, rate the lending pro-

posal based on its future performance.

3. Literature Review
The paper study is the Impact of Business intelli-

gence (BI) on six commercial banks, which represents 
60% of assets of commercial banks in Poland. To study 
the impact author uses 14 indicators divided across six 
categories, viz. liquidity, quality of assets and liabili-
ties, debt, productivity, profitability, and capital ade-
quacy. The author finds the impact of BI was found 
across all the sectors and denotes the banks’ improved 
financial condition across all the parameters. The au-
thor mentions the special productivity improvement 
in productivity, quality of assets and liabilities, profit-
ability, and debt [13]. 

The author suggests using Artificial Intelligence 
in money transfers, money repositories, fraud detec-
tion, Chatbots (humanoid robots in place of man, per-
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forming the various banking transactions), etc., can be 
adapted to have better efficiency in the banking sector. 
The author further finds out that Artificial intelligence 
would make banks a more secure place and improve 
customer services. The author, through this study, 
focuses on the impact of artificial intelligence in the 
banking sector concerning its effectiveness and usage 
and the areas where artificial intelligence is applicable 
in the banking sector [14].

The author claims that the highly qualified per-
sonnel need to engage in extracting the full potential 
of BI solutions and being the bridge that connects 
domain and expert analytical knowledge. The HiP-
PO (Highest Paid Personnel in the Organization) 
should make decisions based on data and intelli-
gence. The data-driven decision-making will help 
HiPPO to make better, faster, and quicker decisions. 
The paper discusses in detail the theory of BI and its 
usefulness to HiPPO in data-driven decision-mak-
ing. While concluding, the author says the BI ana-
lysts should be close to the HiPPO for three reasons. 
First, BI experts have to learn the specificities, stiles, 
and decision-makers requirements in the deci-
sion-making process. Second, C-levels has to secure 
and insists on implementing BI culture throughout 
the organization, have a constant flow of structured 
data, strive towards “one truth” if possible, and use BI 
products for strategic, tactical, and operational deci-
sions. Third, the only symbiosis of the decision-mak-
er, as a user, and BI experts, as a producer of data 
insight, can produce a positive synergetic effect, im-
proving decision-making quality and, consequently, 
improving the organization’s competitive position at 
the market [15]. The author suggests the use of BI 
in banking will be useful for Customer Relationship 
Management. The author suggests the Business In-
telligence for better organization of the clients and 
getting more business to achieve better client man-
agement, which will result in better service provid-
ing to clients and increasing business with them. The 
paper mentions the future scope in this side by ex-
ploring other arms and areas of banking.

4. Scope of Work
• The paper aims to target the banks’ decision-maker 

entities about lending a loan to the business entity. 
This paper excludes the loans that are lent against 
80% or more collateral, such as vehicles, homes, etc. 
This paper also excludes credit card transactions.

• The paper also excludes its scope to the loans giv-
en as per government order and is backed by the 
government, i.e., if defaulted, they will be repaid 
by the government. The loans given to certain sec-
tions of society and businesses of categories such 
as MSME (Micro Small and Medium Enterprises) 
are the ones that are backed by the government and 
ordered for better financial inclusion.

• The paper also excludes the lending that is part of 
the fiscal stimulus package that government gives 
to a particular section of society through the banks. 
Since the government guarantee backs them, the 
paper does not consider them.

• The paper mainly targets the businesses that seek 
lending for larger amounts. Large amounts are de-
fined as the loan where exposure is more than 10 
Crore INR. 

• The paper targets the decision-makers to make the 
decisions about lending such loans. The decisions 
should not be just based on the company’s projects 
and financial history but also on the other factors 
that will lead to sound decision-making that will 
benefit the bank to prevent the particular loan 
from turning into a Non-Performing Asset.

• The paper suggests some fundamental changes to 
the existing infrastructure. The factors currently 
not considered or not operational are to be incor-
porated to prevent the NPAs.

5. Research Methodology
The current market scenario and history of NPA in 

the Indian Banking Sector are published by India’s Re-
serve bank periodically. The paper uses the statistics 
published by the Reserve Bank of India to analyze NPA’s 
current situation in the Indian Banking Sector. The pa-
per assumes that the Risk Appetite for every bank is dif-
ferent. Every bank has unique financial conditions and 
progress. The banks have their preferences for lending 
operations and believe that every bank has its unique 
business model. Every bank’s size is different in terms of 
network, reach the target audience, financial structure, 
etc. Hence, exposure requirements and exposure tol-
erance are different for each bank. The paper assumes 
that the Risk and NPA are interlinked and are directly 
proportioned with each other. The paper analyses the 
composition of NPAs in the banking sector and what 
constitutes most of the share. The paper limits its scope 
to the only factors that contribute the concentrated con-
tribution towards the NPAs in the banking sector.
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The paper identifies the following parameters as 
Touchpoints responsible for NPA:
1. Ever-greening of NPA in the will of they becoming 

performing
2. Lending with high exposure towards companies
3. Failure in rectifying fraudulent companies/direc-

tors/ Board members from the record
4. Over-ambitious Risk Appetite
5. Non-distributed lending with a focus on a particu-

lar sector or entity
6. Unsecured lending on the guidelines of the gov-

ernment.
7. Priority Sector Lending to comply with govern-

ment norms
8. The financial damage caused due to non-financial 

calamities
Out of the above point, the paper intends to ad-

dress the only touchpoint from 1 to 5. Therefore, to 
address them, the paper intends to integrate the fol-
lowing databases:
• Database of MCA 21 owned and operated under 

Ministry of Corporate Affairs, Govt. of India.
• Database of Director Identification Number, Is-

sued and Maintained under MCA
• Database of Unique Identification Authority of In-

dia, UIDAI, operated under Ministry of Electron-
ics and Information Technology.

• Database of Permanent Account Number, Main-
tained by Indian Income Tax Department, under 
Central Board for Direct Taxes

• CMIE ProwessIQ Financial Database
• Credit Ratings by the Govt Approved Credit rating 

agencies like CRISIL. 
The paper tries to integrate all of them via the in-

tegration of required data warehouses to produce a 
consolidated and analytical output, which will help 
decision-makers make a well-informed decision. The 
data warehouse is to work at the backend to gather data 
from the respective data points and work according-
ly to give visual output. The concept can be related to 
MicroStrategy Desktop, A Business intelligence soft-
ware that is compatible with vast databases including 
SQL and NoSQL Databases to integrate, analyze and 
help the user visualize the data as per the requirement. 
The BI tool is supposed to integrate, process, and use 
the necessary statistical tools like regression analysis to 
process the Advances (Lending) proposal at banks and 
help the decision-makers decide to create the asset. The 
research also works on the assumption that lending is 

a Risk-Based activity. Every bank has its risk appetite. 
Hence, while lending, a decision-maker should be well 
aware of the possible risks associated with the lending 
proposal, which will further make banks demand addi-
tional security to reduce the bank’s risk.

6. Components of Business Intelligence 
Engine

Loan Application: The loan application is a bunch 
of necessary documents from the company and its 
owners. Every bank has a set format for them, and the 
banks can have it as per the requirement. Most of the 
loan applications are paper-based. The banks should 
move their loan application procedure to online for all 
types of loans. The loan application mentions the total 
amount of loan required, that it will be secured or not 
if yes, how much will be secured (in terms of percent-
age) and the security provided against the loan. Many 
banks have their various loans moved to the online for-
mat, but not all loan application formats are made on-
line. The online-based format will help better BI com-
patibility. Project Report: The project report should be 
submitted along with the Loan application. The proj-
ect report should mention the project’s details, includ-
ing all the factual details, the total investment needed, 
the amount of loan to be taken for, and where the loan 
amount will be used. The report should also mention 
all the necessary financial ratios, including Capital 
structure ratio, Credit Analysis Ratio, Activity ratio, 
Profitability ratio, and Bankruptcy ratio. The project 
report should be thoroughly reviewed and attested by 
the chartered accountant recognized by the bank. The 
chartered accountant should also express his opinion 
about the project if any.

Linking Directors Identification Number (DIN) to 
Permanent Account Number (PAN) and Aadhar: the 
Ministry of Corporate Affairs assigns DIN to the inde-
pendent directors. The Indian Income-tax department 
of India provides the PAN. Unique Identification De-
partment of India provides the Aadhar. Aadhar being 
proof of biometric identity, and PAN being the proof 
of Taxation and taxation-related department; they 
should be linked with the DIN. This linkage will be 
used to fetch the directors’ financial and biometric-re-
lated history and his history of the company to which 
the director(s) worked earlier, providing a better per-
spective on the loan proposal. The directors can be di-
rectors of more than one company. Hence, to prevent 
the conflict of interest, this linkage is important.
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Outstanding Loan: The central database that will 
serve the purpose of maintaining credit record of every 
DIN + PAN + Aadhar must be created and maintained 
by the central government authority to help banks for 
quick analysis of credit history, which will also prevent 
forgery or opportunity to hide the credits taken in the 
past and their utilization. BI tool will take input from 
this database to know the companies’ credit history 
directors associated with it. Since the database is also 
supposed to cover outstanding individual debts, this 
will also help the banking decision-makers to check 
if any conflict of interest exists in the proposal. CMIE 
ProwessIQ linkage: The CMIE prowess’ database 
should take inputs from the project report entries to 
calculate the financial ratios like Capital structure ra-
tio, Credit Analysis Ratio, Activity ratio, Profitability 
ratio, and Bankruptcy ratio. These ratios to be calcu-
lated from the past performance of the companies. 
Suppose the company is new and has no credit history. 
In that case, the ratios should be based on the project 
report submitted by the company. The ratios should 
be visible on the dashboard of the BI tool, along with 
other factors.

Credit Rating Agencies: The government-ap-
proved credit rating agencies should also give inputs 
regarding outstanding debts against the company and/
or the individual present in the company’s directors/
entity seeking the loan, which will further help the de-
cision-makers to get information about if any conflict 
of interest exists, which will help the banks to see if 

the party has defaulted any loans in the past. The dia-
grammatical representation can be seen as in Figure 3.

The BI engine will check the applicant’s history 
and previous performance; Aadhar PAN DIN link-
age will remove the hidden history or prevent the 
duplication of data, and the input can rate the ap-
plicant based on the company history and credit 
rating. CMIE database will help get crucial inputs 
from the database about the company’s performance 
in the past and their decision regarding the profits, 
reserves, credits, dividend, etc. MCA database will 
tell linkages of Directors and promoters of the com-
pany and their similar positions in other companies, 
which will keep a check on the conflict of interest, if 
any, pertains in the company. 

The BI tool is to be designed to give an output in 
scale, say on a scale of 1 to 10. The scale will reflect 
the risk of lending the loan against the application 
considering all the factors declared by the applicant. 
Based on this scale, the decision-makers can put the 
terms to reduce the risk associated with the applica-
tion. Since every bank has a different risk appetite, the 
decision-making authority will be left with the banks’ 
decision-makers. Along with the above parameters, 
the BI engine should also put a warning if a particular 
client breaches the lending limits that are binding on 
the bank. Currently, a bank has to follow an exposure 
limit of 20% for a single entity and 25%, in the case of 
a group of companies of the bank’s available eligible 
capital base at all times.

Figure 3. Representative Image for BI tool.
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7. Word of Caution
The Aadhar PIN DIN database should be log-

based only. It should only give a response in terms of 
required linkages only. No other personal data, like, 
biometrics, is to be fetched for the same purpose. The 
BI, in no terms, tries to breach the applicant’s privacy 
or personnel related to the application. The bank au-
thorities should only use the BI tool results and that 
only for banking purposes. Personal use of the BI tool 
is strictly not encouraged. The BI tool outputs should 
be kept secret and shared only with the applicant and 
personnel related to it. In no terms, Banks will be au-
thorized to make the output public.

The BI platform logs should be thoroughly main-
tained for the checks and balances purpose, which will 
help prevent the personal use of the platform for per-
sonal interest or otherwise.

8. Conclusion
The data inputs required for the proposed data 

warehouse are taken from respective databases oper-
ated under the respective entities. The inputs are to 
take the specific data points from the databases for 
their analysis.The data from the Data warehouse pro-
posed to be on a cloud-based platform will provide 
easy access and availability. The cloud-based platform 
also assures the security and availability aspect of the 
data. The Proposed BI engine works on the matrix of 
touchpoints and data points to process and analyze the 
data and come out with the proposed Risk Assessment 
in the form of scale to give risk perception associated 
with the particular proposal. The Risk Assessment also 
reflects the potential of the proposed asset-to-be to be-
come non-performing shortly.The output is limited to 
the Risk Assessment. It gives requirements that need 
to fulfill the gaps needed to make the proposal viable 
and acceptable for the particular bank.By giving an ex-
pansive view from the financial condition in the past 
to the predicted financial condition in the future, the 
business intelligence tool will make the banks see the 
wider picture about the proposal.The Business Intelli-
gence tool will be a tool to see as a Decision Support 
System for the officials to make data-driven decisions.

Business Intelligence will not pose any threat to 
a person or institution’s privacy. The data registered 
with the respective authorities stand under their con-
trol only. The newly proposed BI does not intend to 
change, influence, or alter any original and static data 
recorded with the respective authority. The BI tool 

should be made in detail my deciding and marking 
weightage to every parameter. There is scope to search 
for any further parameters to help in more reliable risk 
analysis and its output.Future work can also be done 
for the Machine learning and artificial intelligence 
linkages to advise decision-makers based on the data 
fetched.
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Abstract
Accounting numbers normally follow Benford’s mathematical 
rule. These findings are so unpredictable that knowledge ma-
nipulators typically refuse to comply with the law. Based on that 
information, accounting data that are submitted fraudulent-
ly can be identified. The law provides, however, for instances 
where data containing errors are presented to be detected. This 
paper examines the Indian companies ‘ financial statements of 
the last 10 years listed on the “National stock exchange of India” 
and testing whether they adhere to a statistical theorem called 
The Benford Law. The rule of Benford notes that the numbers 
are not uniformly distributed in a sequence of numerical data 
but instead obey a certain logarithmic rule such that the num-
bers beginning with a smaller digit have a greater frequency 
to occur than those beginning with larger digits. They use the 
first and the second digit test of Benford law to check whether 
businesses are following the logarithmic distribution.
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1. Introduction
We are all aware of the Normal Distribution and 

its omnipresent nature in all kinds of phenomena and 

observations. There are various other laws related to 
numbers. One law is not getting much attention but 
is constantly popping up everywhere- from the pop-
ulation of various nations to stock market volumes 
to companies’ financial statements and the domain 
of physical constants. [1] Graphical representation of 
Benford’s Law is presented in Figure 1.
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Figure 1: Graphical Representation of Benford’s law

The rule of the Benford or the rule of the first dig-
its indicates that the first digit of the numbers found 
in different sources does not follow a uniform distri-
bution but is arranged in such a way that the Digit 
‘1’ occurs most frequently followed by ‘2’, ‘3’ and so 
on to ‘9.’

Several numerical documents have typically been 
found to obey Benford’s Law:
a. Reflects the degree of events or phenomena, such 

as human populations, river water flow, or heaven-
ly organisms; 

b. have no minimum or maximum limits set before-
hand;

c. may not contain the name or social security num-
bers, bank accounts, the telephone number used 
for identification purposes and

d. Have a mean less than the median, and the data are 
not clustered around the average.

e. We currently use the Benford Act to review Indian 
companies ‘ financial statements on the National 
Stock Exchange. The analysis of anomalies in the 
financial statements has often been used abroad. 
This research is original as none of the companies 
on the National Stock Exchange has ever checked 
their financial statements with this check. [2]
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f. There are many hazards in the corporate world, in-
cluding those where financial statements pose other 
forms of knowledge risks. Given income, liquidity, 
and capital expenditure, a financial statement pres-
ents the financial situation. From the perspective of 
stakeholders, these factors are very important. As 
a fundamental information source for executives, 
financial statements are the main sources of infor-
mation for researchers throughout the world that 
research on the financial aspects of a field such as 
a bank financing, the payment of awards, taxation, 
auditors’ opinions, etc., which shows how the risk 
is connected with any company’s financial state-
ments and how important it is, in particular for 
the risk of fraud in financial statements, to mitigate 
this risk as much as possible. The definition of fi-
nancial fraud is not new. For other research, for ex-
ample, for 2014, Mohamed and Handley Schachler, 
Kanapickienė and Grundienė, for 2015, this issue is 
discussed. Misreporting happens as a consequence 
of the misappropriation of properties. The proba-
bility that an auditor will not notice a major error 
is below the chance that a major fraud mistake is 
not found. Fraudulent financial reporting involun-
tarily misrepresents and/or refuses to deceive the 
consumers of financial statements. Financial fraud 
is not a widespread form of fraud, but the worst 
damage is done by far. Our reviews investigate how 
the Benford Law Review complies with the finan-
cial statements of the exchange-listed firms. The 
study reveals how beneficial the law is only by us-
ing this statistical knowledge of the financial state-
ments and by taking a final review of the Benford 
Law Test. [3] In other countries like China, Brazil, 
India, the Russian Federation, Mexico, and Saudi 
Arabia, a similar study was conducted. Our analy-
sis is unique, as nobody has ever tested the financial 
statements of a corporation listed on the National 
Stock Exchange through the Benford Law Review, 
and our research’s second original contribution is 
results distinct from previous studies.

2. Literature Review

2.1. Benford’s Law
Simon Newcomb (the American astronomer) 

found that “lower-digit pages were worn out more 
than last pages on first pages during a review of the 
library copies of several logarithmic tables.” Based on 

these findings, he formulated a theory that the 10-digit 
incidence rate is not, in fact, identical. The numbers 
beginning with lower digits have a higher frequency 
than the numbers beginning with higher digits. There-
fore, the natural figures starting from digit number 1 
would occur at about 30 % of total observations. Those 
numbers are beginning in digit 2, at around 18% of 
overall observations, with the occurrence of leading 
numeric digit falling off to the digit 9, at around 4.6% 
of the overall observations, [4] which was later called 
“the Law of Benford.” Until 1938, when Frank Benford 
found the trend, there was no theoretical explanation. 
He stated that there were twenty different types of 
natural numbers, describing 21,000 findings ranging 
from the atomic weight of compounds to American 
Scientific Men’s street addresses.

The rule of Benford was considered very obscure 
for a very long time. While the statistical proof of 
Benford law is complex, the natural relation between 
growth rates and the original digit’s logarithm gives 
us some insight into the fact that the growth factor is 
mathematically equal to the increase in variable loga-
rithm. Suppose an organization’s revenue is $100,000. 
It will rise to 100% to hit $200,000 (first digit 2) of 
revenue, 50% to the first digit of 3, and then 12.5%, 
to lift the top digit to 8. /9. It is said that “the leading 
figure 1 is higher than every other lead digit.” [5] After 
many decades since its rediscovery by Frank Benford, 
Benford’s law was usually referred to as the first digit 
law or the first digit phenomena (Macron and Moser, 
1950; Ellentuck and Bumby 1969; Hill 1988). In some 
of the above-mentioned papers, the word “Benford” 
was not at all used. Instead, they kept on using it as 
the initial digit law. Hill in 1988 pointed out that “Ben-
ford’s law included not only the initial digits but also 
the second digit (which can be 0), and many higher 
digits too. Also, it includes the joint distribution of 
digits.” [6] 

Various proofs show that many different factors 
lead to “Benford’s law” and its distribution. There are 
also a significant number of data not consistent with 
this law. A binding minimum or maximum value in a 
dataset is one of the reasons causing non-conformanc-
es. Second, allocated numbers such as check numbers, 
zip codes are distributed in a single way rather than 
Benford. Thirdly, individual numbers such as prices 
or the quantity that must be taken out of the ATM do 
not adhere to the rule of Benford. Besides, the Ben-
ford Law review does not identify fraud involving the 
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omission of transactions. However, only a few studies 
in this field recommend that the numbers composed 
do not conform to the law. [7]

2.2. Detecting Fraud through Benford’s law
Benford’s law also assists many investigators and 

auditors in recognizing transactions with the possibil-
ity of fraud and error. Mark Nigrini also showed how 
digital analysis is an easy and cost-efficient method to 
detect fraud and errors. The digital research process 
has been combined with a software system to develop 
a new approach to fraud detection and prevention, in 
the name of Fletcher Lu, J. Boriz, D. Covvey. Using the 
automobile insurance data and real health statistics, 
they successfully detected actual fraudsters in their 
Adaptive fraud detection methods. [8]

Benford’s law also established validity in interna-
tional trade, where swindling involves huge sums of 
money and can also have a huge impact on the coun-
try’s national budget. Identifying foreign trade fraud is 
an extremely important activity; statistical tools were 
developed for fraud detection in the customs decla-
ration. With the help of an example, Tableau showed 
that a visual analytics tool could be used to do the first 
digit test of Benford’s law to detect potential fraud in 
accounting data. The law’s application for discovering 
the abnormalities in the number patterns because of 
the rising costs associated with business fraud was 
discussed. Benford’s law can identify the irregularities 
in the number patterns that occur due to the fraudu-
lence in the companies’ financial reporting has been 
recognized and agreed upon by both the firms and 
the court. This paper also demonstrated a systematic 
method that can be used to apply the law in Micro-
soft Excel to a comparatively large dataset containing 
hundreds and thousands of transactions. The method-
ology explained can be used by many forensic accoun-
tants and auditors. [9]

2.3. Applying the Law of Benford 
on Companies ‘ Financial Statements

Numbers are used for anything and everything 
in the entire financial world. Most of these numbers 
represent some types of currency like the Indian Ru-
pee or the US Dollar in the face of many financial re-
ports. Numbers are used to determining the strength 
of companies’ financial statements and assess the reli-
ability and quality of financial reports. Amongst that 
one method is “Benford’s law.” 

Carslaw (1988) studies the recurrence in the ex-
istence of second digits in the revenue numbers of 
around 220 listed firms in New Zealand and finds 
out that the digit 0 has a far greater frequency than 
the digit 9, which may explain the rounding up habit 
of the companies for earnings which lie beneath the 
reference points or below some cognitive threshold 
value. In an identical line, Thomas (1989) explained 
“similar differences from the planned ones in the 
quarterly earnings of firms operating in the US while 
a contrary behavior for losses (more nines and few-
er zeros).” Took a much more comprehensive view 
and studied the “observations of income from about 
22,000 firms operating in 18 countries”. Compatible 
with the foregoing studies, they discovered an upward 
trend of rounding off the surpluses and also discov-
ered a reversed pattern for the losses. 

Tilden and Janes (2012) illustrated that “business ac-
counting data comply with the law under normal finan-
cial and economic circumstances.” However, in times 
of economic stagnation and recession, certain estimates 
such as net profit and the allocation of debt allowances 
do not correspond. Recently, frauds and scams have be-
come a constant companion for all the business-relat-
ed activity, which can happen on a scale ranging from 
small to large. Management has the prime responsibil-
ity of discovering fraud and preventing it. For this pur-
pose, external and internal auditors are helpful. Also, 
the forensic accountant comes in handy and examined 
the reliability of companies’ financial statements, which 
are listed on the “Ljubljana Stock Exchange.” They con-
ducted the first- and second-digit tests on the sample 
data. Also, they performed the Chi-square test using a 
hypothesis test with a 5% level of risk. The listed com-
panies passed Benford’s law test. [10]

3. Data Collection and Research 
Methodology

In the world of everyday business, we come across 
large amounts of facts and figures. With the emergence 
of new technologies, data handling and processing have 
become easier and less complicated. The test of Ben-
ford’s law (a tool for digital analysis) has become pro-
gressively trendy. It is used in company finance as a tool 
to detect error and fraud and for scientific research.

Benford’s law test is a single computerized process 
for review of data to detect irregularities, deviations, 
and frauds in large sets of data. Many tools can be used 
for executing Benford’s law, like StatCrunch, Paradox, 
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dBase, or Excel. In this paper, we have made use of 
StatCrunch and Excel. Some auditors often implement 
Benford’s law in their assignments and projects, while 
others are still unaware of its concept. The auditor’s 
work is to determine the deviations in the data from 
the stated deviations in Benford’s law test. [11]

The following formula determines the likelihood 
of the first digit:

1ln 1
.

ln 10
dP d   [1]

Source: (Benford’s Law: Applications for Forensic Ac-
counting, Auditing, and Fraud Detection | Wiley, n.d.)

d = {1, 2, 3, 4, 5, 6, 7, 8, 9}
Our numeric system has digits from 0-9. Suppose if 

the number is 413. The likelihood that in the first four 
positions, the number appears is shown below.

Table 1 above indicates that it is likely that number 
1 is in the first place, at 30.103%, and the number is in 
the second position, at 11.389%. Furthermore, the nu-
merical digit 1 is expected to take third place in several 
10.139%. There exists a 17.609% probability that the 
numeric digit 2 is the first of a number and a 10.882% 
probability that a number is second. In comparison, 
the number 2 will be in the third position in 10.097% 
times. If the distribution of the data set is different from 
Benford’s law, there may be any reason to assume. Most 
people claim that the difference can be triggered by hu-
man interference in the organization’s financial state-
ments, leading to further studies and inquiries. [12] 

However, Benford law is not a lie-detector application, 
so we cannot conclude that any time the knowledge 
that does not adhere to the law is false. The test is not a 
perfect instrument for detecting fraud. All that leads to 
further analysis is this. Nigrini classifies Benford’s test 
into three groups; the basic test or the primary test, the 
advanced tests & other similar measures.

Primary tests, being of the utmost significance, are 
of three types. In our research, we have used the fol-
lowing two types of tests:

3.1. First Digit
The first digit check compares the real distribution of 

the initial digit frequency of a data set with Benford. It 
is an incredibly high-level test and only reveals apparent 
abnormalities, i.e., it just points you in the right direc-
tion. It is a very high-level test and is usually applied to 
huge sets of data. [13] The explanation of the first digit 
test can also be done graphically, as given in Table 2. 

As we can see in the above Figure 2 graph, the data 
set A is not in line with Benford Law. However, we also 

Table 1
Predicted Percentage Distribution for Each of the Figures 0-9 in 
Each of the Numbers in the First Four Positions

 Count  in %
1st place 2nd place 3rd place 4th place

0 - 11.968 10.178 10.018
1 30.103 11.389 10.139 10.014
2 17.609 10.882 10.097 10.010
3 12.494 10.433 10.057 10.006
4 9.691 10.031 10.018 10.002
5 7.918 9.668 9.979 9.998
6 6.695 9.337 9.940 9.994
7 5.799 9.035 9.902 9.990
8 5.115 8.757 9.864 9.986
9 4.576 8.500 9.827 9.982

Together 100 100 100 100

Source: ((PDF) Benford’s Law and Its Application in Auditing, n.d.)

Table 2
Benford’s Distribution And Some Other Distribution of Data Set 
A Consisting of Around 8000 Invoices of Different Vendors.

First 
Digit

Benford’s 
distribution 

(In %)

Data Set A
(In %)

Deviation from 
Benford’s distribution 

(approx.)
1 30.103 23.00 0.07
2 17.609 19.00 0.01
3 12.494 25.00 -0.13
4 9.691 12.00 -0.2
5 7.918 4.00 0.03
6 6.695 7.00 0.00
7 5.799 6.00 -0.007
8 5.115 2.00 0.031
9 4.576 2.00 0.026
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notice that the greatest difference is when the initial 
digit is 3 (25% in data instead of 12.4% in Benford’s 
distribution).

3.2. Second Digit
The second digit check compares Benford’s real sec-

ond digit frequency distribution for a data set, which 
is also used to eliminate prejudices in collecting data. 
It is also a measure of reasonability at a high level. It 
shows whether or not the data is accurate. The second 
digit distribution of Benford’s law is less skewed than 
the distribution of the first digits. This test cannot be 
used to pick out audit samples. Also, this test assists 
the professionals in forensic accounting to scrutinize 
the data.

The Advanced test can or cannot implement with-
out the primary test. These are usually of two types; a 
test of second-order and a test of the total sum. Both 
of these tests are usually applied to discern irregulari-
ties. Lastly are the related tests, which are not the true 
benchmark for Benford’s law test. They are mostly 
correlated to patterns of numbers.

The business accounts are openly accessible and 
are frequently subject to scrutiny to furnish an impar-
tial and independent opinion in conformity with all 
the rules and regulations. From the National Stock ex-
change website and moneycontrol.com, we acquired a 
list of companies. We imported their financials, for the 
last ten years, to excel. These companies were select-
ed because they depicted a medium-high-level per-
formance in May and June (when the respective data 
was analyzed).[14] The imported data was separated 
into three heads- The Balance Sheet, The Profit & Loss 
Statement, and The Cash Flow Statement. The compa-
nies under scrutiny were:

1. Wipro
2. Vodafone Idea
3. Tata Motors
4. Eicher Motors
5. Alok Industries
6. Infosys
7. ITC
8. Reliance
9. Tata Steel
10. Nestle
11. Larsen and Toubro
12. Maruti Suzuki
13. Bharti Airtel
14. Britannia Industries

In 2013, Goulding said that “three statistical ap-
proaches can be used to check that a collection of 
data complies with Benford legislation. The meth-
ods are 1) Chi-square test 2) statistics and 3) abso-
lute variance”. A chi-square (χ2) statistic is a method 
used to calculate how data expectancy correlates 
with the real data observed. The data used to com-
pute a statistical chi-square must be randomly ex-
clusive, derive from independent variables, and tak-
en from an exceptionally large sample. In Benford’s 
Law, chi-square statistic measures how well the em-
pirical results match expectations. We assume two 
hypotheses, in which the observed data distribu-
tion is compared and analyzed with Benford’s the-
oretical distribution. We also find out the risk and 
characteristic level. Critical values are listed from 
the Chi-squared table of distribution. All of this is 
carried out in Microsoft Excel using functions. The 
chi-square statistic uses the following formula for 
the chi-square test:

 
2

2 .i i
o

i

O E
E

  [2]

To check that the actual data was in line with the 
Benford rule, we conducted the Benford rule test, the 
first- and second-digit tests, and measured the Chi-
square.

4. Data Analysis
The financials of the different companies which are 

selected in the sample hold 9634 data. The data set is 
huge, which sanctions the greater credibility of the test 
of “Benford’s law.» [15] Table 3 and Table 4 shows the 
following is the first digit and the second digit distri-
bution for the companies selected:

The difference betwixt the actual and expected oc-
currence of the single digits is performed later. Below 
are the results for the test of the first digit and the test 
of the second digit.

Figure 3 and Table 5 shows that while performing 
this test for the data set under study, the most substan-
tial deflection of the dataset from Benford was digit 1, 
which was 2.015% less than the expected frequency. 
After that, digit 4 had the most deflection. It initiates 
at 0.897% more numbers. The minimum deflection 
occurs when the digit 3 appears in the first place. 
There were no numbers in the first place, which de-
flected from the theoretical distribution by more than 
3%, which shows a positive result. [16]
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Table 3
First Digit Distribution of Companies Selected
Digit/ Company 1 2 3 4 5 6 7 8 9
Alok industries 206 109 76 49 45 41 33 39 45
Eicher Motors 145 111 60 72 50 59 46 33 32
Infosys 182 110 90 64 56 58 34 20 27
ITC 187 80 92 124 94 48 51 40 33
Nestle 213 111 93 64 50 37 57 46 62
L & T 181 112 87 86 69 61 60 36 27
Maruti Suzuki 191 116 85 60 39 34 47 41 22
Britannia 211 124 84 59 46 44 53 43 25
Reliance 176 172 105 59 61 40 31 27 24
Tata Motors 231 138 80 70 46 55 35 34 45
Tata Steel 234 108 79 85 56 50 33 41 41
Vodafone Idea 189 112 109 49 33 31 26 45 41
Wipro 153 124 91 102 82 40 41 45 30
Bharti Airtel 207 105 76 77 56 70 33 58 36
Total 2706 1632 1207 1020 783 668 580 548 490

Table 4
Second Digit Distribution of Companies Selected
Digit/ Company 0 1 2 3 4 5 6 7 8 9
Alok industries 67 69 75 91 56 64 50 71 61 43
Eicher Motors 50 63 68 57 37 49 42 44 41 52
Infosys 70 87 77 65 64 48 80 41 50 55
ITC 92 98 93 88 87 74 79 74 67 72
Nestle 111 90 83 80 74 64 89 55 59 47
L & T 83 53 77 81 97 75 56 61 71 61
Maruti Suzuki 73 84 76 70 83 63 68 48 45 57
Britannia 78 87 86 69 72 55 65 59 70 60
Reliance 91 78 62 59 58 57 62 76 55 90
Tata Motors 77 88 80 93 69 79 59 68 75 46
Tata Steel 96 90 62 82 67 89 60 86 44 47
Vodafone Idea 82 68 77 60 58 62 52 57 51 54
Wipro 72 86 83 54 63 81 61 74 58 78
Bharti Airtel 70 76 73 63 59 77 69 68 80 76
Total 1112 1117 1072 1012 944 937 892 882 827 838

Table 5
Difference between the Actual and Expected Occurrence of the Initial Digit

Count Sample 
Frequency

Theoretical/Expected Frequency- 
(in %) Benford’s law

Obtained/Actual 
Frequency (in %)

Deviation of Obtained Frequency 
from Theoretical Frequency

1 2706 30.103 28.088 -2.015
2 1632 17.609 16.940 -0.669
3 1207 12.494 12.529 0.035
4 1020 9.691 10.588 0.897
5 783 7.918 8.127 0.209
6 668 6.695 6.934 0.239
7 580 5.799 6.020 0.221
8 548 5.115 5.688 0.573
9 490 4.576 5.086 0.510
Together 9634 100 100
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Figure 4 and Table 6 shows that while performing 
this test for the data set under study, the most substan-
tial deflection of the data from Benford was the digit 0, 
which was 0.424% less than expected. After that, digit 2 
had the most deflection. It initiates at 0.246% more num-
bers. The minimum deflection occurs when the digit 3 
appears in the second place. There were numbers in the 
first place, which deflected from the theoretical distribu-
tion by more than 1%, showing a positive result. [17] 

We put to the test the following hypotheses: 
H1: “The financials of the companies listed on the 

National Stock Exchange of India pass the test of first 
digits of the Benford’s law test.» 

H2: “The financials of the companies listed on the 
National Stock Exchange of India pass the test of sec-
ond digits of the Benford’s law test.»

The null presumption (H0) has been set, which 
claimed that the whole test data is true of the Benford 
law in the first and second digits (there is no statis-
tical difference between the theoretical and empirical 
results). 

Table 7 shows p (risk level calculated) > α, which 
means we will embrace a null hypothesis that states 
the entire test data are valid in the Benford Law’s first 
and second-digit studies. It means that Benford’s first- 
and second-digit tests have been passed by the data 
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Figure 4: Diagrammatic Exhibit for the Second Digit Test

Table 6
Difference between the Actual and Expected Occurrence of the Initial Digit

Count Sample Frequency Theoretical/Expected 
Frequency- (in %) Benford’s law

Obtained /Actual 
Frequency (in %)

Deviation of Obtained Frequency 
from Theoretical Frequency

0 1112 11.968 11.544 -0.424
1 1117 11.389 11.596 0.207
2 1072 10.882 11.128 0.246
3 1012 10.433 10.506 0.073
4 944 10.031 9.800 -0.231
5 937 9.668 9.727 0.059
6 892 9.337 9.260 -0.077
7 882 9.035 9.156 0.121
8 827 8.757 8.585 -0.172
9 838 8.500 8.699 0.199
Together 9633 100 100

Table 7
Results of the Chi-Square Test

First digit test(H1) Second digit test(H2)
Rate of characteristic (α) 0.05 0.05
Theoretical χ2 24.996 27.587
 degree of freedom 16 18
Calculated χ2 0.0000121157 0.915460133
Calculated risk level 1 1
Result Calculated < Theoretical and p > 0.05 - > we accept &approve H0
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under review (previous 10 years of data for the compa-
nies listed on the National Stock Exchange).

5. Conclusion
Through Benford’s law, we examined the reliability 

of the financials of 14 companies for the last 10 years. 
The sample in our analysis contained more than 1000 
entries, which supports the credibility of our findings. 
We found out that the financials of the companies list-
ed on NSE conform to the first digit test and the sec-
ond digit test of Benford’s law. Also, through the Chi-
square test, this was proven that that p (the calculated 
risk level) > α, which means that the entire data of the 
test is true to the first- and second-digit tests of Ben-
ford’s Law. A few deviations in the data have also been 
revealed, requiring research and analysis in detail. 

I recommend introducing additional testing of the 
law by Benford in Excel and all testing in other func-
tional programs to study this subject further. We also 
propose choosing a larger sample and also take up the 
study for a longer period. Every fraud or scam traced 
through analysis of the financials of a company con-
tributes to genuine accounting reporting. So, I suggest 
anyone interested in managing the perils associated 
with honesty in financials use this law.
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Abstract
Today’s digital world is functioning with a new asset – data. 
Businesses possess humongous volumes of data, opening up 
new revenue streams. The financial world has also started to 
recognize the potential of data. Payment providers can turn 
internal and external data into a revenue earner to create al-
ternative business models. These models will be different for 
primary owners and custodians of data. 
This paper focuses on how banks can increase their profitability 
by leveraging and monetizing data. It studies the evolution of 
data monetization by different payment providers. 
Traditional banks used to charge fees for rendering services. 
This paper explores how banks can monetize data in sever-
al ways to generate new revenue opportunities for product 
cross-selling or reach out to new customer segments. It anal-
yses customer preferences across different payment platforms. 
The paper also discusses ‘open banking’ and other pain points 
and strategies to tackle them.
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1. Introduction
With the increasing threat from new digital players 

in the payments field, banks need to shift from their 
traditional ‘float and fee income’ business models to 
data monetization models, leveraging internal and ex-

ternal data. At present, such models are more centered 
towards customer data points and evaluate a custom-
er’s behavior to provide customized and personalized 
products for which customers are even willing to pay 
a premium. [1] As per International Data Corporation 
(IDC) reports, as of 2019, almost 40% of the IT proj-
ects deliver services that monetize data. [2][3]. 

For the banking industry, the implementation of 
the data monetization models will vary depending on 
its segment. It may be a retail client, corporate entity, 
treasury operations, or other banking services, includ-
ing Para banking. [4] However, all such models should 
lead to increased profitability for banks, whether indi-
vidually or in convergence. 

Banks are in a better position than digital payment 
services providers to monetize data by insight selling 
or performance tracking, or both. The payment pro-
vider business model has evolved amidst different reg-
ulations and technological advancements to thrive on 
data and leverage it.

Today, some banks share their data with third par-
ties, who, based on insights derived through analytics, 
help them generate value. However, it is imperative 
now that banks leverage this data to increase profit 
across various customer touchpoints, allowing banks 
to tap customers at the bottom of the value chain who 
cannot generate value out of their data.

Banks have the edge over other players. It possesses 
internal data from normal business and may access or 
acquire supplemental data from external sources like 
social media, adding value to applying different ana-
lytical algorithms. The combination of large volumes 
of data at a bank’s disposal and different analytical 
models will help in better asset and risk management 
for its customers and at the same time perform bet-
ter liquidity and minimum reserves maintenance for 
banks. The true value proposition for data monetiza-
tion can only be achieved if it generates dividends for 
customers and banks alike.

One more aspect worth exploring for banks is syn-
ergizing with telecom operators, digital firms, and 
marketers to merge their customer data with bank’s 
data and gain an end to end view of the data value 
chain, [5] which will help in enhanced customer pro-
filing for banks and enable them to deliver tailored 
loyalty programs or product cross selling, to increase 
profit and retain valuable customers. Simultaneously, 
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such initiatives will enable banks to strategize addi-
tional investment or business development by having 
better control over the end-to-end value chain. 

1.1. Objective of the Paper
This paper focuses on how banks can increase their 

profitability by leveraging and monetizing such data. It 
studies the evolution of data monetization by different 
payment providers to understand the scope for banks.

While traditional banks provide various alterna-
tives to complete transactions and earn their revenue 
by charging fees for rendering such services, this paper 
explores how banks can monetize data in several ways 
to generate new revenue opportunities for product 
cross-selling or reach out to new customer segments. 
For this purpose, it analyses customer preferences 
across different payment platforms through a survey. 
The paper also discusses ‘open banking’ and other 
pain points and strategies to tackle them.

2. Literature Review

2.1. Data Monetization as a Concept 
and Opportunity for Banks

The concept of data monetization refers to leveraging 
data to create value. In banks, data creates value for banks, 
their customers, and value chain partners. According to 
Todd Winship, the Global Product Director of Business 
Intelligence and Analytics at Temenos, “the increased sys-
tem connectivity and the digital universe doubling its data 
every two years, has led to the prevalence of data-driven 
organizations that are acting as lifestyle platforms to gen-
erate value for its entire ecosystem. Financial institutions 
generate a quarter of the world’s data alone and enjoy the 
highest consumer trust levels. Therefore, they are best po-
sitioned to become the pioneering platforms of the future 
to create new models of monetizing internal and external 
data.” [6]“Banking is considered one of the most data-rich 
businesses globally, with estimates that the average finan-
cial and securities organizations are managing more than 
3.8 petabytes of data.”[7]

Many examples suggest that data can be monetized 
to extract value out of it; for example, Google gener-
ates huge revenues from advertisements solely driven 
by data insights. Many big data analytics firms are 
coming up in the market. [2] Financial institutions are 
also not behind, with more than 40% of global finan-
cial institutions investing in data insights with a pri-
mary focus on internal use. [8]

2.2. Open-Banking: Opportunities 
and Challenges

The open banking model enables data sharing 
through Application Programming Interfaces (APIs) to 
deliver increased marketplace capabilities. APIs in bank-
ing has been used in sharing information rather than 
transferring monetary balances. Open banking holds a 
new set of benefits, such as improved customer experi-
ence and new revenue streams. [9] Open banking with 
APIs brings in new revenue streams in license and usage 
fees. It provides opportunities to build new innovative 
products. The key API revenue opportunities come from 
customer data, payment transactions, account informa-
tion, loan, credit-related activities, etc. The API revenue 
model comes with direct and indirect revenue sources. 
Service fees, API call fees, licensing fees, insights and 
data fees, and support fees fall under direct source. Reve-
nue sharing comes under indirect sources. [10]

Banks also need to be aware of the potential loss 
of existing revenue due to these new payment reve-
nue streams opening up. [9] The point of concern with 
open banking and APIs development is the security 
and data privacy risk it brings along. A highly regulat-
ed sector has to cope with these challenges and learn 
to accommodate such developments in its ecosystem 
as evolutionary rather than disruptive. There are high 
speculations concerning open banking and the regu-
latory changes accompanying it in the banking sector, 
which also impact the speed of its adoption among 
major banks around the world. [11]

2.3. Big Data and Analytics: 
The Ever-Changing Dynamics for Banks

According to some studies, 60% of North Ameri-
can financial institutions believe that big data analyt-
ics offers a significant competitive advantage, and 90% 
think that successful big data initiatives will define the 
winners in the future. [12] Banks have huge amounts 
of data, but their inability to implement big data proj-
ects using analytics to gain insights has been one of the 
major reasons for banks struggling to generate reve-
nue in the global landscape of fast-evolving technolo-
gies. Lack of skilled people in data analytics, storage of 
bank data in silos leading to poor accessibility, and the 
time is taken to extract value out of large data sets are 
key reasons for less than optimal big data implemen-
tations in banks. [12]

These challenging dynamics for banks are import-
ant because any big data implementation will have 
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four key aspects: (i) Infrastructure, (ii) Data Storage, 
(iii) Data Processing and Management, and (iv) Data 
Analysis. A successful collaboration of all four aspects 
is the key to the success of the overall project. Custom-
er insights, market analytics, explosive data growth, 
regulations, increasing fraud, and security concerns 
are key drivers for adopting big data as a technology in 
the financial industry. [7]

2.4. Digitization of Financial Services
The growth of Fintech startups and digitization 

of financial services has been rising, with customers 
shifting their focus towards low-cost and free finan-
cial services. This rise in FinTech has also brought in 
challenges for regulators and market participants alike 
to maintain a balance between the benefits of innova-
tion and the potential risks of these approaches. [13] 
The accompanied growth of RegTech and SupTech, 
and FinTech has added new dimensions to the finan-
cial industry. All these have led to the adoption of 
end-to-end digitization of services across all banking 
segments. 

Digitization has led to a shift towards a profit cen-
ter-based approach, aiming for efficient working cap-
ital management, keeping in hindsight the long-term 
goal of an integrated, lean, innovative, and efficient 
management system, considering the example of cor-
porate treasury functions. Banks who can understand 
these opportunities and changes at the earliest, and 
embrace them, will be better equipped to cater to their 
clients in the longer run. [14]

2.5. Central Banks as a Regulatory Authority
The banking sector requires intervention from the 

central bank and regulatory authorities worldwide 
to protect customers and maintain transparency. Re-
garding the Indian landscape, the Reserve Bank of In-
dia (RBI) regulates and monitors all banking activities. 
With evolving technology and digitization of financial 
services, RBI has played a pivotal role in ensuring 
compliance, both from banks and customers’ points of 
view, which is evident from RBI laying down the rules 
for issuance of licenses and working of payment banks 
[15], regulation of FinTech [16], working of commer-
cial banks [17] and guidelines on Para banking ser-
vices being provided by banks [4]. These guidelines 
and regulations have put a check on banking activities 
being carried out by commercial banks. They have at 
the same time ensuring that data privacy and security 

concerns of customers and organizations are resolved 
to maintain trust in the banking infrastructure. 

2.6. Monetizing Data across Different 
Banking Segments

Banks are aware of their customers’ earnings, ex-
penses, and purchases - information that would not 
be accessible elsewhere. They can tap into this data to 
map the customer persona and understand their be-
havior. This mapping can be done for retail and cor-
porate customers. 

One example of encashing on both line-of-busi-
ness and supplemental data from corporate accounts 
is Bank of America’s (BoA) utilization of customer be-
havior data from the website. One-on-one customer 
service call transcripts to figure out the reasons be-
hind customer churn. [7] Analysis of these data points 
showed that BoA’s offering was too rigid for their cor-
porate customers, prompting them to move towards 
new payment services. BoA dropped this offering to 
launch a more flexible version.

American Express (AmEx), a multinational finan-
cial services corporation, holds both customer and 
merchant data. With the information of individual 
accounts - 90 million cards and 5 billion transactions 
per year, AmEx leveraged on cardholder spending 
information and matched the merchants to the retail 
customers. They are likely to spend more and stay 
loyal. [18] AmEx also holds data on each customer’s 
lifestyle – data points on the stores they visit and their 
purchases - with which they can provide tailor-made 
offers and products at the right time. They utilized his-
torical transactions and identified 24% of Australian 
accounts vulnerable to closing, leading them to pro-
mote targeted marketing measures to retain them. 

 Under the market value cost model, banks bene-
fit by selling, renting, bartering, or trading the data. 
Barclays [6]set out to get this benefit by selling their 
line-of-business customer data, including location and 
transaction/spending information, to third-party or-
ganizations. According to the bank, the customer lo-
cation details can be leveraged for fraud detection and 
prevention purposes, which is completely optional. 
The information being sold is purely numerical and 
anonymized and is not aimed towards selling/market-
ing ads. 

An innovative way of monetizing data is to reap the 
business benefits of the data that banks hold, which 
means that banks can utilize the value created in paral-
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lel business processes, to provide seamless service and 
performance. JP Morgan Chase [6] was able to break 
down their consumers into smaller segments and gen-
erate reports within seconds, which was possible when 
they combined their expanse of credit card and transac-
tional data along with US Government economic statis-
tics. They were able to develop insights into consumer 
trends and narrow down their customer segments into 
unique ones to target their services accordingly. 

A Fujitsu European study revealed that one-third 
of banking customers expect to buy non-banking ser-
vices from their financial service providers. [6] Con-
sidering the quantum and nature of data that banks 
hold, they can go beyond providing financial services 
and function as advisors, access facilitators, and/or 
value aggregators to both retail customers and enter-
prise accounts. 

Banks would be able to make the most of custom-
er data by adopting any cost valuation models. One 
such way is to tap into the economic value of their data 
and act as an advisor. They have a full view of cus-
tomer data - starting with preferences and buying pat-
terns, up to know a customer’s life-stage events such 
as planning a wedding or buying a car. [6] Banks can, 
in the long run, use both these kinds of data points. 
They would be aware of when these life-stage events 
are likely to happen and can provide an average cost 
of these events, taking into account their transactional 
history, along with the third party offers to reduce this 
cost. With this, the bank can gain a fee from the third 
parties and strengthen the customer relationship. 

Banks serving retail and corporate clients with cus-
tomer-centric products are assisted by an important 
bank segment, the treasury. Treasury performs mul-
tiple critical roles like cash and liquidity management, 
risk management, liaising with regulatory authorities, 
managing liquid investments in government securities, 
back-office operations, etc., [14] apart from perform-
ing all these functions, the treasury department of the 
bank can operate from a Money Market desk, Foreign 
Exchange (FX) desk, Capital Markets or Equities desk 
or an Asset and Liability Management (ALM) desk, to 
coordinate all the functions with the help of the back 
office team. These teams have all the data (both inter-
nal and external) at their disposal, which can benefit 
both the bank and clients alike. 

Banks must understand how next-generation data 
will help streamline treasury functions and increase 
profitability for banks.

Regulatory requirements make it mandatory to re-
port clients and trades booked and then reissued or 
canceled on the client’s request. Such contracts may be 
booked either from FX Desk or Money Market desk, 
or Equities desk. The back-office team of treasury op-
erations has to manage the reporting of such trades 
promptly and has all relevant data about such clients. 
In such a scenario, the back-office team can analyze 
this data based on certain forecasting algorithms in 
coordination with respective contract booking desks 
to predict how likely certain clients are to initiate a 
cancel and reissue request. In such cases, banks can 
charge a higher margin from them, which makes the 
client less likely to ask for such requests in the future 
and, on the other hand, generates a higher margin for 
banks and reduces compliance workload in terms of 
reporting such trades.

Similar regulatory requirements also mandate 
banks to report a change in traders from different 
desks concerning the contracts. For example, a trader 
or employee from branch X of the bank books a con-
tract from the FX desk on the relationship manager’s 
(RM) request. The employee then leaves the bank or 
shifts to another branch, say Y, in another geographi-
cal location. As per compliance requirements, all such 
trades booked by the trader before moving need to be 
reported. This data is again collected and verified by 
the back-office team, and hence they have all such pre-
vious data. This data should help the treasury to target 
and analyze such employee behavior. It will be possi-
ble to predict which branch employees have a high-
er probability of such actions and accordingly direct 
RMs to go for other branches with less probability, as 
all such transactions will be on a digital platform and 
not physical, which will result in less compliance re-
porting and more successful contracts being initiated.

The cash and liquidity management of banks is 
closely linked with risk or disaster management. With 
the help of the data at its disposal, treasury can track 
liquidity, the market risk concerning changing mar-
ket prices, credit risk concerning defaults, the opera-
tional risk concerning frauds and thus increase banks’ 
profitability. For example, back offices with data in-
sights can predict when the bank can default on cer-
tain payments. Accordingly, they can hedge that risk 
better. Based on forecasting tools, banks can predict 
their clients and counterparties as to how likely they 
will default on payments. During which period of the 
year, the rate of defaults will be higher. Such contracts 
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involving those clients or counterparties can earn a 
higher margin for the bank. 

Another such scenario where forecasting will help 
is to predict when banks will have an excess of funds, 
either in securities or currencies, which can be traded 
by the banks in the market for profit, which is only 
possible by proper analysis of the data received from 
customer behavior, both retail and corporate, and us-
ing that to generate different predictive models. 

Reputational risk is very important for traditional 
banks in terms of gaining customers’ trust. Data can 
again play a key role in mitigating such risk. A Trea-
sury department with data insights can help monitor 
the minimum capital reserves requirement norms set 
up by the central bank and maintain a minimum port-
folio in highly liquid government securities, which re-
duces the chances of default in fulfilling government 
norms and enhances the chances of maintaining an 
intangible asset in the form of reputation. Such data 
insights are also useful for disaster management – e.g., 
pandemics – to better monitor changes introduced by 
the central bank and act accordingly. Such swift ac-
tions can help banks aim at financial inclusion by tar-
geting clients at the bottom of the value chain, which 
is also encouraged by central banks in such disasters. 

Traditional banks have huge reservoirs of data. 
With streamlined data insights and better forecast-
ing models, banks can also engage in different ‘Para 
banking’ activities like mutual fund schemes, pension 
schemes, PSU bonds, and venture capital funds with 
its excess capital. Banks can expand their traditional 
business by extending the value chain to other indus-
tries like Insurance and accessing facilitators. They 
can offer insurance products at the right time, to the 
right customer, and at the right cost, based on the cus-
tomer persona’s analytical insights - age, family, assets, 
and financial condition of the customer.

2.7. Evolution of Payment Services 
Providers: Role of Data

The payments industry’s evolution revolves around 
data, growth in demand, and regulations governing 
data protection. It can be considered to be a part of 
the overall FinTech evolution. The growth of FinTech 
can also be attributed to the evolution of digital tech-
nology and the ever-increasing need for data. FinTech 
[19], in simple terms, can be defined as associating 
any technology with financial services and providing 
a solution or platform to customers.

The period from 1886 to 1967 saw the evolution 
of technology to deliver financial services. The land-
marks were: first undersea trans-Atlantic telegraph ca-
ble in 1866, Fedwire in 1918, electronic fund transfers 
using telegraph and Morse code, and credit cards to 
reduce the burden of carrying cash around. Post-1967, 
the banking industry saw a shift from analog systems 
towards digital services with the first ATM by Barclays 
Bank, the emergence of online banking, digital ex-
changes, and SWIFT guidelines. The landscape again 
changed drastically post the 2008 global economic 
depression, in terms of the use of payment services, 
with people shifting to mobile platforms and other 
third-party players entering the fray. 

