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ABSTRACT 
Obesity is the most common and one of the oldest documented metabolic disturbances in 
recorded history. The fundamental cause of obesity and overweight is an energy imbalance 
between calories consumed on one hand, and calories expended on the other hand. The 
etiology of obesity is multi factorial and it is mainly caused by a chronic imbalance between 
energy intake and actual energy needs of the body. This is further aggravated by increase in 
sedentary lifestyle (low physical activity), increase time on television viewing, changes in 
dietary patterns and eating habits, higher consumption of energy-dense, nutrient-poor diet, 
use of motorized  transportation, availability of processed and fast foods etc. In the present 
review article, the trends in prevalence of Obesity  and  methods of assessment of 
Overweight and Obesity along  with health consequences like Cardiovascular Disease, 
Diabetes Mellitus, Psycho-Social Disorders, Eating Disorders, Respiratory Diseases, 
Endocrinal Disorders, Insulin Resistance, Gall Bladder Disease, Osteoarthritis, Early life origin 
of adult diseases have been discussed. The strategies which need to be adopted in India for 
Prevention and Control of Obesity have been mentioned. 
 
Key Words: Obesity, Overweight, Sedentary lifestyle, Energy imbalance  

INTRODUCTION 
Obesity is the most common and one of the oldest documented metabolic disturbances in 
recorded history. A limestone statuette dating from the Stone Age has been unearthed 
which appears to be the most ancient example of obesity. Evidence for obesity is found in 
Egyptian mummies and Greek sculptures.  
The obesity has been defined as a condition of abnormal or excessive fat accumulation in 
adipose tissue that may impair health. (1) The fundamental cause of obesity and overweight 
is an energy imbalance between calories consumed on one hand, and calories expended on 
the other hand. Increase in overweight and obesity are attributable to a number of factors   
like (i) a shift in diet towards increased intake of energy-dense foods that are high in fat and 
sugars and (ii) a trend towards decreased physical activity (PA) due to the increasingly 
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sedentary nature of many forms of work, changing modes of transportation, and increasing 
urbanization 
Overweight (also referred as over-nutrition) and Obesity are emerging as significant 
problems, particularly in the urban middle and high socio-economic groups. It is increasing at 
an alarming rate throughout the world and has become a global disease. The World Health 
Organization (WHO) has declared overweight as one of the top ten health risks in the world 
and one of the top five in developed nations.(2) 
Obesity has gradually become an increasingly important medical problem in children and 
adolescents. Many of the disorders associated with obesity that was previously thought of 
as diseases of adults are now affecting children as well. About 30% of obese children 
become obese adults. Evidence from India suggests an increase in the prevalence of 
overweight and obesity amongst children and adolescents in all age groups during the past 
decade. (2) 
Determinants of Obesity  
The etiology of obesity is multi factorial and it is mainly caused by a chronic imbalance 
between energy intake and actual energy needs of the body. This is further aggravated by 
increase in sedentary lifestyle (low physical activity), increased time on Television viewing, 
changes in dietary patterns and eating habits, higher consumption of energy-dense, 
nutrient-poor diet, use of motorized transportation, availability of processed and fast foods 
etc.  Obesity is encouraged by “obesogenic environment” - conditions that promote 
overeating and Physical Inactivity (PIA).  
Socio-Demographic Correlates of Obesity 
In India, the prevalence of overweight and obesity have emerged mainly in the middle and 
high socio-economic groups. In developed countries, levels of obesity are comparatively 
higher in the lower socio-economic groups but in developing countries, this relationship is 
reversed. Family income is a major factor influencing food habits and nutrition. With a 
significant increase in income, higher fat intake and lower physical activity level occurs.  
Food habits and Dietary Correlates of Obesity 
Food habits are the way in which individuals respond to social and cultural pressures, 
choose, consume, and make use of available foods. As populations become more 
westernized, dietary composition changes to include more saturated fat and less fiber.  
Evidence suggests that consumption of fast foods, aerated soft drinks and energy dense 
foods, helps children to improve their “social image” in peer group. An association exists 
between frequent soft drink consumption and excess energy intake in children. Increasing 
portion sizes especially of processed food items like bakery, beverages, fast food etc. have 
contributed to increased caloric intake and more childhood obesity. In middle and high 
income group families, moreover, with an interest to reduce meal preparation time, there is 
an increase in the consumption of pre-packaged convenience foods which are high in 
calories and fat.  
Physical Activity (PA) 
Physical activity is defined as any bodily movement produced by skeletal muscles that 
requires energy expenditure. PA is a key determinant of energy expenditure, and thus is 
fundamental to energy balance and weight control. The energy balance equation suggests 
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that the obesity results from an imbalance between energy intake and expenditure. The 
components of energy expenditure are the basal metabolic rate or BMR (about 60%), 
thermo- genesis (about 10%) and physical activity (about 30%). (3) The BMR varies by a small 
amount amongst individual. Similarly, adaptations in thermo-genesis are also small. 
However, large variations occur in physical activity (PA) as it forms a major and modifiable 
component of energy expenditure. The low and decreasing levels of PA are primarily 
responsible for the obesity. Obese children are five times more likely to avoid participating 
in sports and other school activities and have lower social functioning. (4) An inverse 
relationship exists between the BMI and the physical activity, both amongst adults and in 
children. 
As urbanization increases, children have less open spaces for physical activity and playing. 
Improvement in motorized transport and availability of house hold gadgets like washing 
machines, vacuum cleaners, dish washers etc. all result in reduction in the PA level. Unsafe 
roads (traffic, crime), discourages children from walking or cycling to school. Erosion of open 
spaces for exercise and lack of parental time to supervise playing activities of children, have 
also contributed changes in the life style of children and reduction in the physical activity 
level.  
Genetics Correlates of Obesity 
The risk of obesity is two to three times greater for children with a family history of obesity 
and increases further with severe obesity in parents. Evidence suggests that there is a 
genetic component that may be involved in a predisposition to obesity but that obesity per 
se will only manifest when the appropriate environmental conditions that promote positive 
energy balance occur, is not correct. Evidence suggests that it is possible that some 
populations may be genetically more predisposed to obesity than others. However, the 
expression of obesity varies with social, environment, cultural, economic and physiological 
influences. The genetic factors modulate environmental risks of obesity.  Obesity tends to 
run in families and obese parents tend to have obese children because the etiological 
factors such as eating high fat diet or frequent consumption continue to operate in the 
families.  In these families, the eating pattern   is such that meals are prepared which are 
rich in fats and consumption of sweets, desserts are frequent and regular feature. 
Birth Weight 
It has been suggested that adult obesity has an association with birth weight. In newborns 
with intrauterine growth retardation (IUGR), a fetal programming is caused due to a limited 
nutrient supply during pregnancy, which makes these children to alter their physiology of 
handling nutrients later in life. Birth cohort studies have revealed that the malnutrition in 
utero or in early life, affects the development of endocrine system, which results in 
hormonal alteration and a predisposition to metabolic disorders and obesity. 
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 Box I: Prevalence of Obesity in India  
India is a vast and varied country. There are large differences in per capita income, 
purchasing power, availability of food items, dietary habits, lifestyle and nutritional 
status between and within the states, among urban, rural and tribal populations. There 
is a paucity of nationally representative data on the prevalence of obesity. However, 
isolated research studies conducted by individual scientists in different parts of the 
country are available which provide data on prevalence of obesity amongst children. The 
available data from published studies in different regions of India suggests that the 
prevalence of obesity is in the range of 5- 10 percent.(2) The large differences in prevalence 
rates could be due to differences in methodologies and the definitions used for identifying 
obesity. The prevalence data on obesity in different regions of the country is depicted in 
Table I. It is observed that using International Obesity Task Force (IOTF) classification, the 
prevalence of obesity is in the range of 5 - 7 percent   and overweight in 16 – 24 percent. (5-
22)  
 
