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Abstract: Changes in lifestyle and dietary pattern of people in developing nations make them susceptible to obesity associated with
greater morbidity. The prevalence of obesity has increased in both developed and developing countries. A cross sectional study was
conducted in private school in Delhi India. A total of 414 school children in the age group 7-9 years were studied Weight and height of
each student was measured using standard measures and Body mass index (BMI) and waist to Hip ratio (WHR) were calculated.
Factors like family history of obesity, physical activity, duration of sleep etc were taken into consideration. Overweight and overall
obesity was seen in 38.49% boys and 34.8% girls. Children who were overweight ad obese showed higher mean values for all the
measurements, adiposity indices as well as systolic and diastolic blood pressure (SBP, DBP).
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1. Introduction
Fast-paced life and obesity are known to cause lifestyle
diseases among adults, but a recent study revealed the
prevalence of high blood pressure among school going
children in India. The study also revealed that 17% of girls
and 22% of boys identified with hypertension were obese.
(51).
The epidemic of childhood obesity is a substantial health
burden worldwide (1, 2) and its impact is being observed in
developing countries as well (41, 3, 16).
The problem is of larger magnitude in developing countries
like India where a significant proportion of the population
belongs to younger age group (Adlakha 1996). Rising
prevalence of obesity in India may be attributed to various
factors, like sedentary life style, unhealthy food habits,
cultural practices and increasing affluence in middle class
population (4). Obesity, along with under nutrition and
infectious disease has become a significant contributor to ill
health of people in developing countries. Obesity is a key
determinant and an important risk factor for other noncommunicable diseases such as non insulin dependent
diabetes mellitus, cardiovascular disease including
hypertension and certain cancers. Much of the increase in
BMI in school aged children between 1970 and 1990
occurred in children between the 50th to 100th percentiles
(49). The increase in severity of obesity results into an
increase in outcomes such as type 2 diabetes mellitus and
hypertension. Among middle school children (10-14 years),
Leupker et al found a concordant increase in BMI and
systolic blood pressure (48). Obesity, its attendant health
consequences and the consequent health burden is expected
to reach epidemic proportions in developing countries like
India. The developing world now confirms the dual
challenge of competing chronic under nutrition characterized
by short stature and over nutrition reflected by a high weight
for height, in the same persons. Childhood obesity may
result from a number of underlying causes associated with
life style pattern (47). The emerging evidence suggests an
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increase in over nutrition status among children as well as
adults (41, 42). The National Family Health Survey, (NF
HS-3), 2005-2006 data showed that combined prevalence of
obesity (Body Mass Index ≥ 25 kg/m2) was 9.3% and 12.6%
among men and women aged 15-49 years respectively. (43).
The prevalence of overweight in the range of 22.25% and
obesity prevalence of 2-6% in children and young
adolescents of Delhi have been reported (6,10). Studies on
Indian school children have also demonstrated that the
prevalence of hypentension in overweight children is
significantly higher than that among normal children.
Changes in the dietary pattern and life style of people in
developing nations make them more susceptible to obesity
with predispostion of abdominal obesity, associated with
greater morbidity. (7) Considering the threats of obesity and
overweight in this era, the present study was undertaken to
assess the nutritional status of children (7 to 9 years) based
on BMI, as well as to see whether any differences were
present in different categories of children, in the
anthrpometric
measurements
and
physiological
measurements as well as life style patterns (sleep and
physical activity).