This evolution shows that the end-users ease in 
availing services was a key driver, and data played a 
big role in it. The success of different financial plat-
forms depended on how they harnessed value out of 
the data using technology. The study of the evolution 
of payment banks and Fintech is crucial for traditional 
banks in the Indian context because the basic need for 
these services arose due to the distrust that customers 
had in the traditional system. The so-called ‘financial 
inclusion’ could not be implemented to the fullest due 
to less penetration by the traditional banking system 
than countries in Europe or the USA.

On this background, it becomes more imperative 
for traditional banks to try and bridge this gap by de-
veloping different business models using data insights.

There is a need to understand the growth of pay-
ment services directive (PSD) guidelines as well. [20] 
The PSD1 directives (came into effect from 25th De-
cember 2007) were aimed at payment services pro-
viders (PSPs) only across the European Union (EU) 
to regulate payments. However, the PSD2 guidelines 
(from 13th January 2016), which came into effect to 
broaden the scope of PSD1, brought in new PSPs, 
which were called third-party payment providers, 
completely changing the landscape. These third-par-
ty providers brought in new challenges for traditional 
banks, with the scope of PSD2 reaching beyond the 
EU. The enhanced scope was an objective of PSD2, 
primarily driven by increased customer needs, great-
er data at the disposal of institutions to provide bet-
ter services, and the enhanced customer protection 
amidst such enhanced services. 

These changes necessitated the development of Ap-
plication Program Interfaces (APIs) and banks of such 
platforms in collaboration with third-party vendors to 



Issue 24. November 2022 | Cardiometry | 953

provide customer-centric products and services. The 
success of such initiatives for banks and their custom-
ers depends essentially on how efficiently data is used 
and how profitable monetization of such a data-driven 
business model is.

2.8. Banks: The Edge over Payment Providers
The primary objective of starting payment banks 

in India by RBI was to encourage better financial in-
clusion. [15] However, traditional banks still hold an 
edge in providing better customer-oriented services, 
right up to the bottom of the pyramid, while rejuve-
nating the traditional business model with digital 
transformation.

Traditional banks have a long-standing relation-
ship of trust and loyalty with their customers, which 
will help them address customer’s data privacy and 
data ownership concerns better. Payment banks can-
not issue credit cards or provide loan services, which 
is a major handicap. Traditional banks, though, can 
monetize the huge data captured from these services 
to understand customer buying patterns and funding 
requirements to provide customized offers to increase 
their profitability.

 Traditional banking also has an edge due to the 
wide scope of today’s banking (including ‘Para bank-
ing’) compared to the fragmented services by pay-
ments banks. Conventional banks can tie up with 
third-party vendors and provide bundled offers to 
their customers on purchasing goods or services from 
these parties, using the bank’s payment platforms.

This existing edge will become more dominant, 
with banks investing huge capital on digital trans-
formation to improve the experience across different 
customer touchpoints. With a wider range of services 
and better-streamlined processes from data insights, 
traditional banks can aim for better financial inclusion 
with faster on-boarding, customized interest rates, and 
charge waiver on value-added services. By monetizing 
data, conventional banks can become a one-stop solu-
tion for customer purchases, investment, wealth and 
retirement planning, brokerage, and advisory services, 
which is impossible for other payment providers.

2.9. Pain Points for Banks Monetizing Data
The biggest challenge that data brings with it is the 

customer’s concerns on data privacy and ownership, 
which becomes even more challenging with different 
sets of regulations/guidelines for owners and custo-

dians of data; and deciding for which data one is an 
owner and one is a custodian. 

Both traditional banks and payment banks have to 
deal with privacy concerns. Developments concerning 
General Data Protection Regulation (GDPR) in Europe 
and Personal Data Protection Bill (PDPB) in India are 
moving towards more stringent guidelines related to 
data sharing and usage, which coupled with the up-
dated Payment Services Directive (PSD2) guidelines, 
makes sharing of banking data with third parties easier 
through Application Program Interface (APIs). How-
ever, as a fall out of these developments, ‘open banking’ 
is picking up. Open banking has resulted in access to 
consumer banking and transactional data to third party 
financial service providers, which has become possible 
with the infrastructural development concerning APIs, 
which has brought newer challenges before traditional 
banks, which has left traditional banks with the dilem-
ma – whether to invest in fraud management and en-
hanced cybersecurity systems or to develop their API 
infrastructure and go for an end-to-end digital trans-
formation so that the customers going for third party 
vendors can use the bank’s touchpoints, which in turn, 
will lead to revenue generation. 

Another noteworthy issue is that, though PSD2 
guidelines give customers the right to allow third-par-
ty vendors to access certain bank data through APIs, 
[9] this also brings up the possibility of a loss of repu-
tation for banks due to any data breaches, as they are 
the ultimate guardians of this data. Reputational risk 
management in this regard will lead to additional cap-
ital investments for the banks to better safeguard their 
data, which otherwise could have been used for other 
digital initiatives. 

Neo-Banking’s growth also poses a significant 
threat to traditional banks when it comes to harness-
ing value out of data. Neo-Banks are digital-only banks 
that do not have any physical branches and provide all 
their services online. Though the guidelines for such 
banks are country-specific and current regulations al-
low ‘Neo Banks’ to function only in collaboration with 
established banks in India, the onus lies completely 
with traditional banks regarding how they can use this 
partnership for their profitability.

3. Research Methodology
This paper is formulated based on both primary 

and secondary data collected from various sources. 
Secondary research helped understand the generic 
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banking functions and potential for data monetization 
across them, the evolution of payment service pro-
viders, and how traditional banks hold an edge over 
them in data monetization and pain points for banks 
to monetize their data. Based on these points, our pri-
mary research sought to analyze the following – 
1. What banking method is preferred and why?
2. What is the preferred payment mode for varying 

transaction amounts?
3. Are people ready to adopt mobile payment services 

provided by their bank?
4. Is there a definitive incentive for banks to monetize 

their data and generate profit?
Primary research was conducted via a question-

naire across the Indian subcontinent, targeting indi-
viduals 18 years and above.

The survey collected 205 responses, with 132 male 
respondents and the remaining female. The occupa-
tion and age diversity of these men and women is pre-
sented in Figures 1 and 2 below.

4. Analysis and Results
It can be seen that 195 respondents do, as opposed 

to those who do not, use internet banking. These 195 
respondents are spread across all age groups and in all 
lines of work – self-employed respondents, those em-
ployed in both the public and private sector, and those 
currently unemployed/studying. It can be seen based 

on the survey that internet banking is highly prevalent 
across all professions and age groups. Considering the 
age group of 25-31 years alone, many of this age group 
have already adopted internet banking. It should be 
the primary target of banks to monetize the data col-

Figure 3: Adoption of Online Banking across Occupations and Different Age Groups

Figure 1: Occupation Diversity In Data Set 

Figure 2: Age Group Diversity In Data Set
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lected and generate profit. Figure 3 shows usage of the 
internet by age groups.

Respondents were questioned on what mode of 
banking they preferred with the options stated below. 
They were asked to rate these on a scale of 1-4, with 1 
being most preferred and 4 being least preferred.
i. Banking in person; 
ii. Telephone banking; 
iii. Online banking (via browser); and
iv. Mobile banking (via apps).

A descriptive analysis of Table 1 revealed that re-
spondents most prefer both mobile banking and on-
line banking via browser. Of the total respondents, 
103 individuals view online banking via apps as their 
first preference, followed by 77 individuals who prefer 
online banking via browser. From the descriptive sta-
tistics table given below, it is seen that mobile banking 
(via apps) and online banking (via browser), the mod-

el is 1 and 2 respectively, implying that most of the 
respondents prefer these two methods. It is observed 
that a lower mean of 1.97 and 2.10 of ratings for On-
line banking via browser and Mobile Banking via apps, 
respectively, mean that customers prefer these more. 

A correlation of 0.533 between mobile banking 
and online banking is highlighted in Table 2, mean-
ing these methods are positively correlated. A negative 
correlation between online banking modes and physi-
cal banking reflects that the latter might turn out to be 
a pain point for bankers in the widespread adoption of 
digital services. 

Suppose we dig deeper into the reasons behind re-
spondents preferring mobile and online banking. In 
that case, it is revealed that the correlation between 
the factors (Table 4) like the convenience and easy to 
maintain transactions is high with a value of 0.706. De-
scriptive Statistics Analysis of Reasons for Preference 

Table 1
Descriptive Analysis of Banking Preferences

Table 2
Correlation between Different Banking Preferences

Table 3
Descriptive Statistics Analysis of Reasons for Preference of Online Modes
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of Online Modes is presented in Table 3. Respondents 
prefer convenience, i.e., no waiting time at the banks 
and no hustle traveling for banking activities. Low 
service charges for banking activities are on a lower 
priority when it comes to banking methods. Respon-
dents were asked to rate 4 factors: Convenience, Low 
Service Charge, Safe & Secure, and Ease to Maintain 
Transactions on a scale of 1-4 (1 being most preferred 
and 4 being least preferred) in order to determine 
the reasons behind the popularity of online banking 
modes. Descriptive statistics analysis and correlation 
calculation between the factors is given in table 3 and 
4, respectively. Lower ratings for Convenience and 
Easy to maintain transactions reveal that they are on 
a higher priority level than Low Service Charges and 
Safety & Security when customers go for online modes 
of financial transactions. 

Considering the payments function alone, we split 
the payments in terms of value – up to Rs. 20,000 for 
daily transactions and above Rs. 20,000, for a better 
understanding of the customer mindset, while choos-
ing a payment method and to analyze what payment 
method would be preferred among the following op-
tions (with multiple option selection enabled)– 
• Cash
• DD/Check
• Swiping credit/debit cards at retail outlets
• Online transactions using credit/debit cards
• Electronic bank transfer (RTGS/NEFT/IMPS)
• Mobile payment (Paytm/Google Pay/PhonePe/etc)
• Banking platforms (SBI YONO, HDFC Payzapp, etc.)

For amounts up to Rs. 20,000, almost 82% of the 
respondents opted for mobile payment platforms via 
apps as their first payment mode, followed by around 
57% of respondents opting for both credit/debit cards 
swiped in brick and mortar stores and online trans-
actions (Figure 4), whereas, for transactions above 
Rs. 20,000, only around 34 % of respondents perceive 
mobile banking platforms for payment. In contrast, 
most respondents, around 71% of them prefer bank 
transfers via NEFT/RTGS/IMPS. Around 51% opt for 

online transactions using debit/credit cards, which in-
dicates that the data’s monetization is also related to 
the customer’s quantum of transaction. Each payment 
mode has a different potential associated with gener-
ating the data to be monetized. Banks have to under-
stand this opportunity to tap and use the customer 
transaction data to develop customer insights.

The questionnaire also collected data about wheth-
er people would be open to using their banker’s mobile 
payment platforms. The results revealed that 84% of 
the respondents are willing to shift to their banker’s 
payment platform. Payment Preferences for Transac-
tions of Higher Value is presented in Figure 5, which 
indicated that individuals have more trust in their 
bank; they believe that their banker can offer more se-
curity compared to third-party providers, and many 
of them are not comfortable in sharing their data with 
third parties. Figure 6 gives a split of such reasons for 
individuals preferring their banks more than third 
party providers if banks can come up with their pay-
ment platforms.

From the primary research conducted and data 
gathered from secondary research, customers are will-
ing to use online and mobile banking due to its con-
venience. Paying the service charge for transactions 
does not play an influential role in selecting a pay-
ment method, which can be a turning point for banks 
urging customers to increase their online and mobile 
banking usage by making it more secure and gaining 
their trust, which also makes it evident that customers 
are willing to pay more for convenience and tailored 
financial services. Along with this, banks can also 
begin the shift towards strengthening their API in-
frastructure, making their mobile banking platforms 
more user-friendly, and incentivize the customer on 
its use, thereby opening up a new avenue for the cus-
tomer to utilize such services. 

From the survey undertaken, it is clear that cus-
tomers trust their bank more than other providers. 
With customers willing to use their own banker’s ser-
vices and the bank is a repository of customer-specific 

Table 4
Correlation table – Reason behind preferring online banking
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Figure 4: Payment Preferences for Everyday Transactions

Figure 5: Payment Preferences for Transactions of Higher Value

Figure 6: Weightage of Reasons behind Preferring own banker
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data, banks are better suited to use the data at their 
disposal and leverage this to monetize data for prof-
itability.

4.1. Manag erial Implications:
Though there has been a shift towards people us-

ing third-party payment service providers due to ease 
of data sharing through APIs with such service pro-
viders, customers still trust their banker in terms of 
security and are willing to shift to payment platforms 
provided by their banks. Banks have to make their sys-
tems more secure and, at the same time, better incen-
tivize their customers to use these services. Customers 
using such platforms will mean more data for banks 
and the opportunity to use this data to generate in-
sights for better profitability. 

This opportunity for banks also comes with an in-
herent challenge related to the customer mindset as 
around 34% of the people from our primary research 
still prefer cash as a payment mode for daily transac-
tions, which means that customers are still inclined 
towards cash as a payment mode for certain trans-
actions, and this might pose a threat for an end-to-
end penetration of mobile payment platforms. Banks 
have to be proactive in keeping track of their customer 
base, the occupation, and age diversity within it, so 
that tailored financial product delivery is possible, as 
adoption of digitization is occupation and age-specif-
ic. Therefore, data monetization should weigh in the 
different aspects like customer inclination, age, occu-
pation, etc., for optimum profitability.

5. Conclusion:
Advancements in technology have been an enabler 

for cross-industry functionalities and the rise of new 
business models to leverage the new form of treasure 
data. However, the bigger challenge is the limited per-
ception the industry players have on how to monetize 
the data at hand. Digital payment providers are al-
ready in the race for leveraging customer data. Banks 
have to brace themselves so as not to be left behind in 
the race. Banks have a huge repository of data and are 
better positioned in the industry to monetize the data 
they possess. 

Working to enhance customer experience, banks 
can monetize data in various ways and develop new 
revenue streams. They hold niche data of customers 
that are not accessible or available to any other da-
ta-driven organization, thus putting them in a better 

data monetization position. A few banks worldwide, 
including Barclays and JP Morgan, have already in-
vested in data-driven capabilities and are benefitting 
from their newly created revenue streams. However, 
banks are not at liberty to implement any new model 
without addressing concerns around utilizing custom-
er data. 

A critical issue is about addressing customer priva-
cy concerns revolving around using their data points. 
Regulators have investigated this dimension and in-
troduced relevant directives such as GDPR in Europe 
and PDPB in India. These directives have called upon 
banks to utilize customer data without jeopardizing 
customers’ interests and considering their approval 
before data utilization. 

Traditiona l banks hold the edge over digital pay-
ment providers for data monetization. They have built 
a relationship with customers based on trust and loy-
alty: customers trust their bank more. They are more 
willing to avail services provided by their banker as 
compared to third parties. Banks can leverage this 
edge and take a step forward, instead of just being 
‘banking partners,’ to explore new/alternative revenue 
streams and increase profitability. 
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Abstract
The intake of alcoholic beverages is a huge social issue. World-
wide, an estimated 2.3 billion individuals consume alcohol, with 
an average daily consumption of 33 grammes of pure alco-
hol. Self-esteem is a measure of one’s self-awareness and sense 
of personal worth. The process of behaving and then think-
ing about acts, as well as how others interpret actions, shapes 
one’s self-perception. Self-esteem refers to how we feel about 
ourselves and how much we regard ourselves. Alcoholism has 
far-reaching consequences and might result in mental health 
issues. One of the most typical effects found in alcoholics is the 
development of poor self-esteem. This term refers to a person’s 
total subjective sentiments of personal worth and value. It has a 
wide range of effects. It has an impact on a variety aspect of life, 
including substance abuse and recovery. The majority of alco-
holics have a low sense of self-esteem. They have struggled to 
cope with their lives and frequently have significant emotional, 
family, social, and occupational issues, as well as financial, legal, 
and sexual issues. Coping is frequently studied in terms of its 
potential to reduce negative consequences. Coping skills can 
also help you achieve more favourable results.
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INTRODUCTION
Self-esteem is a significant aspect in a person’s de-

velopment. Alcoholism, or the addiction to the com-
pulsive consumption of alcoholic beverages, is a seri-

ous disease with catastrophic consequences. However, 
it can frequently lead to legal issues and criminal ac-
cusations, such as driving while intoxicated. Alcohol 
abuse leads to major physical and mental health issues. 
Alcoholism is a long-term (chronic) condition. Alco-
holics are fascinated with alcohol and have little con-
trol over how much they consume, even if it is causing 
severe difficulties at home, at work, and in their financ-
es. [1] Alcohol and self-esteem have a mutual effect. 
Alcohol usage can briefly boost or deplete self-esteem, 
but in the long run, it usually results in poorer self-es-
teem.[2] Self-confidence, whether low or strong, can 
play a role in alcohol addiction and dependence, but 
a healthy degree of self-esteem is a significant aid in 
the fight against alcoholism. [1] Because of diverse 
socio-cultural behaviours, alcohol consumption is 
a serious issue. Alcohol is a physically and mentally 
addicting substance. Alcohol and self-esteem have a 
symbiotic relationship. Because alcohol is a chemi-
cal depressant, it can have a negative impact on one’s 
mental health, particularly if they have an external dis-
order or variables that affect their self-esteem [3].

The World Health Organization estimates that 3.3 
million people die each year as a result of hazardous 
alcohol usage around the world.

Alcohol-related deaths account for roughly 6% of 
all deaths worldwide each year [4]. 

Alcoholism
Alcohol use disorder (AUD) is a medical illness in 

which aindividuals capacity to stop or manage their 
drinking despite negative social, occupational, or 
health repercussions is hindered. Alcohol abuse, alco-
hol dependence, alcohol addiction, and the vernacular 
term, alcoholism, are all terms used to describe the 
same thing. AUD, which is classified as a neurologi-
cal disorder, can be mild, moderate, or severe. Alcohol 
usage causes long-term alterations in the brain, which 
perpetuates AUD and makes people vulnerable to re-
lapse. Similarly, a recent survey performed by AIIMS’s 
National Drug Dependence Treatment Centre (ND-
DTC) revealed that 16 crore Indians drink alcohol, 
with every third tippler in need of treatment. [6]

Role Of Alcohol In The Human Body
Brain: Alcohol interferes with the brain’s commu-

nication pathways and can affect the way the brain 
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works. These interruptions can alter the mood and ac-
tions, and make it difficult to think clearly and move 
with coordination. 

Heart: Intake of huge amount of alcohol over a 
long time or very much on a single occasion can leads 
to damage the heart, causing sevior problems includ-
ing:
• Arrhythmias –Irregular heart rate
• Cardiomyopathy – Stretching and drooping of the 

heart muscle
• Increasing Blood pressure 
• Stroke

Liver: Intake of huge amount of alcohol over a long 
time can lead to a variety of problems and liver inflam-
mations such as:
• Alcoholic hepatitis
• Fibrosis
• Steatosis, or fatty liver
• Cirrhosis

Pancreas: Alcohol leads the pancreas to create tox-
ic substances that can eventually lead to pancreatitis, of 
the blood vessels in the pancreas that prevents proper 
digestion and dangerous inflammation and swelling. 

Cancer: «There is a clear scientific consensus that 
alcohol drinking can cause numerous types of cancer,» 
according to the National Cancer Institute. Consump-
tion of alcoholic beverages is listed as a known human 
carcinogen by the US Department of Health and Hu-
man Services’ National Toxicology Program. [7]

HEALTH COMPLICATIONS 
IN ALCOHOLISM

Addiction of alcohol can result in heart and liver 
disease. Which can be fatal. Alcoholism also causes:
• Diabetes complaint
• Birth defects
• Ulcers
• Bone loss
• Problems in Vision
• Sexual problems
• High risk of cancer
• Loss of immune function [8]

Alcohol consumption leads to Legal problems.
Complications arise because of alcohol abuse cre-

ates legal problems. Crimes committed following to 
alcohol intoxication include physical/sexual assault, 
exploitation of women in commercial sex work, rape, 
and homicide. As per the National Crime Records 
Bureau of India, the variety of crimes that are relat-

ed to alcohol consumption fall under four major acts 
which are, the Gambling Act, Prohibition Act, Excise 
Act, and Psychotropic Substance Act. The major rea-
son which the public nuisance is created because of 
alcohol abuse is visibly unnoticed is that those crimes 
are classified under petty crime, and they largely go 
unrecognized, or they may get overlooked [9]

SELF ESTEEM
Self-esteem describes how a person thinks and feels 

about his own characteristics and qualities. This is de-
scribed as either low or high—which means, a person 
has either low self-esteem or high self-esteem.[10]

Low Self-Esteem Signs
Someone may have low self-esteem if they are ex-

periencing:
Difficulty responding or accepting to compliments
Unhealthy methods of coping, such as drinking, 

overeating, or smoking
Difficulty accepting or responding to constructive 

criticism or feedback
Low level of confidence
Negative Inner voice of self-talk 
Avoidance of difficult situations or challenges
Highlighted focus on personal problems
Focus on what is unwanted more than what is 

wanted
Excessive sensitivity
Avoidance of social gatherings or situations
Hesitance to try new things
Mental health conditions such as anxiety, depres-

sion, or eating disorders [11]
Alcoholism and Low Self-Esteem
The way we see ourselves is defined as self-esteem. 

low self-esteem, as well as sociodemographic charac-
teristics linked to anxiety, despair, educational stress, 
and suicidal ideation Individuals with strong self-es-
teem have a good attitude about themselves and are 
self-assured. Individuals with low self-esteem, on the 
other hand, have unfavourable images of themselves 
and struggle to believe in their own value and abilities. 
[7] The single most crucial skill one can cultivate to 
thrive in society is a healthy sense of self-esteem.

Alcoholism Triggered by Weak Self-Esteem 
Alcoholism is frequently associated with low 

self-esteem. Self-esteem that is either too high or too 
low can cause someone to begin drinking. Despite the 
fact that their motivations are diametrically opposed, 
both contribute to the possibility of dependency. [12]
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The Relationship between Alcohol and Self-Es-
teem

The negative consequences which begins by alco-
hol consumption can group chronic effects regard-
ing health (damaging organs and the emergence of 
diseases) in physical effects, in a short period of time 
(the ineffectiveness of motor coordination, alter good 
judgement, the impossibility to maintain focus) and 
social issues (damage to interpersonal relationships, 
not planned sexual activity, academic problems, legal 
issues, family issues) (Torres, Arévalo, Rodríguez & 
Cuevas, 2006)

[19]Alcoholism Caused by a Low Self-Esteem
Alcoholism is often associated with a dangerous 

vanity. Shallowness that is either too low or too ex-
treme can cause someone to begin consuming. De-
spite the fact that they’re for different causes, both 
might lead to dependency. [13]

Alcohol is used to fill the void of low self-esteem.
People who struggle with low self-esteem have a 

low regard for themselves. They don’t believe their 
ideas or criticisms are as valuable as others’, and they 
don’t achieve the same level of success as those close 
to them. Low shallowness can be a problem in and of 
itself, or it might be the result of some unusual per-
sonality disorders, such as Borderline personality dis-
order. [14]

Alcohol Reinforces Fragile High Self-Esteem
People with fragile extreme shallowness can often 

be identified by the fact that they base their self-con-
fidence on their ability to accomplish daily tasks. Fail-
ure may force them to start using or turn out to be 
competitive with others, hoping to tear them down 
in order to learn more about how to treat alcohol and 
shallowness problems.

Coping strategies to Promote Self Esteem In Al-
coholism

5 Levels of Human Basic Needs

we’ve summarized the above items and put them 
into this list for you:

• Deep connection with cherished ones
• A healthful frame
• Feel of manipulate
• A meaningful life motive
• Popularity and appreciate from others
• Sense of safety
• Creativity
Coping mechanisms and coping techniques should 

be a spinoff of our common life’s delight are things 
protect one selves from pressure, tension, trauma, 
or every other mental fitness challenge. the various 
methods consists of

Writing confirmation 
A confirmation is a straightforward, high-quality 

remark that one makes to oneself. Even though af-
firmations do not appear to be true at first, repeated 
them eventually changes how one feels about oneself. 
Write a self-affirmation that expresses how you want 
to feel about yourself; self-affirmations helped them 
enhance their attitudes toward health-related recom-
mendations. This is probably most useful for those 
who are trying to recover from alcohol addiction. Af-
firmations can also help the person feel more open and 
determined to participate in healing and treatment.

Allow oneself to be forgiven for past mistakes.
Those who have struggled with addiction are fre-

quently submerged by self-blame, which exacerbates 
low self-esteem. Dependency can have an impact on 
judgement and impulse control, so don’t let past mis-
takes define your present. According to studies, those 
who can forgive their own for their past mistakes have 
less anxiety and despair.

Accept Compliments 
According to studies, people with low vanity pos-

sess hard time accepting and profiting from praises 
from others. This is tough but not just for person’s 
vanity, but it also makes it difficult for those who care 
about that person to communicate their fond feelings 
for that person. Humans with poor shallowness fre-
quently miss out on opportunities to increase their 
shallowness by noticing others’ kind words. The fol-
lowing are a few things you could do instead the next 
time someone compliments you:
• Refrain from dismissing it.
• Assume that they are serious in their intentions.
• Express gratitude and take pleasure in the compli-

ment.
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• Take note of how the complement highlights your 
assets.
Every Day, Do Something Nice [9] Self-esteem can 

also be improved by engaging in prosocial conduct, or 
behaviours aimed at helping others, according to re-
search. Prosocial conduct was found to be a predictor 
of self-esteem, particularly in women, in one study. 
Women had higher levels self-esteem also reported 
doing more prosocial activities. Doing nice things for 
others is one approach to increase the amount of grat-
itude they express.

Begin to make changes.
[15] Self-determination might also help you feel 

better about yourself. Self-determined behaviours are 
those that people engage in on their own initiative as 
a result of deliberate, intentional, and self-motivated 
decisions. [16] Recovery from chemical and alcohol 
abuse necessitates a strong sense of self-determina-
tion. Making tiny, self-determined moves in the cor-
rect direction will help you feel better about yourself. 
Everyone has things they’d like to alter in their own life 
or the lives of those around them, but change comes 
in phases for those with addictions. If a big change 
feels overwhelming, break it down into tiny steps and 
undertake one a day or one a week. Inwardly praise 
your progress toward your goal with each minor ad-
justment.

Relaxation techniques [17]
The term «relaxation techniques» encompasses a 

wide range of activities and behaviours. Some of these 
techniques were created with relaxation in mind, 
while others have relaxation as a side effect. All of 
these techniques relieve stress in the body, which is a 
desired result because it has a variety of physical and 
mental health advantages.

Exercise [17] is one of the best ways to overcome 
the stress, exercise basically makes the person phys-
ically fit and it helps to increase self-esteem. It also 
helps them to increase their confidence to face any 
challenges in their life.

Mindfulness [20] The ability to be fully present, 
aware of where we are and what we’re doing, and not 
unduly reactive or overwhelmed by what’s going on 
around us is known as mindfulness.

Self-improvement courses [17] are beneficial 
since they frequently include the acquisition of new 
coping strategies.

Although some of the choices may not be right for 
the person, even one or two gems might make a course 

worthwhile.It is extremely useful for persons in recov-
ery to be open to new ideas at all times. 

CONCLUSION
In modern society, dependence and alcohol abuse 

represent a psychopathological phenomenon of bril-
liant clinical and social relevance, the high occurrence 
rates we are able to take a look at inside the popula-
tion, are related with the clean get entry to alcohol, 
which have an impact on a person’s vanity. Drastic 
adjustments in shallowness, either raising or decreas-
ing it, can hasten the development of a dependency on 
alcohol. Alcohol is broadly used as a crutch for those 
tormented by shallowness troubles, humans with low 
vanity and self esteem have issue overcoming bad 
thoughts and changing them into fantastic ones. self-
worth performs a major function for an man or wom-
an with alcoholism. enhancing their self confidence is 
vital part of their existence. Low or excessive shallow-
ness may play a role in alcohol misuse and dependen-
cy, but having a healthy degree of self-esteem is a great 
weapon in the fight against alcoholism. Recognizing 
the underlying issues that harm vanity could be the 
first step toward a better life. Any issues involving a 
person’s self-esteem must be taken into account during 
the initial assessment. Alcoholism may have stronger 
coping statergies of self-worth if suitable interventions 
are implemented.
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Abstract 
A caregiver is someone who looks after another person who is 
in need, such as a child, an elderly parent, a spouse or partner, a 
family, a friend, or a coworker. Caregiver stress is caused by the 
cognitive and emotional strain of caring for others. Stress levels in 
caregivers are much higher than in non-caregivers. The quantity 
of care required by an old, sick, or disabled family member may 
overwhelm some caretakers. Anyone can experience caregiver 
stress, but women carers are more likely than males to report 
stress and other health issues. Furthermore, certain women are 
at a larger risk than others. Additionally, certain women are at a 
higher risk of developing health problems as a result of caregiver 
stress. Informal caregivers are family members and friends who 
provide care to their loved ones without receiving any financial 
compensation. Formal carers are volunteers or paid care pro-
viders linked to a service system, whereas informal carers are 
family members and friends who provide care to their loved ones 
without receiving any financial compensation. As a result of the 
arduous duty of caring for others, caregivers experience stress 
and strain, which can have a significant impact on their physical, 
psychological, and social lives, reducing their quality of life (QOL) 
As a result, caregivers are at danger of getting mental illnesses. 
The burden of caregiving has been linked to poor physical and 
emotional health. Caregiving has been linked to psychological 
issues such as depression and poor physical and mental health 
of caregivers, according to research. According to a new study, 
caregiving is linked to anguish, worry, stress, and depression.
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INTRODUCTION:
A caregiver is someone who lives with, spends time 

with, observes, cares for, assists, and supports a suf-
ferer physically, emotionally, and socially. Providing 
care has become a part of millions of people’s everyday 
lives around the world, regardless of their language, 
culture, or nation. Patients, aged or disabled family 
members, spouses, or friends are all looked after by 
millions of carers. The responsibility to care for the pa-
tient becomes a one-way, addictive, intense, and long-
term obligation that consumes the caregiver’s life as 
the primary caregiver becomes increasingly involved 
in the patient’s daily routine. The caregiving position 
is a sporadic one that demands vigilance, effort, and 
effort.

Caregivers’ physiological, mental, and financial 
problems, as well as the patient’s loss of function and 
the caregiver’s lack of leisure time, all have an adverse 
effect on the caregivers’ ability to ensure optimum 
care. [3] While the fact that the majority of carers are 
unprepared for their duties and provide care with little 
or no support despite being in a deplorable state, more 
than a third of them continue to provide intensive care 
to others. According to research, the physical condi-
tion of the family caregiver influences the decision to 
place a sick relative in a long-term care facility. Med-
ical advancements, shorter hospital stays, restricted 
release planning, and the spread of home care devices 
have increased the costs and responsibilities placed on 
families, who are now expected to shoulder greater 
tasks.

Providing care has a negative influence on the 
mental health of the family caregiver. [3] Caregivers 
of older family members or mentally ill folks have 
increased levels of stress, anxiety, sadness, and other 
mental health problems. The most important aspect in 
any caregiver’s path is love. We provide care for some-
one we love who is dealing with an illness or a loss of 
function in some way, either physically or emotion-
ally. Many caretakers find themselves in the position 
over time. It’s unusual for a family to be fully prepared 
to handle all of the complexities of caring for a loved 
one. The physical, emotional, and frequently financial 



966 | Cardiometry | Issue 24. November 2022

burdens that come with caring for a loved one who 
has been diagnosed with cancer, dementia, or other 
serious illness.[3]

Caregivers burnoutsyndrome is induced by pro-
viding constant care to a chronic patient without in-
terruption. Physical, mental, and financial problems 
among caregivers, as well as the patient’s loss of func-
tion and lack of free time, all have a negative impact 
on caregivers’ well-being. Caregivers of people with 
chronic mental illnesses face a number of issues. Care-
givers may experience emotional weariness and de-
pression. [2]

Caregiver burnout syndrome, often known as care-
giver stress, is a disorder characterized by unconscious 
chatter, weariness, hostility, and guilt. If the individual 
is being cared for by problems such as faecal incon-
tinence, hostility, sleep disturbance, roaming, and/or 
memory, the person is expected to experience a severe 
case of caregiver stress. Symptoms such as weariness, 
gastrointestinal issues, insomnia, and depression are 
common concerns among caregivers. Unceasing care-
giver stress can harm a caregiver’s physical health, re-
sulting in increased blood pressure, hyperglycemia, a 
compromised immune system. Many physically un-
well caretakers do not seek treatment because they are 
unaware of their emotional and physical exhaustion. 
This sort of burnout is known as “Caregiver burnout 
syndrome,” yet it is not officially recognized anywhere 
on the planet. [2]

Self-care is a form of love, and few people know 
how to practice it, especially when it is most needed. 
We neglect to manage our own well-being when we are 
caring for others. According to the report, when par-
ents are on an aircraft and emergency instructions are 
being presented, they are informed that in the event of 
an emergency, they should put on their oxygen mask 
first, then tend to their child. This comparison also 
applies to the caregiver. The first rule of caring (and 
life) should be to take care of yourself on a daily basis. 
We define self-care as engaging in behaviors that are 
soothing, relaxing, and revitalizing to yours

Caregivers frequently express that maintaining 
their own well-being and health concerns while caring 
for a loved one is extremely tough. While many people 
equate self-care with sleeping, eating, and grooming, it 
also includes identifying the activities and needs that 
nourish and energize you. [4]

Caregiver stress can manifest itself in a variety of 
ways. For example, one minute you may be upset and 

angry, and the next you may feel helpless. It is possi-
ble that you will make an error when administering 
drugs. You could also participate in dangerous habits 
like smoking or drinking too much alcohol. [4] Others 
include 
• Emotionally drained 
• Feeling abandoned 
• Napping too much or too little 
• Gaining or losing a massive amount of weight
• Having a constant feeling of exhaustion. 

CAREGIVERS ARE AFFECTED 
IN MANY WAYS BY STRESS, INCLUDING

Anxiety and depression. Anxiety and depression 
symptoms affect female caregivers more than male 
caregivers. Anxiety and melancholy can increase your 
risk of heart disease and stroke, among other health 
problems. [1]

Immune system. Caregivers who are stressed may 
have lower immune systems and spend more day’s sick 
with the cold or flu than non-caregivers. Vaccines, 
such as flu vaccinations, can be rendered ineffective 
by a weakened immune system. In addition, recovery 
from surgery may take longer.

Obesity. More women than males acquire weight 
as a result of stress. Obesity increases the chances of 
heart disease, stroke, and diabetes, among other health 
issues. [6]

There’s a higher probability of having chronic ill-
nesses. High stress levels, particularly when combined 
with depression, may raise your risk of acquiring 
health issues such as cardiovascular disease, cancer, 
hypertension, or arthritis. [6]

THE CAREGIVER SELF-CARE PLAN 
Accepting that looking for assistance is normal is 

the first step, followed by describing the type of sup-
port you require.

The next step is to look for help in your immediate 
area.[1]

1. Recognize that seeking assistance is a common 
occurrence.

People who are concerned about others have the 
option of asking how they may help themselves, but 
just a small percentage of caregivers do so. During 
the caregiving phase, caregivers can take a break from 
caring for their loved ones, for instance, a week off. 
Caretakers must seek assistance if they believe it is im-
portant to protect their emotional and somatic health. 
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It’s critical to stress to the caregiver that seeking help 
is not a show of weakness. It should also be stated that 
getting aid for the caregiver is crucial and possible. 
The first step in this process is to determine the level 
of assistance required by the caregiver. [2].

2. Figure out what kind of help you’ll need.
Determining what kind of help you need is a key 

step that can be difficult at first. Care, like any other 
job, entails a variety of tasks with the same priority. 
The most important thing to remember is to keep 
track of everything you do, even the seemingly insig-
nificant details.

3. Look for help in your immediate area 
Caregivers’ support services differ by country and 

culture. Families in several countries are legally liable for 
the care of their elderly relatives. Caregivers in the United 
Kingdom now have access to need assessments, support 
services, and flexible working hours as a result of new 
law. In other nations, a paid caregiver is hired. [2]

As a result, it is critical to support carers by hav-
ing nurses visit them in their homes. Caregivers in the 
community are often undervalued and under support-
ed by their families. Caregivers, on the other hand, 
have needs to be respected, to participate in social 
situations, to receive information, to receive support, 
to protect and develop their health, to have financial 
support, and to have their needs met. As a result, nurs-
es should provide carers with knowledge on the issues 
they require during the care process. The caregiver can 
deliver effective and proper care to his or her patient 
thanks to the nurse’s knowledge and support. [2]

LOVE YOURSELF
1. Start small.
Once you’ve decided on one or two areas where you 

want to work, make it a point to start small. A minor 
modification in your daily routine or a habit can help you 
gain a fresh perspective on all of your responsibilities.

2. Keep a self-care routine.
Make a habit for yourself that you are proud of. 

Guard and cherish what you have, whether it’s a morn-
ing stroll, an exercise programme, or a cup of tea at 
a specific hour. This is critical, and you will quickly 
understand that prioritizing what you need to accom-
plish in order to be more available to provide care is 
perfectly acceptable. [8]

3. Listen to your senses 
Listening to what our senses are telling us is a cru-

cial place to start when it comes to figuring out what 

can be most valuable to your self-care. Allow your-
self to be moved by what you see, feel, hear, taste, and 
touch. Go outside and find something beautiful to 
you, listen to music, sit and breathe for five minutes, 
hug someone, an animal, or even a tree, or eat some-
thing comforting and soothing. All of these are things 
you can do to look after yourself.

4. Consult a therapist or a support group
Caregivers can seek help from a variety of thera-

pists and support groups. These are crucial connec-
tions that can help you in your path of caregiving, 
whether in person or online.

A trained therapist can assist you in processing 
your emotions, establishing boundaries, and improv-
ing communication with your partner and other fami-
ly members. A support group can also help with these 
concerns, but the focus may be more broad. Having 
someone work with you particularly on the issues 
you’re encountering can rapidly provide a lot of calm.

Also, keep in mind that professional care groups 
can help you with other types of counselling. Hospice 
providers, for example, frequently provide specialist 
grief therapy. [9]

5. Schedule days off and respite care.
When you’re a caretaker, it’s critical to schedule 

time off. It’s what allows you to be truly present when 
you’re with someone you care about.

There are programmes and places that provide re-
spite care for individuals who are caring for someone 
who requires round-the-clock care. Respite care can 
be provided at home, in specialist day-care centres, or 
in facilities that provide overnight accommodations. 
Respite care might be scheduled for a few hours, a day, 
a few days, or even a few weeks. [10]

6. Be practical, know your limits.
Ask for assistance if you require it. As a caregiv-

er, you can seek for support from others, or if you’re 
having trouble navigating your loved one’s healthcare 
system, ask to talk with a Social Worker or Hospitalist. 
They have the ability to deliver excellent information 
and service, and they frequently do so. Make the effort 
to set up online bill payment so that you can save time 
in the future. [11]

7. Be kind to yourself.
You are a human being, and no one is flawless. 

It’s inevitable that errors will occur. When things get 
rough, slow down by: 
• paying attention to what you’re doing and breath-

ing deeply
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• Speaking and thinking good thoughts about your-
self 

• developing a gratitude practice 
• Journaling 
• calling a friend

8. Reward yourself.
Make a point of doing something special for your-

self when you take that well-earned vacation. Always 
remember that you deserve to spend time doing the 
things that make you happy and peaceful.
• Buying yourself flowers 
• Getting some bodywork done, such as a massage 

or facial 
• Practicing yoga 
• Taking a nice walk somewhere you enjoy 
• Curling up with a good book [12]

9. Decrease your screen time.
Self-care is setting aside time to be away from elec-

tronic devices. If you spend too much of your spare 
time away from caregiving on your phone or comput-
er, you may feel isolated from your friends and family, 
and it may become an unhealthy way of coping with 
stress. Reduce your screen time by turning off noti-
fications, creating phone-free zones, and turning off 
your phone when you’re with friends or family. Going 
for a stroll instead of watching Netflix

10. Keep an exercise routine.
Make a weekly fitness programme if you don’t al-

ready have one. Moving around often, whether it’s for a 
10-minute stroll or a fast jog to start your day, is a prov-
en strategy to boost your mental and physical well-be-
ing. [14] To keep motivated, try the following tips:
• Make a playlist of tunes for your exercise regimen 
• Post sticky notes throughout your house telling 

you to get outside 
• Find a workout friend and commit to a weekly run 

or hike
Caring for a loved one who has a serious illness 

can be physically and emotionally draining, and it can 
even result in burnout. Maintaining your own health 
and well-being is critical so that you can provide the 
greatest possible care to others.

HERE ARE TIPS FOR HANDLING SOME 
OF THE COMMON CHALLENGES 
FOR CAREGIVERS:
• Make time for yourself and your personal require-

ments. Keep an eye out for indicators of stress, such 
as irritability, loss of appetite, or problems sleeping, 

concentrating, or remembering things. Pay atten-
tion to mood swings, a lack of interest in routine 
activities, or an inability to complete routine duties. 
[15]

• Consume a healthy, well-balanced diet. Every day, 
drink plenty of water.

• Get some exercise by going for a brief stroll every 
day or at least three times a week.

• Listen to calming music or guided relaxation CDs.
• Intersperse activities with short rest times. Make 

getting a good night’s sleep a priority.
• Set boundaries for yourself in terms of what you 

can and cannot do.
• Don’t put too much on your daily to-do list. Keep 

your expectations in check.
• Set aside a few hours many times a week for signif-

icant and fun activities.
• Enlist the help of family and friends for household 

tasks, meal preparation, babysitting, and grocery 
shopping.

• Talk to your family or other caregivers about how 
you’re feeling, or join a support group.

• Praise yourself: You do make a difference with the 
attention you give.

CONCLUSION 
An increasing amount of evidence suggests that 

caring for a chronically ill individual can affect the 
caregiver’s physical, mental, and emotional health. As 
they strain to provide care for others, families’ health 
is threatened. As a result, caregiver health is quickly 
becoming a public health issue that requires more fo-
cused attention from health professionals, politicians, 
and caregivers themselves to ensure the health and 
safety of individuals who devote their lives to caring 
for others. Improving caregiver health requires ex-
panding access to appropriate mental health thera-
pies and medical care. Despite the fact that caring can 
have a detrimental impact on caregivers’ health and 
well-being, research shows that these effects can be 
minimized to some extent by: caregiver education and 
support programmes; evaluation of family caregiver 
needs leading to a care plan with support services.
Caregiver respite, financial help to lessen the financial 
strain of caregiving, and primary care interventions 
to address caregiver requirements Improved caregiver 
recognition and treatment of physical and psychologi-
cal symptoms is a key public health concern that needs 
to be addressed. Maintaining our country’s long-term 
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care system necessitates maintaining family caregivers 
healthy and capable of delivering care, and as the pop-
ulation ages, this issue will only grow more pressing. 
Caregivers have experienced negative consequences 
due to the high demands of caregiving and a lack of 
resources.
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Abstract
Back ground & Objectives: Obstetrical emergencies are 
most unpredictable complication that can be prevented by 
early identification, Pregnancy is arguably the magical time of 
a woman’s life and has its unique joys and challenges. The pro-
cess is very noteworthy. The present study aimed toeffective-
ness of Structured teaching programme on early identification 
of obstetrical emergencies among antenatal mother’s in select-
ed hospital.
Materials & methods: Quantitative Research with Pre-Exper-
imental Research Design using a one-group pre-test post-test 
design among antenatal mothers. Data was collected from 
June 1st to June 8th, 2022 with sample size of 30, the sam-
pling technique used was non-probability, purposive sampling. 
A structured questionnaire with multiple-choice questions was 
adapted. Data has been processed by SPSS 20 version then 
analyzed descriptive and inferential statistics.
Results: Pretest knowledge regarding early identification of 
Obstetrical Emergencies among antenatal women before ad-
ministration of Structured teaching programme. 63.3% (19) of 
the antenatal mothers had inadequate knowledge, 36.7% (11) 
of them had moderate knowledge score, and none of them 
are having adequate level of knowledge score.The pre-test and 
post-test level of knowledge score regarding on early identi-
fication of Obstetrical Emergencies among antenatal women, 
before and after administration of Structured teaching pro-
grammeare highly statistically significant at P≤0.05. 

Conclusion: A remarkable proportion of antenatal mothers 
have lack of knowledge on identification of Obstetrical Emer-
gencies. Hence, early detection and quality of Multidimensional 
teaching approachof antenatal mothers needs to be awareness 
about early identification of Obstetrical Emergencies to im-
prove the maternal, obstetric, and neonatal outcomes.

Keywords
Obstetrical Emergencies, Structured teaching programme, An-
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Introduction:
Pregnancy is arguably the magical time of a wom-

an’s life and has its unique joys and challenges. The 
process is very noteworthy. A mixture of excitement 
and fear, joy and anxiety, and the feeling that nothing 
is needed to prepare. It can be as peaceful as she wants, 
but at the same time a stressful time full of fear for her 
baby’s health and herself. All pregnant women are at 
risk of unexpected complications that can harm her 
or her unborn baby. Therefore, the healthcare system 
needs to be coordinated to control complications and 
effectively prepare forthe mother’s childbirth, which 
requires the support of a broad community. It is be-
coming increasingly important to characterize the 
extent of pregnancy-related emergencies in order to 
minimize maternal and infant mortality.[1,2,3,] Pre-
natal care is the care that pregnant women receive 
during pregnancy through a series of consultations 
with trained medical professionals such as midwives, 
nurses, and sometimes doctors who specialize in preg-
nancy and childbirth [4].

Prenatal care (ANC) is one of the strategies for 
combating maternal mortality to facilitate the detec-
tion and mitigation of early pregnancy risk factors. 
Timely and frequent use of the ANC package can be 
used to detect and treat obstetric complications such as 
prenatal disease, sexually transmitted infection immu-
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nization, and intermittent preventive treatment (IPTp) 
of malaria during pregnancy, and infections including: 
It enables us to provide important services including 
detection and treatment of diseases. HIV, syphilis and 
other sexually transmitted diseases (STI) [5,6]. The 
World Health Organization (WHO) recommends at 
least four prenatal visits, including interventions such 
as tetanus toxoid (TT) vaccination, infection screen-
ing and treatment, and recognition of warning signs 
during pregnancy. [7] Obstetric emergencies are 
life-threatening medical conditions that occur during 
pregnancy, during or after childbirth.[8] Pregnancy 
and obstetric emergencies include ectopic pregnancy, 
placenta previa, sudden placenta, preeclampsia, pre-
eclampsia , and premature rupture of water . Obstetric 
emergencies during labour include amniotic fluid em-
bolism, acute uterine varus and uterine rupture, pla-
centalattachment, umbilical cord prolapse, and shoul-
der dystocia. andObstetricsEmergencyPostpartum 
bleeding and shock are included. Approximately 15% 
of all pregnant women develop potentially life-threat-
ening complications that require skilled care, and 
some require extensive obstetric surgery to survive. 
Approximately 830 women die daily from pregnancy 
and childbirth-related complications worldwide, 99% 
of which occur in developing countries. The majority 
(80%) of these deaths are preventable. [9]

Most maternal mortality results from complica-
tions during pregnancy and after childbirth. Most of 
these complications occur during pregnancy and can 
be prevented or treated with early and appropriate 
treatment.[10]. Every year nearly 600,000 women die 
between the age group of 15 and 49 due to problemsa-
rise from pregnancy and childbirth. This implies that 
a maternal death occurs virtually every minute of ev-
ery year.[11]

Poor knowledge of signs of danger delays obstet-
ric seeking behavior and increases maternal mortality 
and morbidity worldwide. Childbirth preparation is 
a strategy that promotes timely access to the care of 
qualified mothers, especially during childbirth, based 
on the theory that childbirth preparation reduces de-
lays in access to that care. [12].

Childbirth preparation is a strategy to encourage 
the timely use of the care of skilled mothers. Pregnant 
women and their families are often not well informed 
about the main signs of danger and often ignore the 
signs of early warning, thus delaying them seek med-
ical care. Therefore, this study tested the effectiveness 

of Structured teaching programme to improve the 
level of early identification of obstetrical emergencies 
among antenatal mothers.

Objectives
1. To assess the level knowledge on early identifica-

tion of obstetrical emergencies among antenatal 
mothers.

2. To evaluate the effectiveness of Structured teaching 
programme on early identification of obstetrical 
emergencies among antenatal mothers.

3. To compare the pretest and post test knowledge 
scores among antenatal mothers.

4. To associate the pretest knowledge with selected 
demographic variables among antenatal mothers.

Methodology
Approach to Quantitative Research with Pre-Ex-

perimental Research Design was carried out using a 
one-group pre-test post-test design among antenatal 
mothers visiting the Antenatal OPD at the Govern-
ment General Hospital in Kakinada, Andhra Pradesh. 
Data was collected from June 1st to June 8th, 2022. The 
sample size was based on a review of the literature, the 
calculated sample size was 30. The sampling technique 
used was non-probability, purposive sampling. This 
study included all antenatal women who visited the An-
tenatal OPD for a prenatal check-up and were willing 
to participate. Pregnant mothers who were severely ill 
during data collection, were unable to hear, or worked 
in a health-related field were excluded. A structured 
questionnaire was used to collect data based on the 
research objectives. The tools included socio-demo-
graphic information and obstetrical variables, as well 
as a semi structured questionnaire on knowledge of 
obstetric emergencies. The researcher created the so-
cio demographic characteristics in order to collect de-
mographic data from the sample. The Semi-structured 
knowledge questionnaire had 30 items, all of which 
were multiple choice questions. For multiple-choice 
questions, each option received a one, while don’t know 
and no response received a zero. Respondent knowl-
edge was classified as inadequate 50 percent, moderate 
51-75 percent, and adequate 76-100 percent. 

Prior to the study, an ethical clearance was ob-
tained from the Government hospital. The study’s 
purpose was explained to the participants. Each 
individual provided informed written consent. The 
respondents’ privacy and confidentiality were pro-
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tected. Respondent information was only used for 
research purposes. Face-to-face interaction were 
used to collect data. The researcher administered a 
Semi-structured questionnaire to each participant 
during the pre-test to assess their knowledge of ob-
stetric emergencies. The interaction was 20-30 min-
utes for each women to complete the questionnaire. 
Following the pre-test, the researcher taught the 
class on obstetrical emergencies using the structured 
teaching programme. Then researcher clarified many 
of the participants’ questions about study and, in 
general, according to the needs of each participant. 
The mothers were thanked and told to return one 
week after the structured teaching programme was 
implemented. The researcher had sent a phone re-
minder the day before. The same questionnaire was 
used for a post-test one week later to determine the 
effectiveness of the Structured Teaching Programme. 
After collecting the post-test questionnaire and en-
suring that the data was complete, the data was cod-
ed, tallied, and calculated scientifically. There was 
descriptive and inferential analysis. Tables, graphs, 
figures, and numerical summary measures were 
used to present the results.

Results and Discussion:

Section-A:Sample Characteristics
The sample characteristics of the Antenatal Moth-

ers in terms of frequency and percentage, 20 (66.6%) 
were aged between 21 – 25 years, 18 (60%) were Hin-
dus, 18 (60%) were living as Joint family, 18 (60%) were 
Graduates and have higher degree, 20 (66.7%) were 
Homemakers and 24 (80%) have monthly income of < 
Rs.10000, 11(55%) have 21-25years of Ageatmarriage. 
14 (46.7%) were primi gravida and 13 (43.3%) were 
Multi gravida.

Section-B:  
Assess the pre-test knowledge level regarding early 

identification of Obstetrical Emergencies among ante-
natal mothers.

Table1 represents the percentage of pretest 
knowledge score each domain wise. Mothers are 
having high score in Postpartum hemorrhage (25%), 
and moderate score of 21% in Ectopic Pregnancy 
and19%inAbruptio of the placenta & Shoulder Dys-
tocia, (14%) in Cord Prolapse and minimum score in 
Rupture of Uterus (2%).

Table 1
Frequency & Percentageofpre-test knowledge early identifica-
tion of Obstetrical Emergencies among antenatal mother’s

Obstetrical 
Emergencies Mean SD % of 

knowledge
Postpartum hemorrhage 3.15 1.71 25%
Ectopic Pregnancy 3.33 1.59 21%
Abruptio of the placenta 2.54 1.62 19%
Shoulder Dystocia 2.35 1.69 19%
Cord Prolapse 2.10 1.02 14%
Rupture of Uterus 1.01 0.20 2%

Table 2 shows the level of pretest knowledge re-
garding early identification of Obstetrical Emergen-
cies among antenatal women before administration 
of Structured teaching programme 63.3% (19) of the 
antenatal mothers had inadequate knowledge, 36.7% 
(11) of them had moderate knowledge score, and none 
of them are having adequate level of knowledge score.

Table 2
Pre-test knowledge score regarding early identification of Ob-
stetrical Emergencies among antenatal mother’s
Levelof knowledge Numberof 

antenatalwomen
%

Inadequate 19 63.3%
Moderate 11 36.7%
Adequate 0 0%
Total 30 100%

Section-C
Assess the post-test knowledge level regarding ear-

ly identification of Obstetrical Emergencies among 
antenatal mother’s.

