
A Dissertation On 

“EFFECT OF FULL WET SHEET PACK ON ANTHROPOMETRIC 

MEASUREMENT AND METABOLIC PARAMETERS IN OBESE PERSON” 

 

Submitted By 

 

Dr. K. THANGARAJ., B.N.Y.S (Reg. No. 461811005) 
 

Under the Guidance of 

                            Prof. Dr. N. MANAVALAN, 

       N.D. (OSM), M.A (G.T), M.Sc.(Y&N), 

                                         M.Phil., P.G.D.Y, P.G.D.H.M, P.G.D.H.H 

 

Submitted to the 

Tamil Nadu Dr. M. G. R. Medical University, Chennai, Tamil Nadu. 

In partial fulfillment of the requirements for the award of degree of 

DOCTOR OF MEDICINE 

IN 

BRANCH-I: NATUROPATHY 

 

 

 

 

 

 

 

 

 

 

 

 
GOVERNMENT YOGA AND NATUROPATHY MEDICAL COLLEGE AND HOSPITAL, 

ARUMBAKKAM, CHENNAI – 106 

2018 – 2021 



THE TAMILNADU Dr. M. G. R. MEDICAL UNIVERSITY, CHENNAI, 

TAMIL NADU 

 

 

 

CERTIFICATE BY THE GUIDE 

 

 

 

This is to certify that the dissertation entitled “EFFECT OF FULL WET SHEET PACK 

ON ANTHROPOMETRIC AND METABOLIC PARAMETERS IN OBESE 

PERSON” is a bonafide research work done by Dr. K. THANGARAJ in partial 

fulfillment of the requirement for the degree of M.D NATUROPATHY. 

 

 

 

 

 

Date:                                                                                                 Dr. N. MANAVALAN 

 
                                                                                                         N.D. (OSM), M. A. (G.T); M.Sc. (Y&N), 

                                                                                                                                          P.G.D.Y., P.G.D.H.H., P.G.D.H.M.  

Place:                                                                                                 Head of the Department,  

                                                                                                                PG. Dept. of Naturopathy,  

           Govt. Yoga and Naturopathy Medical, College, 

                                                                                                                                   Chennai – 106 

 

 

 

 

 

 

 



THE TAMILNADU Dr. M. G. R. MEDICAL UNIVERSITY, CHENNAI, TAMIL 

NADU 

 

 

 

 

 

ENDORSEMENT BY THE HEAD OF THE DEPARTMENT 

 

 

 

This  is  to  certify  that  the  dissertation  “EFFECT OF FULL WET SHEET 

PACK ON ANTHROPOMETRIC AND METABOLIC PARAMETERS IN OBESE 

PERSON” is a bonafide research work done by Dr. K. THANGARAJ  under the guidance 

of    Dr. N.MANAVALAN, Professor & Head, Department of  Naturopathy, Govt. Yoga  & 

Naturopathy Medical College & Hospital,  Arumbakkam , Chennai. 

 

 

 

 

Date:                                                                                                   Dr. N. MANAVALAN 

 
                                                                                                         N.D. (OSM), M. A. (G.T); M.Sc. (Y&N), 

                                                                                                                                             P.G.D.Y., P.G.D.H.H., P.G.D.H.M.  

Place:                                                                                                  Head of the Department,  

                                                                                                                 PG. Dept. of Naturopathy,  

   Govt. Yoga and Naturopathy Medical, College, 

                                                                                                     Chennai – 106 



THE TAMILNADU Dr. M. G. R. MEDICAL UNIVERSITY, CHENNAI, TAMIL 

NADU 

 

 

ENDORSEMENT BY THE PRINCIPAL / HEAD OF THE INSTITUTION 

 

 

 

This is to certify that the dissertation entitled “EFFECT OF FULL WET SHEET PACK 

ON ANTHROPOMETRIC AND METABOLIC PARAMETERS IN OBESE 

PERSON” is a bonafide research work done by Dr. K. THANGARAJ under the guidance 

of  Dr.N.MANAVALAN, Professor & Head, Department of Naturopathy, Govt. Yoga & 

Naturopathy Medical College & Hospital,  Arumbakkam, Chennai.  

 

 

 

Date:                                                                                                   Dr. N. MANAVALAN 

 
                                                                                                         N.D. (OSM), M. A. (G.T); M.Sc. (Y&N), 
                                                                                                                                                                 P.G.D.Y., P.G.D.H.H., P.G.D.H.M.  

Place:                                                                                                          Principal & HoD,  

                                                                                                                  PG. Dept. of Naturopathy,  

   Govt. Yoga and Naturopathy Medical, College, 

                                                                                                      Chennai – 106 

 

 

 

 

 

 

 



THE TAMILNADU Dr. M. G. R. MEDICAL UNIVERSITY, 

CHENNAI, TAMIL NADU 

 

 

 

 

DECLARATION BY THE CANDIDATE  

 

 

 

I hereby declare that this dissertation / thesis entitled “EFFECT OF FULL WET SHEET 

PACK ON ANTHROPOMETRIC AND METABOLIC PARAMETERS IN OBESE 

PERSON” is a bonafide and genuine research work carried out by me under the guidance of     

Dr. N.MANAVALAN, Prof. & Head, Department of Naturopathy, Govt. Yoga & 

Naturopathy Medical College & Hospital, Arumbakkam, Chennai.  

 

 

 

 

 

 

 

Date:                                                                           Dr. K. THANGARAJ 

 

Place:                                             Post Graduate in Naturopathy 

                                                                       GYNMC & H, Arumbakkam, Chennai  

 

 

 

 

 

 



INSTITUTIONAL ETHICAL COMMITTEE 

 

GOVERNMENT YOGA AND NATUROPATHY MEDICAL COLLEGE AND 

HOSPITAL, CHENNAI – 600 106 

 

 

CERTIFICATE OF APPROVAL 

The Institutional Ethics Committee of Government Yoga and Naturopathy Medical college, 

reviewed and discussed the application for approval of the proposal “EFFECT OF FULL 

WET SHEET PACK ON ANTHROPOMETRIC AND METABOLIC PARAMETERS 

IN OBESE PERSON” for project work submitted by Dr.K.THANGARAJ, 2nd year M.D. 

NATUROPATHY, Post Graduate of Government Yoga and Naturopathy Medical College, 

Chennai – 600 106. 

 

 

The proposal is APPROVED. 

 

 

 

 

 

 

 

 

 

 



 

 

COPY RIGHT 

 

 

DECLARATION BY THE CANDIDATE 

 

 

 

 

I hereby declare that the Tamilnadu Dr. M. G. R. Medical University, Chennai, 

Tamilnadu shall have the rights to preserve, use and disseminate this Dissertation / 

Thesis in print or electronic format for academic / research purpose. 

 

 

 

 

 

Date:  Dr. K. THANGARAJ 

 

Place:            Post Graduate in Naturopathy 

 

                                                                        GYNMC & H, Arumbakkam, Chennai 

 

 

 

 

 

 

 

 

 

© Tamilnadu Dr. M. G. R. Medical University, Chennai 



 

ACKNOWLEDGEMENT 

It’s my proud privilege to express my sincere gratitude to  Dr.N.Manavalan, Principal and 

HOD , (Dept. of Naturopathy)Govt.Yoga and Naturopathy College, Arumbakkam, Chennai-

106 for giving me this opportunity to pursue my Post Graduation degree from this 

prestigious institute. 

 I also extend my gratitude towards Dr. S. T. Venkateswaran, HOD, Dept. of Yoga, 

GYNMC, Arumbakkam, Chennai-106, for his constant support and encouragement.  

I also thank Dr.Mangairkarasi H.O.D.Acupuncture and Energy Medicine for her support. 

I express my heartfelt gratitude to Dr. Kalial subramanian MO, Dr.Moovenden AMO , 

Dr.Maheshkumar AMO, GYNMC for helping me throughout the statistical analysis and 

its interpretations needed for this study. 

I also express my gratitude towards Dr.Arunthathi, AMO, GYNMC, for her constant  

support and encouragement all the way. 

I also exstand my thanks to Dr.Inbaraj, Dr.R.Vanisri, for supporting throughout the study. 

I also thank my friends, batch mates, seniors, juniors for supporting throughout the study. I 

also acknowledge the support of all the volunteers who participated in the study I would like 

to dedicate this dissertation, and the ability to persevere and finish, to my Lord. Without His 

help, I would not have completed this task. 

I also thank my parents Mr.P.Kalangiam,Mrs.K.Prema, my wifre and my daughters and 

my  family member for the encouragement, prayers and moral support . 

 

Date:       Dr.K.THANGARAJ 



 

 

 

 

CONTENTS 

 

Si.no Contents Page no. 

I Abstract I 

1 Introduction 1 

2  review of literature 4 

3 Aim and objectives 52 

4 Hypothesis 53 

5 Materials and method 54 

6 Objectives 56 

7 Illustration of study plan 59 

8 Intervention 60 

9 Result 63 

10 Discussion 72 

11 Conclusion 75 

12 Bibilography 76 

13 Annexure 82 

 

 

 

 

 

 



 

List Of Abbrevations 

 WHO World Health Organisation 

OGTT Oral Glucose Tolerance Test 

TCH Total Cholesterol 

TGS Triglycerides 

LDL Low Densitive Lipoprotien 

HDL High Densitive Lipoprotien 

WT Weight 

HT Height 

BMI Body Mass Index 

WC Waist Circumference 

HC Hip Circumference 

WHR Waist Hip Ratio 

ASFT Abdominal Skin Fold Thickness 

WAT White Adipose Tissue 

BAT Brown Adipose Tissue 

FA Fatty Acids 

FFA Free Fatty Acids 

NEFA Non Esterified Fatty Acids 

UCP 1 Uncoupling Protien-1 

T2DM Type 2 Diabetes Mellitus 

VLCD Very Low Calorie Diet 

VLED Very Low Energy Diet 

MLD Mitocondrial Lipid Dropletds 

OSA Obstructive Sleep Apnoea 

HF Heart Failure 



CAD Coronary Artery Disease 

CHF Chronis Heart Failure 

GERD Gastro Esophageal Reflex 

Disease 

PCOS Polycystic Ovarian Syndrom 

OA Osteoarthritis 

SCFA Short Chain Fatty Acid 

TMN Trimethylamine-N-Oxide 

GLP-1 Glucagon-Like Peptide 1  

 

CAMP 

CYCLIC ADENOSINE MONO 

PHOSPHATE 

PKA Protein Kinase A 

ADP Adesosine Di Phosphate 

CGMP CYCLIC GUANOSINE MONO 

PHOSPHATE 

PKG Protein Kinase G 

NE Nor Epinephrine 

CVS Cerebrovascular Disease 



LIST OF TABLE 

TABLE 

NO. 

CONTENT PAGE 

NO. 

1 Demographical characteristics of the control and study participants 63 

2 Anthropometric data of the control and study participants. 64 

3 Lipid profile of the control and study participants 68 

4 Oral Glucose Tolerance test of the control and study participants 71 

 

 



Figure No. CONTENT Page No. 

1 Classification of obesity 7 

2 Classification of obesity by fat distribution 8 

3 various parameters affecting the pathology of 

obesity 

10 

4 Complication of obesity 15 

5 Example of surgical procedure 25 

6 BAT Thermogenesis 28 

7 Cold induced metabolic changes 29 

8 Cold induced energy expenditure 31 

9     Physiological effect of cold 32 

10 Wet sheet pack procedure 34 

11 Illustration of study plan 37 

12 Wet sheet pack 43 

13 Graphical presentation of age                                      63 

14 Graphical presentation of sex 63 

15 Comparison of weight in both groups. 64 

16 Comparison of BMI in both groups. 65 

17 Comparison of waist circumference in both groups 66 

18 Comparison of Hip circumference in both groups. 66 

19 Comparison of Waist/Hip ratio in both groups. 67 

20 Comparison of Abdominal Skin Fold Thickness in 

both groups. 

