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ABSTRACT 

Research question: What is the prevalence of central obesity among school going children 

in Pondicherry and compare agreement among various criteria’s? 

Study Settings and design: Cross-sectional study among rural and urban school students, 

total 2067 students had participated. 

Methodology: Anthropometric parameters e.g. height, weight, waist circumference, hip 

circumference were measured. Waist hip ratio, body mass index and total body fat 

percentage has been calculated for each student. 

Statistical analysis: Data entered in Ms Excel sheet and analyzed on SPSS software. Data 

expressed as mean, standard deviation and percentage. Test applied were chi square test 

and kappa inter rater statistical test. 

Results: Anthropometric parameter (mean+SD) for the study population were BMI 

(16.3+3.22), TBF% (16.04+4.87) and WHR (0.87+0.04). Mean BMI, TBF% and WHR of urban 

subjects is more than their rural counterparts. 44.6% urban males and 38.9% rural males 

were overweight and 93% urban females and 74% rural females were overweight according 

to WHR criteria. Considering waist hip ratio criteria major proportion of females was 

overweight in both urban and rural adolescents. Value of kappa is very less (0.071 in males 

and 0.012 in females) when BMI and WHR criteria is compared and similar findings when 

WHR is compared for TBF% (0.064 in males and 0.011 in females). 

Conclusion: This clearly signifies that agreement between WHR criteria and other two 

criteria is not there. In simple words, we can say that central obesity can occur in absence of 

general overweight. 

 

Keywords: Waist hip ratio, body mass index, total body fat percentage, anthropometric 

measurements. 
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INTRODUCTION  

Obesity is the most prevalent form of malnutrition.
(1)

 The rising prevalence of obesity is an 

important concern for health care professionals. The most common reason for this concern 

is that overweight children tend to become overweight adult.
(2)

 Epidemiological and 

metabolic studies conducted over the last 15 years have confirmed the notion that a high 

proportion of abdominal fat (central obesity) is a major risk factor for coronary heart 

disease, type 2 diabetes mellitus, and related mortality.
(3)

 Visceral obesity is associated with 

insulin resistance, hyperinsulinaemia, and glucose intolerance.
(4,5)

 World Health 

Organization (WHO) has defined overweight/obesity based on body mass index (BMI) 

values.
(6)

 However, the limitation of BMI is that it cannot differentiate muscle mass to body 

fat and cannot locate the site of fat e.g., people with ‘central obesity’ may have normal 

BMIs. Epidemiological studies have mainly used ratio of waist-to-hip circumference (waist 

hip ratio) to estimate the proportion of abdominal adipose tissue.  

There is a paucity of data on central obesity among growing children in India. In present 

study we had measure the central obesity (waist hip ratio) among school going children of 

Pondicherry with the criteria defined by Nutritional Foundation of India
(7)

 and compare it 

with other two criteria BMI and total body fat percentage (TBF).    

 

MATERIAL AND METHODS 

A cross sectional study was designed to measure the obesity related anthropometric 

parameters among school going children in Pondicherry. Study sample is drawn by stratified 

random protocol. Urban private schools and rural government schools were chosen for the 

study in order to get representation from different strata. General examination was 

conducted to exclude acute or long standing problem in a child. Children with physical 

abnormality and pupil who were absent on the day, were excluded from the study. After 

identifying the school, class/section was randomly selected, the students fulfilling the study 

criteria were included. Total 2067 subjects in the age group of eight to 13 years were 

selected. Necessary consent was obtained from them and school authorities. Institutional 

ethical committee clearance was obtained before conducting the study. 

Anthropometric measurements: 

Every subject's height was measured in centimeters to nearest 0.1 cm using calibrated 

stadiometer, while the participant stood still without shoes. Weight was measured to the 

nearest 0.1 kg with electronic weighing scale with the participant lightly clothed. BMI 

(kg/m
2
) was calculated as weight (in kilograms) divided by square of height (in meters). 

Subjects were categorized according to their BMI as the criteria of International Obesity task 

force (IOTF) and cut-off point for Asians is accepted as BMI ≥ 23 kg/m
2
.
(8) 

Waist 

Circumference was measured in centimeters at the midpoint between the bottom of the 

ribs and the top of the iliac crest. Hip circumference was measured at most protuberant part 

of buttocks, the subject standing with feet placed together. Waist hip ratio (WHR), cut-off 

points for cardiovascular disease risk was 0.88 in males and 0.81 in females.
(9)

 Total body fat 

percentage was calculated based on BMI and gender.
(10)

 The formula for calculating TBF% 

among children is:  

Child body fat % = (1.51 x BMI) – (0.70 x Age) – (3.6 x Gender) + 1.4.  
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Male gender = 1 and female gender = 0. 

The cut off values for TBF is 25% in males and 30% in females.
(11)

 

 

RESULTS 

Table I: Characteristics and distribution of study population 

Study variables Gender Urban 

(Mean + SD) 

Rural 

(Mean + SD) 

Age Male 10.68 + 1.67 10.52 + 1.50 

Female 9.31 + 0.98 10.5 + 1.42 

BMI Male 17.39 + 3.56 14.56 + 1.67 

Female 17.09 + 3.27 14.94 + 1.93 

TBF% Male 16.53 + 5.26 12.38 + 2.44 

Female 20.6 + 4.93 16.57 + 2.79 

WHR Male 0.88 + 0.04 0.87 + 0.04 

Female 0.87 + 0.04 0.85 + 0.05 

 

The mean age of the population is 10.5 yrs + 1.58. Anthropometric parameter (mean + SD) 

for the study population were BMI (16.3 + 3.22), TBF% (16.04 + 4.87) and WHR (0.87 + 0.04). 