Table 3 represents the percentage of pretest knowl-
edge score each domain wise. Mothers are having high 
score in Postpartum hemorrhage (30%), and mod-

Table 3
Frequency & Percentage of post - test knowledge early identi-
fication of Obstetrical Emergencies among antenatal mother’s

Obstetrical 
Emergencies Mean SD % of knowl-

edge
Postpartum hemorrhage 6.78 1.01 30%
Ectopic Pregnancy 6.52 .97 20%
Abruptio of the placenta 5.93 .86 20%
Shoulder Dystocia 5.80 .88 15%
Cord Prolapse 5.62 .74 10%
Rupture of Uterus 4.81 .63 5%
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erate score of 20% in Ectopic Pregnancy and Abrup-
tio of the placenta, 15% in Shoulder Dystocia, (10%) 
in Cord Prolapse and minimum score in Rupture of 
Uterus (5%).

Table 4 shows the level of post – test knowledge 
regarding early identification of Obstetrical Emergen-
cies among antenatal women after administration of 
Structured teaching programme 56.7% (17) of the an-
tenatal mothers had moderate knowledge, 43.3% (13) 
of them had adequate knowledge score, and none of 
them are having inadequate level of knowledge.

Table 4
Post - test knowledge score regarding early identification of 
Obstetrical Emergencies among antenatal mother’s
Levelof knowledge No. of antenatal women %
Inadequate 0 0.0%
Moderate 17 56.7%
Adequate 13 43.3%
Total 30 100%

Section-D
Evaluating the effectiveness of Structured teach-

ing programme on early identification of obstetrical 
emergencies among antenatal mothers.

Table 5 shows in view of all the aspects of obstetri-
cal emergencies like Postpartum hemorrhage, Ectopic 
Pregnancy, Abruptio of the placenta, Shoulder Dys-
tocia, Cord Prolapse & Rupture of Uterus in pretest 
and posttest they are highly statistically significant at 
P≤0.001.

Table 6 shows the pre-test and post-test level of 
knowledge score regarding on early identification of 
Obstetrical Emergencies among antenatal women, 
before and after administration of Structured teach-
ing programme are highly statistically significant at 
P≤0.05. (Figure:1)

Section - E
Association of findings with selected demographic 

and obstetric variables.

Table 5
Comparison of pre and post-test knowledge scoreon early identification of Obstetrical Emergencies

Knowledgescore
Mean 

Difference Student’spairedt-testPre-test Post-test
Mean SD Mean SD

Postpartum hemorrhage 3.15 1.71 6.78 1.01 3.630 t = 8.174,P = 0.001***
significant

Ectopic Pregnancy 3.33 1.59 6.52 .97 3.190 t = 7.660,P = 0.001***
significant

Abruptio of the placenta 2.54 1.62 5.93 .86 3.390 t = 8.266 P = 0.001***
significant

Shoulder Dystocia 2.35 1.69 5.80 .88 3.450 t = 8.097,P = 0.001***
significant

Cord Prolapse 2.10 1.02 5.62 .74 3.520 t = 12.492,P = 0.001***
significant

Rupture of Uterus 1.01 0.20 4.81 .63 3.800 t = 25.710,P = 0.001***
significant

 ***veryhighlysignificantat P≤0.001.

Table 6
Comparison of Pre-test and post-test level of knowledge score

Level of knowledge Extended 
McNemar’s testPre-test Post-test

N % N %
Inadequate 19 63.3% 0 0.0% X2 = 11.23p = 0.05*

DF = 2
significant

Moderate 11 36.7% 17 56.7%
Adequate 0 0% 13 43.3%
Total 30 100% 30 100%

*Significant at P≤0.05
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Figure.1: Comparison of Pre-test and post-test level of knowl-
edge score 

The association between pretest level of knowledge 
score with antenatal women demographic variables. 
None of the demographic variables are significantly 
associated with their pretest level of knowledge.

The association between post test level of knowl-
edge score with antenatal women demographic vari-
ables like Gravida,3.59% of knowledge gain score in 
primigravida, and 4.20% of knowledge gain score in 
multigravida mothers. P value is 0.05. This is also sta-
tistically significant. None of the other demographic 
variables are significantly associated with their post 
test level of knowledge.

The present study finding is supported by Lal 
Monica Nancy (2020) reported that Effectiveness of 
structured teaching programme on knowledge regard-
ing identification of high-risk pregnancies. The results 
found that the findings of the study revealed that there 
was a significant difference between the mean Pre-test 
(20.40) and Post-Test (29.08) knowledge scores, it de-
notes that level of knowledge is increased after inter-
vention [13].

The effectiveness of structured teaching pro-
grammes on knowledge regarding early detection of 
high-risk pregnancies among antenatal moms is eval-
uated in a different study by Dhanalakshmi J (2019). 
With a paired t-test P value of 0.001, the study’s find-
ings showed that the Structured Teaching Program 
had increased women’s understanding of early iden-
tification. [14]

In another study by Marie Gilbert Majella, Gokul 
Sarveswaran (2019)conducted a study of A longitu-
dinal study on high risk pregnancy and its outcome 
among antenatal women attending rural primary 
health centre among 569 antenatal case record re-
viewed, 315 (55.3%) were in the age group of 20-25 
years and majority (463, 81.4%) belonged to below 

poverty line families; 410 (74.3%) registered their cur-
rent pregnancy within the first trimester. The preva-
lence of high-risk pregnancy among study participants 
was 18.3% (95% confidence interval: 15.3%-21.7%). 
Majority (81.9%) had term delivery. Regarding obstet-
ric and neonatal outcomes, majority had spontaneous 
vaginal delivery (73.9%); about 10.4% gave birth to 
low-birth weight baby, and only 1.7% had stillbirth. 
Parity, socioeconomic status, and unfavorable out-
comes such as low-birth weight, preterm, and post 
term delivery were associated with high-risk pregnan-
cy.Hence, early detection of high-risk pregnancy needs 
to be done at primary health-care level to improve the 
maternal, obstetric, and neonatal outcomes.[15]

CONCLUSIONS
Pregnant women must have holistic knowledge on 

early identification of Obstetrical Emergencies, they 
play a vital role in pregnancy and labour the present 
study had been supported by a series of other studies 
which confirmed that the knowledge on early identifi-
cation of Obstetrical Emergencies is important to get a 
healthy child, for the prevention of maternal mortality 
and morbidity. Data analysis and result was found that 
Multidimensional teaching approach has to improve 
by providing health information, booklets during fol-
low up on anticipation of Obstetrical Emergencies to 
avoid maternal death. Hence, early detection of ante-
natal mothers needs to be awareness about early iden-
tification of Obstetrical Emergencies to improve the 
maternal, obstetric, and neonatal outcomes.
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Abstract
Background: Antenatal care (ANC) is the care given to preg-
nant women and adolescent girls by skilled health care profes-
sionals to ensure the best health conditions for both mother 
and baby during pregnancyin order to avoid health issues in 
both the foetus and the mother, as well as healthy behaviours 
and parenting skills. 
Objectives: The present study aims to knowledge of primi an-
tenatal mother regarding antenatal care, to compare and to 
determine the association between the level of knowledge re-
garding antenatal care in rural and urban primi antenatal moth-
ers with selected demographic variables. 
Materials & Methods: Quantitative research approach with 
a community-based cross-sectional comparative study design 
with samplesize of 60 primigravida mothers both rural (30 sam-
ples) at PHC, and urban (30 samples) at UHC by a non-prob-
ability convenient sampling method. The first section compiles 
demographic variables such as age, age at marriage, last men-
strual period, expected date of delivery, religion, family type, 
educational status, occupation, income, place of residence, 
gestational weeks, and source of health information. Section B 
is a Semi-structured questionnaire designed to assess antenatal 
care knowledge. 
Results: The results the study revealed thatthe comparison 
of Mean knowledge on Antenatal care among Primi antena-
tal women in Rural & Urban area. It is evident that there was 
a highly significant difference in knowledge on antenatal care 
among rural and urban primigravida mother at P < 0.001

Conclusion: The finding of the study concluded that primi 
mothers due to the various source of information mothers get 
educated had good knowledge regarding antenatal care which 
indicated that there was still lack of knowledge in few aspects 
of antenatal care.
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Introduction:
Antenatal care (ANC) is the care given to preg-

nant women and adolescent girls by skilled health care 
professionals to ensure the best health conditions for 
both mother and baby during pregnancy. It promotes 
a foundation for health promotion, risk identification, 
prevention, and management of pregnancy-related 
diseases in order to avoid health issues in both the 
foetus and the mother, as well as healthy behaviours 
and parenting skills[1]. Antenatal care (ANC) is an im-
portant point of entry for pregnant women to receive 
health promotion and preventive information and 
services, such as iron supplementation, deworming 
tablets, tetanus injections, and malaria prophylax-
is[2]. Similarly, early enrolment in ANC allows health 
workers to provide timely information and services 
based on gestational age and health status.[3] On the 
contrary, mothers who arrive late for ANC miss out 
on health information and interventions such as early 
HIV detection, malaria and anaemia prophylaxis, and 
prevention or management of complications[4]. The 
World Health Organization (WHO) recommended a 
minimum of four visits for low-risk pregnancies with 
targeted interventions in each visit [5], referred to as Fo-
cused ANC, in order to ensure access to goal-oriented 
care for all women, not just those at risk (FANC). An-
tenatal care utilisation is an important component of 
maternal health care because it reduces maternal and 
perinatal morbidity and mortality both directly and 
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indirectly by identifying pregnant women and girls 
who are most likely to develop complications during 
pregnancy. As a result, early referral to an appropriate 
health facility for further care is ensured. [6] Pregnant 
mothers who do not receive good quality antenatal 
care (ANC) are more likely to have low birth weight 
babies, and there is a clear link between perinatal mor-
tality, infant mortality, and a lack of or poor quality of 
ANC. [7] In India, the reproductive and child health 
programme (RCH) II, as well as the National Health 
Mission (NHM), aim to provide quality ANC, which 
includes a minimum of four ANC visits, early regis-
tration, physical and abdominal examinations, hae-
moglobin percent estimation, urine investigation, 
two doses of tetanus toxoid (TT) immunisation, and 
100 days of iron folic acid (IFA) tablet consumption. 
[8] During the first seven months, the mother should 
go to the antenatal clinic once a month. If everything 
is normal, you will be checked twice in the eighth 
month and once a week after that. [9] The benefits of 
ANC attendance include increased chances of institu-
tional delivery and thus prevention and/or treatment 
of the leading causes of maternal and early neonatal 
mortality through timely access to/utilization of emer-
gency obstetric care services. [10] Under the umbrella 
of Universal Health Coverage by 2030, the Sustainable 
Development Goals have set ambitious health-related 
targets for mothers, new borns, and children, and ad-
dressing quality of care will be critical in reducing ma-
ternal mortality and achieving the health-related SDG 
targets. The World Health Organization (WHO) has 
developed a global vision in which “every pregnant 
woman receives quality care throughout pregnancy, 
childbirth, and the postnatal period” [11].

Due to early childbirth, high parity, shorter birth 
intervals, large family size, poverty, malnutrition, 
shortage of health personnel or health facilities, low 
status of women in society, low literacy rate & lack of 
awareness, poor communications and transportation 
facilities, social customs prevent them from seeking 
antenatal care even when services are available.[12] Late 
marriage, elderly prim gravida, previous caesarean 
section, PIH, diabetes mellitus, and obesity are all as-
sociated with urban cases. As a result, early identifica-
tion of risk factors and timely management of those 
risk factors reduces maternal and perinatal mortality 
and morbidity. [13] Various factors influence antenatal 
check-up awareness, including the role of education, 
income, family support, and equitable distribution of 

health services between rural and urban populations. 
[14] 

Barriers to access to quality maternal health ser-
vices must be identified and addressed at all levels of 
the health system in order to improve maternal health. 
Health literacy is essential for women to be aware of 
their health status and the importance of appropriate 
ANC. Thus, the purpose of this study was to compare 
the level of knowledge about antenatal care among 
primi pregnant women living in urban and rural areas 
who attended antenatal PHC and UHC.

The objectives of the study are to assess the knowl-
edge of primi antenatal mother regarding antenatal 
care residing at rural and urban areas, to compare 
the knowledge of primi antenatal mother residing at 
rural and urban areas& to determine the association 
between the level of knowledge regarding antenatal 
care in rural and urban primi antenatal mothers with 
selected demographic variables.

Methods
A quantitative research approach is used in the 

current study, with a community-based cross-section-
al comparative study design. The study’s sample of 60 
primigravida mothers was drawn from both rural (30 
samples) at PHC, Raganagaram and urban (30 sam-
ples) at UHC, Ambedkar Nagar, Rajahmundry using 
a non-probability convenient sampling method. The 
inclusion criteria are as follows: Pregnant women who 
attended a selected rural PHC or urban Health Centre, 
completed at least one ANC visit, and were available 
during the data collection period were chosen, and 
those who were unwilling to participate in the study, 
Multigravida mothers, previous abortion womens 
were excluded. The tool was split into two sections. 
The first section compiles demographic variables such 
as age, age at marriage, last menstrual period, expect-
ed date of delivery, religion, family type, educational 
status, occupation, income, place of residence, gesta-
tional weeks, and source of health information. Sec-
tion B is a semi-structured questionnaire designed to 
assess antenatal care knowledge. It included 30 items 
to assess primigravida mothers’ knowledge of antena-
tal care. The correct answer received a score of “one,” 
while the incorrect answer received a score of “zero.” 
The minimum score was ‘0,’ the maximum score was 
‘one,’ and the total score was 30. Based on the percent-
age scores obtained by the samples, the level of knowl-
edge was classified as follows: 50 percent are below av-
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erage, 51 - 75 percent is considered moderately average 
and above average is76 to 100 percent. After receiving 
ethical clearance, I informed the participants about 
the purpose of the study and obtained their written 
consent. The data were gathered by conducting direct 
questionnaire interviews with all eligible primi moth-
ers who agreed to participate in the study. The confi-
dentiality of the information provided was guaranteed 
and upheld. The collected data is tabulated in MS Of-
fice Excel software and analysed with the SPSS trial 
version. The sample’s characteristics are described us-
ing frequency and percentage. The correlation is used 
to compare the knowledge of primi women in rural 
and urban areas. The Chi square statistic is used to 
correlate knowledge levels with specific demographic 
variables of urban and rural primi antenatal women.

Results& Discussion:

Section-A
Description of the Demographic Variables & Clin-

ical Variables of primi antenatal women.
The characteristics of the Primiantenatal women 

Mothers in terms of frequency and percentage, in ru-
ral area 13 (43.3%%) were aged between 21 – 25 years 
whereas in urban area 14(46.7%) were aged between 
26 – 30 years, 13 (43.3%) and 11 (36.7%) were Hindus 
in rural and urban area respectively, 22 (73.3%) & 28 
(93.3%) were living as nuclear family in rural and ur-
ban area correspondingly, 13 (43.3%) & 21(70%) were 
Graduates in rural and urban area correspondingly, 19 
(63.3%) & 14 (46.7%) were Homemakers in rural and 

urban area respectively, 17 (56.7%) & 18 (60%) belong 
to age group of 21-25years atmarriage in rural and ur-
ban area. While coming to the source of information 
regarding antenatal care 13(43.3%) received informa-
tion from Health Professional in rural area while in 
urban area 14 (46.7%) received from Mass Media.

Section-B
Level of knowledge about various aspect of antena-

tal care in rural area & Urban.
Table 1 depicts level of knowledge regarding vari-

ous aspect of antenatal care in rural area among Prim-
iantenatal women. Most frequently, the information’s 
like Antenatal Checkup16 (53.3%), Diet 19 (63.3%), 
Hygienic health practice 14(46.7%), Preventive as-
pect21(70%), Tests during pregnancy 17(56.7%), Tak-
ing medicines in pregnancy 22 (73.3%), Development 
and growth of the fetus 27(90%) and Pregnancy com-
plications 16(53.3%) are not aware by the primi moth-
ers at rural area. Few aspects like Vaccination in preg-
nancy 18(60%), Consumption of tobacco and alcohol 
22(73.3%) and carrying out daily activities & Exercise 
in pregnancy 25(83.3%) had moderate knowledge. 
(Figure 1).

The present study is supported by Manisha(2020)
conducted a study toassess the knowledge regarding 
antenatal care among the primigravida mothers a de-
scriptive survey. The findings showed that majority 
of primigravida mothers i.e, 73.33% were in the age 
group of 18-25 years,40% had secondary education, 
60% were homemakers, 56.66% were from urban area, 
43.33% had family income between Rs 20,000-30,000. 

Table 1
Level of knowledge about various aspect of antenatal care in rural area among primi antenatal women. N = 30

Aspect of Knowledge Level of Knowledge
Inadequate Moderately Adequate

Antenatal check-up 16 53.3% 10 33.3% 4 13.3%
Diet 19 63.3% 11 36.7% 0 0%
Hygienic health practice 14 46.7% 13 43.3% 3 10%
Preventive aspect 21 70% 9 30% 0 0%
Vaccination in pregnancy 10 33.3% 18 60% 2 6.7%
Tests during pregnancy 17 56.7% 12 40% 1 3.3%
Taking medicines in pregnancy 22 73.3% 5 16.7% 3 10%
Consumption of tobacco and alcohol 2 6.7% 22 73.3% 6 20%
Development and growth of the fetus 27 90% 3 10% 0 0%
Carrying out daily activities & Exercise 
in pregnancy 3 10% 25 83.3% 2 6.7%

Pregnancy complications 16 53.3% 14 46.7% 0 0%
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Results revealed that only 20% primigravida moth-
ers were having good knowledge, majority50% pri-
migravida mothers had average knowledge and 30% 
primigravida mothers had poor knowledge regarding 
antenatal care.[15]

Table 2 depicts level of knowledge regarding var-
ious aspect of antenatal care in urban area among 
Primi antenatal women. Most frequently, the infor-
mation’s like Antenatal Checkup15 (50%), Diet 14 
(46.7%), Tests during pregnancy 17(56.7%), Devel-
opment and growth of the fetus 19 (63.3%), carrying 
out daily activities & Exercise in pregnancy 14 (46.7%) 
and Pregnancy complications 14 (46.7%) had mod-
erate knowledge among the primi mothers at urban 
area. Few aspects like Vaccination in pregnancy 22 

(73.3%), Hygienic health practice 16 (53.3%), Preven-
tive aspect18(60%), Taking medicines in pregnancy 
19 (63.3%), Consumption of tobacco and alcohol 16 
(53.3%) had adequate knowledge. (Figure 2)

Shivangi Gupta (2018) conducted a study Knowl-
edge of Primigravida Mothers Regarding Antenatal 
Care. The finding of the study revealed that the over-
all mean knowledge score was 13.76±.4.9. According 
to area the highest mean score was in the warning 
signs 1.47±.1.12. Majority 42.7 %, 36 % & 21% primi 
mothers had average, good and poor regarding ante-
natal care. Dietary pattern of mothers had significant 
association with level knowledge regarding antenatal 
care. Conclusion: From the study findings it could be 
concluded that primi mothers had average knowledge 

Table2
Level of knowledge about various aspect of antenatal care in Urban area among Primi antenatal women. N = 30

Aspect of Knowledge Level of Knowledge
Inadequate Moderately Adequate

Antenatal checkup 12 40% 15 50% 3 10%
Diet 6 20% 14 46.7% 10 33.3%
Hygienic health practice 6 20% 10 33.3% 16 53.3%
Preventive aspect 5 16.7% 7 23.3% 18 60%
Vaccination in pregnancy 3 10% 5 16.7% 22 73.3%
Tests during pregnancy 4 13.3% 17 56.7% 10 33.3%
Taking medicines in pregnancy 5 16.7% 6 20% 19 63.3%
Consumption of tobacco and alcohol 0 0% 14 46.7% 16 53.3%
Development and growth of the fetus 5 16.7% 19 63.3% 6 20%
Carrying out daily activities & Exercise in pregnancy 3 10% 14 46.7% 13 43.3%
Pregnancy complications 5 16.7% 14 46.7% 11 36.7%
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Figure 1: Level of knowledge about various aspect of antenatal care in rural area among primi antenatal women.
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regarding antenatal care. Thus, health education pro-
grams are required to enhance the knowledge regard-
ing antenatal care.[16]

Section C
Comparisonof Level of knowledge about various 

aspect of antenatal care in in Rural & Urban area.
Table 3 shows the comparison of Mean knowledge on 

Antenatal care among Primi antenatal womenin Rural & 
Urban area. It is evident that there was a highly signif-
icant difference in knowledge on antenatal care among 
rural and urban primigravida mother at P < 0.001.

Sushila (2017) conducted a Comparative Study 
to see the effect of Antenatal Care on Outcome of 
Pregnancy in Different Population. The present 
pilot study was carried out in 45 pregnant women 
who resided at different locations in relation to well 
established maternity hospital. These women were 
comparatively studied in three groups consist of, 
fifteen women in each group. In Group-1, women 
resided in Delhi close to a hospital. In Group-2, 
women were taken up from rural area in Haryana. 
The Group-3 enrolled the women from remote ar-
eas.[17]
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Figure 2: Level of knowledge about various aspect of antenatal care in urban area among primi antenatal women.

Table 3
Comparison of Mean knowledge on several aspects of antenatal care among Primi antenatal womenin Rural & Urban area

Rural Area Urban Aera
p-Value t Value

Mean ± S.D Mean ± S.D
Antenatal checkup 38.0 ±22.59 52.50 ±24.36 p < 0.01 (S) 2.5
Diet 33.5 ±17.44 33.5 ±17.44 p = 0.361(NS) 1.4
Hygienic health practice 37.00 ±18.38 41.00 ±22.18 p < 0.001 (S) 4.4
Preventive aspect 34.00 ±23.75 54.00 ±24.71 p < 0.001 (S) 4.6
Vaccination in pregnancy 31.50 ±27.75 44.50 ±26.03 p < 0.05 (S) 3.4
Tests during pregnancy 30.00 ±16.78 45.00 ±14.74 p < 0.001 (S) 6.3
Taking medicines in pregnancy 32.02 ±19.38 42.00 ±22.19 p < 0.001 (S) 4.1
Consumption of tobacco and alcohol 31.00 ±22.71 51.00 ±24.70 p < 0.001 (S) 4.4
Development and growth of the fetus 30.20 ±25.72 41.50 ±26.00 p < 0.05 (S) 3.1
Carrying out daily activities & Exercise in pregnancy 33.00 ±17.78 47.00 ±14.77 p < 0.001 (S) 6.6
Pregnancy Complications 40.0 ±23.57 59.50 ±24.00 p < 0.01 (S) 2.6

*S - Significant NS - Non-Significant
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Section D
Association between level of knowledge of ante-

natal care with the selected demographic variablesa-
mong Primi antenatal womenin Rural & Urban area

The Study demonstratesthat there were statistically 
significant association found the level of knowledge and 
source of information & other demographic variables 
has no significant association with the level of knowl-
edge. Hence it could be influenced that due to the var-
ious source of information mothers get educated and 
are aware about the antenatal care and its components.

CONCLUSION 
The finding of the study concluded that primi moth-

ers due to the various source of information mothers get 
educated had good knowledge regarding antenatal care 
which indicated that there was still lack of knowledge in 
few aspects of antenatal care. Hence health teaching pro-
grams are necessary to enhance the knowledge among 
primi mothers which may further help to reduce lackness 
in antenatal care during prenatal period. From the result 
of the study, it can be concluded that the demographic 
age, duration of marriage life, trimester, residence, family 
monthly income, education, dietary pattern, type of fam-
ily, occupation, previous knowledge regarding antenatal 
care not having association with knowledge score.
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Abstract
Heart disease is one of the complex diseases and globally many 
of us suffer from this disease. On time and efficient identification 
of cardiovascular disease plays a key role in healthcare, particularly 
within the field of cardiology. An efficient and accurate system to 
diagnose cardiovascular disease and the system is predicated on 
machine learning techniques. The system is developed by classifi-
cation algorithms using Random Forest, Naïve Bayes and Support 
Vector Machine while standard features selection techniques are 
used like univerate, feature importance , and correlation matrix 
for removing irrelevant and redundant features. The features se-
lection are used for feature to extend the classification accuracy 
and reduce the execution time of the arrangement. The way that 
aims at finding significant features by applying machine learning 
techniques leading to improving the accuracy within the predic-
tion of disorder. The heart disease prediction that Random Forest 
achieved good accuracy as compared to other algorithms.

Keywords
Heart disease, Data preprocessing, Feature selection, Random 
forest , Support vector machine, Naive bayes
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1. INTRODUCTION
Nowadays doctors are using many technologies and 

methodology for not only can identify and diagnose 

common diseases, but also many deadly diseases. In 
recent times, heart condition prediction is one among 
the foremost complicated tasks in medical field. within 
the epoch, approximately one person dies per minute 
because of cardiopathy. As heart condition prediction 
could be a complex task, there’s a requirement to au-
tomate the prediction process to avoid risks related to 
it and alert the patient well earlier. Nowadays doctors 
are using many technologies and methodology for not 
only can identify and diagnose common diseases, but 
also many deadly diseases

OVERVIEW
Machine learning is used for heart disease predic-

tion in a system that predicts diseases based on infor-
mation provided by users. It predicts the disease of 
the patient or the user based on the information or 
the symptoms entered into the web system and gives 
results based on that information. If the patient isn’t 
very serious and therefore the user just wants to un-
derstand the sort of disease, he/she has been through. 
It’s a system which gives the ideas and tips to take care 
of the health of the user and it provides how to seek 
out disease using this prediction.

2. PROBLEM STATEMENT
Heart Disease (HD) is very important in these va-

rieties of diseases with low cost forecasting. Recently, 
ML algorithms are used for forecasting many other ap-
plications. These algorithms will be used for forecast-
ing of CVD. The timely prediction of heart diseases 
helped in making decisions about the patients which 
resulted in reduction of their risks.

3. EXISTING SYSTEM
Artificial intelligence (AI) predicted heart disease 

using data mining Techniques. The main Methodolo-
gy is used for prediction is KNN Algorithms, Decision 
Trees and Naïve Bayes Techniques. This system uses 
20 medical attributes as input and with that input, 
Data sets it to process the data mining techniques and 
shows the most accurate one. AI is used three main 
data mining techniques in their work for predicting 
heart disease namely Decision Tree, Neural Networks 
and Naïve Bayes Classifier are used. The main task of 
data prediction is done using feature to increase the 
accuracy of disease these three techniques.
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4. PROPOSED SYSTEM
The main aim of this system is to predict the disease 

and which algorithm is best of occurring heart disease 
of the patients in terms of percentages. In this system, 
a heart disease data set is taken from UCI reposito-
ry. Classification technique is applied to the dataset 
through the machine learning classification algorithm 
namely SVM, Random Forest and Naïve Bayes Classi-
fication 3 models. These models are used to enhance 
the accuracy level of the classification technique. The 
proposed work predicts heart disease by exploring the 
three classification algorithms and performance anal-
ysis. The objective of this is to effectively predict if the 
patient suffers from heart disease. The Random Forest 
Algorithm has good results as compared to other al-
gorithms.

A. Naive Bayes Algorithm
It is mainly applied in text classification that has a 

high- dimensional training dataset. The Naïve Bayes 
Classifier is one among the straightforward and sim-
plest Classification algorithms which helps in build-
ing the fast machine learning models which will make 
quick predictions. The Naïve Bayes algorithm is pred-
icated on the Bayes rule[]. The independence between 
the attributes of the dataset is that the main assump-
tion and therefore the most significant in making a 
classification. it’s easy and fast to predict and holds best 
when the idea of independence holds. Bayes’ theorem 
calculates the posterior probability of an incident (A) 
given some prior probability of event B represented by 
P(A/B) [10] as shown in equation :
                 (P(B|A) P(A)) 
 P(A|B) = ------------------
               P(B)

B. Support Vector Machine Algorithm
In the SVM algorithm, it plot each data item as a 

degree in n-dimensional space (where n could be a 
number of features you have) with the worth of every 
feature being the worth of a specific coordinate. Then, 
it perform classification by finding the hyper-plane 
that differentiates the 2 classes all right .

C. Random Forest Algorithm
A random forest could be a machine learning tech-

nique that’s wont to solve regression and classification 
problems. It utilizes ensemble learning, which may 
be a technique that mixes many classifiers to supply 
solutions to complex problems. The (random forest) 
algorithm establishes the end result supported the pre-
dictions of the choice trees. It predicts by taking the 
typical or mean of the output from various trees. In-
creasing the amount of trees increases the precision of 
the end result.

5. SYSTEM ARCHITECTURE
The System Architecture for the Heart Disease Pre-

diction using Machine Learning is represented and the 
modules are explained.

ARCHITECTURE DESIGN
In system architecture the detailed description 

about the system modules and the working of each 
module is discussed as shown in figure 1.

The working of this system is described : Dataset 
collection which contains patient details. After identi-
fying the available data resources, they are further se-
lected, cleaned, and made into the desired form.Attri-
butes selection process selects the useful attributes for 
the prediction of heart disease. Different classification 

FIGURE 1. Architecture diagram for Heart Disease Prediction



984 | Cardiometry | Issue 24. November 2022

techniques as stated will be on preprocessed data to 
predict the accuracy of heart disease. Accuracy mea-
sure compares the accuracy of various of classifiers.

6. MODULE DESCRIPTION
In system architecture the detailed description 

about the system modules and the working of each 
module is discussed as shown in figure 1. The list of 
modules are:

Module 1: Data preprocessing
Data preprocessing may be a process of preparing 

the information and making it suitable for a machine 
learning model. It’s the primary and crucial step while 
creating a machine learning model. Data cleaning 
method is employed.

Module 2: Feature Selection
Feature Selection is the method of reducing the in-

put variable to the model by using only relevant data 
and eliminating noise in data. it’s the method of auto-
matically choosing relevant features for your machine 
learning model that supports the kind of problem 
you’re trying to unravel. In this system filter feature 
selection technique is employed.

Module 3: Classification technique
The classification technique is employed to predict 

the guts disease which algorithm is best. In this it’s 
used 3 algorithms there are Support vector machine, 
Random forest and Naive bayes algorithms. By com-
paring these algorithms and to predict which has high 
accuracy for cardiovascular disease prediction.

Module 4: Naive bayes algorithm
The Naïve Bayes algorithm is predicated on the 

Bayes rule[]. The independence between the attributes 
of the dataset is that the main assumption and there-
fore the most significant in making a classification.

                 (P(B|A) P(A))
 P(A|B) = ------------------
               P(B)

Module 5: Support vector machine
In the SVM algorithm, it plot each data item as a 

degree in n-dimensional space (where n could be a 
number of features you have) with the worth of every 
feature being the worth of a specific coordinate. Then, 
it perform classification by finding the hyper-plane 

that differentiates the 2 classes all right . Linear Ker-
nel-It is usually used as a measurable product between 
any two observations. The formula of the linear kernel 
–K(x, xi) = sum (x × xi).

Module 6: Random forest algorithm
A random forest could be a machine learning tech-

nique that’s wont to solve regression and classification 
problems. It utilizes ensemble learning, which may be 
a technique that mixes many classifiers to supply solu-
tions to complex problems.

Module 7: Predicted output
To predict cardiopathy using machine learning al-

gorithms while comparing Naive Bayes, Support Vector 
Machine and Random Forest Algorithm using machine 
learning repository dataset. The Random Forest Algo-
rithm has good results as compared to other algorithms.

7. SYSTEM IMPLEMENTATION
In this chapter, the System Implementation for the 

Heart Disease Prediction using Machine Learning is 
explained in detail. Dataset collection which contains 
patient details. After identifying the available data re-
sources, they are further selected, cleaned, and made 
into the desired form.Dataset are described below.

A. DATASET
UCI repository Heart Disease dataset is considered 

for testing purpose in this study. During the designing 
of this data set there were 303 instances and 14 attri-
butes. In this work, it performed pre-processing on the 
data set, and it as 0 missing values.

B. DATA PREPROCESSING
Data preprocessing is a process of preparing the 

raw data and making it suitable for a machine learn-
ing model. It is the first and crucial step while creating 
a machine learning model. The steps in data prepro-
cessing are:

Step 1: BEGIN
Step 2: Acquire the dataset
Step 3: Import all the crucial libraries Step 4: Im-

port the dataset
Step 5: Identifying and handling the missing values 

Step 6: Encoding the categorical data
Step 7: Splitting the dataset 
Step 8: Feature scaling 
Step 9:END
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C. DATA CLEANING METHOD
Data Cleaning means the method of identify-

ing the wrong, incomplete, inaccurate, irrelevant 
or missing a part of the information then modify-
ing, replacing or deleting them in keeping with the 
requirement. Data cleaning is taken into account a 
foundational element of the fundamental data sci-
ence. After exploring the dataset, it observed that it 
must convert some categorical variables into dum-
my variables and scale all the values in training data 
used in the Machine Learning models. Use the get_
dummies method to make dummy columns for cat-
egorical variables.

D. FEATURE SELECTION
Filter methods is used after preprocessing step in 

order to predict the disease. The best of features is 
used for removing un-relevant feature from the data-
set with help of machine learning algorithms. Instead, 
features are selected on the premise of their scores in 
various statistical tests for his or her correlation with 
the result variable. The correlation may be a subjective 
term here. For basic guidance, you’ll be able to seek 
advice from the subsequent table for outlining correla-
tion coefficients.

Step 1:BEGIN
Step 2: Input variable to the relevant data Step 3: 

Import libraries
Step 4: SelectKBest class that can be used to select a 

specific number of features
Step 5:Feature importance is the built-in class that 

comes with Tree Based Classifiers.
Step 6:Correlation Matrix with Heatmap indicates 

the target variable
Step 7: The output is predicted Step 8:END

E. CLASSIFICATION TECHNIQUE
Classification can be performed on structured 

or unstructured data. Classification is a technique 
where it categorizes data into a given number of 
classes. The main goal of a classification problem 
is to identify the category/class to which a new data 
will fall under.

1. NAÏVE BAYES ALGORITHM 
INPUT: Training data set
OUTPUT: Accuracy measurement Step 1: BEGIN
Step 2: Import libraries
Step 3: Gaussian naive bayes is used to predict the 

heart disease

Step 4: Calculate the probability : 

                  (P(B|A) P(A))
 P(A|B) = ------------------
                  P(B)

Step 5: Confusion matrix is used which has pre-
dicted label and actual label

Step 6: Calculate accuracy using naive bayes algo-
rithm Step 7: END

2. SUPPORT VECTOR MACHINE ALGORITHM 
INPUT: Training data set
OUTPUT: Accuracy measurement 
Step 1: BEGIN
Step 2: Import libraries
Step 3: Kernel linear is used to predict the heart 

disease 
Step 4: The formula of the linear kernel –K(x, xi) = 

sum (x ×xi).
Step 5: Confusion matrix is used which has pre-

dicted label and actual label
Step 6: Calculate accuracy using support vector 

machine algorithm
Step 7: END

3. RANDOM FOREST ALGORITHM 
INPUT: Training data set
OUTPUT: Accuracy measurement 
Step 1: BEGIN
Step 2: Import libraries
Step 3: Random forest is used to predict the heart 

disease
 Step 4: Compute the total votes for individual class
Step 5: Confusion matrix is used which has pre-

dicted label and actual label
Step 6: Calculate accuracy using random forest al-

gorithm 
Step 7: END

A. DATA PREPROCESSING
In the dataset there is no missing values so by 

using data cleaning method which is used to check 
the null values. After exploring the dataset, it ob-
served that Data preprocessing may be a process of 
preparing the information and making it suitable for 
a machine learning model. It’s the primary and cru-
cial step while creating a machine learning model. 
Data cleaning method is employed. Use the method 
to create dummy columns for categorical variables. 
As shown in figure 3
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FIGURE 3. Data Preprocessing for Heart Disease Prediction

B. FEATURE SELECTION
Feature Selection is the method of reducing the 

input variable to your model by using only relevant 
data and getting rid of noise in data. In this process 
filter technique is used to predict the disease. There 
are three types in filtering techniques are Univariate 
Selection, Feature Importance and Correlation Matrix 
with Heatmap.

1. Univariate Selection
Statistical tests could also be wont to pick certain 

features that have most effective relationship to the 
performance variable.

The scikit-learn library provides the SelectKBest 
class which will be wont to select a selected number 
of features in a very suite of various statistical tests. In 
figure 4 shown the univariate selection.

FIGURE 4. Univariate Feature Selection

2. Feature Importance
It can gain the importance of every feature of the 

dataset by using the Model Characteristics property. 
Feature value gives you a score for each function of 
your results, as shown in figure 5 the upper the score 
the more significant or appropriate the performance 
variable is.

FIGURE 5. Feature Importance Feature Selection

3. Correlation Matrix with Heatmap
Correlation matrix with Heatmap— Correlation 

indicates how the features are associated with one an-
other or to the target variable. The correlation is also 
positive (increase in one value of the feature increases 
the worth of the target variable) or negative (increase 
in one value of the feature decreases the worth of the 
target variable) as shown in figure 6.

FIGURE 6. Correlation Matrix with Heatmap Feature Selection

C. NAÏVE BAYES ALGORITHM
Using Gassian naive bayes is used to predict the 

Heart Disease it gives 85.25 % of accuracy is obtained 
as shown in figure 7.A confusion matrix is used which 
as predicted label and actual label in that true positive 
as 21,true negative as 31,false negative as 6 and false 
positive as 6 by calculating the accuracy it gets 85.25% 
by using the naive bayes algorithm.

 

FIGURE 7. Confusion Matrix for Naive Bayes algorithm
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D. SUPPORT VECTOR MACHINE 
ALGORITHM

The kernel linear is used to predict the Heart Dis-
ease, in svm it gives 81.97 % of accuracy is obtained as 
shown in figure 8.

 

FIGURE 8. Confusion Matrix for Support Vector Machine algo-
rithm

A confusion matrix is used which predicts label 
and actual label in that true positive as 20,true neg-
ative as 30,false negative as 7 and false positive as 4 
by calculating the accuracy it gets 81.97 % by using 
support vector machine algorithm.

E. RANDOM FOREST ALGORITHM
Random forest algorithm as 88.52 % of accuracy 

for predicting heart disease. In this process while com-
pared to other classifiers Random forest algorithm as 
high accuracy it as shown in figure 9.A confusion ma-
trix is used which as predicts label and actual label in 
that true positive as 22,true negative as 30, false nega-
tive as 3 and false positive as 4 by calculating the accu-
racy it gets 88.52 % by using support vector machine 
algorithm.

 

FIGURE 9. Confusion Matrix for Random Forest algorithm

RESULT ANALYSIS
By analyzing various algorithms it is concluded 

that Random forest has better performance. As shown 
in the figure 11 it mapped the accuracy, specificity and 
sensitivity in terms of percentage the algorithms used 

naive bayes, support vector machine and random for-
est classifiers for Heart Disease Prediction. This sys-
tem compares the accuracy score of Support vector 
machine is 81.97 % , Naive Bayes is

85.25 % and Random Forest algorithms is 88.52 
% for predicting heart disease using machine learn-
ing repository dataset. The Random Forest algorithm 
is the most efficient algorithm with an high accuracy 
score of 88.52 % .

FIGURE 11. Performance Analysis

CONCLUSION
The use of machine learning algorithms in systems 

to predict heart diseases is increasing the number of 
deaths due to heart diseases, it is necessary to develop 
a system to predict heart diseases accurately and effec-
tively. The motivation was to find the most efficient 
ML algorithm to predict heart diseases. This system 
compares the accuracy score of Support vector ma-
chine is 81.97 % , Naive Bayes is

85.25 % and Random Forest algorithms is 88.52 
% for predicting heart disease using machine learn-
ing repository dataset. The result of this system 
indicates that the Random Forest algorithm is the 
most efficient algorithm with an accuracy score of 
88.52 % for prediction of heart disease using ma-
chine learning.

FUTURE WORK
In future the work is enhanced by developing an 

online application supporting the Random Forest al-
gorithm similarly employing a larger dataset as com-
pared to the one employed in this analysis which is 
able to help to supply better results and help health 
professionals in predicting the center disease effective-
ly and efficiently.
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Abstract
Background: Polycystic ovary syndrome (PCOS) is a hormonal 
disorder affecting reproductive age group women character-
ized by irregular periods, acne, excess facial and body hairs, 
male-pattern baldness, acanthosis, mental disturbances include 
depression, anxiety, disturbed sleep and infertility. Many a times 
the PCOS was diagnosed when there is a difficulty to get preg-
nant. Materials and methods: Cross sectional study was con-
ducted to assess the PCOS and its risk among adolescent girls. 
Results: Study results show that 167 (45.9%) of them in the age 
group 18 years, more or less similar percentage of them were 
from arts and science background, highest 208 (57.1%) of the 
attained menarche at the age of 12 to 13 years, 340 (93.4%) of 
there were Hindus, 314 (86.2%) of the were non-vegetarian, 150 
(41.2%) of them had monthly family income Rs. 10000-15000, 224 
(61.5%) of them were live in Urban area, 59 (16.2%) of them got 
previous information about PCOS. Clinical characteristics of ad-
olescent girls depicts that 32 (8.7%) of them had personal health 
problems, 13(3.5%) had PCOS, 4 (1.09%) had thyroid problem, 10 
(2.7%) had asthma and wheezing, 42(11.5%) had family history 
of PCOS and 140 (38.5%) had family history of DM. Highest 210 
(57.6%) had low risk and only 2 (0.54%) had high risk for PCOS. 
BMI reveals that 180 (49.4%) had normal BMI, 105 (28.8%) had 
underweight 59 (16.2%) had overweight and 20 (5.6%) had obe-
sity. Positive correlation found between PCOS and PCOS risk with 
BMI (r = 0.526 & r = 0.342) at p < 0.05 level. significant associ-
ation found between PCOS and dietary pattern (p = 0.001) and 
risk of PCOS and family history of PCOS (p = 0.001) at p < 0.01. 

Keywords
Adolescent Girls, Polycystic Ovary syndrome (PCOS), risk of 
PCOS and Body Mass Index (BMI), Diabetes Mellitus (DM)
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BACKGROUND OF THE STUDY
Poly Cystic Ovarian Syndrome is a disease charac-

terized by multiple small sacs filled with fluid in the 
ovaries (Poly cyst) which fails to release eggs causes 
menstrual irregularities and hyperandrogenism.(1) It is 
an endocrine disorder affecting women of reproduc-
tive age worldwide and affects 5% to 10% of women 
in the reproductive age.(2) A study finding shows that 
Adolescent Girls with PCOS have an increased risk of 
the metabolic syndrome associated with increased an-
drogen levels.(3)

According to a study by PCOS Society (2017), one 
in every 10 women has PCOS, a common endocrinal 
system disorder among women of reproductive age 
and out of every 10 women diagnosed with PCOS, six 
are adolescent girls in India. A study conducted by the 
department of endocrinology and metabolism, AIIMS 
(2017) shows that about 20-25% of Indian women of 
childbearing age are suffering from PCOS.(4) Symp-
toms appears first during puberty among adolescent 
girls. It is characterized by irregular menstrual cycle, 
hirsutism, acne, overweight or obesity, multiple cysts 
in the ovaries involving hyperandrogenism and insu-
lin resistance.(5) Meta analysis report of 12 studies re-
ports among out of 3,945 adolescent girls in the age 
group of 14-19 years 528 had PCOS. (6)

cross-sectional case-control study was conducted 
to assess the prevalence of the metabolic syndrome 
(MBS) and determine the factors associated with 
metabolic syndrome among 49 adolescent girls with 
PCOS at academic medical centres. Results shows that 
37% percent of adolescent girls with PCOS had MBS 
compared with 5% of general population at P < 0.0001. 
None of the adolescent girls with normal BMI had 
MBS, whereas 11% and 63% of overweight and obese 
girls with PCOS had MBS compared with 0 and 32% 
of general adolescent girls, respectively. Study found 
adolescent girls with PCOS were having 4.5 times 
higher risk to develop MBS.(7)
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Cross sectional study was conducted to assess the 
knowledge on PCOS among 400 young women in the 
age group of 18-30 years, Indore city. Results shows 
that 41% of them were aware of the term PCOS, 46% 
of them were aware about the organ system involved 
in the diseases, 49% of them aware about the clinical 
manifestations of PCOS. The study concludes that 
only few were aware about PCOS.(8) From the litera-
ture it was understood that prevalence of PCOS and 
Risk of PCOS is high among adolescent girls and most 
of the adolescent girls are not aware about PCOS and 
its complications. Improper lifestyle increases the risk 
of PCOS among adolescent girls. Hence the investiga-
tor interested to investigate prevalence of PCOS and 
risk of PCOS among adolescent girls.

OBJECTIVES
1. To assess prevalence of the PCOS and risk of PCOS 

among Adolescent girls
2. To assess the BMI of the Adolescent girls
3. To correlate PCOS and risk of PCOS with BMI of 

the adolescent girls
4. To associate the PCOS and risk of PCOS with se-

lected socio demographic variables and Clinical 
variables of the Adolescent girls

MATERIALS AND METHODS

3.1 Research design and sampling
Cross sectional study was conducted to assess the 

PCOS and its risk among adolescent girls. During first 
phase Four courses were selected randomly using lot-
tery method from available 14 courses in selected Arts 
and science College. During second phase, 364 adoles-
cent girls in the age group of 17 to 19 years, who were 
attended menarche, unmarried and willing to partici-
pate in the study were in selected by convenience sam-
pling technique.

3.2 Instruments and tools
Tool consists of 
Tool I: Self-administered questionnaire on Socio-

demographic and clinical variable such as age, Ed-
ucation, age at menarche, dietary pattern, religion, 
monthly family income and place of residence, pre-
vious source of information, personal Health History, 
family history of PCOS and Diabetes Mellitus.

Tool II: Modified PCOS risk assessment check list 
consists of 09 items. 

Scoring interpretation: Each questions had two 
responses as yes/ No. For “yes” one point and “No” 
zero point was given. PCOS risk score ranges between 
1 to 3 denoted as Low risk, 4 to 6 denoted as Moderate 
risk, 7 to 9 was denoted as high risk and 0 as no risk.

3.3 Data Collection Method
Data was collected during January 2021 for two 

weeks. Informed consent was obtained from the study 
participants after explaining the study purpose. As-
sent and parent consent was taken from adolescent 
girls who were 17 years old. Self-administered ques-
tionnaire was used to collect information socio Demo-
graphic variables and Clinical variable and modified 
PCOS risk assessment checklist was used to assess 
the risk of PCOS. Height and weight were checked to 
all the study participants and Body mass Index and 
Ideal Body weight was calculated. Omron weighting 
machine and Height scale was used after calibration. 
Researcher spent 15 to 20 minutes for each study par-
ticipants to collect the complete information. The 
collected data was organized, tabulated and analyzed 
by using descriptive and inferential statistics with the 
help of SPSS version 27. The data was presented in the 
form of tables and figures.

3.3 Ethical Considerations
Formal written permission was obtained from In-

stitutional Review Board, Directorate of Higher and 
Technical education, Puducherry and Principal of 
selected Colleges. A written informed consent was 
obtained from the study participants before data col-
lection. 

RESULTS 
Study results show that highest 167 (45.9%) of them 

in the age group 18 years, more or less similar percent-
age of them were from arts and science background, 
highest 208 (57.1%) of the attained menarche at the 
age of 12 to 13 years, all most all 340 (93.4%) of there 
were Hindus, majority of them 314 (86.2%) of the 
were non-vegetarian, highest 150 (41.2%) of them had 
monthly family income Rs. 10000-15000, highest 224 
(61.5%) of them were live in Urban area, 59 (16.2%) of 
them got previous information about PCOS. 

Clinical variables of the adolescent girls depicts 
that 32 (8.7%) of them had personal health problems, 
13(3.5%) had Polycystic ovary syndrome (PCOS), 4 
(1.09%) had thyroid problem, 10 (2.7%) had asthma 
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and wheezing, 42(11.5%) had family history of PCOS 
and 140 (38.5%) had family history of Diabetes melli-
tus. (Table: 1 & 2)
Table 1
Distribution of Adolescent Girls according to the family health 
history 
n = 364

Family 
Health 
History

 Yes  No
Frequen-

cy 
Percent-

age 
Frequen-

cy 
Percent-

age 
PCOS 42 11.5 322 88.5
DM 140 38.5 224 61.5

Table 2
Distribution of Adolescent Girls according to personal health 
problem
n = 364

Personal health 
problem

Frequency (f) Percentage (%)

PCOS 13 3.5
Thyroid 4 1.09
Asthma & Wheezing 10 2.7

Percentage wise distribution of adolescent girls 
according to BMI shows that highest 210 (57.6%) 
had low risk and only 2 (0.54%) had high risk. All the 
two adolescent girls were referred to nearby health 
center and pamphlet on PCOS was distributed to all 
the study participants. all other adolescent girls. (Ta-
ble.3)

Table 3
Distribution of Adolescent Girls according to risk of PCOS 
n = 364

Risk of PCOS Frequency Percentage
No risk 63 17.3
Low risk 210 57.7
Moderate risk 89 24.5
High risk 2 0.5

Bar diagram shows that highest 180 (49.4%) had 
normal BMI, 105 (28.8%) had underweight 59 (16.2%) 
had overweight and 20 (5.6%) had obesity (Fig:1)

Positive correlation found between PCOS and 
PCOS risk with BMI (r = 0.526 & r = 0.342) at p < 
0.05 level. (Table: 4). Significant association found be-
tween PCOS and dietary pattern (p = 0.001) and risk 
of PCOS and family history of PCOS (p = 0.001) at p 
< 0.01
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Figure 1: Distribution of Adolescent Girls according to BMI

Table 4
Correlation between the PCOS and PCOS risk with BMI of ad-
olescent girls

Parameter r p
PCOS risk and BMI 0.526 0.04
Risk of PCOS and BMI 0.342 0.001

p < 0.05 significant.

DISCUSSION 
In the present study it was observed that 45.9% of 

them in the age group 18 years, 57.1% of them attained 
menarche at the age of 12 to 13 years, 93.4% of there 
were Hindus, 86.2% of them were non-vegetarian, 41.2% 
of them had monthly family income Rs. 10000-15000, 
61.5% of them were live in Urban area, 59 (16.2%) of 
them got previous information about PCOS. More or 
less similar results were reported by Sandhya Krish-
nan (2018) that 63% belongs to the age group of 17-18 
years, 92.2% were non-vegetarian and 89.7% were had 
no source of information about PCOS.(9) Valarmathi Sel-
varaj & others (2020) also reported that 67.7% attained 
menarche at 12-13 years and 85.3% were Hindus. (10)

Clinical characteristics of adolescent girls depicts that 
8.7% of them had personal health problems, 3.5% had 
PCOS, 1.09% had thyroid problem, 2.7% had asthma 
and wheezing, 11.5% had family history of PCOS and 
38.5% had family history of Diabetes mellitus. Sandhya 
Krishnan (2018) also reported that 3.6% of the adoles-
cent girls had family history of PCOD in their study on 
knowledge and attitude on PCOD among adolescent 
girls. (9) Somaya et.al (2016) conducted study on Effect of 
lifestyle changes of PCOS in obese girls and reported that 
76.9% had no family history of DM. (11) Archana Singh 
et.al (2018) Prevalence of PCOS was 11.96% among the 
adolescent girls.in the study group.(12)

Level of PCOS shows that 57.6% had low risk and 
0.54% had high risk. Controversial to the study results 
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Vigies MLand Abirami P (2016) reported that 89% of 
the adolescent girls had high risk for PCOS.(13)

Percentage wise distribution of adolescent girls ac-
cording to BMI shows that 49.4% had normal BMI, 
28.8% had underweight, 16.2% had overweight and 
5.6% had obesity. Maiti S (2013) reported that over-
weight and obesity was 10.62% among early adoles-
cents in west Bengal, India.(14)

Positive correlation found between PCOS and 
PCOS risk with BMI at p < 0.05 level. It interprets that 
increase in BMI cause increase in the prevalence of 
PCOS and risk of PCOS. significant association found 
between PCOS and dietary pattern and risk of PCOS 
and family history of PCOS. 