67 

21 Comparison of total cholesterol in both groups 69 



 

 

 

22 Comparison of Triglycerides in both groups 69 

23 Comparison of LDL in both groups. 70 

24 Comparison of HDL in both groups. 70 



0 
 

ABSTRACT 

Background:  

In the 21st century, obesity is considered a major public health challenge by the World 

Health Organization (WHO). Obesity is causing increasing health concerns in societies 

all over the world. Health and quality of life are negatively impacted by obesity. It is 

important to identify strategies for tackling this problem both from the perspective of 

individuals and society. Studies show that cold exposure has reduced body weight by 

activating non-shivering thermogenesis. The aim of this review was to systematically 

assess and analyze the effect of full wet sheet pack on weight-related outcomes. The 

randomized control study was planned to evaluate the effect of full wet sheet pack on 

anthropometric measurement and metabolic parameters on obese persons.  

Methods:  

A total of forty subjects, mean aged (Male 22.33± 1 & female28.87 ± 6.2) were assigned 

into study after satisfying the inclusion and exclusion criteria. Subjects were assessed at 

baseline and after 4 weeks of post data. During these 4 weeks the subjects were given full 

wet sheet pack once in two days for one month.  

Results: There is a significant reduction in body weight, compared with the control group.  

Key word: Obesity, Full wet sheet pack, Metabolic parameters, Anthropometric 

measurements.   
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1.INTRODUCTION 

           Obesity is defined as an abnormal or excessive fat accumulation that presents a 

risk to health (WHO), and is regarded as a chronic, non-communicable disease that has 

reached epidemic worldwide(1). It is a chronic disorder complex interaction between 

genetic and environmental factor. Overweight and obesity are increasing problem that 

lead to significant health and social difficulties for people. 

       It characterized by high cholesterol, fatty acid level, imbalance in metabolism, 

insulin resistance, lethargy, emotional and social problem and excessive adipose mass 

accumulation with hyperplasia and hypertrophy(2). Obesity is directly linked with several 

different chronic diseases including diabetes mellitus, hypertension, cardiovascular 

problems, osteoarthritis, breathing difficulty during sleep, gallstones, gastro-esophageal 

reflux disease, cancer as well as psychological and psychiatric problems(3). 

      Body mass index best defines obesity. BMI is a measure of body fat based on height 

and weight. The body mass index equals to weight in kilograms (kg) divided by their 

height in meters (m) squared. An adult who has a BMI of 25-29.9 is overweight, and an 

adult who has a BMI over 30 is obese(4). If BMI is over 40 is morbidly obese. 

     Obesity is an effect leading preventable cause of death worldwide. Currently more 

than 2.5 billion adults are overweight and at least 700 million of are clinically obese(5). 

In developing countries like India, the increasing prevalence of overweight and obesity 

has coincided with the demographic and epidemiological transitions, in which mortality 
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and fertility have declined, and lifestyle-related diseases have become more common the 

prevalence of obesity and overweight in India is increasing faster than the world 

average(6). 

 One study that reporter on global trends estimated that 27.8% of all Indians would be 

overweight and 5% obese by 2030.Another study estimated that around 20 percentage of 

rural Indian adults will be either overweight or obese by 2030(6). 

       Nonpharmacological approaches to the prevention and treatment of obesity includes 

considerable lifestyle changes such as adequate physical exercise, avoiding sedentary 

lifestyle, intensive behavioral counseling proper nutritional programs and bariatric 

surgery(7). 

        Bariatric surgery is the most effective treatment for the obesity when the other forms 

of intervention have failed to produce a clinically significant weight loss for a form of 

therapeutic substance to be regarded as an anti-obesity drugs it has to demonstrate 

reduction of at least 5% to 10% age in the baseline body weight within a year of 

commencing treatment(8). All anti-obesity drugs should be prescribed with the remains 

of dietary caloric restriction and exercise and dictator by patient comorbidities relative 

contraindications available clinical trial evidence and most important clinical expertise. 

          Naturopathy is a system of health care. it is called as science of healthy living. it is 

a drugless system of healing based on will founded philosophy naturopathy has its own 

concepts of health and disease and principles of treatment. Naturopathy treatment is 

based on concept of panchamahabhutas - Earth, air, water, fire, and ether(9). 
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            Hydrotherapy is one of the ancient methods of treatment in traditional medicine 

widely used in the system of Naturopathy, and this is the use of water in any forms 

(water, ice, and steam) and various temperature, pressure, duration, and site for 

promotion of health and treatment of various diseases(10). Many countries used to 

produce different physiological or therapeutic effects of Hydrotherapy on different parts 

of the system for maintaining health, preventing disease. 

            Cold wet sheet pack is one of the common hydrotherapy treatment method 

traditionally used for reducing body weight(11). During the application of cold Wet sheet 

pack, the individual undergoes a stage of cooling which last for 2 to 15 minutes followed 

by neutral stage the temperature become equal to body temperature, later it goes for 

heating and sweating stage(12).  

          There was a study documented to scientifically evaluate this effect. The mechanism 

under this treatment is application of cold wet sheet pack for particular duration can cause 

non-shivering thermogenesis by utilization of Calories that may lead to reduction of body 

weight(12). 

The costs of therapy in conventional medicine are growing high and the disease burden is 

constantly increasing currently it is about 50% to 70%. This has been markedly reduced 

by the use of lifestyle changes and simple therapies. 

There are several practices that help in reducing weight. Hence the aim of this study is to 

evaluate the effectiveness of cold wet sheet pack in the treatment of obesity. 
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2.0. REVIEW OF LITERATURE 

The World Health Organization (WHO) considers obesity a major threat to public health 

in the 21st century(13). Throughout the world, obesity poses a constant threat to society's 

health. A person's health and quality of life are negatively affected by obesity. Among the 

most important causes of morbidity and premature mortality in the world, it is chronic 

and multifactorial. 

 The definition of overweight and obesity is excessive or abnormal fat accumulation that 

could hinder human health. In general, obesity is defined by the body mass index (BMI), 

which is the weight in kilograms divided by the square of the height in meters (kg/m2). A 

BMI greater than 30 is generally considered obese. The BMI of a person with a BMI greater 

than 25 is considered overweight(5). 

Unwanted weight gain resulting in overweight and obesity has become a main driver of the 

world rise in non-communicable diseases and is itself now considered a non-communicable 

disease. Due to the psychological and social stigmata that accompany being overweight 

and obese, those full of these conditions are susceptible to discrimination in their personal 

and work lives, low self-esteem, and depression. These medical and psychological sequelae 

of obesity contribute to a serious share of current health-care expenditures and generate 

additional economic costs through loss of worker productivity, increased disability, and 

premature loss of life. The recognition that being overweight or obese could be a chronic 

disease and not simply because of poor self-control or a scarcity of will power comes from 

the past 70 years of research that has been steadily gaining insight into the physiology that 



5 
 

governs weight (homeostatic mechanisms involved in sensing and adapting to changes 

within the body’s internal metabolism, environmental food availability, and activity levels 

so on maintain weight and fat content stability), the pathophysiology that ends up in 

unwanted weight gain maintenance, and also the roles that excess weight and fat mal-

distribution play in contributing to chronic diseases like diabetes, dyslipidemia, 

cardiovascular disease, non-alcoholic liver disease, and plenty of others(1, 2). Obesity 

results from a combination of genetic predisposition to weight gain and environmental 

influences. 

Gene discovery within the field of weight regulation and obesity has identified several 

major single-gene effects leading to severe and early-onset obesity yet as more minor 

genes with more variable effects on weight and fat distribution, including onset age and 

severity. However, currently known major and minor genes explain only a little portion 

of weight variations within the population (3). Several environmental contributors have 

also been identified but countering these will likely require initiatives that fall far outside 

of the discussions happening within the clinician’s office between patient and provider 

since they entail drastic changes in the quality of food and activities related to work, 

leisure, and determinants of socioeconomic status. In recent years, the fields of 

neuroendocrine and gastrointestinal control of appetite and energy expenditure have 

made significant advances. These insights have led to an emerging portfolio of medicines 

that, when added to behavioral and lifestyle improvements, can help restore appetite 

control and permit modest weight loss maintenance. They need also led to novel 
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mechanisms that help to elucidate the superior outcomes (both in terms of meaningful 

and sustained weight loss in addition as improvements or resolution of co-morbid 

conditions) following bariatric procedures like laparoscopic sleeve gastrectomy and 

gastric bypass (4, 5). Subsequent chapters during this section more deeply into these 

determinants and scientific advances, providing a greater breadth of knowledge regarding 

mechanisms, clinical manifestations, treatment options, and prevention strategies for 

people who are overweight or obese. 

                     At present, there are 1.5 billion obese and overweight adults worldwide, but 

by 2030, that number is predicted to reach 3 billion. A recent study in India found that 

5% of its population is morbidly obese(14). Developing and developed countries have 

both been significantly affected by obesity. A WHO report identifies obesity as a major 

cause of disability and premature death in less developed countries. Diet and lifestyle 

changes have been attributed to this(15). Numerous diseases such as cardiovascular 

disease (CVD), hypertension, hyperlipidemia, diabetes mellitus, and certain cancers are 

associated with obesity(16). Approximately 2% to 7% of healthcare costs are attributed to 

obesity. Additionally, medical leave causes productivity loss and reduced quality of 

life(17). The obesity rate in India is increasing steadily, as it is in other developing 

countries. Heart disease and metabolic disorders are closely related to obesity. Obesity is 

primarily caused by inadequate eating habits and a sedentary lifestyle. In women (15%), 

the point prevalence is higher than in men (11%)(16). Obesity can be treated with 

lifestyle changes, medications, or surgery. 
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2.1. Classification of obesity 

Body mass index 

The WHO classification, which predominantly applied to people of European ancestry, 

assigns increasing risk for comorbid conditions—including hypertension, type 2 diabetes 

mellitus, and cardiovascular disease—to persons with higher a BMI relative to persons of 

normal weight (BMI of 18.5 - 25 kg/m2). Asian populations, however, are known to be at 

increased risk for diabetes and hypertension at lower BMI ranges than those for non-Asian 

groups due to predominance of central fat distribution (see below). Consequently, the 

WHO has suggested lower cutoff points for consideration of therapeutic intervention in 

Asians: a BMI of 18.5 to 23 kg/m2represents acceptable risk, 23 to 27.5 kg/m2confers 

increased risk, and 27.5 kg/m2or higher represents high risk(18). 

Fig.1. Classification of obesity 

 

Source: Purnell 2018, Definition, classification of obesity  
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2.2. Fat Distribution  

2.2.1. Abdominal obesity 

In addition to an increase in body weight, having a proportionally greater amount of fat in 

the abdomen or trunk compared with the hips and legs has been associated with a higher 

risk for type 2 diabetes, hypertension, and heart disease in both men and women. 

 In addition to waste-to-hip ratios, abdominal obesity can also be measured by measuring 

circumferentially at the iliac crest level(19). According to the original US national 

guidelines, men with a waist circumference exceeding 102 cm (40 inches) and women 

with a waist circumference exceeding 88 cm (35 inches) were considered at increased 

relative risk for co-morbidities such as diabetes and cardiovascular disease. Thus, obese 

individuals who primarily accumulate abdominal fat will be deemed as being at "high" 

risk for this disease even if they are not obese by BMI criteria.(19) 

Fig. 2. Classification of obesity by fat distribution 

 

Source: Android and gynoid obesity 



9 
 

  

2.2.2. Central obesity 

A waist circumference more than 102 cm (*40") in men and more than 88 cm (*34.5") in 

women, or a waist-to-hip ratio (measurement of waist circumference divided by hip 

circumference) of >0.9 in men and >0.85 in women. 