ASSESSMENT OF OVERWEIGHT AND OBESITY: 
Obese individuals differ not only according to the degree of excess fat they store, but also its 
distribution in the body. Hence, classification of overweight and obesity is useful in making 
comparisons of weight status both within and between populations. Methods to assess 
obesity have evolved significantly over the past two decades with the development of 
complex and highly accurate methodologies. The common techniques currently being 
utilized for body composition assessment can be divided into: 

1. Epidemiological methods 
2. Clinical methods 
3. Research Methods 

1. Epidemiological methods: 
These are those techniques that can be applied easily and uniformly to large population.  In 
epidemiological methods, anthropometry is used in which body weight, height, skin fold and 
circumference measures are used to calculate percent body fat. 
 
Table I: Prevalence of Overweight and Obesity in India  

District State & 
Reference  

Year of 
study 

Age group 
and n 

Prevalence of overweight 
and obesity 

Criteria used for 
diagnosis  

 Northern India 
(a) Delhi(5) 2007 16,595 Overweight : Overall:  

8.7%  
                       LIG:        2.7% 
                       MIG:       6.5% 

IOTF classification 
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                       HIG:      15.3% 
Obesity :       Overall:   2.9%   
                       LIG:        0.1% 
                       MIG:       0.6% 
                       HIG:        7.1% 

(b) Delhi(6) 
 

   

2007 2,552 
Private 
schools 
941 
Government  
schools  
14-17 years 

Overweight and obesity:  
29.0 % 
11.3% 

IOTF classification 

(c) Delhi(7) 