CONCLUSION
Prevalence of PCOS was 3.5% and 82.7% had var-

ious level of PCOS risk. About 21.8% had overweight 
and obesity. Study results concludes that adolescent 
girls are having risk of developing PCOS. Creating 
awareness regrading lifestyle and PCOS is important 
to control and prevent development of PCOS and in 
turn it improves the reproductive health of the ado-
lescent girls and reduce the rate of infertility and other 
hormonal disorders. 
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Abstract
A disease in which the body’s ability to produce or respond 
to the hormone insulin is impaired, resulting in abnormal me-
tabolism of carbohydrates and elevated levels of glucose in 
the blood. . Eating a variety of fruits and vegetables may aid 
with weight and blood pressure management. It is advisable to 
take at least 4-5 serving of fruits and vegetables in a day. un-
processed total –grain foods include fiber that can assist lower 
the glucose as well as blood cholesterol. Old-style Indian diets 
are suggested, which cover complete grains, whole pulses like 
grammes, green leafy vegetables, and rare fruits. Papaya, gua-
va, apples, pears, oranges, and mosambi can all be taken in 
moderation.All juices are to be avoided. The DASH diet plan, 
short form for Dietary Approaches to Stop Hypertension is 
recommended for diabetes management as well. It comprises 
mostly of plant-based foods like fruits and vegetables, with a 
limited allowance on lean protein, salt, sugar and fats.
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Introduction
The ability of food items to raise the blood glu-

cose is measured in terms of glycemic index or GI, 
measures how a carbohydrate containing food raises 
blood glucose. Meal planning with GI involves choos-
ing food that have a low or medium GI.[1] . Vegetables 
and fruits are high in vitamins, minerals, and fiber and 
they are low in calories. Eating in variety of fruits and 
vegetables may help in controlling of weight and blood 
pressure. At least 4-5 servings of fruits and vegetables 

should be consumed each day. Fiber in unprocessed 
total-grain diets can help reduce blood glucose levels 
and LDL levels. [2] In diabetes insulin secreted by the 
pancreas is either insufficient or in effective. This may 
be due to primary disorder of insulin secretion or due 
to insulin resistance because of receptor defect in tar-
get tissues.[3] Glycogen and protein present in cells are 
associated with water and intercellular electrolytes. As 
they are catabolized, glucose, water and electrolytes 
are released into extracellular space and later excreted 
in the urine. [4]

Definition
Insulin resistance is a disorder in which the body’s 

ability to generate or respond to the hormone insulin 
is reduced, resulting in improper carbohydrate metab-
olism and high blood glucose levels. [5] Non communi-
cable diseases especially diabetes mellitus, cardiac vas-
cular diseases, stroke and chronic pulmonary diseases 
are emerging as major health problems due to changes 
in behaviour, lifestyle and environmental factors.[6]

Diabetes prevalence in India 2020
In 2020, according to the International Diabetes 

Federation (IDF), 463 million people have diabetes in 
the world and 88 million people in the Southeast Asia 
region. Of this 88 million people, 77 million belong to 
India. The prevalence of diabetes in the population is 
8.9%, according to the IDF. [8]

Importance of diabetic diet
• To develop health through most favorable nutrition 
• To give energy for reasonable body weight , regular 

growth and development [7]

• To sustain glycemic control 
• To attain optimal lipid levels n the blood
• To tailor the diet to the patient’s specific problems 

and co-morbidities. [13]

Recommendations for a healthy diet:

Energy:
Sufficient to achieve or maintain a healthy body 

weight in adults, appropriate growth and develop-
ment in children and adolescents, and to satisfy the 
extra demands of pregnancy and nursing, as well as 
recovery from sickness. Physical activity and exercise 
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should be considered on a daily basis. (Height in cm – 
100) * 0.9 = Ideal Body Weight (IBW). A moderately 
active diabetic patient can be given approximately 25 
kcals/kg ideal body weight per day. The reduction in 
daily calorie intake should be gradual and not exceed 
500 calories per day. [14]

Carbohydrates: 
The evidence regarding an appropriate carbohy-

drate intake for adults with diabetes is ambiguous. As a 
result, shared goals for people with diabetes should be 
defined. The best guideline is to get 55-60% of your en-
ergy from carbohydrates. Carbohydrates should have 
a variety of properties. Although different carbs pro-
duce distinct glycemic responses, total carbohydrate 
management is crucial from a therapeutic standpoint. 
Carbohydrates from high-fiber foods, such as whole 
grains (unpolished cereals and millets), legumes, peas, 
beans, oats, barley, and some fruits, should be ingest-
ed since they have a low glycemic index and glycemic 
load. All diabetic patients should be urged to eat six 
modest meals each day. 9]

Fibre: 
The general population’s fibre recommendation is 

40 grammes per day (2000 Kcals). Traditional Indian 
diets are recommended, which contain full grains, en-
tire pulses like grammes, soy, green leafy vegetables, 
and occasional fruits. Papaya, guava, apples, pears, or-
anges, and mosambi can all be consumed in modera-
tion. Fruit juices should be avoided at all costs.

Proteins:
Proteins should account for 12-15 percent of total 

energy consumption in diabetics, which is similar to 
the general population’s recommendations. Proteins 
from pulses, soy, grammes, and peas, as well as low-fat 
milk, low-fat curds, fish, and lean meats, are recom-
mended. Foods like cereal and pulses (4:1 ratio) can 
be supplemented to boost protein content while also 
providing satiety. Idli, dosa, Missi roti, Khichdi, Dhok-
la, Khandvi, and so on.

Fats: 
For persons with diabetes, fats should account for 

20-30% of total energy consumption. Because there is 
no solid evidence for an appropriate quantity of total 
fat consumption for people with diabetes, goals should 
be tailored to the individual. The quality of fat is just 

as essential as its quantity. Saturated fats (SFA) provide 
10% of energy and 7% in people with high blood lipid 
levels.

Types of diet recommended for diabetes

1. Vegan diet or Plant-Based Diet:
One of the healthiest and most successful diets for 

diabetes treatment is the vegan diet. You can get all 
the proteins, carbs, and vital lipids from plants by cut-
ting down on meat, dairy, and other animal products. 
These are low in cholesterol and saturated fat which 
can help in lowering blood sugar levels when com-
bined with a physical exercise program.

2. Vegetarian Diet:
According to a study, eating a vegetarian diet rich 

in plant-based foods and low in animal-derived foods 
is the most effective way to manage and prevent diabe-
tes. To some, Vegetarian is strictly plant-based or veg-
an, to the others, vegetables with eggs and dairy and to 
many of them, seafood and rare consumption of meat. 
It is known that people who followed a vegan diet and 
a vegetarian diet comprising of whole foods and low-
fat dairy is best for controlling Diabetes.

3. DASH Diet:
The DASH diet plan, short form for Dietary Ap-

proaches to Stop Hypertension is recommended for 
diabetes management as well. It comprises mostly of 
plant-based foods like fruits and vegetables, with a 
limited allowance on lean protein, salt, sugar and fats. 
A study also shown that combining the DASH diet 
with a healthy lifestyle can reduce the risk of Type 2 
Diabetes and increase insulin sensitivity. [10]

4. Mediterranean Diet:
Fresh fruits and vegetables, whole-grain bread and 

pasta, legumes, olive oil, oily fish, and lean fowl are all 
part of a Mediterranean diet. It covers all the essential 
nutrients required by the body like vitamins, minerals, 
healthy unsaturated fatty acids, proteins etc. which can 
be beneficial in managing diabetes.

5. Paleo Diet:
The Paleolithic diet, often known as the Caveman’s 

diet, is based on the dietary habits of Humans from the 
Paleolithic era. This means saying no to all forms of 
processed foods, dairy etc. and sticking to whole foods 
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like vegetables, fruits, nuts, eggs, lean meat, herbs, 
seeds etc. [12]

As this diet eliminates all the bad foods like sugars, 
dairy, fried foods etc., it can prove to be beneficial in 
managing diabetes.

FOOD TO BE AVOIDED

1. Refined grains
Refined carbohydrates, such as white bread, pasta, 

and rice, are high in carbs but poor in fibre, causing 
blood sugar levels to rise faster than whole grains.

2. Sugar-sweetened beverages
Sugar-sweetened beverages such as soda, sweet tea, 

and energy drinks are not only devoid of essential nu-
trients, but they also contain a concentrated amount of 
sugar in each serving, causing blood sugar levels to jump.

3. Fried foods
Fried meals are high in transfat, a form of fat as-

sociated to an increased risk of heart disease. What’s 
more, fried foods like potato chips, French fries, and 
mozzarella sticks are also typically high in calories, 
which could contribute to weight gain.

4. Alcohol
It is typically recommended that people with di-

abetes reduce their alcohol consumption. This is be-
cause alcohol, especially when consumed on an empty 
stomach, might raise the risk of low blood sugar.

5. Breakfast cereal
Most varieties of breakfast cereal are very high in 

added sugar. Some brands pack as much sugar into a 
single serving as some desserts. When shopping for ce-
real, be sure to check the nutrition label carefully and 
select a variety that is low in sugar. Alternatively, opt for 
oatmeal and sweeten it naturally with a bit of fresh fruit.

6. Candy
Candy contains a high amount of sugar in each 

serving. It typically has a high glycemic index, mean-
ing it’s likely to cause spikes and crashes in blood sugar 
levels after you eat. [15]

7. Processed meats
Processed meats like bacon, hot dogs, salami, and 

cold cuts are high in sodium, preservatives, and other 

harmful compounds. Processed meats have also been 
linked to an increased risk of heart disease.

8. Fruit juice
Although 100% fruit juice can be enjoyed from 

time to time in moderation, it’s best to stick to whole 
fruit whenever possible if you have diabetes. This is 
due to the fact that fruit juice contains all of the carbs 
and sugar present in fresh fruit, but it lacks the fibre 
needed to keep blood sugar levels stable.

Conclusion
Vitamins, minerals, and fibre are abundant in vege-

tables and fruits, which are also low in calories. Eating 
a variety of fruits and vegetables may aid with weight 
and blood pressure management. At least 4-5 servings of 
fruits and vegetables should be consumed each day. Fiber 
in unrefined whole-grain foods can help decrease blood 
sugar and cholesterol levels. The DASH diet plan, short 
form for Dietary Approaches to Stop Hypertension is 
recommended for diabetes management as well. It com-
prises mostly of plant-based foods like fruits and vegeta-
bles, with a limited allowance on lean protein, salt, sugar 
and fats. The glycemic index or GI, which evaluates how 
a carbohydrate-containing food raises blood glucose, 
is used to assess food’s capacity to raise blood glucose. 
Meal planning with GI involves choosing food that have 
a low or medium GI. Low in cholesterol and saturated 
fat which can help in lowering blood sugar levels when 
combined with a physical exercise program.
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Abstract
Alcoholism and depression are linked to a towering rate of un-
healthiness, impairment, and casualty, and constantly co-occur. 
Psychiatric problems can exist or complicated by alcohol use. 
People who are recessed are largely added to misuse alcohol-
ics. The existence of one increases the hostile effects of another. 
Both alcohol abuse and depression can be bettered by treating 
them. As one heals, another’s symptoms can ameliorate as well. 
However, it is not a plain course. It’s life span practice that can 
ameliorate healthiness and well- living over periods. Challenge to 
prove effective management alternatives to handle both depres-
sion and alcoholism and to co-opt into health- care structure.
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INTRODUCTION
AUD and depression are most usual psychotic 

ails and constantly co-occur, causing individuals and 
their families to suffer. Both AUD and depression are 
companied with progressive inflexibility and a worse 
prognostic for both conditions. For an illustration, 
in alcohol- use diseases, depression predicts indigent 
treatment response and rising prevalence of relapse, 
whereas alcohol- use diseases also linked to advanced 
rates of self-murder in individuals with depression. 
For this population, both drug and therapies are in-
deed salutary.

ALCOHOLISM 
Alcohol use disorder (AUD) is a condition with-

in which one’ ability to prevent or control drinking is 
hindered. Alcohol abuses, alcohol dependence, alco-
hol addiction, all are coated underneath one umbrella 
phrase “alcoholism “. AUD will be mild, moderate, or 
severe. Individuals with AUD will develop and sustain 
recovery with care that interconnects therapies, mutu-
al-support communities, and/or medicines.

DEPRESSION
Depression is a disorder marked by habitual sad-

ness and boredom. It’s referred as clinical or major de-
pressive disorder, which will disturbs mood, ideas, and 
conduct, as well as trigerring a myriad of physical and 
emotional distresss.

ALCOHOL ADDICTION & 
COMORBIDITY OF DEPRESSION

According to WHO (2019), Alcohol misuse is 
a major risk factor for mental distress. An evidence 
review was done to better understanding of alcohol 
use and mental problems as well as the importance of 
integrated care process. Alcoholism and psychiatric 
disorders have an impact on duration, intensity and 
recovery of both 

According to the Global Burden of Disease study 
(2015), the overwhelming of global disability is re-
lated to psychiatric and substance-use issues, which 
accounted 18.4% of total years lived with disability 
(YLDs). Depression has been the third cause of dis-
ability, responsible for 6.86 % of all YLDs, whilst alco-
hol-related issues were placed 28th, representing only 
0.8 percent of all YLDs in 2015.

The WHO global strategy to reduce Problematic 
unhealthy alcohol consumption, issued in 2010, de-
fines harmful alcohol use as “

In the Global strategy to reduce the harmful use 
of alcohol, published by WHO in 2010, harmful al-
cohol use is defined as “drinking that has negative 
psychosocial implications for the drinker, others 
around the alcoholic, and society overall, as well as 
drinkable behavior related to an elevated likelihood 
of poor outcomes.”

In psychiatric illness, Instead of being the uncom-
mon, comorbid is the normal. Substance use and psy-
chiatric conditions have connections that are tricky. 



998 | Cardiometry | Issue 24. November 2022

To enlight this, 4 non-exclusive etiological and neuro-
biological hypotheses have been addresses:
1. Substance abuse disorder and mental illness are 

two separate disorders
2. Psychological illness play a role in causing a sub-

stance use problem.
3. Substance abuse increases the occurrences of men-

tal disorders.
4. Intoxication with, or withdrawal from, a certain 

type of drug causes psychiatric disorder.

ASSOCIATION BETWEEN PATTERNS 
OF ALCOHOL USE AND DEPRESSION

Depression and alcoholism are seen together. De-
pressed people are more to abuse alcohol or addicted. 
Depression is a emotional problem in which a person 
feels always unhappy and despairing. These will have 
a protracted influence on how people think and act. 
This will impact one’s life. Alcohol is frequently used 
to alleviate depression symptoms. 

Harmful use of alcohol or dependence as a risk 
factor for depression:

Boden and Fergusson (2011) coined the causative 
link between alcoholism and depression. The presence 
of one of the diseases increases chances of the getting 
other. Individuals with clinical depression, have 40% 
of the lifetime prevalence of alcohol-use disorders. 
The depression rate has been estimated to be as high 
as 35% among people with alcohol miuse.

Depression as a risk factor for harmful use of alco-
hol or dependence: 

There is some data that supports depression is a 
potential risk for alcohol addiction. Kuo PH, Gardner 
CO (2006), stated serious depression to have a note-
worthy effect on risk of alcoholism. Boden and Fer-
gusson (2011), Researchers checked a variety of alco-
hol consumption patterns to look into the connection 
between drinking and depression. 

SCREENING INSTRUMENTS
Screening Instrument for Alcohol Abuse:
CAGE Substance Abuse Screening Tool:
The CAGE questionnaire is a set of 4 questions that 

clinicians can inculcate to inspect early signals of al-
coholism. The inquiries are aimed to be less personal 
than inquiring someone about their alcohol habit

CAGE Questions 
1. If you have ever decided to lessen your drinking 

habits?

2. Did somebody ever irritated you by disparaging 
your drinking behavior?

3. Have you really felt horrible or embarrassed about 
your alcohol habit? 

4. Did you drink in the morning to settle or to over-
come hangover?
Similar tests used to check for signs of alcohol use 

disorder includes Michigan alcohol screening test , Al-
cohol use disorders identification test and fast alcohol 
screening test 

Screening Instruments for Mental Disorders:
Patient Health Questionnaire [PHQ-9], General 

Health Questionnaire [GHQ], Self-Regulation Ques-
tionnaire [SRQ], Kessler Psychological Distress Scales 
[K10 & K6] 

TREATMENT FOR CO-OCCURRING 
DEPRESSION AND ALCOHOLISM

Severe depression and AUD can be cured. For bet-
ter recovery, early treatment should be started. Com-
prehensive approach can be employed to treat both 
alcoholism and depression for better health. 

Medication Assisted Therapy:
• Detox Therapy: Used to overcome withdrawal 

symptoms and cravings. E.g. Benzodiazepines, 
Naltrexone, Acamprosate and disulfiram.

• Antidepressants: To alleviate mood swings and 
other depressive symptoms should be accompa-
nied with psyhco therapies. 
Behavioral therapies: 

• Cognitive-Behavioral Therapy (CBT): Helps to 
formulate constructive coping skills and replacing 
the negative mindset .

• Dialectical Behavior Therapy (CBT): Useful to 
lessen self-harm and suicidal thinking.

• Behavioral Activation: Gathering in - depth 
knowledge on how adverse life events affect one’s 
emotional state and adopting methods to encour-
age positivity.

• Family therapy: Helps families to settle issues and 
improve communication.

• Aversion therapy: Allying unpleasant behaviour, 
by associating it with a negative event

• Counseling: Professional guidance that assists 
people in problem solving, deciding, and modify-
ing their behaviour.

• Mutual support groups: Helpful in AUD and de-
pression treatment and rehabilitation. For e.g. Al-
coholics Anonymous and SMART Recovery .
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Conclusion
Mood disorders are common psychiatric illnesses 

with alcohol use disorder. The presence of both dis-
orders is compared with greater intensity and an even 
worse prognosis and a higher chance of suicidal con-
duct. Understanding the relationship between depres-
sion and alcoholism is critical for effective treatment 
strategy.
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Abstract
Breast cancer is the most frequent cancer in women, impact-
ing one out of every eight women at some point in their lives. 
Despite the fact that it is more frequent in older women, breast 
cancer seldom strikes women under the age of 45. Women 
under the age of 45 account for around 9% of all new cases of 
breast cancer in the United States. The most important meth-
ods for preventing breast cancer deaths are early detection 
and cutting-edge cancer treatment. Breast cancer that is de-
tected early, when it is little and hasn’t spread, is easier to treat. 
The most accurate method for identifying breast cancer early 
is through frequent screening examinations. According to the 
American Cancer Society, screening is recommended for both 
women who are at medium risk of breast cancer and those who 
are at high risk. Breast cancer screening tests are used to detect 
the disease before symptoms such as a palpable lump appear. 
Screening tests and exams are used to identify illness in persons 
who do not exhibit symptoms. Clinical and self-breast exam-
inations, mammography, genetic screening, ultrasound, and 
magnetic resonance imaging have all been used as screening 
treatments.
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INTRODUCTION
Early detection refers to detecting and diagnosing 

an illness prior to the onset of symptoms. The cancers 
in the breast are discovered during screening checks 
are more likely to be minute and localized. Size of a 
Breast cancer and its extent to which it has spread 
are two of the most crucial elements in determining 

a woman’s prognosis. The objective of breast cancer 
screening tests is to discover the illness before symp-
toms appear (as though it were a palpable lump). The 
screening of Breast cancer refers to examinations and 
exams used to identify illness in patients who are as-
ymptomatic. Early recognition refers to recognizing 
and diagnoses an ailment before symptoms appear. 
When cancer therapy is delayed or unavailable, there 
is a reduced likelihood of survival, more treatment 
complications, and higher treatment expenses. Early 
detection improves cancer outcomes by allowing pa-
tients to get treatment at the initial feasible phase, and 
is thus a essential community healthiness approach in 
every context.

DEFINITION
Breast cancer screening is a medical procedure 

that involves testing asymptomatic, seemingly healthy 
women for breast cancer in the hopes of detecting the 
disease sooner. Early identification, it is assumed, will 
enhance results.

PURPOSE OF BREAST CANCER 
SCREENING: 
• Cancer screening tests are designed to detect can-

cer early, before it produces symptoms and when it 
is more manageable to cure.

• Screening tests that are effective are those that: De-
tect cancer early.

• Reduce the likelihood of someone who is frequent-
ly tested dying from cancer.

• As soon as breast cancer found early, there is a very 
good probability of survival.

SCREENING RECOMMENDATIONS 
FROM THE AMERICAN CANCER 
SOCIETY FOR WOMEN AT HIGH RISK 
OF BREAST CANCER: 

Some of these recommendations are intended for 
the women who are in a modest risk of breast cancer. 
If a woman does not have a personal history of breast 
cancer, a strong family history of breast cancer, or 
a genetic mutation known to increase breast cancer 
risk (such as in the BRCA gene), and has not had 
chest radiation therapy before the age of 30, she is 
considered to be at average risk for screening pur-
poses. 
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• Women involving the ages of 40 along with 44 can 
begin screening with a mammography once a year.

• Mammograms should be done every year for wom-
en aged 45 to 54.

• Women aged 55 and over have the choice of having 
a mammogram every other year or continuing to 
undergo annual mammograms. Screening should 
be carried on until a woman is in excellent health 
and expects to survive another 10 years.

• Each and every one woman be supposed to be 
aware of to look forward to perform breast cancer 
screening and mammogram, as fine as what are the 
test to be and cannot do.

• Screening of Breast cancer by means of clinical 
breast examinations is merely not advised for aver-
age-risk women of any age.

RECOMMENDATIONS 
FROM THE AMERICAN CANCER 
SOCIETY FOR SCREENING WOMEN 
AT HIGH RISK FROM:

Women commencing at the age of 30 who are at 
high risk for breast cancer due to a combination of 
variables should get a breast MRI and a mammogram 
every year. 

These are true for women who are:
• Having a existence threat of breast cancer of 20% to 

25% or greater, Based on risk assessment methods 
which is mostly based on family history

• Determine whether you have a BRCA1 or BRCA2 
gene mutation (based on those who have under-
gone genetic testing)

• Having a relative with first-degree (parents, sisters, 
brothers and kids) BRCA1 or BRCA2 gene muta-
tion but has not been genetically tested.

• Those who have underwent chest radiation thera-
py among the ages of 10 and 30.

• Have Li-Fraumeni syndrome, Cowden syndrome, 
or Bannayan-Riley-Ruvalcaba syndrome, or have 
first-degree relatives who do.

SCREENING TESTS 
FOR BREAST CANCER

The cancer in breast may be detected and diag-
nosed using a variety of techniques. If a screening test 
(mammogram) reveals an area of concern, or if they 
have symptom which might indicate breast cancer, 
you’ll need further testing to determine if it’s malig-
nancy.

• Mammograms
• Breast Ultrasound and Breast Magnetic Resonance 

imaging
• Breast Imaging Tests that are Newer and Experi-

menting
• Breast Biopsies
• Aspiration with a Fine Needle
• Breast Biopsy Using Core Needle
• Breast Self-Examination And Clinical Breast Exam

MAMMOGRAMS
It is an x-ray that shows the inside of the breast. 

Mammography can perceive cancers that are excessive-
ly minute to be aware of with the naked eye. Mammo-
gram is a type of X-ray which is used to examine the 
breast. Mammograms are the most effective technique 
for many women to detect cancer in the breast at an 
early stage, while it is easier to treat and before it has 
grown large in size to feel or cause symptoms. Regu-
lar mammograms can help you from dying from breast 
cancer. For most women of screening age, a mammog-
raphy is the best technique to detect breast cancer at 
this time.

Mammograms are divided into three categories:
• Film mammography is a type of x-ray that shows 

an image of the breast.
• A digital mammogram is a computer-generated 

image of the breast.
• DBT (digital breast tomosynthesis) is a technolo-

gy that uses x-rays to make a series of pictures 
of the breast from various angles. These x-rays 
are used to create 3-D images of the breast on a 
computer.
DBT was approved by the US Food and Drug 

Administration (FDA) in 2018, in addition to it is 
presently utilized at three out of four facilities. DBT 
was found to minimise false-positive test findings 
(tests that show cancer when there isn’t any) and 
was likely to reduce breast cancer fatalities in one 
research. In comparison to DBT, more research is 
being done to give information about digital mam-
mography.

Women those who have thick breast tissue had a 
reduced likelihood of having breast cancer detected on 
mammography. Because both malignancies and thick 
breast tissue appear white on mammography, it may 
be difficult to detect a tumor when thick breast tissue 
is present. Younger women comprise a higher density 
of breast tissue.
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ULTRASOUND IN BREAST
Breast ultrasonography uses sound waves to gen-

erate a computer picture of the inside of the breast. It 
can identify some breast abnormalities that mammog-
raphy cannot, such as fluid-filled cysts.

Uses: 
In women, ultrasound can be used to detect lumps 

in the breast (especially those felt but not shown on 
mammography) or changes in dense breast tissue. It 
can also be used to look at a suspicious region on a 
mammogram.

Breast ultrasonography can distinguish between 
fluid-filled cysts (unlikely to be cancer) and solid tu-
mours (which may require further testing to rule out 
malignancy).
• ultrasonography can also be used to direct a bi-

opsy needle to a specific site, allowing cells to be 
removed and screened for malignancy. This ap-
proach is also effective for treating swollen lymph 
nodes beneath the arm.

• ultra-sonography is readily accessible and simple 
to use.
Procedure:

• A gel is applied to the breast skin, and a transduc-
er, a wand-like equipment, is dragged over it. The 
transducer puts out sound waves that bounce off 
bodily tissues, and the echoes are picked up by 
the transducer. On a computer screen, the echoes 
are turned into an image. While the transducer is 
moved around the breast, you may feel some pres-
sure, but it should not be uncomfortable.

BREAST MAGNETIC RESONANCE 
IMAGING

Breast magnetic resonance imaging (MRI) obtains 
comprehensive images of the interior of the breast by 
using radio waves and powerful magnets.

USES
Breast MRI is occasionally performed in women 

who have already been diagnosed with breast cancer 
to help estimate the size of the malignancy, screen for 
further cancers in the breast, and check for malignan-
cies in the opposite breast. A breast MRI is not re-
quired for every woman who has been diagnosed with 
breast cancer.
• To test for breast cancer: A screening MRI, in ad-

dition to an annual mammography, is advised for 
those women at high risk for breast cancer. Because 
it can miss some malignancies that a mammogram 

would detect, MRI is not recommended as a stand-
alone screening test.

• Although an MRI can detect malignancies that ar-
en’t visible on a mammogram, it’s also more likely 
to detect items that aren’t seen on a mammogram.

NEWER AND MORE EXPERIMENTAL 
BREAST IMAGING TESTS

MULTIPLE BREAST IMAGING (MBI) is a sort 
of nuclear medicine imaging test for the breast that is 
also known as scintimammography or breast-specif-
ic gamma imaging (BSGI). A radioactive substance is 
given into the bloodstream, and the breast is examined 
with a special camera. This test is primarily being re-
searched as a tool to follow up on breast issues (such a 
lump or an abnormal mammography) or to help eval-
uate the degree of breast cancer that has already been 
detected. It’s also being researched as a test to be used 
in conjunction with mammograms to detect cancer in 
women with thick breasts. One disadvantage is that it 
exposes the entire body to radiation, thus it’s doubtful 
that this test will be utilised for routine screening.

PEM (POSITRON EMISSION MAMMOGRA-
PHY) is a newer breast imaging technique that is quite 
comparable to a PET scan. To detect cancer cells, a 
kind of sugar coupled to a radioactive particle is in-
jected into the bloodstream. PEM scans may be more 
effective at detecting small groups of cancer cells in 
the breast. It is presently being studied primarily in 
women with breast cancer to see whether it might help 
determine the size of the tumour. Because, like MBI, it 
exposes the entire body to radiation, it is unlikely to be 
used for breast cancer screening every year.

CONTRAST-ENHANCED MAMMOGRAPHY 
(CEM): it is also known as contrast-enhanced spec-
trum mammography (CESM), is a relatively recent 
method that requires injecting an iodine-based con-
trast dye into a vein for a few minutes before captur-
ing two sets of mammograms (at a variety of energy 
levels). On x-rays, the contrast can help detect any 
abnormalities in the breasts. This test can be used to 
get a better look at problematic areas on a conven-
tional mammogram, or to help women newly diag-
nosed with breast cancer assess the size of a tumor. 
Currently, studies are comparing it to breast MRI in 
similar cases, as well as the prospect of employing it 
to screen women with dense breasts. If CEM proves 
to be as effective as MRI, it may become more widely 
employed
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ELECTRICAL IMPEDANCE IMAGING (EIT) 
Checks for electrical conductivity in the breast. It’s 
based on the premise that breast cancer cells behave 
differently than normal cells when it comes to con-
ducting electricity. The test involves passing a very tiny 
electrical current through the breast and detecting it 
on the breast’s skin. Small electrodes are applied to the 
skin to do this. EIT does not include the use of radi-
ation or the compression of the breasts. This test can 
aid in the classification of cancers discovered on mam-
mograms. However, there hasn’t been enough clinical 
study to recommend it for breast cancer screening at 
this time.

ELASTOGRAPHY IN BREAST: It is a test that 
may be done in combination with an ultrasound exam. 
It is based on the assumption that breast tumours are 
tougher and stiffer than the surrounding breast tissue. 
For this check, the breast is softly pressed, and the ul-
trasound can tell how firm a worrisome region is. This 
test might help determine if the area is more likely to 
be malignant or benign (non-cancerous).

BREAST BIOPSY
It is an additional test indicates with the intention of 

having a have breast cancer, will almost certainly require 
a biopsy. A biopsy in the breast isn’t always necessary to 
rule out malignancy. Although the majority of biopsy 
findings are negative for cancer. The only way to be cer-
tain is to have a biopsy. In the biopsy, a doctor may take 
small pieces of the troublesome area and are sent to the 
laboratory to observe for any growth of cancer cell.

The biopsies in Breast are available in a range of 
forms and sizes. Some are performed using a hollow 
needle, while others are performed through an open-
ing (incision or cut in the skin). Each has benefits as 
well as drawbacks.

It is determined by variety of factors, including:
• How doubtful the breast alteration seems
• How large it is 
• wherever it is to be found in the breast 
• If there are a lot of changes
• Any additional medical conditions you may be ex-

periencing
• Your individual tastes

Needle biopsy can be performed to investigate the 
majority of suspicious areas in the breast. Inquire with 
your doctor about the sort of biopsy you will have and 
what you may be expecting before and after the pro-
cedure.

BREAST FINE NEEDLE ASPIRATION (FNA) 
BIOPSY: If previous tests show that you may have 
breast cancer, your doctor may recommend a fine nee-
dle aspiration (FNA) biopsy. During this procedure, a 
tiny sample of breast tissue or fluid is removed from 
the questionable area and analysed for cancer cells.

A FNA biopsy is performed by a physician by re-
moving (aspiration) a small amount of tissue or fluid 
from a suspicious site with a very thin, hollow needle 
connected to a syringe. The biopsy sample is then ex-
amined to discover if cancer cells are present. If the 
doctor can feel the spot to be biopsied, the needle is 
directed into it as he feels. If the lump is difficult to 
feel, the doctor may use an ultrasound screen to track 
the needle’s progress toward and into the location. An 
ultrasound-guided biopsy is what it’s termed.

THE BREAST CORE NEEDLE BIOPSY
If your doctor suspects you have breast cancer 

based on other testing, you may be sent for a breast 
core needle biopsy (CNB). If breast cancer is suspect-
ed, this is frequently the preferred method of biopsy 
since it takes more tissue in the breast than a fine nee-
dle aspiration and does not need surgery.

During this operation, the doctor removes bits of 
breast tissue from the problematic location with a hol-
low needle. This can be done by the doctor sensing the 
region or by guiding the needle using an imaging test.

Definitions: A breast Core Needle Biopsy is a pro-
cedure in which a doctor extracts fragments of breast 
tissue from a questionable location that the doctor has 
touched or that an imaging test has discovered. The 
needle may be coupled to a spring-loaded mechanism 
that drives the needle into and out of the tissue, or it 
may be attached to a suction device that sucks breast 
tissue into the needle. The needle extracts a little cyl-
inder of tissue (the core). Several cores are usually re-
moved.

SPECIALIZED CORE NEEDLE BIOPSIES
Biopsy Using A Stereotactic Core Needle: To es-

tablish the biopsy location for this procedure, a cli-
nician examines mammography pictures taken from 
several angles. A computer analyses the breast x-rays 
and determines exactly where the needle tip should go 
in the abnormal region. This type of CNB is common-
ly used to biopsy concerning microcalcifications (little 
calcium deposits), tiny masses, and other abnormal 
locations that aren’t evident on ultrasonography.
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Core Biopsy Assisted by Vacuum: To establish 
the biopsy location for this procedure, a clinician ex-
amines mammography pictures taken from several 
angles. A computer analyses the breast x-rays and de-
termines exactly where the needle tip should go in the 
abnormal region. This type of CNB is commonly used 
to biopsy concerning microcalcifications (little calci-
um deposits), tiny masses, and other abnormal loca-
tions that aren’t evident on ultrasonography.

BREAST SELF-EXAMINATION 
AND CLINICAL BREAST EXAM

Breast inspections performed by a medical special-
ist (clinical breast examinations) or by women them-
selves have not been demonstrated in studies to pro-
vide a clear advantage (breast self-exams). They can 
also get screening mammograms, there is very little 
evidence that these procedures aid in the early detec-
tion of breast cancer. When breast cancer is identified 
as a consequence of symptoms (such as a lump), the 
symptom is frequently noticed when a woman is per-
forming everyday actions such as bathing or dressing. 
Women should be acquainted with the sight and feel 
of their breasts, and any changes should be reported to 
a health care practitioner as soon as possible.

Breast Cancer Screening Is Dangerous: 
• Screening exams can be harmful.
• The following are some of the disadvantages of 

mammography:
• False-positive test findings are possible.
• False-positive findings might need more testing 

and cause concern.
• False-negative test findings might cause unneces-

sary delays in diagnosis and treatment.
• Finding breast cancer may result in therapy and 

side effects, but it may not enhance a woman’s 
health or allow her to live longer.

• Mammography exposes the breast to low-level 
radiation exposures. A mammography may cause 
pain or discomfort.

• Discuss your danger of breast cancer and the re-
quirement designed for screening testing through 
your doctor.

CONCLUSION
since not all breast cancers cause mortality or sick-

ness in a woman’s lifetime, they may not require de-
tection or treatment. Screening test selection can be 
tricky. Not all screening tests are beneficial, and the 

majority of them are harmful. Before undergoing any 
screening test, you should consult with your doctor. 
Early diagnosis of aberrant cells before they transform 
into cancer cells increases the likelihood of effective 
therapy. Screening can aid in the detection of breast 
cancers when they are too tiny to sight or feel. Smaller 
breast cancers are typically easier to treat than bigger 
ones. It is crucial to note that screening does not pre-
vent breast cancer; rather, it tries to detect early-stage 
breast cancers. However, mammograms are the most 
effective technique of detecting early-stage breast can-
cers. This suggests that therapy may be more useful. 
Breast cancer screening decreases the risk of death 
from the disease by up to 20% in women who have 
it compared to those who do not. Over the previous 
30 years, screening has contributed to a more than 
50% reduction in cervical cancer deaths in the Unit-
ed States. Each year, mammograms save the lives of 
12,000 women in United States.
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Abstract
The Impact of a Structured Teaching Program on Patients With 
Osteoarthritis’ Isometric Exercise Knowledge and Practice Os-
teoarthritis is a degenerative joint disease that is very expen-
sive for our health-care system. The most prevalent site of 
osteoarthritis is the lower extremities, notably the knee joint. 
1.to assess the knowledge and practise of isometric exercise 
among osteoarthritis patients. 2.to determine the efficacy of a 
systematic isometric exercise training programme in osteoar-
thritis patients 3.to investigate the relationship between osteo-
arthritis patients’ knowledge and practise of isometric exercises. 
4.to establish a link between the demographic variable and 
the knowledge and practise of isometric exercise among pa-
tients with osteoarthritis. The efficacy of a systematic training 
programme on isometric exercise was evaluated using a qua-
si-experimental research method. In an orthopaedic hospital, 
there are (100) patients with osteoarthritis. Sampling is a simple 
sampling method. Conclusions and Findings During the pre-
test, 54 percent of the 100 samples had insufficient knowledge, 
whereas 46 percent had adequate knowledge. 52 percent had 
moderately adequate knowledge and 48 percent had adequate 
knowledge at the pottest level. In the pretest, 73 percent of the 
100 samples had poor practise, 27% had acceptable practise, 
and 60% had good practise. Knowledge pre- and post-testing 
The value of the ‘t’ test is 11.67, whereas it is actually 23.36. At 
the p0.001 level, the ‘t’ value was compared to the tabulated 
table value.Patients with osteoarthritis experienced a statistically 
significant increase in knowledge (p0.001). In terms of the util-
ity of organised teaching programmes, there was a significant 
improvement in knowledge and practise of isometric exercise 
when osteoarthritis patients were admitted to structured teach-
ing programmes.

Keywords
Patients, Osteoarthritis, Structured teaching programme, 
Knowledge, Practise, isometric exercise
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Introduction
The breakdown of joint cartilage and underlying 

bone causes OA, which is a degenerative joint disor-
der. The most common symptoms are joint pain and 
stiffness. Symptoms usually appear gradually over 
time. Swelling of the joints, limited range of motion, 
and, in the case of the back, paralysis or unresponsive-
ness of the arms and legs may occur only after exercise 
at initially, but can become permanent with time. (1)
The two joints near the tips of the fingers and the joint 
at the base of the thumbs, as well as the knee and hip 
joints, as well as the neck and lower back joints, are the 
most commonly affected.(2)

The joints on one side of the body are often in-
fluenced more than the joints on the opposite side. 
Symptoms can make it difficult to work or go about 
your daily routine. This type of arthritis affects only 
the joints, not the internal organs, unlike certain other 
types of arthritis.(3)

Hereditary factors, previous joint injury, and ab-
normal joint or limb development are all possible 
reasons. Overweight people, people with varying leg 
lengths, and people who work in jobs that require a 
lot of joint stress are at a higher risk.(4) Osteoarthritis 
is assumed to be caused by mechanical stress on the 
joint and low-grade inflammatory processes. When 
cartilage is lost and the underlying bone is injured, this 
happens. Muscle atrophy can occur as a result of pain 
that makes exercise difficult. (5)A diagnosis is usual-
ly made based on signs and symptoms, with medical 
imaging and other testing used to confirm or rule out 
other conditions. Osteoarthritis, unlike rheumatoid 
arthritis, does not cause the joints to become heated 
or red.(6)
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Treatment alternatives include exercise, minimis-
ing joint stress (e.g., by resting or using a cane), support 
groups, and pain medications. People who are over-
weight may benefit from losing weight. Paracetamol 
(acetaminophen) and nonsteroidal anti-inflammatory 
drugs (NSAIDs) such as naproxen or ibuprofen are ex-
amples of pain relievers. (7) Long-term opioid use is 
not recommended due to a lack of data on the benefits 
as well as the risks of addiction and other side effects. 
Joint replacement surgery may be an option if your 
disability persists despite previous treatments. An ar-
tificial joint has a 10- to 15-year lifespan on average.(8)

The most common type of arthritis is osteoarthritis, 
which affects 237 million people globally, or about 3.3 
percent of the population. (9)The United States is affect-
ed by 30 to 53 million people, whereas Australia is affect-
ed by 1.9 million people. It gets more apparent as people 
grow older. The condition affects roughly 10% of males 
and 18% of females over 60. Around 2% of the years 
spent handicapped are caused by osteoarthritis.(10)

REVIEW OF LITERATURE
J.W. Jordan, J.W. The Kellagren and Lawrence ra-

diographic grading system was used to identify the os-
teoarthritis patients, resulting in a total of 3018 people. 
(11)They discovered that 28% of people had knee os-
teoarthritis, 16% had symptomatic osteoarthritis, and 
8% had severe osteoarthritis, all of which were more 
common in older people, particularly women.(12)
To examine the link between osteoarthritis and body 
weight, Mounch ‘A’ et al., (2015) conducted a compar-
ative analysis in 182 Moroccan samples. (13)A total of 
95% of patients with osteoarthritis and controls from 
the general public were questioned, and data was gath-
ered. Overweight is a risk factor for osteoarthritis, with 
a ratio of 3.12 at p0.01 indicating that overweight is a 
risk factor.(14)Bearma et al., (2017) investigated the 
risk variables for osteoarthritis in African middle-aged 
and elderly people. In total, 386 people between the 
ages of 40 and 60 took part in the study. Physical work-
load, high-intensity sports, and being overweight all 
appear to be risk factors for osteoarthritis, according 
to the results of the interviews. According to moder-
ate to good evidence, high levels of hyaluronic acid are 
also predictive indications for osteoarthritis.(15)

Materials and methods:
A quasi-experimental research design was used 

to assess the efficacy of a systematic instruction pro-

gramme on isometric exercise among (100)patients 
with osteoarthritis in an orthopaedic unit. A simple 
sampling approach is sampling. The first criterion for 
inclusion is that this study includes both female and 
male osteoarthritis patients between the ages of 40 
and 70 who can communicate in Tamil or English, are 
willing to participate, and have osteoarthritis. Those 
who have difficulty hearing, are unwilling to partici-
pate, have a problem, or have a systemic ailment are 
all excluded. In this investigation, interview schedule 
questionaries were used.

Results and findings
The investigation’s findings were analysed via de-

scriptive and inferential statistics.
Part-1: Patients with osteoarthritis’ knowledge 

of isometric exercise was compared before and after 
the exam.
S.No Level of knowledge  Pre test Post test

NO % NO %
1 Inadequate knowledge 54 54 - -
2  Moderately adequate 

knowledge
46 46 52 52

3 Adequate knowledge - - 48 48

This table shows that 54% of cataract patients had 
insufficient knowledge prior to the exam, 46% had 
fairly adequate knowledge after the exam, 52% had 
moderately adequate knowledge after the exam, and 
48% had adequate knowledge after the exam.

Part-2:The level of practise in isometric exercise 
among patients with osteoarthritis was compared 
before and after the test.
S.No Level of practice  Pre test Post test

NO % NO %
1 Poor practice 73 73 - -
2 Fair practice 27 27 40 40
3 Good practice - - 60 60

When it comes to isometric exercise, 73 percent 
had poor practise, 27 percent had fair practise, and 
40 percent had fair practise and 60 percent had good 
practise on the pretest. Some gains can be found when 
patients with osteoarthritis compare their practise 
pretest and post test scores for isometric exercise.

Part-3 Pretest and posttest scores for isometric 
exercise among osteoarthritis patients (mean and 
standard deviation).



1008 | Cardiometry | Issue 24. November 2022

S.No  Variables pre test post test  Paired 
test

Mean S.D Mean S.D

1 Knowledge 9.67 3.23 15.43 2.86 11.67

2 Practice 3.52 1.14 8.03 1.44 23.36
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According to this table, the pretest and posttest 
knowledge ‘t’ test value is 11.67, while the practise ‘t’ 
test value is 23.36. The ‘t’ value was compared to the 
tabulated table value at the p0.001 level. As a result, it 
was discovered that a structured training programme 
for osteoarthritis patients was especially effective in 
terms of isometric exercise. According to the study, 54 
percent of osteoarthritis patients had a poor under-
standing of practise, while 46 percent had a moder-
ately good understanding. In 73 percent of the cases, 
poor practise was discovered, while in 27 percent, fair 
treatment was discovered. On the pretest, the overall 
mean for knowledge was 3.18, with a standard devi-
ation of 1.99, and for practise, the overall mean was 
6.45, with a standard deviation of 2.32. In the posttest, 
the overall mean for knowledge was 22.76 with a 1.46 
standard deviation, whereas the overall mean for prac-
tise was 43 with a 1.8 standard deviation. The paired 
“t” test value of overall knowledge and practise scores 
was extremely significant at (p0.001). Clinical prac-
tise advancement: For nurses who work in clinical 
settings, health education is a critical component of 
their job. On a specific date and time, a planned health 
education session for osteoarthritis patients must be 
scheduled in the clinical context. Nurses’ awareness 
of the necessity of early detection of issues and con-
sequences was increased as a result of the research. It 
also highlights the nursing profession’s growing auton-
omy in decision-making in order to deliver priority 
treatment to osteoarthritis patients at any given time. 
The osteoarthritis patients were given a handout with 
appropriate graphics and explanations to boost their 
knowledge and practise.

Conclusion
In the pretest, 54 percent of the 100 samples were 

found to have insufficient knowledge, while 46 percent 
had adequate knowledge. At the pottest level, 52 per-
cent had moderately adequate knowledge and 48 per-
cent had adequate knowledge. 73 percent of the 100 
samples had poor practise, 27% had acceptable prac-
tise, and 60% had good practise in the pretest. Patients 
with osteoarthritis had an increase in knowledge that 
was statistically significant (p0.01). Implications for 
nursing administration: It aids critical thinking about 
osteoarthritis and how to manage it. These findings 
aid the administration in planning a continuing edu-
cation programme for nurses on osteoarthritis in the 
elderly, as well as its complications and management.It 
may encourage the administration to initiate commu-
nity-wide awareness campaigns about osteoarthritis 
and physical handicap. Nurse administrators can host 
seminars and workshops to inform learners and staff 
nurses about the importance of geriatric care. In or-
der to identify the vulnerable group for osteoarthritis, 
community-based screening programmes might be 
set up. The understanding and practise of isometric 
exercise improved significantly after osteoarthritis 
patients were admitted to structured teaching pro-
grammes, demonstrating the usefulness of organised 
teaching programmes.
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Abstract
Anxiety is a natural response to stress that can be beneficial in 
some situations. It can alert us to approaching dangers and help 
us prepare and pay attention. Excessive fear or anxiety, as op-
posed to usual feelings of apprehension or concern, character-
ises anxiety disorders. Anxiety disorders are the most prevalent 
mental diseases, afflicting over one-third of the population at 
some time in their lives. Anxiety disorders, on the other hand, are 
a type of mental illness. can be treated with a range of successful 
medications. The vast majority of people who receive therapy 
may lead normal, productive lives..It’s natural to feel nervous or 
terrified when confronted with new, unexpected, or frightening 
events. An important test, a significant event, or a huge class pre-
sentation can all create natural anxiety.. Although none of these 
events are dangerous, they may make a person feel “threatened” 
by potential embarrassment, Fear of making a mistake, not fitting 
in, tripping over words, acceptance or rejection, or loss of pride 
are among fears that people have. A racing heart, sweaty hands, 
and a jittery stomach are all physical signs of anxiety.
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Introduction:
Anxiety is a negative emotion marked by a state of 

internal tension as well as subjectively unpleasant sen-
sations of dread about forthcoming occurrences. Ner-
vous behaviour is common, including Rumination, pac-
ing back and forth, and physical symptoms Worry is a 
feeling of unease and worry brought on by a reaction to 
a situation that is only seen as harmful subjectively. [1] 

Symptoms include muscle tension, restlessness, fatigue, 
inability to catch one’s breath, abdominal tightness, and 
difficulty focusing. Anxiety, on the other hand, is a fear-
ful reaction to the prospect of a future threat. Fear is a 
natural reaction to a current threat, whether genuine or 
imagined. Nervous people may withdraw from situa-
tions that have previously made them feel unpleasant. 
Anxiety is a typical human reaction., but it can be clas-
sified as an anxiety disorder if it is intense or lasts for 
longer than developmentally appropriate intervals. [2] 
Anxiety disorders are classified into various categories, 
each with its unique clinical description (for example, 
Generalized Anxiety Disorder and Obsessive Com-
pulsive Disorder). The fact that it is chronic, lasting 6 
months or longer, is one of the characteristics that dis-
tinguishes it from ordinary anxiety..

DEFINITION:
An unpleasant feeling of concern or fear that is ac-

companied by particular bodily symptoms is referred 
to as anxiety.

CLASSIFICATION 
Anxiety disorders are categorised into several cat-

egories: generalised Anxiety disordersAnxiety disor-
ders include panic attacks, phobias, post-traumatic 
stress disorder, and obsessive-compulsive disorders.

EPIDEMIOLOGY 
Anxiety disorders are a group of illnesses that begin 

before the age of 30 and are more common in women, 
persons with social issues, and those with a family his-
tory of anxiety and depression. Anxietydisorders were 
shown to be prevalent in 13.3% of those aged 18 to 
54 years old in the United States, and 10.6% of people 
over 55 years old

SYMPTOMS 
Noise sensitivity ,
Mouth is dry, and swallowing is difficult. Heart 

palpitations,
agitation, tremors
stomachache,Insomnia,Headache etc..

GENERALIZED ANXIETY DISORDER 
• Chronic anxiety state associated with uncontrolla-

ble worry. 
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• Patients with GAD have persistent, excessive, un-
realistic worry associated with muscle tension, im-
paired concentration and insomnia.[3]

• Complaints of shortness of breath, palpitations and 
tachycardia are relatively rare .

• Alcohol abuse and dependence are common in 
GAD patient 

RISK FACTORS
Anxiety disorders in the family, increased stress, phys-

ical or mental trauma, unemployment, poverty, and drug 
abuse are all variables that can increase the risk of GAD.

DIAGNOSITIC EVALUATION
• GAD is diagnosed when a person has problems con-

trolling exaggerated or For at least 6 months, you’ve 
been experiencing excessive anxiety and worry.

• Three or more of the following symptoms accom-
panying the anxiety or worry for at least six months: 
feeling tight or restless, easily fatigued, difficulties 
concentrating, impatience, and sleep problems.

PANIC DISORDER 
Panic attacks, which are separate times of intense 

concern and pain accompanied by a variety of physio-
logical symptoms, occur often and unexpectedly., are 
characteristics of panic disorder[4].

SYMPTOMS 
Heart palpitations are a common symptom of a 

heart attack. • Chest discomfort • Shortness of breath 
or discomfort • Nausea • Dizziness • Fear of death • 
Paresthesias • Chills or hot flushes

DIAGNOSTIC EVALUATION
• A panic attack normally lasts no more than 30 

minutes and peaks in 10 minutes.
• Panic disorder is diagnosed in a patient.,when he or 

she has a series of unanticipated panic attacks that 
are followed by one or more of the following for at 
least one month: a constant fear of future attacks

• Individuals typically feel as if they are losing con-
trol or dying during an episode

.PHOBIC DISORDERS
SPECIFIC PHOBIA

A specific phobia is defined as any anxiety disorder 
characterised by an unjustified or irrational dread of 
certain objects.

SOCIAL PHOBIA 
Social phobia is the fear of being embarrassed or 

criticised in social circumstances.

SYMPTOMS
Blushing, diarrhoea, sweating, and tachycardia are 

all common physical signs.

AGAROPHOBIA 
Agarophobia is a dread of places or events that 

could make panic and feel imprisoned and powerless.

SYMPTOMS
Common phobias include dread of enclosed places 

(clustrophobia), Fear of blood and fear of flying are 
two of the most common fears people have.patients 
with social phobia,consume alcohol an other sedatives 
on a regular basis [5]

POST TRAUMATIC STRESS DISORDERS 
Patients with anxiety, mood, and drug addiction 

disorders are more likely to develop further anxiety, 
mood, and substance addiction disorders.

SYMPTOMS :
• Nightmares
• Negative Thinking And Mood
• Unwanted Distressing Memories Of The Traumat-

ic Event 
• Symptoms Usually Begin Early, Within 3 Months 

Of The Traumatic Incident, But Sometimes They 
Begin Years Afterward. 

• Symptoms must last more than a month 

OBSESSIVE-COMPULSIVE DISORDER 
Obsessive-compulsive disorder (OCD) is a mental 

condition marked by intrusive thoughts and obsessive 
behaviours that make daily life difficult.

Fears about germs and contamination, as well 
as hand washing, counting motions, and so on dou-
ble-checking behaviours like closing a door, are all 
common.

NON PHARMACOLOGICAL 
TREATMENT 

Some of the possibilities include Short-term coun-
selling, stress management, psychotherapy, medita-
tion, and exercise are all examples of psychological 
education..
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PSYCHOLOGICAL THERAPY: 
In all anxiety disorders, psychological therapies 

(talking therapies) are generally considered first-line 
treatments since they give a longer-lasting response 
and lower relapse than medication.

Cognitive behavioural therapy is the specialised 
psychotherapy with the most supporting data in anx-
iety disorders.

In more resistant cases, treatment may last up to 16 
weeks or more..

NURSES ROLE IN MANAGEMENT 
OF ANXIETY DISORDER:
• Reassure client of his/her safety
• Allow the client to express feelings openly.
• Teach the client and family or significant others 

about phobic reactions. Dispel any myths.
• Reassure the client that he or she can learn to decrease 

the anxiety and gain control over the anxiety attacks
• Identify community resources offering specialized 

treatments proven as effective
• Identify community support groups
• Use therapeutic communication, milieu therapy, 

promotion of self-care activities, and psychobio-
logical and health teaching and health promotion.

CONCLUSION:
Anxiety disorders are the most frequent type of 

mental illness, and they usually begin before or during 
adulthood. Excessive dread and anxiety, as well as per-
sistent and damaging avoidance of perceived threats, 
are key characteristics. Anxiety disorders are character-
ised by abnormalities in the brain circuits that respond 
to danger. Genetic variables, environmental influenc-
es, and their epigenetic relationships all influence the 
risk of anxiety disorders. Anxiety disorders frequently 
coexist with one another, as well as with other mental 
disorders, particularly depression, and somatic disor-
ders. Comorbidity usually means more severe symp-
toms, a higher clinical load, and more difficult therapy. 
The greatest way to reduce the high burden of disease 
caused by anxiety disorders in individuals and around 
the world is by quick, accurate disease detection and 
proper treatment delivery, as well as scaling up of ex-
isting programmes.Anxiety disorders can be helped 
by a variety of psychological treatments, including re-
laxation training, meditation, biofeedback, and stress 
management. Supportive counselling, as well as cou-
ples or family therapy, can help a lot of people.
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Abstract
Quasi experimental research (2021 ) study was conducted at 
Haemodialysis’ Unit at Sree Balaji Medical College and Hos-
pital among End stage renal disease patients receiving hae-
modialysis to explore the physical complications during dialysis 
by using purposive sampling technique ,the estimated sample 
size was 120 were selected for the study based on inclusion 
criteria . Selected demographic and clinical variables data were 
collected by using interview schedule method and the Selected 
physical complications were Fatigue and muscle cramps,Fatique 
was assessed by Visual Analogue scale ( VAS) it contains 18 sub 
characters ,of also with 2 subscales for fatigue and energy . 
Muscle cramps were assessed by using PENNS SPASM SCALE. 
The scale contained three sub categories of severity, inference 
and frequency. The calculated value for fatigue was maximum 
means score was 8.44 and minimum of 6.28 with SD Maximum 
was 1.54 and minimum SD was .42.

Keywords
Fatique, ESRD, CKD,Penns Spasm scale, Haemodialysis’, Physical 
complications
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Introduction:
Dialysis term derived from Greek word dia means 

through and lysis meaning Spillting or loosening[1]. 
Renal replacement therapy (RRT ) This one of the fore-
most treatments of choice for the chronic renal failure 
patients[2]. The renal function made artificially to filter 
the blood by artificial equipment which removes the 
excess water, solutes and toxins in the blood[3].