For central obesity in the European Union, a waist circumference of * 94 cm (*37") in 

men and * 80 cm (*31.5") in non-pregnant women is used as the cutoff point. 

There has been a recommendation of a 90 cm cut off for South Asian and Chinese men, 

and 85 cm for Japanese men(20). 

 Researchers have identified central obesity as an independent risk factor for cardio-

metabolic diseases as well as a better predictor of cardiovascular disease than overall 

obesity. Even individuals with normal weight are susceptible to cardiovascular diseases 

(CVDs) and certain types of cancer because central obesity influences factors such as 

insulin resistance, dyslipidemia, and inflammatory processes. An increase in abdominal 

fat increases this risk. (19) 

2.3. Prevalence: 

Indian adults aged 20–69 years will have a nearly doubled prevalence of overweight and a 

threefold increase in obesity between 2010 and 2040(6). More specifically, overweight and 

obesity are projected to reach 30.5% (27.4%-34.4%) and 9.5% (5.4%-13.3%) among men 

by 2040, and 27.4% (24.5%-30.6%) and 13.9% (10.1%-16.9%) among women. 

Overweight and obesity are expected to increase most in older age groups between 2010 
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and 2040, and in rural areas, the rate of overweight and obesity increased by a greater 

percentage compared with cities. The older age groups were forecast to have the largest 

relative increase in overweight and obesity prevalence(6).  

2.4. Pathophysiology of Obesity: 

The understanding of obesity's pathophysiological mechanisms has advanced 

significantly in the last few decades. Obesity is largely controlled by neuroendocrine 

feedback associated with pathological overeating and inactivity. Additionally, genetic 

predispositions, hormonal imbalances, and bacterial imbalances in the gut can contribute 

to fat accumulation(21). The pathophysiology of obesity is illustrated in Figure 1.  

 

Fig.3. various parameters affecting the pathology of obesity. 

 

Source: Nutrients, EISSN 2072-6643, Published by MDPI 
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2.4.1. Energy Intake vs Expenditure 

Obesity may be viewed as an imbalance in energy intake versus energy expenditure. 

Three components involved in energy expenditure are (i) resting rate, which is that the 

energy necessary to fuel the body at rest, (ii) activity-related energy expenditure and (iii) 

diet-induced thermogenesis, which is that the 2c(22)energy spent in absorbing and 

metabolizing food consumed. When a personal ingests more energy than their 

expenditure, a positive energy balance develops, and this excess energy is converted into 

triglycerides and stored(23). Thus, a correct balance of energy intake and expenditure is 

important to manage obesity. a posh physiological system involving signals from the 

periphery about the status of stored energy, and people that affect energy intake and 

expenditure, are answerable for maintaining the energy balance(24). 

2.4.2. Energy Expenditure and Thermogenesis 

Adipocytes are generally considered passive depots for storing excess calories. 

Researchers have found that it plays an active role in controlling energy balance by 

releasing free fatty acids, proinflammatory cytokines, and adipokines such as leptin and 

adiponectin, regulating food intake and insulin sensitivity(25). Several mitochondria are 

found in the brown and beige adipocytes, both of which express the uncoupling protein 1 

(UCP-1), that reduces adiposity and protects experimental animals from diet-induced 

obesity(26). Pharmacological interventions that target browning of WAT are actively 

explored to induce energy balance in view of BAT's potential energy dissipation(27). 
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2.4.3. Hormonal Imbalance 

According to reports, neurobiological mechanisms are involved in eating even when there 

is no hunger or demand for energy. An important part of controlling eating behavior is 

the coordinated activity of the corticolimbic system, the hypothalamus, and the 

hindbrain(28). Serotonin and dopamine are important neurostimulators that affect 

appetite and food intake. When serotonergic signaling is increased, food intake decreases, 

whereas it decreases, appetite increases. Similarly, less dopaminergic signaling can 

contribute to excessive consumption of food(29). 

        Among the most critical factors involved in obesity is gut hormones. The glucagon-

like peptide 1 (GLP-1), the peptide (PYY), and oxyntomodulin suppress appetite and 

signal the availability of nutrients in the brain(30). Moreover, leptin secreted by adipose 

tissue promotes satiety by signaling adipose tissue to release energy. Ghrelin, released 

when there is no food, sensitizes the brain to the intake of food. 

2.4.4. Gut Microbiota 

There are various types of bacteria, viruses, fungi, and protozoa inhabiting the digestive 

tract, which is closely connected to immune, metabolic, and neurological health(31). 

Dietary fibers that are nondigestible are fermented by gut microbes into short-chain fatty 

acids (SCFAs) such as butyrate, propionate, and acetate. In addition to regulating 

appetite, SCFAs are reported to play a crucial role in cholesterol metabolism and 

lipogenesis(32).  
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                     Various studies concluded that obesity was associated with higher counts of 

Firmicutes, Fusobacteria, Proteobacteria, and Lactobacillus reuteri, and lower counts of 

Bacteroidetes, Akkermansia muciniphila, Faecalibacterium prausnitzii, Lactobacillus 

plantarum, and Lactobacillus paracasei. Firmicutes/Bacteroidetes ratios increased with 

obesity(33) 

. Through the action of gut bacteria, bile acid is converted to deoxycholic acid and 

lithocholic acid, which stimulates the release of the incretin hormones GLP-1 and insulin, 

thereby promoting weight loss. The microbiome composition is also influenced by 

dietary choline metabolism. Trimethylamine-N-oxide (TMAO) is formed by microbes 

during choline metabolism and has been linked to atherosclerosis and metabolic 

disorders. Adiposity is also associated with inflammation and gut permeability. In 

addition, obesity and insulin resistance are associated with impaired permeability, which 

lets bacterial metabolites leak into the circulatory system, essentially causing low-grade 

inflammation. In turn, proinflammatory cytokines disrupt intestinal barriers(34). 

2.4.6. Genetic Predisposition 

There is a strong link between leptin-melatonin pathway mutations, polygenic obesity, 

and epigenetic disorders like Prader-Willi and Temple syndromes that play a role in the 

pathogenesis of obesity. Mutations of one gene that affect appetite and weight regulation. 

A few experts have reviewed the genetic basis for obesity and this manuscript is not 

focused on it(35). 
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2.4.7. Psycho-social impact 

 The risk of obesity can be increased due to several individual characteristics. Restrained 

eating is also a cause of obesity. Restricted eaters report binge eating and more food 

carving (36). Disinhibited eating in specific circumstances is a characteristic feature of 

people under dietary restraints. The availability of highly palatable foods may lead to 

excessive food consumption among restrained eaters. 

2.4.8. Environmental factors 

 By masking genetic or metabolic susceptibilities, these factors contribute to the 

development of obesity. There is an increased likelihood of becoming obese due to 

environmental factors that result in increased calorie intake and decreased calorie 

expenditure without enough physical activity. Obesity is also associated with sedentary 

behaviors, such as television watching and car ownership. The risk of obesity is also 

increased by passive overconsumption (37), eating disorders, and preference for high-

carbohydrate diets. Smoking and alcohol consumption lower body weight and result in a 

higher BMI respectively. 
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2.5. COMPLICATION OF OBESITY 

Fig.4. Complication of Obesity 

 

Source: Importance of obesity. BMJ1991;303:704−6 

2.5.1. Diabetes mellitus 

 Obesity is currently not controversial when it comes to impaired glucose tolerance or 

type 2 diabetes mellitus. Insulin resistance appears to be the root cause. The use of the 

standard hyperinsulinemia euglycemic clamp is currently not suitable for general 

epidemiological studies due to the nature of the procedure.(38) The association between 

obesity and diabetes has been shown in several studies. There were 3,300 new cases of 

diabetes mellitus in one of the largest cohort studies, which followed up 84,941 female 

nurses for 16 years. It was found that overweight or obesity was a significant predictor of 

type 2 diabetes mellitus in women(39). In men, the Health Professional follow-up study 

found similar results. For example, in adults aged 25 to 64 years there is an estimate of 
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5.6% diabetes prevalence for those with BMI 35Kg/m2, which differs from people with 

BMI 23Kg/m2.  

2.5.2. Hypertension 

Obesity and hypertension are strongly associated, according to available data. In 80,473 

participants from one large cohort study, BMI was positive associated with hypertension 

at age 18 and midlife. In the Framingham study, after adjusting for age, the relative risk 

of hypertension in overweight men and women were 1,46 and 1,75, respectively.(40) In 

the same study, reducing weight in obese women at age 18 reduced the risk of 

hypertension. In older populations, hypertension and obesity are associated in a 

predictable manner as illustrated by studies such as the Hawaiian Heart Program and 

Japanese data surveys.(41)Most recently, waist circumference (WC) has been 

demonstrated to be an important determinant of obesity and hypertension. A correlation 

analysis showed that WC was a better predictor of obesity related risk, including 

hypertension, than BMI when used as continuous variables in the same regression 

model.(42)However, when WC was used as a categorical variable (normal/high), BMI 

was superior. It may be useful to quantify the risk of hypertension in obviously obese 

individuals in addition to a stadiometer, since it is +more straightforward, affordable, 

easier and faster to use than BMI, which also requires a weighing scale. In Malawi, a 

recent survey estimated 32.9% of adults aged 25-64 have hypertension. Nearly two thirds 

of the population in this age range are overweight or obese, perhaps indicating obese 

individuals are more prone to hypertension. hypertension(43). The association between 

obesity and hypertension, however, was not investigated. 
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2.5.3. Heart Disease 

The presence of obesity increases the risk of coronary artery disease (CAD). For each 

unit change in BMI, there was a 9 percent increase in the risk of ischaemic heart disease 

revealed in the Asian Pacific Cohort Collaboration study that followed over 300,000 

participants. According to the Framingham study, the risk of heart failure (HF) in obese 

patients was twice as high as that in non-obese patients.(44) However, having a higher 

BMI appears to improve survival of patients with congestive heart failure (CHF). The 

crude all case mortality for 7,767 CHF patients with varying BMIs, including obesity 

(BMI over 30kg/m2), was almost linearly reduced with consecutively higher BMI 

groups. Based on the further analysis, overweight and obese patients had a hazard ratio of 

0.88 when compared to healthy weight patients (accepted as The reference group), while 

underweight patients with stable CHF had a 1.21 risk of death.(45) The reasons for this 

cannot be determined. Other cardiovascular morbidities associated with obesity and 

overweight may have contributed to the diagnosis of heart failure at an earlier stage in the 

obese group when compared to the group with a lower BMI, reducing the risk of 

death(45). 

2.5.4. Dyslipidaemia 

Obesity is associated with dyslipidaemia marked by low levels of high-density 

Lipoprotein (HDL) and elevated levels of triglycerides.(46) Insulin resistance appears to 

play a key role. The clearance of very low density lipoprotein (VLDL) in plasma is 

dependent on the rate of hepatic synthesis and catabolism by lipoprotein lipase, the same 
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enzyme that produces HDL.(46) Insulin resistance is associated with increased 

production of VLDL in obese individuals.(47) Evidence suggests that dyslipidaemia can 

still occur without insulin resistance. In 1998, a study by Gary et al. Showed, there is a 

significant association between obesity, particularly central obesity, and dyslipidaemia 

after accounting for insulin resistance. 

2.5.5. Cerebrovascular Disease 

 There is evidence showing that obesity increases the risk of haemorrhagic and 

ischemic strokes in men. Women are more likely to suffer from ischaemic strokes than 

haemorrhagic strokes. Researchers are unsure of why men and women have different 

risks of haemorrhagic stroke. Based on other studies that found that haemorrhagic strokes 

are more prevalent in Asian populations with low cholesterol and lean body mass(48) the 

authors conclude that these factors (low cholesterol and lean body mass) might explain 

the findings found in those studies. This hypothesis still requires further investigation. 

