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ABSTRACT 
 
Background: The present study in prevalence of overweight and obesity among urban & rural adolescents in Surat 
(Gujarat, India).  

Methods: The data were derived from cross-sectional sampling of children, 176 in rural and 213 in urban, aged 14–
16 years doing study in government schools in year of 2009. Age, gender and body mass index (BMI) were used to 
define overweight and obesity.  

Result: The prevalence of obesity increased significantly from 12.8% in rural to 14.6% in urban (p<0.01), whereas 
underweight decreased from 13.6% to 4.6% (p<0.001). There was a significantly higher risk of being overweight and 
obese in urban than rural, after adjusting for age, gender. Urban Males had significantly higher increase in prevalence 
and risk of being overweight and obese.  

Conclusion: This study showed an increasing in prevalence of overweight and obesity in urban adolescents 
especially with male gender, calling for an urgent need for immediate and targeted preventive measures. 
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INTRODUCTION 

The epidemic of childhood obesity is a substantial 
health burden worldwide1,2,3 and its impact is being 
observed in developing countries as well4,5. However, 
the problem is of a larger magnitude in developing 
countries like India where a significant proportion of 
the population belongs to younger age group6. Rising 
prevalence of obesity in India may be attributed to 
various factors, like sedentary life-style, unhealthy food 
habits, cultural practices and increasing affluence of 
middle class population7,8,9,10. Further, obesity is 
associated with multiple co-morbidities such as type 2 
diabetes mellitus, dyslipidemia, polycystic ovarian 
disease, hypertension, and the metabolic syndrome, 
which are increasingly becoming common among 
children and urban adolescents8,9,10.  

However, limited literature is available on prevalence of 
Adolescent obesity in India. While under-nutrition in 
children has been the major public health concern in 
India over the past several decades11, little attention has 
been paid to childhood overweight and obesity until 
recently. The emerging evidence suggests an increase in 
over-nutrition status among children as well as 
adults4,12. The National FamilyHealth Survey (NFHS-3) 
2005–RURAL data showed that combined prevalence 

of obesity was 9.3% and 12.6% among men and 
women aged 15–49 years, respectively13. The aim of 
our study was to determine health status of urban & 
rural adolescents (14–16 years age) in India. 

 

MATERIALS AND METHODS 

Anthropometric measurements were undertaken in 176 
in rural and 213 in urban adolescent children (aged 14–
16 years) from government schools of Surat District & 
Surat City, respectively. A list containing the names of 
all senior secondary government schools located in 
Surat District & Surat City was prepared. Two 
government secondary schools from rural area of Surat 
District & Two government secondary schools from 
urban area of surat city were randomly selected and 
enrolled for the study. Each standard is further divided 
into sections depending on the number of students. 
Two to three sections were randomly selectedin all 
standards on the basis of number of students. Our 
team of researchers visited each school during an 
allocated time in the morning for measurement of 
anthropometric indices. Body weight (kg) and body 
height (m) were measured with subjects wearing light 
clothing without shoes and the body mass index (BMI) 
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was calculated as weight in kilograms divided by the 
square of the height in meters. All data were collected 
during the period between February 2009 and May 
2009.Generally, age 14 and 16 correspond to Standard 
IX and XII, respectively in the Indian Education 
system. All participants gave informed consent with 
parents' written consent. Prior approval from Principal, 
government authority had been concluded. Only 
children without history of any active disease or 
significant past medical history were included in the 
study. 

Definitions of overweight and obesity  

Three criteria were used for the definitions of 
overweight and obesity: 
1. An international BMI-for-age reference curve for 
defining overweight and obesity in children 2 to 18 
years of age by the US National Center for Health 
Statistics, Centers for Disease Control and Prevention 
(CDC) and the International Obesity Task Force 
(IOTF) in 2000 (IOTF criteria)14. 

These criteria were based on median BMI [BMI, the 
weight in kilograms divided by the square of the height 
in meters] by age and gender in six nationally 
representative datasets from Brazil,Hong Kong, 
Netherlands, Singapore, the UK and the US from an 
international growth survey in 2000. These surveys had 
over 10,000 subjects each and together covered 97,876 
boys and 94,841 girls. Overweight and obesity were 
defined as BMI-for-age ≥ 25 and ≥ 30 kg/m2 
respectively. 

2. A Chinese national BMI reference curve for Chinese 
children and adolescents reported by the Group of 
China Obesity Task Force (COTF) in 2004 (COTF 
criteria)15 - These criteria were based on the Chinese 
National Survey on Students Constitution and Health 
in 2000 involving 244,200 primary and secondary 
Chinese students aged 7–18 years. Overweight and 
obesity were defined as BMI for- age ≥ 24 and ≥ 28 
kg/m2 respectively. 