Heamodialysis services in India
Renal replacement therapy (RRT) is the most com-

mon treatment of choice for the ESRD Patients [4], The 
first HD was performed at CMC, Vellore, Tamil Nadu 
in 1961 under the supervision of Dr. Satoru Nakamo-
to who had from Seattle, Washington[5].until 1970 , 
Acute Kidney Injury (AKI) were dialyzed at 4 centres 
across the country, Maintenance HD was available 
at 6 centres in India during 1978[6]. HD was restrict-
ed and available at only Public and private hospitals 
in larger cities until 1990s but now the number and 
distribution were increases in past 20 yrs[7] and now 
dialysis available in all 28 states and 8 union territo-
ries[8]. The number of estimated HD centers 12,881 in 
2018[9]. The Union government announced a national 
dialysis programme in 2016 8 dialysis stations in all 
688 districts of the country to provide HD for under-
privileged patients [10].

India has one of the lowest workforce nephrolo-
gy worldwide. There are about 2600 Nephrologists 
(1.9 per million populations) and chronic shortage of 
nurses and technicians. 72 nephrology training pro-
grammes [11].

Background of the study 
The incidence of renal replacement therapy (RRT), 

2.5 million people worldwide receives the RRT High-
est absolute rates in North America and maximum 
prevalence in Taiwan and Japan [12], Access to dialysis 
affected by socio economic and socio cultural factors 
in developing countries like India ,China ,Japan and 
other Asian pacific countries[13.]

ESRD Burden is attributed to diabetes mellitus 
45% and hypertension 30% .women are at high risk for 
CKD,while men have a higher risk of ESRD.Indege-
nous people from Australia[14] ,New Zealand ,United 
states and Canada have high rates of kidneys disease 
,les access to transplantation and poorer outcomes[15].
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Aims and Objectives:
1. To assess the prevalence of Hemodialysis among 

end stage renal disease patients.
2. To explore the physical complications of Hemo-

dialysis among end stage renal disease.

REVIEW OF LITERATURE 
Review of literature divided into two categories 
1 Studies related to Haemodialysis and its prev-

alence
2. Studies related to Haemodialysis and its phys-

ical complications 
Dr. Jennifer E. Flythe, University of North Carolina 

at Chapel Hill Kidney Center, 7024 BurnettWomack 
CB #7155, Chapel Hill, NC 27599-7155. Email: jfly-
the@med.un

Jennifer E. Flythe,1,2 Tandrea Hilliard,3 Ele-
na 2019, Lumby et all.. University of North caro-
lina,Chapel hill Kidney centre, conducted a study to 
evaluate the physical complications among haemo-
dialysis patients ,the results were insomnia, muscle 
cramps and fatigue and the top mood symptoms like 
anxiety ,depression and frustration . The estimated 
muscle cramps were 33 % -78% , muscle cramps can 
be excruciating painful and shows the distress ,inter-
fering with sleep and activities of daily living.Fatique 
is perhaps the most common symptom experienced 
by the patients on heamodialysis estimates ranging 
from 60-97%.

METHODOLGY
RESEARCH APPROACH: Evaluative Research 

Approach
RESEARCH DESIGN- Quasi experimental design
STUDY SETTING - Hemodialysis Unit, Sree Bala-

ji Medical College and Hospital. Chennai
STUDY POPULATION-
Target Population: Chronic renal failure patients 

receiving Hemodialysis
Accessible Population: Chronic renal failure pa-

tients receiving Hemodialysis at Sree Balaji Medical 
College and Hospital, Chennai.

SAMPLING METHODS ADOPTED- Non-Prob-
ability with Purposive sampling techniques was ad-
opted to collect the data.

SAMPLE SIZE: It was 120
INCLUSION CRITERIA

• Adult patients who are both male and female pa-
tients receiving Hemodialysis

• Adult patients > 18ys to < 60 yrs old
• Minimum Hemodialysis vintage of 3months
• Receiving Hemodialysis 2- 3times /week for 3-4 

hours of duration
• No recent Hospitalization

EXCLUSION CRITERIA
• Acute or chronic conditions like MI, Congestive 

heart failure, unstable during dialysis, risk of frac-
ture.

• Uncontrolled hypertension even with proper anti-
hypertensive drugs

• HB ,10 Mg/Dl
• Recent hospitalization

DATA COLLECTION INSTRUMENTS 
(DATA QUESTONNAIRE, TOOLS, 
EQUIPMENTS)

PART: IA DEMOGRAPHIC VARIABLES (Age, 
Gender, Education, Occupation, Marital Status, 
Monthly Income, Type of living, Supportive group, 
Type of Area, Family history of renal diseases, Type of 
food intake, Body weight (kgs) .

PART: IB CLINICAL VARIABLES (Duration of 
Illness, no.of cycles per week, type of medications 
taking, Complications during dialysis, any other ex-
ercise are doing during the dialysis, Ur, Creatinine 
levels).

PART II: To assess the Fatigue level by using Visual 
Analogue scale ( VAS ) and sub scales 

PART: III to assess the Muscle spasm by using 
PENNS SPASM SCALE among Hemodialysis patients.

TABLE 1
DEMOGRAPHIC VARIABLES

Selected demographic variable of Experimental and 
control group details:

Demographic variables Experiment
(n = 120)
n %

Age 30-40 years 31 25.83%
40-50 years 29 24.17%
50-60 years 29 24.17%
60-70 years 31 25.83%

Gender Male 85 70.83%
Female 35 29.17%

Religion Hindu 101 84.16%
Christian 12 10.00%
Muslim 7 5.83%
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Demographic variables Experiment
(n = 120)
n %

Marital Status Married 111 92.50%
Unmarried 9 7.50%
Divorced 0 0.00%
Widow/widower 0 0.00%

Education Status illiterate 30 25.00%
Primary 48 40.00%
Secondary 19 15.83%
Graduate 23 19.17%

Occupation Status Unemployed / Home 
marker

58 41.67%

Government Employee 5 4.17%
Private Employee 40 33.33%
Business 17 14.16%

Monthly Income Less than Rs. 3000 9 7.50%
Rs. 3001/- to Rs. 6000 18 15.00%
Rs. 6001/- to Rs. 9000 40 33.33%
Rs. 9001/- and above 53 44.17%

Type of Area Urban 99 82.50%
Rural 21 17.50%

Type of family Nuclear family 80 66.67%
Joint family 40 33.33%

Family history of 
renal disease

No 102 85.00%
Yes 18 15.00%

Type of food 
Intake

Vegetarian 17 14.17%
Non vegetarian 103 85.83%

Body weight 40-50kg 26 21.67%
50-60kg 40 33.33%
60-70kg 38 31.67%
 > 70kg 16 13.33%

Support system Relatives 28 23.33%
Family 82 68.33%
Parents 10 8.34%
Others 0 0.00%

Duration of visit Less than one year 49 40.83%
1-2year 20 16.67%
3-4year 31 25.83%
 > 4year 20 16.67%

Previous 
hospitalization

No 50 41.67%
Yes 70 58.33%

Period of dialysis 1-2 years 69 57.50%
3-4 years 20 16.67%
5-8 years 31 25.83%

Source of health 
information

Heath Personnel 69 57.50%
Radio / TV/Newspaper 32 25.00%
Friends 19 7.50%
Others 0 0.00%

NS = not significant S = significant p > 0.05 not significant 

Above table shows the demographic information of 
end stage renal disease patients those who are partic-
ipated for the following study on “A study to Explore 
the physical complications among End stage renal dis-
ease receiving Heamodialysis at Sree Balaji Medical 
College and Hospital ,Chrompet,Chennai”.

To describe about the table values for experimental 
group are Age group were divided into 4 Categories 
to explore the data age category of 60-70 yrs were 31 
(25.83%) 30 -40 yrs were occupying the same 31( 25 .8 
% ) 40 -50 yrs as well as the 50-60 yrs were sharing the 
29( 24.1 % ) To List out the Gender in experimental 
group were Male were occupying the 85( 70.8%) and 
females were only 35(29.2%) .

The religion of the samples in Experimental group 
were highest were Hindu 101 (84% ) Christians were 12 
(10%) and Muslims were 5 (4.17% ) The Marital status 
for experimental group were large samples from Mar-
ried category 111 ( 92 %) and unmarried were 9 ( 8% ) .

The Educational status for experimental group as 
follows like The highest category were Primary edu-
cation 48 (40% ) ,illiterate were 30 (25% ),Graduates 
were 23 (19.17%)and secondary education were 19 
(15.83%). 

Occupational status among experimental group 
was The highest was unemployed or home maker was 
58 (41.6%), Private employment was 40 (33.3%), Busi-
ness were about 17 (14.6%) and Government employ-
ee were 5 (4.17%). 

Monthly income for the experimental group were 
about Rs.9001 were 53 (44.17%), Rs.6001-9000 was 40 
(33.33%) Rs.3001-6000 18 (15 %) and less than 3000 
were only 9 (7.50 %).In Type of area for study Group 
were Most of the people live in urban area 99 ( 82.50% 
) and in rural only 21 ( 17.50% ) , Type of family the nu-
clear family 80 ( 66.6%) and in joint family 40 (33.3%), 

Family history of renal disease were most of them 
102 (85%) were having no family history of renal dis-
eases. Whereas only 18 (15%) of them are having fam-
ily history of renal diseases. Type of food intake there 
were 103 (85.8%) of them are non-vegetarians, where-
as only vegetarians were 17(14.2%) 

Body weight for 50-60 kgs were 40 (33.3%), 60-70 
kgs were 38 (31.6%), 40-50kgs were 26(21.6%) and 
only > 70 kgs 16 (13.3%) . 

Supportive system supported by family were 82 
(68.33%) ,supported by relatives 28 (23.33 %), sup-
ported by parents 10 (8.34 %) and supported by others 
were none. 
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Durations of visit the highest was less than one year 
49(40.83/) ,3-4 years 31(25.83 /), 1-2 yrs. and > 4 yrs 
were 20 ( 16.6%),20 ( 16.6%), respectively. 

Previous hospitalization for the group was many of 
them were hospitalized 70(58.33%) and no hospital-
ization was 50 (41.67%).

Period of dialysis for the study group majority of 
them were 1-2 yrs. of period 69 (57.50%), 5-8 yrs 31 
(25.83%) and 3-4 yrs 20 (16.67 %).

Sources of health information, they received the 
information from health personnel 69 (57.50%), re-
ceived from Radio /TV/ News paper 32 (25%) and 
from friends were about 19 (7.50%). 

Table 2: above table shows the clinical informa-
tion of end stage renal disease patients those who are 
participated in this study. Period of dialysis the high-
est category was 1-3 yrs 57 (47.50%), > 7 yrs were 32 
(26.67%), 4-7 yrs 31 (25.83%) . Duration of dialysis all 
of them 120 (1000%) were receiving 4 hours time peri-
od per session, number of cycle per week was 3 cycles 
were 62 (51.6%) and 2 cycle were about 58(48.33%).

TABLE 2
CLINICAL VARIABLES
Details of the selected clinical variables of the study group:

Clinical Variables Group
Experiment (n = 120)

n %
Period Of Dialysis 1 -3 years 57 47.50%

4 -7 years 31 25.83%
 > 7 years 32 26.67%

Duration of dialysis 0 0 0.00%
4 hours 120 100.00%

Number of cycles per 
week

Three 62 51.67%
Two 58 48.33%

Table 3 explains about the sub items of FATIQUE 
SCALE AND ITS Mean and SD .Mean values were 
fall around the lower value was 4.23 and majority of 
the items were fall in-between 6.28 to 6.55, maximum 
score were 8.44 with SD of minimum .42 and maxi-
mum of 1.54. Tired Mean 6.52 , SD 1.22, Sleepy Mean 
7.57 SD 1.22, Drowsy Mean 7.04, SD 1.13, Fatigued 
Mean 7.63 SD 1.04 , Worn out Mean 8.19 SD .93, En-
ergetic Mean 7.30 SD 1.02 , Active Mean 4.23 SD.42, 
Vigorous Mean 6.28 SD.59, Efficient Mean 2.97 SD 
.82, Lively Mean 3.83 SD.88, Bushed Mean 5.98 SD 
.87,Exhausted Mean 7.83 SD .88, Eyes open Mean6.55 
SD 1.17, Making my body is no effort at all Mean 6.12 

SD .85, Concentrating Mean 6.54 SD 1.02, Carrying 
on a conversation mean 7.09 SD .87, No desire to close 
my eyes Mean 8.44 SD .84 and No desire to lie down 
8.06 SD .87.

Table 3
Mean and SD of Physical complications among study group.
Visual analogue scale for measuring the Muscle cramps 

s.
no

Group
PRETEST(n = 120)
Mean SD

Tired 6.52 1.22
Sleepy 7.57 1.54
Drowsy 7.04 1.13
Fatigued 7.63 1.04
Worn out 8.19 .93
Energetic 7.30 1.02
Active 4.23 .42

Vigorous 6.28 .59
Efficient 2.97 .82
Lively 3.83 .88
Bushed 5.98 .87
Exhausted 7.83 .88
Eyes open 6.55 1.17
Making my body is no effort at all 6.12 .85
Concentrating 6.54 1.02
Carrying on a conversation 7.09 .87
No desire to close my eyes 8.44 .84
No desire to lie down 8.06 .87

Table 4
Sub scale items of VAS Scale :
VAS SUB SCALES 
S.NO  Sub category of VAS 

Score 
Study group n = 120

Mean SD
1 Fatigue 93.58 3.36
2 Energetic 24.60 1.84

Total 118.17 4.16

VAS Scale was having two sub scales characterized 
by Fatigue and energetic values as follows like for Fa-
tigue Mean and SD were 93.58 ,3.36 respectively for 
energetic mean value was 24.60 with SD of 1.84.

This above table 5 explains about the Severity score 
of moderate in numbers 50 (41.67%) and for severe 
level of muscle cramps were 70 (58.33 %) of the af-
fected, Interference of the muscle cramps were 60 
(50%) of them makes function difficult and 60 (50%) 
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of them were had Prevents the function, Frequency of 
the muscle spasm were doesn’t interfere in numbers 40 
(33.33%) and makes function difficult 60 (50%) and 
prevents the function 20 (16.67%).

Table 5
Details of the MUSCLE SPASM categories for the Study group:

 Muscle spasm Study group n = 120

n  %
Severity Mild 0 0.00%

Moderate 50 41.67%
Severe 70 58.33%

Interference Does not Interfere 0 0.00%
Makes function 
difficult 60 50.00%
Prevents the function 60 50.00%

Frequency No spasm 0 0.00%
Spasm induced by 
stimulation 0 0.00%
Does not Interfere 40 33.33%
Makes function 
difficult 60 50.00%
Prevents the function 20 16.67%

Conclusion: 
The study was conducted among End stage renal 

disease patients receiving heamodilaysis at Sree Balaji 
medical College and Hospital under dialysis Unit to 
determine the physical complications among them. 
In order to explore the physical complications the in-
vestigator selected only Muscle cramps and Fatique. 
Muscle cramps were assessed by using PENNS Muscle 
spasm scale and Fatique was assessed by using VAS 
Scale .The study concluded that Fatigue Mean and SD 
.Mean values were fall around the lower value was 4.23 
and majority of the items were fall in-between 6.28 to 
6.55, maximum score were 8.44 with SD of minimum 
.42 and maximum of 1.54. For the PENNS Muscle 
spasm scores were around Severity score of moderate 
in numbers 50 (41.67%) and for severe level of muscle 
cramps were 70 (58.33 %) of the affected, Interference 
of the muscle cramps were 60 (50%) of them makes 
function difficult and 60 (50%) of them were had Pre-
vents the function, Frequency of the muscle spasm 
were doesn’t interfere in numbers 40 (33.33%) and 
makes function difficult 60 (50%) and prevents the 
function 20 (16.67%). So the study concluded that ma-
jority of the heamodialysis patients were experiencing 
Muscle cramps and fatigue during the intradialytic 
period.
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Abstract
High blood pressure is demarcated as arterial blood pressure 
of 140 mm Hg or more, or a venous pressure of 90 mm Hg or 
more. Blood pressure is the power of plasma in contradiction of 
blood vessel. It is documented as double figures systolic force 
that is once the heart beats and diastolic pressure that is once 
the heart lessens among hits. Increased plasma compression 
regularly has no caution marks or indicators Hypertension can 
proliferate the threat to myocardial infarction, angina, heart , 
cerebro vascular accident and Renal infection. Dietary Ap-
proaches to Stop Hypertension (DASH) is an intake strategy to 
lesser or regulate hyper tension. The DASH regime highlights 
diets that are lesser in salt as well as diets that are good in K, 
Mg and Ca minerals that assist in lowering BP. As individuals 
accept the DASH food and lesser their BP, they is no need to 
take medicines much. 
Keywords
Dash Diet, Hypertension, K, vegetables, Na, Ca, Mg
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INTRODUCTION 
Blood pressure is the power of plasma in contra-

diction of blood vessel. It is documented as double fig-
ures systolic force that is once the heart beats) above 
diastolic pressure that is once the heart lessens among 
hits. These two figures are significant. BP is demarcat-
ed as arterial pressure of 140 mm Hg or more, or ve-
nous pressure of 90 mm Hg or further. But then again 
when it halts rose above period, then it is said to be in 
elevation of blood compression. Hypertension is haz-
ardous since it creates the cardiac effort firm, also in-
crease potency of the plasma run damage blood vessel. 

Increased plasma compression regularly has no cau-
tion marks or indicators. After it happens, it frequent-
ly lasts a lifetime. If unrestrained, it can affect heart 
and kidney disease, stroke, and blindness.

DASH Diet Health Advantages
Hypertension can proliferate the threat to myo-

cardial infarction, angina, heart , cerebro vascular ac-
cident and Renal infection. Vitamins, minerals, and 
fibre are rich in vegetables and fruits, which are also 
less in kilocalories.[1] It is advisable to take atleast 4-5 
serving of fruits and vegetables in a day. [2]. Fiber in 
unrefined whole-grain foods can help decrease blood 
sugar and cholesterol levels. The DASH diet is rich in 
K, Mg, Ca and roughage also low content of Na and 
hydrogenated fat. Accumulation of this nutrition im-
proves the body’s electrolyte balance, letting it to elim-
inate waste excess fluid that subsidizes to high blood 
pressure. [3]. Minerals like this helps to diminish blood 
arteries, which drops blood pressure. Overweight and 
bulky adults are generally low in assured minerals[4]

What exactly is the DASH Diet ? 
DASH views for Dietary Approaches to Stop Hy-

pertension. The dietary approaches to stop hyperten-
sion (DASH) is a dietetic outline promoted to avoid 
and regulate hypertension. The DASH diet is good 
in fruitlets, greens, total grains, low-calorie dairy di-
ets and also foodstuffs such as fresh muscles goat, sea 
food , chick, acorn and legumes.[5]

The DASH diet is a long-term healthy eating plan 
that is planned to aid, treat or avoid high blood pres-
sure (hypertension). In investigation funded through 
the National Institutes of Health, the DASH diet plan 
was established to lesser BP without the use of pill. For 
hypertension food low in cholesterol and saturated fat 
, skim milk, paneer from skim milk , cereals and puls-
es , whole grains , all vegetables and fruits , high fibre 
and soluble fibre such as oat meal ,millets lean meat, 
egg white and fish is recommended. [6]. In saturated 
fatty acid , each carbon atom in the fatty acid carries 
all hydrogen atoms possible they have single bonds be-
tween carbon atoms.[7] . The DASH diet inspires pub-
lics to consume less sodium and more foods rich in 
minerals that assist decrease blood pressure, such as K, 
Ca, and Mg.. [8]. Blood pressure may be condensed by a 
few points for two weeks by following the DASH diet. 
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Steadily the maximum numeral of BP may drop by 8 to 
14 facts, making a important modification in wellbeing 
hazards. [9]. DASH diet is a well way of intake, it suggests 
healthiness aids further dropping in blood pressure.[10].

The DASH diet include lots of fruitlets, greens, 
total grains, low-calorie dairy and diet grains..[11] The 
DASH diet similarly contains some fly-fish, red meat, 
sweets, fat in small amount ,hen and pulses, and en-
hancements a slight quantity of acorn and spores 
weekly two times [12]

Coarse- grain are rich in extra fibre and nutritious 
than cultured grains. Using unpolished rice in its place 
of white rice. whole-wheat bread in its place of sand-
wich bread is recommended[13]. Vegetables are high in 
fibre, K, and Mg, and are typically low in fatty acids[15].

Calcium, vitamin D, and protein are abundant in 
milk, yoghurt, cheese, and other dairy products. [14] 
The vital is to take non-fat, less cheese products which 
is a major saturated fat. Magnesium, potassium, and 
protein are found in Prunus dulcis, edible seeds, ra-
jma, legumes , lentils etc. Fat aids in the absorption 
of important vitamins and reinforces the immune sys-
tem. However, extreme fat proliferates the danger of 
cardiac disease, diabetes mellitus, and fatness.

The DASH food seeks a well beingin health by 
restricting over-all obese to fewer than 30 percent of 
day-to-day kilocalories. hydrogenated fat and trans 
fatty acid are the main nutritional perpetrators in ag-
gregating the threat of cardiac disease. DASH aids to 
retain regular hydrogenated fat to fewer than 6 percent 
of entire kilocalorie by restricting the consumption of 
fresh muscle, churned cream, curdled milk, full cream 
milk, and chicken eggs, as well as diets containing are-
coid and lubricating oils.

DASH diet: Sodium levels
There is a lesser sodium form of DASH regime in 

addition to the regular DASH diet. Every day, we can 
eat up and around two thousand three hundred milli-
grams (mg) of sodium. We can take about to thousand 
five hundred milligram of salt a daytime.
• The DASH diet, in both versions, goals to decrease 

the quantity of Na in the diet. Purchasing foodstuffs 
categorized “no salt added,” “sodium-free,” “low 
sodium” or “very low sodium”, Washing preserved 
foodstuffs helps in removing some of the salt.

DASH diet: Alcohol 
Intake of plentiful liquor can proliferate BP. The 

Dietary Strategies for Americans mentions that males 

limits liquor not more than two beverages a day and 
females to one or less. 

Conclusion
Hypertension can proliferate the threat to myocar-

dial infarction, angina, cerebro vascular accident and 
Renal infection .DASH is an consumption proposal to 
lesser or regulate increased blood pressure. The DASH 
diet emphasises foods that are low in sodium and high 
in K, Mg, and Ca all of which help to decrease blood 
pressure.The dietary approaches to stop hypertension 
(DASH) diet, is a dietary pattern promoted to avoid 
and regulate hypertension. The DASH diet is rich lots 
of fruitlets, greens, total grains, low-calorie dairy and 
diet grain and also protein rich foods such as meat, 
fish, poultry, nuts and beans. The DASH diet encour-
ages reducing the sodium in diet and eating a variety 
of foods which is rich in nutrients that help to lower 
blood pressure such as K, Ca and Mg. Blood pressure 
can be decreased by adopting the DASH stratergies in 
the diet 
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Abstract 
INTRODUCTION: Coronary artery disease is the disease 
manifested mainly the process of atherosclerosis and their 
complications. Platelets have a major part in the atherosclerosis 
process initiation and the formation of thrombus in the coro-
nary vessels. Larger the size of the platelet , higher the risk of 
thrombosis as it is metabolically and in enzymatic way more ac-
tive compared to smaller platelets.1 Since MPV gives the mea-
surement of average size of the platelets, MPV measurement 
predicts the risk of developing Acute coronary syndrome.
METHOD: All patients who come to Emergency Department 
and Out patient Department of Sree Balaji Medical College and 
Hospital with chest pain who are not a known case of Acute 
Coronary Syndrome, and fulfilling the inclusion and exclusion 
criteria will be taken for our study. As soon as patient got ad-
mitted , informed consent was obtained from patients and at-
tenders. Initial evaluation involves thorough clinical history and 
examination, Electrocardiography and Troponin I (biomarker). 
Venous samples for troponin I and MPV will be taken at the 
time of arrival and before the treatment initiation and the plate-
let volume indices are assessed and the correlation between 
ACS (STEMI, NSTEMI) and Non ACS patients with MPV values 
are assessed and also among STEMI and NSTEMI patients.
RESULTS: Mean platelet volume (MPV) was assessed in our 
study and we have found it higher in ACS patients (9.716 ± 
0.829) compared to the control group (8.730 ± 0.840) , which 
was significant , P wave of less than 0.05. It was also determined 
that high MPV values were there among patients who are di-
agnosed with STEMI as compared with NSTEMI with values of 
9.98 ±0.675 and 9.412 ±0.896 , significant statistically (P less 
than 0.05). 
CONCLUSION: In our study, MPV values assessed were ob-
tained to be high in ACS diagnosed patients than with Control 
group and similarly MPV values were high in the patients with 
STEMI patients more than in NSTEMI and also proved it to be 

significant . Hence it could be useful as a simple test with other 
biomarkers in the prediction of ACS earlier. Large platelets are 
usually metabolically active more , they carry the higher risk of 
developing coronary thrombosis leading to the Acute coronary 
syndrome. As this test could be done in routine analysis and 
could help in ACS early detection.
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INTRODUCTION
Acute coronary syndrome is a group of diseas-

es with unstable angina till transmural infarction of 
myocardium. It comprises symptoms and signs due 
to plaque rupture and formation of thrombus in the 
coronary vessels which is due to rich platelets. Platelets 
has an important part in the acute coronary syndrome 
pathogenesis , in that plaque rupture is happening fol-
lowed by the activation of platelets and the formation 
of thrombus. 

The platelets those are large in size that is assessed 
by the mean platelet volume. Large platelets are more 
adhesive and gets aggregated more in view of denser 
granules. 1 They are usually enzymatically ,metaboli-
cally active more compared to smaller sized platelets 
and also increased thromboxane A2 production. And 
thus increases formation of thrombus in the coronary 
vessels in ACS patients. So inhibition of such process 
would play a vital part in the ACS prevention.

The diagnosis would be with clinical features, 
biomarkers and ECG findings.2 As the available 
biomarkers could not predict ACS earlier , there is 
need for such a marker. 3,4 Thus Mean platelet vol-
ume could be a major part and also a reliable mark-
er in the ACS early detection. As there were some 
discrepancies in the previous studies regarding this 
concept in methodology and samples, an attempt 
has been made with proper sample size and meth-
odology. 
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AIM :
• To predict the risk of developing Acute coronary 

syndrome in association with mean platelet vol-
ume. 

• Compare the significance of MPV value among the 
STEMI and NSTEMI patients.

METHODS
This prospective study was done in a way , all the 

patients who have come to the outpatient and emergen-
cy department in Sree Balaji medical college and hos-
pital with chest pain who are not a known case of ACS 
and fills all the inclusion and exclusion criteria were 
segregated into 2 groups as groups with ACS and the 
Non ACS (control) group after initial evaluation and 
diagnostic investigations after obtaining the informed 
consent from patient and attenders. Initial evaluations 
with clinical history and examination, electrocardiog-
raphy. Venous samples were drawn for both Troponin 
I and MPV assessment before the treatment initiation. 
MPV values were assessed and the correlation between 
ACS with MPV values are assayed.

INCLUSION CRITERIA:
Patients presented with chest pain complaints in 

emergency and outpatient department are put into 
groups :
1. Patients having clinical features, positive biomark-

er tests and ECG suggesting STEMI. 
2. Patients having clinical features, positive biomark-

er tests and ECG suggesting NSTEMI.
3. Patients with normal ECG and negative biomark-

ers not suggestive of ACS.
4. Patients with age group more than 30 years of age 

with above criteria.

 EXCLUSION CRITERIA:
1. Patients who are known case of CAD,
2. Patients who are on treatment with drugs aspirin , 

clopidogrel.
3. Patients with bleeding disorders, blood dyscriasis, 

pre-eclampsia and sepsis. 
4. Patients with blood transfusion history recently 

(less than 6 weeks). 
5. Patients undergone major operations and trauma 

history recently ( < 6 weeks). 
6. Patients taking drugs causing thrombocytopenia. 
7. Patients having infections those are causing throm-

bocytopenia.
The analysis for statistics used in this study were 

Mean, Chi-Square test, Standard Deviation and Test of 
significance in difference (t-test).

RESULTS 
Total 132 patients were added to this study , out of 

them 32 were excluded as they all met any of the ex-
clusion criteria. After obtaining the sample size of 100 
for this analysis , patients were organized in case and 
control groups accordingly.

SUB GROUPS:
Table. 1 The above tabular column shows the per-

centage division of the general factors assessed.

100
(Total)

50
(Case)

25
(STEMI)

25
(NSTEMI)50

(Control)

Fig .1 The above diagram showing the number of patients 
among the control and case group among the total.

CATEGORY ANALYSIS:
Characteristics STEMI NSTEMI Control

 Count Percentage Count Percentage Count Percentage
Total Number of Patients 25  25  50  
Sex       
Male 14 56% 13 52% 27 54%
Female 11 44% 12 48% 23 46%
Age       
 < 30 0 0% 0 0% 0 0%
31-60 15 60% 15 60% 33 66%
61-90 10 40% 10 40% 17 34%
Diabetic status 10 40% 12 48% 18 36%
Known Hypertensive 13 52% 10 40% 15 30%
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Characteristics STEMI NSTEMI Control
 Count Percentage Count Percentage Count Percentage
Tobacco, Smoking History 2 8% 3 12% 15 30%
Alcohol History 6 24% 3 12% 11 22%
Dyslipidaemia 9 36% 4 16% 15 30%

Total Number of Patients
22%

Male
12%

Female
9%

<30
0%

31-60
13%

61-90
9%

Diabetic status
9%

Known Hypertensive
11%

Tobacco,Smoking history
2%

Alcohol history
5%

Dyslipidemia
8%

35%

STEMI Count

Total Number of Patients Sex Male
Female Age <30
31-60 61-90 Diabetic status
Known Hypertensive Tobacco,Smoking history Alcohol history
Dyslipidemia

Fig.2 The above pie chart shows the factors assessed among the CASE group (STEMI) patients.

Total Number of Patients
24%

Male
12%

Female
11%

<30
0% 31-60

14%
61-90

9%

Diabetic 
status
11%

Known Hypertensive
9% Tobacco,Smoking history

3%

Alcohol history
3%

Dyslipidemia
4%

30%

NSTEMI Count

Total Number of Patients Sex Male
Female Age <30
31-60 61-90 Diabetic status
Known Hypertensive Tobacco,Smoking history Alcohol history
Dyslipidemia

Fig.3 The above pie chart shows the factors assessed among the CASE group (NSTEMI) patients.
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Total 
Number of 

Patients
22%

Male
12%

Female
10%

<30
0% 31-60

15%
61-90

7%

Diabetic 
status

8%

Known Hypertensive
7%

Tobacco,Smoking history
7%

Alcohol history
5%

Dyslipidemia
7%

34%

Control Count

Total Number of Patients Sex Male
Female Age <30
31-60 61-90 Diabetic status
Known Hypertensive Tobacco,Smoking history Alcohol history
Dyslipidemia

Fig.4 The above pie chart shows the factors assessed among the CONTROL group patients.

Table 2 
The above tabular column shows the MPV values – mean, Std Dev- Standard deviation, T- T test, Chi Sq - Chi square test values .

MPV Group n Mean Std Dev T Chi Sq
Case 50 9.7160 0.82964 5.90 0.0253
Control 50 8.7300 0.84037

0

20

40

60

n Mean Std Dev t Chi Sq
MPV Case 50 9,7160 0,82964 5,90 0,0253
MPV Control 50 8,7300 0,84037

50

9,7160
0,82964

5,90
0,0253

50

8,7300
0,84037

Differences in MPV values in Case and Control Group

MPV Case MPV Control

Fig .5 The above Bar diagram shows the comparison of MPV value analysis among the CASE and CONTROL group patients.

Table 3 
The above tabular column shows the comparison of the MPV values analysis among the CASE- STEMI and NSTEMI patients.

MPV Group n Mean Std Dev T Chi Sq
STEMI 25 9.98 0.67515  2.35 0.0308
NSTEMI 25 9.4520 0.89681
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The main aim of this study is to see the correlation 
of MPV with ACS. The results showed us there was 
significant. 

DISCUSSION
As found in the previous studies , conducted by 

Pal R et al , Pervin et al and Mathur et al showed 
MPV values obtained was high in patients with ACS 
with comparison to non ACS groups, which is also in 
the favour of our study.5,6,7 Our study has also com-
pared the values of MPV among the ACS and non 
ACS patients which is our secondary objective of 
the study. Assessing the values obtained, MPV val-
ues were high in ACS patients (9.716 ± 0.829) when 
comparison to control group (8.730 ± 0.840) and 
also MPV was high among patients who are diag-
nosed with STEMI when compared to NSTEMI with 
values of 9.98 ±0.675 and 9.412 ±0.896 and proved to 
be statistically significant.

LIMITATIONS:
The limitations of the study was selection bias 

would have creeped in patients who have a typical 
chest pain symptoms having unstable angina without 
changes in ECG and biomarker positivity.

CONCLUSION
In the study, MPV values assessed were high in 

patients diagnosed with ACS in comparison to the 
control group and similarly MPV values were higher 
in the patients with STEMI than those with NSTEMI 
and also proved it to be significant . Hence it could 

be useful as a simple test with other biomarkers in 
the prediction of ACS earlier. Large platelets are usu-
ally metabolically active more , they carry the higher 
risk of developing coronary thrombosis leading to 
the Acute coronary syndrome. As this test could be 
done in routine analysis and could help in ACS early 
detection.
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Abstract
CVST is a rather uncommon complication. A 19-year-old female 
developed an acute aseptic thrombosis of the parasagittal, 
transverse, and sigmoid sinuses. Increased intracranial pressure 
(ICP) due to thrombosis of the sinus with common symptoms 
and papilledema of both the eyes, this resulted in transitory bi-
lateral abducents nerve palsy, as a result, horizontal diplopia in 
both the eyes, were among the case’s highlights. CVT has been 
linked to seizures. The cranial nerve function returned three 
to four weeks after it was first observed. The nearly complete 
recanalization of the cerebral venous sinus thrombosis and a 
favourable prognosis were aided by prompt and appropriate 
anticoagulant medication.
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INTRODUCTION
Thrombosis in the cerebral venous sinusesis a 

life-threatening illness with a wide range of symp-
toms, comparable to many other disorders of the 
nervous system [1]. The global yearly incidence is 
predicted to be 3–4 cases per million individuals. 
Women account for almost majority of adults with 
CVST. Severe dehydration, puerperium, hereditary 
diseases involving the coagulation cascade, connec-
tive tissue disease, cancer, contraception usage, and 

infections of the sinus, ear and the mastoid are also 
CVST risk factors [2]. Papilledema is oedema of the 
optic disc caused by elevated intracranial pressure 
(ICP) [3]. Because of its long cerebral course and 
sensitive location against the ridge of the sphenoid 
bone and the petrous section of the temporal bone, 
the abducent nerve is the most susceptible nerve to 
high intracranial pressure [4].

CASE REPORT
A 19 year old female patient presented in ER 

(on13/04/2022) with complaints of headache for past 
one month (increased since previous night). Com-
plaints of seizures since one day, complaints of vom-
iting since one day watery in consistency non blood 
tinged. History of giddiness present during the ep-
isodes of headache. Patient gave history of being 
drowsy for the past two days. History of loss of appe-
tite present since one month. 

Neurological examination revealed B/L abducent 
nerve palsy with diplopia in the patient.

b

a

c

Figure 1:
a) straight gaze appears to be normal
b) left gaze appears to be normal on the first day
c) right gaze shows palsy of the LR muscle on the right eye.

MRI BRAIN: (in Fig2) hyperacute thrombosis in-
volving bilateral transverse sinuses extending to left 
internal jugular vein.
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Figure 2: MRI BRAIN

MR VENOGRAPHY: (in Figure 3) Partial throm-
bosis in bilateral transverse and left sigmoid sinuses 
and left proximal internal jugular vein.

Figure 3: MRI Venography

B/L prominence of optic nerve sheaths. Vertical 
tortuosity of b/l optic nerves and b/l flattened posteri-

or sclera. Partial empty sella- features raise possibility 
of intracranial hypertension. 

Patient was started on Inj. Clexane( LMWH) 0.6ml 
s/c bd, Inj.Levipill 500 iv bd.

Patient INR levels monitored and T. Nicoumalone 
(Acenocoumarol) 

In addition, the patient has no co-morbidities, car-
diac conditions or previous trauma. 

DISCUSSION:
CVST has major symptoms that can bethreaten-

ing to life or have serious repercussions involving the 
neurological system. MR venography can correctly di-
agnose it. Symptoms and indications of CVST are fre-
quently coupled with unusually elevated intracranial 
pressure. The most common symptom is headache, 
which is often accompanied by hemiparesthesia, hemi 
hypoesthesia, epileptic seizures, and papilledema[5].

The primary goal of management for idiopathic in-
tracranial hypertension is to lower intracranial pressure. 
CVST is treated with systemic anticoagulation, as well 
as pharmacologic (tPA) and mechanical thrombolysis 
[6]. Treatment options for CVST patients with elevat-
ed intracranial pressure include steroids, antiepileptic 
drugs, diuretics, hyperventilation, and shunting pro-
cedures[7]. When neurological deterioration persists 
despite sufficient anticoagulant medication, surgical 
management like thrombectomy and decompressive 
craniectomy is to be considered, especially in patients 
of younger age groups[8]. Diabetes mellitus, idiopath-
ic intracranial hypertension, Duane syndrome, trau-
ma[9], and subarachnoid haemorrhage [10], among 
other causes of bilateral sixth cranial nerve palsy men-
tioned medical books, were absent in our patient.The 
literature describes inferior petrosal sinus thrombosis 
to be one of a rare etiological reason for ipsilateral com-
pression of theabducent nerve [11] but not as a source 
of a lesion on both the sides. In this case, MRV failed 
to detect thrombosis in the inferior petrosal sinus. As a 
result, bilateral abducents nerve palsy in our patient can 
be justified a result of elevated intracranial pressure and 
subsequent compressive injury [12].

The first indications and symptoms of high intra-
cranial pressure in our instance were throbbing head-
ache, acute onset vomiting and nausea, epileptic sei-
zure, and papilledema. Along with above features, we 
noticed diplopia and abduction limitation in the left 
eye due to abducents palsy. Abducents palsy is known 
to arise as a result of elevated intracranial pressure. 
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CONCLUSION:
In a patient with relatively sudden onset of head-

ache with seizure episodes and symptoms resembling 
a stroke, it is more likely to be a case of CVST. In an ex-
tensive CVST, bilateral papilloedema, abducents nerve 
palsy can be an indication suggesting increased ICP. 
Incerebral venous thrombosis, on time and precise 
treatments with anticoagulant medication contributes 
greatly and leads to favourable results.
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Abstract
Hypertension has turned into a foundational sickness with 
more frequency and commonness rate among the cutting 
edge age. Dietary and way of life changes can bring down 
pulse and reduction the gamble of unexpected problems, de-
spite the fact that treatment with medicine is still frequently 
essential in individuals for whom way of life changes are ad-
equately not or not compelling. The treatment of respectably 
high blood vessel pulse with drugs is related with a supe-
rior future An explorative review to figure out the relation-
ship between Body Mass Index and hypertension in a view 
to plan data booklet on counteraction of difficulties among 
hypertensive patients in Selected clinic at Chennai, Tamilna-
du, India. The review was led among hypertensive patients, 
for evaluating the relationship between Body Mass Index and 
Hypertension. The example of 100 was chosen by utilizing 
non-likelihood helpful testing method. Hypertensive patients 
were distinguished and their circulatory strain, level, weight 
and stomach size were gathered. Segment factors and clini-
cal factors were gathered utilizing segment variable proforma 
and clinical variable proforma. Weight Index was determined 
by the generally acknowledged recipe. On investigating in-
formation, a solid relationship between Body Mass Index and 
Hypertension was found. Concerning segment factors there 
was relationship between Age, sex, word related status and 
conjugal status with hypertension. Though, no affiliation was 
there for instructive level, dwelling place, family pay and kind 
of family with Hypertension.
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INTRODUCTION
Hypertension has turned into a foundational in-

fection with more frequency and predominance rate 
among the cutting edge age. Dietary and lifestyle 
changes can cut down heartbeat and decline the bet of 
surprising issues, regardless of the way that treatment 
with medication is still regularly key in people for 
whom lifestyle changes are enough not or not strong. 
The treatment of decently high vein circulatory strain 
with medications is connected with a prevalent future. 
Hypertension is the vitally preventable bet factor for 
unexpected passing all over the planet. It grows the 
bet of ischemic coronary disease, stroke, periphery 
vascular ailment, and other cardiovascular contam-
ination, including cardiovascular breakdown, aortic 
aneurysm, diffuse atherosclerosis, consistent kidney 
contamination, and aspiratory embolism.

Hypertension is similarly a bet factor for mental 
impedance and dementia. Various traps consolidate 
hypertensive retinopathy and hypertensive nephrop-
athy Dietary and lifestyle changes can additionally 
foster heartbeat control and diminishing the bet of 
startling issues, in spite of the way that drug treatment 
is still every now and again imperative in people for 
whom lifestyle changes are enough not or not strong.

Various significant contributory elements for hy-
pertension have been recognized, including over-
weight/corpulence, unnecessary dietary sodium ad-
mission, low active work, smoking, and high liquor 
consumption. Past investigations have shown that be-
ing overweight or large is related with a higher gamble 
for hypertension. Hypertension, a condition created 
because of hypertension and is unequivocally relat-
ed with Body Mass Index. Weight was noted to be a 
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solitary best indicator of hypertension frequency, and 
was viewed as a significant controllable supporter of 
hypertension. Overweight and heftiness still up in the 
air from Body Mass Index.

THE OBJECTIVES OF THE STUDY
• To figure out the relationship between Body Mass 

Index and Hypertension among hypertensive pa-
tients.

• To figure out the relationship between chose socio 
segment factors, clinical factors and Hypertension 
among hypertensive patients

• To set up a data booklet on avoidance of right on 
time and late difficulties of hypertension.

MATERIALS AND METHODS:
The review was directed among hypertensive pa-

tients, for evaluating the relationship between Body 
Mass Index and Hypertension. At initial a compati-
bility was laid out with the patients and the motiva-
tion behind the review was clarified for them. The ex-
ample of 100 was chosen by utilizing non-likelihood 
advantageous testing method. On the primary day of 
information assortment, the specialist presented him 
and made sense of the nature, reason for the review 
to the clients. Verbal and composed Consent was ac-
quired to take part in the review and classification of 
their reactions was guaranteed. Hypertensive patients 
were distinguished and their pulse, level, weight and 
stomach bigness were gathered. Segment factors and 
clinical factors were gathered utilizing segment vari-
able proforma and clinical variable proforma. Weight 
Index was determined by the generally acknowledged 
equation.

RESULTS
The information was altered, coded and entered 

in succeed sheets. Examination was finished utilizing 
both elucidating and inferential insights. Recurrence 
and rate conveyance of socio demographic, clinical 
factors and Biophysiological factors were introduced. 
Chi square worth was determined to find the relation-
ship between Body Mass Index and Blood pressure 
and furthermore the relationship between Socio seg-
ment factors, clinical factors and Body Mass Index.

On investigating information, a solid relationship 
between Body Mass Index and Hypertension was 

found. Concerning segment factors there was rela-
tionship between Age, sex, word related status and 
conjugal status with hypertension. Though, no affili-
ation was there for instructive level, living spot, family 
pay and kind of family with Hypertension.Regarding 
Clinical factors, there was relationship between Type 
of food and Frequency of feast with hypertension. 
Though no affiliation was found for Co bleak ailment 
and Common cooking techniques with Hypertension.

CONCLUSION
The review uncovered that there is relationship be-

tween age, sex, word related status and conjugal status 
with hypertension though, no affiliation was found 
for instructive level, residing place, family pay and 
sort of family with Hypertension. On investigating 
information, we can derive that 42% of the example 
were overweight 52% were of typical weight and 6 % 
were underweight .There is huge relationship between 
Systolic pulse and Body Mass Index. There is critical 
relationship between Diastolic pulse and Body Mass 
Index. Thus the scientist inferred that the is a relation-
ship between Body Mass Index and Hypertension.
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Abstract
To manage healthcare, an electrocardiogram, often known 
as an “EKG” or “ECG”, is a measurement of the electrical 
activity of the organ “heart”. Deep Learning (DL) or Deep 
Neural Networks have recently attracted the attention of re-
searchers in many other sectors, including healthcare and 
medicine. There has been a frequent rise in the number of 
researchers developing the model to classify and detect 
several diseases, out of which cardiac complications are the 
keen focus due to the mortality associated with it. Therefore, 
the objective of the present research is to develop a clas-
sification model for efficient and accurate classification of 
signals received from ECG. The present study uses a “deep 
neural network” for the classification of the ECG signal into a 
total of five criteria including Normal ECG, QRS Widening, ST 
Elevation, ST Depression, and Sinus Rhythm. The developed 
classification method is tested and evaluated with the “MIT-
BIH arrhythmia database” which revealed significant matri-
ces for all parameters such as “precision”, “accuracy”, “re-
call”, and “F-1 score”. In addition to that, the proposed model 
demonstrated competent results which further highlights the 
practical applicability of the model to implementation and 
adoption in the healthcare sector. 
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INTRODUCTION
Everyone should prioritize their health since it af-

fects their quality of life. The heart is one of the organs 
that have to be maintained in good condition since it 
is a crucial organ that pumps blood throughout the 
body. The worst thing that may happen to a person is 
dead if their heart cannot perform its functions nor-
mally. The “World Health Organization (WHO)” re-
ports that 17.9 million people globally, or about 31% 
of the population, died from heart disease in 2016, 
with around 17 million of those deaths occurring in 
persons under the age of 70 [1]-[3]. 

In 2030, it is predicted that 23.4 million people 
would die from cardiac abnormalities worldwide, 
contributing to 35% of all mortality (WHO, 2018) [4]. 
Figure 1 below demonstrates the projected number of 
different diseases by 2030. The current foundation for 
heart diagnosis is the examination of electrocardio-
gram (ECG) patterns, clinical symptoms, and testing 
of significant cardiac biomarkers. A hematological 
analyzer with biochemical reagents and skilled clini-
cal staff for checking blood and conducting tests are 
among the specialized equipment, costs, and infra-
structural facilities needed for this type of diagnosis, 
which relies on an invasive laboratory test. Due to this, 
developing countries or remote healthcare monitoring 
find it challenging to apply such assessments.

Artificial intelligence (AI) will be used more fre-
quently in the health industry because of the volume 
and growth of data in that industry. Payers, healthcare 
professionals, and biological sciences corporations 
are already using a variety of types of AI [5]–[7]. Im-
plementations are divided into three main categories 
administrative duties, patient involvement and ad-
herence, and suggestions for diagnosis and treatment. 
Even though there are various situations where AI can 
execute healthcare activities just as well as or superior 
to humans. As cardiovascular health and its take care 
are becoming important day by day to reduce the mor-
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tality rates due to heart diseases, AI is now taking a 
majority of part in various tasks employed in the de-
tection diagnosis of heart diseases as well as the man-
agement of the heart patients [8]–[10]. The report and 

the growth of AI in healthcare in the U.S. Market are 
illustrated in Figure 2 below, where the significant in-
crease can be seen in hardware, software, and services 
of the healthcare sector.

Figure 1: Illustrating the Projected Number of Deaths from Different Diseases by 2030.

Figure 2: Illustrating the growth of Artificial Intelligence in the Healthcare Market; U.S. CAGR Report.
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It is critical to detect and characterizes aberrations 
in the heart as well as its suggested ECG signal. The 
deep learning methodology is ideally suited to the 
challenge and integrating several neuronal layers in 
a neural network to find the methods for detecting 
the signals of ECG in less time with reliable findings. 
“Deep learning” has already been used to perform a 
range of tasks in patterns and recognition of images, 
which has prompted medical researchers to study this 
cutting-edge technology.

A division of machine learning called deep learn-
ing can autonomously extract features. Deep learn-
ing-based solutions have lately been recognized as a 
key element in healthcare providers for automatically 
extracting high-level abstract features, removing the 
need for time-consuming human feature design. DNN 
which is elaborated as a DNN is constructed in the same 
manner as the brain of humans. Depending on the log-
ic shared by the various components, a single neuron 
comprehends and identifies a pattern. The present pa-
per provides a novel classification method employing 
deep learning to classify the raw signals of ECG.

The present paper is divided into a total of five sec-
tions. The first section discusses the fundamentals and 
significance of carrying out the study while the second 
section provides the literature review on the existing 
and already developed approaches and classification 
model. The third section provides and discusses the 
design utilized to carry out the study followed by the 
fourth section providing the result and the fifth sec-
tion of concluding remarks.

LITERATURE REVIEW
Madan et al. carried out the development of a hy-

brid “deep learning method” to classify arrhythmias 
based on ECG. In their study, they used 2D scalogram 
images for the automation of feature extraction and 
noise filtering and then developed a model with CNN 
and the “Long Short-term Memory (LSTM)” network. 
In their study, the experimental analysis was per-
formed with the help of the MIT-BIH database. The 
results of their study revealed 99% accuracy for “Con-
gestive Heart Failure (CHF)”, “Normal Sinus Rhythm 
(NSR)”, and an accuracy percentage of 98.7% for Car-
diac Arrhythmias (ARR) [11]. 

Another study by Yao et al. developed a DNN 
model, the “attention-based time-incremental con-
volutional neural network (ATI-CNN)”, that achieves 
temporal as well as a spatial fusion of data using sig-

nals of ECG by combining recurrent cells, an attention 
module, and CNN. The results of their study demon-
strated that the developed model of classification at-
tained a classification accuracy of 81.2% [12].

Arief Kurniawan et al. presented a “Deep Learn-
ing method”, “Convolutional Neural Network (CNN)”, 
that is employed to categorize a total of five different 
types of irregular heartbeats on signals of ECG: “Right 
Bundle Branch Block (RBBB)”, “Normal Beat (NOR)”, 
“Premature Ventricular Contraction (PVC)”, “Fusion 
of Ventricular and Normal (FVN)” and “Left Bundle 
Branch Block (LBBB)”. They examined the CNN ar-
chitecture’s ability to differentiate heartbeats in the 
“MIT-BIH Arrhythmia database”. The recommended 
performance results have also demonstrated an accu-
racy of approximately 98% [13].

Liang et al. introduced a novel deep learning ap-
proach and performed a comprehensive comparison of 
various methodologies and databases. Databases I and 
II containing single-lead ECGs and 12-lead ECGs were 
utilized to investigate a realistic and feasible categoriza-
tion algorithm for heartbeat events. In processing heart-
beat event categorization, a “neural system technique” 
referred to as “Method I” and a “deep learning approach” 
referred to as “Method II” that integrates “CNN” with 
the “BiLSTM” network were assessed and compared. It 
has been revealed that Method I performed marginally 
better than Method II. The results of their study revealed 
the better performance of Method I in comparison to 
that of other state of art algorithms [14].

Li et al. developed an autonomous-detection meth-
od that can extract valid and important features from 
a 12-lead ECG to categorize various sorts of cardiac 
conditions. The created system was trained and evalu-
ated on ECG information from nine different types of 
cardiac conditions, completing a multi-label classifica-
tion assignment. The results of their study revealed an 
average F1 score of 0.908 and an area under the curve 
of 0.974 thus demonstrating the potential of classify-
ing and auto-detecting the different types of cardiac 
complications [15].

The intriguing approach for categorizing ECG sig-
nals in “Machine Learning” is used to examine time 
data. Deep Learning delivers the greatest results, 
which is a new trend in the medical profession inves-
tigating which issues require extra attention in biolog-
ical signal processing. The current technique neces-
sitates preprocessing (Denoising, Feature Extraction) 
and classification (classify signal) 
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METHODOLOGY

3.1. Design
The present research develops a classification 

model for carrying out the classification of ECG 
signals obtained from patients. The cut signals 
were first converted into JPG images and then the 
classification model depending on a “deep neural 
network” was used for classification. ECG input 
signals were used from the “MIT Arrhythmia da-
tabase”, which was then followed by the identifica-
tion of each peak, estimation of RR interval peaks, 
segmentation into single peak signals followed the 
formation of 2 D images. The 2-D images were then 
labeled into particular 4 categories and then the 
model was trained by the “deep neural network”. 
The methodology for the developed system is illus-
trated in Figure 3 below.

Sample and Data Collection
For model training, ECG data were obtained from 

publicly available sources in an open database «(MIT-
BIH Arrhythmia Database)” to create a strong classifi-
cation model. The database comprises 48 recordings, 
each lasting 30 minutes and including two leads. The 
MIT-BIH arrhythmia database is a freely accessible set 
of data that offers common research materials for the 
identification of cardiac arrhythmia. It has been uti-
lized since 1980 for the development of medical de-

vices and basic research on cardiac rhythm and asso-
ciated diseases. The goal of the database construction 
is to produce automated arrhythmia detectors that can 
diagnose the heart automatically based on the variety 
of the signal. 

Instrumentation
Deep neural networks are a potent class of machine 

learning algorithms that are constructed by stacking 
multiple neural network layers along the width and 
depth of smaller structures. Deep networks have lately 
exhibited discriminatory and representational learn-
ing skills across a wide range of applications in recent 
years. Deep learning researchers are broadening their 
horizons by looking for potential applications in other 
fields.