According to this hypothesis, it should be expected that men in the Korean and 

Physicians studies, who presumably would have had low cholesterol levels, would have 

shown an increased risk of haemorrhagic stroke. Lately, central obesity (where fat is 

more concentrated around the trunk) has been linked to stroke fatality. According to the 

Israel heart disease study, trunk obesity alone predicted stroke mortality independent of 

BMI, hypertension, diabetes, and socioeconomic status.(48) 
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2.5.6. Metabolic syndrome 

 The metabolic syndrome is defined in the NCEP's Adult Treatment Panel III (ATP III) 

by any 3 of the following 5 variables: (i) waist circumference above 40 inches For men 

and >35 inches for women, (ii) Triglycerides above 150mg/dl, (iii) HDL cholesterol 

above 40mg/dl for men And 50mg/dl for women, (iv) Blood pressure above 130/85 

mmHg, (v) Fasting glucose above 100mg/dl. Metabolic syndrome appears to be caused 

by central obesity and insulin resistance, which results in altered lipid and glucose 

metabolism. 1934 The original intention of the syndrome was to predict the risk for 

cardiovascular disease, however, recent research has question whether the sum of the 

individual risk factors offers more insight than the sum of the combined risk factors.(49) 

 2.5.7. Pulmonary abnormalities 

  Obesity and obstructive sleep apnoea (OSA) have been linked in several studies. In the 

Wisconsin Sleep Cohort study, obesity was found to have an important correlation with 

OSA. 36 In another study, increased neck circumference, which was also shown to 

correlate extremely well with obesity, was linked to OSA. There are two mechanisms that 

contribute to OSA. First, fat tissue often impinges on the airway lumen due to increased 

fat tissue. Secondly, fat tissue makes the airway more likely to collapse. Asthma may also 

be associated with obesity. The risk of asthma is increased by obesity. Asthma prevalence 

increased in obese patients in one prospective multicentre study. The majority of patients 

who presented with an asthmatic emergency were obese or overweight. Further 
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prospective studies have demonstrated that obesity is a predictor of asthma.41 This may 

be due to increased airway hyper-responsiveness, decreased functional and tidal volumes, 

increased inflammatory cytokines and chemokines, and adipocytes-derived factors 

including leptin, adiponectin, and plasminogen activator inhibitor.(48) 

 2.5.8. Gastrointestinal abnormalities 

 Studies have shown a link between obesity and gastroesophageal reflux disease (GERD). 

Based on a randomized trial, which involved 10, 537 subjects, the adjusted odds ratios for 

heart burn and acid regurgitation occurring once a week among obese patients were 2.91 

(95% CI 2.07-4.08) and 2.23 (95% 1.44-1.99), respectively. A recent meta-analysis on 

data from studies done between 1966 and 2004 reported a significant link between 

obesity and GERD, oesophageal cancer and erosive esophagitis and that these disorders 

appear to increase with increasing weight. Cholelithiasis is another gastrointestinal 

condition related to obesity(48). In the Nurses' study, females with a BMI greater than 35 

Kg/m2 had a seven-fold increased risk of gallstone disease compared to those with a BMI 

less than 24Kg/m2.45 Men showed similar results. 

2.5.9. Reproductive disease 

Anovulation, hyperandrogenism and a polycystic ovary are characteristics of polycystic 

ovary syndrome (PCOS), which is associated with obesity and insulin resistance. It has 

been noted that increased visceral fat assessed by waist circumference of more than 88cm 

is associated with hyperandrogenaemia in patients with PCOS and that reduction of 
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insulin resistance by weight loss or drugs that increase peripheral sensitivity of insulin 

leads to improve hormonal aberrations and ovulation. In men, abdominal obesity has 

been associated with impotence and infertility. A single blinded randomised controlled 

trial of 110 obese men with erectile dysfunction but no other risk factors, such as 

diabetes, hyperlipidaemia, or hypertension, demonstrated that with a decrease in BMI, 

sexual function improved. Obesity can also affect pregnancy and labour. The most 

significant risks are gestational diabetes, macrosomia, dystocia, and higher rates of 

caesarean section.(50) 

2.5.10. Psychosocial problems 

Psychosocial and socioeconomic well-being have been adversely affected by 

obesity in the affluent society. It has been found that obese females are less likely to 

complete school, are 20% less likely to marry, earn less, and are more likely to live in 

poverty in comparison to non-obese females. The causality of obesity may be either way 

since obesity causes status or status causes obesity. Several psychiatric disorders are 

linked to obesity. Studying 294 patients before weight loss surgery, psychiatric 

evaluation showed the following prevalence rates: somatization (29.3%), phobia (18%), 

hypochondriasis (18%), and obsessive-compulsive disorders 13.6%. These patients 

showed significant reductions in these psychopathologies after surgery(48). 
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2.5.12. Osteoarthritis 

 The development of osteoarthritis (OA) appears to follow obesity. According to 

data from the Framingham cohort study, after accounting for age, physical activity, and 

uric acid levels, obesity remains one of the most important independent risk factors for 

OA. Studies showing that a reduced weight will reduce the risk of developing OA over 

time have found similar results. OA involving weight-bearing joints is common in both 

men and women after age 65. This condition is thought to be due to direct chronic stress 

on the joints caused by obesity. However, new data suggests that of the same changes of 

OA seen with weight bearing joints, also occur in non-weight bearing joints. 

Observations suggest that dysregulation of adipokines (hormones produced by adipose 

tissue) may explain the association between obesity and OA - indicating that 

osteoarthritis may be a systemic disease in obesity(48). 

2.5.13. Cancer 

The association between obesity and some types of cancer is well documented. 

These include cancer of gallbladder, oesophagus (adenocarcinoma), thyroid, kidney, 

uterus, colon and breast. Additionally, weight loss is associated with a decreased 

incidence and mortality from these cancers. However, the underlying mechanism linking 

these cancers to obesity is not clear. Breast and uterus cancers are associated with higher 

oestrogen levels synthesized from fat tissue in obese women.(50). 
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2.6. Current treatment method 

Treatment for obesity is difficult because it is a chronic condition. In the absence of 

surgical removal of adipose tissue (such as liposuction or omentectomy), the only method 

to lose fat is to maintain an energy deficit. Reduction of food intake, reduced energy 

intake, and increased energy expenditure can all be achieved in theory. An overview of 

the main methods for treating obesity follows: 

2.6.1. Dietary management and physical activity 

Behavioural therapy plays a vital role in the treatment of obesity by helping patients 

adopt new lifestyles. It is possible to follow a meal plan that is designed to focus on the 

relative amount of different nutrients, such as a low-fat diet, high-protein diet, and low-

glycaemic index diet. Despite this, diet composition is less important than total calories 

consumed, which is dependent on adherence to diet. The average BMI decreased by 0.1 

units per month with dietary counselling compared to standard care, before regaining 

most of it at maintenance. Weight loss is unlikely to occur after only physical activity. 

Combining physical activity with dietary interventions might increase this likelihood. 

Furthermore, even moderate exercise improves cardiovascular fitness, preventing many 

of the negative effects of obesity(51).  

2.6.2. Very low-calorie diets 

A very low-calorie diet (VLCD) or a very low energy diet (VLED) is a diet designed to 

provide adequate amounts of protein, essential fatty acids, carbohydrates, vitamins, and 
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minerals to the body at the recommended daily intake. We replace normal foods with 

VLCD meals and 22.5 litres of water non-energy fluid per day. At the end of the VLCD 

Following this, normal food is gradually reintroduced over 2-4 weeks. The average 

weight loss during medical treatment programs is 1.5-2.5 kg/week using VLCD therapy. 

Patients with diabetes and obesity with disorders that can be improved by weight loss, for 

example, and before a major surgical procedure in which rapid weight loss is required. 

Weight usually returns after a VLCD treatment program, so it is necessary to follow 

VLCD with a weight maintenance program that is active(51). 

2.6.3. Pharmacological treatment 

Two drugs are available in Sweden for the treatment of obesity: Orlistat and Sibutramine. 

Rimonabant had been approved for the European market until recently, but it was 

recalled because of psychiatric side effects, such as depression and anxiety. A study 

conducted with orlistat found that gastrointestinal lipase inhibition reduced dietary fat 

uptake by about 30%. Among its weight-reducing properties, sibutramine inhibits 

serotonin reuptake and norepinephrine reuptake, increasing satiety as well as energy 

expenditure(7). The results of a meta-analysis of clinical trials (of 1-4 years duration) of 

anti-obesity drugs showed that they reduce body weight by an average of three kilograms 

in the case of Orlistat and four kilograms in the case of Sibutramine. Study after study 

has demonstrated that sibutramine treatment during the weight maintenance phase 

improves clinical outcomes; however, these same studies also underscore the difficulties 

of obesity treatment with weight regain and very high drop-out rates(52). 
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2.6.4. Bariatric surgery 

A significant amount of weight is lost through obesity surgery in patients with severe 

obesity. Surgery is performed in different ways (Fig. 3). As a general rule, weight loss 

from surgery for obesity is 20–40 kg and BMI is reduced by 10–15 kg/m2. On Fig. 1, you 

can see weight changes following bariatric surgery during the preceding fifteen years. 6. 

An adult patient with an obesity BMI of more than 40 kg/m2 or 30 kg/m2 with serious 

comorbid conditions, such as sleep apnoea, diabetes mellitus, or joint disease is usually 

recommended to undergo surgical treatment for obesity(51). 

Fig.5. Examples of surgical procedures. 

 

Source: Gummesson, 2009. Pathogenesis and management of obesity. 
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2.7. Economic analysis of obesity 

In view of the above adverse health risks, one should not be surprised to find that obesity 

has a significant financial impact. It depends on the medical condition whether such costs 

are direct or indirect. On average, the cost associated with obesity treatment in the UK 

has been estimated at £195 million, of which only 5% (£29.35 million) can be considered 

direct. In addition, the purchase of commercial slimming health products is estimated to 

cost a further £85,5 million per year(53). 

2.8. ADIPOSE TISSUE ON OBESITY 

2.8.1 ADIPOSE TISSUE 

Adipose tissue (AT) is a type of specialized connective tissue. Body fat is commonly 

referred to as adipose tissue. The human body contains it all over. It is found under the 

skin (subcutaneous fat), packed around internal organs (visceral fat), between muscles, 

and within bone marrow and breast tissue. It has now been discovered that adipose tissue 

is an active and important endocrine organ. The human body's adipocytes (or fat cells) 

are known to play a vital role in storing and releasing energy. In recent years, adipocytes 

have been found to have an endocrine function. Adipocytes are a relatively new class of 

cells in adipose tissue that can produce hormones in response to signals from other parts 

of the body. In addition to regulating glucose and cholesterol, adipose tissue controls the 

metabolism of sex hormones through the actions of these hormones(54). 
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2.8.2. Classification 

According to adipocyte microscopic characteristics, AT is divided into three classes: 

white (WAT), brown (BAT), and beige. 

1. WAT- White adipose tissue 

2. BAT – Brown adipose tissue 

3. Beige adipose tissue 

2.8.3. WAT 

 There are large oval adipocytes with a single lipid droplet occupying the whole 

cytoplasm, displaces the nucleus, and operates as a storage organ for triglycerides (TG) 

and lipolysis. Typically, it has fewer mitochondria and a less complex endoplasmic 

reticulum. It is comprised of adipocytes that form a poorly vascularized and innervated 

connective tissue(55). 

2.8.4. BAT 

 The brown adipocyte is oval shaped and contains a large number of multilocular lipid 

droplets as well as a large number of mitochondria, all containing uncoupling protein 1 

(UCP-1) as distinct cristae, characteristics that support thermogenesis. In addition, 

BAT is highly vascularized and innervated(55). 

