
INTRODUCTION:
Childhood obesity is one of the major health problems not only in 
developed countries but also in developing countries like India. 
Barlow, S. E. (2007) de�nes “overweight” as a body mass index 

th th(BMI)–for-age of >85  percentile but <95  percentile in children and 
thadolescents, and “obesity” a BMI-for-age of >95  percentile. World 

health organization (WHO) de�nes obesity and overweight in 
children (5-19 yrs) as overweight is BMI-for-age greater than 1 
standard deviation above the WHO growth reference median or a 

thbody mass index (BMI)–for-age of >85  percentile but <95th 
percentile in children and adolescents, and obesity is greater than 2 
standard deviations above the WHO growth reference median. 
Some recent WHO global estimates show that, the worldwide 
prevalence of obesity more than doubled between 1980 and 2014. 
Overall, about 13% of the world's adult population (11% of men and 
15% of women) were obese in 2014. In 2014, more than 1.9 billion 
adults aged 18 years and older were overweight. Of these over 600 
million adults were obese. In 2014, an estimated 41 million children 
under the age of 5 years were overweight or obese. Once considered 
a high-income country problem, overweight and obesity are now 
on the rise in low- and middle-income countries, particularly in 
urban settings. Nearly half of the children under 5 who were 
overweight or obese in 2014 lived in Asia. Overweight and obesity 
are linked to more deaths worldwide than underweight. Globally 
there are more people who are obese than underweight - this 
occurs in every region except parts of sub-Saharan Africa and Asia 
(http://www.who.int/mediacentre/factsheets/fs311/en/).
 
Over the last 5 years, reports from several developing countries 
indicate prevalence rates of obesity (inclusive of overweight) >15% 
in children and adolescents aged 5-19 years, the rate in India was 
22.0% . Moreover, secular trends also indicate an alarming increase 
in obesity in developing countries which in India was from 4.9 to 
6.6% between 2003-2004 and 2005-2006. (Gupta, N. et al., 2012). 
 
Various studies from India also showed the increased prevalence of 
obesity. Results of a study from Punjab (Mohan, B. et al., 2004) 
revealed that children in the age group of 11-17 years residing in 
urban areas were more overweight (11.6%) compared to children 
from rural areas (4.7%). But more children were obese in rural areas 
(3.6%) compared to urban areas (2.6%). There are few studies, 

reporting, prevalence of childhood and adolescent obesity and 
overweight from different parts of India (Punjab, Maharashtra, Delhi 
and South India) that range from 3% to 29%, and also indicate that 
the prevalence is higher in urban than in rural areas (Mahajan, P. B. et 
al., 2011).
 
Obesity always comes with many consequences or adverse health 
effects including metabolic syndrome like diabetes mellitus, 
cardiovascular diseases like hypertension etc. Study by Dyson, P. A. 
et al. (2013) on 'High rates of child hypertension associated with 
obesity: a community survey in China, India and Mexico' showed 
that hypertension is a signi�cant risk factor for cardiovascular 
disease and epidemiological evidence suggests that it is increasing 
in parallel with obesity in children and adolescents in low- and 
middle-income countries. Their study concluded that rates of 
hypertension and overweight and obesity are high in school 
children in China, India and Mexico, and increased bodyweight is a 
signi�cant risk factor for hypertension. Obesity is identi�ed as the 
most important risk factor affecting blood pressure (BP) distribution 
in children (Urrutia-Rojas, X. et al., 2006 and Srinivasan, S. R. et al., 
2006). Considering the strong correlations of anthropometric 
parameters such as weight, height, body mass index (BMI), and 
waist circumference(WC) with BP (Genovesi, S. et al., 2008), an 
indirect assessment of high BP using these indices may be an 
efficient strategy in the community set up (Kajale, N. A. et al., 2014). 
Thus, anthropometric indices emerge as an important screening 
method as they can be used to investigate the association between 
adiposity and high blood pressure in adults and in children and 
adolescents (Beck, C. C., 2011 and Zhang, Y. and Wang, Y., 2010). 
Along with the weight status, excess body fat or adiposity especially 
central or abdominal is also an important cardio-metabolic risk 
factor. The abdominal fat or waist circumference directly affects the 
cardiovascular health as well as physical �tness level. The cardio 
respiratory component is one of the most important components of 
health related �tness. It is a direct indicator of the physiological 
status of the person. It re�ects the total capacity of the 
cardiovascular and respiratory systems to supply oxygen during 
long-term physical activity and re�ects the ability to perform 
prolonged strenuous exercise (Ruiz et al., 2006). The conicity index, 
which evaluates waist circumference in relation to height and 
weight, appears to have a prognostic value and found to relate to 
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atherogenic risk factors similar to that of waist to hip ratio (whr) in 
adults and it has the advantage of accounting for total adiposity 
without requiring measurement of hip circumference (Valdez, R. et 
al., 1993). This may contribute to the superior performance of the 
conicity index compared with WHR for identifying children with 
high trunk fat and thereby with high blood pressure values.

