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Background: Childhood obesity is one of the most serious public health 

challenges of 21st century. The problem is global and is steadily affecting 

many low and middle income countries, particularly in urban settings. The 

prevalence has increased at an alarming rate. Globally, prevalence of obesity 

and overweight has gone high from 8% to 23% in 2022.This study was 

conducted to know the prevalence of obesity among school going adolescent 

children in the city. Objectives: Primary objective - to identify the prevalence 

of obesity in adolescent school going children. Secondary objective – 1. To 

identify the gender wise distribution of obesity 2. To compare the prevalence 

of obesity among private and government school children 3. To compare the 

prevalence of central obesity using different indicators. 

Materials and Methods: This cross sectional study was carried out in 

selected public and private schools of the city from January 2023 to august 

2023. Written consent from school principal and parents were taken before 

enrolling their children in the study. Anthropometric measurements like 

weight, height, waist circumference, hip circumference were taken as per 

standard method. Standard WHO Age and sex appropriate BMI charts (using 

Z score) were used for plotting and analysis of data. Centile charts on waist 

circumference by Khadilkar were used as reference. Waist hip ratio (WHR) 

and waist height ratio (WHtR) were calculated from the above- mentioned 

measurements. A WHR ratio cut off of >0.85 in girls and >0.9 in boys were 

taken as obesity. A WHtR cut off of >0.5 was taken as obesity. 

Results: Total 603 adolescent school going children of 11 to 14 years of age 

were assessed. Among them 228 were girls and 375 were boys. 257 students 

were from private school and 346 students were from government school. 

Overall prevalence of obesity was 3.32% (20) in the study. It was more in boys 

than girls. (Chi-square: 0.536, p value: 0.4642, p value not significant). 

Prevalence of overweight was 9.95% (60) in study population, more in girls 

than boys.( p value not significant ). Prevalence of central obesity as per waist 

circumference was 3.81% (23) in our study. It was more in boys compared to 

girls. (Chi-square 27.015, p value 0.0001, p value significant). Central obesity 

as per waist hip ratio was 16.42% (99). More girls were obese with this criteria 

than boys. (Chi-square 14.083, p value 0.0002, p value significant). Prevalence 

of central obesity as per waist height ratio was 9.29% (56). Boys were more 

obese using this criteria than girls. (Chi-square: 0.799, p value: 0.3714, p value 

not significant). Overall prevalence of obesity was more in private school 

children than government school children (Chi square 1.29, p value not 

significant). Overweight was also more in private school children (p value not 

significant). Prevalence of central obesity as per waist circumference and waist 

height ratio was more in private school going adolescent (p value significant). 
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While central obesity as per waist hip ratio was more in government school 

children (p value significant). 

Conclusion: There was no significant difference in the prevalence of obesity 

(BMI), overweight among boys and girls. Central obesity was high in boys 

using waist circumference. While girls were more centrally obese using waist 

hip ratio. Central obesity was high in government school children using waist 

hip ratio. While students from private school showed high prevalence of 

central obesity using waist circumference and waist height ratio. 

Keywords: Adolescent, obesity, BMI, waist indicators. 
 

 

INTRODUCTION 
 

Obesity and overweight amongst children was 

considered primarily as disease of developed 

countries with high per capita income. However, 

developing countries also show increase prevalence 

because of rapid change in food habits and life style. 

India has a paradox of being considered a fast 

weight gaining nation and is also struggling with 

malnutrition. As per WHO report 2022, over 390 

million children and adolescent were overweight. 

Among them 160 million are living with obesity.[1] 

The prevalence of obesity among 5-19 years age 

group, has been increased significantly from 1.9% in 

1990 to 8.8% in 2024.[2] There are many long-term 

consequence of childhood obesity as its persistence 

into adulthood along with its health risks. Obesity is 

more likely to persist if it starts in adolescence.[3,4] 

Females are more likely to be obese as compared to 

males, owing to inherent hormonal differences. 

Access to high calories cold drinks, packaged non-

nutritive food, more outside eating, increase screen 

time are main risk factors for obesity in adolescents. 