2.8.5. Beige  

It is also called brite (brown-in-white) adipocytes as they express a low quantity of UCP-

1 but overexpress it upon -adrenergic stimulation and possess thermogenic activity(55). 
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Fig.6. Types of adipose tyissue 

 

Source: Browning of adipose tissue and sirtuin involvement 

2.9. BAT THERMOGENESIS: 

An organ that regulates body temperature is the BAT due to its specialized properties. 

The mitochondria of brown adipocytes contain more UCP1, which is in the inner 

mitochondrial membrane. In addition to the lipids stored in multilocular droplets, MLD-

enriched mitochondria also exist in brown adipocytes. As a result of uncoupling substrate 

oxidation from ATP production, heat is produced (Cannon & Nedergaard, 2004). The 

high level of vascularization of BAT allows for the efficient distribution of heat within 

the body as well as sufficient substrate and oxygen supply.  

Cold sensations stimulate the hypothalamus, which in turn stimulates the sympathetic 

nerve, which directly innervates the BAT. NE neurotransmitters bind to β-ARs, which 

activate downstream cAMP-PKA signaling. 
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Fig.7. BAT Thermogenesis. 

 

Source: Cannon & Nedergaard, 2004. Brown adipose tissue and obesity. 

The upstream and downstream processes result in increased thermoregulatory gene 

expression, like UCP, as well as mitochondrial biogenesis and lipolysis. The conversion 

of TG stored in lipid droplets to free fatty acids (FFAs) is done by adipose triglyceride 

lipase (ATGL) activation, which is followed by b-oxidation. The mitochondrial matrix 

generates a proton electrochemical gradient with the intermembrane space, but UCP1 

mediates re-entry of protons, dissipating energy as heat instead of generating adenosine 

triphosphate (ADP). Additionally, in addition to cAMP-PKA signaling, cGMP-PKG 
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pathway targets the same receptor. Exercise or exposure to cold can activate this pathway 

through release of cardiac natriuretic peptides, which can induce lipolysis and the 

expression of thermogenic genes.  

2.10. Thermogenesis and Obesity 

 An imbalance between energy input and output is the cause of obesity. Obesity is 

typically associated with excessive food intake, but, in theory, low energy expenditure 

can also lead to triglyceride storage and obesity. In obese patients, resting energy 

expenditure must be measured. Measurements of glucose oxidation or fatty acid 

oxidation have been used in many studies. Triglycerides can accumulate in obese subjects 

due to insufficient fat oxidation. Over time, this effect can lead to overweight even 

though it is very subtle and may not be discernible. In this case, there has been no 

evidence that either the sarcoplasmic reticulum Ca++-ATPase pump or the plasma 

membrane Na+/K+-ATPase pump are defective in human obesity. The fatty acid 

oxidation process in brown adipocytes, which is involved in respiratory uncoupling of the 

cells, may contribute to controlling body fat gain in time through gene polymorphism 

studies. Recent research has termed non-exercise activity thermogenesis (NEAT) as 

having the potential to minimize body fat accumulation and weight gain(56). 

2.11. Role of Bat in Obesity Treatment 

  Obesity is generally caused by chronic imbalance between consumption and expenditure 

of energy. Weight loss is commonly achieved by altering a person's lifestyle, i.e., by 
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eating less and exercising more. Unfortunately, most people have difficulty reducing 

body weight substantially and sustainably through behavioral changes, because 

compensatory mechanisms leading to weight gain are present (Cannon & Nedergaard, 

2004). Increasing brown or beige fat amounts and/or activity is an exciting prospect in 

this area. BAT- and beige/brite-rich animals are susceptible to obesity, diabetes, hepatic 

steatosis, and hyperlipidemia. Accordingly, beige/brite fat expanding strategies would be 

used successfully in humans to treat obesity and its related disorders (Ma et al., 2015). 

Fig.8. Cold and adipose tissue 

 

Source: Recruiting Brown Adipose Tissue in Human Obesity diabetes.diabetesjournals.org 

2.12. Cold Exposure Increases Glucose Metabolism in BAT 

BAT receives strong stimulation to increase glucose uptake when exposed to cold. It is 

mainly due to increased expression of genes and proteins involved in glucose metabolism 
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and insulin signaling. Several previous studies indicate that, when exposed to cold over a 

24-hour period, the BAT actively removes the TAG circulation, which is associated to an 

insulin-resistant state (57). 

 Fig.9. Cold induced metabolic changes 

 

Source: Different Metabolic Responses of Human Brown Adipose Tissue to Activation by Cold and Insulin 

Elsevier Enhanced Reader 

 Cold stimulation increased blood glucose uptake in BAT more than in all other tissues 

(brain, heart, liver, WAT, and skeletal muscle) combined (57)(58). All together, these 

findings indicate that exposure to cold increases glucose uptake in BAT and insulin 

sensitivity. Studies in humans revealed that the amount of glucose absorbed in BAT is 

greater after exposure to cold than after insulin stimulation(59); cold exposure increased 

glucose uptake in BAT 12-fold while insulin stimulation only increased glucose uptake 
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by 5-fold(59). Improved glucose disposal and insulin sensitivity are associated with 

increased cold-activated glucose uptake by the BAT in healthy adults(60), obese adults, 

and in patients with T2DM(61). Both rodents and humans have shown elevated glucose 

uptake and insulin signaling following acute and chronic exposure. 

2.13. Cold Increases Fatty Acid Uptake and Metabolism in BAT 

Activation of BAT by cold enhances mitochondrial respiration by activating UCP1 and 

the release of long-chain fatty acids In rodents (57)and humans (62). BAT uptake of fatty 

acids from triglyceride-rich lipoproteins (TRL) and non-esterified fatty acids (NEFA) 

from WAT lipolysis is stimulated by cold exposure(63). BAT undergoes increased uptake 

and metabolization of FFA following exposure to cold. In addition, BAT extracts dietary 

FA at a higher rate than skeletal muscle following mild cold exposure(64). These results 

suggest that BAT is essential in lipid and fatty acid metabolism, and that activating BAT 

by cold increased the uptake and metabolism of fatty acids. The activation of BAT by 

cold exposure may benefit obese and type 2 diabetic patients. 

2.14. Cold-Induced Energy Expenditure 

The study also found that subjects with low BAT activity displayed an increase in BAT 

activity and cold-induced energy expenditure following exposure to acute cold, indicating 

that BAT recruitment is possible in humans. Human subjects were reported to have 

increased oxidative capacity when chronic cold acclimation increased their BAT. This 

translated to an increase in cold-induced thermogenesis. These studies support previous 
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research showing that BAT plays a physiological role in humans during prolonged cold 

exposure related to body weight, glucose homeostasis and insulin sensitivity (Poher et al., 

2015). 

Fig.10. Cold induced energy expenditure 

 

Source: Poher et al., 2015. Brown adipose tissue activity on obesity treatment. 

 

Browning of WAT induced by cold 

                  When exposed to low temperatures for an extended period of time, BAT is 

triggered, which produces the browning of WAT. Temperature differences are sensed by 

thermoreceptors (specialized nerve cells). Brown fat is produced as a response to cold 

conditions. BAT sympathetic premotor neurons in the rostral ventromedial medulla are 

activated by thermosensory neurons sensing to the cold exposure. BAT thermogenesis 
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results from this process. Due to this release of norepinephrine, UCP1 inducers are 

released, activating the specific action of the BAT. Researchers have found that 

catecholamines and tyrosine hydroxylase are responsible for the browning of the 

subcutaneous WAT in cold environments. Cold-induced beige fat development is 

regulated by type 2 cytokines, alternatively activated macrophages, and eosinophils of the 

beige fat (eosinophils). Beige fat increases in amount and thermogenic properties when 

type 2 cytokines, IL4/3, are introduced(65).  

               This regulatory process causes the release of catecholamines and the production 

of tyrosine hydroxylase, and both of these mechanisms cause the browning of 

subcutaneous WAT. During long-term adaptation to cold environments, meteorin-like 

(Metrnl) is secreted and activates macrophages to produce IL-4 and other enzymes that 

contribute to browning. When Metrnl is secreted, it increases glucose tolerance, energy 

expenditure, and BAT-target gene expression(65). 

 

2.15. NATUROPATHY 

Naturopathy is a system of man building in harmony with the constructive principles of 

Nature on physical, mental, moral, and spiritual planes of living. It has great health 

promotive, disease preventive and curative as well as restorative potential. 

According to the manifesto of British Naturopathic Association, “Naturopathy is a system 

of treatment which recognizes the existence of the vital curative force within the body.” 
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It, therefore, advocates aiding human system to remove the cause of disease i.e. toxins by 

expelling the unwanted and unused matters from human body for curing diseases. 

Naturopathy is an art and science of healthy living and a drugless system of healing based 

on well-founded philosophy. It has its own concept of health and disease and principle of 

treatment. Naturopathy is a very old science. We can find several references in our Vedas 

and other ancient texts. The morbid matter theory, concept of vital force and other 

concepts upon which Naturopathy is based are already available in old texts.  

2.16. HYDROTHERAPY 

Hydrotherapy is an ancient form of physical medicine where water is used therapeutically 

with several applications on the body, both internally and externally. Ancient cultures, 

including ancient Rome, China, and Japan, used this therapy to treat disease and injury. 

Naturopaths and European spas today use it most frequently. Natural health practitioners 

believe that out of the vasodilatory effects, hydrotherapy works by improving blood 

quality through detoxification Topical applications of cold or hot water packs, 

compresses, baths, pools, steams, sweats, and showers are all examples of hydrotherapy. 

An organism's circulation and ability to remove waste and eliminate are profoundly 

affected by the thermodynamic property of water. Hydrotherapy techniques applied to a 

patient are a form of stress to the cells that influences their metabolic function, regulates 

their environment, and provides an opportunity for the body’s natural healing processes 

to take place. 
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2.16.1. PHYSIOLOGIC EFFECTS OF WATER 

The physiologic effects of hydrotherapy may be classified as thermal, mechanical, and 

chemical. Thermal effects are produced by the application of water at temperatures above 

or below body temperature. The greater the variation from body temperature, the Greater 

the effect produced, other factors being equal and allowing for individual patient 

variability. Mechanical effects are produced by the impact of water acting on the body 

surface in the form of Sprays, douches, frictions, immersions, whirlpools, etc. Chemical 

Effects are produced when water is taken by mouth or used to Irrigate a body cavity, such 

as the large colon. 

Fig.11. Physiological effect of cold. 

 

Source: scientific evidence of naturopathy 
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Thermal effects are the most used therapeutically. In general, hot relaxes and sedates, 

whereas cold stimulates, Invigorates, and tonifies. However, very hot can stimulate and 

Be destructive, whereas prolonged cold can be depressive and Destructive. A comparison 

of the effects of hot and cold on several Body systems is given in fig.11. 

 

2.17. 0PHYSIOLOGICAL EFFECTS OF COLD APPLICATIONS. 

2.17.1 General effect 

 1.cold compress will speed up, then slow down the heartbeat, increase tension and cause 

the small blood vessels to expand actively.  

2. Cold on the one hand causes the blood vessels in the other hand to constrict. Similar 

relationships exist between other symmetrically related organs.  

3. Cold compressing the main artery will cause its distal branches to contract.  

4. Continuous exposure to cold can inhibit its effects on the heart and lower blood 

pressure.  

5. The short-term effects of cold on the heart first increase its activity and intensity, then 

lower the pulse rate and increase blood pressure.  

6. Short-term exposure to cold in a limited area of any part of the body will temporarily 

increase the pulse rate.  

7. Sometimes, there is a compensation effect by increasing heat production. If the elbow 

is in 50°F water for a period of time, a thermometer placed in the armpit will indicate an 

increase in temperature. (66) 
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2.17.2. The effect on breathing.  

