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Introduction
Obesity is a global public health crisis as around 10 % of children 

worldwide are overweight and 25 % are obese [1,2]. In India, the 
prevalence of overweight and obesity ranges between 9% to 27 % 
and 1% to 12.9% respectively [3-9]. Childhood obesity leads to Type 
2 diabetes, gallbladder disease and osteoarthritis in adulthood [10]. 
The upsurge in rates of childhood obesity can be attributed due to 
changing lifestyle, urbanized food patterns, increased access to “ fast 
foods” and decrease in physical activity [11]. Weight increases with age 
and the risk of an overweight child becoming an obese adult is two 
times higher than a non obese child [12,13]. Overweight adolescents 
are 18 times more likely to be obese in adulthood than lean adolescents 
[14]. Further, obese and overweight adolescents are at higher risk of 
developing hypertension in adulthood [15]. There are numerous factors 
associated with obesity in children and it varies between each section 
of population of a country. Coimbatore city is located in Tamil Nadu 
state of Southern India contributing the highest GDP (Gross domestic 
product) among other districts of Tamil Nadu. The district is located 
in the North West part of the State at 10o 12' and 11o 57' Latitude 
and between 76o 39' and 77o 56 Longitude. The district has an area 
of 7469 sq. kilometers. It is popularly known as 'Manchester of South 
India' because of its heavy concentration of Textiles industries [16]. 
Several studies have evaluated the prevalence of obesity in children of 
India but only a few of them have revealed certain predictive factors 
that predispose children to obesity with reference to the area of study. 
Hence, this study was aimed to elucidate the factors that are associated 
with overweight and obesity and suggest measures which would reduce 
weight gain and obesity in urban school children of Coimbatore.

Methodology
The study protocol was reviewed and approved by the ethics 
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Abstract

Objective: To understand specific factors associated with overweight and obesity in children of Coimbatore through a non 
invasive method. 

Methodology: A cross - sectional study was conducted in four urban schools of Coimbatore and school children aged between 
9 years and 17 years of age (n=252, mean age 13 ± 2.3 years, Boys n=142, Girls n=111) were recruited by purposive random 
sampling method. Children with physical limitations, mental disability or children undergoing any form of clinical therapy 
were not included in this study. Anthropometric assessment was done and data were analysed by Linear and Logistic regression 
models using SPSS (version 11, Chicago: SPSS, Inc.) P value less than 0.05 was considered as statistically significant.

Results: The mean BMI in boys (16.7 ± 2.8 kg/m2) was lower than the mean BMI of girls(19.1 ± 3.3 kg/m2).The mean BMI and 
body weight in obese girls with “double chin” was 23.9 ± 2.6 kg/m2 and 56.8 kg respectively. Importantly, the mean body weight 
(49.4 kg) was higher in girls of parents with hypertension, followed by the mean body weight of girls (44.6 kg) of obese parents. 
Specific factors namely outdoor physical activity as playtime, dietary pattern were associated significantly with BMI (p<0.01, 
r 2= 0.81) in the children of this study. The BMI of children with 'double chin' was comparatively high than children without 
double chin. Sedentary children who habitually consume snacks while watching television are at a higher risk (Odds ratios=1.44, 
p<0.01,) for obesity than children who do not. Progressive increase in frequency and duration of outdoor playtime significantly 
(Odds ratios: 2.54, p<0.01) reduces excess weight in overweight and obese children by nearly three times than those children 
who do not play.
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committee of a multi-specialty hospital in Coimbatore. A list of urban 
schools with total number of school children in each was obtained 
and four urban schools were randomly selected. The sample size was 
calculated to represent 10% of the total number of urban school children 
(n =2600) for which purposive random sampling method was adopted 
to recruit 260 urban school children of Coimbatore. The objectives 
of the study were explained in detail to the parents and teachers 
of the children and written consents were obtained. A customized 
questionnaire incorporating questions on snacking habits, physical 
activity, class room time, preference for games etc was designed and 
validated in 50 children randomly selected from the schools chosen for 
the study. The pre-validated questionnaire was explained in detail to all 
the children two days prior to the actual date of the study and queries 
from children were duly answered by the research team to ensure 
no conflicting responses. Children with physical limitations, mental 
disability or children undergoing any form of clinical therapy were not 
included in this study. Out of 260 participants, eight children opted out 
of the study and a total of 252 consenting children aged between 9 -17 
years of age (mean age 13 ± 2.3 years, Boys n=142, girls n=111) from 
four different urban schools of academic excellence were enrolled. The 
same questionnaire was used for children of all schools under study 
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and the first working day of the week was chosen for the study. The 
children were instructed to answer the self-administered questionnaire 
that contained 36 multiple choice questions. It approximately required 
eight minutes for each participant to record details such as snacking 
habits at school, physical activity as playtime per week and per day, 
duration of class room hours, academic objectives, known health status 
of parents, favorite snack item consumed frequently. Dietary habits 
were categorized mainly as vegetarian and non-vegetarian based on 
the responses to the questionnaire. Other details such as occupation 
of parents, mode of transport to school, leisure activities of parents, 
mode of recreation for the family, family size, number of siblings were 
also recorded and cross-checked during face-to-face interview between 
researchers and parents of all the participating children. The completed 
questionnaires were checked for lapses, if any, coded and recorded 
in a confidential data base. The students were instructed to report to 
the clinic in light clothes the next day. Body Mass Index (BMI) was 
recorded for each participant in accordance to the standard guidelines 
[17] by male and female nurses for the subjects of respective genders.
The weight of each participant was recorded in kilograms (kg) using
a calibrated electronic weighing machine. The height was recorded in
centimeters (cm) using a stadiometer fixed to the wall. The BMI was
calculated by dividing weight (in kg) with height in meter squared (m2)
and expressed as kg/m2. Clinical examination for phenotypic features
namely “Acanthosis nigricans, “double chin”& “buffalo hump” was also
conducted for each participant by visual observation of the neck and
chin under optimum lighting. The detailed definition of these terms is
given elsewhere [18]. The phenotypic examination was repeated twice
for concordance and the clinical history of the children was obtained
with parental consent for confounding factors such as hormonal
imbalance, and metabolic disorders predisposing to obesity. This was
cross-checked with the medical record of each student maintained in
the school by a certified medical doctor. The data obtained were coded
and statistical analyzed by ANOVA, Pearson’s correlation test, linear
regression analysis and Logistic regression analysis were performed
using SPSS (version 11, Chicago: SPSS, Inc.) Statistical significance was 
inferred as P value less than or equal to 0.05.