   
2006 4,000 

4-17 years 
Overweight: 22% 
Obesity : 6% 

IOTF classification 

(d) Delhi(8) 2007 414 (Girls) 
12-18 years 

Overweight: 15.2% 
Obesity: 5.3% 

IOTF classification 

(e) Amritsar, 
Punjab 

(Sidhu et al 2005)(9) 

   

2005 1000 
 
5-17 years 

Overweight:  12.24% 
(Boys) 
                    : 14.31% (Girls) 
Obesity      :   5.92% (Boys) 
                   :   6.27% (Girls) 

IOTF classification 

(f)Delhi(10) 

  
2005 21,485 

(Private 
schools) 
5-18 years 

Overweight: 16.75% (Boys) 
                    : 19.01% (Girls) 
Obesity      : 5.59% (Boys) 
                   : 5.03% (Girls) 

IOTF classification 

(g) Ludhiana,  
Punjab 

(Mohan et al 2004)(11) 

  

2003 2,467 
 
11-17 years 

Urban: 
Overweight: 11.63% 
Obese         : 2.35% 
Rural: 
Overweight: 4.7% 
Obese         : 3.63% 

IOTF classification 

(h) Delhi(12) 

   
2001 3,861 

 
10-16 years 

Overweight: 23.1% (Boys) 
                    : 27.1% (Girls) 
Obesity      : 8.3% (Boys) 

Overweight: BMI=25.0-
29.9 Kg/m2 

Obesity       : BMI≤ 30.0 
Kg/m2 
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                   : 5.5% (Girls) 
(i) Delhi 
(Chatterjee 2002)(13) 

  

2000 5,000 
 
4-18 years 

29.0% (Overweight and 
obesity) 

Overweight: BMI=25.0-
29.9 Kg/m2 

Obesity       : BMI≤ 30.0 
Kg/m2 

(j) Punjab 

(Chhatwal et al 
2004)(14) 

1999 2008 
 
9-15 years 

Overweight : 15.7% (Boys) 
                     : 12.9% (Girls)   

IOTF classification 

Central India 
(k) Wardha, 
 Maharashtra 

(Bharati et al 2008)(15) 

  

2007 2555 
children 
10-17 years 

Overweight: 3.1% 
 
Obesity : 1.2% 

Overweight: BMI for 
age >/=85th and < 95th 
percentile of reference 
population  
Obesity : BMI for age 
>/=95th percentile of 
reference population  

Western India 
(l) Bhavnagar, 
  
(Shah et al 2008)(16) 

 
  

2007 54 
 
7th standard 

Overweight: 4.16% (Boys) 
                    : 13.33% (Girls) 
Obesity      : 8.32% (Boys) 
                   : 3.33% (Girls) 

Overweight: BMI for 
age >/=85th and < 95th 
percentile of reference 
population  
Obesity : BMI for age 
>/=95th percentile of 
reference population  
(Cut points utilized 
from KN Agarwal 
study)  

Eastern India     
(m) Lake Town, 

Kolkata 
(Bose et al 2007)(17) 

2006 431 
6-9 years 

Overweight: 17.63% 
Obesity : 5.10% 

IOTF classification 

Southern India 
(n) Ernakulam, 

Kerala 
(Raj et al 2007)(18) 

  

2003-04 
 
2005-06 

24,842 
 
20,263 

Overweight: 4.94% 
 
Overweight: 6.57% 

IOTF classification 

(o) Chennai 
(Ramachandran et al 

2000 4,700 
 

Overweight: 17.8% (Boys) 
                    : 15.8% (Girls) 

Overweight: BMI=25.0-
29.9 Kg/m2 
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2002)(19) 13-18 years Obesity      : 3.6% (Boys) 
                   : 2.9% (Girls) 

Obesity       : BMI≤ 30.0 
Kg/m2 

(p) Chennai 
(Subramanyam et al 
2003)(20) 

 
  

1981 
 
1998 

707 
 
610 
10-15 years 

Overweight : 9.62% 
Obesity        : 5.94% 
Overweight : 9.67% 
Obesity        : 6.23% 
 

IOTF classification 

Western India 
(q) Pune, Maharshtra 
(Rao et al 2007)(21) 

  

2006 2,223 
 
9-16 years 

Overweight: 27.5% (Boys) 
                    : 20.9% (Girls) 
 

IOTF classification 

(r) Pune, 
Maharashtra 

(Khadilkar et al 
2004)(22) 

2003 1,228 
 
10-15 years 

Overweight : 19.9% (Boys) 
Obesity        : 5.7% (Girls) 

BMI :Overweight: 
=25.0-29.9 Kg/m2 

 Obesity: 
BMI≤ 30.0 Kg/m2 

 
Body Weight: it is the most common measure of the body fat. It is estimated that 
individuals who are overweight generally have higher percent body fat. Comparing actual 
body weight to the ideal weight for height and sex is used for the determination of the 
degree of overweight. Percentage Ideal Body Weight (IBW) is calculated by: 
 