1. Generally speaking, taking a cold shower will make breathing difficult and difficult.  

2.Exposure to the cold will cause deeper and slower breathing.  

3. The oxidation of tissue increases with the application of cold, so the carbon monoxide 

content in the exhaled air increases.  

4. Air temperature of 40°F or lower will produce heat and carbon dioxide when the body 

is under pressure to make it cold.  

2.17.3. Effects on muscles  

1. Long-term cold compresses can reduce muscle irritability and energy.  

2. Short-term body or local cold compresses can increase the excitability and volume of 

striated muscle.  

3. Cold compresses stimulate smooth muscle fibers, for example. B. Skin, blood vessels, 

bladder, intestines, etc.  

4. The cold compress area is small, such as pale skin, goose bumps, chills, etc.  

2.17.4. Effect on the nervous system  

1. Cold compresses the nerve trunk to paralyze the watered part of it.  

2 Cold will slow down the transmission of nerve impulses.  

3. Long-term cold compresses on the head will reduce mental activity and cause loss of 

consciousness, while short-term cold compresses on the head will strongly stimulate the 

brain.  
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2.17.5 The reflex effect of cold  

1. Short-term, very cold applications, applying high pressure to the reflex zone will cause 

the blood vessels of the corresponding organ to dilate.  

2.Long-term cold compresses without precipitation can cause internal blood vessels to 

constrict.  

3. Simple application on the face and neck can stimulate blood circulation and brain 

activity.  

4. A short and very cold shower on the chest will be exciting at first, then it will subside.  

5. Immersion of hands in cold water for a long time will cause the cerebral blood vessels 

and nasal mucosa to shrink.  

6. Brief, very cold hand contact can cause uterine muscle contraction.  

7. A brief, very cold shower with strong pressure on the feet will dilate the blood vessels 

of the uterus.  

8. Immersion of feet in cold water will cause the blood vessels of the lungs and kidneys 

to constrict.  

9. A short-term chest cold can cause a strong contraction of the uterine muscles. For this 

reason, this simple measure is widely used in obstetrics.  

10. Brief, extremely cold applications to the abdomen, arms and legs can cause muscle 

contraction in the bladder, intestines and uterus.  

11.Long-term cold compresses on the upper back can cause the nasal mucosa and lung 

blood vessels to constrict.  

12. The ice pack on the back causes gastric vasoconstriction. 
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13. Cold flushing the lower back with moderate pressure (lasting 15 to 45 seconds) will 

cause the uterine blood vessels to constrict.   

14. A very short cold shower at the waist (lasting 2 to 4 seconds) is very stressful and can 

cause uterine blood vessels to dilate.   

15. A quick cold shower in the thighs can cause uterine vasodilation.  

 16. A quick cold shower under the breastbone will increase kidney activity.  

 17. A brief cold compress that puts strong pressure on the stomach, liver, spleen, and 

intestines initially causes the blood vessels in these organs to contract and then actively 

expand.   

18. Long-term cold compresses on internal organs without pressure can cause 

vasoconstriction.  

 2.17.6. Effects on blood   

1. The response to cold exposure increases the number of circulating blood cells.  

 2. Cold compresses increase the amount of oxygen absorbed by the blood and the rate of 

oxidation, resulting in a further decrease in oxyhemoglobin.  

 2.17.7. Effects on digestion   

1. Generally, cold compresses will increase the absorption of the digestive tract.  

 2.Short-term whole-body cold compress and long-term use can increase the activity of 

the stomach, liver, kidney and other secretory organs glands. 

 3. Short-term whole-body cold compress accelerates all important functions of the skin, 

accelerates blood and lymph flow, stimulates assimilation and decay and increases the 

importance Resistance.   
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2.17.8. Effect on body temperature   

1. Generally cold compresses will lower skin temperature and general temperature.  

 2. Cold water flowing through the feet will cause the overall temperature to drop 

slightly.   

3. Cold head applications lower the temperature by lowering the heat producing center.  

4. The cold application of the surface will aggravate the thermoelectric phenomenon.   

5. Short-term cold application stimulates heat production.   

6. Long-term exposure to the cold will first increase, and then reduce heat generation.  

 7. General Information Chilling out in a cold environment indicates that the internal 

temperature is low and heat production is starting to increase.   

8. The blood circulation reaction is caused by the reflex effect of the cold compress on 

the vasomotor center and may also be caused by the direct effect on the vascular visceral 

sympathetic ganglia.  

9. Thermic reactions result from cool applications, which bring down the blood and skin 

temperatures.(66)  
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2.18.0. WET SHEET PACK 

The wet sheet pack is one of the most useful of all hydrotherapy Procedures. It may be 

done either in the office or as a home treatment if adequate direction is provided. It 

requires from 1 to 3 hours, depending on the patient’s condition. Understanding the 

Process completely before using this treatment is important. Lectures in Naturopathic 

Hydrotherapy by Boyle and Saine outlines the wet sheet pack procedure in detail for 

practitioners.38The wet sheet pack proceeds through four stages: tonic or cooling, 

neutral, heating, and eliminative. Depending on the desired Effect, the therapist may wish 

to prolong any one specific stage. 

Fig.12. Wet Sheet Pack Procedure 

 

Source: Traditional hydrotherapy 
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• Tonic stage. This stage may last from 2 to 15 minutes and is finished when the patient 

no longer perceives the sheet as being cold. This phase is intensely alterative to the body 

due to the intense Thermic reaction induced. The length of this stage is directly 

Dependent on the amount of water left in the sheet. For weak or Exhausted patients, the 

sheet should be wrung out as completely as possible. For young, strong individuals for 

sheet. 

• Neutral stage. Once the sheet reaches body temperature, the person no longer feels cold. 

Currently, the neutral phase begins. It may last from 15 minutes to an hour or longer, 

depending on the vitality of the patient. During this phase, there is a sense of Calm that is 

like that experienced during a neutral bath. Often the patient falls asleep during this 

phase. This stage is Indicated in cases of insomnia, anxiety, and delirium. To prolong the 

neutral phase, provide only adequate covering to prevent the patient feeling cool. Greater 

amounts of blankets trap More heat, and the neutral phase finishes sooner. 

• Heating stage. As heat accumulates beneath the blankets, the Patient gradually senses 

the warming and eventually begins to Show light perspiration on the forehead. The time 

between the Patient feeling warm and the beginning of perspiration is known As the 

heating phase. This may last from 15 minutes to an hour. 

• Elimination stage. The final stage begins when the body begins to perspire. In a febrile 

patient, this stage is reached sooner. This Stage is especially beneficial for those patients 

in a detoxification Process. 
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2.18.1. STAGES:  

The time occupied in the development of various phases of the procedure may be divided 

into 4 periods, which are characterized as follows:  

1. Cooling / Anti Pyretic  

2. Neutral  

3. Heating  

4. Sweating  

2.18.2. COOLING /ANTI PYRETIC STAGE:  

It is also known as the tonic stage. There should be no more than 15 minutes in the 

duration. A powerful thermogenic reaction is initiated at this point, as the temperature 

rapidly decrease, and the heat rapidly leaves the body. A significant number of alternate 

effects are produced during the cooling/refrigeration stages of the packet. 

This pack will be arrested during or just before the reaction begins, and therefore the 

overall effects will be the same as those of a cold bath of the same temperature if the 

reaction is stopped right before it begins. 

A freshly cooled sheet applied at the end of 8-12 minutes blocks the process and 

produces a powerful anti-thermal and anti-febrile effect. 

2.18.3. THERAPEUTIC APPLICATIONS:   

• Anaemia  

• Tuberculosis  
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• Convalescence  

• Fever  

• Chronic toxemia  

• Dyspepsia  

• Chronic liver disease  

• Toxemia of chronic malarial infection  

• Diabetes  

• Neurasthenia  

• Scurvy  

• Chronic gastritis  

• Hypopepsia  

• General paresis  

• Constipation 

 

2.18.4. SECOND STAGE /NEUTRAL STAGE:  

After the warm moist air surrounding the patient and the wrapping heats up to 920F, the 

second or neutral stage begins. 

More than 30 minutes of continuous use produces neutral effects. It has the same effect as 

a neutral bath during this period. It calms, calms a disposition toward sleep, and it quiets 

a mind. 
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2.18.5. THERAPEUTIC APPLICATIONS: 

 If the neutral pack is continued till the end of second stage, it is useful in  

• Insomnia  

• Acute mania  

• Melancholia  

• Neurasthenia  

• Delirium of typhoid fever  

• Pneumonia  

• Epilepsy  

• Chorea  

• Tetany  

 

 

2.18.6. THIRD STAGE / HEATING STAGE: 

If the third stage is extended where the pack continues for more than an hour, a 

superheating process occurs. Temperatures above 98 degrees F and the difficulties in 

eliminating heat result in slightly higher body temperatures. 

Heat-induced excitation of the skin creates an environment in which the perspiration 

glands become so excited that visible perspiration appears as the excitant from heat 

accumulation remains higher and higher. 
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2.18.7. THERAPEUTIC APPLICATIONS:  

If the Full wet sheet Pack is continued until the end of third stage, it is more useful as a 

preparation for tonic applications. It may be employed in 

• Cerebral congestion  

• Hepatic and splenic congestion  

• Chronic malarial infection  

• Constipation  

• Hemorrhoids  

• Abdominal dropsy  

• Measles  

• Scarlet fever  

• Smallpox 

 

2.18.8. FOURTH STAGE /SWEATING STAGE:  

A person continues to wear the pack for more than one and a half hours and enters the 

fourth stage. Drinking half a glass of water every half an hour during this time may 

prolong this stage. 

An extra blanket can be applied to prevent excessive cooling of the head. When the skin 

is inactive, and perspiration has been delayed for a long time, it may be necessary to 

increase the accumulation of heat. The patient can be wrapped in a dry blanket and 
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several hot water bottles can be placed around him. He is encouraged to drink copious 

amounts of hot water or hot lemonade.  

2.18.9. THERAPEUTIC APPLICATIONS:  

It is highly spoliative & eliminative and is valuable in cases of  

• Chronic bronchitis with cough  

• Chronic pneumonia  

• Pleurisy  

• Intestinal catarrh  

• Congestion of liver and spleen  

• Cerebral hyperemia  

• Jaundice  

2.18.9. CONTRA INDICATIONS:  

The cold Full wet sheet Pack cannot be employed for the patients whose vital resources 

are small.  

In case of very feeble person or very nervous person one or both of the arms may be left 

out (should not be included in the blanket) to avoid chilling.  

2.18.10. PRECAUTIONS:  

Some special precautions may be employed without difficulty in cases in which untoward 

effects might otherwise be produced.(66)  
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Parts that are sensitive to cold may be protected with dry clothes. Parts that require 

special protection are  

• Spine in spinal irritation  

• Heart when very excitable  

• Sensitive surface in feeble patients  

• In asthmatics  

• Hyperesthesia 

 

RJ, PRA, and Chaithanya 2018 study revealed that a significant effect of full wet sheet 

pack in increasing body temperature and shows perspiration by utilization of calories. 

Shetty et al. 2018 study revealed that application of full wet sheet pack enhances 

parasympathetic activity based on significant results in the autonomic nervous system 

with sensory integrative effect and a holding effect (relaxation). Hence full wet sheet 

pack can be applied effectively to treat stress, insomnia and anxiety, fever etc. 

Torres 2017 study revealed the effects of cold therapy in losing weight and inches loss as 

well as decreasing body mass index, body fat percentage, and lowering of health risk factor. 

(68) study revealed that the strongest physiological activator of BAT in humans is cold 

exposure. 

(69) study have established an association between BAT activity and metabolic health. 