Results
The mean BMI in boys (16.7 ± 2.8 kg/m2) was lower than the 

mean BMI of girls (19.1 ± 3.3 kg/m2). The mean BMI and body weight 
in obese girls with double chin was 23.9 ± 2.6 kg/m2 and 56.8 kg 
respectively. Most of the study participants (n=214) who reported their 
dietary habit as non -vegetarians had higher mean body mass (40.8 kg) 
than vegetarians (37.4 kg). Among non-vegetarians, the mean body 
weight (45.2 kg) was highest in participants who consumed chicken as 

the only form of cooked meat and the lowest body weight (34.1 kg) 
was recorded in subjects who consumed only eggs and not meat in any 
form. A significant positive correlation was observed between BMI 
and variables such as age, gender, snacking habits (P<0.05). A negative 
correlation was observed between BMI and the increase in physical 
activity. Parental history of any one of the following disorders namely 
Type 2 Diabetes, obesity, hypertension and arthritis indicated a positive 
correlation with the body weight of the participants.“Buffalo hump” 
and “Acanthosis nigricans “were absent in the study participants but 
female children with “double chin” had the highest BMI (23.9 ± 3.8 kg/
m2). Importantly, the mean body weight (49.4 kg) was higher in girls 
who had hypertensive parents followed by the mean body weight of 
girls (44.6 kg) of obese parents. In boys, the highest mean body weight 
(42.5 kg) was observed for those whose parents were obese. The class 
room time for each participating student was 6 hours per day. Linear 
regression analysis model indicated that variables namely outdoor 
physical activity as playtime, dietary pattern, height and weight were 
significant factors (p<0.01, r2=0.81) influencing BMI in the present 
study (Table 1). Additionally, logistic regression analysis of the data 
revealed that four important factors namely “attending special classes, 
“snack consumption while watching television”, “frequency of outdoor 
games per week” and “duration of play time” having significant 
influence on BMI. Sedentary children who habitually consume snacks 
while watching television are at a higher risk (p<0.01, Odds ratios: 1.4) 
for obesity than children who do not consume snacks while watching 
television. On the contrary, we observed that children who played 
games are at lower risks of developing obesity (Odds ratios: 2.54, p< 
0.01,) (Table 2) than children who do not play games. In this study, we 
observed that boys preferred cricket and girls preferred indoor games 
as a form of physical activity.

Discussion
The present study has adopted a noninvasive clinical approach and 

identified four factors that determine obesity in urban school children 
of Coimbatore, South India. Further, no other study from Coimbatore 
has observed for “double chin” as a phenotypic marker in childhood 
obesity studies. This study has made important observations wherein, 
the female participants were obese and overweight but boys were of 
normal weight. Most importantly, we observed that female children 
of hypertensive parents had higher BMI than female children of 
normotensive obese parents. This needs to be investigated in detail for 
clinical implications in obesity. There were no significant differences in 
height between male and female children of the study cohort. Double 
Chin” is a phenotypic marker of metabolic syndrome and observed 
that the BMI of children with “double chin” was comparatively high 

Significant Variables
Unstandardised coefficient Standardised  Coefficients t value P Value Regression coefficient (r2)

Beta value Beta value

0.81

Dietary pattern 15.098 - 13.047 0.00
Frequency of playing outdoor games in a week -0.338 -0.079 -2.075 0.00

Weight 0.284 0.995 22.450 0.00
Height -0.057 -0.280 -6.465 0.00

Table 1: Coefficient values of Regression model for BMI.