Input image features are extracted by a neural net-
work called CNN, and the image features are then 
classified by another neural network. The input image 
is utilized by the feature extraction network. The neu-
ral network classification process subsequently creates 
the output according to the features of the input im-
age. The neural network utilized for feature extraction 
includes convolution layer stacking and groups of 
pooling layers.

The Study utilized pre-trained VGG-16, ResNet50, 
and Inceptionv3. VGG-16 is a 16-layers deep neural 
network whereas Inceptionv3 is 48 layers and Res-
Net50 is 50 layers deep neural network.

Figure 3: Illustrating the Methodology used to Carry out the Development of the Classification model.
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Data Analysis 
The four ECG signal patterns used in this investiga-

tion, as listed in the “MIT-BIH Arrhythmia Database”, 
are “normal ECG”, “sinus rhythm”, “QRS widening”, “ST 
depression”, and “ST elevation”. Convolution neural net-
work (CNN) models were created using the four ECG 
patterns that were converted into 2D images. The testing 
and training datasets for the classifier were split equally at 
60% and 40%. The dataset is employed to train the classi-
fication model (training set), while the testing dataset is 
employed to evaluate and assess it. Table 1 illustrates the 
different labels and the number of 2-D images taken in 
the analysis and testing of the model (Table 2).

Table 1
Illustrating the Number of Two-Dimensional Images Employed 
for Each of Five Labels.

Label Number of 2D images
Normal ECG 20,488
QRS Widening 19,755
ST Elevation 8899
ST Depression 6163
Sinus Rhythm 5777

RESULTS AND DISCUSSION 
As per the results of different matrices of classifi-

cation mode, it has been revealed the proposed clas-
sification model using deep learning can classify the 
ECG signals with great accuracy, recall, precision, and 
F-1 score as illustrated in Table 3 demonstrating the 
three different matrices and Table 4 demonstrating the 
results of transfer learning. 

4.1. Recall
The parameter called “recall” is calculated as the 

percentage of positive samples accurately labeled as 
positive to all samples that are positive. This param-
eter measures how effectively the model can distin-
guish between positive sample. The bigger the recall, 
the more positive samples that are found. 

4.2. Accuracy
Accuracy is one of the criteria used to evaluate 

models of classification. Accuracy is the percentage 
of predictions that the developed classification model 
predicted correctly. According to formal definitions, 
accuracy is:

Table 2
Illustrating the Confusion Table for the Five Categories with “True positives”, “True negatives”, “False Positives”, and “False Negatives”.

Label
VGG-16/ResNet50/Inceptionv3

Normal ECG QRS Widening ST Elevation ST Depression Sinus Rhythm
Normal ECG 2701/2644/2087 44/87/289 31/46/127 46/94/266 59/43/349
QRS Widening 38/63/568 2803/2752/2021 2803/2752/22222 2/25/99 3/6/212
ST Elevation 58/54/767 77/34/235 3/87/99 4/23/155 2098/1098/1088
ST Depression 66/43/312 52/64/88 60/43/188 2672/2847/2014 6/4/320
Sinus Rhythm 28/66/196 5/5/74 4/20/122 4/20/125 2808/2744/2661

Table 3
Illustrating Different Matrices Received for Different 5 labels by VGG-16/ResNet50/Inceptionv3.

Categories
VGG-16/ResNet50/Inceptionv3

Precision Recall F-Score
Normal ECG 0.932/0.943/0.753 0.967/0.941/0.648 0.944/0.924/0.681
QRS Widening 0.955/0.956/0.734 0.988/0.954/0.823 0.966/0.933/0.059
ST Elevation 0.945/0.945/0.750 0.971/0.976/0.877 0.934/0.964/0.734
ST Depression 0.967/0.955/0.834 0.965/0.967/0.745 0.970/0.965/0.775
Sinus Rhythm 0.986/0.955/0.834 0.967/0.967/0.756 0.956/0.945/0.745

Table 4
Illustrating the Transfer Learning Results for VGG-16/ResNet50/Inceptionv3.

Index VGG-16 ResNet50 Inceptionv3
Image Size 224 x 224 224 x 224 224×224
Accuracy 0.96001 0.94698 0.75021

Recall 0.96007 0.94687 0.71253
Precision 0.98012 0.94538 0.78235
F-1 Score 0.96008 0.98542 0.65486
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TP TNA

FP TP TP FN

4.3. Precision
“Precision” is determined by dividing the total num-

ber of positively identified samples (True Positive) by 
the proportion of accurately classified positive samples 
(either incorrectly or correctly). Therefore, precision 
enables users to see if the machine learning models are 
reliable in categorizing the model as positive. 

4.4. F-1 Score
The “F-score”, sometimes referred to as the F1-

score, evaluates the accuracy of a model on a dataset. 
This parameter is used to evaluate binary classification 
systems that categorize instances as either «negative» 
or «positive.» It is feasible to modify the F-score so that 
recall is evaluated more highly than accuracy or vice 
versa. The F0.5-score and the F2 score are two popular 
modified F-scores in addition to the regular F1 score.

The developed classification method is also com-
pared with existing classification models. A study 
carried out by Pourbabaee et al., developed a method 
for effective classification of electrocardiograms. In 
their study, they used CNN for classification. In their 
study, they demonstrated that the proposed method 
will increase the Classification performance by 91% in 
comparison to the others [16]. Khan et al. suggested 
a technique for detecting heart disorders using 12-
lead ECG images. To diagnose cardiovascular illness, 
a Deep Neural Network architecture based on Single 
Shoot Detection (SSD) MobileNet v2 was deployed. 
The study demonstrated great accuracy in distinguish-
ing and detecting four main heart anomalies. Several 
cardiology experts manually validated the accuracy 
results of the developed approach and advised that it 
be used to screen for heart conditions [17]myocardi-
al infarction, abnormal heartbeat, previous history of 
MI, and normal class.

CONCLUSION
The electrical signal from the heart is measured 

during an electrocardiogram (ECG or EKG), a test 
used to identify different predisposing factors. Auto-
mation of signal detection can help advance identifi-
cation and detection because it is one of the pillars of 

heart health. In this study, a classification system for 
ECG data is developed using deep neural networks to 
provide better and much more effective diagnoses. In-
stead of focusing on whether the techniques will be 
capable enough to be useful, the biggest challenge for 
AI throughout many healthcare domains is securing 
their acceptance in daily clinical practice. Though it 
will take far longer than the development of the tech-
nology themselves, these issues will eventually be ad-
dressed.
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Abstract
Myocardial infarction occurs when the oxygen supply to the 
heart muscle is insufficient in one or more places. Its manage-
ment becomes costly in the developing world cause of expen-
sive medicine. Apart from that, the side effects of the treat-
ment used to treat myocardial infarction are also unintended 
side effects which further stress the need to explore alternative 
medicine. Therefore, this research aims to find the putative in-
hibitor from a botanical source against the target protein of 
myocardial infarction. To conduct the research, computer anal-
ysis was used to undertake a docking procedure between the 
target structure, the Cox-2, and the chosen phytocompound, 
Terminic acid. Following the determination of the affinity, the 
complex was visualized to examine the interaction and assess 
its potential for usage as a Myocardial Infarction preventative. 
The initial posture of the protein, as well as the ligand combina-
tion, showed binding energy of -7.79 kcal/mol which may fur-
ther open the way for its application in the treatment Myocar-
dial Infarction of in the future. To determine its drug-likeliness, 
however, more study, such as in-vitro investigations and bigger 
trials, is required.
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1. INTRODUCTION
The urban middle class in India is now experienc-

ing a time of tremendous social and economic trans-
formation. The Indian healthcare industry has made 
strides in recent years, but it still faces formidable 
obstacles before meeting international standards [1]. 
Although everyone in the nation is entitled to health-
care, 80.00% of outpatient treatment and 60.00% 
of inpatient care are delivered by the private sector, 
which includes 68.00% of all hospitals in the nation. 
Only 10.00% of the population is served by the bulk 
(60.00%) of preventative services, which are located in 
cities. Only 13% or 10%, respectively, of the rural pop-
ulation, have access to primary healthcare facilities 
and hospitals. In tertiary care hospitals, this results in 
an increase in patient flow as well as patient overload 
[2], [3]but also the balance between different types or 
even subtypes of cells. It is also this balance which is 
thought to control key processes in tissue repair, such 
as apoptosis and neoangiogenesis. In this paper, we 
aim to review imaging strategies (with a special focus 
on nuclear molecular imaging strategies.

Cardiovascular diseases impact the blood vessels as 
well as the heart (CVDs). In addition, at least one kind 
of heart disease affects 50% of Americans. To control 
heart disease, one might alter their lifestyle, or a doctor 
may prescribe medicine. Early detection of cardiovas-
cular illness makes treatment easier [4], [5]. Different 
causes may cause different sorts of cardiovascular dis-
ease depending on the particular kind. For instance, 
peripheral arterial disease and coronary artery disease 
are brought on by atherosclerosis. Arrhythmias can 
be brought on by cardiac muscle scarring, coronary 
artery disease, hereditary disorders, or negative drug 
side effects. Atherosclerosis, infections, or age can all 
result in valve issues [6], [7].

Heart attacks, also known as myocardial infarction, 
are highly serious conditions brought on by insuf-
ficient blood supply to your heart muscle. Although 
there are several potential causes, a blockage within 
one or more of the arteries going to your heart is the 
most common one. The injured heart muscle would 
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begin to deteriorate without blood flow. After just a 
heart attack, if blood flow isn’t rapidly restored, there 
might be irreversible cardiac damage or even death 
[8], [9]. 

A heart attack, also known as a “myocardial infarc-
tion” (MI), is brought on by a reduction or cessation of 
blood supply to a section of the myocardium. It is pos-
sible for a myocardial infarction to be silent, go unrec-
ognized, or become a catastrophic event that leads to 
hemodynamic decline and rapid death [10], [11]. Cor-
onary artery disease is the main cause of death in the 
United States and the main factor in the majority of 
myocardial infarctions. The myocardium lacks oxygen 
when a coronary artery is blocked. If the myocardium 
is persistently denied oxygen, myocardial necrosis or 
cell death may result [12], [13]. Patients may express 
discomfort in their neck, shoulder, jaw, or arm in addi-
tion to pressure in their chest. In addition to the physi-
cal examination and history, myocardial ischemia may 
also be detected by an elevated cardiac troponin level 
and abnormalities in the ECG. This activity clarifies 
the pathophysiology, diagnosis, and treatment of myo-
cardial infarction while also highlighting the value of 
the multidisciplinary team in improving patient care 
[14], [15].

Your blood arteries are widened and blood flow is 
enhanced with ACE inhibitors. Your heart won’t have 
to work as hard to pump as a result. The most frequent 
adverse reaction is a dry cough. Less frequently, these 
medicines lead to:
• Dizziness
• hunger loss
• Headache
• Tiredness
• High blood potassium levels, which can lead to is-

sues with heart rhythm
Numerous medications can guard your heart and 

prevent you from suffering another heart attack. Some 
work to avoid blood clots. Others reduce cholesterol 
as well as blood pressure. Each medication has poten-
tial negative effects, just like any other drug [16], [17]. 
But it’s important to keep taking your medicine until 
your doctor tells you to stop. Knowing what to expect 
makes it simpler to get ready to talk about a treatment 
plan with your doctor in case any side effects occur. 
People can continue taking your medicine and protect 
your heart by doing that.

Heart failure develops as a result of the loss of car-
diomyocytes. With fewer myocytes, the heart cannot 

continue to contract efficiently. Apoptosis is one of the 
primary mechanisms that cause cardiomyocyte loss 
in failing hearts in both human patients and animal 
studies. Even though the underlying cause and patho-
physiological relevance of apoptosis are unclear, an-
ti-apoptosis has been introduced as a stimulating new 
paradigm for both prophylactic and therapeutic strat-
egies for heart failure. This present study aims at iden-
tifying possible photo inhibition against Cox-2 which 
can further help in managing the burden of heart fail-
ure in a population with increasing life expectancy.

2. LITERATURE REVIEW
Smita Agarwal studied the involvement of COX-

2 in eicosanoids in cancer or inflammation. Eicosa-
noids, a group of oxygenated metabolites produced 
by the lipoxygenase, cyclooxygenase (COX), or ep-
oxygenase pathways from eicosapolyenoic fatty acids 
including arachidonic acid, are crucial in the control 
of several pathological processes, such as both cancer 
and inflammation. The primary enzyme governing 
inflammation has emerged as the inducible COX-2 
variation, or COX, which is also anticipated to have 
a substantial influence on cancer. Downregulation of 
apoptosis and promotion of invasion, metastasis, or 
angiogenesis by the coxib might play a role in cancer 
diagnosis or therapy since COX-2 is a key player in 
the development of tumor development as well as can-
cer. The cardiovascular adverse effects of coxib have 
restricted their usage in the treatment of a number of 
inflammatory illnesses, necessitating the discovery of 
COX-2 inhibitors without side effects [18].

Chawla R studied about herbal informatics ap-
proach for natural compounds targeting gout identi-
fication and validation. Inflammatory arthritis called 
gout is brought on by the crystallization of monoso-
dium rate in the synovial fluid of the joints as well as 
other soft tissues. Gout now affects 1.00-2.00% of the 
population in western nations, a greater incidence rate 
than in previous decades. Due to the propensity of 
these medications to have gastrointestinal side effects, 
conventional therapies are ineffective or less effective 
for people with such inflammatory conditions. The 
focus of the current study was on the use of an herbal 
informatics tool, which included a classical literature 
surge model, and a decision matrix. Herbs discovered 
by the bioprospecting investigation were confirmed by 
molecular docking analysis, which may be useful in 
drug development programs that investigate both bio-
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logical and chemical processes. Finding a herbal lead 
that might be utilized to block the gout inflammatory 
pathway in both in vitro and in vivo models is the aim 
of this work [19].

Syed Muhammad Ali Shah et al. studied the po-
tential of plant-derived molecules for cardioprotec-
tion. In this study, the author uses naturally occurring 
bioactive substances, or phytochemicals, that are de-
rived from medicinal herbs, vegetables, or fruits and 
work to treat a variety of illnesses. The therapeutic and 
pharmacological potential of the plant variety must be 
thoroughly investigated. The Directory of Open Ac-
cess Journals, Medline, PubMed, and Google Scholar 
was among the databases examined to discover studies 
detailing the cardioprotective properties of medicinal 
plants. The current study includes information on the 
use of medicinal plants, notably against cardiac ill-
nesses, and investigates the possible cardioprotective 
effects of phytoconstituents/molecules as plant sec-
ondary metabolites [20].

Fatemeh Fathiazad et al. studied about cardio-
protective properties of basil ethanolic extract. With 
the use of CAMAG’s TLC scanning and high-perfor-
mance TLC analysis, the amount of rosmarinic acid 
was measured. Isoproterenol, a sham procedure, and 
treatments with 10.00, 20.00, or 40.00 mg/kg of the 
extraction twice daily while inducing MI were admin-
istered to six groups of Wistar rats. A phytochemical 
investigation found flavonoids (1.85%) and phenolic 
compounds (5.37%) to be present. Rosmarinic acid 
was the major phenolic component, existing at a rate 
of 15.75%. All dosages of the extract significantly re-
duced the isoproterenol-induced ST-segment eleva-
tion [21].

3. METHODOLOGY 

3.1. Design
Data searching and a thorough examination of the 

available literature were done to determine the poten-
tial and effective ligand structure for managing heart 
failure using alternative medicine. The current work 
investigates the targeting capability of chosen ligands 
and target proteins using a computational method and 
docking technique. To conduct the study, the protein 
and chemicals were obtained from their respective 
databases, and ready for docking. After retrieving the 
structure of protein and compound the preliminary 
file conversion and the preparation was performed. 

Figure 1 shows the design of the methodology used 
in this study. Autodock4 was then used to accomplish 
the docking, as well as the complex, and was then vi-
sualized using a different program known as BIOVIA 
Drug Discovery Studio.

Figure 1: Illustration of the Design of the Methodology used to 
perform the Docking Process.

3.2. Instrument
Using the RCSB: From the Protein Data Bank 

(PDB) or PubChem databases, the structures of the li-
gand and protein are retrieved. All users, from compu-
tational biologists to structural biologists or beyond, 
may access PDB data for free thanks to the “Research 
Collaborator for Structural Bioinformatics Protein 
Data Bank” (RCSB PDB), the United States data center 
for the global PDB repository. It acts as a database for 
the three-dimensional structural data of important bi-
ological substances, including proteins and nucleic ac-
ids. Biochemists or biologists from all over the world 
supply the data, which is frequently acquired using 
NMR spectroscopy or, increasing, cryo-electron mi-
croscopy and X-ray crystallography.

A free chemistry database just at the “National In-
stitutes of Health” is called PubChem (NIH). Open 
indicates that others might use the scientific data 
you provide in PubChem. PubChem has developed 
into a significant repository of chemical information 
for academics, students, as well as the general public 
since its launch in 2004. Our websites or services pro-
grammatically distribute data to several million con-
sumers worldwide each month. One of the most often 
mentioned software programs in the scientific world, 
Autodock4, was utilized for the molecular docking 
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procedure. The program uses docked log files to as-
sess receptor-ligand interactions and forecast how a 
substance or ligand will attach to a protein or receptor 
in a real biological system. This analysis is done using 
a graphical tool called BIOVIA drug discovery studio.

3.3. Sample

3.3.1. Preparation of Ligand: 
The ligand molecule is obtained in XML format for 

PubChem, which was later converted to PDB format 
using a straightforward, openly accessible application 
called OpenBabel GUI. For further processing, the 
compound was exported to the AutoDock tool. After 
preparing the ligand, the ligand was then stored in the 
pdbqt format, which is required to carry out the sub-
sequent docking operation. Figure 2 below shows the 
structure of the ligand molecule.

Figure 2: Illustrate the Terminic Acid Ball and Stick Structure, 
with Gray Balls Standing for Carbon, White Sticks for Hydrogen, 
and Red for Molecules of Oxygen.

3.3.2. Protein Collection and Preparation:
The RCSB PDB was used to obtain the structure 

of the protein Cox-2, which was then truncated to 
remove the water molecule and the corresponding li-
gand molecule. The protein molecule was transferred 
to Autodock for additional preparation including the 
insertion of polar hydrogens to accelerate the dock-
ing process. The protein molecule was then stored in 
pdbqt format for additional docking. Figure 3 below 
shows what the 3-D structure of the protein looks like.

3.4. Data Collection
Docking of the protein and the chosen ligand is 

performed, to obtain different conformations and lo-
cations for successful binding of the ligand and the 
protein to form the complex. AutoGrid was first exe-
cuted using the 1. gpf file, and then autodock4 was run 

using the. dpf file to complete the docking operation. 
Making a protein or other macromolecule rigid and a 
ligand flexible was how the docking process was car-
ried out. The binding energies of the various docked 
conformations were determined using the AutoDo-
ck tool and stored in the dlg file. The interaction was 
demonstrated using confirmation with the largest 
negative binding energy.

3.5. Data Analysis
Using BIOVIA Drug Discovery Studio, the ana-

lytical complex that had the greatest negative binding 
energy was examined. Figure 4 below shows the exact 
interactions between the ligand molecule and the pro-
tein’s amino acids. The two-dimensional structure was 
created to clearly understand the sorts of linkages re-
quired in the development of a stable complex. Several 
amino acids are involved in the formation of complex 
ARG44, PRO542, TYRI22, TYR373, and GLA 372. 

Figure 4: Illustrate the Interaction Between the Ligand Molecule 
and the Protein’s Amino Acids.

Figure 3: Illustrate the 3D structure of Protein, in which red 
color represent Alpha-helices, and yellow color represents Be-
ta-pleated sheet.
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Phytochemicals provide us with several difficul-
ties. Enhancing phytocompound bioavailability is the 
main issue. Many of these phytocompounds are read-
ily digested and excreted by the body since they are 
found naturally in food. Their therapeutic potential 
is constrained since they do not remain in the body’s 
systems for very long. The development of research 
will help to make these molecules more stable. Table 1 
shows the length and type of the interaction between 
the ligand and the amino acids in the protein.

Table 1
Considering the distance and kind of the bond between the 
ligand and the protein’s amino acids.
Ligand: Protein Distance Bonds 

Category
Bonds Type 

UNL 1: ARG44 2.02062 Hydrogen 
Bond

Conventional 
Hydrogen Bond

UNL1: GLN372 2.01503 Hydrogen 
Bond 

Conventional 
Hydrogen Bond

UNL 1: PRO542 5.18986 Hydrophobic 
Bond 

Alkyl

UNL1: ARG44 4.9122 Hydrophobic 
Bond

Alkyl

UNL1: PRO542 4.00831 Hydrophobic 
Bond

Alkyl

UNL1: TYR373 5.24048 Hydrophobic 
Bond

Alkyl

UNL1:TYR122 4.76136 Hydrophobic 
Bond

Alkyl

4. RESULT AND DISCUSSION
The interaction energies for non-polar, polar, or 

non-bonded contacts are added up to determine the 
binding free energy. To calculate binding energy, the 
final total internal energy, total intermolecular ener-
gy, and torsion-free energy must all be added together. 
The energy of an unbound system is then reduced by 
this energy. The DLG file format was used to obtain 
the docking results and a list of the binding energies. 
The general rule is that the protein and ligand com-
bination is more stable the more negative the binding 
energy there is. The calculation of the binding energy 
revealed that the chosen ligand “Terminic acids” and 
receptor/protein “Cox-2” produced a stable complex 
with a variety of bond topologies. This complex’s 
binding energy was -7.79 kcal/mol. Figure 5 Shows ex-
amples of binding energies for several auto docks runs 
in the docked file.
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Figure 5: Illustrate the Binding energies on different auto dock 
run in the docked file. 

5. CONCLUSION
Heart disease is currently one of the most signifi-

cant socioeconomic issues. The best way to avoid car-
diovascular disease is to make changes to your way 
of life, particularly in your eating habits. Along with 
changeable risk factors, medicines and synthetic phar-
maceuticals used to treat heart disease are being linked 
to an increasing number of negative effects. As a result, 
research is currently being done to find alternatives that 
could include a phytocompound. In the current work, 
the targeting potential of a phytocompound against 
Protein Cox-2, a newly discovered target protein for 
heart failure, was investigated. The findings showed 
encouraging inhibition, as shown by negative binding 
energy. However, the present study’s drawback is that 
larger In Vivo and In Vitro research are required to 
corroborate the results. In order to conduct the study, 
docking between the Cox-2 target structure and the se-
lected phytocompound, terminic acid, was done using 
computer analysis. The complex was visualized to look 
at the interaction and evaluate its potential for use as a 
Myocardial Infarction preventive when the affinity was 
established. Future use of the protein in the therapy of 
myocardial infarction may be made possible by the ini-
tial posture of the protein and the ligand combination, 
which demonstrated binding energy of -7.79 kcal/mol. 
But further research is needed, such as larger trials and 
in-vitro studies, to determine its drug-likeliness.
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Abstract
Lowering blood pressure (BP) using antihypertensive medicines 
lowers the risk of target organ failure as well as the occurrence 
of cardiovascular disease. The most common modifiable risk 
factor for death and disability is hypertension, which is associ-
ated with strokes, increased coronary and systemic atheroscle-
rosis, heart problems, and chronic kidney diseases (CKD). The 
majority of deaths and disabilities globally now result from car-
diovascular diseases (CVDs), mainly in low- and middle-income 
nations. Numerous genetic, behavioral, and environmental risk 
factors all contribute to hypertension, a significant component 
in the advancement of CVD. Given the significance of protein-li-
gand interactions in structure-based therapy development, we 
molecularly docked nifedipine to the cardiovascular target pro-
tein to determine the drug’s binding affinity. The Angiotensin 
Converting Enzyme (Target hypertension Protein) three-dimen-
sional (3D) structure was docked using the Autodock tool, which 
was retrieved from the Protein Data Bank (PDB). Our analysis 
indicates that nifedipine is an effective choice for treating hy-
pertension and reducing the symptoms of angina (chest pain).
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1. INTRODUCTION
Hypertension, defined as a systolic or diastolic 

blood pressure measurement that is at least 10 points 
greater than the upper limit for a specific individual’s 
age group, is a global pandemic that worsens with age. 
One-fourth of the world’s adult population has hyper-
tension now, but that percentage is expected to grow 
to one-third by 2025 [1]. However, isolated systolic 
hypertension becomes more common as people be-
come older. Systolic hypertension alone, as contrast-
ed to systolic hypertension + diastolic hypertension, 
increases from twenty (20) percent in those under 
forty to eighty (40-80) percent in those sixty to six-
ty nine (60-69) and ninety five (95) percent in those 
older than eighty [2]. Since systolic blood pressure is 
an excellent predictor of coronary and cerebrovascu-
lar risk, particularly in the elderly, it is receiving more 
attention than ever before. Particularly in elderly in-
dividuals with a high-risk profile, treating systolic hy-
pertension, characterized by a broad pulse pressure, 
is successful in terms of blood pressure management 
and decreased morbidity [3].

Around 16.5% of all fatalities globally are attrib-
utable to hypertension; it causes more deaths and 
disabilities than any other kind of cardiovascular dis-
order. It is predicted that by 2030, 23.5 million peo-
ple would die every year. Hypertension contributes 
significantly to the development of peripheral artery 
disease, heart failure, coronary artery disease, and 
atherosclerosis, stroke also damages the kidneys and 
may cause dementia or blindness [4]. Primary (essen-
tial) hypertension is the more common kind of raised 
blood pressure, whereas secondary hypertension oc-
curs for other reasons [5]. Secondary hypertension, 
although affects 5-10% of hypertensive persons, has 
a better chance of being treated since its causes are 
known and treatable, like diabetes and renal impair-
ment. However, essential hypertension develops due 
to a combination of variables. Essential hypertension 
is more challenging to treat than other types of hyper-
tension because its etiology could be harder to deter-
mine or establish. It’s interesting to note that essential 
hypertension accounts for the vast majority of individ-
uals (90%-95% vs. 5-7%) [6].
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When an angiotensin-converting enzyme (ACE) 
inhibitor is administered, both hypertensive and nor-
motensive patients have considerable reductions in 
mean arterial blood pressure, systolic blood pressure, 
diastolic blood pressure, and pulse rate. Several ran-
domized controlled studies have examined the effec-
tiveness of angiotensin-converting enzyme inhibitors 
as hypertension treatments. One of four pharmaco-
logical classes suggested for the first treatment for 
people with increased blood pressure, ACE inhibi-
tors were included in the 2014 evidence-based rec-
ommendations released by the Eighth Joint National 
Commission (JNC8) [7]. Calcium channel blockers 
(CCBs), thiazide diuretics, and angiotensin recep-
tor blockers are often used for initiation therapy in 
the non-black population. Only thiazides and calci-
um channel blockers should be utilized to treat high 
blood pressure initially in the black population [8]. 
The “American Heart Association”/”American Col-
lege of Cardiology” (AHA/ACC) and the “European 
Society of Cardiology (ESC)” have both released guid-
ance recommending “angiotensin-converting enzyme 
(ACE)” inhibitors as first-line antihypertensive thera-
py, especially for patients with diabetes mellitus (DM) 
and cardiovascular diseases. One of the most effective 
hypertension drugs, angiotensin-converting enzyme 
(ACE) inhibitors, has been demonstrated to have a 
smaller effect on hypertensive Black persons than on 
White people [9].

When the membrane potential of smooth muscle 
cells drops, calcium enters the cells via voltage-gat-
ed channels. Nifedipine lowers calcium ion entry in 
vascular smooth muscle and cardiac cells by blocking 
voltage-dependent L-type calcium channels. Systemic 
blood pressure drops and oxygen supply to the heart 
muscle increases as a result of decreased intracellular 
calcium levels. This means that nifedipine may lower 
blood pressure and reduce angina. The dihydropy-
ridine subclass of calcium channel blockers includes 
nifedipine. It is mainly used as an antianginal and an-
tihypertensive drug. NIFEDIPINE, a calcium channel 
blocker, and its analogs are employed here. In cases 
when the desired first-line medications are either in-
effective or contraindicated, calcium-channel block-
ers are often used as a second line of defense. They 
work well for controlling blood pressure in those who 
also have angina or diabetes. Dihydropyridines and 
non-dihydropyridines are the two main chemical fam-
ilies of calcium-channel blockers, and they each have 

their unique pharmacokinetic features and therapeu-
tic indications [10].

2. LITERATURE REVIEW
The research by Syed Awais Attique et al. found 

that high blood pressure (hypertension) is mostly 
caused by a combination of hereditary, lifestyle, and 
environmental variables. In this work, putative inhib-
itors of ACE were identified and evaluated from bo-
tanicals, other natural sources, and synthetic sources 
using a molecular docking-based method. In addition, 
Lipinski’s rule was used to foretell whether or not these 
inhibitors would be useful as medications in biologi-
cal systems by taking into account their adsorption, 
distribution, metabolism, and excretion (ADME). In 
conclusion, our research offers a fresh and more pre-
cise understanding of the interactive features of estab-
lished potential ACE inhibitors [11].

For this objective, Dr. Cüneyt Turkos et al. isolated 
glutathione S-transferase (GST) using the inhibitory 
effects of many calcium channel blockers (CCBs) were 
investigated using GSH-agarose affinity chromatogra-
phy. These CCBs included amlodipine, cinnarizine, is-
radipine, nifedipine, and nilvadipine. Micromolar lev-
els of inhibitory action against GST were shown by the 
CCBs (KIs in the range of 98.84 ±0.53, M-502.7±02.5 
M). Isradipine was the most effective inhibitor of GST. 
Moreover, Docking studies were carried out to further 
define the interactions between nilvadipine and the 
active site of GST, confirming the inhibitory effect of 
this competitive inhibitor [12].

The researchers Ruidan Wang et al. stated in their 
research isolated and identified sesame protein into 
“angiotensin I-converting enzyme (ACE)” inhibitory 
peptides using in vitro stomach digestion modeling 
and then investigated the underlying processes through 
docking studies”. Digestion time increases breakdown 
and peptide production. Digestion increased ACE in-
hibitory action. SPDS-VII (3 kDa) demonstrated the 
highest ACE inhibition after ultrafiltration using vari-
ous “molecular weight cut-off (MWCO)” membranes. 
With the use of the NGC Quest TM10 plus Chromatog-
raphy System, SPDS-VII was purified. From peak 4, 
11 peptides were found utilizing Nano UHPLC-ESI-
MS/MS (nano ultra-high performance liquid chroma-
tography-electrospray ionization mass spectrometry/
mass spectrometry). According to molecular docking, 
GHIITVAR inhibits ACE by forging strong hydrogen 
bonds with its binding sites. These results demonstrate 
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the potential of GHIITVAR for the development of 
new functional foods by identifying sesame protein as 
a rich source of ACE inhibitory peptides [13].

3. METHODOLOGY

3.1. Design:
We found the most probable and efficient ligand 

structure for controlling blood pressure with comple-
mentary and alternative therapies (CAM ) by combin-
ing data mining with a thorough review of the existing 
research. In this study, a computational approach and 
docking mechanism are used to examine the targeting 
capability of certain ligands and target proteins. The 
human angiotensin-converting enzyme was shown to 
be a protein of interest in the therapy of hypertension, 
and also the chemical benazepril was found to have 
this effect using data mining and comprehensive anal-
ysis of the reviewed studies. Autodock4 was then used 
to prepare the protein and chemicals for docking, and 
BIOVIA Drug Discovery Studio was used to view the 
resulting complex shown in Figure 1. 

3.2. Instrumentation
The Angiotensin Converting Enzyme (ACE) pro-

tein’s three-dimensional structure is available for down-
load in PDB format from the RCSB. By making avail-
able the PDB data on the three-dimensional proteins, 
nucleic acids, and other macromolecules’ 3D structures 
and the interactions between smaller molecules (co-
factors, medicines), RCSB aids in scientific study and 
teaching across the world. Tools for exploring, viewing, 
and interacting with the PDB databank may be found 
on the RCSB website; they include, for example, an easy 
way to look for the chemical interactions that stabilize 
macromolecules and play a crucial part in the interac-

tions and functionalities of proteins and chemicals. All 
users, including structural biologists, computational 
biologists, and many others, have direct access to the 
PDB data conserved by the “Research Collaboratory 
for Structural Bioinformatics Protein Data Bank (RCSB 
PDB)” in the United States. Proteins and nucleic acids, 
two of life’s most fundamental building components, 
have three-dimensional forms that are recorded and 
maintained by this system. “X-ray crystallography”, 
“cryo-electron microscopy”, and “nuclear magnetic res-
onance” (NMR) spectroscopy are frequently used tech-
niques, and data is contributed by biotechnologists and 
scientists from all over the globe.

A chemical’s biological test activity may be looked 
up in PubChem, an online database. The “Nation-
al Center for Biotechnology Information (NCBI)” is 
the organization most people think of when they hear 
“National Library of Medicine.” Using a web interface, 
PubChem may be accessed for free. Millions of com-
pounds’ chemical structures and corresponding de-
scriptions may be downloaded for free through FTP. 
One of the numerous categories of chemicals covered 
by PubChem is those with less than 100 atoms and few-
er than 1,000 bonds. More than 80 separate database 
sources have contributed to PubChem’s fast expansion.

For the docking studies, we used Autodock4, one 
of the most popular programs in the research litera-
ture. The program simulates the binding of a drug or 
ligand to a protein or receptors in a biological system 
that used a docked log file. To assess the significance 
of this data, we use a graphical application called BIO-
VIA drug discovery studio.

3.3. Sample
“Angiotensin-converting enzyme (ACE)” inhib-

itors are commonly used to treat hypertension. An-

Literature 
Review

Download the 
angiotensin-
converting 

enzyme (ACE)

Convert the files 
into (.PDB) 

format

Removal of extra 
residues from 

protein
Run AutodockData Analysis 

Figure 1: Explains the Methods Employed in the Research to Acquire the Docked Complex between the Ligand and the Protein.
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giotensin II synthesis may be inhibited by angioten-
sin-converting enzyme (ACE) inhibitors, a peptide 
that constricts blood arteries. Hypertension is a ma-
jor contributor to, heart failure (HF), cardiovascular 
disorders, stroke, and some other CVD, and ACE in-
hibitors are used to manage and control it. In the vast 
majority of instances, the cause cannot be pinpointed. 
The essential knowledge for members of an interpro-
fessional team guiding the treatment of hypertensive 
patients and their associated illnesses and sequelae are 
examined, including clear signs, contraindications, 
activities, adverse events, and more. Thus, utilizing 
crystals produced under various circumstances, we re-
port the 1.85-resolution crystal structure of ACE (in a 
novel crystal form). With the potential to create a new 
generation of superior ACE inhibitors, this new struc-
ture could be more suited for researching the binding 
of novel chemicals as shown in Figure 2. 

Figure 2: Displays the displays of homology model of the crys-
talline human angiotensin-converting enzyme based on the 
PDB.

Nifedipine is a dihydropyridine-type calcium 
channel blocker. It is most often used for the treat-
ment of hypertension and angina. Chronic stable 
angina and hypertension are two of the FDA-ap-
proved conditions. Other, unapproved uses exist for 
it as well. This exercise will help healthcare prac-
titioner’s effectively lead patient treatment when 
nifedipine is indicated by outlining its uses, effects, 
dosages, risks, precautions, and adverse events of a 
drug, and the chemical structure of Nifedipine as 
shown in Figure 3. 

Figure 3: Displays the Two-Dimensional Chemical Structure of 
Nifedipine (Natural Compound). 

Nifedipine lowers blood pressure and boosts the 
heart’s ability to get oxygen by inhibiting L-type volt-
age-gated calcium channels. Due to the short half-life 
of immediate-release nifedipine, it must be taken three 
times daily. The typical daily dosage of nifedipine is 
10–120 mg. Patients need to be warned about the po-
tential for life-threatening low blood pressure, chest 
pain, and heart attacks. 

3.4. Data Collection
Docking generates several confirmations and loca-

tions for effective protein-ligand interaction. To begin 
the docking process, the (. gpf) file was used to initi-
ate the auto grid, and the (. dpf) file had been used to 
initiate autodock4. A rigid protein or macromolecule 
as well as a flexible ligand were used to complete the 
docking. Autodock was used to get the binding energy 
for each docked confirmation in the DLG file. Figure 
4 shows how the confirmations with the biggest neg-
ative binding energy were used to display the inter-
action, and this was proceeded by the generation of a 
complex.pdbqt file for additional analysis and visual-
ization.

3.5. Data Analysis:
Using BIOVIA Drug Discovery Studio, we deter-

mined the binding energy of each resulting complex 
and focused on the one with the lowest value. In Figure 
5 below, we can see the distinct features of the interac-
tions that occur between the protein’s building blocks 
and the ligand molecules. Following the guidelines in 
Table 1, the 2-dimensional structure was constructed 
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to better understand the many types of bonds neces-
sary to form a stable complex.

4. RESULTS AND DISCUSSION
Although ACE inhibitors are effective, it is not yet 

clear how they work. Although their action is not pro-
portional to blood levels of renin, they indeed affect 
the renin-angiotensin-aldosterone system. A common 
class of hypertension drugs called ACE inhibitors 
works by blocking an angiotensin-converting enzyme, 
therefore preventing the production of angiotensin II. 
Natriuresis, blood pressure, and the reorganization of 
smooth muscle and cardiac myocytes are all positively 
impacted by a reduction in angiotensin II production. 
Having lower venous and arterial pressure reduces 
preload and volume overload. Bradykinin is a peptide 
that promotes vasodilation, and ACE inhibitors are 
thought to prevent its breakdown [14]. An angioten-
sin-converting enzyme regulates the balance between 
bradykinin’s vasodilatory and natriuretic actions and 
Angiotensin II’s salt-retentive and vascular-sclerosing 
properties. ACE inhibitors alter this balance by reduc-
ing Angiotensin II and decreasing the breakdown of 
Bradykinin. It is unknown whether ACE inhibitors’ ef-
fects on the production and degradation of many other 
vasoactive molecules, such as substance P, contribute 
to the drug’s favorable or detrimental outcomes [15].

An overdose is treated depending on several fac-
tors, including the quantity ingested, the time since 
ingestion, the patient’s age, and any existing medical 
conditions. Securing the airway, breathing, and circu-
lation, as well as doing the necessary blood work and 
testing for contestants, are all part of the first exam-
ination. A quick call to poison control or toxicology 
should be the priority. Because high-dose insulin has 
been found to reduce mortality and improve hemo-
dynamics, it is a viable treatment choice. Monitoring 
of electrocardiogram readings, vital signs, renal func-
tion, urine output, and electrolytes is essential. Con-
sultation with a psychiatrist is also required in cases 
of purposeful consumption. Overdosing on immedi-
ate-release medications requires close monitoring for 
4-7 hours after the patient presents. There is no bet-
ter time than 24 hours of telemetry monitoring for 
extended-release formulations. Currently, there is no 
known effective treatment for this [16].

The sum of the energies of polar, non-polar, and un-
bonded interactions may be used to calculate the bind-
ing free energy. The binding energy is calculated by 

Figure 4: Displays the Protein-Ligand Interactions in the Docked 
State.

Figure 5: Displays the Molecular Interaction Between Amino 
Acids in a Protein and a Ligand.

Table 1
The kinds of bonds established between the protein and the 
compounds are shown.

Amino Acids Bond Length Types of bond 
UNL1-ARG238 2.00413 Hydrogen Bond
UNL1-ARG238 2.55948 Hydrogen Bond
UNL1-ARG238 2.20082 Hydrogen Bond
UNL1-LYS241 1.83838 Hydrogen Bond
UNL1-ASP272 3.08565 Hydrogen Bond
UNL1- LYS241 4.42812 Electrostatic 
UNL1-PRO278 4.07148 Hydrophobic bond 
UNL1-PRO278 4.82446 Hydrophobic bond
UNL1-PRO278 4.21276 Hydrophobic bond
UNL1-LYS241 4.8913 Hydrophobic bond
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adding the internal energy, intermolecular energy, and 
torsional free energy. This energy is subtracted from the 
total energy of an unrestrained system to arrive at the 
total energy. To get docking outcomes and a binding 
energy database, the DLG file format was employed. 
Decreases in binding energy result in a more stable 
protein-ligand complex. In Figure 6, we can see that the 
binding energy study between the ligand “Nifedipine” 
and the receptor/protein “Angiotensin Converting En-
zyme” revealed that the complex produced was stable. 
This molecule has a binding energy of -10.87 kcal/mol.
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-9,97

-7,32

-8,74

-10,05-9,96
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0
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Binding Energy

Figure 6: Different Clusters of Conformations’ Binding Energies 
are Shown.

5. CONCLUSION
High blood pressure (hypertension) affects blood 

vessels to become rigid and not operate as well. Long-
term, this damages essential body parts including the 
lungs, kidneys, heart, and brain raising the probability 
of experiencing a cardiac arrest or a cerebrovascular 
accident. Keeping your blood pressure under control is 
easier if you live a healthy lifestyle. You may get nifed-
ipine in both fast-acting and slow-acting forms. It was 
first sold in a formulation that had a limited half-life 
and needed numerous daily doses. Rapid vasodilation 
and subsequent reflex sympathetic activation generat-
ed by these preparations led to undesirable symptoms 
such as headaches, palpitations, and flushing. Because 
of these issues, a new category of drugs known as ex-
tended-release formulations was produced. These 
drugs have been proven to have an anti-hypertensive 
effect that lasts for 24 hours with fewer side effects.
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Abstract
Hypertension also referred to as Increased blood pressure 
(HBP), hypertension, is a silent “silent killer” that silently dam-
ages blood vessels and results in serious health problems. Al-
though there is no cure, by taking your medications as pre-
scribed and altering your lifestyle, you can improve your quality 
of life and reduce your risk of heart disease, stroke, kidney dis-
ease, and other disorders. Hypertension, the leading cause of 
mortality and disability worldwide, greatly increases the risk of 
coronary artery disease and stroke. Dementia, chronic renal ill-
ness, coronary heart disease, and heart failure are among con-
ditions that are significantly increased by it. The prevalence of 
hypertension-related events is rising, with stage-1 hypertensive 
and pre-hypertensive (systolic blood pressure: 120–139 mmHg; 
diastolic blood pressure: 80–89 mmHg) accounting for the bulk 
of cases (140–159 mmHg systolic; 90–99 mmHg diastolic). Un-
controlled blood pressure is thought to be the cause of 62 000 
avoidable deaths each year in the UK, with Asian immigrant 
populations suffering particularly from the disease.
High blood pressure is one of the most significant risk factors for 
CAD. High blood pressure causes the heart muscle to have to work 
harder to pump blood through narrowed blood vessels. The in-
creased pressure on the heart might also result in heart failure. 
Healthy blood pressure is achieved by controlling your weight, 
cutting back on sodium, exercising frequently, and managing your 
stress. If none of these techniques are effective, discuss blood pres-
sure drugs and at-home monitoring with your doctor.
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Diet and Behavioural Modifications 
to Control Hypertension

1. Salt restriction: A salt intake of even less than 
the recommended aim of 6 g per day is preferable. 
One can reasonably limit their salt intake to 3.8 g per 
day. Spot urine samples can be used to assess salt in-
take in general medical settings. Since salt content 
is frequently stated as sodium content in processed 
foods. 

2. Nutrients besides salt: Increased consumption 
of vegetables and fruits should be combined with de-
creased consumption of saturated fats and cholesterol. 
Increased fish (fish oil) consumption is also recom-
mended.

3.  Weight Maintenance: Although a weight re-
duction of 4-5 kg can significantly lower blood pres-
sure, the desired body mass index is 25 kg/m2 (BMI: 
body weight [kg] and height [m]).. Additionally, the 
waist circumference needs to be kept at a healthy 
range.

4. Exercise: Exercise should be done, primarily 
cyclical (30 minutes daily) moderate aerobic exer-
cise is recommended. Patients with hypertension 
who do not have cardiovascular diseases must fol-
low this. Medical examinations and the required 
actions must be made in advance for patients who 
are at high risk.

5. Alcohol Restriction intake: Men’s Liquor con-
sumption must be limited to 20–30 ml per day and 
women’s intake should be 10–20 ml per day.

6. Quitting smoking: Smoking should be avoided 
since it raises blood pressure levels and puts people at 
high risk for cardiovascular disease. Passive smoking 
is also to be avoided.

7. Others: Cold exposure should be avoided. Man-
aging emotional stress is important.

DIET (DASH) –HYPERTENSION
• The Dietary Approaches to Stop Hypertension 

(DASH) diet was created initially to treat hyperten-
sion but has now been altered to help people lose 
weight.
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• It is a low-fat diet that emphasizes eating foods 
high in potassium, magnesium, and calcium, nu-
trients that lower blood pressure, as well as limiting 
sodium intake.

• It has been altered to minimize the intake of whole 
grains and carbohydrates in favour of substantial, 
hefty veggies with few calories and foods high in 
protein.p

Diet and Behavioural Modifications 
to Manage Ischaemic Heart Disease (IHD)

Recommend Cardiac Diet
• Low salt and low fat
• High fiber
• High protein
• Moderate carbohydrate
• Adequate minerals and vitamins

Menu plan for cardiac patients;
Meal 1: As Soon as You Wake up
Start your day off with some nuts, perhaps 4-6 al-

monds and 2 walnuts. Drink a glass of warm water 
with a few drops of lemon juice after this. It’s recom-
mended to refrain from consuming coffee or tea right 
after waking up on an empty stomach.

              Calorie Count: 6 Almonds- 42 kcal
                                          2 Walnuts- 18 kcal
Meal 2: Breakfast
Two oat idlis with mint chutney are a tasty alterna-

tive for breakfast. Oats lower cholesterol and are good 
sources of antioxidants. You might also enjoy a cup 
of upma that has been prepared with green peas. Po-
tassium-rich peas are excellent for the heart. Two egg 
whites prepared in your preferred manner (other than 
fried) and two slices of brown bread provide a tasty 
non-vegetarian breakfast alternative.

   Calorie Count:
 1 oats idli – 30 Kcal
 1 table spoon of mint chutney – 12 kcal
 1 cup of upma      - 192 kcal

            1 egg white   - 17 kcal
 1 slice of brown bread – 74 kcal
Meal 3: Mid-Morning
A fruit would be a nice idea right now. An excellent 

option would be an apple, orange, or guava. In addi-
tion to being nutritious, tender coconut water is also 
pleasant, energising, and makes a great mid-morning 
thirst quencher.

Calorie Count:
 1 fruit is - 50-70 kcal

   1 cup of tender coconut water- 45 kcal
Meal 4: Lunch
Brown rice vegetable pulao or biryani, served with 

raitha consisting of cucumber, carrot, and onion, and 
a bowl of mixed vegetables salad, will not only be fla-
vourful but will also fill you up. Brown rice vegetable 
pulao or biryani, served with raitha consisting of cu-
cumber, carrot, and onion, and a bowl of mixed vege-
tables salad, will not only be flavorful but will also fill 
you up. Choose chicken or fish in place of the dhaal 
for a non-vegetarian option. It can be grilled or made 
into a curry, but not fried.

Calorie Count:
1 cup of cooked brown rice – 216 kcal
1 bowl of raita              - 75 kcal
1 bowl of salad                    - 30 kcal
1 chapatti                  - 80-120 kcal depending on size
1 bowl of sambar            - 130 kcal 
1 bowl of cooked vegetable  - 70 kcal
100 g of chicken                      - 165 kcal
100 g of fish                             - 109 kcal
Meal 5: Evening Snack
A glass of buttermilk is both delicious and benefi-

cial. It is better for diabetics to stay away from sugar, 
and simple buttermilk is preferred. If eating something 
substantial is preferred, try a cup of Red Rice Flakes or 
a piece of fruit (such a watermelon).

Calorie Count:
1 cup of buttermilk        - 99 kcal
1 cup of red rice flakes   - 100 kcal 
1 cip of diced watermelon – 46 kcal
Meal 6: Dinner
The final meal of the day should be eaten light 

and early. a serving of kichadi or whole grain upma 
with veggie Sambhar A different choice that in-
cludes two multigrain rotis and cooked dhal. A 
glass of skim milk (without sugar) with some tur-
meric in it can work wonders to prevent hunger 
pangs before bed.
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Calorie Count:
1 bowl of whole grain upma   -   240 kcal
1 bowl of sambhar                      -   130 kcal
1 bowl of cooked dhal                -   104 kcal 
1 multigrain roti                          -   135 kcal
1 glass of skim milk                    -   108 kcal

CARDIAC DIET PLAN

TIME RECIPES QUANTITY

6:00 AM Tea 100 ml

Ragi Cookies 75 gm

8:00 AM Idly with 300 gm

Tomato Chutney 150 gm

10:30 AM Apple Juice 150 ml

12:30 PM Rice with 300 gm

Ladies finger Sambar 100 ml

Fish curry 100 ml

Drumsticks leaves poriyal 100 ml

Butter milk 100 ml

3:00 PM Green Gram (Boiled) 100 gm

5:00 PM Tea 100 ml

Aval Cookies 75 gm

8:00 PM Chapathi 300 gm

Channa Dhal 150 gm

MENU INGREDIENTS

Tea Milk 50ml
Sugar 5gm

Ragi Cookies Ragi 30gm
Butter 5gm
Sugar 5gm

MENU INGREDIENTS

Idly Rice 50gm
Black gram 10gm

Tomato Chutney Black gram dhal 2gm
Curry leaves 5gm
Onion 50gm
Ginger 5gm
Garlic 5gm
Tomato 50gm
Dry chillies 5gm
Cooking oil 50ml
Salt  

Apple Juice Apple 50gm
Milk 100ml
Sugar 20gm

Rice 
Ladies finger Sambar

Parboiled Rice 50gm
Red gram dhal 50gm
Onion 5gm
Curry leaves 5g
Ladies finger 50gm
Tomato 10gm
Green chillies 5gm
Tamarind pulp 5gm
Oil 10ml

Drumsticks leaves poriyal Drumstick leaves 50gm
Onion 5gm
Coconut 5gm
Mustard seed 2gm
Red chillies 5gm
Oil 5gm
Salt

Fish curry Seer fish 50gm
Tomato 5gm
Onion 5gm
Garlic 5gm
Green chillies 5gm
Curry leaves 3gm
Tamarind pulp 5gm
Turmeric 5g
Mustard seed 5gm
Cooking Oil 5gm

Aval Cookies Rice flakes 20gm
Butter 5gm
Sugar 5gm 

Chapathi Wheat flour 50gm

Channa Dhal Bengal gram 50gm
Onion 5gm
Tomato 5gm
Garlic 5gm
Ginger 5gm
Coconut 5gm
Turmeric 3gm
Cloves 3gm
Cardamon 2gm
Curry leaves 3gm
Cooking Oil 10gm
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Exercise Regularly
Note: Before starting any fitness regimen, speak 

with your doctor.
Regular aerobic exercise can improve your quality 

of life and physical fitness. On the majority of days of 
the week, you should try to exercise for at least 30 min-

utes each day. Start out cautiously and progress toward 
this objective. Your doctor may ask you to perform 
an activity test before to beginning a programme, de-
pending on the nature and severity of your condition’s 
symptoms.

INGREDIENT AMOUNT ENERGY CHO PROTIEN FAT IRON CALCIUM
Rice parboiled 100gm 346 79.0 6.4 0.4 1.0 9
Ragi 30gm 98.4 21.6 2.19 0.39 1.17 103.2
Rice flakes 15gm 51.9 11.595 0.99 0.18 3 3
Wheat flour 80gm 272.8 55.52 9.68 1.36 3.92 38.4
Black gram 30gm 104.1 17.88 7.2 0.42 1.14 46.2
Green gram 50gm 167 28.35 12 0.65 2.2 62
Bengal gram 50gm 180 30.45 8.55 2.65 2.3 101
Red gram 25gm 83.75 14.4 5.575 0.425 0.675 18.25
Curry leaves 3gm 3.24 0.561 0.183 0.03 0.0279 24.9
Drumstick leaves 50gm 46 6.25 3.35 0.85 0.425 220
Onion small 20gm 11.8 2.52 0.36 0.02 0.24 8
Ladies finger 20gm 7 1.28 0.38 0.04 0.07 13.2
Tomato 30gm 6.9 1.08 0.57 0.03 0.54 6
Coconut fresh 10gm 44.4 1.3 0.45 4.16 0.17 1
Mustard seed 2gm 10.82 0.476 0.4 0.794 0.158 9.8
Chillies dry 5gm 12.3 1.58 0.795 0.31 0.115 8
Chillies green 2gm 0.58 0.06 0.058 0.012 0.088 0.6
Cloves dry 2gm 5.72 0.92 0.104 0.178 0.234 14.8
Cardamon 2gm 0.458 0.842 0.204 0.044 0.092 2.6
Garlic dry 10gm 14.5 2.98 0.63 0.01 0.12 3
Ginger fresh 10gm 6.7 1.23 0.23 0.09 0.35 2
Tamarind pulp 5ggm 14.15 3.37 0.155 0.005 0.85 8.5
Turmeric 2gm 6.98 1.388 0.126 0.102 1.356 3
Apple 100gm 59 13.4 0.2 0.5 0.660 10
Seer fish 100gm 126 - 22.5 4.0 5.4 71
Butter milk 50gm 7.5 0.25 0.4 0.55 0.05 15
Skimmed milk 100gm 29 4.6 2.5 0.1 0.2 120
Butter 20gm 145.8 - - 16.2 - -
Cooking oil 50gm 450 - - 50 - -
Sugar 50gm 199 49.7 0.05 - 0.0775 6

TOTAL 2510.9 302.8 86.23 84.5 26.6 928.45

Values
ENERGY 2510.9

CHO 302.8
PROTEIN 86.23

FAT 84.5
IRON 26.6

CALCIUM 928.45
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S.No NAME OF THE EXERCISE EXERCISE TRAINING
1. WALKING

For those who are new to exercising, this is a terrific place to 
start. You can start along the path to better heart health with 
even a 10-minute walk. Even seasoned exercisers gain from it.