Both cold exposure and exercise represent potential tools to impact BAT function by 

altering its activity and metabolism. Cold exposure is an effective method to activate the 



51 
 

thermogenic activity of BAT, increase energy expenditure in BAT, and improve glucose 

homeostasis, insulin sensitivity, and lipid metabolism. 

(70) study conducted in private slimming centre in Philippines revealed that the cold 

wrap treatment is effective in the treatment of obesity. 
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3.0. AIMS AND OBJECTIVES 

 

3.1.AIM  

To assess the effect of Full wet sheet pack on anthropometric measurement and metabolic 

parameter in obese persons.  

3.2. OBJECTIVES OF THE STUDY:  

3.2.1. Primary Objective:  

To assess the effect of Full wet sheet pack on anthropometric measurement in obese 

persons. 

• BMI,  

• Waist circumference &Waist-Hip Ratio and  

• Abdominal skin fold thickness  

3.2.2. Secondary Objective:  

To assess the effect of Full wet sheet pack on metabolic parameter in obese persons.  

• Oral Glucose tolerance test (OGTT)  

• Lipid profile 
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4.0. HYPOTHESIS: 

4.1. Null Hypothesis: 

Full wet sheet pack does not show any changes on anthropometric measurements and 

metabolic parameters on obese person. 

4.2. Alternate Hypothesis: 

Full wet sheet pack shown changes on anthropometric measurements and metabolic 

parameters on obese person. 
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5.0 METHODOLOGY 

The methodological process involved in the following study is described in detail in this 

chapter. 

5.1 SUBJECTS 

A total of 41 subjects of both genders with age group ranging between 18-40 years will 

participate in the study. 

• Group I- Study group (n=20) 

            The Subjects will undergo Full wet sheet pack. 

• Group II- Control group (n=21) 

           No intervention for the control group. 

           A Randomized control Trial. 

SAMPLE SIZE & STUDY DESIGN 

    The minimum sample size is determined based on a previous study [13]. In the 

previous study, out of the 4 primary outcome variables, HC (Hip Circumference) had the 

lowest effect size and it is considered for calculating the minimum sample size. An open 

source software, G*Power 3.1 is used, and the minimum sample size determined as 25. 

To avoid dropout (10%) sample size is fixed as 30 in each group. Computerized 

randomization technique used for group distribution. 

STUDY CENTRE: 

Government Yoga and Naturopathy Medical College, Department of Yoga,   

Arumbakkam, Chennai-106. 
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DURATION: Duration of session;1 hour daily 

• Frequency of practice: Once in two days 

• Duration of Intervention: 4 weeks 

• Study duration: 12 months 

Inclusion Criteria:  

• BMI range from 30 to 40 yrs. 

• Age group: 18 to 45 years  

• Both sexes  

• Persons who are ready to give their consent. 

Exclusion Criteria: 

• Systemic disorders like respiratory, cardiac, renal, nervous, degenerative 

disorders, etc.  

• BMI above 40  

• Below 18 years and above 45 years  

• Under medication for chronic illness  

• Women during pregnancy and lactation  

Withdrawal Criteria:  

All subjects are free to withdraw from participation in the study at any time, for 

any reason, specified or unspecified, and without prejudice to further yogic 

practices. Subjects who are withdrawn from the study will not be replaced. 
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6) OBJECTIVES 

Primary Objective:  

To assess the effect of Full wet sheet pack on anthropometric measurement in obese 

persons. 

• BMI,  

• Waist circumference &Waist-Hip Ratio and  

• Abdominal skin fold thickness  

Secondary Objective:  

To assess the effect of Full wet sheet pack on metabolic parameter in obese persons.  

• Oral Glucose tolerance test (OGTT)  

• Lipid profile  

ETHICAL CONSIDERATIONS 

Ethical clearance 

Ethical clearance was sought from the Institutional Ethics Committee prior to the 

start of the study and the approval for the same was granted. 

Written informed consent. 

Subjects who fulfilled inclusion criteria were appraised about the purpose of the 

study and their rights as research subjects. Informed consent form was administered in 

English. 

As all the subjects understood and spoke English, there was no requirement of 

translating the signed informed consent form into native language i.e., Tamil. Adequate 
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time was given to each patient to go through the information sheet and their queries were 

answered. 

Their right to withdraw anytime from the study and the need for willingness to 

participate voluntarily in the study was explained. All the subjects expressed their 

willingness to participate in the study by giving assigned informed consent. (A sample 

information sheet and consent form are enclosed as Annexure1) 

METHODS OF COLLECTION OF DATA 

 Anthropometric measurements 

The subjects will be taken into the study after taking anthropometric measurements. 

The subjects with BMI range from 18 to 40 will be taken into the study. Anthropometric 

parameters will be measured using standardized techniques. Height (in centimeters) was 

measured using a stadiometer. The individual will be asked to stand upright without 

shoes with his/her back against the vertical back board, heels together and eyes directed 

forward. Weight (in kilograms) will be measured with an electronic weighing scale that 

was kept on a firm horizontal flat surface. Subjects were asked to wear light clothing, 

and weight was recorded to the nearest 0.5 kg. Body mass index (BMI) was calculated 

using the formula weight (kg)/height (m)2
. 

Waist Hip ratio (in centimeters) will be measured by using a non-stretchable 

measuring tape. Waist circumference and hip circumference was measured precisely.    

Abdominal skin fold thickness 

Abdominal skin fold thickness measured by manual skin fold thickness caliber on 

supra iliac region. 
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HAEMATOLOGICAL PARAMETERS 

SAMPLE COLLECTION  

Sample blood collection was done before the clinical volunteers got into full wet 

sheet pack. 

 The time of blood collection was 7.00 to 8.00 am (fasting blood). The blood 

samples were collected in sterile bottles without anticoagulant and allowed to clot.  

Sample collection for Oral Glucose Tolerance test 

After 12 hours of fasting, the blood was collected from antecubital vein. The volunteer 

was given weighed quantity of glucose and their blood was collected at proper 30 

minutes and 1-hour interval.  

Sample Collection for lipid profile 

 The serum was analyzed for fasting blood sugar and lipid profile, Serum Total 

Cholesterol (TCH), Triglycerides (TGs), High density lipoprotein (HDL), Low density 

lipoprotein (LDL), were estimated by using autoanalyzer. 
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7. Illustration of study plan: 

 

 

 

 

Screening for eligibility Adult 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig .13. 

        Recruitment of the                                                                  

                 Subject 

Number of subjects will 

participate (n-41) 

           Randomization 

      Study group  Normal group 

Pre data collection Pre data collection 

4 Weeks in of 

intervention 
No intervention 

Post data collection 

            Analysis 
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8.0. INTERVENTION  

The volunteers are made to lie down and securely wrapped in the wet sheet pack for 

1hour place wet pack on the head.  

8.1. PROCEDURE OF INTERVENTION 

REQUISITES:  

One large double blanket  

One single blanket  

Two large sheets                   

Two -three gallons of water (600 - 700 F)  

One plastic sheet (if the procedure is done on bed) 

PROCEDURE: 

Step 1: A Lengthwise folded sheet is laid across the couch near its head. The upper end 

of the sheet should cover the lower third of the pillow, placed at the head of the couch.  

Step 2: Next the double blanket is spread out and placed across the couch. The upper 

edge of the blanket should fall two inches below the upper edge of the dry sheet.  

Step 3: Then the linen sheet should be spread upon the blanket, the upper end falling an 

inch or two below the upper edge of blanket. 

Step 4: Then the patient lies down upon the sheet in such a way that the upper edge of the 

wet sheet three inches above the shoulder.  

Step 5: The patient should raise both the arms above his head while the attendants draw 

one side of the sheet across the body and tucking it closely all the side of the body from 
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the hips down, the edge of the sheet tucked snugly around the leg of corresponding side 

,leaving the other side uncovered. 

Fig.14. Wet Sheet Pack 

 

 

Then the patient lowers his arms and holds them close by his side while the other side of 

the sheet is passed over and tucked in at the side and around the uncovered leg. A fold is 

made in the sheet over each shoulder so as to make it fit the neck closely. So that the 

body is completely and closely enveloped by sheets.  

Step 6: Then the blanket is drawn across the patient and tucked under the shoulder, side 

and around the legs.  

Step 7: Then the long end of the blanket is tucked around the patient, being wound about 

him two or more times like a winding sheet.  

Step 8: The blanket is next doubled under at the foot and the dry sheet at the head is 

brought around with a neat fold over each shoulder and tucked under the shoulder so as to 
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protect the skin of face and neck from the contact with blanket and completely to exclude 

the air. 

Step 9: For additional warmth, a woolen blanket is folded once, laid lengthwise across 

the patient, and tucked under the shoulders, sides and about the legs. 

DURATION:  

The duration of the pack will depend upon the effects desired. To attain sweating effect 

the usual length of the application should be 45 minutes or until the patient begins to 

perspire. In a febrile patient, this stage is reached sooner. This Stage is especially 

beneficial for those patients in a detoxification Process. In this stage sweating is induced 

by burning of calorie through non shivering thermogenesis. 

DATA ANALYSIS: 

Data expressed as mean and SD. Continuous variable was compared using paired within 

group and unpaired t test used between group, and categorical data was compared using 

chi-square test. All statistical test was done by using R statistical software (Version 4.0.2). 
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9.RESULTS 

Demographical characteristics of the control and study participants 

 

 

 

Table.1 

 

 

  

Fig.15. Graphical presentation of age                                     Fig.16.Graphical presentation of sex 

 

Table.1. Denotes the range of the Age group selected (Fig-15), and the volunteer’s gender. 

(Fig-16). There were no differences between the two groups as regards for age and sex. 
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Anthropometric data of the control and study participants. 

 

Table 2 

The weight of the study group has significant decreased as compared to that of Control 

Group (Fig-17).  

 

 

Fig.17. Comparison of weight in both groups. 
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Variable Control P 

value  

STUDY P 

value  

  Before After Before After 

WT 89.65±13.0 89.05±12.88 0.002 78.5±9.15 74.45±12.8 0.0001 

BMI 31.95±65.81 31.97±3.44 0.272 30.83±4.14 29.26±4.21 0.030 

WC 108.5±14.18 106.78±14.15 0.170 102±15.51 100.55±15.33 0.767 

HC 118.04±11.79 116.19±11.72 0.028 109.35±12.56 108.4±12.3 0.044 

WHR 0.91±0.06 0.91±0.06 0.531 0.93±0.05 0.92±0.05 0.958 

ASFT 50.38±10.57 48.80±10.90 0.791 49.60±8.09 47.90±7.98 0.761 
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The Body mass index has shown mild significant reduction in study group as compared to 

that of Control Group (p<0.05) (Fig-18). 

 

 

 

 

 

 

 

Fig.18. comparison of BMI in both groups. 
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In the study it was observed that Waist Circumference (Fig-19) and Hip circumference 

(Fig-20) has steadily decreased for both study group and Control group during the course 

of the study. 

 

 

Fig.19. Comparison of waist circumference in both groups. 

 

 

Fig.20. Comparison of Hip circumference in both groups. 
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In the study it was observed that Waist/Hip Ratio (Fig-21), has steadily decreased in 

study group compared to that of control group. 

 

Fig.21.Comparison of Waist/Hip ratio in both groups. 

In the study it was noted that, abdominal Skin fold Thickness (Fig-22), there was a slow  

decrease in study group and almost same values in Control group. 

 

 

 

Fig.22.Comparison of Abdominal Skin Fold Thickness in both groups. 
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Lipid profile of the control and study participants 

 

 

Table-3 

 

 

 

 

Lipid profile of the control and study participants 

In the study it was observed that, Total Cholesterol (Fig-23), has shown decrease in study 

group as compared to that of Control group. The Triglycerides (Fig-24) has also 

significantly decreased in study group. In the study it was observed that, Low density 

lipoprotein (Fig-25), has shown a decrease in study group as compared to that of control 

group. High density lipoprotein (Fig-26), has significantly increased in study group. 