2. Materials and Methods
Study was carried out in West Delhi Area; Criteria for
selection of locale were homogeneity of sample- The study
envisaged to assess the prevalence of overweight among
affluent school age children (7 to 9 years). As public school
mostly caters to upper strata of society, the children were
expected to be from similar socio-economic background b)
easy accessibility c) full cooperation from school authorities.
The age groups were made as (1) 7 yrs, 11 months (2) 8
years 11 months (3) 9 years 11 months. Ages were cross
checked from date of birth. Ethical approval for the study
was taken from the ethical committee of the Department of
Anthropology, University of Delhi, Delhi.
Only children without history of any active disease or
without any significant past medical history as were
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included in the study. The variables considered for present
study were age, sex, height, weight, income, familial
tendency for obesity, life style factors like duration of
sleeping hours, physical activity etc. Height and weight were
recorded using standard techniques (15). Blood pressure was
measured using ausculcatory method (44). A proforma
comprising questions relating to socioeconomic information
and physical activity pattern of the subjects was used to
collect data. The lifestyle pattern of the subjects was
assessed through details obtained from filled in performa.
Sedentary activities included activities like watching T.V.,
Playing video, sitting or reading or doing home work and
energy expensive activities were, cricket, skipping, football,
walking cycling, racing. Nutritional status of subjects was
assessed by anthropometric assessment. BMI was calculated
using weight (kg) / height (m2). Subjects were classified as
obese if BMI was ≥ 95th percentile and at risk of obesity
(overweight) as ≥ 85th but < 95th percentile for age and sex
(21). The data were analyzed using SPSS Version 17.0.

3. Results
Data on 414 children aged 7 to 9 years were collected (Boys
= 239, Girls=175). Age wise distribution of the subjects is
shown in Table 1. All the measurements were found to
increase from 7 to 9 years. (Table 2). Both systolic and
diastolic blood pressure increased from 7 to 9 years. Systolic
blood pressure was higher among Boys of 7 and 8 years
whereas in the nine year age group girls showed higher
mean values for systolic blood pressure than boys. WHR,
showed higher mean values among overweight and obese
children (boys & girls) as compared to normal children
Table 1: Distribution of subjects according to age and sex
Age (yrs)
7
8
9
Total

Boys
26
34
179
239

Girls
25
37
113
175

Total
51
71
292
414

Table 2: represents the difference in the mean values of different variables among children 7 to 9 years.
Measurement Groups
Weight

1
2

7 years
Value
8 years
Value of
‘t’
Mean ± SD of ‘t’ Mean ± SD
0.37
0.32
19.4 ±0.80
21.06±2.85
20.98±2.15
22.19±3.18

Height

1
2

115.56±1.69 0.20 120.29±2.10
116.18±1.57
120.63±1.13

BMI

1
2

14.52±0.54
15.32±1.62

0.47 14.55±1.87
15.29±1.98

0.04

16.14±2.79
17.59±4.19

42.88
***

WHR

1
2

0.87±1.03
0.88±0.03

0.32 0.84±0.04
0.88±0.03

0.16

0.83±0.10
0.87±0.06

0.04

SBP

1
2

101.19±0.01 0.90 98.44±7.8
97.88±8.43
58.24±7.7

0.01

102.2±10.20
106.50±11.11

1.42

DBP

1
2

63.31±0.12
61.96±8.33

6.44
**

64.75±9.1
68.27±10.06

1.53

0.73 58.68±5.9
60.76±15.1

** , P < 0.01, *** , P < 0.001, 1 = Boys, 2 = Girls
Percentage of obese Children among boys was 14.6%
whereas among girls was 18.8%. When overweight and
obese children were considered together as 38.49%. Boys
were found to be overweight / obese whereas 34.8% girls
were found to be overweight / obese. More girls were found
to be overweight and obese. Age and gender wise
distribution of boys and girls ranging in age from 7 tp 9
years is shown for different categories of BMI (Table 3).
Table 3: Represents the difference in various measurements
among the different categories of BMI based on IOTF
criteria (7 years age group).
Measurement Groups
Weight

1
2
3
4

Boys
Girls
F Value
Mean ± SD
Mean ± SD
15.00±0.00 ***
19.00±0.79
18.96±0.96 31.66 23.00±1.25
22.17±0.58 (0.00) 25.50±0.70
25.00
20.98±2.14
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F
Value
***
55.78
(0.00)

Height

WHR

SBP

DBP

9 years
Mean ± SD
27.53±6.24
30.14±9.24

Value of ‘t’