3. CDC 2000 Growth Charts for the United States 
(CDC criteria)16 - 

These criteria were based on the US National data 
collected in a series of 5 surveys between 1963 and 
1994 for children and adolescents aged 2–20 years. 
Overweight and obesity were defined as BMI-for-age ≥ 
85 and ≥ 95 percentiles respectively. We have follow 
IOTF criteria for our research. 

Statistical Analysis 

All data are expressed as mean ± SD or n (%) where 
appropriate. Chi-square tests and Student's t test were 
used for group comparisons. All comparisons were 
made two-sided and a p-value < 0.05 (2-tailed) was 
considered as significant. 

 

RESULTS 

Study population consisted of 176 in rural and 213 in 
urban 14–16 year old children from government 
funded schools of Surat, India. Gender distribution did 
not show any significant difference (males: 57.2% in 
rural & 56.6% in urban; p= 0.441). Mean age of study 
populations was 15.1 +/- 1.2 years in rural and 15.4 
+/- 1.1 years in urban (p<0.001). The overall mean 
BMI increased significantly from 20.5 +/- 3.9 kg/m2 
to 21.9 +/- 3.6 kg/m2 (Table 01). 

 

Table 01: Comparison of BMI (Kg/m2) Status and  

Category Rural  
(Mean +/- SD) 

Urban
(Mean +/- SD)

BMI of Males 19.3 +/- 3.6 21.2 +/- 3.2
BMI of Females 21.1 +/- 4.1 22.4 +/- 4.5
BMI in Government 
Funded School 

20.5 +/- 3.9 21.9 +/- 3.6

 
Prevalence of overweight increased non-significantly 
from 25.8% in rural to 26.3% in urban (p= 0.459) while 
obesity prevalence increased non-significantly from 
12.8% in rural to 14.6% in urban (p =0.612) (Table 02).  

 

Table 02: Comparison of Adolescent Status 

Rural Urban P Value
Underweight 13.6 4.6 < 0.001
Overweight 25.8 26.3 0.469
Obesity 12.8 14.6 0.612
Males showed a significant increase in prevalence of 
both overweight (25.6% to 27.4%; p=0.046) and 
obesity (11.2% to 14.3%; p=0.008) (Table 3 & 4).  

 

Table 3: Overweight Adolescent 

Category Rural Urban P Value
Males 25.6 27.4 0.046
Females 26.2 24.9 0.316
Government Funded School 25.8 26.3 0.469
 
In females, the prevalence of overweight decreased 
(26.2% to 24.9%; p=0.316) and though the prevalence 
of obesity in females was higher than males, there was 
only a small non-significant increase in its prevalence 
(14.1% to 15.0%; p=0. 752) (Table 3 & 4).  

 

Table 04: Obese Adolescent 

Category Rural Urban P Value
Males 11.2 14.3 0.008
Females 14.1 15.0 0.752
Government 
Funded School 

12.8 14.6 0.612

 
Male gender was associated with a higher risk of being 
overweight and obese than females in URBAN than 
Rural, after adjusting for age. 
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DISCUSSION 

Our study was limited by the volunteer nature of the 
respondents. Nevertheless, the response rate was 
approximately 50% which is comparable with most 
volunteer 

Surveys. However, the relatively small sample size of 
individual age group in our survey may introduce 
potential bias. Obesity is associated with significant 
morbidity and mortality17 . There is now growing 
concerns on the increasing prevalence in childhood 
obesity and most obese children will grow up to 
become obese adults and most obesity related health 
problems are also applicable to children18,19 .  

This is the study on in the prevalence of childhood 
obesity in the Indian subcontinent. Our study 
demonstrated an increase in prevalence of both 
overweight and obesity and a decrease in prevalence of 
underweight in urban adolescents aged 14–16 years 
than rural school. Further, we report that this increase 
was significantly higher in males and children from 
affluent urban families. Emerging problem of 
childhood obesity is of high importance in developing 
countries like India. India is going through concurrent 
transitions related to epidemiological, demographic and 
nutritional factors. Further, India is currently in the 
fourth phase of nutritional transition which is the shift 
of nutritional intake from basic to diet related non-
communicable diseases. These shifts are largely 
associated with behavioral changes in dietary profile 
and lifestyle and decreased indulgence in physical 
activity 20.  