 

Variable 

Control 

P 

value  

Study P 

value  

  Before After Before After 

TCH 
174.99±32.54 173.42±30.73 0.631 179.52±27.26 168.39±27.65 0.584 

TG 
124.20±39.69 123.88±40.29 0.681 119.88±26.07 112.34±24.07 0.271 

LDL 
109.94±28.47 108.68±26.31 0.454 115.73±20.07 107.66±18.59 0.886 

HDL 
46.16±8.96 45.67±8.41 0.855 42.6±7.93 48.06±7.77 0.034 
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Fig.23. Comparison of total cholesterol in both groups. 

 

 

 

Fig.24. Comparison of Triglycerides in both groups. 
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Fig.25. Comparison of LDL in both groups. 

 

 

 

 

Fig.26. Comparison of HDL in both groups. 
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Oral Glucose Tolerance test of the control and study participants 

  

 

Table 4 

 

 

Oral Glucose Tolerance test 

The Oral Glucose tolerance test of both the control and study groups, there is a marked 

decrease in Fasting blood sugar values before and after the end of the trial in both the 

groups, accounting for good improvement in insulin sensitivity. The values of first 30 

minutes and one hour has also shown steady decrease in both the study group and control 

group.   

 

 

 

 

Variable 

Control 

P value  

STUDY P value  

  Before After Before After 

FBS 
83.52±18.57 83.28±15.48 0.406 79.40±12.36 74.05±11.21 0.034 

After 30 mts 
128.42±29.80 123.33±28.91 0.435 122.25±19.45 115.25±12.56 0.251 

After 1 hour 
130.33±45.68 122.47±36.23 0.402 119.9±32.40 112.25±24.01 0.292 
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DISCUSSION: 

The study was done to evaluate the effect of Full wet sheet pack on anthropometric 

measurement and metabolic parameters on obese person.26 subject were recruited for 

intervention and 28 were selected for control out of which 6 dropped out from 

intervention and 7 dropped from control group. Later, one person rejected from control 

group to maintain 20 in each group. 

It was found that statistically there is significant difference in the reduction of body 

weight in the use of Full wet sheet pack when comparing the two groups. 

There was a significant change in the body weight in the experimental group participants. 

But we are not able to conclude that the therapy can work as standalone therapy for 

obesity, due to the short nature of the study and significantly smaller sample size. The 

reduction in body weight could be due to the increased metabolism as a result of 

reduction in core temperature where in the body is trying to reproduce lost temperature 

by non-shivering thermogenesis mechanism. 

The result described in table 2 was the anthropometric values of the obese volunteers in 

both groups. It was found that the weight of the study group has decreased as compared to 

that of Control Group. The weight has shown significant changas in study group (Fig-3). 

The Body mass index has shown mild significant changes in study group as compared to 

that of Control Group (Fig-4). It is understood that there is a steady fat loss, which resonates 
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that the cold exposure improves the activity of BAT, increase the metabolism, and burn the 

calories.   

In the study it was observed that Waist Circumference (Fig-7) and Hip circumference 

(Fig-8) has steadily decreased for both study group and Control group during the course 

of the study.  

The result described was Table 3 is the abdominal skin fold thickness of the obese 

volunteers in both groups. abdominal Skin fold thickness (Fig-7) has shown steady 

decrease in study group and slightly decreased in Control group.  

The result described in Table-4 was the Lipid profile of the obese volunteer in both 

groups. It is found that there is significant decrease of Total cholesterol, Triglycerides 

and Low-Density Lipoprotein. It could be understood that Fat burning metabolism is 

prominent only after long duration but there is a good increase in High density 

lipoprotein (Fig-19), in study group. It shows that the BAT activation is required to 

increase the accounts of HDL.  

Since there is activation of BAT, it enhances metabolic rate and cellular respiration is in 

its optimum condition, which signifies the mitochondrial function and fat burning 

metabolism.  

Table 7, Table -6 denotes the Oral Glucose tolerance test of Both the control and HIIS 

groups. There is a marked decrease in Fasting blood sugar values before and after the end 

of the trial in study groups compared to control group, accounting for good improvement 
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in insulin resistance. The values of first 30 minutes and one hour has also shown steady 

decrease in both the study group and control group. (Fig-21). 

Fat burning metabolism and Insulin resistance are co-dependent mechanisms and the 

OGTT values shows decrease in both the groups ensuring the improvement of insulin 

sensitivity during the intervention. 

Limitations of the study: 

• The present study has a relatively smaller sample size. 

• The follow up of the patients is of shorter time, if the time duration would have      

been greater a clear benefit could have been reported. 

• Period of the intervention was for a limited period of tim
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Conclusion: 

The study was started with the aim of understanding the effect of Full wet sheet pack on 

anthropometric measurements and metabolic parameter on obese person. According to 

previous studies cold exposure would be an effective way to achieve weight loss and 

improve metabolic status by increase activation of BAT and reduce insulin resistance. 

  At the end of the study it can be said that the full wet sheet pack is significantly reduce 

the body weight. Developing optimal use of full wet sheet pack on obesity treatment 

along with exercise, and food restriction is requiring a large sample and longer duration 

of study. 
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ANNEXURE- I 

INFORMATION SHEET 

We are conducting a study “Effect of Full wet sheet pack on anthropometric 

measurement among obesity” in Government Yoga & Naturopathy Medical College, 

Chennai- 106.  

The purpose of this study is to evaluate the effectiveness of Full wet sheet pack on 

anthropometric measurement among obesity.  

We need your participation in this study. Here we are assessing the Height, Weight, BMI, 

Waist Circumference Waist & Hip Ratio, abdominal skin fold thickness, and collect the 

blood sample for OGTT, Lipid profile before and after the treatment.  

The privacy of the patients in the research will be maintained throughout the study. In the 

event of any publication or presentation resulting from the research, no personally 

identifiable information will be shared. Taking part in this study is voluntary. You are 

free to decide whether to participate in this study or to withdraw at any time; your 

decision will not result in any loss of Benefit to which you are otherwise entitled. The 

results of the special study may be intimated to you at the end of the study period or 

during the study if anything is found abnormal which may aid in the management or 

treatment.  

Signature of investigator                                                            Signature of participant  

Date: 

 



83 
 

ANNEXURE- II 

INFORMED CONSENT FORM 

Government Yoga and Naturopathy Medical College, Arumbakkam, Chennai-106 

Title of the study: Effect of full wet sheet pack on anthropometric measurement and 

metabolic parameters in obese persons 

Principal Investigator: Dr.K.Thangaraj 

Participant’s Name: 

I have been invited to participate in the research study titled “Effect of full wet sheet pack on 

anthropometric measurement and metabolic parameters in obese persons”. I understand that 

it will involve the practice of cold wet sheet pack, which may be useful for my well-being. 

I have been informed that pre and post assessments of anthropometric parameters, glucose 

tolerance test and lipid profile will be taken using standardized techniques. 

I am aware that there may be no benefit to me personally and that I will not be compensated 

whatsoever. 

I had given the opportunity to ask questions about the study and the questions what I asked have 

been answered to my satisfaction. 

I understand that I have the right to withdraw from the research at any time without affecting my 

medical care or legal rights. 

Hereby, I confirm that I have understood the above study. I myself consciously give consent to 

participant in this study. 

Date:                                                                     Patient’s Signature: 

I have accurately read or witnessed the accurate reading of the consent form to the potential 

participant, and the individual has given opportunity to ask questions. I confirm that the individual 

has given consent consciously. 

 

Date:  PI’s Signature: 
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ANNEXURE- III 

                                                            SCREENING FORM 
 

Govt. Yoga and Naturopathy Medical College & Hospital, Arumbakkam, Chennai-600106 

Title of the study: Effect of full wet sheet pack on anthropometric measurement and       

metabolic parameters in obese persons 

 

1. Demographic Details: 

 Screening ID No.:                                Date: 

  Name of the participant:                                 Contact No:                                        

  Gender:   Age (years):   Address: 

2.  Eligibility criteria: 

Inclusion Criteria Yes No 

1. Is the patient age between 18yrs – 45yrs.   

2. Is the patient’s BMI range from 30 – 40 
If yes, mention   

  

3. Regular physical exercise   

Exclusion criteria   

1. Does the patient currently participating in any other 

clinical    trial in the same hospital or other site? 

  

2. Does the patient have any of the following conditions or 

other conditions that would prevent the participant 

completing the trial follow up duration. 

• Hormonal Imbalance, any Organic lesions and Metabolic 

syndromes like Hypothyroidism, Hypogonadism, 

Hypercortisolism, etc. 

• Nervous system or respiratory ailments, hypertension & 

diabetes mellitus. 

• Cardiovascular disease, renal complications, liver 

disorders and locomotors disabilities 

  

            

Note: Based on the eligibility criteria the subject is: Eligible/Not eligible to participate in     the 

study 

       3. Random Allocation (For eligible subjects of the RCT only):  

• Subject is allocated to Study group/ Control group using a simple random method 

 

Principal investigator’s signature     Date 
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ANNEXURE- IV 

CLINICAL REPORT FORM 

 

Govt. Yoga and Naturopathy Medical College & Hospital, Arumbakkam, Chennai-600106 

 

Title of the study: Effect of full wet sheet pack on anthropometric measurement and 

metabolic parameters in obese persons 

 

Subject Code:       OP/IP No:    Date: 

 

Name:                                                                                    Mobile: 

 

Age (Years):                     Gender:                                      Marital status:  

 

Education:                                                                            Occupation: 

 

Address (PIN):                Residing at: Urban/Rural  

    

Chief Complaints: 

 

 

 

 

History of Present Complaints: 

 

 

 

 

 

Past History: 

 

 

 

Medical/Surgical History: 

 

 

 

 

 

Obstetrics /Gynecology History: 
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Family History: 

 

 

Personal History: 

 

 

 

 

 

Anthropometric measurements: 

 

Height (m):   Weight (kg):   Body mass index (kg/m2):  

 

 

Vital Data: 

 

Systolic blood pressure (mmHg):  Diastolic blood pressure (mmHg):  

 

Pulse rate (beats/minute):  

 

Physical examination: 

 

 

 

 

 

Systemic Examination: 

 

 

 

 

 

 

Provisional Diagnosis: 

 

 

 

Investigations: 

 

 

 

 

 

 

Final Diagnosis: 
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ANNEXURE- V 

PROFORMA 

Govt. Yoga and Naturopathy Medical College & Hospital, Arumbakkam, Chennai-600106 

Title of the study: Effect of full wet sheet pack on anthropometric measurement and 

metabolic parameters in obese persons 

Demographic Details: 

Subject Code:    Name:  

Gender:     Age (years):  Marital status:  

Education:                                                                              Occupation: 

Address (PIN):      Residing at: Urban/Rural   

Height (meter):   Weight (kg):  BMI (kg/m2): 

Outcome measures: 

 
PARAMETER 

 

Baseline Assessment 

 

Post-test Assessment 
 
Height (cms) 

 
 

 

 
Weight (kgs) 

  

 
BMI 

  

 
Waist circumference (cms) 

  

 
Hip circumference(cms) 

  

 
Waist/Hip ratio 

  

 
Abdominal skin fold thickness (cms) 

  

 
 
OGTT 

Fasting   

                   30 min     

1 Hour   

 Total Cholesterol   
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Lipid 

profile 

Triglycerides   

HDL   

LDL   

 

NOTES:  

BMI – BODY MASS INDEX 

OGTT- ORAL GLUCOSE TOLERANCE TEST 

HDL – HIGH DENSITY LIPOPROTIEN 

LDL – LOW DENSITY LIPOPROTIEN 
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