Additional risk factors include low physical activity, 

social and cultural factors as well as lower birth 

order and lower number of siblings.[5,6] There is no 

single element causing this epidemic. But obesity is 

due to complex interactions between biological, 

developmental, behavioural, genetic, and 

environmental factors.[19] The role of epigenetics 

and the gut micro biome, as well as intrauterine and 

intergenerational effects, have recently emerged as 

contributing factors to the obesity epidemic.[5-6] 

Other factors including small for gestational age 

(SGA) status at birth, formula rather than breast 

feeding in infancy, and early introduction of protein 

in infant's dietary intake have been reportedly 

associated with weight gain that can persist later in 

life.[6-8] World health organization (WHO) has 

defined obesity as “ abnormal or excessive fat 

accumulation that may impair health.”[9] It can be 

measured by various anthropometric measurements 

and body fat estimation by dual energy X ray 

absorptiometry. Measurements include BMI, skin 

fold thickness, conicity index, waist indices, neck 

and wrist circumference. BMI is widely used tool to 

measure obesity but it does not consider the fat 

distribution in the body. It is proven that central 

obesity is more hazardous than generalized 

obesity.[10] Prevalence of central obesity is high in 

Indian children as compared to other ethnic 

group.[11] 

As per WHO, waist hip ratio (WHR) has been 

suggested superior to BMI for prediction of 

cardiovascular risk in adolescents and adults.[12] 

Some studies have suggested waist circumference as 

a simplest clinical tool for obesity in children. 

Indian cut offs are lower than other ethnic groups. 

The rising prevalence of childhood obesity poses a 

significant public health challenge by increasing 

the burden of chronic non-communicable 

diseases.[13,14] Obesity increases the risk of 

developing early puberty in children,[15] menstrual 

irregularities in adolescent girls,[13,16] sleep disorders 

such as obstructive sleep apnea (OSA),[13,17] 

cardiovascular risk factors that include Pre diabetes, 

Type 2 Diabetes, High Cholesterol levels, 

Hypertension, NAFLD and Metabolic 

syndrome.[4,13] Additionally, obese children and 

adolescents can suffer from psychological issues 

such as depression, anxiety, poor self-esteem, body 

image and peer relationships, and eating 

disorders.[18,19] Early identification of at risk children 

may help in prevention of obesity and related 

complications. Screening with BMI is time 

consuming in busy OPDs.[20] But use of waist 

circumference or WHR or WHtR can be used easily 

by non-professionals and health workers also.[21-29] 

This study was conducted to know the prevalence of 

obesity in school going adolescent children and to 

compare the efficacy of waist indices with BMI as a 

tool to diagnose obesity in children. 

Aims & Objectives 

Primary Objective: To identify the prevalence of 

obesity in adolescent school going children. 

Secondary Objectives:  

1. To compare the prevalence of obesity among 

girls and boys 

2. To compare the prevalence of obesity among 

private and government school children  

3. To compare the prevalence of central obesity 

using different indicators. 

 

MATERIALS AND METHODS 
 

It was Cross sectional observational study conducted 

from January 2023 to August 2023. It was 

conducted in selected private and public schools of 

the city. Adolescent children of selected schools as 

per criteria were enrolled. Students from both types 

of schools were selected in almost equal number. As 

per timings of schools, students of class 6 to 8 were 

available at school at the time of visit. In private 
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school, class 9 students were also available so they 

were also included in study. While in government 

schools, 9th standard students were in different shift, 

so not included in the study. Class 10 to 12 were 

busy with studies. So they were exempted from the 

study. 

Inclusion Criteria: Adolescent school going 

children of age group 11 to 14 years whose parents 

have  

given informed consent and those who were 

available were included in the study. 

Exclusion Criteria 

1. Unable to get consent 

2. Pre-existing chronic medical illness like 

diabetes, Thalassemia, Sickle cell disease, 

chronic cardiac illnesses, malignancies etc. or 

any other chronic illness.  

3. Adolescent with intellectual disability who 

cannot communicate  

4. Students with hereditary genetic disorder 

5. Students absent on the day of visit  

Sampling Method: A separate list of government 

and private schools of particular area was made. 

Both types of schools were selected by random 

sampling method. 

3.1 Sample size: sample size was decided by using 

following formula. n =4pq/L2 where n = sample size 

p = prevalence of overweight (20% according to 

WHO report 2024) q = 100-p (80%) L = allowable 

error (which we have taken 15% of p) According to 

this formula sample size was 426. But as per 

availability of children, we enrolled 603 students in 

the study. 

It was conducted in selected government and private 

schools which fall under particular urban health 

center. Ethical approval for the study was taken 

prior to study from institutional ethical committee. 