Considering that the anthropometric indices like conicity index are 
low-cost, easy-to-use, reproducible and non-invasive methods that 
can be used for screening children with high blood pressure, the 
present study aims to observe the blood pressure and conicity index 
differences among normal weight, overweight and obese school 
going boys between the age 10 yrs-12 yrs.

METHODOLOGY:
The proposed research work was carried out to see the differences 
between obese and non-obese boys of 10 to 12 years of age as far as 
blood pressure and conicity index are concerned. Differences in 
outcome were tested between obese and non-obese boys of 10 to 
12 yrs of age. The study was conducted in Mumbai, Nashik, Pune and 
Nagpur cities in Maharashtra, India. Schools were randomly 
selected & from these schools, normal weight (NW), overweight 
(OW) and obese (O) boys were purposively selected (n=450). The 
subjects were grouped as a control and experimental as shown in 
Table 1.

Table 1: Age wise classi�cation of the subjects

From height & weight, body mass index (body mass index) of 
subjects was derived [Weight (kg) ÷ Height (m2)]. Worldwide, BMI is 
used as a screening tool to identify possible weight problems for 
children. WHO (World Health Organization) and CDC (Centres for 
Disease Control and Prevention) recommend the use of BMI to 

s c r e e n  f o r  o v e r w e i g h t  a n d  o b e s i t y  a m o n g  c h i l d r e n 
(http://www.who.int/childgrowth/standards/bmi_for_age/en/, 
WHO, 2012 and http://www.cdc.gov/healthyweight/assessing/ 
bmi/). Following BMI percentile criteria given by CDC has been used 
to select the control and experimental groups.

Table 2: BMI Percentile Criteria

Besides height & weight, waist circumference of subjects was also 
measured. Conicity index was calculated according to the following 
equation of Valdez,  R.  (1991):  Conicity Index = [( Waist 
Circumference) ÷ {0.109 (√Weight in kilograms ÷ Height in meters)}].

Blood pressure (BP) measurement was taken on the left arm with the 
subject supine, using standard BP apparatus. Systolic BP (SBP) and 
diastolic BP (DBP) were measured and used for analysis. 

Cooper's 12 minutes run-walk test which is used as an indicator of 
cardiorespiratory �tness was conducted. The subjects were asked to 
run as much as they can for 12 minutes; the distance covered was 
noted in meters. VO2max i.e. maximal consumption of oxygen 
which is an indicator of aerobic work capacity was derived using 
below formula: VO2max = [(Distance covered in meters - 504.9) ÷ 
44.73] (Nande, P. J. & Vali, S. A., 2010).

RESULTS:
The collected data on anthropometric characteristics of subjects 
included in the study are described in Table 3. Anthropometric 
measurements were compared between NW, OW & O male children. 
It was observed that the mean values of standing height of OW and 
O boys were less compared to the mean values of standing height of 
NW boys. The lowest height noted was 119.4 cm in O boys while the 
highest height noted was 166.1 cm in NW boys. Even though height 
is nutritionally in�uenced, it is genetically inherited.  
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Sr. 
No.

Age (Years) Boys (n = 450)
Control Experimental
Normal 
Weight (NW)

Overweight
(OW)

Obese
(O)

1 10 50 50 50
2 11 50 50 50
3 12 50 50 50
Total 150 150 150

Sr. No. Weight Status Category Percentile Range

1 Normal Weight Category 
i.e. Healthy Weight

th th5  to less than 85  percentile

2 Overweight Category th th85  to less than 95  percentile
3 Obese Category thEqual to or greater than 95  

percentile
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Table 3: Data on anthropometric measurements of subjects

Sr. 
No.