The transitions are more rapid in young individuals. 
This increasing trend of childhood overweight and 
obesity may further increase the enormous burden of 
type 2 diabetes and cardiovascular diseases in India 21,22 
and impact the economy of the nation and its growth. 
Published literature on the prevalence of childhood 
obesity in India consists mainly of cross-sectional 
studies in different regions of the country, reporting its 
burden at a specified time. Studies from South India 
have reported an obesity prevalence of 3.6% in 
adolescents of age-group 13–18 years of Chennai in 
year 200223 and 3.4% in children and adolescents of 
age-group 5–16 years of Mysore in year 200924. 

Several cross-sectional studies have been published 
from North India reporting the childhood obesity 
prevalence in the range of 3.6–7.0% 25.26.However, only 
one study, from Kerala (South India), has reported 
secular trend in the prevalence of childhood obesity27. 
These authors reported a significant increase in the 
prevalence of overweight and obesity from 4.94% and 
1.26% in 2003 to 6.57% and 1.89% in 2005, 
respectively, in children aged 5–16 years.  

Another significant observation of this study was the 
independent association of urban male gender and high 
socio-economic status with the risk of being 
overweight and obese in childhood. Both these groups 
showed a significantly increased prevalence and higher 

risk of being overweight and obesity. Hormonal, 
cultural and social factors may account for the 
observed gender differences28 , especially in Indian 
context. Also, it has been seen that post-pubertal girls 
are more conscious towards their physical appearance 
and consequently may take active steps to control 
obesity as compared to boys 29.  

Socioeconomic status is another factor which has been 
linked to problem of overweight and obesity in many 
other studies30,31. The assumption that type of school 
attended reflects the socio-economic status has been 
used and validated previously 32,33. There may be several 
explanations for this observation. Being financially 
sound may allow the children to indulge in practice of 
purchasing calorie dense fast foods and a lifestyle 
involving less of physical activity and more in-door 
activities like playing games on computer, watching 
television, etc. Also, the cultural beliefs in this region of 
the world like being overweight being considered as a 
marker of prosperity and good health may play a major 
role. We also calculated in the prevalence of 
underweight in studied population. Historically, under-
nutrition and underweight were considered to be 
mainly associated with childhood morbidity and 
mortality in India.  

Our study has a few limitations. Firstly, the possibility 
of potential selection bias cannot be ruled out in a 
cross-sectional study spread across time and region.  

However, we tried to minimize the sampling bias. We 
selected all students from randomly selected sections of 
a standard, with a 100% response rate from each 
section. Another limitation was that only BMI was used 
to determine overweight and obesity prevalence. 
Though recent studies have raised concerns on 
reliability of BMI as a measure of obesity in view of 
newer indices 34.35, BMI still remains the most widely 
used measure in large population-based studies 36,37,38,39 
owing to its inherent simplicity to use, availability of 
population specific cutoffs and time tested reliability. 
Also, BMI has been shown to be comparable with 
other measures of obesity in risk assessment 41. Other 
sophisticated measures of obesity like percentage body 
fat could further add insights into these trends. 
However, using these measures require expensive 
instruments and necessary training to the field workers 
for their correct use42. This limits their use in large scale 
studies, particularly in settings of developing countries 
like India, where financial and human resources are a 
significant limitation in clinical research. Abdominal 
obesity measures like waist circumference and waist-to-
hip ratio, are simpler to employ and have been shown 
as an important and reliable index of obesity in various 
populations 43 including one study on Asian Indians10.  

In spite of these limitations in mind, our study had 
several strengths. We included one of largest samples in 
urban Asian Indian adolescents with good 
representation from different group including age, 
gender. Second, Urban children were included in study, 
with also representation from rural areas, which 
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constitute quite a significant proportion of Indian 
population. In addition, we included age, gender and 
ethnicity specific BMI cut-offs to define childhood 
overweight and obesity, which may provide a more 
accurate estimate of their prevalence than previous 
studies. 

 

CONCLUSIONS 

In conclusion, we report that the prevalence of obesity 
has increased in urban adolescents aged 14–17 years in 
India. In addition, male gender and higher socio-
economic status is associated with a significant risk of 
being both overweight and obese. Large scale 
nationwide campaigns targeted at these specific groups 
are required to check the growing epidemic of 
childhood obesity in developing countries. 
Countrywide awareness programs to spread healthy 
messages on good nutrition and good health for the 
prevention of obesity and its consequences need to be 
initiated. These shall not only promote good health, but 
shall also help in the prevention of non-communicable 
diseases as diabetes, heart problems, and other related 
diseases. On the long run, such programs shall act to 
reduce the burden on economic growth of the nation. 
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