% IBW      =      BODY WEIGHT     X 100 
                            IDEAL Body Weight 
Obesity is categorized as greater than 120% of IBW. Although weight is highly correlated 
with both body fat and percent body fat, the addition of height to form a weight-to-stature 
ratio improves the validity of the measure. Different ratios used are: 
� Weight -Stature2 Curve (W/S2): The curve obtained by plotting the child’s age in 

years against BMI. The W/S2 curve predicts a child’s risk for adult obesity. On W/S2 

curve, there is peak at about 6 years of age. An early peak is associated with a high 
W/S2 and high risk of adult obesity. 
� Ponderal Index(2):  Height in (cm) / cube root of body weight(kg) 
� Quetelet in 1869 was the first person to observe that weight was roughly 

proportional to height squared. This ratio was termed as the Quetelet Index (Weight 
in Kg/ Height in Meters2) and later renamed as ‘Body Mass Index (BMI)’. It is most 
commonly used to classify overweight and obesity. Based on the BMI, the 
overweight and obesity have been classified into various categories (Table II).  
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Table II: Classification of Overweight in Adults as per BMI(2) 
Classification BMI (kg/m2) 

Underweight  <18.5 
Normal range 18.5-24.9 
Pre-obese 
(Overweight) 

25.0-29.9 

Obese class I 30.0-34.9 
Obese class II 35.0-39.9 
Obese class III ≥40.0 

 
The BMI provides a reliable estimate of body fat in a great majority of individuals and 
has been recommended by the WHO. In view of the relative ease and accuracy of 
the basic measurements required for assessment, the BMI is widely used as an 
indicator of the risk of overweight as well as for classification of overweight. 
The classification of BMI in children and adolescent is complex as they are in 
“transition stage” where height and body composition keeps on changing and these 
changes often occur at different rates and times in different populations. 
International Obesity Task Force (IOTF) obtained data on BMI of children in 6-18 
years of age from six countries- (Hong Kong, the Netherlands, Singapore, Brazil, 
Great Britain and the United States). In each country, the representative data was 
collected by a cross-sectional survey from more than 10,000 subjects. Pooled BMI 
value for each age and sex was obtained from the data collected. The IOTF 
classification recommends that the overweight should be defined as children with 
BMI value between 85th to 95th percentile and obesity as BMI value above 95th 
percentile for specific age and sex. (23) 

There are a few limitations regarding the use of BMI. BMI does not distinguish 
between weight associated with either muscle or fat. Heavily muscled athletes will 
have a high BMI but a relatively low fat content and conversely with increasing age, 
the lean tissue of the body decreases, so elderly subjects may have a normal BMI but 
excessive amount of fat. Also BMI does not assess the fat distribution in the Body. (5)  
� Broca Index: Weight in Kg = Height in (cm) minus 100 
� Circumference Measure: These measurements can be done at numerous locations. 

These measurements can provide information about subcutaneous fat. Assessment 
of skin fold thickness over various areas of the body together with height, weight 
and age can be used to measure the extent of adiposity. Site used for measurement 
include biceps, triceps, sub-scapular, supra-iliac, calf etc. 
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� Waist Hip Ratio (WHR): measure is calculated by using the ratio of the smallest 
(waist) and the largest (hip) truncal diameters. It is a good indicator of fat 
distribution and is positively correlated to an increased risk of diabetes, hypertension 
and Coronary Artery Disease. Normal WHR is less than 0.80 for women and less than 
0.95 for men. 
This method has the following advantages: 
• Easy to use as it requires simple instrument like measuring tape. 
• Suitable for large epidemiological studies and is considered to be a better 

predictor of stroke risk than BMI. 
 

2. Clinical assessment Methods: 
These methods include those tools which are available in medical settings, either in the 
outpatient clinic or at a hospital or medical center. The trained personnel usually perform 
these methods in a medical or professional setting. Methods under this tool are elucidated 
below: 
� Skin Fold Thickness: Since a large proportion of total body fat is located under the 

skin, skin fold thickness (SKFT) provides more direct measures of the body fat. 
Assessment of skin fold thickness over various areas of the body together with 
height, weight and age can be used to measure the extent of adiposity. For 
measuring skin fold thickness, calipers like Harpenden skin calipers are applied to the 
folds of skin at various sites. Seven sites are chosen to estimate subcutaneous body 
fats which are: Biceps, triceps, sub-scapular, abdomen, supra-iliac, calf, and thigh. 
The sum of these sites SKFT is correlated and percent of body fat is estimated. The 
method is rapid and non invasive and helps in distinguishing obesity and overweight. 
The method can be used to estimate body fat in large population studies with an 
error of +3% and can be adapted easily to the clinical setting. 
� Triceps Skin Fold Thickness (TSFT): Only TSFT has been used for the assessment of 