2.

3.

JUMPING JACKS

BURPEES

Squat leaps are yet another excellent cardio exercise that you 
may perform on your own or as a part of a cardio circuit. As 
their name suggests, you begin in a squat, jump up while 
attempting to get as high as you can, and then come back 
down to the squat. Since it has a heavy impact, especially on 
your knees, caution is required if you are a beginner or have a 
knee injury.

Combine pushups, leaps, and squats. According to Shaikh, the 
workout is successful because you work out several muscle 
groups, including your chest, legs, and core, and you burn fat 
from your entire body.

1. Perform 10 reps in 30 seconds, followed by a 30-second 
break.
2. Recur for five minutes.
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CONCLUSION
Programs to change one’s lifestyle can reduce dan-

ger elements and linked health behaviours, raise the 
standard of living, reduce incidence, and reduce death 
of the people with ischaemic heart disease. The inci-
dence of fatal cardiovascular events is decreased by 
multifactorial lifestyle therapies aiming at enhancing 
modifiable risk factors in patients with established 
CHD. They might therefore be more useful in the sec-
ondary prevention of CHD.
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S.No NAME OF THE EXERCISE EXERCISE TRAINING
4. JUMP ROPE This exercise increases heart rate and helps you burn roughly 

1,300 calories per hour, in addition to enhancing coordination 
and cognitive function, according to Shaikh.
• Perform 8 to 10 jumps to warm up.
• Continue jumping for 1 minute.
• After a 15- to 30-second break, repeat.
• Finish 3 sets.
You can alter your regimen as well. Jump one set while standing 
still, one set while using both legs, and one set while using just 
one leg.
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Abstract
Cardiovascular disease (CVD) is a collection of illnesses that af-
fect the heart or blood vessels. It is usually linked to atheroscle-
rosis, a buildup of fatty deposits within the arteries that raises 
the risk of the blood clots. According to estimations, 17.9 million 
people worldwide died from CVDs in 2019, accounting for 32% 
of all fatalities. CVDs are one of the top causes of the mortality 
in the globe. The study of alternative traditional medicine has 
regained all attention because the current medication therapies 
being utilized to manage CVD have several negative effects. 
Therefore, it is necessary to investigate alternative medicine, 
such as herbal sources. In order to conduct the study, a docking 
method between the target structure, the “Rho-Associated Pro-
tein Kinase” (ROCK) kinase, or the selected phytocompound, 
Rutin, was carried out using computer analysis. The complex 
was visualized to examine the interaction and evaluate its po-
tential for use as a CVD. Author can observe that the complex 
that was created was unstable based on the results of the bind-
ing energy research between the ligand Rutin and the protein/
receptor (ROCK) kinase Converting Enzyme. The binding ener-
gy of this molecule is -4.26 kcal/mol, which is unstable.
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Rho-Associated Protein Kinase (ROCK)
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1. INTRODUCTION
“Coronary heart disease” (CHD), “cerebrovascular 

disease”, “peripheral arterial disease,” rheumatic and 
“congenital heart disorders,” as well as venous throm-
boembolism are all examples of “cardiovascular dis-
ease” (CVD), a catch-all term for a collection of related 
illnesses. A combined 31% of fatalities worldwide are 
caused by coronary heart disease or cerebrovascular 
accidents [1].

CVD refers to any condition that affects the car-
diovascular systems, which consists of the heart or the 
vasculature, which pump and carry blood. Several dif-
ferent diseases, both inherited and acquired, contrib-
ute to this complex condition. In Europe, CVD is the 
primary cause of mortality from noncommunicable 
causes (50% of all fatalities; 30% of all deaths globally) 
[2]. In 2008, nine million people died before reaching 
the age of 60 as a result of noncommunicable diseases; 
more than eight million of these deaths occurred in 
low- and middle-income countries [3], [4].

The cardiovascular system is made up of the heart 
as well as the vascular system. Among the numer-
ous cardiovascular problems that might develop are 
“rheumatic heart disease”, endocarditis, or irregulari-
ties in heart’s conduction systems. Heart illness often 
referred to as a cardiovascular disease, is a broad term 
that encompasses some different conditions, includ-
ing atherosclerosis of the aorta, stroke, peripheral ar-
tery disease, and coronary artery disease [5], [6]. The 
characteristic sign of coronary artery disease is angina 
pectoris caused by ischemia, which, if ignored, can re-
sult in a heart attack as well as potentially heart fail-
ure. According to some estimates, 50% of people have 
cardiovascular disease. Both strokes or transient isch-
emic attacks (TIAs) are types of cerebrovascular ill-
ness, generally referred to as CVAs (TIAs) [7]. Angina 
pectoris, which is the hallmark symptom of coronary 
artery disease and is brought on by ischemia, can lead 
to a heart attack and even heart failure if left untreated. 
Some estimates place the prevalence of cardiovascular 
disease at 50%. Strokes and transient ischemic attacks 
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(TIAs) are both examples of cerebrovascular diseases, 
or CVAs [8].

When blood flow is reduced or eliminated due 
to blood vessel stenosis, atherosclerosis, a patholog-
ic procedure in the arteries and the aorta, can result 
in sickness. Endothelial dysfunction, inflammation, 
immunologic abnormalities, and dyslipidemia are all 
involved. These risk factors are thought to initiate the 
progressive process that leads to the production of 
atherosclerotic plaque, which may begin as early as 
infancy [9], [10]. Beginning with intimal thickening, 
a cascade of events leads to the formation of extracel-
lular matrix as well as lipid-laden macrophages (foam 
cells), which is following by smooth muscle cells ag-
gregation and proliferation. Deep-layer apoptosis may 
occur when these lesions progress, leading to an influx 
of macrophages that may eventually become calcified 
and transform into atherosclerotic plaques [11]–[13].

2. LITERATURE REVIEW
Rutin has potential as a treatment for a variety of 

illnesses due to its broad spectrum of pharmacological 
actions, particularly radical reactivity as well as protec-
tion against lipid peroxidation, viruses, or acute pan-
creatitis. The purpose of this study was to look into the 
possible involvement of rutin in the prevention of cor-
onary heart disease in a pig model through activating 
or ERK 1/2. As shown in Figure 1, the flavonol rutin 
(“3, 3´, 4´, 5, 7-pentahydroxyflavone-3-rhamnogluco-
side”) is widely distributed in nature. It may be found in 
a wide range of plants, such as tea, buck wheat, apple, 
and passion flower. It is an important part of dietary 

nutritional content. A citrus flavonoid glycoside found 
in buckwheat is known as rutin, “quercetin-3-rutino-
side”, sophorin or rutoside. The name “rutin” was first 
used to the plant “Ruta graveolens,” which contains ru-
tin. A glycoside composed of the flavonols quercetin 
and rutinose, as well as a disaccharide. Only a few of 
the numerous advantages that have been documented 
include antioxidants, anticarcinogenic, neuroprotec-
tive, vasoprotective, neuroprotective, or cardioprotec-
tive pharmacological effects [14].

Rho-kinase (“Rho-associated coiled-coils-contain-
ing protein kinase” [ROCK]), One of the best-studied 
effectors of the small GTPase RhoA is a member of the 
AGC PKA/ PKC/ PKG group of the threonine/ ser-
ine kinases. ROCK acts as an important downstream 
activator of “RhoA by phosphorylating” a wide range 
of target proteins, allowing actin and myosin to create 
“contractile force”. ROCK1 (also known as “ROKb or 
p160ROCK”) or ROCK2 (also called as ROKa) share 
92.00% of their originality in the catalytic domain but 
only 65 percent of their overall identity [15]. 

Rho kinase is an important effector of the RhoA, a 
“small GTPase” (ROCK). “ROCK1 or ROCK2”, par-
ticipants of the ROCK family, perform key functions 
in the organization of the actin cytoskeleton or are 
engaged in a variety of vital cellular activities such as 
contractions, motility, adhesion, growth, and death. 
Because since discovery of strong inhibitors such 
as fasudil or Y27632, the majority of research into 
ROCK’s biological activity has focused on the cardio-
vascular system. ROCK inhibitors have demonstrat-
ed extraordinary effectiveness in lowering vascular 
smooth muscle cells “hypercontraction, inflamma-
tory cells recruitment”, vascular remodelling, cardiac 
remodelling or endothelial dysfunction, in various 
preclinical studies of coronary heart disease. Fasudil 
has also been studied in clinical trials for a variety of 
cardiovascular diseases [16].

Linan Wang et al. studied about Molecular dock-
ing or 3D-QSAR analysis are used to find Rho kinase 
inhibitors. To investigate the manner in which ligands 
and receptors interact to one another, molecular dock-
ing was employed. Established on such docked con-
formation, comparative molecule similarity indices 
analysis (CoMSIA) or comparison molecular field 
analysis (CoMFA) were conducted to provide light on 
the main structural factor influencing the action. The 
results of subatomic performance tests showed that 
further modifications of these inhibitors with larger Figure 1: Displays the chemical structure of Rutin. 
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hydrophobic groups that are suitable in the region out-
side the Stone restriction pocket would improve their 
adequacy [17].

Jin Qin studied about molecular docking or 
3D-QSAR analysis are used to find Rho kinase inhibi-
tor. The technique of docking studies was employed to 
investigate how ligands and receptor interacted with 
one another. “Comparative molecular fields analy-
sis” (CoMFA) or “comparative molecular similarity 
indices analysis” (CoMSIA) were performed on the 
docked conformations to shed light on the essential 
structural variables impacting the activity. Accord-
ing to the findings of the molecular modeling studies, 
additional modification of the these inhibitors with 
significant hydrophobic groups which fit in the distal 
area of the ROCK binding pocket would boost their 
efficiency [18].

Gervaise Loirand et al. studied about the tiny 
G-protein RhoA’s initial and best-studied effectors are 
called Rho kinases (ROCKs). ROCKs have been iden-
tified to control a wide range of critical cell activities, 
including contractions, motility, apoptosis, or prolifer-
ation, in addition to or via their influence on actin or-
ganization. Retenosis, hypertension, cardiac hypertro-
phy, atherosclerosis, and pulmonary hypertension are 
all significant cardiovascular disorders that have been 
linked to abnormal RhoA/ROCK pathway activation. 
This study is based on the latest molecular as well as 
animal investigations but also focuses on our modern 

knowledge of ROCK signaling and its functions in 
cardiovascular health or disease [19].

3. METHODOLOGY

3.1. Design
To identify the prospective and efficient ligand 

structure for treating heart failure with alternative 
medicine, extensive literature review and data search-
ing were conducted. The current study uses a compu-
tational approach and docking methodology to ex-
amine the targeting potential of selected ligands and 
target proteins. The protein and chemicals used in the 
investigation were taken from their respective databas-
es and prepared for docking. The first file conversion 
and processing were done after getting the protein and 
compound structures. The design of the study’s ap-
proach is depicted in Figure 2. The complex was then 
docked using Autodock4, and was then viewed using 
a separate tool called BIOVIA Drug Discovery Studio.

3.2. Instrument
The Protein Data Bank (PDB) or PubChem data-

base is used to obtain the structural information of 
ligand and protein using RCSB. The Research Col-
laborator for “Structural Bioinformatics Protein Data 
Bank” (RCSB PDB), the American data center for the 
global PDB repository, allows all users, from computa-
tional biologists to structural biologists and beyond, to 

Figure 2: Explains the Procedures used in the Study to get the Docked Complex between the Protein and the Ligand.
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access PDB data for free. The 3D structural informa-
tion of significant biological molecules, such as nucle-
ic acids and proteins, is stored in it as a database. The 
data, which is often gathered via “NMR spectroscopy 
or, increasingly, cryo-electron microscopy” or “X-ray 
crystallography,” is contributed by biochemists or bi-
ologists from all around the world.

PubChem is the name of a free chemical database 
available only at the “National Institutes of Health” 
(NIH). Open signifies that the scientific information 
you give in PubChem could be used by others. Pub-
Chem has developed into a significant repository of 
chemical information for academics, students, as well 
as the general public since its launch in 2004. We au-
tomate the dissemination of data to the many million 
consumers every month via our websites or services. 
The molecular docking process was carried out using 
Autodock4, one of the most often discussed software 
packages in the scientific community. To evaluate re-
ceptor-ligand interactions and predict how a drug or 
ligand will bind to a protein or receptor in a live biolog-
ical system, the application employs docked log data.

3.3. Sample

3.3.1. Preparation of ligand 
For PubChem, the ligand molecule is retrieved in XML 

format, which was afterwards converted to PDB format 
using the simple, freely available tool known as OpenBabel 
GUI. The compound was sent to the AutoDock program 
for further processing. The ligand was first prepared, and 
then it was saved in the pdbqt format, which is necessary 
to do the subsequent docking process. The ligand mole-
cule’s structure is depicted in Figure 3 below. 

Figure 3: Illustrate the Rutin Ball and Stick Structure, with Gray 
Balls Standing for Carbon, White Sticks for Hydrogen, and Red 
for Molecules of Oxygen

Rutin is a rutinoside, which is quercetin with a sug-
ar group substitution at position C-3 for the hydroxyl 
group. It functions as an antioxidant and metabolite. 
It is a tetrahydroxyflavone, a rutinoside, a quercetin 
O-glucoside, as well as a disaccharide derivative.

Preparation of Protein:
The protein ROCK kinase’s structure was retrieved 

from the RCSB PDB as well as shortened to exclude 
the water molecule or the matching ligand molecule. 
Transferring the protein molecule to Autodock al-
lowed for extra preparation, such as the inclusion of 
polar hydrogens to quicken the docking procedure. 
After that, the protein molecule was saved in pdbqt 
format for further docking. The protein’s 3-D struc-
ture is seen in Figure 4 below.

Figure 4: Illustrate the picture of the 3D structure of a protein, 
with pink representing the beta-pleated sheet and sky blue rep-
resenting the Alpha helices.

3.4. Data Collection
In order to get several conformations and sites for the 

ligand and protein to successfully interact to form the 
complex, docking of the protein and the selected ligand 
is conducted. In order to finish the docking process, Au-
toGrid was first run using the 1. gpf file and Autodock4 
was then ran using the. dpf file. The docking process in-
cluded making a ligand flexible and a protein or other 
macromolecule stiff. Using the AutoDock program, the 
binding energies of the different docked conformations 
were calculated and recorded in the dlg file. The great-
est negative binding energy was used as confirmation to 
show the interaction, as shown in figure 5.

3.5. Data Analysis:
Researchers calculated the binding energy of each 

resultant complex using BIOVIA Drug Discovery Stu-
dio, and researchers concentrated on the complex with 
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the lowest value. The distinctive characteristics of the 
interactions between the ligand molecules or the pro-
tein’s amino acids may be seen in Figure 6 below. The 
2-dimensional structure was built using the principles 
in Table 1 in order to comprehend the many bond 
types required to build a stable complex. Figure 7. The 
amino acids involved in the formation of complex in-
volved VAL69, ARG117, GLN184, VAL68, HIS186, 
VAL67, PRO65, HIS186, PRO65, and PRO65.

Figure 6: Illustrate the Ligand Molecule as well as the Protein 
Amino Acids Involved in the Interaction.

Table 1
Illustrate The Distance And Kind Of The Bond Between The Li-
gand As Well As The Protein’s Amino Acids.

Ligand: Protein Distance Bonds Category
LIG 1:VAL69 2.19675 Hydrogen Bond
LIG 1:ARG117 3.02846 Hydrogen Bond 
LIG 1: GLN184 2.07538 Hydrogen Bond
LIG 1:VAL68 3.324.4 Hydrogen Bond
LIG 1:HIS186 2.57269 Hydrogen Bond
LIG 1:VAL67 4.68297 Hydrophobic
LIG 1:PRO65 4.69251 Hydrophobic
LIG 1:HIS186 4.75539 Hydrophobic
LIG 1:PRO65 4.63777 Hydrophobic
LIG 1: PRO65 5.34752 Hydrophobic

3. RESULT AND DISCUSSION
The aforementioned facts make it clear that rutin 

is a phytochemical with a variety of pharmacological 
functions. Because rutin, one of the major components 
of apples, serves a variety of biological functions, the 
adage that an apple a day keeps the doctor away seems 
true even in modern times. Thus, rutin might be con-
sidered a “vital phytochemical” that requires further 
investigation to develop an efficient safety profile in 
humans and offer therapeutic benefits. Researchers 
can observe that the complex that was created was un-
stable based on the results of the binding energy re-
search between the ligand Rutin or the protein/recep-
tor (ROCK) kinase Converting Enzyme. The binding 
energy of this molecule is -4.26 kcal/mol, which are 
shown in figure 6.
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Figure 6: The Binding Energy must be represented for Each 
Auto dock Run in the Docked File.

4. CONCLUSION
Plants have been utilized for therapeutic reasons 

from the dawn of human civilization, and it has been 
documented that this has been the case for at least 
a few thousand years. Vegetables, medicinal plants, 
and fruits contain natural bioactive substances called 
phytochemicals that work to treat a variety of diseas-
es. The therapeutic and pharmacological potential 
of the plant variety must be thoroughly investigated. 
Thus, rutin may be viewed as a “vital phytochemi-
cal” that requires further study to develop an effi-
cient safety profile in humans and offer therapeutic 
benefits. Based on the findings of the binding ener-
gy study between the ligand Rutin and the protein/
receptor (ROCK) kinase Converting Enzyme, sci-
entists can see that the complex that was produced 
was unstable. This molecule’s binding energy is -4.26 
kcal/mol.

Figure 5: Show The Docking State Of The Protein-Ligand In-
teraction.
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Abstract
Heart attacks continue to be one of the most common rea-
sons for increasing mortality now-a-days. Intra-Vascular Ul-
traSound (IVUS) imaging has recently been used in the devel-
opment of a variety of classification methods for the plaques 
that are seen in the coronary arteries. Plaque analysis is an 
important tool for early detection of coronary artery disease, 
which may have devastating consequences. A powerful de-
cision support system (PDSS) for the plaque categorization 
using IVUS image is presented in this paper. Multi Directional 
Transform (MDT) is employed for extracting features and Max-
imum Likelihood Classifier (MLC) is employed for the classifi-
cation. In order to remove the speckle noise from the given 
IVUS image, a preliminary processing step is performed on it. 
After the preprocessing step has been finished, the proposed 
system will extract features using MDT, and it will then classify 
the IVUS images as either normal or abnormal. Based on the 
results of the evaluation of the proposed system, it seems that 
the classification of IVUS images may be accomplished exclu-
sively by the extracted texture features, and that the accuracy 
of the classifier is dependent on these derived features. It has 
been shown that the system produces a satisfactory outcome, 
with a sensitivity of 98%. 
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puter aided diagnosis, decision support system. 
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1. INTRODUCTION
The heart, blood, and blood vessels are the prima-

ry components of Cardio Vascular System (CVS). The 
movement of waste products, glucose, oxygen, amino ac-
ids, and other nutrients and medications to and from the 
various tissues of the body is the primary purpose of this 
system. Another function of this system is the movement 
of oxygen to and from the lungs. Additionally, the CVS 
is involved in the modulation of hormones as well as the 
regulation of temperature inside the body. The left and 
right ventricles, which both function as pumps, are locat-
ed in the heart. The right side of the heart is responsible 
for pumping deoxygenated blood to the lungs, while the 
left side of the heart is responsible for receiving oxygen-
ated blood from the lungs and pumping it to the rest of 
the body through the aorta. Both sides of the heart are 
connected by the aorta. The inferior and superior vena 
cava brings deoxygenated blood from the body to the 
right side of the heart, which then pumps it to the rest 
of the body. The coronary arteries are responsible for de-
livering oxygen-rich blood to the tissues of the heart. In 
most people, the aorta divides into two coronary arter-
ies—the right and the left—which then form branches 
surrounding the heart.

Atherosclerosis is the accumulation of fatty sub-
stances (lipids), cholesterol, calcium, or fibrous mate-
rial in the lining of an artery. This may lead to a variety 
of health problems. It is possible for this condition to 
impair the arteries of the kidneys, heart, brain, and 
other essential organs. Plaque development in the cor-
onary arteries of the heart may cause the arteries to 
narrow, which in turn reduces the amount of oxygen 
that can reach the heart muscle. This can cause the 
oxygen supply to the heart muscle to decrease during 
times of increased stress. This may either cause harm 
to the heart or lead to abnormal functioning of the 
heart. Angina, sometimes referred to simply as chest 
discomfort, is frequently the first indication of coro-
nary artery disease. Atherosclerosis may be harmful 
because it can gradually or abruptly, during a rupture, 
clog the arteries or weaken the walls of the arteries. 
Either way, this can result in damage. At the site of the 
plaque, thrombosis might develop, which increases 
the risk of myocardial infarction (heart attack).



1066 | Cardiometry | Issue 24. November 2022

The organization of this article is as follows: The 
information on the several IVUS image classification 
methods are given in Section 2. Section 3 discusses the 
design of the MDT-MLC based IVUS image categoriza-
tion system. The findings of the proposed MDT-MLC 
system for IVUS image categorization are presented in 
section 4. The conclusion of this work and suggestions 
for further research, are presented in section 5.

2. RELATED WORKS
Dong et al. (2021) addressed the segmentation of 

the coronary lumen and the exterior elastic membrane 
in IVUS images. In order to circumvent the issue of 
overfitting, the data augmentation approach is used. 
In order to increase the model performance without 
resorting to pre-processing or post-processing of the 
raw IVUS images, the mesh-grid method is used in 
conjunction with the flip and rotation procedures. The 
produced u-net is used in the cross-sectional area to 
partition the coronary artery lumen and the region 
that is surrounded by the exterior elastic membrane. 
Images of coronary arteries may have their coronary 
lesions, stenosis, and atherosclerosis plaques automat-
ically accessible.

In the cardiac catheterization lab, the side-view-
ing IVUS images are employed often. However, this 
technique can only be used to assess blood flow in big 
channels at this time. Collins et al. (2020) provided an 
explanation on the singular value decomposition fil-
tering that was used for the microvasculature grayscale 
showing blood flow in tiny arteries. Imaging with IVUS 
reveals the presence of neovascularization, which indi-
cates that there is a potential for a reduction in the risk 
of rupture in the coronary artery. While the patient is 
receiving diagnostic catheterization, it is possible for it 
to be of adequate assistance in the preceding therapy for 
patients who have stable coronary disease.

Charanya et al. (2020) provided an explanation of 
the unique feature extraction method for the regres-
sion process of an IVUS image as well as the stochas-
tic gradient descent strategy for detection. The ather-
manous plaque lumen amount in coronary arteries is 
evaluated using this categorization method, together 
with the atheroma that is concealed inside the arte-
rial wall. In addition, the frequency domain feature 
extraction approach performs qualitative analysis of 
the IVUS images using the stochastic gradient descent 
method for the purpose of performing efficient clas-
sification.

Dr.S.Hemachandra et al. (2020) developed a 
methos for processing ECG (Electrocardiogram) sig-
nal. This signal plays an important role diagnosis and 
analyzing the heart abnormalities. Wavelet transforms 
are used to increase the visibility in the graphical rep-
resentation of the ECG signal.

The article by Cao et al. (2020) discussed the 
multi-parametric features of the vascular lumen, tube 
wall, and athermanous plaque that were retrieved 
from the cross sectional image of the IVUS of the coro-
nary artery. This time-consuming and labor-intensive 
pre-processed noise reduction framework adaptation 
assists the cardiologist in analyzing and diagnosing 
coronary heart disease in preparation for surgical 
therapy. Utilizing DeepLab v3intima +’s and adventi-
tia structure provides an additional benefit, which is 
the automatically achieved standardization of clinical 
parameters that are significant to medical practice.

Sridevi and Sundaresan (2020) provided an expla-
nation for the IVUS image classification that is based 
on the Modified Radial Basis Function Kernel (MRB-
FK) learning with the SVM classifier (2020). Calci-
um buildup in atherosclerotic plaques is the primary 
contributor to deaths caused by coronary heart artery 
disorders. A particular phase SVM classifier is used in 
order to make a prediction about the atherosclerotic 
plaque IVUS images. In order to get the information 
specifics necessary for categorization, the special pro-
cedure is used. After that comes the extraction of the 
most fundamental features, the classification of the 
IVUS image, and the analysis of the results using an 
MRBFK-based SVM classifier.

Oosterveer et al. (2020) addressed the intracor-
onary imaging approach that is used for IVUS and 
OCT images. The coronary angiography in the cor-
onary artery utilizing the intravascular ultrasound 
(IVUS) imaging modality is used for the evaluation of 
the CAD system. PCI guided by intracoronary imag-
ing is a technique that assists in evaluating coronary 
artery disease (CAD) with coronary artery stenosis 
and the intraprocedural method of coronary arteries. 
This helps overcome the limitations that are associated 
with utilizing IVUS alone.

Eslami et al. (2020) examined the morphological 
existence of coronary atherosclerosis in modeling CT 
as well as its composition. A large plaque volume, low 
CT attenuation, spotty calcification, and remodeling 
of the computational fluid dynamic system of blood 
flow through the coronary arteries are the CT high 
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risk-rupture lesion characteristics of anatomic and 
hemodynamic plaque features. These characteristics 
indicate a higher likelihood of a plaque rupture. Mod-
eling components for computational fluid dynamics 
need image-based anatomy with boundary and blood 
property or rheology-based mesh creation.

Myocardial infarction without obstructive coro-
nary artery disease is a substantial cause of death and 
morbidity, as was highlighted in Alasnag et al (2020).’s 
explanation of the diagnostic and risk management of 
the condition. The majority of individuals have their 
coronary arteries examined using the traditional ap-
proach of coronary angiography during their first 
cardiac tests. Intracoronary imaging with more accu-
rate pathological knowledge, such as that provided by 
OCT or IVUS images, enables location or geographic 
assertions to be made using cardiac magnetic reso-
nance imaging.

Radio-frequency measure of IVUS imaging was 
used by Xie et al. (2020) to define the coronary plaque 
tissue of individuals with early coronary artery dis-
ease. When compared to the coronary risk factors of 
later-stage coronary artery disease, those of premature 
coronary artery disease show a greater prevalence of 
fibrotic lesions and a lower proportion of necrotic and 
calcified components. The IVUS imaging characteris-
tics of coronary plaque tissue associated with the first 
occurrence of angina or myocardial infarction for the 
patients of the department of cardiology received a 
considerably lower range of atherosclerosis.

Jamthikar et al. (2020) provided an explanation of 
the non-invasive carotid ultra-sonography method 
that is used for the evaluation of the risk of cardio-
vascular disease and stroke. In the medical field, the 
automated computational paradigms such as ML and 
Deep Learning (DL) approaches with carotid and cor-
onary ultra-sonography are used to evaluate the risk of 
cardiovascular disease or stroke. Patients may reduce 
their chance of having a stroke or cardiovascular dis-
ease by employing both traditional and integrated ma-
chine learning algorithms, which make use of a variety 
of data-driven factors.

Shan et al. (2020) provided a comprehensive study 
of the tissue categorization of IVUS imaging in the hu-
man body. There are several imaging modalities in the 
medical field, including computed and positron emis-
sion tomography, in addition to magnetic resonance 
and ultrasound imaging. The IVUS image is consid-
ered to be the most effective and popular modality 

because to its low cost, absence of harmful ionizing 
radiation, and ability to provide real-time, convenient 
procedures. The method of signal analysis is used in 
the process of extracting the distinctive characteris-
tics. A machine learning approach is used for pattern 
recognition, while classification methods are utilized 
for classifiers. Image pixel categorization is made easi-
er by CNN-based deep learning techniques.

Gresele et al. (2020) provided a comprehensive 
analysis of the process of risk assessment in patients 
with asymptomatic cardiovascular carotid artery ath-
erosclerosis. Antithrombotic medications are used in 
the treatment of asymptomatic carotid atherosclerosis 
in people who have coronary artery disease. Patients 
who have this condition also take aspirin. The use of 
aspirin as a primary preventative in these individuals 
continues to be a challenge for medical professionals, 
although it may be approximated using risk variables 
for cardiovascular disease and bleeding.

Wang et al. (2020) used OCT and angiography data 
imaging to construct a patient-specific circumstanc-
es stress based coronary artery model. This model is 
produced by employing patient-specific conditions. 
The OCT-based fluid–structure interaction model is 
used in order to evaluate the plaque ruptures that are 
associated with the occurrence of mechanical stress. 
The structure of the lumen, the arterial wall, and the 
plaque components make up the rebuilt patient-spe-
cific model of the coronary artery. This fluid–struc-
ture interaction model with regions of low WSS helps 
locate places that have increased plaque susceptibility. 
This is because when pressure is applied on the flex-
ible artery, the fluid domain has the potential to ex-
pand circumferentially.

Liu et al. (2020) offered a technique for detecting 
fibrous plaque in coronary arteries that is based on 
deep learning using CNN. The discovery of the for-
mation of fibrous plaque is a clinically crucial step 
that progresses toward the beginning of the diagnostic 
process and therapy for coronary heart artery disease. 
Vascular stenosis and thrombosis are two hallmarks of 
heart artery plaque that are created by fibrous plaque. 
This fibrous plaque follows the contraction route to 
capture the context, and a symmetric path expansion 
permits the accurate localization of the disease.

Cong et al. (2020) studied the impact of malforma-
tion on the right coronary artery that originates from 
the left sinus in the context of the hemodynamic envi-
ronment. One of the atypical origins of the coronary ar-
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teries is when the right coronary artery originates from 
the sinus of the left coronary artery. This is known as 
the anomalous origin of the right coronary artery. This 
has the potential to produce very uncommon reper-
cussions on the human body, including abrupt death 
or indications of myocardial ischemia. A comparison 
is made between the alterations in hemodynamics that 
occur at the origin of the right coronary artery and those 
that occur at the anomalous origin of the right and left 
coronary arteries. It is possible that the symptoms of 
ischemia will be brought to light by the cross-sectional 
area of the left coronary artery inlet.

The authors Fedewa et al. (2020) highlighted how 
a CAD system that uses artificial intelligence (AI) in 
intracoronary IVUS imaging may enhance both the 
comprehension of the problem and the treatment of 
it. In order to accelerate the development of AI, im-
proved diagnostics and workflows that make use of 
image segmentation, plaque analysis, and stent assess-
ment are necessary. This machine learning technique, 
which is employed in data analytics and digitalized 
medical imaging (specifically, in IVUS and OCT im-
ages for intracoronary arteries) gives a better knowl-
edge to enhance results and save expenses.

V.Vijaya Kishore et al. (2020) developed a method 
for detecting malignant nodules from the medical im-
age. They have elaborated on the critical task as the 
image may contain noise during the processing that 
can be unseen and also having similar intensities of 
unwanted tissue thickening.

Quantification of coronary plaque cap thickness 
and plaque susceptible IVUS image was investigated 
by Lv et al. (2020) using OCT imaging. This imaging 
approach is used in the process of doing IVUS im-
age-OCT based CNN segmentation. The data on the 
cap thickness are retrieved in order to assess the vari-
ations between the measures obtained from the IVUS 
image and the OCT image. In order to demonstrate 
that this study is successful, larger-scale patient trials 
are required.

The tools for integration of segmentation, ex-
traction and classification of images is developed by 
V.Vijaya Kishore (2022). Hospital Information System 
(HIS) and Picture Archiving and Communication Sys-
tems (PACS) using digital entities to maintain medical 
examinations, images and statements.

Madhu, G. C et al. (2022) designed a method for 
segmenting low contrast images. They identified that 
this is a critical part of medical image processing. Ear-

ly detection of abnormalities is critical for enhancing 
treatment options and boosting the overall survival 
percentage of patients

3. METHODS AND MATERIALS
The ability to conduct diagnostic procedures that 

do not need the use of intrusive techniques makes 
medical imaging an essential component of the mod-
ern healthcare system. The process involves develop-
ing graphical and operational representations of the 
internal structures of the human body and organs for 
the purpose of clinical investigation. Among the many 
kinds are x-ray-based methods such as convention-
al x-ray, molecular imaging, computed tomography, 
IVUS, and magnetic resonance imaging. In addition 
to the many different types of medical imaging tech-
nologies, the use of clinical images in diagnostic pro-
cesses is growing. The rise in the usage of machine and 
deep learning approaches may be attributed, in part, 
to the development of faster central processing units 
and graphic processing units, as well as an immense 
number of data, and advancements in learning algo-
rithms. 

To determine which parts of a image are unhealthy 
and which are healthy, a conventional machine learn-
ing–based image classification system is often used. 
Many image classification methods are discussed by 
Afra Hussaindeen (2022) for skin cancer, Bakare et al 
(2021) for oral cancer, and Ramitha and Mohanasun-
daram for pneumonia classification. The standard 
medical image classification system is shown in Fig-
ure 1. This system includes the preprocessing, feature 
extraction, and classification phases of medical image 

Training using 
images

Testing medical 
images

Pre-Processing 
stage

Feature 
Extraction

(MDT)

Classification (MLC)

Database 
Images

Figure 1. Flow of a typical categorization system
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classification. During the phases of training and test-
ing, the system makes use of the database images by 
applying a variety of classifiers to them. The initial 
phase in the process of developing such an application 
is known as pre-processing, and it involves removing 
any noise that may exist as well as enhancing contrast, 
which may include the use of a filter.

3.1 Preprocessing
The Frost filter is designed to maintain the edges 

of an image while at the same time reducing noise 
based on the local statistical data included in a slid-
ing window. It is an exponentially damped, circularly 
symmetric filter that makes use of local statistical in-
formation. The level of smoothness produced by the 
filter is primarily controlled by a damping factor that 
is exponential in nature. When the damping factor is 
low, the image often has a smooth appearance.

It performs the functions of a median filter and 
strikes a healthy balance between the mean filter and 
the all pass filter. The construction of an exponentially 
curved filter kernel that may adaptively vary from a 
mean filter to an identity filter is the means by which 
equilibrium can be obtained. The different denoising 
capabilities may be attributed to the changes in the co-
efficients. When high coefficients are used in the anal-
ysis, the sharp characteristics of the images that have 
been provided are not averaged out. The filter design 
is as follows:

 a2 = s2 / z2  (1)
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where x(t) and y(t) represent the original and replac-
ing pixel value at t (pixel coordinate). s2 (image vari-
ance), z2 (mean), t (pixel coordinate) and m(t) (weight 
factor). The damping rate is controlled by the param-
eter K.

3.2 Feature Extraction
Because the features that are obtained from one 

process directly influence the effectiveness of another 
process, feature extraction is regarded as an essential 
step in all methods of machine learning and pattern 

recognition. This is due to the fact that the features 
obtained from one process directly influence how well 
another process classifies data. Additionally, it is de-
scribed as the first stage of intelligent image analysis, 
which has the tendency to eliminate redundant data 
and possess more intrinsic content of the original data. 
This stage is characterized by the fact that it has more 
of the original data. As a result, the work of extract-
ing features places greater emphasis on the important 
visual information. This study uses MDT for feature 
extraction.

According to Do and Vetterli’s [2005] explanation, 
the MDT is made up of a filter bank that has been iter-
ated twice. The Laplacian Pyramid (LP) is first applied 
to the image in order to identify any point discontinu-
ities, and then a Directional Filter Bank (DFB) is em-
ployed in order to connect those point discontinuities 
into linear structures. The fundamental concept that 
underpins this method of image analysis is the use of a 
transform that is similar to a wavelet in order to iden-
tify the contour segments of an image, and then the 
application of a local directional transform in order to 
identify the edges of an image. MDT offers an image 
expansion that makes use of fundamental components 
such as contour segments. The ability of the MDT to 
efficiently approximate a smooth contour at multiple 
resolutions is made possible by the fact that MDTs 
have elongated supports at various scales, directions, 
and aspect ratios. This is a characteristic that can be 
considered an advantage of MDT. When compared 
to other transforms such as the wavelet transform, it 
needs a far lower number of descriptors to accurately 
portray smooth curves, making it an excellent choice 
for images that include such curves. In addition to 
this, it offers multi-scale and directional decompo-
sition in the frequency domain. A quick and flexible 
transformation may be achieved with the separation 
of directed and multi-scale decomposition phases; 
however, this comes at the cost of some redundancy 
caused by the LP. Figure 2 shows the MDT.

3.3 Classification
The maximum likelihood classification method be-

gins with the presumption that the statistics pertaining 
to each class within each band are normally distribut-
ed, and then proceeds to compute the chance that a 
particular pixel in question belongs to the category in 
question. All of the pixels will be categorized unless you 
choose a specific probability threshold (Rajan 2018).
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MLC is mainly used in the classification of remote 
sensing, and additionally utilized in other fields such 
as texture classification and tunnelled traffic with the 
maximum likelihood pixel value and classified into 
the appropriate class. It is. If all pixels are classified in 
the probability threshold, then each pixel is assigned 
to the class with the highest probability. In the event 
that the threshold is higher than the greatest likeli-
hood, the pixels will not be categorized.

4. RESULTS AND DISCUSSIONS
The IVUS image of coronary artery disease is the 

catheter-based model that is used most often in the med-
ical industry. The IVUS imaging are collected during a 
cardiac catheterization by employing ultrasound probes 
that are positioned on the tip of a coronary artery ves-
sel catheter. The interaction between the various tissue 
structures of an artery produces a high reflection of the 
ultrasonic waves that have been emitted. During angio-
graphic operations, the IVUS image is analyzed in order 
to get further, more specific information about calcified, 
necrotic, fibrous, and fibro fatty morphological plaques. 
The IVUS images used by Swarnalatha and Manikandan 
(2020) are used in this study for performance analysis. 
All of the images are annotated by seasoned cardiolo-
gists, and this information serves as the ground truth for 
the performance rating. Figure 3 shows sample IVUS 
normal and abnormal images. 

At the preprocessing step, the normal and abnor-
mal IVUS images are given to de-noise them and 
eliminate speckle noise. The images with the noise re-
moved are processed in order to extract MDT features, 
and it contains a key parameter, decomposition level 
whose value varies from 1 to 6 in order to provide a 
more accurate assessment of performance. After that, 
these characteristics are saved in the database that 
stores features. MLC is used in the categorization pro-
cess. Table 1 shows the performance of the MDT-MLC 
system for IVUS image categorization.

Table 1 
Performance of the MDT-MLC system for IVUS image catego-
rization

MDT Classification 
Accuracy (%)

Execution time 
(seconds)

1 78 6.17
2 84 7.04
3 94 8.14
4 98 9.56
5 96 11.41
6 92 13.25

It can be seen from the Table 1 that the classification 
accuracy improves as the MDT decomposition climbs 
higher, all the way up to 4. At a crucial MDT-level of 4, 
the classification accuracy is maximized to its full po-

LP

(2,2)

DFB

DFB
  LP

(2,2)

Figure 2 Decomposition Process of MDT
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tential, coming in at 98%. A decision may be reached 
in 9.56 seconds on average. 

5. CONCLUSION
Images obtained from IVUS are often used in the 

process of diagnosing coronary artery disease. IVUS 
provides information on the composition, severity, and 
distribution of plaques, making it possible to estimate 
the coronary atherosclerotic load in a way that is not 
possible with other diagnostic methods. Examining the 
plaque conditions in the coronary arteries with the use 
of IVUS images with highest classification accuracy is 
the purpose of the current investigation. The provided 
IVUS image is subjected to preliminary processing in 
order to get rid of the speckle noise. Following the com-
pletion of the preprocessing stage, the proposed system 
categorizes the IVUS images into normal or abnormal. 
The experimental investigation indicated a high accu-
racy of classifying the IVUS image with more than 98% 
accuracy. It is not feasible by the proposed system to 
carry out the procedure of plaque segmentation. How-
ever, in the near future, it may be possible to construct 
a prototype for plaque segmentation.
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Abstract
Background: Polycystic ovary syndrome is a common en-
docrinopathy affecting women of reproductive age. Com-
monly manifested by polycystic ovary, menstrual irregularities 
and hyperandrogenism even though the presentation could 
be heterogeneous. Insulin resistance (IR) is considered to be 
accountable for the associated hormonal and metabolic de-
rangements. Polycystic ovary syndrome has two phenotypes, 
overweight/obese and lean. 
Objectives & Methodology: Quasi experimental one group 
pre and posttest timeseries research design was adopted to 
assess the effect of Life Style Modification Regimen on Poly-
cystic Ovary Syndrome among 16 Adolescent Girls in selected 
Arts and Science Colleges, Puducherry. Baseline screening was 
done for 112 adolescent girls by census method using modified 
PCOS risk assessment questionnaire and identified adolescent 
girls with PCOS. Adolescent girls at moderate risk of PCOS with 
BMI 23 and above were included in the study. PCOS risk and 
Lifestyle habits were assessed before and after implementa-
tion of Lifestyle Modification Regimen, whereas clinical features 
of PCOS were assessed at baseline, at 2months (Posttest-1), 4 
months (Posttest-2) and at 5 months (Posttest-3). 
Results: Study results shows that significant difference between 
Pre and posttest PCOS risk (17.507) and lifestyle habits (Dietary 
habits: -3.873 and Physical activity: -2.236) at p < 0.05 level. 
Improvement found in the clinical features of PCOS including 
weight, BMI, menstrual cycle, Hirsutism and Acne at p < 0.05 
level. Similar percentage (50%) of them had unfavorable and 
moderately favorable dietary habits during pretest, whereas in 
posttest 81.3% and 18.7% had moderately favorable and fa-

vorable dietary habits and highest percentage (62.5%) of them 
had Moderately favorable physical activity in pretest, whereas 
75.8 and 24.2% had Moderately favorable and favorable physi-
cal activity respectively in posttest. Significant association found 
between the pretest level of PCOS risk and lifestyle habits of 
adolescent girls (dietary habits: 12.444 & Physical activity: 6.661) 
at p < 0.05 level and also observed association between the 
pretest level of PCOS risk and selected demographic variables 
such as age in years and monthly family income in Rs at p < 
0.05 level.
Conclusion: Lifestyle Modification brings positive change 
in lifestyle habits, risk of PCOS and clinical features of PCOS 
among adolescent girls at risk of PCOS. Study concludes that 
Healthy lifestyle practices prevents the development of PCOS 
by risk reduction. Primordial prevention involving early iden-
tification of Risk of PCOS promotes reproductive health of the 
adolescent girls.

Key words
Adolescent Girls and Risk of PCOS, lifestyle habits, lifestyle 
modification regimen. 
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BACKGROUND
Health is a fuel that runs a human body with the reg-

ular activities and functions. In women’s, reproductive 
health plays an important role of general health which 
needs universal concern. It is very important to care 
themselves during their reproductive age in order to 
prevent reproductive health related problems. Improper 
reproductive life pose risk to the life of a woman. Many 
times, woman has the risk of infertility, contraception, 
and other reproductive infections caused by sexual prac-
tices. Irregular menstrual periods among women cause 
such ovulatory dysfunctions and polycystic ovarian syn-
drome. Women with PCOS have no regular periods, and 
are not able to ovulate and get pregnant. (1)

Polycystic ovary syndrome is a common endocr-
inopathy affecting women of reproductive age. Com-
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monly manifested by polycystic ovary, menstrual ir-
regularities and hyperandrogenism even though the 
presentation could be heterogeneous. Insulin resistance 
(IR) is considered to be accountable for the associat-
ed hormonal and metabolic derangements. Polycystic 
ovary syndrome has two phenotypes, overweight/obese 
and lean. The prevalence of lean PCOS is much less 
common comparatively overweight/obese PCOS. (2) 

Poly Cystic Ovarian Syndrome (PCOS) is the com-
mon endocrine disorder globally increased the prev-
alence of overweight and obesity among women and 
young women. It is a heterogeneous disorder involved 
with multiple etiology that has been made it difficult 
to define the syndrome by diagnostic test. It is very im-
portant for women to take care of their health during 
their reproductive years because much reproductive 
health related problems can arise during this period. 
Any failure in living a healthy reproductive life could 
cause a risk to the life of women and adds to the ma-
ternal mortality rate. Women bear the risk of infertili-
ty and many other reproductive infections. (3)

NEED FOR THE STUDY
Polycystic ovary syndrome (PCOS) is a common 

endocrine disorder with a global prevalence of 5-10% 
and is an important cause of chronic an ovulation in 
young women. PCOS is characterized by menstrual 
irregularity, signs of hyperandrogenism such as acne, 
excess body hairs, male-pattern baldness and infer-
tility. In addition, PCOS is linked to many long-term 
health problems such as cardiovascular diseases and 
diabetes. (4)

Polycystic ovarian disease in teenager is charac-
terized irregular or completely absent periods, heavi-
er than normal menstrual bleeding, ovarian cysts, 
hirsutism and alopecia. Other symptoms range from 
acne, skin tags and brown skin patches to reduced sex 
drive, exhaustion or lack of mental alertness, depres-
sion anxiety, sleep apnea and thyroid problems. Teens 
with overweight are increasingly being linked with 
Polycystic Ovarian Disease. (5) Women diagnosed with 
Polycystic ovary syndrome (PCOS) experienced poor 
quality of life, greater anxiety and depression than 
women without PCOS related to BMI status. (6)

A community based cross sectional study conduct-
ed on prevalence of PCOS among 778 young girls and 
adolescents aged between 15-24 years in Mumbai. 
Clinical, USG and biochemical investigations were 
completed by 600 adolescent girls. Results reveals that, 

prevalence of PCOS was 22.5% by Rotterdam criteria 
and 10.7% by Androgen Excess Society criteria. Prev-
alence of PCOS among nonobese comprised of 71.8% 
diagnosed by Rotterdam criteria. Mild PCOS com-
prised of 52.6%. (7)

A cross sectional study was conducted to assess the 
dietary habits and life style among 384 pre-university 
college students, Raichur, India. Results reveals that 
45.6 % were male and 54.4% were females. The mean 
age was 16.75 yrs. 184 (48%) students were predomi-
nantly vegetarians. 176 (45.8%) reported consumption 
of junk food more than once in a week and 338 (88%) 
reported to use fruits and vegetables occasionally in 
their diet. Only 147 (38.3%) students walked at least 
for 30 minutes and did exercise daily. The study con-
cludes that prevalence of unhealthy dietary habits and 
life style are more also with obesity. (8)

Cross-sectional study was carried out among 420 
girls residing in the social welfare hostels in urban area of 
Vizianagaram District, Andhra Pradesh, India. The re-
sult shows that 56.4 % girls were undernourished. 2.9% 
was found to be overweight and none of the girls was 
found to be obese. According to the new guidelines by 
the Government of India 56.4 % was found to be under-
nourished while 5.8 % was found to be Overweight. (9) 

METHODOLOGY
Quasi experimental one group pre and posttest 

study was conducted to investigate the effect of Life-
style modification Regimen on the risk of PCOS 
among Adolescent Girls  in selected Arts and Science 
College, Puducherry. 

Tool for data collection
 Section -I: Modified PCOS risk assessment ques-

tionnaire consist of 09 items
 Section -II: Demographic variable consist of 13 

items 
 Section - III: Five-point rating scale on lifestyle 

habits consist of 30 items in two sections for dietary 
habits and physical activity

 Section -IV: Tool to assess the clinical features of 
PCOS 

Description of Intervention
Duration: Four months
1. Group Counseling Session
2. Aerobic exercise for weekly three days for 30 

minutes 
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3. Structured dietary guidelines for PCOS 

Ethical consideration 
Forma permission taken from Institutional Review 

Board, Directorate of Technical & Higher Education 
and Principal of the College, Puducherry. Informed 
consent was taken after explaining the study purpose 
and assent and parent consent taken for the minors. 

Data collection procedure
Data collection was carried out from four months 

in 2021. Baseline screening was done for 112 adoles-
cent girls by census method using modified PCOS risk 
assessment questionnaire and identified adolescent 
girls with PCOS. Adolescent girls at moderate risk of 
PCOS with BMI 23 and above (16) were included in 
the study. SAQ used to collect data on demographic 
variable, PCOS risk and Lifestyle habits were assessed 
before and after implementation of Life Style Modi-
fication Regimen, whereas clinical features of PCOS 
were assessed at baseline, at 2months (Posttest-1), 4 
months (Posttest-2) and at 5 months (Posttest-3). 

RESULTS
Demographic characteristics shows that 62.5% of 

them were in 19 yaers, 62.5% belongs science back-
ground, 43.7% of them attained menarche at 14-15 
years of age, similar percentage (87.5%) were non-veg-
etarian and Hindus, 31.3% had monthly family income 
of Rs.10,110 – 15,159, 81.2% of them were belongs to 
nuclear family, 56.3% from rural, similar percentage 
(37.5%) of the mother and father studied Higher sec-
ondary education, 31.3% and 6.3% had family history 
DM and PCOS respectively and 25.0% got previous 
information about PCOS. (Table no.1)

Similar percentage (50%) of them had unfavorable and 
moderately favorable and none had favorable dietary hab-
its whereas, 81.3% had moderately favorable and 18.7% 
had favorable dietary habits in posttest. (Table no.2) 

3. Age at Menarche in years
10-11 2 12.5
12-13 6 37.5
14-15 7 43.7
 > 15 1 6.3

4. Dietary Pattern
Vegetarian 2 12.5
Non-vegetarian 14 87.5

5. Religion
Hindu 14 87.5
Christian 2 12.5

6. Monthly family Income 
in Rupees
≥ 40,430 1 6.3
20,210 – 40,429 3 18.8
15,160 – 20,209 3 18.8
10,110 – 15,159 5 31.3
6060 – 10,109 4 25.0

7. Type of family
Joint 3 18.8
Nuclear 13 81.2

8. Place of residence
Urban 7 43.8
Rural 9 56.3

9. Father’s Education
Secondary 3 18.8
Higher secondary 6 37.5
Diploma 5 31.3
Undergraduate 2 12.5

10 Mother’s Education
Primary 2 12.5
Secondary 4 25.0
Higher secondary 6 37.5
Undergraduate 4 25.0

11. Family history of DM
Yes 5 31.3
No 11 68.8

12 Family history of PCOS
Yes 1 6.3
No 15 93.7

13 Previous source of 
information

Yes 4 25.0
No 12 75.0

Table 1
Frequency and percentage distribution of Adolescent Girls ac-
cording to socio demographic variables n = 16
Sl.No  Socio demographic 

variables
Frequency 

(f)
Percentage 

(%)
1. Age in year

17 3 18.8
18 3 18.8
19 10 62.5

2. Education
B.Sc 10 62.5
B.Com 3 18.8
BCA 3 18.8
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Table: 2
Distribution of Adolescent Girls according to Dietary Habits
n = 16

Dietary Habits Pretest Post test
f % f %

Unfavorable 8 50.0 0 0
Moderately favorable 8 50.0 13 81.3
Favorable 0 0 3 18.7

Highest percentage (62.5%) of them had Moderate-
ly favorable and none had favorable physical activity 
whereas, 75.8% had moderately favorable and 24.2% 
had favorable physical activity in posttest. (Table no.3)

Table 3 
Distribution of Adolescent Girls according to Habit of Physical 
activity 
n = 16

Habit of Physical 
activity 

Pretest Posttest
f % f %

Unfavorable 6 37.5 0 0
Moderately favorable 10 62.5 13 75.8

Favorable 0 0 3 24.2

Frequency of menstrual cycle shows that in pretest 
highest percentage (50.00%) had frequency of men-
strual cycle 36-41 days whereas in Posttest 71.42% 
had their menstrual cycle at 21 – 35, Duration of 
menstrual blood flow depicts that during pretest sim-
ilar percentage (35.72%) of them had duration of 3-5 
days and < 3days, whereas in posttest highest percent-
age (71.42%) had duration of 3-5 days and Perceived 
blood loss shows that 64.28% of them perceived mod-
erate blood loss in pretest, whereas in posttest 78.57% 
of them perceived moderate blood loss(Table no.4)

Significant difference in the Pre and posttest PCOS 
risk among adolescent girls and calculated t- value 
was 17.507 at p < 0.01 level. It concludes that there was 
positive improvement in PCOS risk after implementa-
tion of lifestyle modification regimen (Table no.5)

Significant difference in the Pre and posttest Life-
style habits among adolescent girls and calculated t- 
value was -3.873 and-2.236 at p < 0.01 level respective-
ly for dietary habits and physical activity. It concludes 
that there was positive improvement in lifestyle habits 
after implementation of lifestyle modification regi-
men. (Table no.6)

Significant difference in the Pre and posttest clinical 
features of the adolescent girls that during pretest mean 
weight score was 61.38±4.90 whereas in posttest-3 the 

mean weight score was 57.45±4.190 and calculated 
t-value was11.135 at p < 0.01 level, mean BMI score 
was 25.10±1.805 during pretest, whereas in posttest-3 
the mean BMI score was 23.48±1.333 and calculated 
t-value was10.767 at p < 0.01 level, pretest mean hirsut-
ism score 10.91 ± 2.948 whereas in posttest-3 the mean 
hirsutism score was 9.09±3.986 and calculated t-value 
was 4.303 at p < 0.05 level and pretest mean acne score 
21.92 ±5.760 whereas in posttest-3 the mean acne score 
was 11.33 ±2.015 and calculated t-value was 8.474 at p 
< 0.01 level (Table no.7)

Table 4
Percentage wise comparison of pre and Posttest menstrual pat-
tern of Adolescent Girls 
(N = 14) 

Menstrual Pattern
Pretest Posttest-3

f % F %
Frequency 

 < 21 Days 1 7.14 1 7.15
21-35 Days 5 35.72 10 71.42
36 – 41 Days 7 50.00 3 21.43
42 – 60 Days 1 7.14 - -

Duration
 < 3 days 5 35.72 2 14.29
3 - 5 days 5 35.72 10 71.42
 > 5days 4 28.56 2 14.29

Perceived blood loss
Light 3 21.43 2 14.29
Moderate 9 64.28 11 78.57
Heavy 2 14.29 1 7.14

Table 5
Compare the effect of lifestyle modification regimen on PCOS risk 
(n = 16)

Level of PCOS risk MD SD t - value P
Pretest and Posttest 
PCOS risk 3.563 0.814 17.507 .000

p < 0.01- significant

Table 6
compare the effect of lifestyle modification regimen on lifestyle 
habits 
(n = 16)

Lifestyle habits Mean SD t – value p-value
Dietary 
habit

Pretest 1.94 .250
-3.873

.002
Posttest 2.44 512

Physical 
activity 
and Sleep

Pretest 1.94 .250
-2.236

.041

Posttest 2.19 403

p < 0.05 significant



Issue 24. November 2022 | Cardiometry | 1077

Table 7
Effect of lifestyle modification regimen on clinical features of 
PCOS 

Clinical features 
of PCOS

Mean SD Mean 
Diff.

t-val-
ue

p-val-
ue

Weight
(N = 16)

Pretest 61.38 4.9055 - - -
Posttest-1 60.28 4.6780 1.10 8.375 .000
Posttest-2 58.80 4.2531 2.58 9.045 .000
Posttest-3 57.45 4.1901 3.93 11.135 .000

BMI
(N = 16)

Pretest 25.10 1.8054 - - -
Posttest-1 24.65 1.6729 0.45 8.332 .000
Posttest-2 24.05 1.5060 1.05 9.206 .000
Posttest-3 23.48 1.3336 1.62 10.767 .000

Hirsut-
ism
(N = 11)

Pretest 10.91 2.948 - - -
Posttest-1 10.27 3.101 .636 2.609 .026
Posttest-2 10.27 2.867 .636 3.130 .011
Posttest-3 9.09 3.986 1.818 4.303 .002

Acne
(N = 12)

Pretest 21.92 5.760 - - -
Posttest-1 18.75 5.207 3.18 13.385 .000
Posttest-2 14.67 3.284 7.25 7.864 .000
Posttest-3 11.33 2.015 10.58 8.474 .000

p < 0.01 highly significant & p < 0.05 significant

Significant association found between the pretest 
level of PCOS risk and lifestyle habits of adolescent girls 
(dietary habits: 12.444 & Physical activity: 6.661) at p 
< 0.05 level (Table no.8) and also observed association 
between the pretest level of PCOS risk and selected de-
mographic variables such as age in years and monthly 
family income in Rs at p < 0.05 level. (Table no.9).