0.03

130.84±5.40
130.40±5.97

0.28

1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4

29.03
***

112.30±0.60
115.77±2.27
116.07±0.87
113.00±0.00
0.86±0.00
0.83±0.17
0.84±0.03
0.84±0.00
88.00±0.00
100.19±9.9
108.00±8.18
115.00±0.00
55.00±0.00
62.57±8.21
69.67±5.03
68.00±0.00

1.31
(0.29)

0.007
(0.99)

116.12±1.61
116.70±1.25
115.40±2.26
116.18±1.55
--0.87±0.02
0.89±0.04
0.86±0.03

0.52
(0.60)
***
68.44
(0.00)

1.83
96.18±7.4 1.03
(0.170) 107.20±5.02 (0.38)
89.00±1.41
**
1.17
61.00±7.9 4.45
(0.34) 69.20±5.35 (0.02)
52.00±2.80

**, P < 0.01, *** , P < 0.001, 1 = Underweight, 2 = Normal
3 = Overweight, 4 = Obese
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The difference among various measurements, weight,
height, body mass index waist to hip ratio, systolic blood
pressure and diastolic blood pressure for the age groups
seven to nine years is shown in (Table 4). Among the seven
year old children the girls were found to have higher mean
values for weight, height body mass index, waist- Hip ratio,
than boys but the ‘t’ values were found to be non-significant.

Table 5: represents the difference in various measurements
among the different categories of BMI based on IOTF
Criteria. (9 years age group)
Measurement Group Males
Mean ± SD
Weight

Table 4: Represents the difference in the various
measurements among the different categories of BMI based
on IOTF criteria. (8 years age group)

1
2
3
4

Height

Measurement Groups Boys
Mean ± SD
Weight
1 17.25 ± 0.35
2 19.86 ± 0.84
3 24.66 ± 0.41
4 28.50 ± 0.70

1
2
3
4

WHR

1
2
3
4

SBP

1
2
3
4

DBP

1
2
3
4

Height

WHR

SBP

DBP

1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4

F Value Girls
Mean ± SD
140.98
(0.00) 20.25 ± 1.8
***
24.22 ± 0.23
28.75 ± 1.77

119.30 ±0.98
120.11±1.03 2.619
121.23±0.85 (0.06)
120.65±1.63
0.79±0.04
2.42
0.85±0.04
(0.086)
0.85±0.04
0.85±0.06
90.00±0.00
1.683
98.21±7.9
99.33±5.72 (0.192)
107.00±11.31
59.50±.71
0.966
57.83±5.4
59.67±8.45 (0.421)
65.00±7.07

120±1.12
121.43±0.67
121.10±1.27
0.88±0.33
0.87±0.09
0.93±0.06
97.15±4.96
98.33±12.54
105.00±424
58.92±18.04
62.50±10.40
67.50±3.54

F
Value
32.77
0.00
***

3.27
*
(0.00)
26.79
(0.00)
***

F
Value

19.00±1.4
86.43 23.52±4.34 105.03
(0.00) 28.44±4.02 (0.00)
*** 40.76±5.56 ***
127.15±3.88
3.34 128.46±5.61 6.28
(0.02) 130.07±6.63 (0.00)
**
133.44±5.09 ***
0.83±0.01
0.52 0.85±0.42
10.88
(0.66) 0.85±0.35
(0.00)
***
0.91±0.07
94.50±6.36
26.53 103.02±9.05 15.60
(0.00) 100.47±7.33 (0.00)
*** 114.64±10.70 ***
59.00±1.41
21.72 64.00±7.68 16.61
(0.00) 65.65±9.26 (0.00)
*** 75.90±9.20 ***