obesity. It measures the sub-cutaneous fat present in the body.  The National Health 
and Nutrition Examination Survey (NHANES-I) obtained data on TSFT from 20,839 
subjects in 6-74 years of age groups. Based on the data collected, it recommended 
that the overweight should be defined as triceps skin fold thickness value between 
85th to 95th percentile and obesity as triceps skin fold thickness value above 95th 
percentile for age and sex.(24) 
� Bioelectrical Impedance (BIA): This technique is used widely for assessing body 

composition. It consists of an easy portable unit and can be performed easily by non-
medical personnel. The method of performing is based on the introduction of a small 
alternating current into toes and fingers via source electrodes. This technique is 
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based on the principle that cells have electrical characteristics that form capacitors. 
Fat is anhydrous and under stable conditions, all body water and fluids are bound to 
the fat-free body mass (FFM) component. Therefore, BIA estimates FFM and body 
fat is calculated as the difference between body weight and FFM. 
This method has the following disadvantages: 
• Expensive set up is required for the estimation. 
• Error in measurement can occur due to consumption of food or fluid less than 

eight hours before measurements are taken.  
• Any diseases, which are associated with fluid alterations, can cause erroneous 

results and data on measurements like height or weight is not accurate. 
On the other hand, it is a simple method using portable equipment which can be 
used by non medicals.  
� Dual Energy X-Ray Absorptiometry (DXA): This method is a newer method for body 

composition assessment. Originally, it was developed as a tool for assessing bone 
mineral density but now it is also a valid tool for body composition assessment. DNA 
X-ray source provides photon spectrum. Exponential attenuation of the photon 
occurs as they pass across the subject. Detectors help to detect diminished photon 
intensity as they pass the subjects. This data is helpful in estimating Fat Free Body 
Mass, bone mineral density and components of fat. The advantages of this method - 
high accuracy and reproducibility in assessing body composition. Results are highly 
reproducible with coefficient of variation 1% for total body mineral; 0.8% for fat and 
2% for fat free soft tissue estimation. However, the method is very expensive and 
equipment is very sophisticated. Trained personnel are required for conducting the 
assessment. 
� Air displacement Plenthymography: This method works on principle similar to 

hydrostatic weighing except in this body volume is determined by air. Subject is first 
weighed in the air and then step into a small chamber, dressed in a swimsuit. 
Thoracic gas volume displaced is measured and body volume is calculated. Percent 
body fat is calculated with the help of a standard formula. This technique is fully 
automated and is time saving - requires only three to five minutes to perform. 

3. Research Assessment Methods: 
These methods of assessment are generally available in research centers. The main 
drawback of these methods is that they are complicated to administer and require 
specialized equipment.  
� Hydrostatic or Under Water Weighing: This is considered to be the ‘Gold standard’ 

for assessing body composition. It is based on Archimedes principle that a solid is 
heavier than a fluid, and if a solid is placed in the fluid it will sink to the bottom. Also, 
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when the solid is weighed in the fluid it will be lighter than its original weight. It is 
known that density of fat is 0.9 which is less than water and density of bone and 
muscle is greater than water. Therefore, a person with a greater proportion of 
muscle will weigh more in water and will have a greater body density compared with 
an obese person. Equation utilized in this technique is given below: 

Db = Wa / ((Wa - Ww) / Dw) u (RV + 100 ml) (29) 
Db = body density 
Wa = body weight out of water 
Ww = body weight in the water 
Dw = density of water 
RV = residual volume 
100 ml is the estimated air volume in the gastrointestinal tract 
While conducting the experiment the subject must maximally exhale the air and 
head must be submerged completely under water. The subject should be perfectly 
still while weight is computed. The method is highly accurate.  Disadvantages of this 
method are as follows - is difficult to perform, specialized equipments are required 
which can only be possible in laboratory conditions and the test is difficult to 
perform on very obese subjects, elderly subjects and very young children. 
CT SCANNING AND MRI SCANNING: These tools are only assessable in hospital 
settings and medical centers. Due to their high cost investment, they are not 
commonly used and their application is limited to research settings. This method 
provides a three dimensional representation of body fat distribution and is also 
helpful in estimating visceral or intra abdominal adipose tissue. The overall test of 
estimate is high. 
Disadvantage of this Method: 
Serial CT scans or MRI scans are costly 
Overall cost of the estimation is high. 
� Total Body Water: This technique is used to estimate fat free body mass, using total 