Parameters 10 Years 11 Years 12 Years
NW OW O NW OW O NW OW O

1. Height (cm)
I Mean±SD 140.54±6.52 137.40±6.35 135.56±8.14 144.66±9.01 143.75±6.82 142.25±7.21 149.5±7.16 144.84±5.61 143.69±8.06
ii Range 124.0 -153.0 124.5 -152.0 119.4 - 157.0 125.5- 164.0 127.8 -157.0 124.5 -154.5 134.7 -166.1 132.2 -155.0 124.2 -157.0
2. Body Weight (kg)
i Mean±SD 34.26±4.99 39.44±3.47 45.36±5.21 36.11±6.09 43.73±4.87 47.81±5.18 37.88±5.77 47.04±4.09 55.38±6.31
ii Range 25.5 -44.2 32.5 -50.1 33.2 -57.3 26.9 -52.3 34.0 -53.5 37.7 -59.5 29.0 -52.7 40.0 -57.2 44.5 -73.4
3. BMI (kg/m2)
i Mean±SD 17.29±1.83 20.90±0.77 24.70±2.18 17.05±1.73 21.10±1.01 23.62±1.88 16.97±1.85 22.40±0.97 26.81±1.95
Ii Range 14.59 -23.13 19.41- 22.39 21.8-32.77 14.39 -20.67 20.15- 24.69 21.13 - 29.42 14.56 - 21.22 19.56 - 24.76 22.9-31.89
4. Waist Circumference (cm)
I Mean±SD 59.28±4.73 71.58±2.46 77.72±4.75 59.80±6.49 75.72±6.19 83.10±6.13 59.10±3.39 80.28±6.40 85.52±6.61
Ii Range 52.0 -69.0 76.0 -65.0 69.0 -86.0 50.0 -75.0 62.0 -85.0 68.0 -94.0 53.0 -66.0 68.0 -91.0 69.0 - 95.0
5. Conicity Index
I Mean±SD 1.2±0.1 1.4±0.1 1.3±0.1 1.2±0.1 1.2±0.1 1.2±0.1 1.1±0.1 1.2±0.1 1.3±0.1
Ii Range 1.0-1.5 1.0-1.5 1.2-1.5 1.0-1.3 1.0-1.4 1.1-1.3 0.9-1.4 1.0-1.5 1.0-1.6

The present study revealed that that with the increase in BMI the 
mean values of waist circumference of subjects were also increased 
indicating positive correlation between waist circumference and 
BMI ®= 0.2445 to 0.6744). WC values were ranging from 50-75 cm, 62-
91 cm and 68-95 cm in NW, OW & O boys from all the age groups, 
respectively. The interest in waist circumference stems from 
research linking accumulated visceral adipose tissue to increased 
health risks and metabolic disorders in children and adults 
(Katzmarzyk, P. T. et. al., 2004 and Gower, B. A., et. al., 1999). Subjects 
in the upper percentiles for abdominal circumference or waist 
circumference are considered obese and at increased risk for 

morbidity, speci�cally type 2 diabetes and the metabolic syndrome, 
and mortality (Nicklas, B. J. et al., 2004 and Ziegler, E. E. and Filer, L. J., 
1994).

Conicity index (CI) was increasing with the increase in weight status 
of the subjects. Though there was no difference found in the mean 
values of CI among all the groups of boys aged 11 yrs (1.2), CI was 
found to be less in NW boys (1.2) than OW & O boys of 10 yrs and 12 
yrs.  It indicates that abdominal obesity was seen to be more in OW & 
O boys as compared to NW boys of 10 yrs and 12 yrs. 
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The present study uncovered that the mean values of SBP were 
found to be high in OW boys (107.20±10.52, 105.34±9.05 and 
108.26±10.78 in 10 yrs, 11 yrs and 12 yrs, respectively) and O boys 
(115.38±13.12, 122.18±19.06 and 121.48±19.31in 10 yrs, 11 yrs and 
12 yrs, respectively) as compared to NW boys (94.40±8.24, 
93.48±7.84 and 97.24±9.55 in 10 yrs, 11 yrs and 12 yrs, respectively). 
Similarly DBP was found to be high among OW & O male subjects 
ranging from 45-99 mm/Hg and 53-101 mm/Hg respectively. Thus, 

the results from present study revealed that BP was increasing with 
the increase in BMI and CI. Cai, L. et al.(2014) mentioned in their 
study on 'effect of childhood obesity prevention programs on blood 
pressure' that overweight and obesity are associated with high 
blood pressure, which even with moderate elevations was already 
considered a health risk; the present study strongly supports this 
statement.