** , P < 0.01, *** , P < 0.001
0.87

.30

**, P < 0.01, ***, P < 0.001
The mean values for systolic and diastolic blood pressure
were however higher among boys as compared to girls, but
‘t’ values were found to be non-significant. For the age
group 8 years, weight, BMI, WHR, SBP and DBP were
found to be higher among girls as compared to boys. The ‘t’
values were found to be significant only for height, BMI,
SBP. Similarly, for the age group nine years, measurements
such as weight, BMI, WHR, SBP and DBP were found to
have higher mean values for girls as compared to boys, but
the‘t’ values were found to be statistically significant only
for weight, BMI, WHR. Analysis of Variance was used to
assess the differences in the various measurements for the
different categories of Body mass index based on
percentiles. Weight was found to have highest mean value in
the obese categories. The ‘F’ value was statistically
significant for all the three age group children among both
boys and girls. Mean values of height were also found to be
higher for overweight / obese children as compared to
normal children. The ‘F’ value found to be significant for 8
years and 9, similarly WHR was also found to be higher
among overweight and obese children in the age group 8 and
9 years.
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19.10±2.22
24.11±2.33
29.10±3.48
36.50±7.41
128.82±6.85
129.92±5.04
131.28±5.58
133.19±5.62
0.83±0.03
0.82±0.13
0.84±0.07
0.85±0.03
102.60±9.20
97.95±7.10
103.02±9.37
113.47±10.74
58.80±5.21
61.66±7.08
65.00±8.77
74.38±8.91

F
Girls
Value Mean ± SD

F values were found to show significant differences but not
for age group 7 years. Systolic blood pressure showed higher
mean values for obese category children as compared to
normal children. The ‘F’ values were found to be significant
for the age group 7 and nine years. The mean values for
diastolic blood pressure were also found to higher among
overweight / obese category as compared to normal. The ‘F’
values were found to be statistically significant for 7 and 9
years age group. (Table 3, 4 & 5)
BMI showed statistically significant correlation with blood
pressure both SBP and DBP among both boys and girls.
WHR however showed significant correlation with SBP,
only among girls. (Table 6).
Table 6: Correlation between Adiposity indices and blood
pressure among Boys and Girls (7-9 years)
Adiposity index
WHR
BMI

Boys
Girls
Boys
Girls

SBP
0.03
0.19*
0.48**
0.9**

DBP
0.04
0.09
0.54**
0.39**

** , P < 0.01, *** , P < 0.001
As far as the Life style patterns are concerned, when the
time spent, was considered in hours for various activities
significant difference was observed between normal versus
overweight children (both ganders) for the number of hours
for sleep, sedentary activities as well as energy expensive
activities (Table 7).
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Table 7: Represents the mean time spent in various activities by the children- (7 to 9 years).
Time spent in hrs/ day (mean ± SD)
Category of children

Total children 404
Normal wt children

251

Overweight/children obese
Normal weight Boys
Overweight and obese Boys
Normal weight Girls
Overweight and obese Girls

153
139
92
102
61

Sleep
8.95 ± 0.90
8.95 ± 0.90
8.89 ± 0.81
9.34 ± 0.89
8.90 ± 0.79
9.21 ±1.06
8.89 ±0.85
9.49 ±0.79

Underweight children are not included. (n = 10).

Table 8: represents the ‘t’ test for children for the time spent
in various activities, by the children (7 to 9 years)
Category of children

Sleep Sedentary Energy Expensive
Activity
Activity
Normal vs overweight / obese 3.29 * 7.19 *
4.95 *
children
Normal vs overweight / obese 1.89
5.72 *
4.15 *
boys
Normal vs overweight / obese 3.21 * 4.45 *
3.34 *
girls
Overweight / obese boys vs
1.90
0.51
1.14
overweight / obese girls

*P<0.05
Overweight children belonged more to the familes where
both parents were overweight (Table 9).
Tables 9: Shows the weight status of parents of children (7
to 9 years)
Normal weight
= 241
Overweight /
obese
= 163

Chisquare
5.97
(NS)

NS = Non Significant
For overweight boys number of sleeping hours was more,
they were more sedentary and did less of energy expensive
activities as compared to normal boys. Same was true for
girls also. Overweight children had more joint family system
and business Background.

4. Discussion
Overweight / obesity among children is progressing towards
epidemic levels. The health risks of excessive body fat are
noted even with a relatively small increase in body weight,
and not only with marked obesity (45). The World Health
Organization has described obesity as one of today’s most
neglected public health problems. Following the increase in
adult obesity trends, the proportion of children and
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Energy Expensive Activity
1.61 ± 0.61
1.61 ± 0.61
1.70 ± 0.61
1.60 ± 0.45
1.64 ±0.62
1.32 ± 0.45
1.51 ± 0.61
1.10 ± 0.51

abolescents who are overweight and obese has also been
increasing (46).