body potassium and doubly labeled water. The subject drinks a known quantity of an 
isotope, usually deuterium. This isotope is used, as it is not utilized in the body and 
mix freely with the body fluids. This will help to find out the total body water. Then 
total body potassium is calculated in fat free body mass using gamma counter. Body 
composition is then estimated with the help of standardized equation. The 
advantage of this method is that the procedure can be performed in the large range 
of populations, including children. 
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HEALTH CONSEQUENCES OF OBESITY: 
Obesity is a risk factor for a number of diseases cardiovascular diseases like  hypertension, 
hyper-cholesterolemia, type 2 diabetes (t2DM), gall bladder diseases, asthma, dyslipidemia, 
insulin resistance, psychological disorders certain type of cancers and orthopedic disorders. 
Early onset of obesity leads to an increased prevalence of obesity related disorders in adults.  
Childhood obesity is associated with a higher chance of premature death and disability in 
adulthood.  
Obesity is not an immediate lethal disease per se, but is a significant risk factor associated 
with the range of non-communicable diseases and disorders. The obesity increases the risk 
of multiple acute and chronic medical disorders as well as psychological disorders, all of 
which persist into adulthood and adversely affect the quality of life.  

1. Cardiovascular Disease  
Obesity predisposes an individual to cardiovascular disease which encompasses coronary 
heart disease (CAD), stroke and peripheral vascular disease. Evidence suggests that the 
childhood obesity increase risk for cardiovascular disease in adults. The possible biological 
mechanism for effects of obesity is through lipoprotein concentrations and increased 
production rate of VLDL apolipoprotein (apo)-B and VLDL triglycerides. Both systolic and 
diastolic blood pressure increases with increase in BMI in subjects.  

2. Diabetes Mellitus  
Diabetes mellitus is associated with serious microvascular and macrovascular complications, 
leading to chronic disability from blindness, renal disease, amputations, stroke and 
ischaemic health disease and premature death. Type 2 Diabetes Mellitus (t2DM) typically is 
considered a disease of adults, known as adult diabetes but in recent years, the t2DM is 
being seen frequently among children and adolescents. The high BMI is positively correlated 
with fasting blood sugar levels. The prevalence of type 2 diabetes mellitus is increasing 
worldwide in all regions where prevalence of childhood obesity is high.  
1. Psycho-Social Disorders  
Overweight and obese children are stigmatized and discriminated in various field of daily 
life, including education, employment and health care. The obesity has been described as a 
major social prejudice, and there is a significant social tendency toward stigmatizing 
overweight children as lazy and slow. Obesity predisposes individuals to the psychological or 
psychiatric disorders. Obesity leads to low self-esteem, leading to depression and suicidal 
tendency and to engage in substance abuse. Children associate the shape of an overweight 
body with poor social functioning, impaired academic success and reduced fitness and 
health. The obese subjects with history of weight cycling(6) have significantly more 
psychological problems and lower levels of satisfaction with life than those who have stable 
body weight. 
2. Eating Disorders: 
� Binge Eating Disorder: This psychological disorder is prevalent especially in children. 

The frequency of occurrence of this disorder may be as high as 30% among obese 
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individuals. The disorder is characterized mainly by uncontrolled binge-eating 
episodes, usually in the early evening or at night.  
� Night-Eating Syndrome: This psychological disorder is characterized by the 

consumption of at least 25% - 50% of total energy intake of the day, after the 
evening meals. This syndrome is more common in severely obese children and is 
related to sleep disturbance. The possible reason is alteration in the circadian 
rhythm, affecting both food intake and mood of an individual.  

3. Respiratory Diseases 
Obese children carry a risk of (i) restrictive airway disease caused by the difficulty in 
respiration from the mass of adipose tissue (ii) obstructive airway disease caused by fatty 
deposition along the airway, added to the tonsillar and adenoidal hypertrophy. Obstructive 
sleep is a potential cause of severe morbidity and mortality in obese subjects. Symptoms 
may vary from snoring to enuresis, irritability, hyperactivity, poor school performance and 
neuro-cognitive deficits. Evidence suggests that obese children in the age group of 9 to 15 
years have a strong negative correlation between BMI, skin fold thickness and forced vital 
capacity. The association of   obesity and asthma has been documented.  
4. Endocrinal Disorders  
Recent evidence suggests that adipocytes also function as endocrine cells, producing many 
locally and distantly acting hormones. Altered hormonal patterns have been observed in 
obese individuals, especially with intra-abdominal fat accumulation. Common hormonal 
abnormalities associated with intra abdominal fat accumulation are as follows: 
• Increased insulin resistance and insulin secretion. 
• Increased free testosterone and free andostenedione levels associated with 

decreased sex hormone binding globulin (SHBG) in women. 
• Increased cortisol production 
• Decreased progesterone levels in women. 
• Decreased growth hormone levels. 