The director of health and family welfare 

department was also informed about the study 

objectives and method. Primary written approval of 

principal of the school was taken prior to school 

visit. Purpose of the study was explained to the 

principal, teachers and other supportive staff from 

the school. Formal informed consent was taken from 

parents and students both. Preformed structured 

proforma was explained to the teachers and students. 

It was filled by investigator. On the day of 

examination, Body weight was measured with the 

subject standing motionless on the weighing scale 

(ex life electric weighing scale) with the weight 

distributed equally on each leg. Height was 

measured (to the nearest 0.5 cm) with the subject 

standing in an erect position against a vertical scale 

of stadiometer and with the head positioned so that 

the top of external auditory meatus was level with 

the inferior margin of the bony orbit. BMI was 

calculated using the formulae weight in kg/height in 

m2. Standard WHO Age and sex appropriate BMI 

charts (using Z score) were used for plotting and 

analysis of data. As per BMI charts, overweight was 

confirmed when BMI for age fell between 1 SD to 2 

SD above the mean.  Obesity was confirmed when 

BMI for age more than 2 SD above the mean.[20] 

Waist circumference was measured using non 

stretchable tape in standing posture with arms at the 

sides and feet positioned close together, at the 

midpoint between the lower margin of the last 

palpable rib and the top of the iliac crest at the end 

of normal expiration (just above the umbilicus). 

Measurements were taken with the tape held snugly, 

but not constricting, and at a level parallel to the 

floor. Centile charts on waist circumference by 

Khadilkar et al were used as reference.[21] A cut off 

value of 70th centile was taken as an indicator of 

central obesity. Hip circumference (HC) was 

measured around the widest portion of the buttocks 

with the tape parallel to the floor. Waist hip (WHR) 

and waist height ratios (WHtR) were calculated 

from the above- mentioned measurements. A WHR 

ratio of >0.85 in girls and >0.9 in boys was taken as 

obesity.[27,28] A WHtR of >0.5 was taken as obesity. 

General examination of all the adolescents was 

carried out in good natural light. Other demographic 

details were filled in preformed proforma and results 

were obtained. Problems were identified if any and 

children were referred to nearby government health 

facility for further work up and treatment. Exact age 

of the child was established from birth certificate/ 

school identification card. Data was analyzed using 

appropriate descriptive statistical tests. For 

qualitative data proportion, quantitative data mean 

and standard deviation. MS Excel, Epi info and 

SPSS software was used to analyses data. 

 

RESULTS 

 

Table 1: Prevalence of Obesity as per different indicators (gender wise) 

 
BMI 

WAIST 

CIRCUMFERENCE 

WAIST-HIP 

RATIO 

WAIST-HEIGHT 

RATIO 

N % N % N % N % 

BOYS 14 2.32 22 3.65 45 7.46 39 6.47 

GIRLS 6 0.996 1 0.97 54 8.95 17 2.82 

TOTAL 20 3.32 23 3.81 99 16.42 56 9.29 

 

Table 2: Prevalence of obesity as per WHO BMI classification (School wise) 

AGE 
GOVERNMENT PRIVATE TOTAL 

N % N % n % 

11 5 3.8 3 6.52 8 4.52 

12 1 0.93 4 8 5 3.16 
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13 3 2.8 1 1.92 4 2.51 

14 - - 3 2.75 3 2.75 

TOTAL 9 2.6 11 4.2 20 
3.32% of total 

participants 

 

Table 3: Prevalence of overweight as per WHO BMI classification (School wise) 

AGE 
GOVERNMENT PRIVATE TOTAL 

N % N % N % 

11 12 9.1 5 10.87 17 9.60 

12 6 5.56 6 12 12 7.59 

13 11 10.28 5 9.61 16 10.06 

14 - - 15 13.76 15 13.76 

TOTAL 29 8.38 31 12.06 60 
9.95% of total 

participants 

 

Table 4: Prevalence of Obesity as per different indicators (school wise) 

 
BMI 

WAIST 

CIRCUMFERENCE 

WAIST-HIP 

RATIO 
WAIST-HEIGHT RATIO 

N % N % N % n % 

PRIVATE 11 4.2 17 6.61 27 10.50 29 11.28 

GOVERNME 

NT 
9 2.6 6 1.73 72 20.8 27 7.8 

TOTAL 20 3.32 23 3.81 99 16.42 56 9.29 

 