The values of ‘t’ were found to be statistically significant
showing difference between normal and overweight boys for
scdentery as well as energy expensive activities. For girls,
however the difference was found to be statistically
significant for all the three categories i.e. number of hours of
sleep, scdentary and energy expensive activities (Table 8).

Overweight / obese Normal
Both Parent Single (Both Parents)
61
92
88
(25.3%) (38.2%)
(36.5%)
63
59
41
(38.7%) (3.61%)
(25.2%)

Sedentary Activity
3.78 ± 0.89
3.78 ± 0.89
3.59 ± 0.85
4.58 ± 0.89
3.65 ±0.98
4.58 ±0.98
3.56 ± 0.89
4.39 ±0.85

Both systolic and distolic blood pressures were found to
have higher mean values among overweight and obese
children in all the age groups (7-9) yrs for boys as well as
girls. Irrespective of race, gender, or age, the risk of elevated
boood pressure was significantly higher for children in upper
compared with lower decile of BMI [50].
The overall prevalence of overweight and obesity in the
private school children of 7-9 years was found to be 36.9%
(overweight-20.5% and obesity-16.4%), in the present study.
Studies among school children in different parts of the
country have demonstrated increasing prevalence of
overweight and obesity, with great disparity between rural
and urban parts of country. The prevalence of overweight
and obesity in a private school of Orissa, among children of
age, 5-15 years was found to be 28.63% (overweight –
14.1% and obesity - 14.53%); (11).
The prevalence of overweight (including obese) in
adolescents was to be 22% in better off schools in Chennai.
In a Delhi school (9) with tuition fees more than Rs.2,500
per month, the prevalence of overweight was 31% of which
7.5% were frankly obese (10). Maximum prevalence i.e.
36.54% was found in 5-10 year age group and 22.3% in
adolescence period (10-15 years). The highest prevalence of
overweight and obesity was found within the 7 to 10 years
old group (11, 12). Prevalence of overweight and obesity as
38.4% in boys and 34.8% in girls was reported in a private
school in Orissa (11). Similar results, that is males showed a
higher prevalence of obesity than females (P<0.0001) was
reported in cluj-napoca school children (12). Higher
prevalence in girls (8.82%) than boys (4.1), (P<0.001). in a
study among affluent adolescent school girls, prevalence of
overweight and obesity according to CDC BMI for age
criteria was found to be 13.1% and 5.0% respectively (15).
The rate of overweight (20.5%) seen in the present study
was higher but highest rate (28.5%) was reported among
school going girls of Kolkata (27) when compared to the
prevalence rate from different parts of India, and when
compared to rates from USA and Great Britain (16.5% and
11.7%, respectively). A previous study (23) from Kolkata
had shown that overweight and obesity among school girls
were 17.63% and 5.1% respectively. The prevalence of
overweight among the children from Punjab and Chennai,
India, was 14.3% (22) and 15.8% (30), respectively. But
Delhi children showed much lower rates (7.4%) of
overweight (25). In a study (26) among school going
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children of Wardha city, Central India, a higher prevalence
(9.7%) was found among English medium schools compared
to other schools (3.7%). Studies on urban Indian school
children from selected regions report a high prevalence of
obese and overweight children (37). In addition, studies on
Indian school children have also demonstrated that the
prevalence of hypertension in overweight children is
significantly higher than that among normal children, (3840). Elevated BP was seen in high percentages in children
with overweight and obesity when compared with children
who were neither overweight nor obese. Central obesity has
been associated with the risk of cardiovascular and
metabolic disease in children and anthropometric indices
predictive of childhood central obesity include waist
circumference (WC), waist-hip ratio (WHR) and waistheight ratio (WHtR), (28-32). Significant and positive
correlation was found between BMI, WHR and blood
pressure in the present study.
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