Significant variables β coefficient values Standard error P value Odds ratios

Attending special classes at school 0.662 0.014 0.01 2.89
Frequency of playing games -0.616 0.008 0.00 1.00
Duration of playing games -0.935 0.009 0.00 2.54
Eating snacks while watching TV 0.365 0.010 0.00 1.44

Table 2:  Logistic regression model with β Coefficient values and odds Ratios.
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than children without double chin.” It can be stated that subjects with 
“double chin” are at higher risk of developing metabolic syndrome 
[18] if appropriate interventions are not initiated. Physical activity
is an important factor affecting BMI. It was observed that physical
activity through sports and games decreased as the children progressed 
to higher classes due to increasing academic goals. Furthermore we
observed that children of classes eight to twelve (aged between 11 to
15 years) tend to skip physical education classes at school to avail extra
study time. This can be attributed to high academic competition from
peers and parental expectations of higher grades from their children.
Specifically, girls preferred playing indoor computer games or watching 
games on television. On the other hand, boys preferred playing cricket
only if they had sufficient number of playmates for a team. This factor
could lead to the decline in independent playtime and also optimal
physical activity. Less physical inactivity at home and at school together 
pose an elevated risk for obesity and metabolic syndrome in the later
years, if appropriate interventions are not adopted. Snacking habit of
children was influenced by the social status of parents. In this study,
we also observed that children preferred urban food pattern than
traditional foods, which were home - made and nutritious. Children
with two earning parents visited eateries more often than children
with a single earning parent. Similar observations were recorded in a
study by Vohra et al. who identified paternal education and income
as determinants of obesity in schoolchildren of Lucknow, India [19].
Saker et al. reported parental income and education as a determinant
of obesity in children of western Algeria [20]. In this study we observed 
that children of parents with high income increased access to expensive, 
calorie dense “fast food’. Parents with higher income status accompany
their children to large fast food outlets for leisure during weekends. 
On weekdays parents claim lack of time as a reason for not providing
traditional, homemade snack items. Furthermore, such parents of
children did not object strongly to children preferring snack items
such as pizzas and burgers. In due course, children imbibe the habit of
indiscriminate consumption of fast foods, which leads to obesity. The
predominant form of recreational activity for the children was watching 
television. In the present study, we report that consumption of calorie
dense snacks by children while watching television increases the risk
of obesity by nearly three times. This could also be an intrinsic factor
leading to decreased physical activity of children at home. Horn et al.
reported that the risk of developing obesity increases with increase in
duration of time spent in television viewing [21]. Another study from
South India reported significant association between sleep duration,
television viewing and overweight in urban children. Children who
viewed television or more than 1.5 hours a day were at higher risk for
developing obesity, than children who viewed television for less than
one hour daily [22]. In our study, the mean television viewing time was 
45 minutes per day and also has included snacking habit of children
during television viewing, as an important determinant which increases 
the risk of obesity up to 1.4 times than children who do not consume
snacks while watching television.

We also observed that school children of the study cohort lacked 
awareness on the ill- effects of obesity on human health. The participating 
students lacked awareness on terms such as “BMI”, waist circumference, 
ideal weight for a specific age, and adiposity. These children had not 
participated in any form of health awareness programs either at school 
or elsewhere. The importance of sustained health education and 
intervention is well understood from the results of study by Yannis et al. 
recorded significant increase in physical activity in children and their 
parents [23]. Kuh and Cooper reported that sustained physical activity 
needs to be initiated in childhood and adolescence [24]. It can be 

stated that the role of parental motivation plays a vital role in initiating 
physical activity in children. In the present study, we noted that parents 
encouraged their children to participate in sports and outdoor games 
only when their children were in lower classes. The degree of physical 
activity and exercise decline yearly as the children progressed to higher 
classes. This is because the children had to spend more time at school 
and for coaching classes in the evenings to meet academic objectives. 
Parents need to be advised on the importance of physical exercise for 
children in their growing years as the linear growth in children as 
height decreases when physical activity declines. This is a pilot study, 
which has identified predictive factors of obesity in urban school 
children and does estimate the prevalence of obesity in the study area. 
Clinical analysis of the study subjects for body fat percentage, metabolic 
syndrome and insulin resistance needs to be done a clinical setting. The 
observations of the pilot study need to be extended to a larger cohort 
in rural areas to derive significant implications Longitudinal, cross 
sectional studies between several institutions are required to estimate 
the prevalence of obesity and metabolic syndrome in children and 
adolescents of Coimbatore.

Conclusion
There is evidence of rapid changes in dietary pattern in adults and 

children when they shift from rural to urban areas [25]. Children of 
today consume food more often in commercial food centers without 
an understanding of the nutritional imbalance that energy dense 
food can impose. The role of parental motivation and participation in 
physical activity programs assumes paramount significance. Parents 
and children need to be constantly educated in making nutritious food 
choices and the health burden that India faces due to Type 2 diabetes. 
Effective public health programs need to be advocated in each school 
to combat the rising epidemic of childhood obesity. It will be ideal 
to include educative programs on childhood obesity as a part of the 
curriculum that the schools currently adopt.
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