Study revealed that overall prevalence of obesity 

was 3.32% (20) and it was more in boys (3.73%) 

than girls(2.63%).(Chi-square : 0.536 , p value: 

0.4642, p value not significant). Prevalence of 

overweight was 9.95%, more in girls (10.8%) 

compared to boys (9.86%).( p value not significant ) 

Overall Prevalence of central obesity as per waist 

circumference was 3.81%(23),more in boys (5.87%) 

compared to girls(0.44%),Chi-square 27.015, p 

value 0.0001 ) ( p value significant ).Prevalence of 

central obesity as per waist hip ratio was 16.42%, 

more girls (23.68%) were obese with this criteria 

than boys (12%),( Chi-square 14.083, p value : 

0.0002 ) ( p value significant ). Prevalence of central 

obesity as per waist height ratio was 9.29% (56), 

Boys(10.4%) were more obese using this criteria 

than girls(7.46%),( Chi-square : 0.799, p value : 

0.3714 ) ( p value not significant)  

Prevalence of obesity was more in children from 

private school 4.2% compare to government school 

2.6%. (p value not significant ) Prevalence of 

overweight was more in children from private 

school (12.06%) compare to government school 

8.38%.%.( p value not significant ) Prevalence of 

central obesity is high in private school (6.61%) 

children as per waist circumference compare to 

government (1.73 %) school children. (p value 

significant). While central obesity is more among 

government school children as per waist hip ratio 

(20.8%), (p value significant). With waist height 

ratio (11.28%), (p value significant) private school 

children are more obese. 

 

DISCUSSION 
 

National family health survey-5 which was 

conducted in 2019-2021 which had given many 

alarming reports. Obesity in 5 -19 years old children 

was 8.4% and overweight was 12.4%. In our study, 

prevalence of obesity and overweight both was 

below the national average. We have compared 

different tools to diagnose obesity in our study. 

Which shows that more children were obese using 

waist hip ratio than any other method. Waist height 

ratio, waist circumference and BMI follows waist 

hip ratio. BMI considers weight and height. So BMI 

may fail sometimes to detect central obesity. Waist 

circumference and other tools using it have single 

cut off to detect obesity which makes them easy tool 

to use. 

Similar study was conducted in Chennai in 2013 

with 18955 children both from public and private 

school. In Jagdeshan et al, they have used BMI with 

national cut off using Khadilkar charts. Study 

suggests higher incidence of obesity in private 

school children and more in girls.[32] 

Another study Selvaraj at al was conducted in south 

India to know nutritional status of adolescent 

children. WHO BMI cut off was used to define 

obesity in this study. Study results were almost 

similar to our study showing obesity and overweight 

prevalence 10.9% and 6% respectively.[31] 

In Krishnan DK et Al, waist indices were compared 

with BMI to identify obesity in adolescent children. 

prevelence of obesity was high with all indices than 

our study. But more children were obese using BMI 

and WHR than WC and WHtR.[29] 

 

CONCLUSION 

 

Study concludes that, there was no significant 

difference in the prevalence of obesity (BMI), 

overweight, among boys and girls. Central obesity 

was high in boys using waist circumference. While 

girls were more centrally obese using waist hip 

ratio. Central obesity was high government school 

children using waist hip ratio. While students from 

private school showed high prevalence of central 

obesity using waist circumference and waist height 



1959 

 International Journal of Medicine and Public Health, Vol 15, Issue 1, January- March, 2025 (www.ijmedph.org) 

 

ratio. All waist indices are well correlated with 

BMI. 

Prevalence of obesity is alarmingly high. Central 

obesity is more prevalent in Indian children 

nowadays. Central obesity indicators are statistically 

correlated well with BMI and can be used as 

screening tool. Central obesity increases risk of 

coronary artery diseases, diabetes and hypertension. 

life style modifications like exercise, dietary 

changes, health awareness can improve health of 

children as a whole.  

Limitations of the study 

This was cross sectional study and was completed in 

limited period because of time constrain. So sample 

size was very small. To get better idea of prevalence 

of under nutrition, obesity and stunting large 

number of sample size is essential. To know more 

about mal nutrition, other demographic details like 

parents education, type of household, socio 

economic status, dietary history, screen time, daily 

physical exercise/activity etc should be considered. 
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