Table 8
Association between the Pretest PCOS risk and lifestyle habits 
of adolescent girls 
(N = 16)

Parameter χ2 p-value
Pretest PCOS risk and dietary habits 12.444a .002
Pretest PCOS risk and Physical activity 6.661a .036

 p < 0.05 significant.

Table 9
Association between Pretest PCOS risk with selected Demo-
graphic variables of the adolescent girls 
(N = 16)

S
Sl.no Demographic variable

Pretest PCOS risk
χ2 p-value

1 Age in years 9.813a .044
4 Diet 1.778a .411
8 Monthly family income in Rs 18.560a .017
9 Type of family 4.622a .099
10 Residence 062a .969
11 Family history of PCOS 2.216a .330

p < 0.05 significant. 

DISCUSSION
Study results suggests that significant reduction 

in posttest PCOS risk (17.507) and improvement in 
lifestyle habits (Dietary habits: -3.873 and Physical 
activity: -2.236) at p < 0.05 level, and also improve-
ment found in the clinical features of PCOS including 
weight, BMI, menstrual cycle, Hirsutism and Acne at p 
< 0.05 level. Anju Krishnan Nair et.al(10) also observed 
similar findings after implementation of lifestyle mod-
ification package among adolescent girls that 66.4% 
and 15.2% had weight loss and weight stabilization 
respectively. Lass et.al(11) also reported that weight loss 
after lifestyle intervention was significantly associated 
with positive change in the menstrual pattern. 

Similar percentage (50%) of them had unfavorable 
and moderately favorable dietary habits during pretest, 
whereas in posttest 81.3% and 18.7% had moderate-
ly favorable and favorable dietary habits and highest 
percentage (62.5%) of them had Moderately favorable 
physical activity in pretest, whereas 75.8 and 24.2% 
had Moderately favorable and favorable physical activ-
ity respectively in posttest. Manijeh Alavi et.al(12) also 
reported that 54.4% of the adolescent girls had mod-
erate nutrition behavior and Binati Behera et.al (13) re-
ported that 52.3% and 46.4% of the adolescents and 
young adult students had slow and moderate physical 
activity respectively. 

Significant association found between the pre-
test level of PCOS risk and lifestyle habits of adoles-
cent girls (dietary habits: 12.444 & Physical activity: 
6.661) at p < 0.05 level and also observed association 
between the pretest level of PCOS risk and selected de-
mographic variables such as age in years and monthly 
family income in Rs at p < 0.05 level.

CONCLUSION
Lifestyle Modification brings positive change in life-

style habits, risk of PCOS and clinical features of PCOS 
among adolescent girls at risk of PCOS. Study con-
cludes that Healthy lifestyle practices prevents the de-
velopment of PCOS by risk reduction. Primordial pre-
vention involving early identification of Risk of PCOS 
promotes reproductive health of the adolescent girls.
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Abstract
One of the most challenging tasks of recent days is detecting 
digital image forgery. Effective image processing tools are devel-
oped with excellent technology enhancement, making an easy 
and comfortable process for image forgery. Because of these 
systems’ misusage, the verification of picture is too difficult. 
Therefore, image forgery detection uses different techniques 
according to the requirements of detection, efficiency, and type 
of forgery. This study proposes an efficient novel segmentation 
method with Kernel Principal Component Analysis (KPCA) for the 
detection of image forgery. The Normalized cut (NCut) segmen-
tation technique is used initially to segment the forged image. 
Then, the KPCA method is used to extract the image’s features. 
Finally, image authenticity is decided by comparison of cluster-
ing regions according to the threshold. In typical conditions of 
the image, as changes in brightness, shading diminishment, and 
limited rotation angles, the copied areas are detected accurate-
ly by using the described planned strategy. The performance of 
the proposed system is analyzed using different medical imaging 
modalities such as computed tomography, magnetic resonance 
imaging, x-ray and ultra-sonograms. From the comparative re-
sults, it is clear that better performance of image forgery detec-
tion is achieved by the described algorithm in terms of accuracy, 
precision, recall, and specificity than other algorithms.
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I. INTRODUCTION
In modern technologies, effective information is 

transferred through the images. High resolution dig-
ital images are taken from the advanced imaging de-
vices such as smart phones, and those are exchanged 
among the people. The image is affected or manipulat-
ed by the different techniques which are too difficult 
to observe. The usage of digital images is increased 
widely in different applications so authenticity plays 
main role and there is requirement of digital images 
authenticity and integrity verification [1]. Because of 
the wide usage of digital images in many fields, there 
is an increment in forged images technologies. The 
properties of the images are changed, deleted or added 
in the images during the forgery without any intima-
tion of it. Therefore, forgery detection of digital images 
is one of the most researched areas for researchers [2]. 

Digital image forgery is defined as the process of 
changing the original image in some particular aspects 
as resizing, rotation, deleting and adding some noise el-
ements or some geometric transfigurations. Manipulat-
ed image authenticity and integrity are verified by using 
the two techniques of image forensic. These are active 
forensic method and passive forensic method. In active 
forensic method authentic information is inserted by 
using Watermarking [3] and steganography [4] into the 
image. When the image authenticity is required then re-
calls the information of prior embedded authentication 
in order to prove the required image authenticity. But, 
an image embedding authentication information is very 
confidential. This embedding information is identified 
in two conditions one is at the time of creating image and 
another one is with the help of authorized individuals.

Different mechanisms are using several approaches 
of image manipulations. Object-level changes in an im-
age are done through the copy-move and splicing tech-
niques, and these are the handling the important portion 
of the image [5]. By using different tools with the com-
bination of Image retouching techniques, the features of 
the image are changed. For example, image contrast is 
enhanced by using the contrast enhancement and based 
on content of the image, holes in images are stretched 
through image in-painting. Image colors are changed by 
using the colorization technique. Then the specific part 
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of the image is identified with some adjustments [6]. 
Another famous image forgery is cloning (copy/ paste) 
technique in which some objects or persons in the frame 
are covered. The cloned part identification in the image 
is really too difficult with human vision [7]. The cloned 
part is at any place of the image but, the examination of 
this image is impracticable. Sometimes an impressive 
image is designed efficiently by using resize, stretch or 
rotates the sections. For example, if an image is added to 
the original image, then there is a requirement of resize 
the added image according to the original image height, 
width and particular parameters. 

Image modification another mode is splicing of 
two or more photographs into a frame [8]. The spliced 
region edges are not identified if this splicing process 
is done with care. The requirement of authenticity 
and image integrity preservation are two parameters 
which handles the process of detecting the forged im-
ages. There is requirement of JPEG (Joint Photographic 
Experts Group) compression or intensifying, blurring, 
rotation and scaling as post-processing operations in-
clusion before the copied regions pasting in original 
image. Image clusters of similarity regions are used 
in the described method. Segmentation technique of 
NCut is used initially for segmentation of forged im-
age then each region centroids are identified secondly 
and then KPCA method is used for extracting the fea-
tures of image for each region.

The remaining sections in this paper are organized 
as follows: The literature survey of different image 
forgery techniques are explained in section II. KPCA 
image forgery detection technique is explained in sec-
tion III. Different experiments of presenting method 
are described in the section IV, and finally the conclu-
sion of these results is explained in the section V. 

II. LITERATURE SURVEY
A deep learning approach based on simplistic 

(ten-layered) CNN is introduced by the Rao and Ni et. 
al. [9] in which the red-green-blue color (RGB) images 
are automatically utilizes the input to train a hierar-
chical depiction [9]. Both the splicing and copy-move 
forgeries are efficiently using this technique. Automat-
ic feature learning is the originality of this method for 
two forgery types, i.e., splicing and copy-move. The 
combination of CNN with median filtering forensic 
technique is presented by the Chen et al. [10] for forg-
ery detection of digital image. CNN network architec-
ture with eight layers is used for the described method 

and a filter layer is introduced as input layer. Different 
features are obtained by alternative pooling and con-
volution layers for supporting the hierarchical learning 
process and then classification. This technique is first 
obtained which is a combination of CNN framework 
with median filtering. For both the cut-pasting and 
copy-move forgeries, significantly improved results 
are obtained through the described method which is 
described by the researchers. Joint Photographic Ex-
perts Group (JPEG) compressed images and median 
filtering from low resolution detected images worked 
on hand designed features as compared to other fa-
mous image forensic tools.  

Image global and local contrast enhancement detec-
tion uses two different algorithms which were described 
by the G. Cao, Y. Zhao, R. Ni and X. Li [11]. Unmodified 
images gray level histogram considerations are used by 
the previous algorithms which show the smoothness and 
peak/gap artifacts shows the contrast enhanced images. 
In JPEG format, digital images are stored and middle/
low quality factor is used for compression of images in 
real applications. Blocking artifacts are usually generated 
by the low-quality lossy compression. Therefore, JPEG 
(lossy) compressed images with middle/low quality 
contrast enhancement are not detected by the previous 
approaches. This problem is solved by the proposed al-
gorithm in this research. The contrast enhancement in 
both high-quality JPEG compressed images and as well 
as middle/low quality images are detected by the de-
scribed algorithm. Zero-height gap bin feature is mainly 
used gray level histogram feature. Cut-and-paste forged 
image is main application of this forged images detection. 
Copy-paste forged images are detected with described 
method by the S. Bravo-Solorio, A. K. Nandi [12]. Rota-
tion, reflection and scaling are the most affected param-
eters in copy-paste forged images. 

Dyadic wavelet transform method is proposed by 
the N. Muhammad et. al [13]. Signal better compensa-
tion and superior reasoning is provided with extra in-
formation is restored by the Dyadic wavelet (DyWT) 
transform. The extraction of segments with high and 
flat frequency classes uses the DyWT image disinte-
gration. This method determines the minimum Eu-
clidean distance with segment pair as tampered area 
and copied area. The main disadvantage with this 
method is uses only the small angle of rotation with 
better quality images. 

The process of possible information recovering 
from image unmodified form and if any changes are 
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detected then modification operations are focused 
by the M. C. Stamm and K. J. R. Liu [14]. Contrast 
enhancement mapping used to change the image and 
unchanged version histogram of the image is jointly 
estimated by using the iterative method according to 
probabilistic model. The histogram entries are iden-
tified by the probabilistic model and these entries are 
more likely to corresponding enhancement artifacts. 
An accurate estimation is obtained when enhance-
ment is non standard with described algorithm. 

The identification of histogram equalization use, 
global and local contrast enhancement detection uses 
the different methods which are proposed by the M. 
C. Stamm and K. J. R. Liu [15] and these methods are 
used for global inclusion of noise detection for already 
JPEG-compressed image. High quality JPEG com-
pressed image contrast enhancement is detected by 
this method. But its disadvantage is middle/low qual-
ity JPEG compressed image contrast enhancement is 
not determined. Cut-and-paste forged images with 
single source local contrast enhancement are detected 
by using a separate algorithm.

After preprocessing, the lesion is segmented, and 
then certain features from the segmented lesion are 
extracted. Support Vector Machine classifier is used 
to create a computerized diagnosis for melanoma skin 
cancer [16].  Segmentation based image processing di-
agnosis tool is developed. Wavelet transforms are used 
for the extraction. The tools for integration of seg-
mentation, extraction and classification of images are 
developed [17]. Image segmentation is highly referred 
technique for exact separation of image for the accurate 
diagnosis [18]. The hybrid feature-based ICNN model 
was proposed and obtained significant performance in 
CBMIR by means of recall, precision, accuracy, f-score, 
and specificity compared to other classifiers such as 
LSTM, DNN, and CNN [19]. Wavelet transform has 
been used in an attempt has to generate the ECG signal 
wave forms using MATLAB software then QRS com-
plex were detected and then each complex are used to 
find the individual peaks like P and Daubechies wavelet 
has preferred since the scaling functions are similar to 
the shape of the ECG signal [20].

III. SEGMENTATION METHOD FOR 
KPCA IMAGE FORGERY DETECTION

The framework of an efficient novel segmentation 
method for KPCA (kernel principal component analy-
sis) image forgery detection is as shown in below Fig. 1. 

Input image

Pre-processing stage

Image segmentation

Centriods locating

Extract features using 
KPCA

Cluster features

Threshold parameters

Remove disturbed 
matching

Output image

Fig. 1: FRAMEWORK OF IMAGE FORGERY DETECTION

The analysis of described method is as follows: 
pre-processing stage of input image, Segmentation tech-
nique of NCut is used initially for segmentation of forged 
image then each region centroids are identified secondly 
and then KPCA (kernel principal component analysis) 
method is used for extracting the features of image for 
each region. K-Mean clustering is used for cluster similar 
features. Then test the matching of each pair of features. 
Corresponding blocks are same if the pair of features is 
matching. Corresponding blocks are assumed as copied 
if pair of features is unmatched. These false and invalid 
matches are removed with the set of parameters by the 
definition of algorithm. As a result, forged image last, 
duplicated region is detected. Each stage explanation is 
given in the following subsections.

The process of detection starts with image pre-pro-
cessing which is most important in this process. Re-
sizing the pixel values of input image and raw pixel 
values rescaling/standardization are involved in the 
data pre-Processing stage. According to the model de-
sign image resizing was performed during the images 
data set import process. Image pixel values (raw pixel 
intensities standardization) are measured in between 
the (0, 1).
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The segmentation of input image ‘I’of size r is done 
with the normalized cut (NCut) segmentation. Ac-
cording to spatial and color threshold value image is 
segmented with a segmentation minimum area and 
smallest NCut value subject to the choice of image as 
a weighted graph. According to the below equation 
weight matrix is calculated as:

 

Where, the spatial values are denoted with X, fea-
ture is denoted with F. The specified threshold is re-
ferred by the Color values corresponding to point i, j 
and (sigma). Two discreet eigenvectors are obtained by 
solving the generalized Eigen system (D – W)y = λDy 
and the formation of N x N diagonal matrix D as 

 with subject to node I. according to 
the specified minimum threshold value the graph bi-
partition recursively. Each segment centroid is com-
puted after image segmentation for clustering and 
feature extraction 7x7 block around the centroids are 
described.

Image best significance is hold by using centroids 
in this research compared to other methods. This is 
because of Euclidean distance effective calculation be-
tween two clusters by using the centroids which is also 
used in calculation of similar clusters. The calculation 
of Euclidean distance between centroids is uses the 
connection between centroids. By using NCut tech-
nique image is segmented and each segment centroids 
calculation is done. 

Corrupted region as rotated of an image is detected 
by using KPCA and obtained the best values in terms 
of accuracy, precision and for small size images com-
putation time is reduced. Features dimensionality is 
reduced with KPCA. Ignored the low covariance fea-
tures because of it contained less useful information. 
The comparison of every region pixel value is not pos-
sible in mathematically because of poor advancements 
or technologies are in post processing functions like 
color reduction, scaling, rotation and brightness vari-
ation. Strength against JPEG compression artifacts are 
provided for the described technique which handled 
the scaling and rotation efficiently. The projection of 
given kth observation of vector data is calculated by:

 

 

 

 is centered mean feature vector which satisfies 
 and p is no. of principal elements 

where l=1,2,……..,p.
K-Means clustering algorithm is the experiment 

next step experiment which is also an unsupervised 
technique after feature extraction. The principle dis-
tance between the points is utilized in input point’s cat-
egorization into various clusters by using the K-means 
clustering which works as a classifier. Different types 
of information are clustered by using Random inten-
sities around centroids. As the following equation is 
used:

 

Where, clusters are denoted with k. Proposed experi-
ment has clusters value of k=2,  (where i = 1, 2, …, 
k) and = Centroid of all pixel’s x includes the histo-
gram  . The segmentation map is created with 
the association of connected pixels and similar clusters 
at that point as follows:

 

Algorithms wrong matchings removed with the 
Threshold which is very important in researched 
method. n the entire image all identical shift vec-
tors centers are identified and arranged as a cat-
egory. The center of class (mclass) is calculated 
from all shift vector centers average in a catego-
ry and shift vector centers standard deviation is 
calculated from the dispersion of each vector class 
(class var). If obtained standard deviation is high-
er than the threshold then considered the image 
as forgery case and in which the shift vectors are 
dispersed. 

Misplaced disperse shifts are present in the 
previous part. But specific shift vector is possible 
which is considered and concentrated as fake re-
gion, wrong matching related blocks are existed. 
The ultimate goal at this stage is these blocks elim-
ination. Delete the blocks which have any match-
ing neighborhoods. Therefore, the detection of 
forged images is done along with their matched 
features. 
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IV. RESULTS ANALYSIS
The performance and experimental results of the 

proposed forgery detection method are evaluated 
in this section. Many medical images are collected 
from different benchmark databases, such as Der-
m7pt (1011 dermoscopic images) [21-22], MIAS (322 
mammograms) [23], REMBRANDT (200 MRI brain 
images) [24] and histopathological images (1224 oral 
cancer images) [25]. All the images are forged using 
image processing algorithms and tested by the pro-
posed system. The main aim is forgery detection along 
with improvement in computation time, accuracy, 
precision, recall rate and specificity of the algorithm. 
Region duplication forgery identification is accurate-
ly identified. Fig. 2 shows sample images used by the 
proposed system.

  
(a) 

  
(b) 

  
(c) 

Fig. 2: (a) Derm7pt skin images (b) MIAS mammogram images 
(c) MRI brain images

Performance parameter is evaluated using the fol-
lowing formulae’s:

Where forged and detected as forged total no. of 
principal components is denoted with Ntp, authenti-
cated and detected as authenticated no. of principal 
components are denoted with Ntn, authenticated but 
detected as forged no. of principal components are de-
noted with Nfp, and forged but detected as authenti-
cated denoted with Nfn.

The result of segmentation with KPCA image forg-
ery detection method was compared with current 
forgery detection techniques as Deep Learning based 
Forgery Detection (DL based FD) and Spatial Feature 
domain-based Forgery Detection (SF based FD) in 
terms of detection accuracy, precision, recall and F1-
score. Table 1 illustrates the comparison results.
Table 1
COMPARISON TABLE FOR DIFFERENT PARAMETERS

Method Accuracy Precision Recall Specific-
ity

DL based FD 92.5 84.5 86.3 85.9
SFD based FD 93.6 89.1 87.8 90.4
KPCA based FD 98.7 94.2 93.4 94.6

The graphical representation of above parameters 
for considering forgery detection three methods are 
given below. 

From Fig. 3, it is clear that the performance of the 
presented segmentation with KPCA image forgery de-
tection method achieves the better accuracy than oth-
er methods of forgery detection.

Fig. 3: PERFORMANCE OF DIFFERENT FORGERY DETECTION 
METHODS
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V. CONCLUSION
From several decades, the development of digital 

images forgery is increased widely. So, there is a re-
quirement of the different algorithms or classifier to 
detect this copied or forgery content. In this paper, an 
efficient novel segmentation method for KPCA im-
age forgery detection is described and analyzed. Ncut 
segmentation technique is used in this method with 
feature extraction with KPCA. Medical images from 
three different imaging modalities such as microscop-
ic images, x-ray images and MRI images are used for 
the evaluation. A comparison with forgery detection 
techniques, such as DL based FD and SF based FD in 
terms of precision, accuracy, recall and specificity are 
demonstrated. It is observed that the segmentation 
with KPCA image forgery detection method gives 
better performance. In future, different types of im-
age forgeries are use the described system applications 
with a great extension. 
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Abstract
The most dangerous type of organ failure in humans is a brain 
tumor. A brain tumor’s incorrect segmentation and classifica-
tion are critical for treatment and early diagnosis. Several Deep 
neural network-based architectures have recently been devel-
oped to improve brain tumor classification performance. How-
ever, brain tumor classification performance must be improved, 
which is a difficult area of research. The goal of this study is 
to analyze different types of brain tumors and how to classify 
them to increase the survival rate of people with brain tumors. 
The CAR-U-Net (Concatenation and Residual) image classifica-
tion method is proposed in this paper to help with brain tumor 
segmentation and classification research. The baseline U-Net 
architecture employs concatenation and residual connections. 
The changes in the network help in discovering varied features 
by expanding the specific receptive field. We consider two 
factors for a better diagnosis system: finding missing feature 
maps and eliminating unfeatured feature maps. The residual 
connection can solve the over learn or Null feature map prob-
lem, while the concatenation connection can solve the missing 
feature maps problems. This model has been tested on the 
BraTS2017 Challenge datasets. The network’s concatenation 
and residual connections, which are used for better deep su-
pervision and tumor differentiation, are accurate. The accura-
cy, sensitivity, specificity, and dice score were used to compare 
the performance quantitatively. The proposed system achieved 
94.12% Accuracy and 97.16% sensitivity which is higher than 
the existing systems such as U-net, Residual U-net and, Bayes-
ian SVNN. Also, the proposed system got the dice score co-

efficient of 90.32. which is higher compared to conventional 
U-net and Residual U-net.  The proposed CAR-UNET model 
outperformed current best-practice techniques. The high-per-
formance capacity of this model can help bioinformatics, med-
icine, and early diagnosis researchers.

Keywords
Brain tumor, U-net, Deep learning, Residual U-net, MRI

Imprint
Ayalapogu Ratna Raju, Suresh Pabboju, Rajeswara Rao Rami-
setty. Pathological Analysis of Brain Tumor in MRI Images Using 
CAR-UNET Model Architecture. Cardiometry; Issue 24; November 
2022; p. 1086-1097; DOI: 10.18137/cardiometry.2022.24.10861097; 
Available from: http://www.cardiometry.net/issues/no24-novem-
ber-2022/pathological-analysis-brain-tumor

1. Introduction
Because of the terrible diagnosis and direct effects 

on cerebral function and quality of life, early malig-
nant brain tumors are one of the most frightening 
cancer types. Gliomas and lymphomas of the central 
nervous system are the most common primary brain 
tumors in adults, with the latter accounting for more 
than eighty percent of malignant cases [1]. Glioma is a 
broad term for various primary brain tumor subtypes, 
ranging from slowly spreading tumors to diverse, high-
ly spreading tumors. Notwithstanding innovations in 
imaging, chemotherapy, radiotherapy, and careful in-
vasive procedures, certain types of brain tumors, such 
as HGG and metastases, remain untreatable, with a 
survival rate of only 8% after two and a half years. [2] 
and 2% over ten years. Low-Grade Gliomas (LGG) pa-
tients also have a wide range of diagnoses, with a 10-
year survival rate of around 57 percent [3].

Due to the wide range of sizes, shapes, regularity, 
position, and appearance of brain tumors, and recent 
progress in supervised and semi-supervised learning al-
gorithms for segmenting the brain tumors, this task has 
many unresolved issues (image texture and uniformity, 
contrast uptake). The BBB (blood-brain barrier) is usu-
ally undamaged in Low-Grade Gliomas (LGG) cases, 
and the contrast of the tumor area is not enhanced, so the 
LGG boundaries are unseen or hazy. In HGG, the con-
trast of tumor areas is enhanced. The FLAIR sequence 
provides variations between a normal brain and an ab-
normal brain to show the full region of the tumor. 
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As a result, it’s easy to tell the difference between 
necrotic and active tumor sites. HGG, on the other 
hand, has a lot of hazy and irregular borders, which 
can include discontinuities caused by intense tumor 
infiltration. This results in insufficient tumor seg-
mentation. Different tumor parts and various types 
will be visible when multimodal MRI imaging is 
considered. Registration of multiple MRI sequences, 
on the other hand, can be complex, mainly when the 
sequences are obtained at varied spatial resolutions. 
The good image slices cover the full volume of the 
tumor with better resolution cross-sectional views 
and the limited scanning time, clinical MRI data is 
obtained with better quality and minima inter-slice 
resolution [4].

Leading technologies in MRI imaging can mon-
itor and analyze brain cancers (MRI). T1-weighted, 
T2-weighted, post-contrast T1-weighted, and Flair 
MRI modalities are used to image the brain. For ef-
ficient brain tumor segmentation, varied informa-
tion from several imaging modalities complements 
one another. Because manually dividing brain tu-
mors is challenging, much work is being put into 
developing a system to automatically segment the 
brain tumors. It is critical to distinguish and infer 
malignancies in the medicinal realm, and there-
fore a thorough analysis is required [5]. Finding 
tumors using machine learning algorithms has got-
ten more dependable and sophisticated as medical 
image processing has advanced. Medical specialists 
must trust the algorithm’s forecasts from a judging 
standpoint. Deep learning algorithms have shown 
tremendous breakthroughs in bioinformatics and 
medical imaging. Real-world implementations of 
deep learning techniques in several sectors have 
recently demonstrated that they can certainly im-
prove the quality of life of the patients.

According to the performance perspective, it is sig-
nificant that clinical specialists can trust the system’s 
predictions. In the field of bioinformatics [6-8] and 
clinical imaging [9,10], deep learning methods have 
acquired exceptional outcomes. Lately,  actual uses of 
pattern recognition-based procedures in healthcare 
have shown proven results in saving lives[11-19].

2.   LITERATURE SURVEY
Unsupervised learning-based and supervised 

learning-based approaches have been used in recent 
studies on brain tumor segmentation.

2.1 Unsupervised learning 
By collecting information dependent on specific 

similarity criteria, clustering techniques are effectively 
used for segmenting brain tumor regions. The images 
obtained from T1-weighted and T2-weighted sequenc-
es [20] uses fuzzy clustering with region-growing 
technique to obtain an accuracy of 73%. A multi-stage 
fuzzy c-means approach was developed in [21] for 
segmenting brain tumors acquired from multimodal 
MRI, and encouraging results were obtained. Still, the 
proposed approach was only evaluated on a smaller 
dataset. A recent study [22] compared multiple clus-
tering techniques to properly segment glioblastoma. 
The segmented results revealed the Gaussian hidden 
Markov random field performs better than other 
clustering approaches and Gaussian mixture models. 
However, the accuracy was just 77 percent.

2.2 Supervised learning
Supervised learning techniques use input data in-

formation and ground truth information to learn a 
model for pixel-wise classification.  Wu et al. [23] uti-
lized superpixel featuresto feed a CRF approach to seg-
ment the tumors. Even the outcomes differed between 
the original image and failed to meet expectations in 
LGG pictures. Analysis was done in which a random 
forest classifier was used to classify both perceptual 
and contextual factors, bringing about an 83 percent 
Dice score [24]. Soltaninejad et al. [25],grouped the 
randomized trees with superpixel-based over-seg-
mentation for an MRI image, acquiring a general Dice 
score of 88% for both the low and high-grade gliomas. 
However, changing superpixel sizes will be difficult 
and affect the segmentation near the boundary.

2.3 Deep Learning Models 
Researchers have recently favored deep neural 

networks due to their outstanding performance and 
better segmentation accuracy. Convolutional Neural 
Network (CNN) can localize and extract low-level to 
high-level features from images. Multiple studies have 
proved that CNN can efficiently and robustly perform 
the segmentation of brain tumors in MRI images.

Havaei et al. [26] used a multipath CNN for seg-
menting the brain tumor region in the MRI image. 
They also employed two training processesto combat 
uneven input data classes. To increase the segmen-
tation performance, Shen et al. proposed a bound-
ary-aware FCN [27]. Later, Kamnitsas et al. [28] cre-



1088 | Cardiometry | Issue 24. November 2022

ated Deep Medic, a three-dimensional network that 
extracts multiscale activations and combines the local 
and global features via a two-path architecture. Train-
ing data for 2D segmentation, on the other hand, are 
155 times denser, hence 2D segmentation has recently 
attracted interest [29]. Patch-based CNN models[30], 
and Fully convolutional networks(FCN) such as U-net 
[31], are the two most commonly used types of tumor 
segmentation approaches. The patch-based model is 
used to classify nearby patches to locate every pixel 
to the specific class. Preprocessing, classification us-
ing CNNs, and recombination at the end are the three 
critical processes in the patch-based model pipeline, 
which take time and therefore it is not performed in 
an end-to-end fashion. Wang et al. developed an ap-
proach to achieve long-range spatial-dimension de-
pendency in 2018 [32]. The weighted sum of all re-
sponses is used to construct a spatial feature response 
for this purpose. Furthermore, the network learns 
long-range context in another study [33].

In multi-modality MRI data, G. Urban developed 
a new 3D CNNto perform automatic brain tumor seg-
mentation [34]. It takes a long time to compute, but 
the 3D image helps radiologists grasp the tumor’s pro-
gression. In the BraTS dataset, this design obtained 87 
percent, 77 percent, and 73 percent accuracy for the 
entire tumor, core, and active tumor regions. Salma X 
Sun [35] proposed a SegNet for segmenting brain tu-
mors. The decoder’s high-dimensionality features are 
sent to the final softmax layers to classify each pixel in-
dividually. The accuracy reached 85% for the entire tu-
mor, 81 percent for the core tumor, and 79 percent for 
the augmenting tumor. The issue faced by most of the 

previous methods is the overlapping of tumor types 
while classification. So deep supervision is needed for 
better accuracy. The proposed system compact the ef-
fect of overlapping tumors by adding and deleting the 
feature vectors in the neural network structure. It is 
achieved by concatenation and residual connections 
used in the network for better deep supervision 

3. PROPOSED METHOD
Here we designed an enhanced architecture based 

on the U-net model. Here we introduced the skip and 
concatenated connection to improve the supervision 
of the segmentation U-net model. Figure 1 represents 
the different modalities of the brain MRI images.

3.1 Deep learning 
Deep learning is an emerging technology that helps 

increase performance in medical imaging, such as im-
age segmentation, classification, and recognition. The 
U-net model is a well-known method for the segmen-
tation of brain tumors. Recently, most of the research 
work was carried out over the top of the U-net mod-
el, and It’s a fully automated system that helps extract 
and classify the input information automatically. It 
has three crucial layers for segmentation: convolution, 
activation, and softmax. It’s a fully convolutional ar-
chitecture. The Figure block diagram of the proposed 
systemis shown in Figure 2.

3.2 Convolutions 
For feature extraction, convolution is a special kind of 

linear operation. In this case, kernels with a smaller array 
of numbers are applied all across the inputs. These are 

Figure 1: Example of Brain tumors T1,T2,T1CE,FLAIR,GT

Preprocessing
CAR-UNET

Figure 2: Proposed Model
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the number of arrays known as a tensor. Between each 
kind of kernel, an element-wise product and tensor input 
are estimated at tensor’s various locations. The output is 
obtained by summing up the values in adjacent positions 
known as output tensors inside the featuring map.

3.3 Activation function -ReLU
The Rectified Linear Unit (ReLU) is the activa-

tion function that oversees the activation of neurons 
in CNN to learn the relevant features in the network. 
It only allows the positive feature map values, and all 
the negative feature maps values are assigned as zero. 
This layer adds non-linearities that make it robust to 
changes in the real-time scenario. It is given in Eqn. 1.

 Relu=Max(0,a) (1)

3.4 Softmax function
The Softmax converts an input into a vector with 

a total value of one that follows a probability distri-
bution. The output values range from 0 to 1. When 
training a data set, the function is often used to cal-
culate anticipated losses. In discriminative models 
like Cross-Entropy and Noise Contrastive Estimation, 
Softma is widely utilized.

3.5 Preparation of Dataset and Preprocessing 
The Brats 2017 Dataset is used for the Tumor clas-

sification in the brain MRI images. It contains 1018 
sample images. For Traning, 80% of the dataset and 
the excess 20% are utilized for testing. The data seg-
mentation is used for getting more image data. It can 
be obtained by Resizing, rotating, and flipping. Every 
one of the images is resized into 256×256. An example 
image of both original and preprocessed images is dis-
played in figure3 and figure 4.

Figure 5 represents the Flow of the preprocessing 
stage. Equalization and standardization improve im-
ages for a more effective training process. The z score 
normalization is defined as follows in equation 2.

,YZ 



 (2)

where μ – means, σ – standard deviation.

3.6 UNET- Baseline Model 
Figure 6 depicts the network model of the U-net 

design. It is made up of an encoder and a decoder. 
The encoder path follows the convolutional neural 
network architecture. It consists of two convolution-
al operations repeated twice, followed by the ReLu 
activation function and max pooling. The convolu-
tional layer’s filter size is 3x3, and the max-pooling 
size is 2x2 with stride 2. Each convolutional step dou-
bles the feature channels. Upsampling is used in the 
decoder path after each 2x2 convolutional to get the 
image’s original size. The encoder path’s feature map 
was combined with half of the decoder path. Then the 
two determined the number of repeated convolutions 
to be used. In the final layer, a 1x1 convolution is used 
to map each 64 feature map to the desired number of 
classes.

Intensity 
inhomogeneity 
correction using 
Z-score

Input Image Preprocessed 
Image

Figure 5:  Preprocessing BraTS data

Figure 3:  Original  MRI

Figure 4: Preprocessed MRI
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The usage of upsampling in the decoder section 
helps restore the original image’s size from the lower 
feature map to the higher feature map. After extracting 
all these features, the softmax layer is used to classify 
each pixel. The softmax layer produces the four chan-
nels according to the number of tumor classes

3.7 PROPOSED CONCATENATED 
RESIDUAL U-NET (CAR-UNET)

The CAR-UNET model shown in figure 7 com-
bines concatenation and residual connection in the 
U-net model, the U-net model has the encoder and 
decoder. Here we applied the concatenation and re-
sidual connection in the encoder side.  The lossless 
extraction of feature maps is essential for better seg-
mentation, at the same time and the elimination of 
unwanted feature maps is also necessary. So to get the 
pure better feature map, the concatenation connection 
is applied in the sense of extraction of full feature and 
residual connection in the purpose of eliminating the 
null feature maps or saturated feature maps.

The proposed model has four encoder models. The 
encoder -1 has only the residual connection. At en-
coder-1 the network has only 64 filters. the residual 
connection added a little more supervision that can be 
reflected in the feature maps. Then the encoder 2,3, 

and 4 had both the residual as well as concatenation 
connections which lead to extracting the boundary 
feature map of each segmentation class area. The sec-
ond encoder has 128 filters so there is the possibility 
of getting a null feature map. So the addition of re-
sidual connection plays a significant role in addition 
to the concatenation helps to shape the boundaries of 
the different pixel classes. The same connection is re-
peated at the encoder 3 and encoder four, The residual 
connection in these encoders significantly improves 
the deep supervision in terms of avoiding the satura-
tion and concatenation significantly adding the more 
relevant feature map to separate each pixel into differ-
ent classes.

3.7.1 Residual connection  
The residual connection is the previous layer out-

put feature maps values if added with the subsequent 
layer output, so if the present layer fails to learn, the 
last outcome layer will come in the place of the current 
layer 

The identity connection or skip connection is 
shown in the figure. The previous layer is connected to 
the net layer output so that atleast the previous features 
can be used in the next layer if the current layer fails 
to learn. This skip or residual connection improves the 

 

Figure 6: Basic U-net Model
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Figure 7: Proposed CAR-UNET Model
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feature learning process by the network. The residual 
network 50 is acting as the skip connection network 
here. it is shown in figure 8.

Figure 8: Skip connections

3.7.2 Concatenation Connection 
For brain tumor classification, the feature con-

catenation method produced dense multiscale 
information from input images. It is displayed in 
figure 9. For brain tumor multiclass classification, 
the dense blocks retrieved from the lower layers 
of the pre-trained U-net model yielded multiscale 
and dense information from the tumor images 
dataset. 

Figure 9: Concatenation connection

4. RESULTS AND DISCUSSION 
The proposed CAR UNET model is trained with 

cross entropy loss function with Adam optimizer. The 
initial learning rate n0 is set to 0.0001.

4.1 Data Augmentation 
The BraTS dataset, which comprises both MRI 

scans and segmentation output images, was obtained 
from the CBICA portal and was used to train and test 
the CNN architecture. Clinically qualified neuro ra-
diologists provide the ground truth labels. The input 
multimodal glioblastoma MRI scan is divided into two 
types in the dataset: LGG and HGG. The BraTS files 
are three-dimensional volumetric data formats with di-
mensions of 240 240 154, with the first two dimensions 
representing picture height and breadth and the third 
dimension representing channel or slice number. The 
T1, T1ce, T2, and Flair datasets contain images from 
four different MIR scan modalities. Figure 1 illustrates 
an MRI image obtained using multiple MRI modalities.

Figure 10 depicts the experimental outcomes. It’s 
the complete setup for both training and testing data. 
The system’s performanceis calculated by inspecting 
the segmented image pixel labels. True positive (Tp), 
for example, is the number of tumor pixels correctly 
detected as the tumour. The number of background 
pixels accurately detected as the background is known 
as false-positive (Fp). The number of background 
pixels incorrectly detected as the tumor is known as 
the true negative (Tn). The number of tumor pixels 
incorrectly detected as the background is known as 
false-negative. The specific parameters are mathemat-
ically expressed as follows.

 Accuracy = (Tp + Tn) / (Tp + Tn + Fp + Fn)     (3)

 Sensitivity = Tp / (Tp + Fn) (4)

Training Images
Normalization Deep Network

Training Labels Cross Entropy

Deep NetworkTest Images Normalization

Outcome

Figure 10: The Experimental setup
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 Specificity = Tn / (Tn + Fp) (5)

Figure 11 displayed the comparison ROC curve 
for the Basic U-net,Unet-R(Residual), and CAR-Unet 
models. The AUC for all three models is 95.6,96.2,97.1 
respectively. The Residual Unet model (Unet-R) pro-
duced better results compared to the basic U-net mod-
el. whereas the CAR-Unet model performed well than 
the Basic U-net and Unet-R models.

Figure 11: Performance of ROC Unet-R vs CAR-Unet

The ROC curve for Basic U-net, Concatenation 
U-net (Unet-C), and CAR-Unet is displayed in figure 
12. The CAR-Unet performs well compared to the ba-
sic U-net model as well as Unet-C (Concatenation) 
model. Thus the addition concatenation connection 
extracted robust features that help the system to pro-
duce better performance.

Figure 12: Performance of ROC Unet-C vs Unet-CAR 

The system’s performance among the U-net mod-
els is displayed in tables. Table 1 displays the softmax 
classification, whereas Table 2 shows the Random for-
est performance.

Table 1 
Comparison among the U-net Models with a softmax classifier

Method Accuracy Sensitivity Specificity
Unet Model 91 93 93
Unet-R 93 94 92
Unet-C 93.5 94.3 91
Proposed (CAR-UNET) 94.9 96 97.2

Table 2 
Comparison among the U-net Modelswith Random forest  clas-
sifier (RF)

Method Accuracy Sensitivity Specificity
Unet+RF 92 93.8 93.3
Unet-C+RF 93.5 94.4 92.8
Unet-R+RF 94 95.4 96
Proposed (CAR-UNET ) 95.12 97.16 98.96

The training plot is displayed in figure 13 shows 
the accuracy rapidly increasing and touching the full 
potential in fewer iterations. Also, the loss is suddenly 
decreasing, which shows the network can extract the 
features well and learn the model quickly.

Figure 14 shows the validation results of the differ-
ent brain tumor types. The proposed model got a bet-
ter accuracy of 95.12 compared to other U-net models.

We analyzed the dropout performance variations 
as well. Figure 15 and figure 16 show the 0.5 drop out-
performs the 0.7 drop out, which shows the drop out 
layer not providing any significant advantage whatev-
er the scales. It shows the proposed system learning 
everything well and providesa better feature map for 
the classification.

The colors are used to represent the Low-Grade tu-
mor regions. Green represents non-enhancing tumor 
& necrosis, red represents an enhancing tumor, edema 
is represented by blue.

The qualitative analysis of the Low-grade tumor 
and the high-grade tumor is displayed in figure 17 
and figure 18. in which the different number of tumor 
classes are labeled by the different colors.

Table 3 displayed the comparison results of differ-
ent types of existing machine learning models. The 
proposed CAR-Unet model performed well compared 
to all other methods in terms of accuracy, sensitivi-
ty, and specificity. The accuracy got a 1 % improve-
ment and the specificity got an edge over the Bayes-
ian-SVNN model. The proposed system dice score 
coefficient (DSC) is 90.32 which is higher compared 
to Res-Unet and Seg-Unet models.
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Figure 13: Traning progress plot 
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Figure 14: Cross-validation results 
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Figure 15: Models with  Dropout 0.5
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Figure 16:Models with  Drop out 0.7

Figure 17: Segmented tumor regions for Low-GradeTumors
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Conclusion 
The proposed CAR-UNET is the combination of 

concatenation connection and residual connection. So 
the concatenation connection solves the problem of 
missing feature maps. The residual connection solves 
the problem of over learned feature maps or Null fea-
ture maps. The combination of both the concatenation 
and residual connection in the base U-net solves the 
problem of both over learn and the missing features 
and over fitting. The proposed CAR-UNET was tested 
on the BraTS2017 Challenge. The concatenation and 
residual connection are used for better deep super-
vision in the network to accurately differentiate the 
tumors. In a quantitative comparison, the proposed 
model performs better than the existing state-of-the-
art approaches. Researchers in the fields of bioinfor-
matics and medicine can benefit significantly from 
this model’s outstanding performance as well as the 
tumor diagnosis.
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ABSTRACT
Chronic Renal Failure is a worldwide public health problem with 
an increasing incidence and prevalence, poor outcomes and 
high costs. The health teaching regarding hemodialysis and 
self care is important to improve the health and wellbeing for 
patients with chronic renal failure. The aim of the study was to 
evaluate the effectiveness of Self care compliances among pa-
tients undergoing hemodialysis at selected hospital. Research 
design used for the study was quasi experimental research de-
sign. 20 samples were selected by non probability purposive 
sampling technique. After self introduction and explanation, 
collected the demographic and clinical variables, assessed self 
care compliances with 5 point rating scale. After pretest inter-
ventions given regarding self care compliances. Posttest has 
been done after 4 weeks. The result revealed that the mean 
score during pretest in experimental group was 43.20 ± 6.79 
whereas in control group was 41.70 ± 6.42 with the mean dif-
ference 1.5 and the calculated independent ‘t’ test value found 
to be t = -44.886. It shows highly significant difference (P<0.05) 
between experimental and control group respectively. The 
mean score of posttest level of self-care compliances in exper-
imental group was 155.00 ± 4.78 whereas in  control group 
was 44.400 ± 6.397 with the mean difference 110.6 and the 
calculated independent ‘t’ test value found to be t =-9.000. Sta-
tistically it shows highly significant difference (P<0.05) in level of 
self care compliances between experimental and control group 
among patients undergoing hemodialysis. The finding revealed 
that there is a significant improvement in self care compliances 
after intervention.   
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Introduction
Kidneys are significant organs that contribute to 

our overall well-being. But when kidneys function at 
only below 10 to 15 percent of their normal capacity, 
they cannot effectively do their job, such as remove 
waste or excess fluid from your blood. Because of 
this, wastes from the blood remain in the body and 
may cause other health problems1. Chronic Renal 
Failure (CRF) is now recognized as a significant and 
rapidly growing global health burden, which affects 
health related quality of life not only for the patient 
but the family also. It is up to six times more common 
in some ethnic minority populations and is twice as 
common in females as in male2.Hemodialysis is a 
treatment option available for patient experiencing 
renal insufficiency, in which a machine is used to 
act out the function of the kidney such as filtering 
the blood and excretion of by-products. Considering 
the risks that may occur with the treatment options 
available, may choose to be placed on dialysis. A sin-
gle-center study states that in India, nearly 18,000-
20,000 patients get renal replacement therapy3. The 
need for good education and preparation of the in-
dividual and the family at all stages of chronic renal 
failure, and potentially heading towards end stage 
renal failure, cannot be underestimated.4  chronic 
kidney disease is a global threat to health in general 
and for developing countries in particular, because 
therapy is expensive and life-long. In India approx-
imately 90% patients cannot afford the cost. Over 
1 million people worldwide are alive on dialysis or 
with a functioning graft. Incidence of chronic kidney 
disease (CKD) has doubled in the last 15 years (Na-
tional Kidney Foundation, 2007).

Statement of the problem 
A study to evaluate the effectiveness of knowledge 

on self care compliances among patients undergoing 
hemodialysis at selected hospitals, Salem.
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Objectives
1. To assess the level of knowledge on self care com-

pliances among patients undergoing hemodialysis 
in experimental and control group.

2. To evaluate the effectiveness of knowledge on Self 
care compliances among patients undergoing he-
modialysis in experimental group.

3. To find out the association between pretest lev-
el of knowledge on Self care compliances among 
patients undergoing hemodialysis with their de-
mographic and clinical variables in experimental 
group.

Hypotheses 
H1: There is a significant difference between pre 

and posttest  level of knowledge on self care compli-
ances among patients undergoing hemodialysis in ex-
perimental group.

H2: There is a significant difference in posttest level 
of knowledge on self care compliances among patients 
undergoing hemodialysis between experimental and 
control group.

H3: There is a significant association between pre-
test level of knowledge on self care compliances among 
patients undergoing hemodialysis with their demo-
graphic and clinical variables in experimental group.

Methodology
The research approach used in the study was 

Quantitative approach and design was quasi experi-
mental research design. The independent variable in 
the study was knowledge on self care compliances and 
dependent variable was patients undergoing hemodi-
alysis. Settings of the study were Sundaram hospital 
and Surya hospital, Salem. 20 samples were selected 
by using non probability purposive Sampling Tech-
nique each 10 in experimental and control group. The 
Sample of the study was patients undergoing hemodi-
alysis who met the predetermined criteria.

Description of the too
The tool consists of two sections covering the fol-

lowing areas.

Section A
The researcher designed a structured interview 

schedule it included two parts. 
Demographic profile: It includes age, gender, mar-

ital status, educational status, employment status, reli-

gion, residence, monthly family income, types of diet, 
body mass index and social habits.

Clinical profile: It includes Duration of illness, 
co-morbid disease, Duration of hemodialysis, fre-
quency of hemodialysis, Family history of chronic 
kidney disease, medications, hemodialysis access, and 
fatigue during hemodialysis.

Section B
A structured interview schedule designed by the 

researcher to assess self care compliances. This part 
comprised of 32 items namely Nutrition, Fluid man-
agement, Care of vascular access and exercises were 
assessed with five point rating scale and intervention 
was given to promote the wellbeing.

Data collection procedure
Rapport was established with the patients and pur-

pose of the study was explained to them. They were as-
sured that all the data would be kept strictly confiden-
tial and used only for study purpose. After obtained 
consent from the patient, demographic and clinical 
variables has been collected and assessed knowledge 
on self care compliances with five point likert scale. 
After pretest self care compliances were explained 
to the patients individually consisted of face-to-face 
educational sessions lasting 15 minutes about nutri-
tion, fluid management, care of vascular access and 
exercises with video assisted teaching and all family 
members of the patients were asked to support them 
by using education materials and posttest were carried 
out after 4 weeks.

Results
Percentagewise distribution of level of self-care 

compliances among patients undergoing hemodialy-
sis in experimental group reveals that during pretest 
was 100 % of them had seldom in level of self care 
compliances with the mean and standard deviation 
is 43.20+6.79. Whereas in post-test 100% of them 
had always in level of self care compliances with the 
mean and standard deviation is 155.00+4.78. It shows 
that the effectiveness of nursing interventions among 
patients undergoing hemodialysis in experimental 
group.

Independent ‘t’ test was calculated to analyze the 
significant difference in experimental and control 
group the level of self care compliances shows that 
the mean score during pretest in experimental group 
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was 43.20 ± 6.79 whereas in control group was 41.70 
± 6.42 with the mean difference 1.5 and the calculated 
independent ‘t’ test value found to be t = -44.886. It 
shows highly significant difference  (P<0.05) between 
experimental and control group respectively. 

The mean score of posttest level of self-care com-
pliances in experimental group was 155.00 ± 4.78 
whereas in  control group was 44.400 ± 6.397 with the 
mean difference 110.6 and the calculated independent 
‘t’ test value found to be t =-9.000. Statistically it shows 
highly significant difference (P<0.05) in level of self 

care compliances between experimental and control 
group among patients undergoing hemodialysis. 

Independent ‘t’ test was calculated to analyze the 
significant difference between posttest level of domain 
wise comparison of  self care compliances among pa-
tients undergoing hemodialysis in experimental and 
control group regarding  nutrition in experimental 
group was 38.40 ± 1.897 whereas  in control group 
was 12.10 ± 2.131 with the mean difference 27.88 and 
the calculated independent‘t’ test value  found to be  t 
=-24.818.

Table 1 
Frequency and percentage wise distribution of pre and posttest level of self-care compliances among patients undergoing hemo-
dialysis in experimental group                       (n = 10)

Self care Compliances
Pretest Posttest 

N % n %
Always 0 0 10 100
Often 0 0 0 0
Sometimes 0 0 0 0
Seldom 10 100 0 0
Never 0 0 0 0
Total 0 0 0 0
Mean 43.20 155.00
Standand deviation 6.79 4.78

Table 2 
Comparison of pre and posttest level of self care compliances among patients undergoing hemodialysis in experimental and 
control group                                 n=20

Test GROUP MEAN STANDARD DEVIATON MEAN DIFFERENCE ‘t’ VALUE ‘p’ VALUE
Pretest Experimental 43.20 6.79

1.5 -44.886 0.000**
HSControl 41.70 6.42

Posttest Experimental 155.00 4.78 110.6
-9.000

0.000**
HSControl 44.400 6.397

HS-  highly significant, NS- Non significant

Table 3
Domain wise comparison  of posttest level of self-care compliances among patients undergoing hemodialysis in experimental and 
control group

Self care Compliances Group Mean Standard 
Deviaton

Mean 
Difference ‘t’ Value ‘p’ VALUE

Nutrition Experimental 38.40 1.897 27.88
-24.818 0.000**

HSControl 12.10 2.131
Fluid Management Experimental 39.90 1.763

28.34 -32.177
0.000**

HSControl 11.40          2.011

Care of vascular access
Experimental 38.70 1.494

28.53 -36.351 0.000**
HSControl 10.80 2.485

Exercises
Experimental 38.90 1.286

28.65 -49.627
0.000**

HSControl 10.10 1.370

HS-  highly significant, NS- Non significant
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Mean score of fluid management found in exper-
imental group was 39.90 ± 1.763 whereas in control 
group was 11.40 ± 2.011 with the mean difference 
28.34 and the calculated independent‘t’ test value 
found to be  t =-32.177. Regarding care of vascular ac-
cess the mean score was found in experimental group 
was 38.70 ± 1.494 whereas in control group was 10.80± 
2.485 with the mean difference 28.53 and the calcu-
lated independent‘t’ test value found to be t =-36.351. 
The mean exercise score found in experimental group 
was 38.90 ± 1.286 whereas in control group was 10.10 
± 1.370 with the mean difference 28.65 and the calcu-
lated independent‘t’ test value found to be  t =-49.627. 
Hence overall results shows that intervention on self 
care compliances was effective. There is a significant 
association between the level of knowledge on self 
care compliances among patients undergoing hemo-
dialysis and the demographic variables of food habits 
and duration of dialysis. The study concluded that im-
provement of knowledge on self care among patients 
undergoing hemodialysis.
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