Sr. 
No.

Parameters 10 Years 11 Years 12 Years
NW OW O NW OW O NW OW O

1. SBP (mm/Hg)
Mean±SD 94.40±8.24 107.20±10.52 115.38±13.12 93.48±7.84 105.34±9.05 122.18±19.06 97.24±9.55 108.26±10.78 121.48±19.31
Range 60.0-115.0 92.0-136.0 88.0-140.0 75.0-112.0 92.00-135.0 89.0-168.0 80.0-123.0 86.0- 130.0 89.0- 168.0

2. DBP (mm/Hg)
Mean±SD 65.88±11.05 75.82±11.28 78.60±11.49 63.78±7.10 75.80±11.42 76.44±12.96 64.02±10.90 78.22±9.83 80.66±11.00
Range 43.0 – 111.0 45.0 –99.0 53.0 – 100.0 45.0 – 80.0 50.0 –99.0 53.0 – 100.0 40.0 -90.0 59.0 –99.0 65.0 – 101.0

Table 4: Data on blood pressure of the subjects

Sr. 
No.

Parameters 10 Years 11 Years 12 Years
NW OW O NW OW O NW OW O

1. Vo max (ml/kg/minute)2

I Mean±SD 44.2±6.3 37.8±5.9 33.0±8.8 46.9±4.1 33.4±3.6 25.7±5.6 52.2±5.8 37.9±11.2 26.0±12.7
ii Range 30.6 -55.8 13.9-47.4 22.2-55.8 39.0 -55.8 23.9-39.0 3.2-35.7 42.4-64.2 13.9-60.8 2.1-65.8

Table 5: Data on respiratory rate and VO2max of the subjects 

Derived mean values of VO max of subjects when compared with 2

the normative data showed that it was superior in NW boys 
(44.2±6.3, 46.9 ±4.1 and 52.2 ±5.8 ml/kg/minute, respectively for 10 
yrs, 11 yrs & 12 yrs), fair in OW boys (37.8 ±5.9, 33.4 ±3.6 and 
37.9±11.2 ml/kg/minute, respectively for 10 yrs, 11 yrs & 12 yrs) and 
poor in O boys (33.0 ±8.8, 25.7 ±5.6 and 26.0±12.7 ml/kg/minute, 
respectively for 10 yrs, 11 yrs & 12 yrs). Fitness is calculated per unit of 
body weight, so if fat increases, aerobic �tness declines (Nande, P. J. 
& Vali, S. A., 2010) 2. Thus VO max was negatively correlated with the 
body weight (r= -0.0076 to -0.6745), BMI (r= -0.0201 to -0.6900) and 
CI (r= -0.0243 to -0.5400). 
 
Childhood obesity in school-going Indian children is also high. 
Present study has shown that there was high prevalence of obesity 
in school going male children between the age of 10 yrs, 11 yrs and 
12 yrs. Results showed that there was a vast difference between the 
school going male children between 10 yrs, 11 yrs and 12 yrs of age 
as far as conicity index and blood pressure are concerned. Moreover, 
anthropometric measurement like waist circumference of 
overweight and obese male children was associated with the risk of 
high systolic and diastolic blood pressure and decreased aerobic 
�tness.

CONCLUSION:
Anthropometric measurements body weight and waist 
circumference among school going male children from age group 
10-12 yrs were found to be associated with the risk of hypertension. 
Conicity index which is an indicator of abdominal obesity was 
associated with risk of hypertension. The association of conicity 
index with cardiovascular risk factors was similar to those of 
anthropometric measurements. Body weight, BMI and conicity 
index were associated with decreased VO max indicating lower 2

cardiorespiratory �tness. The study concludes that there was a 
difference between conicity index and blood pressure 
measurements among normal weight, overweight and obese boys 
between the age of 10 yrs, 11 yrs and 12 yrs. With the increase in 
weight, BMI and CI, blood pressure was also found to be increased, 
while cardiorespiratory �tness was decreased. Thus, present study 
highlights the importance of creating awareness and suggesting 
preventive measures for childhood obesity by feeding healthy from 
early childhood and also monitoring it throughout the life.
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