Leptin is a peptide secreted by adipocytes which acts upon receptors in hypothalamus, a 
center for satiety/appetite regulation. Increased leptin secretion is associated with 
decreased appetite.  
5. Insulin Resistance:  
The term insulin resistance implies an impaired cellular responsiveness to insulin. Insulin 
resistance is precursor for two major diseases: type 2 diabetes mellitus and coronary heart 
disease. Obesity in childhood has been shown to increase the risk of insulin resistance. A 
strong association between insulin resistance and cardio-metabolic risk factors amongst 
obese subjects has been documented. Insulin resistance, dyslipdemia and hypertension, are 
significantly more common in obese children than in overweight. 
6. Cancer: 
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Increase in body weight is associated with increased risk for hormone dependent and 
gastrointestinal cancers.  Greater risks of endometrium, ovarian, cervical and 
postmenopausal breast cancer have been documented amongst obese women. There is 
evidence for an increased risk of prostate cancer among obese men. The incidence of 
gastrointestinal cancers, such as colorectal and gallbladder cancer has also been positively 
associated with body weight. The renal cell cancer in women has consistently shown to be 
associated with overweight and obesity.  
7. Sub-clinical Inflammation:  
Obesity contributes to the development of vascular inflammation which raises markers of 
inflammation. High levels of C-reactive protein (CRP) levels indicate future risk for 
development of type 2 diabetes mellitus and cardio vascular heart disease.  
8. Gall Bladder Disease: 
The risk of gall stones increases with increasing body weight. Gallstone is three or four times 
more often in the obese than in non-obese subjects. As obesity develops, the higher 
cholesterol levels are excreted in the bile which possibly leads to the development of 
gallstones. The risk of gall stone disease is higher when excess fat is located around the 
abdomen. 
 
9. Sleep Apnea: 
Sleep apnea is defined as a cessation of airflow during sleep for at least 10 seconds. Obesity 
is a major correlate of sleep apnea in subjects having a BMI of at least 30 Kg/m2. Obesity 
changes the upper air geometry by increased deposition of peri-luminal fat. Severe obesity 
can lead to the obesity-hypoventilation syndrome, with decreased responsiveness to carbon 
dioxide and hypoxia. This is accompanied by alteration in respiratory muscle function.  
10. Osteoarthritis: 
The extra weight an obese person carries, especially with fat distribution in the abdomen, 
puts increased stress on the weight-bearing joints. The common joints affected are knee 
join, hip joint and joints of the back bone. The individuals with BMI 30 Kg/m2 or more had 
markedly higher risk for osteoarthritis as compared to the normal weight individuals. Obese 
children may suffer from orthopedic disorders, including abnormal bone growth, 
degenerative disease and pain. Elevated risk of back pain has been observed in relation to 
obesity, particularly amongst adults who had childhood obesity. The back pain may lead to a 
reduction in the physical activity level and hence an increase in adiposity. Alternatively, 
obesity may increase the mechanical load on the spine, thereby increasing the risk for back 
pain 
11. Reproductive Health: 
Obesity affects the reproductive health of the females. The obesity is related to polycystic 
ovary syndrome, infertility and menstrual disorders. This happen as, body fat is a significant 
source of hormone estrogen. The excess body fat results in elevated levels of estrogen 
which may stimulate thick endometrium, causing heavy and prolonged bleeding. This may 
also interfere with delicate hormonal interplay which results in ovulation. 
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12. Early life origin of adult diseases(25-28)   
Evidence shows that the adult metabolic diseases have their origin in early Childhood. 
Longitudinal data indicate that sustained and accelerated childhood weight and BMI gain 
(crossing into higher categories) is associated with adult morbidity including diabetes, 
hypertension and coronary artery disease.   
STRATEGIES FOR PREVENTION AND CONTROL OF OBESITY 
During the past three decades in some developing countries such as India, there has been a 
significant increase in the mean body weight; this is mostly due to increase in body fat as 
shown by increased fat fold thickness;  especially in  urban areas. Increase in fat deposition 
in the absence of significant increase in energy consumption is being attributed to the 
reduction in physical activity. There is paucity of data on the physical activity pattern 
during the last three decades. However, following changes are documented in India  
over this period – i) reduction in the number of the persons engaged in manual work, ii) 
substantial improvement in mechanical aids in agriculture, industry and allied activities, 
iii) improvement in access to water and fuel near households both in urban and rural areas, iv) 
availability of urban motorized mass transport at affordable cost resulting  in less 
number of people walking or cycling to work place, school or market, v) mechanical aids 
influencing reduction in physical activity during cooking and household chores among 
urban affluent class, vi) use of TV and computers contributing to steep reduction in physical 
activity.(29) 
Three effective approaches recommended for prevention and control of childhood obesity. 
These are: i) family-based, ii) school-based and iii) primary care-based interventions. 
Children often eat what their parents eat and parental eating behavior has a strong 
influence on children. Targeting families is, hence, important and should include not merely 
dietary approaches but also attempt to deal with sedentary behavior practices.(30) In the 
management of an obese child, family-based interventions have not always been successful, 
although a more recent report indicates that use of the parent as the exclusive agent of 
change can be successful.(31) Children spend a fair proportion of time in schools which makes 
school-based interventions important. These include encouraging schools to devote more 
time for physical education, promoting safe walking or cycling to school where possible, 
encouraging a positive attitude to activity and imparting skills to continue to be active in 
leisure sports after leaving school, and promoting an ‘active school concept’ by opening up 
its sports and recreational facilities for use of the community.(30) School-based programmes, 
where regular exercise is integrated into the school curricula, have been shown to be 
effective in improving weight and health status of children in Australia(32) and Singapore.(33) 