Mean BMI, TBF% and WHR of urban subjects is more than their rural counterparts. TBF% is 

more in females as compared to males which is attributed to physiological variation among 

sexes. While waist hip ratio is more among males because major site of fat deposition is 

waist among males whereas it is hips among females. 

55.4% urban males and 61% rural males had normal WHR, while 44.6% urban males and 

38.9% rural males were overweight. 6.9% urban females and 25.9% rural females had 

normal WHR, while 93% urban females and 74% rural females were overweight. According 

to waist hip ratio major proportion of females were overweight in both urban and rural 

adolescents. The proportion of overweight is significantly higher among urban females. 
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Table II: Waist Hip Ratio in Urban and Rural population 

Group 
Total 

M       F 

WHR (Normal) 

M<0.88        F<0.81 

WHR (Overweight) 

M ≥0.88      F ≥0.81 

Urban 1040 201 
576 

(55.38%) 

14 

(6.96%) 

464 

(44.61%) 

187 

(93.03%) 

Rural 444 382 
271 

(61.03%) 

99 

(25.91%) 

173 

(38.96%) 

283 

(74.08%) 

Total 1484 583 
847 

(57.07%) 

113 

(19.38%) 

637 

(42.92%) 

470 

(80.62%) 

M = Males, F = females; χ
2
= 53.2, df = 3, p <0.0001 

 

Table III: Overweight according to BMI, TBF% & WHR 

Group 

BMI (Kg/m
2
) 

M                F 

≥23             ≥23 

Total Body Fat (%) 

M                  F 

≥25              ≥30 

WHR 

M                           F 

≥0.88                     ≥0.81 

Urban 81(7.7%) 12(5.9%) 79(7.6%) 12(5.9%) 464(44.61%) 187(93.03%) 

Rural 1(0.2%) 2(0.5%) 1(0.2%) 2(0.5%) 173(38.96%) 283(74.08%) 

Total 82 (5.52%) 
14 

(0.02%) 

80 

(5.39%) 

14 

(0.02%) 
637 (42.92%) 470 (80.62%) 

χ
2
 = 52.68, df = 2, p <0.0001 

 

Table III depicts overweight/obesity taking different criteria like BMI, total body fat 

percentage (TBF%) and WHR.  The above data was analyzed for Kappa Statistic: inter-rater 

agreement statistic to evaluate the agreement between two classifications on ordinal or 

nominal scales. Agreement is quantified by the Kappa (K), K is one when there is perfect 

agreement between the classification system, K is zero when there is no agreement better 

than chance, K is negative when agreement is worse than chance. 
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Table IV: Kappa coefficient of agreement between BMI, TBF and WHR 

Comparison Kappa SE P value 

Male  

WHR vs BMI 0.071 0.015 0.001 

WHR vs TBF 0.064 0.014 0.001 

BMI vs TBF 0.898 0.025 0.001 

Female  

WHR vs BMI 0.012 0.003 0.056 

WHR vs TBF 0.011 0.003 0.074 

BMI vs TBF 0.932 0.048 0.001 

 

This data in table IV shows that central obesity (WHR criteria), rarely coexists with general 

overweight/obesity (BMI criteria). Central obesity could be present in the absence of 

general overweight/obesity also.  

 

DISCUSSION 

In present study 2067 students had participated and various anthropometric measurements 

were taken. Common parameters like body mass index, total body fat percentage and waist 

hip ratio, for assessing overweight/obesity were calculated and compared. All the three 

parameters are more in urban population than rural population (Table I). The possible 

reason might be affluent lifestyle and sedentary habits. Studies
(12,13)

 have shown that many 

of the developing countries including India are facing the dual burden of under-nutrition and 

over-nutrition. Data from National Family Health Survey 2 (NFHS 2)
(14)

 has identified that 

significant proportion of over-weight coexists with high rates of malnutrition, pointing that 

the nutrition transition is underway in India. 

Obesity is a risk factor for a range of chronic health problems, including type-2 diabetes, 

coronary heart disease, hypertension and some types of cancers.
(15)

 Early onset of obesity 

confers higher risk of developing these obesity-related chronic diseases. Abdominal fat is 

more strongly associated with health
 
risk than fat stored in other regions of the body.

(16)
 

Central obesity would thus appear to be different with respect to its pathogenesis and 

possible implications. Approximately 80.6% of females and 42.9% males were predisposed 

to central obesity in present study (Table II). Thus the females are more prone for 

complication of central obesity than males. In this age group (10 to 13 years) females are 

undergoing the process of menarche, which may alter the body fat distribution; this factor 
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might contribute to disproportionate increase in WHR. In a study conducted in Delhi
(17) 

on 

obesity amongst affluent adolescent girls, central obesity was present in 54.5% where a 

criterion of WHR was > 0.85.  

Total prevalence of overweight was 53.5%, 4.64% and 4.54% according to WHR, BMI and 

TBF% criteria respectively. We observed that BMI and TBF% criteria are underestimating the 

problem of overweight. Kappa analysis for inter rater agreement between three diagnostic 

criteria was done and it is observed that value of kappa is very less, for both sexes, when 

WHR is compared with BMI and TBF% criteria. This clearly signifies that agreement between 

WHR criteria and other two criteria is not there. In simple words, we can say that central 

obesity can occur in absence of general overweight.  

 

CONCLUSION 

Central obesity appears early than general overweight/obesity in such case it is wise to 

detect it earlier for prompt action. Authors recommend that for assessing the risk of non 

communicable diseases waist hip ratio should be considered rather than body mass index. 

Limitations of the study 

Total body fat percentage has been calculated by formula,
(10)

 which might have its own 

flaws. 
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