Primary care-based interventions when targeted properly can prevent the speed of obesity 
in children from a very young age. Providing mothers with appropriate advice about 
breastfeeding, diet for toddlers in primary care settings can not only prevent obesity in 
children but can also help manage the problem among mothers. Programme strategies that 
enable health professionals to have contacts from an early age at primary care levels have 
been shown to be effective both in the prevention and in the management of childhood 
obesity.(30)  
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Nutrition and health education with emphasis on adequate energy intake and 
consumption of lots of vegetables along with the habit of daily exercise to promote muscle 
and bone health as well as prevent development of adiposity in all age groups, have to be 
communicated regularly through all modes of communication. Families from middle and 
high income groups should be educated to change their life styles so that overweight is 
prevented. 
Although, prevention would be an optimum strategy, it may be difficult to identify children 

at risk of obesity before they become overweight. Even with appropriate preventive 
approaches, it is likely that many children will become overweight and require treatment to 
prevent the long-term squeal of obesity, such as cardiovascular morbidity and mortality 
CONCLUSION: 
The rapid emergence of over-nutrition, especially in urban areas, needs urgent action to 
prevent later health and economic consequences. The over-nutrition is linked to increased 
energy intake and declining energy expenditure (physical activity) needs for daily living. For 
initiating practical interventions, a healthy diet with emphasis on the upper limits of caloric 
and fat intakes should be defined and propagated. However, currently the acceptability of this 
approach is relatively low in light of the potential conflict with the age-old messages to combat 
under-nutrition. A more practical option is to direct efforts towards increasing physical activity 
from early childhood. There is substantial evidence that regular physical activity attenuates 
many of the health risks associated with overweight or obesity including prevention of diabetes 
and coronary artery disease risk factors.  
Recent studies using sophisticated techniques of fat assessment indicate that for a 
comparable BMI, Indians have more body fat and lower muscle volumes than other ethnic 
groups. This has practical implications for screening for fat-associated morbidity. Since 
metabolic diseases tend to occur at lower BMI limits in Indians, use of international 
standards to delineate overweight and obesity may be inappropriate and could result in 
underestimation of health consequences of the rapid positive anthropometric transition.(28) 

Longitudinal data indicate that sustained and accelerated childhood weight and BMI gain 
(crossing into higher categories) is associated with adult morbidity including diabetes, 
hypertension and coronary artery disease.  Evidence suggests that young adult Indians with 
impaired glucose tolerance or diabetes were not overweight or obese in childhood as per 
international (IOTF) definitions. Instead, they were marginally thin till the age of ten years 
and were characterized by their high rate of gain in body mass after the age of two years 
(getting bulkier relative to them). Obviously, preventive strategies focused on cross-
sectional screening for overweight or obese children, particularly on the basis of 
international definitions, may yield poor dividends. Instead individual children will need to 
have serial measurements of BMI for identifying adult disease associated growth 
trajectory.(28)  
The traditional focus on under-nutrition has to be widened to encompass all aspects of 
malnutrition, which includes over-nutrition. Rather than separate issues of deficit and 
excess, we need to create health and nutrition messages that broadly address the concerns 
of unbalanced nutrition in the community- both under and over-nutrition. It is important to 
emphasize the need for primary prevention of diet and lifestyle-determined health 
problems such as obesity in developing countries where resources are scarce and limited. 
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The need for a nutrition-driven policy that encompasses the cooperation of all sectors that 
influence dietary and food practices and lifestyles related to physical activity is essential to 
generate changes in health-related behavior that will address both the problems of dietary 
deficiency and dietary excess. 
Each country has to devise strategies which are culturally and socially relevant to its 
population with the broad aims of reducing dietary excess, decreasing fat proportion of 
energy and increasing levels of energy expenditure by promoting physical activity and 
discouraging sedentariness. The benefits are not only confined to reducing the problem of 
obesity but will also help reduce many other chronic non-communicable diseases and 
improve the health and well-being of the populace. 
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